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 I am honored and thrilled to present within the short span of only 2 years, this updated and 
expanded 2nd edition. The book has doubled in size, chapters, and authorship, most notably 
with the signifi cant expansion of contributions from international leaders. These authors are 
pioneers in their areas of expertise, both in the United States and abroad, not only in the fi eld 
of sedation but also in the areas of law, ethics, child psychology, child development, pediatrics, 
neonatology, simulation, drug development, patient safety, and pharmacology. This book is a 
testimony to the passion and commitment of all the contributing authors to advance the knowl-
edge and practice of pediatric sedation.  Pediatric Sedation Outside of the Operating Room: 
A Multispecialty International Collaboration  is intended to represent and be applicable to 
sedation providers of any specialty from around the world. Our international contributors 
represent Australia, Belgium, Brazil, Chile, China, Israel, the Netherlands, New Zealand, 
South Africa, Switzerland, and the United Kingdom. I am very appreciative of their efforts. 
Each chapter has been revised and edited a minimum of three times (some as many as six) and 
I extend a sincere “thank you” to each author. 

 This book is a unique and authoritative contribution to the fi eld of pediatric sedation. As an 
expansion of the fi rst book, it is directed to all specialties and specifi cally acknowledges and 
reviews the contributions and viewpoints of a broad range of international societies and spe-
cialists. Sedation has evolved to include all specialties. Although each chapter is written by a 
specialist in his/her particular area, it is intended to be of value to those who do not necessarily 
practice in that area. For example, the pediatrician in the United States will learn something in 
the  Pediatric Sedation: The South Pacifi c Approach  chapter that can be applied or considered 
for his own practice. 

 Those chapters that are clinically oriented conclude with Case Studies, which present chal-
lenging clinical scenarios. This is a unique fi nale as it is the author’s presentation of real-life 
cases. The intent of these Case Studies is to guide the reader through the challenges, thought 
processes, and management options for each situation. Certainly there are many possible solu-
tions to each scenario: Exploring them through the eyes of the experienced author offers a 
unique and valuable perspective. 

 This book may be read cover to cover or read a chapter at a time, out of succession. There 
is intentional, albeit minimal, repetition in the book. The repetition is intended not only to 
solidify important information for the reader but also to convey relevant information for those 
who may not be reading the book cover to cover. Even the “repetition” is presented in a differ-
ent style by the individual authors, in most cases masking the repeated elements. 

 The fi nal form of this book went to the publisher in April 2014. Every chapter was updated 
in these fi nal weeks with any recently published papers. The galley proofs were reviewed and 
again the chapters were all updated as recently as the summer of 2014. 

 This book represents a global collaboration. Currently the fi eld of sedation is being chal-
lenged by politics, differing viewpoints and our inability to reach a consensus. Our ability to 
come together, outside of this book, will be essential to the future of our pediatric patients who 
receive sedation. 

  Pref ace   
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 There will continue to be new clinical and research studies that advance our knowledge of 
sedation. New sedatives, physiological monitors, and sedation delivery systems will certainly 
be introduced over the next decade. Regardless, the approach to sedation and the information 
conveyed in these chapters is intended to distinguish this book as a timeless relic that marks an 
important era in the fi eld of sedation. 

   Boston, MA, USA     Keira     P.     Mason, M.D.    
  April 15, 2014 
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   Pediatric Sedation Outside the Operating Room        
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        Introduction 

 The history of induced altered states as a means of tolerat-
ing the intolerable is as old as man, and for eons has been 
alternately welcomed, worshipped, and vilifi ed [ 1 ]. 
Ironically, as in ancient times, these three attitudes often 
coexist, and our professional duty is to care for and educate 
our patients and public, to minimize risks, and to enhance 
safety [ 2 – 4 ]. 

 Is the history of sedation different from the history of 
anesthesia? They were, and often continue to be, inseparable, 

particularly for children, 1  so we will focus on the various 
modalities and practices over time, emphasizing the differences 
but remaining in awe of the similarities through the ages.  

    Inebriation, Intoxication, Hallucination, 
and Anesthesia 

    A  Forme Fruste  of the Sedation Continuum 

 Alcohol is a fermentation product of many fruits and cereals. 
Winemaking was fi rst practiced in the Middle East about 
6,000–8,000 years ago, and was already well established in 

1   The Committee on Drugs of the American Academy of Pediatrics 
emphasizes that “the state and risks of deep sedation may be indistin-
guishable from those of general anesthesia.” 2  The American Dental 
Association Council on Education defi nes general anesthesia to include 
deep sedation. 3  The minimal distinction between deep sedation and 
general anesthesia has been recognized by the current author as well. 4 

      The History of Sedation 

           Robert     S.     Holzman     

 1

        R.  S.   Holzman ,  M.D., M.A. (Hon.), F.A.A.P.      (*) 
  Department of Anesthesiology, Perioperative and Pain Medicine , 
 Boston Children’s Hospital ,   Boston ,  MA   02115 ,  USA   
 e-mail: robert.holzman@childrens.harvard.edu  

    Abstract  

  The history of induced altered states as a means of tolerating the intolerable is as old as 
man, and for eons has been alternately welcomed, worshipped, and vilifi ed. As in ancient 
times, these three attitudes still often coexist, and our professional duty is to care for and 
educate our patients and public and to control the end effects to enhance safety. The 
history of sedation and the history of anesthesia were, and often continue to be, insepa-
rable, particularly for children. This chapter will focus on the various modalities and 
practices over time, emphasizing the differences but remaining in awe of the similarities 
through the ages.  

  Keywords  
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ancient Egypt. Wine production was not well developed in 
ancient Greece, but wine was imported from other countries 
and often used for medicinal purposes. Benefi tting from the 
breadth of their empire, the Romans developed the art of 
winemaking. 

 Winemaking was ubiquitous in the ancient world—the 
Moors prepared date wines, the Japanese rice wines, the 
Indians (Mexico) made  pulque  from agave, the Vikings 
fermented honey to make  mead , and the Incas made  chicha  
from maize. Modern beer making (yeast— Saccharomyces 
cerevisiae ) probably had its origin in Babylon as long ago as 
5,000–6,000  bce . The addition of hops is a much more recent 
modifi cation. Beer drinking and drunkenness was common 
in ancient Egyptian life; the Greeks learned their brewing 
skills from the Egyptians. Britons and Hiberni 2  drank  courni  
made from fermented barley. 

 Wine remained an inebriant and intoxicant, however, until 
distillation technology was developed in the tenth century. 
Distillation exploits the fact that alcohol has a lower boiling 
point than water and therefore can be boiled out of an aque-
ous solution and condensed, approaching (but never achiev-
ing) purity—although 95 % by volume is achievable.  Liquors  
(such as rum or whisky) involve fermentation of sugar cane 
or barley, respectively, than distillation.  Liqueurs  are usually 
produced by steeping fruits and/or herbs in brandy or vodka, 
with subsequent fi ltration to remove the vegetable residues. 
In this regard, absinthe, prepared from  wormwood  
( Artemisia absinthium ,  A. maritime , or  A. pontica ),  anise  
( Pimpinella anisum ), and  fennel  ( Foeniculum vulgare ), plus 
nutmeg, juniper, and various other herbals, added to 85 % 
alcohol, is then fi ltered and diluted to 75 % alcohol by vol-
ume. Wormwood was the most important ingredient 
because of its psychotropic properties, recognized by 
ancient and medieval herbalists (Ebers Papyrus, 
Hippocrates, Dioscorides, John Gerard). 

 The dose–response of alcohol is interesting as a proxy for 
the continuum of sedation and general anesthesia. Mild 
intoxication occurs with a blood concentration of 30–50 mg/
dL (0.03–0.05 %), and mild euphoria is achieved. Once the 
concentration has reached 100 mg/dL (0.10 %), more serious 
neurological disturbances result in slurred speech and a stag-
gering gait. At concentrations of 200 mg/dL (0.20 %), vision 
and movement are impaired, and coma results at twice that 
concentration.   

    Ancient History 

 Much of what we know in the twenty-fi rst century about 
attempts to provide analgesia and sleep is derived from the 
written records of ancient civilizations in widely separated 

2   Hibernia is the Latin name for Ireland; its people were the Hiberni. 

areas: China, India, Sumeria, and Egypt, for example. 
The recorded knowledge began approximately in the fourth 
millennium BCE, codifying oral drug lore that had undoubt-
edly preceded such codifi cation by centuries. In rough 
chronological order of the records (but not by the use of the 
drugs themselves), we can begin with China. 

    Chinese Drug Lore 

 The  Pen Tsao  (the symbols of which represent the compilation 
of medicinal herbs) was said to have been authored by 
Emperor Shen-nung in approximately 2700  bce . As the 
father of agriculture (the “Divine Husbandman”), he was 
said to have tasted all herbs in order to become familiar with 
their usefulness. Likewise, the  Nei - Ching  was said to have 
been written by Emperor Hant-Ti (about 2700  bce ). Although 
these texts describe the effects of naturally occurring herbs, 
the preparation of medicinals from herbs was attributed to 
I-Yin, a prime minister of the Shang Dynasty (1767–
1123  bce ). The details of these preparations were recorded by 
making knots in strings, arranged vertically on a narrow 
bamboo surface. The ideograms utilized were uncannily 
similar to those chosen by Egyptian physicians in their 
hieroglyphs. 3  As recording transitioned from string knots on 
bamboo to pen and paper, clinical cases and treatment rec-
ommendations were more easily recorded, initially by Chang 
Chung-Ching and the surgeon Hua Tuo (c. 140–208), who 
probably used  Cannabis indica  ( mafeisan  4 ) for anesthesia 
(Fig.  1.1 ). This was probably no accident, as there is ample 
suggestion that Hua Tuo may have developed many of his 
medical ideas from Ayurvedic practices in an area of China 
richly infl uenced by Buddhist missionaries [ 5 ].

       Hindu Drugs 

 Brahman priests and scholars were the medical leaders in the 
earliest recorded histories, three of which are of primary 
importance:
•     Charaka      Samhita  (second century CE, but copied from an 

earlier work)  
•    Susruta  (fi fth century CE)  
•       Vagbhata  (seventh century CE)    

3   The ideogram for “physician” (pronounced i) contained an arrow or a 
lancet in the upper half and a drug—or bleeding glass—in the lower half. 
4   The name  mafeisan  combines  ma  (“cannabis; hemp; numbed”),  fei  
(“boiling; bubbling”), and  san  (“break up; scatter; medicine in powder 
form”).  Ma  can mean “cannabis, hemp” and “numbed, tingling.” Other 
historians have postulated that mandrake or datura was used rather than 
cannabis, along with the wine. Still others have suggested hashish 
(bhang) or opium. 
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 The  Susruta  detailed more than 700 medicinal plants, the 
most common of which were condiments such as sugar, cin-
namon, pepper, and various other spices. Included among 
them were descriptions of the depressant effects of 
 Hyoscyamus  and  Cannabis indica . The eponymously named 
text (Susruta, c. 700–600  bce ) described Susruta’s use of 
wine to the point of inebriation as well as fumitory cannabis 
in preparation for surgical procedures. Part of the diffi culty 
with so many drugs was that they were not well codifi ed and 
were prescribed in casual ways by numerous practitioners, 
who relied on (clinical) observation of effects [ 6 ].  

    Sumerian Drugs 

 Agriculture developed in the area between the Tigris and 
Euphrates rivers, and a sophisticated cultivation of plant 
materials useful for the alleviation of symptomatic disease 
was not only practiced, but also recorded. Nearly 30,000 clay 
tablets from the era of Ashurbanipal of Assyria (568–626  bce ) 
were discovered in the mid-nineteenth century near the site 
of Nineveh, capital of the neo-Assyrian Empire, with numer-
ous references to plant remedies. Beers were especially well 
developed in ancient Babylon.  Cannabis indica  was known 
for producing intoxication, ecstasy, and hallucinations, when 

reinforced with hemp. This was all under the supervision of 
the priesthood. In addition, hallucinogenic mushrooms were 
employed in ancient Sumeria. Poppies were used mainly as a 
condiment in Sumerian life. Although there is no drug activity 
in the poppy leaves, fruit, or root, if the unripe seed capsule 
is opened, the white juice resulting from that is (raw) opium, 
the dried “latex” of which forms alkaloids as it dries. 
However, opium was not described (as far as we know) in the 
Ashurbanipal tablets.  

    Jewish Medicine 

 Jewish medicine received signifi cant contributions from the 
Babylonians during the Babylonian captivity (597–538  bce ) 
as well as from the Egyptians during the Egyptian Captivity 
(a date which is much less clear, based on 430 years of cap-
tivity prior to the Exodus, accepted as 1313  bce  in rabbinic 
literature [ 7 ]). Jewish potions were prepared by the priest-
hood for pain relief and the imparting of sleep during surgi-
cal procedures, venesection, and leeching;  Samme de shinda  
was probably a hemp potion, but probably not an opium 
derivative [ 8 ].  

    Egyptian Medicine 

 The major infl uence on the emerging Greek world of medicine 
came from Egypt. Our knowledge of their codifi cation is 
relatively robust because of the medical papyri, most of 
which were hieratic (hieroglyphics or ideographs), compiled 
from around 2000–1200  bce  (Table  1.1 ). They themselves 
were probably copied from older originals, as evidenced by 
the use of archaic terminology within the medical papyri, 
more characteristic of language from around 3,000  bce .

  Fig. 1.1    Hua Tuo (c. 140–208  ce ). The ancient texts  Records of the 
Three Kingdoms  and  Book of the Later Han  record Hua as the fi rst 
person in China to use anesthesia during surgery, referring specifi cally 
to mafeisan. The illustration portrays Hua Tuo’s surgical and medicinal 
abilities as well as his use of moxibustion       

   Table 1.1    List of Egyptian medical records   

 Document  Date  Comment 

 Kahun Papyrus  1900  bce   Primarily veterinary medicine 
 Edwin Smith Papyrus  1600  bce   Consists of 48 case histories; 

a well-organized surgical text 
 Ebers Medical Papyrus  1550  bce   Deals with medical rather 

than surgical conditions; 
emphasizes recipes 

 Hearst Medical Papyrus  1550  bce   Poorly organized; a practicing 
physician’s formulary 

 The Erman Document  1550  bce   Deals largely with childbirth 
and diseases of children 

 The London Papyrus  1350  bce   Poorly organized; a practicing 
physician’s formulary 

 The Berlin Papyrus  1350  bce   Poorly organized; a practicing 
physician’s formulary 

 The Chester Beatty Papyrus  1200  bce   Formulary for anal diseases; 
one case report 
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   It is ironic, and somewhat puzzling, that despite the richness 
of ancient documentation from the aforementioned artifacts, 
there is a paucity of information about narcotics and seda-
tives in ancient Egypt. Most of the suggestions about the use 
of such medications are by inference. For example, Ebers 
782 cites “ shepnen  of  shepen ” (poppy seeds of poppy) to 
settle crying children. Interestingly, the poppy seed contains 
relatively little morphine; it is the latex produced from the 
incision of the seed pod that actually contains the active 
ingredient. Another suggestion, by inference, is that base 
ring juglets were used to import opium from Cyprus in about 
1500  bce , because of the resemblance of these juglets, when 
inverted, to a poppy head [ 9 ] (Fig.  1.2 ) and the reported 
fi nding of morphine in an Egyptian juglet from the tomb of 
Kha (19th Dynasty), although this has been disputed [ 10 ]. 
Cannabis ( C. sativa ) was prescribed by mouth, rectum, 
vagina, and delivered transdermally and by fumigation, yet 
central nervous system effects were not described. The 
London and Ebers papyri refer to  mantraguru , an obvious 
common origin with mandrake, or     Mandragora . Some spe-
cies of lotus ( Nymphaea caerulea  and  N. lotos ) are native to 
Egypt and contain several narcotic alkaloids that can be 
extracted in alcohol, leading to a logical hypothesis that 
lotus-containing wine might have additional narcotic effects. 
Ebers 209 and 479 both refer to preparations for the relief 
of right-sided abdominal pain and jaundice (respectively) 
containing lotus fl ower as an ingredient, but directing that 
the lotus fl ower has to “spend the night” with wine and 
beer—conditions that would likely permit alkaloid extrac-
tion. It is therefore interesting that depictions of the lotus 
fl ower being sniffed are the only artifactual suggestion of the 
possible medical use of lotus (Fig.  1.3 ).

    All over the world, indigenous people have learned the 
medicinal properties of plants in their environments and have 
applied them to medical use. The remarkable acquisition of a 
suffi cient amount of experience to provide the basis for a 
systematic analysis and an accumulated fund of knowledge, 
probably transmitted initially through oral tradition and 
along specifi c lines of professional authority (physicians, 
priesthood, specialized castes of drug-gatherers and preparers), 
undoubtedly took a long time. It is extraordinary, moreover, 
for its survival and consistency through the ages, laying the 
groundwork for Classical civilization and beyond.   

    Classical History 

    Greek Medicine 

 Chaldo-Egyptian magic, lore, and medicine were transferred 
to the coasts of Crete and Greece by migrating Semitic 
Phoenicians or Jews and the stage was then set for incorpo-
rating ancient Egyptian drug lore into Greek medicine. 
Two prominent medical groups developed on the mainland 
of Asia Minor: the group on Cnidos, which was the fi rst, and 
then the group on Kos, of which Hippocrates (460–380  bce ) 
was one member. While they were accomplished surgeons, 
they generally eschewed drugs, believing that most sick peo-
ple get well regardless of treatment. Although Hippocrates 
did not gather his herbal remedies, he did prescribe plant 
drugs, and a cult of root diggers ( rhizotomoi ) developed, as 
did a group of drug merchants ( pharmacopuloi ). In Greece, 
plants were used not only for healing but also as a means of 
inducing death, either through suicide or execution; perhaps 

  Fig. 1.2    Comparison of an 
opium poppy capsule and a base 
ring juglet. An inverted opium 
poppy capsule on the  left , and a 
base ring juglet from the Bronze 
Age (dated to Egypt’s 18th 
Dynasty). Note that the solid 
pottery base ring takes the place 
of the serrated upper portion of 
the capsule, but the fl aring angle 
is almost identical. Overall, the 
outline of the body of the 
juglet almost parallels that of the 
poppy head, and its tall slender 
neck corresponds to the poppy’s 
thin stalk       
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the best example was the death of Socrates. Later, 
Theophrastus (380–287  bc ), a pupil of Aristotle (384–322  bce ), 
classifi ed plants and noted their medicinal properties. This was 
a departure from previous recordings, as Theophrastus ana-
lyzed remedies on the basis of their  individual  characteris-
tics, rather than a codifi cation of  combinations as in 
Egyptian formularies. He provided the earliest reference in 
Greek literature to mandragora [ 11 ]. 

 The father of history, Herodotus (484–425  bce ) (Fig.  1.4 ), 
left a detailed description of the mass inhalation of cannabis 
in the Scythian baths [ 12 ]:

   The Scythians, as I said, take some of this hemp-seed, and, 
creeping under the felt coverings, throw it upon the red-hot 
stones; immediately it smokes, and gives out such a vapour as no 
Grecian vapour-bath can exceed; the Scyths, delighted, shout for 
joy, and this vapour serves them instead of a water-bath; for they 
never by any chance wash their bodies with water. 

   Compression of the great vessels of the neck was also 
recognized as a form of inducing unconsciousness. It was 
recognized that compression of the carotid 5  arteries would 
result in unconsciousness and insensibility, as would pressure 
on the jugular veins. Aristotle recognized this, saying of 
jugular vein compression, “if these veins are pressed externally, 
men, though not actually choked, become insensible, shut 
their eyes, and fall fl at on the ground” [ 13 ]. 

 The poets Virgil and Ovid described the soporifi c effects 
of opium. Virgil (70–19  bce ) described the power of the 
poppy through the personifi cation “Lethaeo perfusa papav-

5   The Greek word  carotid  means drowsiness, stupor, or soporifi c—hence 
the carotid artery is the artery of sleep. Galen incorporated its use as an 
adjective when he stated, “I abhor more than anybody carotic drugs.” 

era somno” (“poppies steeped in Lethe’s slumber”), 6  while 
Ovid (43  bce –17/18  bce ) also invoked the personifi cation 
of Lethe by stating, “There are drugs which induce deep 
slumber, and steep the vanquished eyes in Lethean night.” 7   

6   Virgil, Georgics 1. 78 
7   As recorded in Fasti, a Roman calendar, 4:661 

  Fig. 1.3    Stela of Ity (from the 
British Museum EA 586). 
Painted limestone Stela of Ity, 
dated to the 12th Dynasty, c. 
1942  bce . Ity’s many titles and 
the names of his mother, wife, 
sons, and daughters are listed. 
Note the illustration of the lotus 
fl ower being sniffed       

  Fig. 1.4    Herodotus (484–425  bce ).  Source : Marie-Lan Nguyen (2011)/
Wikimedia Commons       
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    Roman Medicine 

 After the decline of the Greek empire following the death of 
Alexander the Great (323  bce ), Greek medicine was widely 
disseminated throughout the Roman Empire by Greek physi-
cians, who often were slaves. Dioscorides (c. 40–90  ce ) 
described some 600 plants and non-plant materials including 
metals. His description of mandragora is famous—the root 
of which he indicates may be made into a preparation that 
can be administered by various routes and will cause some 
degree of sleepiness and relief of pain [ 14 ]. Pliny the Elder 
(23–79  ce ) described the anesthetic effi cacy of mandragora 
in the following manner [ 15 ]:

  …(mandragora is) given for injuries infl icted by serpents and 
before incisions or punctures are made in the body, in order to 
insure insensibility to pain. Indeed for this last purpose, for some 
persons the odor is quite suffi cient to induce sleep. 

   In the fi rst century, Scribonius Largus compiled 
 Compositiones Medicorum  and gave the fi rst description of 
opium in Western medicine, describing the way the juice 
exudes from the unripe seed capsule and how it is gathered 
for use after it is dried. It was suggested by the author that it 
be given in a water emulsion for the purpose of producing 
sleep and relieving pain [ 16 ]. Galen (129–199  ce ), another 
Greek, in  De Simplicibus  (about 180  ad ), described plant, ani-
mal, and mineral materials in a systematic and rational man-
ner. His prescriptions suggested medicinal uses for opium 
and hyoscyamus, among others; his formulations became 
known as galenicals.   

    Islamic Medicine 

 In 640  ce , the Saracens conquered Alexandria, Egypt’s seat 
of ancient Greek culture, and by 711  ce  they were patrons of 
learning, collecting medical knowledge along the way. 
Unlike the Christians, who believed that one must suffer as 
part of the cure, the Saracens tried to ease the discomfort of 
the sick. They fl avored bitter drugs with orange peels and 
sweets, coated unpleasant pills with sugar, and studied the 
lore of Hippocrates and Galen. Persian physicians became 
the major medical teachers after the rise of the Baghdad 
Caliphate around 749  ce , with some even penetrating as far 
east as India and China. By 887 there was a medical training 
center with a hospital in Kairouan in Northern Africa. 

 The most prominent of the Arab writers on medicine and 
pharmacy were Rhazes (865–925  ce ) and Avicenna (930–
1036  ce ), whose main work was  A Canon on Medicine . The 
signifi cance of this thread of ancient medical philosophy 
was that during the eleventh and twelfth centuries this pre-
served knowledge was transmitted back to Christian Europe 
during the Crusades. Avicenna noted the special analgesic 
and soporifi c properties of opium, henbane, and mandrake 
[ 17 ] (Fig.  1.5 ).

       Medieval Medicine 

 The fi rst Christian early medieval reference to anesthesia is 
found in the fourth century in the writings of Hilary, the 
bishop of Poitiers [ 18 ]. In his treatise on the Trinity, Hilary 
distinguished between anesthesia due to disease and “inten-
tional” anesthesia resulting from drugs. While St. Hilary 
does not describe the drugs that lulled the soul to sleep, at 
this time (and for the following few centuries) the emphasis 
remained on mandragora. 

 From 500 to 1400  ce , the church was the dominant institu-
tion in all walks of life, and medicine, like other learned disci-
plines, survived in Western Europe between the seventh or 
eighth and eleventh centuries mainly in a clerical  environment. 
However, monks did not copy or read medical books merely 
as an academic exercise; Cassiodorus (c. 485  ce –c. 585  ce ), 
in his efforts to bring Greek learning to Latin readers and 
preserve sacred and secular texts, recommended books by 
Hippocrates, Galen, and Dioscorides while linking the pur-
pose of medical reading with charity care and help. 

 Conventional Greco-Roman drug tradition, organized and 
preserved by the Muslims, returned to Europe chiefl y through 
Salerno, an important trade center on the southwest coast of 

  Fig. 1.5    Avicenna (930–1036  ce ). “If it is desirable to get a person 
unconscious quickly, without his being harmed, add sweet-smelling 
moss or aloes-wood to the wine. If it is desirable to procure a deeply 
unconscious state, so as to enable the pain to be borne, which is involved 
in painful application to a member, place darnel-water into the wine, or 
administer fumitory opium, hyoscyamus (half dram dose of each); nut-
meg, crude aloes-wood (four grains of each). Add this to the wine, and 
take as much as is necessary for the purpose. Or boil black hyoscyamus 
in water, with mandragora bark, until it becomes red, and then add this 
to the wine” [ 17 ]       
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Italy in the mid 900s. One of the more impressive practices 
documented at Salerno was intentional surgical anesthesia, 
described in     Practica Chirugiae  in 1170 by the surgeon 
Roger Frugardi (Roger of Salerno, 1140–1195), in which he 
mentions a sponge soaked in “narcotics” and held to the 
patient’s nose. Hugh of Lucca (ca. 1160–1252) prepared 
such a sleeping sponge according to a prescription later 
described by Theodoric of Cervia (ca. 1205–1296). As an 
added precaution, Theodoric bound his patients prior to inci-
sion. The description of the soporifi c sponge of Theodoric 
survived through the Renaissance largely because of Guy de 
Chauliac’s (1300–1367)  The Grand Surgery  and the clinical 
practices of Hans von Gersdorff (c. 1519) and Giambattista 
della Porta (1535–1615), who used essentially the same for-
mula of opium, unripe mulberry, hyoscyamus, hemlock, 
mandragora, wood-ivy, forest mulberry, seeds of lettuce, and 
water hemlock (Fig.  1.6 ).

      Ether 

 Ether was discovered in 1275  ce  by the Spanish chemist 
Raymundus Lullus (c. 1232–1315). This new discovery was 
given the name “sweet vitriol.” In 1540  ce , the synthesis of 
ether was described by the German scientist Valerius Cordus 
(1514–1544  ce ) who carefully specifi ed the materials to be 
used, the apparatus, and the procedure to be followed in 
order to distill “strong biting wine” (alcohol) with “sour oil 
of vitriol” (sulfuric acid). He recommended it for the relief of 
cough and pneumonia [ 19 ]. Paracelsus (1493–1541), a con-
temporary of Cordus, came surprisingly close to the recogni-
tion of ether as an anesthetic [ 20 ]. Later, in 1730, German 
scientist W. G. Frobenius changed the name of sweet vitriol 
to ether.  

    Varied Preparations of Varying Potencies 

 If the constituents of the plants were combined with fats or 
oils, they would penetrate through the skin or could be easily 
absorbed via the sweat ducts in the axillae or body orifi ces 
such as the vagina or rectum. This would allow the psycho-
active tropane alkaloids, especially hyoscine, access to the 
blood and brain without passage through the gut, thus avoid-
ing the risk of poisoning. A few prominent surgeons offered 
statements about the mode of application of such salves or 
“oyntments.” John Arderne (1307–1380) (Fig.  1.7 ), known 
for his success-curing fi stula in ano, and Andres De Laguna 
(1499–1560) (Fig.  1.8 ), physician to Emperor Charles V and 
Philip II, provided unambiguous descriptions of soporifi cs.

    The uncertainty of the potency and action of the narcotic 
drugs rendered their application dangerous and by the end of 
the sixteenth century such anesthetics had largely fallen into 
disrepute and disuse. Indeed, even if physicians tried to use 
“narcotic” herbals in the middle of the seventeenth century, 
they were condemned, arrested, and fi ned or tried for practic-
ing witchcraft [ 21 ]. Many of the early books were herbals, and 
Gerard (1545–1612) warned of the alkaloids “…this kind of 
Nightshade causeth sleepe…it bringeth such as have eaten 
thereof into a ded sleepe wherein many have died” [ 22 ].   

    The Scientifi c or Modern Epoch 

 The divergence of herbalism (botany) and medicine began in 
the seventeenth century as part of the larger movement 
known alternatively as natural philosophy, scientifi c deism, 
and the scientifi c revolution. An attempt to develop quantita-
tive methodology characterized science, and at the forefront 
of these attempts was the chemical analysis of the active 
ingredients in medicinal plants. 

 Following his clinical observation of poisoning in children 
who had mistaken water hemlock for parsnip root, Johann 

  Fig. 1.6    The Alcohol Sponge [ 46 ]. “Take of opium, of the juice of the 
unripe mulberry, of hyoscyamus, of the juice of hemlock, of the juice of 
the leaves of mandragora, of the juice of the wood-ivy, of the juice of the 
forest mulberry, of the seeds of lettuce, of the seeds of the dock, which 
has large round apples, and of the water hemlock—each an ounce; mix 
all these in a brazen vessel, and then place in it a new sponge; let the 
whole boil, as long as the sun lasts on the dog-days, until the sponge 
consumes it all, and it is boiled away in it. As oft as there shall be need 
of it, place this sponge in hot water for an hour, and let it be applied to 
the nostrils of him who is to be operated on, until he has fallen asleep, 
and so let the surgery be performed. This being fi nished, in order to 
awaken him, apply another sponge, dipped in vinegar, frequently to the 
nose, or throw the juice of the root of fenugreek into the nostrils; shortly 
he awakes” [ 47 ]       
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Jakob Wepfer (1620–1695) demonstrated dose- dependent 
toxic effects in dogs of the alkaloids eventually isolated as 
strychnine, nicotine, and conine [ 23 ,  24 ]. Thus, this early 
quantitative approach gave rise to the development of modern 
chemistry and pharmacology. This was fi rst successfully 
applied to anesthetic pharmacology by Friedrich Wilhelm 
Adam Serturner (1783–1841) who, in 1805, described the 
isolation of meconic acid from the crude extract of opium 
and in 1806, extracted opium. He further experimented with 
this crystal on dogs, fi nding that it caused sleep and indiffer-
ence to pain and called this new substance morphine, in 
honor of the Greek god of dreams, Morpheus. This science 
of pharmacology—the interaction of chemistry with living 
matter—thus began to replace the ancient and descriptive 
materia medica of herbalism, and set the stage for the 
advances of the second half of the nineteenth century, which 
included modern surgical anesthesia. 

 The introduction of these drugs directly into the vascular 
system was developed by (Sir) Christopher Wren (1632–
1723) at Oxford in 1656 when he convinced his friend Robert 
Boyle (1627–1691) to experiment with a quill attached to a 
syringe through which opium was injected into a dog. What 
they found was that the opium made the dog stuporous, but 
did not kill him. Not long thereafter, in 1665, Johann 
Sigismund Elsholtz (1623–1688) administered opiates intra-
venously to humans in order to achieve unconsciousness, as 
described in his 1667 work  Clysmatica nova  [ 25 ] (Fig.  1.9 ). 
He performed early research into blood transfusions and 
infusion therapy, and speculated that a husband with a “mel-
ancholic nature” could be re-vitalized by the blood of his 
“vibrant wife,” leading to a harmonious marriage. Direct 
transfusion of blood between animals was accomplished 
later that same year, and human transfusion followed 2 years 
later. Lamb’s blood was usually used, until James Blundell 
(1791–1878) transfused human blood into humans.

   By the 1830s, physiologists and elite doctors envisioned a 
level of unconscious life separable from the higher functions 
and the mind, including suffering. Advances in surgical 
thought, including more conservative and slower surgery, 
intensifi ed the problem of pain for both patient and surgeon. 

  Fig. 1.8    Andres de Laguna (1499–1560  ce ). “…a pot full of a certain 
green ointment…with which they were    annointing themselves…was 
composed of herbs…such as hemlock, nightshade, henbane, and man-
drake…I had the wife of the public executioner anointed with it from 
head to foot…she…had completely lost power of sleep…no sooner did 
I annoint her than she opened her eyes, wide like a rabbit, and soon they 
looked like those of a cooked hare when she fell into such a profound 
sleep that I thought I should never be able to awake her…after a lapse 
of thirty-six hours, I restored her to her senses and sanity” [ 50 ]       

  Fig. 1.7    John Arderne (1307–1380). “An ointment with which if any 
man be anointed he shall suffer cutting in any part of his body without 
feeling or aching. Take the juice of henbane, mandragora, hemlock, let-
tuce, black and white poppy, and the seeds of all these aforesaid herbs, 
if they may be had, in equal quantities; of Theban poppies and of poppy 
meconium one or two drachms with suffi cient lard. Braise them all 
together and thoroughly in a mortar and afterwards boil them well and 
let them cool. And if the ointment be not thick enough add a little white 
wax and then preserve it for use. And when you wish to use it anoint the 
forehead, the pulses, the temples, the armpits, the palms of the hands 
and the soles of the feet and immediately the patient will sleep so 
soundly that he will not feel any cutting” [ 48 ,  49 ]       
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By the mid 1840s, pain no longer seemed physiologically 
necessary or socially acceptable, but the intensive use of 
drugs known to diminish surgical pain was dangerous, and 
non-pharmacological alternatives such as Mesmerism were 
highly contentious and controversial. 

 Mesmerism, the predecessor of hypnosis, was based on 
Franz Anton Mesmer’s (1734–1815) belief that a magnetic 
fi eld existed around people and could be controlled for health 
purposes to heal the sick. Mesmer’s strategy was to induce a 
trancelike state [ 26 ], rendering his patients hyperalert while 
asleep, a state referred to as “artifi cial somnambulism” by 
the Marquis de Puysegur (1751–1825), which eventually 
became known as “hypnosis” (de Cuvillers, in 1820) 
(Fig.  1.10 ). Hypnosis was used as an adjunct to surgery in the 
1830s by Cloquet (mastectomy) and Elliotson, and ironically 
(in 1846) Esdaile (1808–1859) reported on the use of hypno-
anesthesia in approximately 300 surgical patients in India 
[ 27 ]. Because the public demonstration of ether was virtually 
simultaneous, medical applications of hypnosis rapidly fell 
into disuse, and intriguingly, it was relegated to entertain-
ment—much like nitrous oxide before the “acceptance” of 
chemically induced anesthesia. Turnabout was fair play. 
Hypnosis is making a comeback for sedation, especially with 
children [ 28 – 30 ], and has been shown to reduce required 
amounts of propofol and lidocaine, with accompanying 
reductions in pain, nausea, fatigue, discomfort, and emo-
tional upset. It has also been shown to reduce the cost per 

patient by more than $750, mainly due to a shorter time in 
the operating room [ 31 ,  32 ].

   The time was thus ripe for the integration of science and 
medicine, and the introduction of pneumatic medicine by 
Thomas Beddoes (1803–1849). He was committed to the 
notion that chemistry, especially the use of medicinal gases, 
could transform medicine and was convinced that the newly 
discovered respirable gases nitrogen, hydrogen, and oxygen 
could be therapeutic for various lung conditions, such as 
tuberculosis [ 33 ]. It was his employee Humphrey Davy’s 
experiments with nitrous oxide that fueled the therapeutic 
use of gases, including his experiments with nitrous oxide’s 
ability to be breathed longer than any of his other experimen-
tal gases (except air and oxygen) with animals showing an 
initial period of excitement, followed by exhaustion. 
Furthermore, he noted that even if the animal stopped breath-
ing gas before complete exhaustion was reached, it was still 
possible to restore “healthy living action” by letting the ani-
mal breathe atmospheric air. The “peculiar changes” in the 
blood and organs were therefore reversible. This concept of 
death as a process, a continuum, rather than an absolute, was 
evolutionary and revolutionary. 

 Pari passu, Henry Hill Hickman (1800–1830) was born in 
the year Humphrey Davy suggested that nitrous oxide might 
be used for pain relief during surgery. Hickman, a country 
doctor, conceived, promoted, and attempted to practice 
“pain-free surgery,” a novel concept at the time. Hickman 
experimented at a time when understandings of asphyxia 
were changing and death began to be conceived as a  process . 
Medical research began to focus on resuscitation and the 
various techniques that could restore life in a body lacking a 
pulse or respiration. Thus Hickman understood suspended 
animation as a form of asphyxia; a state in which respiration 
had been suspended but life still existed—hence his use of 
bellows during a 17-min amputation of the leg of a dog. It is 
clear too that Hickman was incorporating a new understand-
ing of the nervous system from the work of Charles Bell 
(1774–1842) in Britain and François Magendie (1783–1855) 
in France in the 1810s, supporting the separation of mind and 
body. Hickman based his experiments on the belief that if 
applied to humans, the key benefi t would be the suspension 
of the mind of the patient and thus the absence of anticipa-
tion of suffering, as well as the relief of physical pain. 
Hickman advocated what he called “suspended animation” 
(general anesthesia) for surgery on humans as well. He had 
the right idea about inhalation anesthesia but unfortunately, 
in selecting carbon dioxide, picked the wrong agent. Carbon 
dioxide can indeed induce unconsciousness, but the gas also 
often results in panic attacks. In larger quantities, it is lethal. 

 In a scathing letter to the editor in 1826, Hickman’s work 
was brutally criticized in an article in  The Lancet  entitled 
“Surgical Humbug” [ 34 ]. In his attempt to seek support 
abroad, Hickman decided to try his luck in Paris in 1828 and 
presented a paper to King Charles X. The paper was forwarded 

  Fig. 1.9    Illustration of venous injection, from  Clysmatica nova  (1667). 
Note the disembodied hands delineating the vascular anatomy and illus-
trating the technique       
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to the Academie Royale de Medecine. A committee was set 
up to investigate Hickman’s proposal for painless surgical 
operations on humans but was unsupported by French scien-
tists. He went back to England to live out his remaining years 
and work hard in his poor practice, dying of tuberculosis 2 
years later at 30 years of age. 

 Interest in the intravenous methods persisted as well, and 
Pierre-Cyprien Oré injected chloral hydrate in 1872 in order 
to produce an anesthetic state in humans (following animal 
experimentation). Again, unfortunately, an incorrect drug 
was chosen, because intravenous chloral hydrate has a 
very narrow therapeutic margin. Emil Fischer (1852–1919) 

synthesized barbital in 1902, and although it was ineffective 
as an intravenous anesthetic because its onset and termina-
tion was too slow, hexobarbital (Evipal) followed 30 years 
later and was fi rst reported for anesthetic use in 1932. Sodium 
thiopental followed in 1943.  

    The Modern Story of Anesthesia 

 The modern story of anesthesia began with the reaction in 
Philadelphia to Humphrey Davy’s (1778–1829) account of 
nitrous oxide and its biological effects. In 1808, William P. C. 

  Fig. 1.10    Mesmer practicing animal magnetism, from Hollander’s  Die 
Karikatur und Satire in der Medizin , 1921. The title “Le Baquet de 
M. Mesmer” refers to Mesmer’s “tub” or cabinet, around which a group 
of patients would sit in order to press their affl icted body areas against 
the tub’s emerging metal rods. The patients would link their fi ngers to 

complete an “electric” circuit. The milieu was equally dramatic—an 
incense- fi lled room, haunting background music, mirrors, heavy 
drapes, and astrological symbols. There was a tremendous popular 
interest in medical applications of electricity, and serendipitously, 
Benjamin Franklin was the United States ambassador to France       
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Barton (1786–1856) emphasized the brain disorientation 
caused by inhaling nitrous oxide, and cited Davy. Meanwhile, 
an anonymous note, often ascribed to Michael Faraday, indi-
cated that the inhalation of ether would produce effects simi-
lar to those of nitrous oxide [ 35 ]. 

 In 1839, William E. Clarke (1818–1878) in Rochester, 
New York, began the fad of ether frolics among young people. 
He is said to have given ether for extraction of a tooth in 1842. 
In Jefferson, Georgia, Crawford W. Long (1815–1878) noted 
that one of the participants in an ether frolic fell heavily, but 
seemed to lack pain. On March 30, 1842, Long gave ether by 
inhalation to a patient for removal of a neck tumor; there was 
no evidence of pain. Unfortunately, he failed to report his 
anesthetic success for several years. William T. G. Morton 
(1819–1868), a student at Harvard Medical School, learned of 
sulfuric ether, and practiced anesthetizing various small ani-
mals at his home. He tried to perfect an inhaling device, and a 
demonstration was arranged at the Massachusetts General 
Hospital on October 16, 1846, a turning point in the history of 
medicine. Gardner Quincy Colton (1814–1898) fi rst gave 
nitrous oxide for anesthetic purposes to Horace Wells in 1844 
and revived its use in dentistry for dental extractions in 1863. 
Colton and Smith established the Colton Dental Institute in 
New York in 1864, and over a period of 30 years treated 
186,500 patients without “a single accident from the gas” [ 36 ]. 
In England, Alfred Coleman (1828–1902) became the chief 
advocate for the use of nitrous oxide in dentistry. Clinical 
administration, of course, was not without its risks. In the 
latter half of the nineteenth century, before co-administration 
with oxygen, 100 % nitrous was administered, in the sitting 
position (with the head fl exed in order to prevent the tongue 
from falling backward onto the hard palate):

  until breathing was rapid, the face was (at fi rst) pale, then cya-
notic…The aspect of the patient is at this time ghastly in the 
extreme, there being every physical indication of impending 
asphyxia…These appearances are coincident with anesthesia suf-
fi ciently profound for the needs of minor surgery and the inhaler 
must be withdrawn and the operation swiftly performed. [ 37 ] 

   Supplemental oxygen was introduced by Hewitt at the 
turn of the century [ 38 ]. The presumptive risks of hypoxia 
associated with nitrous oxide (especially the technique of 
“secondary saturation” practiced by clinicians since the late 
nineteenth century) were fi nally proven by C. B. Courville 
(a neuropathologist) in 1939 [ 39 ], although the concepts 
did not enter into clinical practice until after World War II. 
The principal advance, however, was the reformulation of 
the goals of nitrous oxide administration—for its sedative 
rather than anesthetic or analgesic properties. With patients 
never reaching the excitement stage, nitrous oxide was used 
to produce sedation, and local anesthesia to control pain. 
The formation of the American Dental Society of 
Anesthesiology in 1953 furthered this concept. 

 There were additional “sleep-producing” agents available in 
the second half of the nineteenth century. For example, it was 

recognized by Robert Glover that potassium bromide would 
cause drowsiness in animals and by Charles Locock that it 
would effectively treat epileptic seizures in obstetrical patients 
being treated for dysmenorrhea. Behrend reported its use for 
the treatment of insomnia, nervous excitement, and irritability. 
This led to the therapeutic use of “bromides” (of lithium, 
sodium, and potassium) as anticonvulsants. It was only a short 
time later that chloral hydrate was introduced by Liebreich as a 
soporifi c for medical purposes [ 40 ] as well as more nefarious 
purposes (it was the chief ingredient in the “Micky Finn” cock-
tail, for which the bartender, Michael Finn, was tried in 1903 in 
Chicago). Additional soporifi cs were paraldehyde, ethanol, 
sulfonal, diethyl-malonyl- urea (Veronal or barbital), and 
phenyl-ethyl- malonylurea (Luminal or phenobarbital).  

    “Modern” Sedation and Analgesia Services 

 There is an inseparable continuum, particularly in pediatrics, 
between general anesthesia and sedation and analgesia. 
Not surprisingly, it was the early efforts of dental surgeons at 
the beginning of the twentieth century that spearheaded 
ambulatory anesthesia, much as early general anesthesia was 
associated with dental procedures. Many dentists produced, 
purifi ed, and stored their own nitrous oxide. The fi rst Day 
Surgery began at the Royal Hospital for Sick Children in 
Glasgow with pediatric surgeon James Nicholl, who began 
to operate on children as outpatients. In 1909 he reported a 
10-year history of almost 9,000 operations on children as 
outpatients; unfortunately, there is no mention of anesthesia 
[ 41 ]. In 1916, Ralph Waters (1883–1979) opened the 
Downtown Anesthesia Clinic in Sioux City, Iowa, caring for 
dental and minor surgery patients, but avoiding ether in favor 
of nitrous oxide along with the selection of appropriately 
short surgical procedures such as dental extractions, circum-
cisions, simple fractures, or incision and drainage of 
abscesses [ 42 ]. Intermittently, pediatric anesthesiologists 
fi lled the role of sedation experts in order for children to tol-
erate unpleasant diagnostic procedures (Fig.  1.11 ).

   “Twilight Sleep” was also introduced in the early part of 
the twentieth century; it is a term that persists to this day, 
perhaps because of its colorful name, which originated from 
the German  Dammerschlaf , introduced by Gauss in 1906 to 
describe the state of clouded consciousness produced by a 
combination of scopolamine and morphine. The technique 
had actually been introduced several years earlier, but Gauss 
(and obstetrician Bernhard Kronig) broadened its use in hun-
dreds of patients at the Frauenklinik of the State University 
of Freiburg and reported their results in 500 patients [ 43 ]. 
The impact, particularly among women, in the early twenti-
eth century was astounding—reporters from the  Ladies ’ 
 Home Journal , the  Women ’ s Home Companion , and 
 McClure ’s journeyed to Germany to investigate the heralding 
of a new age in obstetrical analgesia. Popular favorable 
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reports rapidly followed, galvanizing a political movement 
for obstetrical pain relief largely advanced by women. In a 
rallying statement, the  Ladies ’  Home Journal  correspondent 
who eventually wrote  Truth About Twilight Sleep  stated [ 44 ]:

  I now make my last appeal to every woman who has read this 
book to take up the battle for painless childbirth where I left 
off…Fight not only for yourself, but for your sisters, your sex, 
the cradle of the human race…Through Twilight Sleep a new 
era has dawned for woman and through her for the whole 
human race. 

   The technique was not perfect. There was wide variation 
in the response to the drug combination, from incomplete 
analgesia to incomplete erasure of memory. Patients contin-
ued to groan and scream in agony, they just could not remem-
ber afterwards. Kronig would therefore not allow the 
presence of any family members—nor reporters or profes-
sional observers—to directly verify the effi cacy of the tech-
nique. The end result, however, was that the majority of 
patients would not recall anything about the birth, and would 
awaken after delivery and state that they hoped the labor 
would begin soon, which then gave rise to the debate about 
whether there is pain if there is no memory of pain. 

 It further highlighted a problem that Gauss faced every 
day—his attempts to standardize the dose were diffi cult at 
best. He expressed it clearly, “If you could trust to having an 
average women, you could use an average dose; but the dose 
is easier to standardize than the woman.” Competing institu-
tions adopted Gauss’ recommendations, with results ranging 
from praise to condemnation. In America, similar ambiva-
lence was encountered. Twilight Sleep was adopted whole-
heartedly and enthusiastically at Long Island College 
Hospital in Brooklyn (by patient request) but was abandoned 
at Johns Hopkins. This controversy refl ected the narrow 

therapeutic range of the technique, again summarized 
 succinctly by Gauss: “Twilight Sleep is a narcotic condition 
of extremely narrow breadth, like a narrow mountain crest. 
To the left of it lie the dangers of too deep action, with nar-
cosis and absence of birthpains; to the right, the danger of 
shallow action, with retention of consciousness and sensibil-
ity of pain.” The tensions developed between the medical 
profession, the medical press, and the public are outlined 
very thoughtfully by Caton in  What a Blessing She Had 
Chloroform  (1999). 

 Waters’ prescience was followed by a long gap, until the 
1960s, when increasing interest in employing shorter-acting 
anesthetic strategies with more rapid return to “street-fi tness” 
predated the explosion onto the medical diagnostic scene of 
computed tomography (1974), magnetic resonance imaging 
(1977), interventional radiology procedures, cardiac catheter-
ization (diagnostic and interventional), and various other 
imaging modalities. In addition, further miniaturization and 
engineering improvements continued for both gastrointestinal 
and pulmonary endoscopy and the use of radiation therapy as 
an adjunct to surgical and medical treatment of cancer patients. 
All of these took place in nontraditional anesthetizing loca-
tions, popularly known as “outfi eld” anesthesia [ 45 ].  

    The Future of Sedation 

 As an increasing number of procedures are developed that are 
accessible by percutaneous, intravascular, or natural orifi ce 
routes, they will be less painful in both the awake and asleep 
state. However, the need for motionlessness for children as 
well as adults will remain, especially as these imaging tech-
niques and procedures are likely to be longer and require 
increasingly sophisticated instrumentation. At the same time, 
progress will inevitably continue in understanding the neuro-
physiology of pain mechanisms as well as consciousness, 
and we are perhaps not that far removed from the “tricorder” 
settings in  Star Trek  to noninvasively control mediators of 
pain, attention, and neuromuscular competence, all in scalable 
fashions. (Refer to Chaps.   31     and   38    .)     
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    Abstract  

  The provision of sedation for children undergoing tests or procedures outside of the operating 
room has evolved signifi cantly over the last 40 years. Professional societies around the 
globe have helped make this area of care safer by providing recommendations or guidelines 
for practitioners. Some organizations, such as the American Academy of Pediatrics (AAP), 
have published a series of these guidelines over the years that have adopted the most rele-
vant information and newest technologies as they have developed. Most of the guidelines 
share common elements. They are intended to maximize the safety and effectiveness of 
sedation by defi ning the appropriate evaluation of patients, recommending strategies for 
sedation, outlining appropriate monitors for patients during sedation, and defi ning dis-
charge criteria after the procedure/sedation is completed. In this chapter there is a detailed 
discussion of several of the historically most cited sedation guidelines for children and a 
brief review of a number of other organizational guidelines from around the world.  
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       Introduction 

 The practice of pediatric sedation involves a wide variety of 
sedation providers and pediatric medical subspecialists. 
There are no “universally” applicable and acceptable guide-
lines that apply to all the physicians and nurses who are 

 taking part in sedating children. A number of guidelines, 
policies, and recommendations for sedation care have been 
promulgated by different subspecialty societies over the last 
30 years. This chapter will consider the evolution of North 
American and international guidelines, and put them into 
context and perspective. 

 The common dictionary defi nition of “guideline” is  “general 
rule, principle, piece of advice.” With this defi nition in mind, 
this chapter will consider several forms of guidelines—
including those that come in the form of “Statements,” 
“Practice Advisories,” “Clinical Policies,” or “Recommen-
dations.” These documents range from those that contain broad 
descriptions of appropriate monitoring and treatment to those 
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offering specifi c guidelines on the use of particular drugs or nil 
per os (NPO) intervals. There is variability in the manner in 
which different pediatric subspecialties (and different coun-
tries) have addressed the specifi cs of sedation care, but the 
common elements and considerations largely outweigh the 
differences. 

 It should be noted that the methodologies used to pro-
duce these guidelines vary from organization to organi-
zation. For example, the American Academy of Pediatrics 
(AAP), guidelines were put together by a workgroup on 
sedation from the Committee on Drugs [ 1 – 3 ]. While these 
guidelines were based on a careful consideration of the 
available literature, the exact nature of how studies were 
“weighted” and how conclusions were drawn is not explicitly 
described. The most recent guidelines of the American Society 
of Anesthesiologists (ASA) [ 4 ] and American College of 
Emergency Physicians (ACEP) [ 5 – 8 ] are founded on an 
evidence- based review of pediatric sedation literature and 
the methodologies are quite explicit. Even in these cases, 
however, the lack of defi nitive or comparative data on 
 outcomes from sedation encounters necessitates that 
many of the guidelines are based on “consensus” rather than 
evidence. 

 This chapter will review the most recently published seda-
tion guidelines of the various specialties in the United States 
and will then present the guidelines of some international 
specialties in order to provide comparison and contrast.  

   American Academy of Pediatrics Guidelines 

 In the United States, the AAP’s guidelines for monitoring 
and management of pediatric patients during and after seda-
tion for diagnostic and therapeutic procedures [ 9 ] are the 
most widely applied guidelines with respect to pediatric 
sedation. While other statements from the AAP have 
expanded on the importance of the use of sedation and anal-
gesia for children [ 10 ,  11 ], these guidelines remain of pri-
mary importance and have infl uenced the creation of safe 
sedation systems around the United States and internation-
ally. Much of their lexicon and recommendations have been 
largely adopted by the Joint Commission and regulatory 
bodies in Europe and Australia in evaluating institutional 
compliance for safe sedation standards. 

 The fi rst AAP guideline for pediatric sedation was written 
in response to three dental deaths in 1983 (published in 
1985) [ 1 ] on behalf of the AAP Section on Anesthesiology. 
Written in collaboration with the American Academy of 
Pediatric Dentistry (AAPD) and the ASA, the purpose was to 
develop a framework from which improved safety could be 
developed for children requiring sedation in order to perform 
a needed procedure. This initial guideline emphasized stan-
dardization on issues such as the need for informed consent, 

appropriate fasting prior to sedation, frequent measurement 
and charting of vital signs, the availability of age- and size- 
appropriate equipment, the use of physiologic monitoring, 
the need for basic life support skills, and proper recovery and 
discharge procedures. The concept of an independent 
observer whose only responsibility is to monitor the patient 
was introduced for deeply sedated pediatric patients. 
Advanced airway and resuscitation skills were encouraged 
but not specifi cally required for deep sedation providers. 
These original guidelines defi ned three terms for depth of 
sedation: conscious sedation, deep sedation, and general 
anesthesia. The descriptive term “conscious sedation” was 
defi ned as    “A medically controlled state of depressed con-
sciousness that allows the protective refl exes to be main-
tained; retains the patient’s ability to maintain a patent airway 
independently and continuously; and permits an appropriate 
response by the patient to physical stimulation or verbal 
command, e.g., “open your eyes”” [ 1 ]. 

 In 1992 the Committee on Drugs of the AAP revised the 
1985 guideline [ 2 ]. The new iteration recognized that a 
patient could readily progress from one level of sedation 
to another and that the practitioner should be prepared to 
increase vigilance and monitoring as indicated. Pulse oximetry 
was recommended for all patients undergoing sedation. This 
new guideline also discouraged the practice of administering 
sedation at home by parents—a practice that was not 
 infrequent in dental and radiologic sedation at that time. An 
addendum to the guideline was produced by the same 
Committee on Drugs of the AAP 2002 [ 9 ] ending the use of 
the term “conscious sedation” and clarifying the fact that 
these guidelines apply to any location where children are 
sedated—in or out of the hospital. This set of guidelines use 
the terminology of “minimal sedation, moderate sedation, 
deep sedation, and anesthesia.” These descriptions of seda-
tion levels have been adopted by the ASA, the Joint 
Commission, and multiple international organizations (see 
later). The addendum emphasized that sedatives should only 
be administered by those skilled in airway management and 
cardiopulmonary resuscitation [ 9 ]. 

 The most current iteration of the AAP sedation guidelines 
was published in Pediatrics in December 2006 [ 3 ]. This doc-
ument represents a signifi cant landmark for the fi eld of 
 pediatric sedation. For the fi rst time, the Joint Commission, 
ASA, AAP, and the AAPD offi cially adopted common 
 language to defi ne sedation categories (minimal, moderate, 
deep, and anesthesia) and the expected physiologic responses 
for each category. The authors emphasize the idea that seda-
tion is a continuum and that the sedation provider must be 
capable of rescuing a patient for a level of sedation one step 
deeper than that which is intended. They recommend “ongo-
ing maintenance of critical skills for airway rescue” and 
 reference some resources, but stop short of specifi c direc-
tions for how best to teach or maintain critical competencies. 
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The authors contend that deep sedation requires special 
expertise and personnel resources. 

 Credentials required to administer deep sedation [ 3 ]:
    1.    There must be one person available whose sole responsi-

bility is to constantly observe the patient’s vital signs, 
 airway patency, and adequacy of ventilation and to either 
administer drugs or direct their administration.   

   2.    At least one individual, trained and competent to provide 
advanced pediatric life support, airway management, and 
cardiopulmonary resuscitation, must be present [ 3 ].    
  This iteration of the guidelines emphasizes that plans for 

rescue by Emergency Medical Systems (EMS) must be put 
in place for settings such as a free-standing clinic or offi ce. 

 The guidelines also include an interesting section on drug 
interactions and cautions on alternative medications such as 
St. John’s wort, kava, and echinacea and their possible 
impact on sedation provision. In regard to propofol, they do 
not make any statement or recommendation on its adminis-
tration, either by anesthesiologists or nonanesthesiologists. 

 Monitoring requirements are based on the depth and set-
ting of sedation. Pulse oximetry, heart rate, and intermittent 
blood pressure should be followed during moderate seda-
tion. For deep sedation, “precordial stethoscope or capnog-
raphy should be implemented for patients who are diffi cult 
to observe (i.e., magnetic resonance imaging (MRI)) to aid 
in monitoring adequacy of ventilation” [ 3 ]. Capnography is 
“encouraged” but not required, particularly in situations 
where other means of assessing ventilation are limited. 

 These guidelines suggest that predicting the exact depth 
of sedation (other than minimal sedation) that will result 
from the administration of a sedative drug is impossible. 
In light of this fact, the authors make recommendations on 
fasting (NPO) status, which assume airway protective 
refl exes could be lost at any time during a moderate or deep 
sedation and therefore mirror the recommendations made for 
patients undergoing anesthesia. 

   NPO Guidelines 

•     Clear liquids: 2 h; include water, fruit juices without pulp, 
carbonated beverages, clear tea, black coffee  

•   Breast milk: 4 h  
•   Infant formula, nonhuman milk  
•   Light meal and solid food: 6 h

 Note : These guidelines state that in urgent/emergent sedation situa-
tions, the benefi t of waiting for appropriate NPO intervals must be 

weighed against the necessity of the procedure [ 3 ].    

 Finally, recovery criteria and considerations are enumerated, 
including a suggestion for the use of (new) simple “wakeful-
ness” measures as part of the discharge criteria (where a child 
is simply observed for his/her ability to remain awake for a 
specifi ed period of time [15–20 min] prior to discharge).   

   American Society of Anesthesiologists 
Policies and Recommendations 

 While the ASA has not produced a document specifi c for 
pediatric sedation, issues relating to pediatric patients are 
mentioned in almost all of the sedation-related publications 
it has produced. The ASA has many statements and guide-
lines that address sedation by non-anesthesia providers 
including:
•    “Practice Guidelines for Sedation and Analgesia by 

Nonanesthesiologists” [ 4 ]  
•   “Continuum of Depth of Sedation—Defi nition of General 

Anesthesia and Levels of Sedation/Analgesia”  
•   “Statement on Granting Privileges for Administration of 

Moderate Sedation to Practitioners Who Are Not 
Anesthesia Professionals”  

•   “Practice Guidelines for Preoperative Fasting and the Use 
of Pharmacologic Agents to Reduce the Risk of Pulmonary 
Aspiration—Application to Healthy Patients Undergoing 
Elective Procedures”  

•   “Statement on Safe Use of Propofol”  
•   “Standards for Basic Anesthesia Monitoring”  
•   “Statement on Granting Privileges to Nonanesthesiologist 

Practitioners for Personally Administering Deep Sedation 
or Supervising Deep Sedation by Individuals Who Are 
Not Anesthesia Professionals” 1     
 The “Practice Guidelines for Sedation and Analgesia by 

Nonanesthesiologists” [ 4 ] is probably the most widely 
quoted document concerning sedation the ASA has pro-
duced. The latest iteration of this document was published in 
2002 [ 4 ] as an update/revision of the original 1996 guide-
lines [ 12 ]. The stated purpose of the guideline is to “allow 
clinicians to provide their patients with the benefi ts of seda-
tion/analgesia while minimizing the associated risks.” These 
guidelines were developed by a task force using an 
 evidence- based “strength of the evidence” methodology. 

 The ASA guidelines are consistent with the AAP in many 
respects. They describe the sedation levels identical to the 
AAP and the Joint Commission guidelines. They require that 
the sedation provider be able to rescue patients from a level 
deeper than intended. The authors also apply the current 
ASA recommendations on NPO times (2 h for clear fl uids, 
4 h for breast milk, 6 h for light meals and formula, 8 h for 
full meals) to elective sedation. The ASA guidelines are sim-
ilar to those of AAP in their recommendation for electrocar-
diogram (ECG), blood pressure, and pulse oximetry for all 
deep sedation patients. In contrast to the AAP, the ASA 
places more emphasis on capnography, stating that cap-
nography should be considered, but is not required, for 
all patients receiving deep sedation and for patients whose 

1   All statements and other documents available at:  http://www.asahq.
org/publicationsAndServices/sgstoc.htm . 
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ventilation cannot be directly observed during moderate 
 sedation. Continual monitoring of sedation depth through 
stimulation/response analysis is also recommended. 

 In 2005 the ASA published the “Statement on Granting 
Privileges for Administration of Moderate Sedation to 
Practitioners Who Are Not Anesthesia Professionals.” This 
is a detailed statement that defi nes the different groups/quali-
fi cations of sedation providers:
    1.    Anesthesia Professional—anesthesiologist, certifi ed reg-

istered nurse anesthetist (CRNA), anesthesiologist assis-
tant (AA)   

   2.    Nonanesthesiologist Sedation Practitioner—other physi-
cians, dentists, podiatrists   

   3.    Supervised Sedation Professional—licensed registered 
nurse, advanced practice nurse, etc.     
 This grouping has raised some controversy, as the term 

“nonanesthesiologist” can represent physicians of various 
levels of skill, training, and experience [ 13 ]. 

 The ASA defi nes the rescue capabilities that are required 
for sedation providers at each level of sedation. In 2006 they 
deviated from the AAP in that they advocated the limitation 
of the administration of deep sedation to those practitioners 
with anesthesia training: Specifi cally they state that this 
practice should be limited to those practitioners who are 
qualifi ed to administer general anesthesia or to appropriately 
supervise anesthesia professionals [ 14 ]. This individual 
should have no other responsibilities except to deliver seda-
tion and monitor the patient throughout. The “Statement on 
granting privileges to non-anesthesiologist practitioners for 
personally administering deep sedation or supervising deep 
sedation by individuals who are not anesthesia profession-
als” was supplanted on October 20, 2010 by the ASA 
 advisory on “Granting Privileges for Deep Sedation to Non-
Anesthesiologist Sedation Practitioners” [ 15 ]. It recommends 
that the nonanesthesiologist be able to bag-valve- mask ven-
tilate, insert an oropharyngeal airway and laryngeal mask 
airway, and perform an endotracheal intubation. The advi-
sory states that training for these individuals should include 
a minimum of 35 patients, inclusive of simulator experience. 
Practitioners should be familiar with the use and interpreta-
tion of capnography. Finally, this document recommends 
that deep sedation of children requires Pediatric Advanced 
Life Support (PALS) and Advanced Cardiac Life Support 
(ACLS) certifi cation as well as separate education training 
and credentialing in sedation. 

 Most recently, in October of 2012, the ASA passed an 
amendment of its original (2006) advisory on deep sedation 
by nonanesthesiologists. In this iteration the statement is 
worded “Because of the signifi cant risk that patients who 
receive deep sedation may enter a state of general anesthesia, 
privileges for deep sedation should be granted only to non-
anesthesiologist physicians who are qualifi ed and trained in 
the medical practice of deep sedation and the recognition of 

and rescue from general anesthesia” [ 16 ]. This guideline goes 
on to advise against nonanesthesiologists delegating or 
supervising the administration of sedation by individuals 
who are not similarly qualifi ed [ 16 ]. 

 In 2011, the ASA amended the Standards for Basic 
Anesthesia Monitoring (fi rst published in 1986) to specify 
that during moderate and deep sedation, ventilation should 
be followed by clinical observation and capnography [ 17 ]. 
Exceptions to capnography would be situations whereby 
patient, procedure, or equipment precludes or invalidates the 
monitoring. 

 The ASA recognizes the Center for Medicare and 
Medicaid Services (CMS) as defi ning those qualifi ed to 
administer deep sedation. The Hospital Anesthesia Services 
Condition of Participation 42 CFR 482.52 (a) of 2010 [ 18 ] 
limits deep sedation to be delivered only by an anesthesiolo-
gist, nonanesthesiologist MD or DO, dentist, oral surgeon, 
podiatrist, CRNA, or anesthesia assistant [ 18 ,  19 ]. 

 The CMS guidelines regarding nonanesthesiologist 
 providers of sedation were revised in January 2011 in the 
PUB 100-07 State Operations Provider Certifi cation, which 
revises Appendix A for various provisions of 42 CFR 482.52 
concerning anesthesia services. These revisions were made 
in response to feedback from practitioners. Important 
changes in these guidelines stem from the CMS acknowl-
edgement that the individual hospitals may establish their 
own policies and procedures with respect to the qualifi ca-
tions of analgesia providers and the clinical situations that 
distinguish anesthesia from analgesia. The policies must fol-
low nationally recognized guidelines and can include guide-
lines of one or more specialty societies. 

 The ASA “Statement on Safe Use of Propofol” fi rst pub-
lished in 2004 and amended in 2009, advises “the involve-
ment of an anesthesiologist in the care of every patient 
undergoing anesthesia is optimal. However, when this is not 
possible, non-anesthesia personnel who administer propofol 
should be qualifi ed to rescue patients whose level of sedation 
becomes deeper than initially intended and who enter, if 
briefl y, a state of general anesthesia” [ 20 ]. 

 The distinction between sedation, deep sedation, and 
monitored anesthesia care (MAC) is frequently misunder-
stood. To clarify these defi nitions, the ASA in 2009, amended 
the document entitled “Distinguishing Monitored Anesthesia 
Care (‘MAC’) from Moderate Sedation/Analgesia (Conscious 
Sedation)” to differentiate between the two levels of care 
[ 21 ]. Important distinctions were that MAC entails an anes-
thesia assessment and the delivery of sedation by a provider 
who is prepared and qualifi ed to assess and manage physio-
logical or medical issues as well as to convert to a general 
anesthetic. This is distinguished from those who administer 
moderate sedation where one would not expect progression 
to a condition in which the patient could not maintain his 
own airway [ 21 ].  
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   The Joint Commission: Where We Stand Now 

 Issues relating to sedation (in general) and pediatric sedation 
(specifi cally) are found in a variety of locations in the Joint 
Commission Handbook and website. 2  The JCAHO 2004 
Comprehensive Accreditation Manual for Hospitals was 
intended to set the standards for sedation and anesthesia care 
for patients in any setting [ 22 ]. 

 The Joint Commission recommendations are important 
when considering the credentialing and privileging of seda-
tion providers. The Joint Commission requires that hospitals 
defi ne the scope of practice for practitioners. It is important 
to distinguish the term “credentialing” from “privileging.” 
Credentialing is the process whereby designated hospital 
appointees assure that physicians who work in the hospital have 
the appropriate education, training, and licensure to practice 
in the institution. Privileging specifi cally gives permission to 
staff to provide care in various clinical settings or perform 
particular procedures in a given institution. With regard to 
sedation privileging, each healthcare facility is mandated by 
the Joint Commission to approve a plan to provide sedation 
and anesthesia care. Each institution must outline the criteria 
for determining which practitioners are qualifi ed to provide 
the service. 

 It is important to recognize the evolution of the role of the 
Anesthesiology Department in the delivery of sedation as 
outlined by the Joint Commission. Earlier Joint Commission 
publications placed responsibility for sedation oversight on 
the Department of Anesthesiology and its Chairman [ 22 ]. 
Subsequent revisions of this document have revised the lan-
guage: The Anesthesiology Department plays an important 
advisory role but is not directly responsible for sedation care, 
privileging, or quality assurance. 

 In the current 2007 Joint Commission manual there are 
recommendations for the training that may be provided for 
other sedation providers: “Individuals administering moder-
ate or deep sedation and anesthesia are qualifi ed and have the 
appropriate credentials to manage patients at whatever level 
of sedation or anesthesia is achieved, either intentionally or 
unintentionally” [ 23 ]. Referring specifi cally to deep sedation 
it states, “individuals must be qualifi ed to rescue patients 
from general anesthesia and are competent to manage an 
unstable cardiovascular system as well as a compromised 
airway and inadequate oxygenation and ventilation” [ 23 ]. 
It goes on to specify, “Each organization is free to defi ne how 
it will determine that the individuals are able to perform the 
required types of rescue. Acceptable examples include, but 
are not limited to, ACLS certifi cation, a satisfactory score 
on a written examination developed in concert with the 

2   http://www.jointcommission.org 

Department of Anesthesiology, a mock rescue exercise 
 evaluated by an anesthesiologist” [ 23 ]. 

 Although the Joint Commission still believes that anes-
thesiology departments should play a role in the develop-
ment of training and privileging programs for sedation, 
they no longer hold the central role of being “in charge” 
of sedation services. Key roles in sedation oversight may 
be fi lled by qualifi ed specialists of many different 
subspecialties.  

   American College of Emergency Physicians 
Guidelines 

 The American College of Emergency Medicine (ACEP) has 
put forward a wide range of statements, clinical practice advi-
sories, and clinical policy statements concerning sedation. The 
2008 American College of Emergency Physicians Policy 
Compendium includes a statement “Procedural Sedation in 
the Emergency Department” [ 24 ]. This statement begins with a 
strongly worded sentence: “Emergency physicians and nurses 
under their supervision are qualifi ed to provide procedural 
sedation/analgesia in the emergency department, and ACEP is 
the authoritative body for the establishment of guidelines for 
procedural sedation and analgesia by emergency physicians.” 

 In 1998 and 2005 the ACEP published “Clinical Policy: 
Procedural Sedation and Analgesia in the Emergency 
Department” [ 7 ]. Similar to the ASA guidelines, the ACEP 
guidelines apply to all patients—adults and children—who 
receive sedation. They recognize that sedation is a contin-
uum and maintain that practitioners should possess compe-
tence in cardiovascular resuscitation and airway management 
that should include a patient who has achieved general anes-
thesia. The ACEP considers these skills, including the 
administration of deep sedation, to be a fundamental part of 
the emergency medicine training curriculum of all board- 
certifi ed emergency physicians [ 7 ,  25 ]. 

 The ACEP guidelines deviate from those of the AAP 
and ASA with respect to NPO guidelines. Both the AAP and 
ASA recommend fasting intervals for elective cases similar 
to those required for general anesthesia—specifi cally 2 h for 
clear liquids, 4 h for breast milk, 6 h for formula, and 8 h 
for full meals. These guidelines do not make recommenda-
tions for the nonelective sedation case. The ASA guidelines 
state “Patients undergoing sedation/analgesia for elective 
procedures should not drink fl uids or eat solid foods for a 
suffi cient period of time to allow for gastric emptying before 
their procedure. In urgent, emergent, or other situations in 
which gastric emptying is impaired, the potential for pulmo-
nary aspiration of gastric contents must be considered in 
determining (1) the target level of sedation, (2) whether the 
procedure should be delayed, or (3) whether the trachea 
should be protected by intubation.” The AAP guidelines are 
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a bit less specifi c, stating only “for emergency procedures 
the risks of sedation and the possibility of aspiration must be 
weighed against the benefi ts of performing the procedure 
promptly.” 

 By the very nature of their work, emergency medicine 
sedation providers must cope with patients who do not meet 
appropriate NPO criteria and are not having “elective” proce-
dures. In the last 10 years there have been several studies in the 
emergency medicine literature that have reported very low 
rates of aspiration or pulmonary complications in patients who 
were sedated without meeting the NPO recommendations 
from the AAP or ASA [ 26 ,  27 ]. Previous publications from 
the ACEP have concluded that there is insuffi cient evidence to 
conclude that fasting actually changes outcome for sedation 
(see previous) [ 28 ]. 

 In 2006, ACEP produced a document on fasting prior to 
sedation [ 29 ]. This clinical practice advisory is titled “Fasting 
and Emergency Department Procedural Sedation and 
Analgesia: A Consensus-Based Clinical Practice Advisory.” 
The paper begins with an extensive review of the guidelines 
that have been set forth by the ACEP, AAP, and ASA con-
cerning NPO status, and considers them in the context of the 
emergency department setting. This consensus-based clini-
cal advisory concludes that there is actually scarce literature 
to document the perceived risk that various NPO times pose 
with respect to sedation complications. The authors suggest 
that the issue of NPO interval needs to be considered in the 
context of the urgency and duration of the procedure as well 
as the risk stratifi cation of the patient, nature of food intake, 
and depth/type of sedation targeted. The result is a somewhat 
complex strategy that weighs NPO time versus emergent/
urgent/semiurgent nature of the case versus duration of the 
procedure. 

 Table  2.1  schematically describes the recommendations 
that result from these guidelines [ 29 ]. It is important to note 
the guidelines for nonelective sedation of patients who are not 
considered NPO by ASA or AAP standards. The guidelines 
state that although “recent food intake is not a contraindica-
tion for administering procedural sedation and analgesia, the 
emergency physician must weigh the risk of pulmonary aspi-
ration and the benefi ts of providing procedural sedation and 
analgesia in accordance with the needs of each individual 
patient” [ 7 ,  29 ].

   In 2004 and 2008, the ACEP published evidence-based 
guidelines on the use of specifi c medications for use in pediat-
ric sedation: “Clinical policy: evidence-based approach to 
pharmacologic agents used in pediatric sedation and analgesia 
in the emergency department” [ 5 ] and “Clinical policy: Critical 
issues in the sedation of pediatric patients in the emergency 
department” [ 28 ]. The “Critical Issues” statement  supported 
earlier recommendations on NPO status and reviewed the 
use of sedatives including nitrous oxide, chloral hydrate, and 
sucrose. Their recommendations have been accepted by a wide 

range of surgical and nursing organizations and have been 
published in corresponding journals [ 30 ,  31 ]. 

 Other ACEP publications include a clinical practice advi-
sory on propofol use in the emergency department [ 25 ], and 
a clinical practice guideline on ketamine use in the emer-
gency department [ 6 ]. Both of these documents support the 
use of these drugs for sedation in the emergency department, 
expanding on the evidence-based guideline recommenda-
tions from the clinical policy on pharmacological agents 
mentioned previously [ 5 ]. The ACEP recommendations for 
physiological monitoring also differ from the ASA and AAP 
with respect to pulse oximetry application: Pulse oximetry is 
not mandatory. The guidelines advise that pulse oximetry 
may not be necessary when the patient’s level of conscious-
ness is minimally depressed and verbal communication can 
be continually monitored. Pulse oximetry is recommended, 
however, when there is an increased risk of developing 
hypoxemia, such as when high doses of drugs or multiple 
drugs are used, or when treating patients with signifi cant 
comorbidity. Capnography, although not required, is acknow-
ledged to be a monitor that may allow more rapid identifi ca-
tion of hypoventilation than pulse oximetry alone [ 32 ]. 

 In February 2014, the ACEP released the most recent 
clinical policy to date. Entitled “Clinical Policy: Procedural 
Sedation and Analgesia in the Emergency Department,” it 
updates the 2005 policy [ 33 ]. This paper highlights the value 
of designing studies to specifi cally examine patient-specifi c 
outcomes. It also recognizes that unique patient-care envi-
ronments and high-risk patient populations may pose unique 
challenges which may require modifi cation of the clinical 
policy. Reviewing the literature, the College of Emergency 
Physicians Clinical Policies Committee made evidence- 
based recommendations for important clinical questions. 
The following questions were addressed [ 33 ]:
    1.    Is preprocedural (nil per os/NPO) fasting necessary to 

decrease risk of emesis and aspiration during sedation in 
the emergency department?   

   2.    Does capnography decrease risk of adverse events?   
   3.    How many personnel are necessary to manage sedation- 

related complications?   
   4.    Are ketamine, propofol, etomidate, dexmedetomidine, 

alfentanil, and remifentanil appropriate sedatives for the 
emergency department?    
  The clinical policy was based on literature review, with rec-

ommendations identifi ed as levels A, B, and C. The levels 
were determined from the degree of clinical certainty after 
review of the literature. High certainty, moderate certainty, 
and inadequate/absence evidence corresponded to levels A, B, 
and C recommendations, respectively. The importance of 
NPO was a level B recommendation, advising that there was 
no evidence to support preprocedural fasting of children for 
procedural sedation in the emergency department. The routine 
use of capnography was assigned a level B recommendation, 

J.P. Cravero



   Table 2.1    ACEP NPO considerations and aspiration risk (adapted from [ 28 ])   
  

STANDARD RISK

ORAL INTAKE
IN THE PRIOR

 3 HOURS

ORAL INTAKE
IN THE PRIOR

 3 HOURS

Urgency of the Procedure

Emergent Urgent Semi-Urgent Non-Urgent 

Nothing

Nothing

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation All levels of sedation

All levels of sedation All levels of sedation All levels of sedation All levels of sedation

Clear liquids only

Clear liquids only

Up to and including
brief deep sedation

Up to and including
brief deep sedation

Up to and including
brief deep sedation

Up to and including
extended moderate

sedation

Up to and including
extended moderate

sedation

Up to and including
extended moderate

sedation

Light snack

Light snack

Up to and including
dissociative sedation;

non-extended
moderate sedation

Up to and including
dissociative sedation;

non-extended
moderate sedation

Minimal sedation only

Minimal sedation only Minimal sedation only

Minimal sedation only

Minimal sedation only Minimal sedation only

Heavy snack or
meal 

Heavy snack or
meal 

Emergent Procedure Urgent Procedure Semi-Urgent Procedure Non-Urgent Procedure

HIGHER RISK

Procedural Urgency

All levels of sedation

All levels of sedation

Up to and including
dissociative sedation;

non-extended
moderate sedation

Minimal sedation only

Minimal sedation only

Minimal sedation onlyAll levels of sedation
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Dissociative sedation;

brief or intermediate-length moderate sedation

Extended moderate sedation

Brief deep sedation

Intermediate or extended-length deep sedation

Procedural Sedation and Analgesia Targeted Depth and Duration

  

  Brief: <10 min 
 Intermediate: 10–20 min 
 Extended: >20 min  
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recognizing that as an adjunct to pulse oximetry, it may detect 
hypoventilation and apnea earlier than pulse oximetry or clini-
cal assessment. The recommendation for the number of per-
sonnel necessary to manage sedation- related complications 
was a level C—without supporting evidence, the recommen-
dation was that in addition to the provider performing the pro-
cedure, a nurse or other qualifi ed individual needed to be 
continuously present. The fi nal recommendations with respect 
to sedatives were levels A, B, and C. Ketamine and propofol 
were considered level A recommendations, deemed safe for 
pediatric sedation in the emergency department. Etomidate for 
children was considered level C, supported with expert con-
sensus, despite absent/inadequate supporting published litera-
ture. The combination of ketamine and propofol was 
considered level B for safe pediatric sedation in the emergency 
department. No recommendations could be made for dexme-
detomidine, as there is only one case report of its use in the 
emergency department.  

   American Dental Association Sedation 
Guidelines 

 The American Dental Association (ADA) guidelines regard-
ing sedation are posted on its website [ 34 ]. The guideline 
acknowledges the depths of sedation consistent with that 
described by the AAP and the ASA. It contains descriptions 
of routes of administration for sedative medications, ASA 
classifi cation for sedation patients, and monitoring guidelines 
for sedated patients. There is a very specifi c outline of the 
training required for dentists regarding various levels of seda-
tion, including specifi c educational programs and life support 
training. In this regard, the guidelines are more detailed than 
those provided by other organizations. Deep sedation requires 
the presence of a minimum of three individuals: one dentist 
who is credentialed to administer deep sedation or anesthesia 
and two additional personnel who have current certifi cation 
of successfully completing a Basic Life Support (BLS) 
Course for the Healthcare Provider. There are two require-
ments to qualify for deep sedation  certifi cation: (1) comple-
tion of an advanced education program on the administration 
and management of deep sedation or anesthesia, which must 
be accredited by the ADA Commission on Dental 
Accreditation, and (2) a current certifi cation in both BLS for 
Healthcare Providers and ACLS or an appropriate dental 
sedation/anesthesia emergency management course. The den-
tist administering deep sedation or general anesthesia must 
remain within the facility until the patient meets discharge 
criteria (or is discharged) and must monitor the patient con-
tinuously until the patient meets the criteria for recovery. 

Those who provide pediatric sedation must have PALS in 
addition to directed pediatric training and education [ 35 ,  36 ]. 

 The guidelines are presented in sections, each of which 
relates to a sedation level: minimal, moderate, and deep 
sedation. Specifi c recommendations are given for training of 
sedation providers, preoperative preparation of patients, 
monitoring and documentation, recover and discharge criteria, 
and personnel/equipment requirements. For children 12 years 
of age and under, the ADA refers to the AAP/American 
Academy of Pediatric Dentists (AAPD) Guidelines for 
Monitoring and Management of Pediatric Patients During 
and After Sedation for Diagnostic and Therapeutic Proce-
dures that was discussed earlier in the AAP section [ 3 ,  37 ]. 
These guidelines address some issues unique to the offi ce-
based dental practice and to the special needs child. If the 
dental patient is mentally and/or physically challenged, it 
may not be possible to have a comprehensive physical exam-
ination or appropriate laboratory tests prior to administering 
care. In these situations, the dentist responsible for adminis-
tering the deep sedation should document the reasons pre-
venting the recommended preoperative assessment prior to 
administering sedation [ 3 ]. In addition, recognizing the long 
history of nitrous oxide use in dentistry, this document spe-
cifi cally mentions it as an acceptable sedative, alone or in 
combination with other sedatives [ 3 ]. 

 In 2012, AAPD published a revision of its “Guideline on 
Use of Anesthesia Personnel in the Administration of Offi ce- 
based Deep Sedation/General Anesthesia to the Pediatric Dental 
Patient” [ 38 ]. This document reaffi rms the fact that there are 
several categories of pediatric patients, such as those with 
developmental delays and autism, who require deep sedation 
for dental interventions. It further recognizes that when this care 
is provided in the dental offi ce, it is much more cost effective 
and convenient to schedule than when it is delivered in a large 
hospital setting. The authors are careful to defi ne the aspects of 
training that are required in order to deliver this care. Specifi cally, 
the provider must have completed a 1- or 2-year dental anesthe-
sia residency approved by the ADA or a medical anesthesia 
residency as approved by the AMA. This provider must be 
licensed in the state where the care is provided. Emergency pre-
paredness must be updated and practiced on a regular basis and 
recovery must be monitored by an experienced provider at all 
times until the patient has met discharge criteria. There is a 
directive that the facility must meet the standards for anesthesia 
delivery as set by state or local codes and the “Guidelines on 
Monitoring and Management of Pediatric Patients During and 
after sedation for Diagnostic and Therapeutic Procedures.” The 
new document concludes by reinforcing the need for appropri-
ate pre-, intra-, and postoperative documentation as well as 
ongoing quality assurance standards.  
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   American Society of Gastroenterologists 

 The Standards of Practice Committee of the American 
Society for Gastrointestinal Endoscopy has recently pub-
lished guidelines for deep sedation, the administration of 
propofol by nonanesthesiologists, and pediatric sedation for 
gastrointestinal procedures and endoscopy [ 39 ]. All of these 
guidelines were written after a review of the MEDLINE and 
PubMed database. The recommendations are rated “A,” 
“B,” or “C” based on the weight of the evidence available. 
A level identifi es statements supported by prospective ran-
domized trials and C level identifi es expert opinion in the 
absence of peer-reviewed evidence. The chronological his-
tory leading up to these 2009 guidelines will be detailed as 
follows. 

 The fi rst guideline was published in 2002 and entitled 
“Guidelines for the Use of Deep Sedation and Anesthesia for 
GI Endoscopy” [ 40 ]. This guideline reviews the levels of 
sedation and the importance of presedation assessment in 
order to customize sedation for the needs of the patient. 
Planning is identifi ed as particularly important for those with 
specifi c emotional issues, drug use history, and those who are 
undergoing extensive procedures. There are no specifi c refer-
ences to or recommendations for the pediatric population. 

 Pharmacologic agents are reviewed including guidelines 
for the indications and use of droperidol (in addition to mid-
azolam and fentanyl) and propofol for deep sedation during 
endoscopy. This guideline is unique in its recommendation 
for droperidol as a third drug if needed. There is an accompa-
nying warning about cardiac issues related to droperidol and 
the need for extended ECG monitoring when it is utilized. 

 The majority of this guideline is devoted to the role of 
propofol and the relative risks versus benefi ts of its use in 
endoscopy. Personnel preparation and monitoring require-
ments for propofol sedation are carefully delineated [ 40 ]:
    1.    At least one person who is qualifi ed in both basic and 

advanced life support skills (i.e., tracheal intubation, defi -
brillation, use of resuscitation medications).   

   2.    Physiologic monitoring should include pulse oximetry, 
electrocardiography, and automated blood pressure mea-
surement. Monitoring oxygenation by pulse oximetry is 
not a substitute for monitoring ventilatory function.   

   3.    Equipment for airway management and resuscitation.   
   4.    Trained personnel dedicated to the continuous and unin-

terrupted monitoring of the patient’s physiologic param-
eters and administration of propofol.   

   5.    Extended monitoring with capnography should be con-
sidered as it may decrease the risks during deep sedation.    
  Published in 2002, it concludes that although propofol 

does not appear to offer a signifi cant advantage over standard 
benzodiazepine/opiate techniques for routine endoscopy 

procedure, it does confer signifi cant advantages for longer 
and more complicated procedures (level “A” recommenda-
tion). The authors also discuss the provision of propofol 
sedation by nonanesthesiologists including other physicians 
and registered nurses. Anesthesiology assistance is recom-
mended for specifi c situations including: prolonged or 
 therapeutic endoscopic procedure requiring deep sedation, 
anticipated intolerance to standard sedatives, increased risk 
for complication because of severe comorbidity (ASA class 
III or greater), increased risk for airway obstruction because 
of anatomic variant. These fi nal recommendations are 
included at a “C” level. 

 A second publication, “Guidelines for Conscious Sedation 
and Monitoring during Gastrointestinal Endoscopy,” was 
published in 2003 in the journal  Gastrointestinal Endoscopy  
[ 41 ]. It refers to “conscious sedation” as a level of equiva-
lence to “moderate sedation.” These guidelines review the 
data on endoscopy-related complications—noting that over 
50 % of complications are related to cardiopulmonary side 
effects with the majority relating to aspiration, oversedation, 
hypoventilation, vasovagal episodes, and airway obstruction. 
The authors note that the risk of cardiovascular complications 
is dependent on the patient’s underlying medical condition 
and the procedure to be performed—high-risk patients and 
high-risk procedures at highest risk. 

 These guidelines support the monitoring recommenda-
tions of the ASA and AAP. Required monitoring during 
sedation for endoscopy includes recording of the heart rate, 
blood pressure, respiratory rate, and oxygen saturation. 
Capnography is advised for prolonged cases. 

 Several drugs are mentioned for conscious sedation during 
endoscopy. Benzodiazepines and opiates (along with rever-
sal agents) are reviewed along with droperidol and prometh-
azine. Unique to this set of guidelines, “pharyngeal” 
anesthesia is reviewed. Specifi c mention is made of the risk 
of methemoglobinemia when excessive benzocaine is admin-
istered to the mucosa. In reference to deep sedation, the 
authors suggest that propofol is superior to standard 
 benzodiazepine/opiate sedation for complex procedures. On 
the other hand, the authors recognize that its use in routine 
upper and lower endoscopic procedures is controversial with 
little proven benefi t over standard moderate sedation [ 41 ]. 

 The most recent and pertinent publication regarding seda-
tion specifi cally for pediatric endoscopy was published in 
2008 as “Modifi cations in Endoscopic Practice for Pediatric 
Patients” [ 42 ]. This document addresses many issues relat-
ing to sedation in children and for pediatric endoscopy. For 
example, the authors review indications and contraindi-
cations for endoscopy in children, the appropriateness of 
 pediatric versus adult endoscopists for various procedures in 
children, and the appropriate preparation of patients for these 
studies. They include discussions of the proper equipment to 
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use for pediatric endoscopy and the indications for antibiotic 
prophylaxis. 

 Important cautions are included, such as the fact that air-
way obstruction is more common in children and (because of 
higher oxygen consumption) can lead to the rapid onset 
of hypoxia in the face of apnea. Therefore the routine use of 
oxygen is recommended during endoscopic sedation in this 
age group. The authors note that general anesthesia is often 
used for pediatric endoscopy and that the number of centers 
using propofol sedation or general anesthesia for endoscopy 
appears to be increasing [ 42 ,  43 ]. One study from 1995 cites 
equivalent safety and effi cacy when using a standardized 
procedural sedation protocol (opiate plus benzodiazepine) 
when compared to general (potent inhalation) anesthesia [ 44 ]. 
The authors also note that when propofol is compared to 
“general anesthesia” it has been found to result in less total 
time for anesthesia and equal safety [ 45 ]. 

 In 2009, the American Society of Gastroenterologists 
(ASG) published their position statement for nonanesthesi-
ologist administration of propofol for GI endoscopy [ 39 ]. 
The guidelines state that clinically important benefi ts of 
 propofol in average-risk patients undergoing upper endos-
copy and colonoscopy have not been consistently demonstrated 
with regard to patient satisfaction and safety. It supports that 
propofol can be safely and effectively given by nonanesthe-
siologist physicians and nurses provided they have under-
gone appropriate training and credentialing in administration 
and rescue from potential pulmonary and cardiovascular 
complications. The summary section makes specifi c recom-
mendations for sedation for pediatric endoscopy. They gen-
erally follow AAP and ASA standards [ 39 ]:
    1.    All sedation pediatric patients should receive routine oxy-

gen administration and should be monitored with a mini-
mum of pulse oximetry and heart rate monitoring.   

   2.    In deeply sedated patients, one individual having no other 
responsibilities should be assigned to monitor the patient’s 
cardiac and respiratory status and to record vital signs.   

   3.    The presence of personnel trained specifi cally in pediatric 
life support and airway management during procedures 
requiring sedation is strongly recommended.    

     International Guidelines 

 A wide variety of sedation guidelines specifi c to pediatrics, 
or with application to pediatrics, have been published by 
various specialty societies and international organizations. 
Most of these guidelines are consistent with the recommen-
dations from the AAP and ASA, others are not. Of particular 
interest are the recommendations on effective and safe seda-
tion of children and young people undergoing common diag-
nostic and therapeutic procedures from the National Institute 

of Health and Clinical Excellence (NICE) in the United 
Kingdom (2011) [ 46 ]. This document was written after a 
comprehensive review of the best available evidence and 
expert opinion. The recommendations are wide ranging and 
include the mandate for a full presedation evaluation that 
incorporates medical condition, current medications, airway 
assessment, ASA physical status, and an evaluation of the 
psychosocial makeup of the child. In addition, there is a clear 
outline of indications for seeking advice from a specialist 
before undertaking sedation based on the presedation assess-
ment. These referral indications include ASA status 3 or 
greater, airway diffi culties, and  all  infants and newborns. 
Notably, these recommendations include an extensive descri-
ption of available sedation techniques. The authors include a 
section that recommends specifi c drugs and drug combina-
tions for sedation encounters based on the targeted level 
of sedation, the procedure, and patient/family preference. 
Contraindications for sedatives are also covered. Recommen-
dations concerning other elements of sedation practice, such 
as choosing appropriate resuscitation equipment, personnel, 
and informed consent, follow closely with the guidelines put 
forward by the AAP and ASA. 

 Chapters   18     and   25     detail the most recent sedation guide-
lines from the Dutch Institute of Healthcare Improvement in 
the Netherlands (2011) [ 47 ], the Endoscopy Section of the 
German Society for Digestive and Metabolic Diseases 
(2009) [ 48 ] and the adult and pediatric guidelines of the 
South African Society of Anesthesiologists (2010 and 2011) 
[ 49 ,  50 ]. 

 Notable sedation statements and guidelines published 
worldwide include:
   Scottish Intercollegiate Guidelines Network. “SIGN 

Guideline 58: safe sedation of children undergoing 
diagnostic and therapeutic procedures”  [ 51 ] 

  This is a comprehensive, evidence-based sedation review that 
includes discussions of appropriate evaluation of pediatric 
patients as well as recommendations for  equipment, 
 environment, recovery, parental information, and quality 
improvement. There are specifi c sections addressing the 
needs of medical pediatrics versus dentistry versus radiol-
ogy versus emergency medicine. There is also a section on 
sedation techniques that recommends various drugs for 
certain situations and specifi cally reserves potent medica-
tions such as propofol and short-acting opiates for use by 
anesthesiologists.   

   Australasian College for Emergency Medicine, Australian 
and New Zealand College of Anesthetists. “Statement 
on clinical principles for procedural sedation”  [ 52 ] 

  A very brief statement of basic principles of sedation (prepa-
ration, staffi ng, facilities, medication, recovery) that is in 
line with recommendations from British and American 
organizations. Source material is not referenced.   
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   Canadian Consensus Guidelines. Canadian Association of 
Emergency Physicians “Procedural sedation and anal-
gesia in the emergency department”  [ 53 ] 

  This is a slightly dated consensus statement conceived in 
conjunction with the Canadian Association of Anesthe-
siologists. It outlines general principles of safe sedation 
care in line with those mentioned previously, including 
assessment of the patient, facility preparation, training of 
providers, fasting status, and recovery. This document 
also includes an example of a sedation record, which is 
somewhat unique. While no specifi c sedation regimens 
are recommended, there are useful links to other publica-
tions that involve sedation recommendations.   

   British Society of Gastroenterology “Recommendations 
for standards of sedation and patient monitoring during 
gastrointestinal endoscopy”  [ 54 ] 

  An older set of recommendations for sedation that is intended 
for a general population, not strictly for children. This doc-
ument is focused primarily on basic safety issues including 
the use of appropriate monitoring, record keeping, equip-
ment, and personnel. There is a specifi c recommendation 
to evaluate patients for “risk factors” and the authors 
include a helpful checklist to aid in this assessment. 
Strategies for sedation are not outlined, although there are 
general statements that the dosage of all drugs should 
be kept to the “minimum necessary” and antagonists (for 
benzodiazepines and opiates) should be available.   

   Society for the Advancement of Anesthesia in Dentistry 
(SAAD) Standards in Conscious Sedation for Dentistry  
[ 55 ] 

  This is a set of general standards that were written for adult 
and pediatric patients care. The standards are meant to 
apply to any setting in which “conscious” sedation is 
being provided for dental patients. The authors defi ne 
conscious sedation as “A technique in which the use of a 
drug or drugs produces a state of depression of the central 
nervous system enabling treatment to be carried out, but 
during which verbal contact with the patient is maintained 
throughout the period of sedation. The level of sedation 
must be such that the patient remains conscious, retains 
protective refl exes, and is able to understand and respond 
to verbal commands.” The standards do not defi ne other 
levels of sedation except to point out that “Any technique 
resulting in the loss of consciousness or abolition of pro-
tective refl exes is defi ned as General Anesthesia.”  

  General guidelines for education and training of providers 
include the need for “practical training in the use of drugs 
and equipment.” There is also a mandate for training in the 
management of conscious sedation-related complications, 
although no guidance is given as to how or what situations 
should be tested. All members of the sedation team are rec-
ommended to have basic life support training. Supervised, 

hands on experience must be acquired by the sedation pro-
viders and their assistants in each of the conscious sedation 
techniques used. The setting, timing, and number of these 
experiences will vary with local circumstances but the 
authors advise that the experience should be commensu-
rate with those specifi ed by “appropriate authorities.”  

  These standards also contain general recommendations for 
specifi c equipment—such as the inhalation relative anal-
gesia machines and intravenous equipment that could 
be used for sedation. The authors of these standards go 
 further to state that a clinical assessment of the patient is 
required and should result in an ASA classifi cation as 
well as consideration of any “absolute contraindications” 
for sedation, although these are not defi ned. Consent for 
sedation is outlined along with a detailed description of 
the need for supervision and transportation requirements 
after sedation.  

  A sizable portion of these standards is left to a discussion 
of techniques for sedation, which include oral, inhalation, 
or intravenous sedation. Inhalation sedation is limited to 
titrated doses of nitrous oxide. Intravenous sedation is 
described as a dose of benzodiazepine, however the authors 
mention that propofol infusion “has become popular in 
recent years.” (No warnings about this practice or special 
requirements are included.) Oral/intranasal/transmucosal 
sedation is mentioned, and midazolam and temazepam are 
cited as drugs that produce sedation by this route.  

  Monitoring is mentioned in general terms. Clinical monitor-
ing of “color, pulse, and respiration is of particular impor-
tance.” No electromechanical devices are required for this 
purpose for inhalation induction—few other details are 
offered.  

  For the purposes of this document, “children” are considered 
as any patient under the age of 16. There is very little 
detail offered concerning special requirements for the care 
of children except the warning that children have different 
responses to sedation and teams that deliver sedation to 
children should be trained and have experience in this age 
group.   

   Neuroanesthesia and Neurointensive Study Group of the 
Italian Society of Anesthesia “SIAARTI-SARNePI 
Guide lines for sedation in pediatric neuroradiology”  
[ 56 ] 

  These guidelines are based on a literature review and graded 
on the basis of the evidence in the literature to support 
them. In spite of their origins from an Italian professional 
society, these guidelines use the AAP terminology for lev-
els of sedation. As with the other guidelines reviewed 
here, there is a detailed discussion of the need for an 
appropriate presedation evaluation. NPO recommenda-
tions and monitoring guidelines follow closely with the 
AAP and ASA. This guideline cites the use of the Pediatric 
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Coma Scale and the Ramsay Scale for monitoring of 
depth of sedation during procedures performed on chil-
dren. Capnography is recommended, although the authors 
recognize the lack of clear evidence for outcome improve-
ment with this monitor. There are extensive reviews of 
emergency equipment required for sedation sites and drug 
choices/combinations for sedation. Finally, the authors 
include some helpful thoughts on “special situations” 
including angiography, endovascular treatment, computed 
tomography (CT) scans, and MRI.   

   The Working Group on Endoscopy, Austrian Society of 
Gastroenterology, and Hepatology. “Austrian Society 
of Gastroenterology and Hepatology (OGGH)—
guide lines on sedation and monitoring during gastro-
intestinal endoscopy”  [ 57 ] 

  This is a very brief guideline of sedation specifi c to the gastro-
enterology fi eld. There are many references, but the method-
ology involved in coming up with specifi c statements is not 
explained. The authors include a brief discussion of risk fac-
tors for patients (and those that might be designated “diffi -
cult”) and a review of the specifi c procedures and terminology 
that is involved in gastroenterology. The authors include a 
signifi cant section on the use of propofol and cite several 
studies that support the use of propofol by nonanesthesiolo-
gists (including trained nurses) for endoscopic procedures. 
The document concludes with some specifi c comments on 
the need to assure full recovery prior to discharge.   

   South African Society of Anesthesiologists “Guidelines 
for the safe use of procedural sedation and analgesia 
for diagnostic and therapeutic procedures in children: 
2010”  [ 58 ] 

  This is a comprehensive document that reviews multiple 
aspects of the provision of sedation of children. It repre-
sents the most complete guidelines/review of pediatric 
sedation produced by any national organization or policy-
making entity. The introduction of the document clearly 
identifi es those responsible for authoring the guidelines, 
but there is no description of the manner in which 
evidence was used to formulate the recommendations. 
The authors do not reference the document in a way that 
would allow one to check or review the sources of their 
recommendations.  

  These guidelines begin with an interesting listing of the 
defi ned levels of sedation that is a blending of the AAP 
and ACEP levels of sedation. The list includes the various 
levels defi ned by the AAP and ASA, but adds the level of 
“dissociative sedation” which is aimed at the sedation 
provided by ketamine. The state is defi ned as one where 
spontaneous breathing and cardiovascular stability are 
maintained. The section includes the statement that this 
anesthetic state “does not operate on the sedation contin-
uum.” The statement goes on to defi ne “simple sedation” as 

that provided by single oral or transmucosal medications 
and contrasts this to “advanced sedation,” which includes 
sedation with multiple medications or that given by the 
intravenous or inhalational route. “Failed sedation” is also 
defi ned and includes sedation that fails to achieve the 
desired level of sedation and results in the procedure 
being abandoned. The guidelines go on to specifi cally 
defi ne patients that require a presedation evaluation by an 
anesthesiologist or a “highly experienced sedation practi-
tioner.” These patients include those of young age <1 year, 
as well as those with specifi c comorbidities such as con-
genital syndromes or congenital heart disease. The bal-
ance of the document includes an extensive section on the 
presedation patient assessment, NPO guidelines (same as 
AAP), and a detailed description of a wide variety of 
sedation medications—ranging from minimal sedation 
with oral midazolam to deep sedation/anesthesia (propo-
fol). There is a review of the key elements of the sedation 
environment—which are independent of the setting 
(offi ce versus hospital)—and monitoring requirements. 
The authors advise that even patients who are under 
simple sedation require someone other than the procedure 
operator to monitor the patient and those undergoing 
advanced sedation should have a separate individual who 
is responsible for the administration, monitoring, and res-
cue of the patient. This individual is recommended to be 
a medical practitioner. Discharge criteria are described. 
These are the most safety oriented and conservative 
of any guidelines currently published. They include the 
 recommendation of the use of maintenance of wakeful-
ness criteria such as the ability to keep eyes open for at 
least 20 min. The authors include a unique and thought- 
provoking discussion of the various adverse events 
 associated with the sedation of children and subdivide 
these events into those attributable to the procedure, the 
skills of the sedation provider, and the environment. The 
fi nal portion of the document includes a discussion 
of strategies for sedation aimed at specifi c procedures 
or tests.   

   Sedation Guidelines for Gastrointestinal Endoscopy 
(2008) of German Society for Digestive and Metabolic 
Diseases  [ 59 ] 

  This is a very detailed document available only in German. 
The authors begin with a discussion of all safety-related 
issues such as patient evaluation, monitoring, and resusci-
tation concepts. The majority of these guidelines involve 
a detailed discussion of the use of various drugs and com-
binations for sedation. Propofol is featured with a signifi -
cant section to the literature supporting nurse-delivered 
propofol sedation as well as a review of literature compar-
ing propofol to other sedatives for endoscopic procedures. 
There is further discussion of propofol target-controlled 
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infusions for endoscopic sedation as well as propofol 
computer-assisted personalized sedation. Later sections 
review the use of benzodiazepines and opiates alone or in 
combination with other medications. The guidelines con-
clude with a discussion of complications of sedation for 
endoscopy and treatment of complications. The authors 
include 232 references.   

   “European Society of Gastrointestinal Endoscopy, 
European Society of Gastroenterology and Endoscopy 
Nurses and Associates, and the European Society 
of Anesthesiology Guideline: Non-Anesthesiologist 
Administration of Propofol for GI Endoscopy”  [ 60 ] 

  This guideline represents the combined effort of a number of 
European societies involved with gastrointestinal endos-
copy. The authors have undertaken an evidence- and 
 consensus-based guideline on the use of propofol for non-
anesthesiologists for GI endoscopy. Recommendations 
are graded based on the evidence. The guideline con-
cludes that propofol sedation has similar rates of adverse 
events as more traditional sedation regimens. There is a 
strong recommendation for appropriate training for 
 propofol sedation. Physicians and registered nurses are 
considered appropriate candidates for propofol sedation 
training and practice. Human patient simulation is recom-
mended as an enhancement of the training for propofol 
sedation. High-risk patient groups are noted, including 
those with high ASA status, risks for airway obstruction, 
patients who take potent pain medications, and those 
undergoing prolonged procedures. The combination of 
propofol with other drugs is neither advised nor discour-
aged. Monitoring with full ASA monitors and regular 
assessment of the level of sedation is recommended. 
Discharge using standardized discharge scoring system is 
recommended.   

   Lago P, Garetti E, Merazzi D, Pieragostini L, Ancora G, 
Pirelli A. “Guidelines for procedural pain in the 
 newborn”  [ 61 ] 

  These guidelines were written with the intent of informing the 
Italian neonatology community about the most up-to-date, 
evidence-based information on the management on neonatal 
patients who are undergoing procedures. While not strictly 
sedation related, the guidelines do address the management 
of procedural stress and pain—and some sedatives are 
described. The authors outline a very careful review of the 
current literature at the time of publication and their method-
ology for “weighting” the evidence. They outline sensible 
“principles” for management of neonates during proce-
dures—such as optimizing the environment, use of sucrose, 
and distraction techniques. Finally, they advise waiting for a 
baseline state of quiet restfulness prior to beginning a proce-
dure and limiting the number of sequential procedures that a 
neonatal patient experiences in any one time period. The 

bulk of these guidelines describe optimal management of 
one procedure at a time starting with heel lancing, venipunc-
ture, central venous catheter insertion, tracheal intubation, 
lumbar puncture, chest tube insertion, and ending with 
screening examinations for ROP. In each case, the pertinent 
literature on environmental, behavioral, and pharmacologic 
interventions are cited and rated according to signifi cance. 
There is a sensible emphasis on the use of local anesthetics 
and titration of pharmacological agents as needed.  

  In an era where the appropriate treatment for pain in this age 
group is uncertain, these guidelines offer a well-researched 
and reasonable approach to management.  

  Consideration of these various guidelines leads to the inevi-
table conclusion that there is more agreement than dispar-
ity among the opinions and recommendations that are 
presented internationally. Almost all of the guidelines 
focus on careful assessment and risk stratifi cation of 
patients. All are careful to advise appropriate monitoring, 
rescue systems, and recovery when sedating children. The 
primary area where there is lack of agreement lies in the 
use of specifi c medications for sedation—and in particu-
lar with deep sedation involving potent opioids and 
 propofol. As an example, we can consider the Scottish 
National Guidelines of 2004, which were written only for 
minimal and moderate sedation, as anything beyond this 
(deep sedation included) is recommended for an anesthe-
siologist and is treated as a general anesthetic [ 51 ]. On the 
other hand, guidelines from the Austrian Society of 
Gastroenterology and the German Society for Digestive 
and Metabolic Diseases [ 57 ] point specifi cally to litera-
ture that supports the use of propofol by nonanesthesiolo-
gists for endoscopic procedures and recommends the 
practice.     

   Conclusion 

 The delivery of sedation for children has advanced consider-
ably over the last 40 years. Similarly, sedation guidelines have 
evolved, with new editions, updates, and addendums in order 
to refl ect the change in practice and the published literature. 
As outlined in this chapter, there are a large number of 
 guidelines that address pediatric sedation. Most agree on the 
important aspects of sedation safety and monitoring. On the 
other hand, there is a lack of consensus on the duration of 
NPO status for sedation and whether nonanesthesiologists 
should administer deep sedation with propofol. Future efforts 
should be aimed at designing clinical studies with defi ned 
endpoints and outcomes. Worldwide participation in these 
studies, involving all specialties, could establish safety data 
that would allow the creation of more unifi ed sedation guide-
lines. Unifi ed recommendations from the AAP, ASA, AAPD, 
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ADA, the Joint Commission, ACEP, and American Society of 
Gastroenterologist, together with the different specialty soci-
eties worldwide, would offer a landmark fi rst step in the 
advancement of pediatric sedation.     
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    Abstract  

  In a pediatrician’s practice, there are a number of indications for the provision of procedural 
sedation. This chapter aims to provide a framework for procedural sedation from a pediatri-
cian’s point of view, including understanding of the practice setting, the patients, and the 
procedures themselves. Although written from a pediatrician’s perspective, this chapter is 
designed to apply to all sedation providers across specialties. Additionally, in trying to cre-
ate an approach to procedural sedation, it is equally important to consider when the risks of 
the sedation outweigh the benefi ts that may be achieved by the procedure.  
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      Introduction 

 Pediatricians, by their very nature, are patient advocates. As 
such, it is no wonder that pediatricians have taken a leader-
ship role in trying to defi ne standards around the manage-
ment of pain, anxiety, and motion in children undergoing 
medical procedures. In 1985, the American Academy of 
Pediatrics (AAP) published its fi rst set of guidelines for the 
elective use of conscious sedation. These guidelines have 
continued to evolve over the last 20 plus years [ 1 ]. In this 
time, our understanding of pediatric pain experiences as an 
interplay of genetic, experiential, and developmental factors 
has grown considerably [ 2 ,  3 ]. Simultaneously, the wide-

spread availability of noninvasive monitoring, short-acting 
opioids and sedatives, and specifi c opioid and benzodiaze-
pine antagonists has greatly increased our ability to provide 
procedural sedation in a wide array of practice settings [ 4 ]. 

 The practice of procedural sedation, however, is not sim-
ply the administration of pharmacologic agents to remove all 
pain. In every clinical setting, pediatricians must weigh the 
balance of all the risks and benefi ts of their potential 
 treatment. Virtually every agent in the procedural sedation 
armamentarium can have negative effects on a patient’s car-
diovascular and/or respiratory status and the physician pro-
viding sedation must be prepared to handle these potential 
adverse effects. Furthermore, there are a number of adverse 
reactions, such as nausea and vomiting, that may also result 
from the provision of procedural sedation. As much as pedia-
tricians serve as the advocates for their patients to minimize 
pain and anxiety, they are also their patient’s advocates with 
regard to their safety. For example, it is unlikely that proce-
dural sedation would ever be routinely used for procedures 
such as venipuncture or vaccine administration [ 3 ]. 

 In a pediatrician’s practice, there are a number of indications 
for the provision of procedural sedation. This chapter aims to pro-
vide a framework for procedural sedation from a pediatrician’s 

mailto:vincent.chiang@childrens.harvard.edu


34

point of view, including understanding of the practice setting, the 
patients, and the procedures themselves. This chapter is designed 
to apply to all sedation providers across specialties. Additionally, 
in trying to create an approach to procedural sedation, it is equally 
important to consider when the risks of the sedation outweigh the 
benefi ts that may be achieved by the procedure.  

    Questions to Be Asked 

 Prior to the initiation of any procedural sedation, the follow-
ing questions need to be considered:
    1.    What are the goals of the procedural sedation? Eliminating 

or reducing pain (analgesia)? Alleviating or reducing 
anxiety (anxiolysis)? Maintaining motionlessness for an 
imaging procedure?   

   2.    Do I have the appropriate personnel to provide the ther-
apy, both with regard to knowledge and experience? The 
proper equipment? The time to do the procedure and to 
monitor the patient during the recovery period?   

   3.    Does the patient have an underlying medical condition that 
may complicate the provision of procedural sedation?   

   4.    Am I prepared to handle an adverse reaction or unantici-
pated complication of the procedural sedation?     
 This chapter will attempt to provide a framework for these 

questions and will lay the foundation for future chapters.  

    Setting 

 First and foremost, the provision of sedation in a safe manner 
requires a setting that has immediately available personnel, 
equipment, monitoring, and protocols to manage emergency 
and rescue situations [ 5 ]. In particular, practitioners provid-
ing sedation must be prepared to handle the patient who has 
a compromise of the airway or depressed respiratory effort, 
both of which can result in airway obstruction, hypoventila-
tion, hypoxemia, apnea and, at worst, frank respiratory 
arrest. Fortunately, most severe outcomes are extremely rare. 
One large study found that even in centers with dedicated 
and specialized sedation services, one in every 200 sedations 
outside of the operating room required airway and ventila-
tion intervention and one in every 400 procedures is associ-
ated with stridor, laryngospasm, wheezing, or apnea [ 6 ]. 
While it is diffi cult to predict when and for whom adverse 
events will occur, advanced preparation may be the most 
critical factor in minimizing an adverse outcome [ 7 ,  8 ].  

    Personnel 

 Properly trained personnel are of the utmost importance in the 
provision of procedural sedation and there should be, at a min-
imum, two trained professionals present at each sedation. 

 The primary caregiver is the one who is responsible for 
providing the sedation itself. This person must be credentialed 
to provide sedation and should have current training in both 
basic (e.g., BLS) and advanced (e.g., PALS) life support. 
Simple certifi cation, however, is not enough. This primary 
practitioner needs to be able to recognize all potential compli-
cations of the sedation, especially the earliest signs of airway 
diffi culties, and to manage them accordingly [ 9 ]. According 
to the Joint Commission, this level of competence requires not 
only training and education, but experience as well [ 10 ]. 

 The secondary provider’s primary responsibilities are to 
monitor the patient during the procedure and to inform the pri-
mary provider of any changes in the patient’s cardiovascular or 
respiratory status. Most, if not all, healthcare facilities require 
that all providers be properly trained and educated as well as 
take part in a minimum number of sedations annually in order 
to ensure competence and maintain sedation privileges.  

    Equipment 

 The space where the procedural sedation takes place must have 
the proper equipment to minimize any adverse consequences. 
Table  3.1  lists the minimum equipment that must be available 
to provide sedation and rescue a sedated patient [ 5 ,  11 ].

       Monitoring 

 A number of physiologic parameters should be monitored to 
ensure the safety of the patient. The most recent guidelines 
from the AAP state that there should be a “functioning pulse 
oximeter with size-appropriate oximeter probes and other 
monitors as appropriate for the procedure (e.g., noninvasive 
blood pressure, respiratory rate, heart rate, electrocardio-
gram [ECG], capnography and a precordial stethoscope is 
encouraged in those circumstances in which the patient is not 
easily visible)” [ 5 ]. In July 2011, the American Society of 
Anesthesiologists updated the Standards for Basic Anesthetic 
Monitoring. These standards specify that “during moderate 
or deep sedation the adequacy of ventilation shall be evalu-
ated by continual observation of qualitative clinical signs and 
monitoring for the presence of exhaled carbon dioxide unless 
precluded or invalidated by the nature of the patient, proce-
dure or equipment” [ 12 ].  

    Protocols 

 Protocols or algorithms for how to activate back-up emer-
gency services are essential for every setting where proce-
dural sedation is practiced [ 5 ]. For nonhospital facilities, this 
includes the activation of the Emergency Medical Service 
(EMS) system and ambulance/transport services to the 
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receiving hospital. It is implicit that the availability of EMS 
services does not obviate the practitioner’s responsibility in 
providing initial management and rescue of the potential 
complications of the sedation. 

 There need to be written guidelines and protocols for the 
preprocedure assessment as well as for the monitoring of 
the patient during and following the procedure. Table  3.2  
lists the information that should be obtained in a preproce-
dure assessment [ 5 ]. Documentation during the procedure 
should be a time-based record of the monitored physiologic 
parameters and the timing, dosage, and effect of the admin-
istered drugs. This should start with the “time out,” during 
which time the patient’s name, procedure to be performed, 
and the site of the procedure are confi rmed [ 10 ]. All com-
plications, unanticipated patient reactions, and ensuing 
treatment should be documented. Finally, there must be 
instructions for patients and families for care of the patient 
postprocedure and following discharge, including contact 
information should there be a concern after the patient is 
discharged.

       Patients 

 The practice of pediatrics is dependent on having an under-
standing of how patients change over time. From infancy to 
adolescence, children undergo tremendous physical, cogni-
tive, and mental development. Where a patient is in his/her 
development will alter how we as physicians interact with 
our patients. An understanding of the child’s cognitive devel-
opment is paramount to effectively manage a patient who is 
about to undergo a medical procedure. 

 While the pain from a medical procedure may be short- 
lived, there is recent data to suggest that there are long-term 
detrimental effects on neuronal development, pain threshold 
and sensitivity, coping strategies, and pain perception [ 13 ]. 
While procedural sedation may remove the acute pain, the 
anxiety surrounding the procedure may actually heighten the 
pain experience or the patient’s response to pain [ 13 ]. As 
such, how we prepare a patient for a medical procedure may 
have tremendous subsequent impact [ 14 ]. Recommendations 
regarding preparation for the procedure can be partitioned 
into timing, format, and content. 

  Timing  refers to when one informs a patient about the pro-
cedure that is going to happen. Data suggest that information 
provided too far in advance of a procedure may serve to 
increase anxiety: Children may dwell on or exaggerate the 
anticipated pain or forget the pertinent information com-
pletely [ 13 ]. On the other hand, inadequate time to process 
the information about a procedure may heighten stress. 
Patients undergoing a major medical procedure (e.g.,  surgery) 
will need more advanced timing as compared to something 
more routine, such as the administration of a vaccine. 

   Table 3.1    Equipment required for procedural sedation   

 Code cart 
  Defi brillator 
  Emergency airway equipment 

 • Face masks 
 • Self-infl ating bag-valve-mask setup 
 • Oro- and nasopharyngeal airways 
 • Laryngeal mask airways (LMAs) 
 • Laryngoscope handles and blades 
 • Endotracheal tubes and stylettes 

 Oxygen source 
   May be from wall or oxygen tank, but should be able to provide 

positive pressure for at least 60 min or the minimum time required 
to be able to continuously support a patient during transfer to 
another medical facility or another area within the medical facility 

  Suction  (both Yankauer-type and suction catheters for endotracheal 
tubes) 
 Vascular access equipment 
  Intravenous catheters 
  Intraosseous needle 
   Equipment to place, secure, and use the catheters (i.e., tubing, tape, 

arm boards, alcohol wipes, tourniquets, syringes, etc.) 
 Reversal agents 
  Naloxone or nalmefene for opioid reversal 
  Flumazenil for benzodiazepine reversal 
 Monitoring equipment 
  Pulse oximetry 
  Three-lead electrocardiogram 
  Noninvasive blood pressure monitoring 
  End-tidal CO 2  monitoring 
 Means of two-way communication 
 Adequate lighting, electricity, and space 
 Medical record for documentation 

   Source : Data from Henderson and Womack [ 11 ] and from Cote et al. [ 5 ]  

   Table 3.2    Preprocedure health assessment   

 Age of the patient 
 Weight of the patient 
 Health history 
 • Allergies and previous adverse drug reactions 
 • Medication history 
 • Relevant medical diseases, physical anomalies, or neurologic 

impairment that might increase the potential of airway obstruction 
 • Pregnancy status 
 • Relevant past hospitalizations and surgeries 
 • History of sedation or anesthesia, especially with regard to 

complications or adverse outcomes 
 • Relevant family history, especially with regard to anesthesia 
 Review of systems focusing on cardiac, pulmonary, renal, and hepatic 
function that might alter the patient’s response to the medications used 
in the procedure 
 Vital signs 
 Physical examination, including a focused evaluation of the airway 
 Physical status evaluation (i.e., ASA classifi cation) 
 Name and contact information of the patient’s medical home 

   Source : Data from Cote et al. [ 5 ]  
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The  timing will also be infl uenced by the developmental stage 
of the patient. In general, children who cannot reason or think 
abstractly will benefi t less from early advanced information. 

  Format  refers to how information about a procedure is 
conveyed. Examples of various formats include models, pup-
pets, schematic drawings, etc. The appropriate format to be 
used depends greatly on one’s cognitive development. For 
instance, young children who are at an egocentric phase of 
their development may not have the cognitive maturity to 
understand role playing with a puppet or doll. 

 The  content  about a procedure should relay information 
about the procedure itself and what the patient can expect. 
Accurate expectations will allow a patient to gain a sense of 
self-control and better cope with what is about to happen. 
As with timing and format, the content is greatly infl uenced 
by the developmental stage of the patient. Table  3.3  presents 
the sequential stages of cognitive development and the 
accompanying strategies to prepare a patient for a medical 
procedure [ 15 ].

   The language we choose to explain a given procedure 
may also have an impact on how an upcoming procedure is 
perceived [ 16 ]. Dialogue that is negative, vague, or critical 
can increase anxiety and stress. For instance, warning that 
something will “hurt” or “burn” creates a negative focus. On 
the other hand, language that allows for distraction or pro-
vides a positive focus can attenuate anxiety and stress. For 
example, stating “this may feel like a pinch” or “some chil-
dren say this feels warm and tingly” gives children a sensory 
as opposed to negative focus. Positive reinforcement such as    
“you are being brave” or “you did a good job of holding still” 
is a nice way of providing encouragement or praise. Finally, 
children are often very concrete thinkers. Stating that “the 
nurse is going to draw your blood” is too vague for most 
children to understand. Rather, describing the procedure in a 

stepwise fashion (e.g., “the nurse is going to clean your arm, 
you will feel a cold pad to wash your skin, we will use this 
tourniquet to give your arm a hug, etc.”) provides both sen-
sory and detailed information that allow the children a 
greater sense of control [ 13 ].  

    Procedures 

 A pediatrician will encounter many different common proce-
dures that may require procedural sedation. Depending on 
the procedure, a patient may require analgesia or sedation/
anxiolysis or both. For instance, an infant who needs a head 
MRI will likely require a sedative agent, while a cooperative 
adolescent may only require pain medication for a lumbar 
puncture. On the other hand, a child with an angulated fore-
arm fracture will need both analgesia and sedation for the 
reduction. It is diffi cult to characterize procedures to predict 
the medication requirement. The temperament, cognitive 
development, and patient’s past experience will alter what is 
needed for any given procedure. Table  3.4  lists the most 
commonly encountered procedures that may require proce-
dural sedation. This list is not intended to be inclusive nor 
exhaustive. For instance, some very common procedures 
may require procedural sedation in a minority of patients 
(e.g., venipuncture). Additionally, there are some procedures 
on the list (e.g., endotracheal intubation, thoracentesis) that 
most general pediatricians will not perform once they have 
completed residency training.

   While the choice of agents is covered in great detail in 
other chapters, there are a few points that bear repeating. 
It should be noted that while opioids do have some sedative 
effects, sedation often enhances analgesic effi cacy. In a 
patient who is anxious or stressed, concomitant treatment 

   Table 3.3    Childhood developmental considerations for preprocedure preparation   

 Age (years)  Characteristics  Strategy for preprocedure preparation 

 1–4  Understanding of world through 
sensory experiences 

 Use real objects to help child master the situation 

 Egocentric  Reinforce good behavior 
 Trusts primary caregiver  Keep parent with child as much as possible 
 Animism 
 Understanding > verbal ability 

 4–10  Development of reasoning  Allow time for questioning 
 Elimination of egocentrism  Provide detail 
 Improved verbal communication  Use concrete teaching materials and simple medical terms 

 10+  Can think abstractly  Involve patient in decision-making 
 Future thinking  Provide information in advance 
 Heightened self-consciousness  Support need for self-control and independence 

 Offer explanations in clear, technical terms 
 Respect privacy and self-image concerns 

  Adapted from [ 15 ]  
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with a sedative may reduce the needed dose of narcotic. 
Furthermore, the use of local and regional anesthetics (e.g., 
nerve blocks) may reduce the total dose of sedatives and 
analgesics required.  

    Other Considerations 

 Given the large number of resources required to safely per-
form procedural sedation, only primary care pediatricians in 
a hospital or medical center setting will likely be able to per-
form procedural sedation for their patients. However, this 
does not mean that pediatricians outside of these settings 
cannot assist and advise in the sedation of their patients. Our 
understanding of these patients and the process will allow us 
to play an integral role in the planning and implementation of 
the sedation. 

 As previously stated, it would be extremely unlikely that 
procedural sedation becomes common for, painful proce-
dures such as phlebotomy or IV placement. Local anesthet-
ics, however, can dramatically lessen the pain associated 
with procedures that require penetration of the skin [ 13 ]. 
In general, there are three processes by which the local anes-
thetic is delivered to the skin. The anesthetic can be injected 
locally via a small-gauge needle; it can diffuse passively 
through the skin via a cream or gel or be administered by a 
needleless system that enhances passage of the local anes-
thetic through the skin (e.g., heat-enhanced diffusion, ionto-
phoresis, sonophoresis, laser-assisted passage, or pressurized 
gas delivery) [ 17 ]. Another topical treatment to reduce pain 
is the use of a vapocoolant spray. By rapidly cooling the 
skin, it is thought that initiation and conduction of nerve 

impulses are reduced and the refractoriness is increased [ 18 ]. 
A  differentiating feature of these different methodologies is 
the timing and onset of anesthesia. Finally, less invasive 
routes, such as intranasal administration, allow for the deliv-
ery of both analgesics and anxiolytics without the need for 
intravenous access [ 19 ,  20 ]. 

 There have been a number of studies that have demon-
strated the effectiveness of distraction as a technique to mini-
mize pain and anxiety around painful medical procedures 
[ 13 ]. (Refer to Chap.   34    .) While there are several postulated 
theories as to how distraction works to reduce pain, there is 
much anecdotal evidence to suggest that it is an excellent 
pain-management intervention. Child life therapists are 
another excellent resource to assist in pain management, 
both with regard to preparing for a procedure and providing 
distraction during a procedure [ 21 ]. Even proper positioning 
can assist in making a painful procedure less traumatic [ 13 ]. 
Depending on the procedure, sitting on a parent’s lap or 
allowing a child to hold a parent’s hand can help reduce 
procedure- related anxiety. For young infants, skin-to-skin 
contact, nonnutritive sucking, and sucrose water have been 
demonstrated to be helpful in reducing perceived pain and 
should be considered for certain procedures when medically 
allowable.  

    Future Directions 

 One of the most recent advances in our understanding of 
adverse reactions due to medication use lies in our increasing 
knowledge of pharmacogenetics. The observed differences 
in response between patients to the same dose of the same 
drug likely are attributed to how a given individual metabo-
lizes a given agent. For instance, differences in the level of 
cytochrome P-450-dependent monooxygenase activity may 
result in differences in both effi cacy and toxicity of certain 
agents [ 22 ]. As an example, variants in the genotype CYP2D6 
likely explain different responses to codeine, including 
potentially life-threatening toxicity as the result of accumu-
lation of active metabolites of the drug [ 22 ]. In the future, our 
understanding of pharmacogenetics will likely be integrated 
into the decision-making process as we choose agents to pro-
vide procedural sedation in the safest manner possible.  

    Conclusion 

 In summary, it is the responsibility of the sedation provider 
to advocate for his/her own patients, especially with regard 
to pain, fear, and anxiety that may accompany a medical pro-
cedure. Being an advocate, however, does not mean that all 
patients should be sedated for every painful procedure. 
In reality, the provider must balance the pain associated with 

   Table 3.4    Procedures that may require procedural sedation   

 Radiologic imaging procedures (e.g., CT scan, MRI, ultrasound) 
 Laceration repair 
 Lumbar puncture 
 Foreign body removal 
 Abscess management (e.g., incision, drainage, and packing) 
 Burn or wound debridement 
 Relocation of a dislocated joint 
 Fracture reduction 
 Joint aspiration 
 Prepubescent gynecologic examination 
 Hernia reduction 
 Peripherally inserted central catheter (PICC) placement 
 Bone marrow aspiration 
 Central line placement 
 Thoracentesis 
 Chest tube placement 
 Cardioversion 
 Endotracheal intubation 

   CT  computed tomography,  MRI  magnetic resonance imaging  
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the procedure with what is safest for the patient. In essence, 
the approach to procedural sedation is as much about choos-
ing when not to sedate as it is to tailoring the sedation to the 
patient and procedure.      

   References 

    1.    American Academy of Pediatrics Committee on Drugs. Section on 
anesthesiology: guidelines for the elective use of conscious seda-
tion, deep sedation, and general anesthesia in pediatric patients. 
Pediatrics. 1985;76:317–21.  

    2.    Walco GA. Needle pain in children: contextual factors. Pediatrics. 
2008;122 Suppl 3:S125–9.  

     3.    Kennedy RM, Luhmann J, Zempsky WT. Clinical implications 
of unmanaged needle-insertion pain and distress in children. 
Pediatrics. 2008;122 Suppl 3:S130–3.  

    4.    Krauss B, Green SM. Sedation and analgesia for procedures in 
 children. N Engl J Med. 2000;342:938–45.  

          5.    Cote CJ, Wilson S, The Work Group on Sedation. Guidelines for 
monitoring and management of pediatric patients during and after 
sedation for diagnostic and therapeutic procedures: an update. 
Pediatrics. 2006;118:2587–602.  

   Case Studies 

    Case 1 

 You are in your offi ce when a father brings his son in 
for evaluation. He is a healthy 14-year-old with no sig-
nifi cant past medical history who accidentally slammed 
his fi nger in a door. You obtain X-rays, which are nega-
tive. However, he has a large subungual hematoma that 
is moderately painful to touch. What would be your 
approach to managing pain for the treatment of the 
hematoma? 

  Considerations : The treatment for a subungual hema-
toma involves draining the hematoma by placing a 
hole in the nail itself (trephination). Since the nail is 
not innervated, this is a relatively painless procedure 
and in general, does not require any analgesia. 
However, there are still patients who may be quite anx-
ious. Most 14-year-olds can be reasoned with, for 
example, pointing out that it does not hurt when one 
clips one’s nails. One can also position one’s body 
between the patient and the affected fi nger during the 
procedure so as to “prevent” the patient from seeing 
the procedure itself. In extreme cases, the use of a 
short-acting anxiolytic may be warranted.  

    Case 2 

 You and a nurse are together seeing urgent patients for 
your clinic. A mother brings her 2-year-old son in for 
blood work. She is here because she herself is quite 
needle phobic and thinks that her son is as well. She 
would like her son to be sedated for the blood draw and 
the local lab said that they do not sedate patients for 
phlebotomy. What would your approach be to this 
patient? 

  Considerations : Whenever a patient undergoes proce-
dural sedation, one has to weigh the risks and benefi ts. 
In general, phlebotomy is not considered a typical pro-
cedure for which procedural sedation is used. That 
being said, it does not mean one should not try to mini-
mize the discomfort associated with the procedure. 

For 2-year-olds, depending on the urgency, one could 
consider the use of a topical anesthetic prior to a blood 
draw. Also, this is a great age where distraction tech-
niques may help as well.  

    Case 3 

 Your offi ce is in a small medical center that shares a 
procedure room where you can provide procedural 
sedation. The procedure room is well stocked, includ-
ing having a pediatric code cart that is kept up to date. 
You and your nurses have done a number of proce-
dures there and in general you feel quite comfortable 
providing procedural sedation. One of your 2-year-old 
patients is brought in after a fall through a glass coffee 
table. The patient has multiple deep lacerations to both 
forearms, which will require signifi cant repair. Of 
note, the patient has trisomy 21. What would your 
approach be to this patient? 

  Considerations : The provision of procedural sedation 
is not simply about providing the medications, but also 
managing the potential complications that may occur. 
While this patient may tolerate sedation without any 
diffi culty, there are other factors to consider. Patients 
with trisomy 21 often have macroglossia and hypoto-
nia, which can increase the diffi culty of managing the 
patient’s airway should hypoventilation or apnea occur. 
Additionally, patients with trisomy 21 can also have 
complex congenital heart disease, which can affect 
which agents are chosen for the procedural sedation. 
At the very least, consultation with an expert in proce-
dural sedation, if not transfer to a facility with even 
more resources should be considered.  
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        Introduction 

 In this chapter we will present the essentials of pre-sedation 
screening and risk stratifi cation, discuss fasting guide-
lines, and review the most commonly encountered scenar-
ios and comorbidities that impact sedation management and 
outcomes. 

 Today’s practice of pediatric sedation (PS) involves ever 
more complex patients whose care is coordinated with mul-
tidisciplinary teams. Technological advances have allowed 
for the development of various invasive and noninvasive 
pediatric procedures and imaging modalities, resulting in a 
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tremendous demand for and growth in PS in children. 
Despite the increasing complexity and patient volume, seda-
tion providers generally meet the child and his family only 
minutes before the scheduled (or unscheduled) procedure. 
The provider must assess the situation quickly and accu-
rately to ensure safety and optimal effectiveness. Important 
data from all available resources should be gathered and 
synthesized before the procedure to formulate a successful 
sedation plan within the context of the urgency of the 
procedure. 

 The saying “an ounce of prevention is worth a pound of 
cure” encapsulates the pre-sedation mindset. The main 
objective for the sedation provider during pre-procedural 
assessment is to answer the question:  Is this child optimized 
for the procedure or not?  

 Components of a successful sedation plan include readily 
accessible medical records, a thorough medical history with 
review of systems and careful attention to red fl ags, pre- 
sedation tests, or consultation if indicated, a targeted physi-
cal exam, and a complete understanding of the procedure and 
its potential physiologic effects on the patient.  

    Pre-sedation Screening 

 All children scheduled for elective sedation should receive 
a prescreen telephone call before the scheduled invasive or 
noninvasive procedure. Last-minute cancellation due to 
new information surfacing on the day of the procedure can 
result in delay of care and economic loss for the parents 
and the institution. The telephone screening allows for 
review of the medical history, gives the opportunity to 
determine if there is some underlying medical issue that 
requires further investigation, confi rms that the child has 
not been recently ill, and reinforces  nil per os  (NPO) 
instructions. Pertinent data points should be clearly docu-
mented and attached to a standardized, hospital-approved 
sedation assessment form. 

 Once the screening process is complete, an established 
triage system can help to determine whether the procedure is 
appropriate for non-anesthesiologist sedation or whether the 
expertise of an anesthesiologist is needed. In many centers 
there is a “point person” to whom non-anesthesiologists may 
direct questions regarding patient management issues in off- 
site venues. This coordinator should be familiar with the 
requirements, challenges, and needs of the individual spe-
cialists. In the case of an urgent or emergent (non-elective) 
procedure, the same logic applies:  Gather as much infor-
mation as possible and reasonable for your setting to 
make the most informed decision regarding the timing 
and approach to the procedure . 

    History 

 The process of constructing a successful sedation plan 
starts with a careful, targeted history focusing on a few 
critical domains. Ask about past problems or known abnor-
malities of the respiratory, cardiovascular, neurologic, 
 gastrointestinal, and endocrine systems. Some parents may 
not be familiar with medical terminology or may assume 
that you are aware of the child’s history; the provider can 
work around this by describing common problems and/or 
procedures, pursuing anything that “sounds familiar.” 
Review any available medical records and contact the pri-
mary care provider if possible. Examine previous records 
in regard to previous problems with airway management, 
obtaining intravenous access, or prior adverse events 
related to sedatives-anesthetics. 

 Antenatal history should be reviewed, as maternal 
medical conditions or complications may affect the neo-
nate adversely. Determine gestational age and concep-
tional age—premature infants may have pulmonary, 
cardiovascular, neurologic, gastrointestinal, and hemato-
logic conditions that may lead to decompensation during 
sedation. 

 Elicit a history of prior sedation-anesthesia and any 
known adverse reactions, such as marked nausea, vomiting, 
increased or decreased sensitivity to sedatives or analge-
sics, and/or prior need for intervention during sedation or 
unexpected hospitalization after procedures. The complete 
list of current medications and allergies should be carefully 
documented. 

 Confi rming NPO status is important: Children can never 
be trusted to have fasted. The child and parent should be 
carefully questioned about any recent intake by mouth, how-
ever trivial it may seem.  

    Physical Examination 

 The initial physical examination provides the sedation 
practitioner with an opportunity to become familiar with 
the patient’s baseline physiologic status.  Perform a tar-
geted physical examination, including airway assess-
ment, respiratory status, and volume status.  Some 
children will present with a syndrome that the parents do 
not disclose, either because they assume you are aware or 
for personal reasons; in these cases, tactfully ask about 
any special needs. Specifi c syndromes may be recognized 
by unusual features, many of which appear as a constella-
tion of associated fi ndings. Inquire as to what extent the 
child is affected by the syndrome and his current func-
tional status.   
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    Fasting Guidelines and Sedation 

 Although the presence of gastric contents theoretically 
increases the risk of aspiration pneumonia,  there is no 
known gastric fl uid volume (GFV) that places a particu-
lar patient at clinically relevant risk or that eliminates all 
risk  [ 1 ]. The traditional teaching is that the risk of aspiration 
increases with gastric acid volume greater than 0.4 mL/kg 
and a pH of less than 2.5 [ 2 ]. However, if these threshold 
values were applied, a great number of appropriately fasted 
patients would be classifi ed as at risk for aspiration.  That is, 
the stomach is rarely completely empty —even in the 
fasted state—given ongoing salivary (1 mL/kg/h) and gastric 
(0.6 mL/kg/h) secretions [ 3 ]. The provider may expect GFV 
to be minimal in most fasting patients, but some patients may 
have large residual GFV despite having followed traditional 
fasting guidelines (Fig.  4.1 ). Prolonged fasting in children is 
not entirely benign: The fasting child is always at risk for 
hypoglycemia and/or hypovolemia. Optimize your patient’s 
volume and metabolic status before the procedure with the 
appropriate intravenous fl uids if needed. Due to high meta-
bolic needs, an infant should be offered clear fl uids until 2 h 
before sedation.

   There is a presumption that the relative risk of aspiration 
is lower during sedation than under general anesthesia, and 
that protective airway refl exes are retained fully during seda-
tion. It is important to note that the progression from mild 
sedation or analgesia to general anesthesia represents a con-
tinuum not easily divided into discrete stages [ 4 ].  Anyone 
receiving moderate or deep sedation should be treated 
similarly to those receiving general anesthesia because 

the sedation level can change rapidly and deepen subtly 
with subsequent impairment of airway refl exes.  

 Although aspiration is a widely feared complication of 
general anesthesia, fortunately clinically relevant aspiration 
in modern anesthesia practice is exceptionally rare in pediat-
rics. The incidence is estimated to be 1 in 10,000 to 10 in 
10,000, with the wide reported range likely due to variation 
in research methodologies, defi nitions, and reporting sensi-
tivities [ 5 ]. In those undergoing general anesthesia, 
 approximately two-thirds of aspiration occurs during manip-
ulation of the airway (endotracheal tube placement and 
removal) [ 6 ]. The multicenter Pediatric Sedation Research 
Consortium collected data on 49,836 propofol sedations in 
children: Aspiration during sedation occurred four times 
(0.04 %) [ 7 ]. A retrospective study by Sanborn et al. of 
16,467 sedations during imaging procedures in children 
using chloral hydrate, midazolam, fentanyl, or pentobarbital 
found 70 (0.4 %) respiratory incidents; only two patients of 
16,467 aspirated (0.012 %) [ 8 ]. 

 The low incidence of aspiration pneumonia with sedation 
and anesthesia may be attributed to the fact that the stomach 
is very distensible and can accommodate a large volume 
before resting intragastric pressure rises [ 9 ]. Intragastric 
pressure must exceed the barrier pressure of the lower esoph-
ageal sphincter (LES) for regurgitation to occur. The barrier 
pressure of the LES does not appear to be as easily overcome 
under general anesthesia as is widely believed [ 9 ]. 

 The  American Society of Anesthesiology’s (ASA) Task 
Force on Fasting  has published consensus guidelines for 
elective anesthesia: clear fl uids, 2 h; breast milk, 4 h; for-
mula, 6 h; and solids, 8 h [ 10 ]. These guidelines are intended 
for healthy patients of all ages undergoing elective proce-
dures; they are not intended for patients with coexisting dis-
eases or conditions that may delay gastric emptying such as 
diabetes, hiatal hernia, gastroesophageal refl ux, or bowel 
obstruction. The ASA acknowledges that there is insuffi cient 
evidence to codify preoperative fasting times. In addition, 
the task force does not offer specifi c guidance for fasting 
times for emergency procedures. 

 When practitioners formulate a plan for sedation for 
emergency procedures in children who have not fasted, the 
risks of sedation and the possibility of aspiration must be 
balanced against the benefi ts of performing the procedure 
emergently.  The American College of Emergency 
Physicians (ACEP)  Clinical Policy on Sedation assesses 
risk based on the nature of last oral intake and the urgency of 
the procedure (Table  4.1 ) [ 11 ]. In this setting, aspiration has 
been found to be very rare among patients sedated in an 
emergency room setting for procedures, regardless of fasting 
status [ 12 ].

   There is an ongoing debate regarding the  administration 
of oral contrast for Computerized Tomography (CT) 
prior to sedation . The administration of oral contrast less 

  Fig. 4.1    CT of the abdomen without administration of oral contrast in 
a fasting 2-year-old child in supine position. CT shown in axial (A) 
plane. Note fl uid (labeled “F”) and air (Labeled “A”) in distended stom-
ach. Measured volume of fl uid in stomach was 41.8 mL (3.3 mL/kg). 
Courtesy of Mohamed Mahmoud, MD       
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         Modifi ed with permission from Green SM, Roback MG, Miner JR, Burton JH, Krauss B. Fasting and Emergency Department Procedural Sedation 
and Analgesia: A Consensus-Based Clinical Practice Advisory. Ann Emerg Med. 2007; 49(4): 454–461 
 Brief: <10 min 
 Intermediate: 10–20 min 
 Extended: >20 min  

   Table 4.1       Prudent limits of targeted depth of ED procedural sedation  

STANDARD RISK

ORAL INTAKE
IN THE PRIOR

 3 HOURS

ORAL INTAKE
IN THE PRIOR

 3 HOURS

Urgency of the Procedure

Emergent Urgent Semi-Urgent Non-Urgent 

Nothing

Nothing

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation All levels of sedation

All levels of sedation All levels of sedation All levels of sedation All levels of sedation

Clear liquids only

Clear liquids only

Up to and including
brief deep sedation

Up to and including
brief deep sedation

Up to and including
brief deep sedation

Up to and including
extended moderate

sedation

Up to and including
extended moderate

sedation

Up to and including
extended moderate

sedation

Light snack

Light snack

Up to and including
dissociative sedation;

non-extended
moderate sedation

Up to and including
dissociative sedation;

non-extended
moderate sedation

Minimal sedation only

Minimal sedation only Minimal sedation only

Minimal sedation only

Minimal sedation only Minimal sedation only

Heavy snack or
meal 

Heavy snack or
meal 

Emergent Procedure Urgent Procedure Semi-Urgent Procedure Non-Urgent Procedure

HIGHER RISK

Procedural Urgency

All levels of sedation

All levels of sedation

Up to and including
dissociative sedation;

non-extended
moderate sedation

Minimal sedation only

Minimal sedation only

Minimal sedation onlyAll levels of sedation
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Dissociative sedation;

brief or intermediate-length moderate sedation

Extended moderate sedation

Brief deep sedation

Intermediate or extended-length deep sedation

Procedural Sedation and Analgesia Targeted Depth and Duration
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than 2 h before sedation-anesthesia is at odds with elective 
NPO guidelines, and in theory would increase the risk of 
aspiration pneumonia. Sedation practitioners are asked to 
make an exception to the fasting guidelines and permit the 
use of enteric contrast material with CT in order to obtain an 
accurate study. There does not appear to be a perfect resolu-
tion to this issue, since waiting several hours after adminis-
tration of contrast often results in inadequate opacifi cation of 
the small bowel and a poor study [ 13 ]. 

 Small bowel transit time can be as rapid as 15 min and on 
average is 1 h 24 min [ 14 ]. In one study, in 83 % of cases 
small bowel transit time was less than 2 h [ 14 ]. Inadequate 
opacifi cation of the small bowel can lead to lack of distinc-
tion between small bowel loops and fl uid collections or 
masses [ 13 ]. 

 At one author’s institution, administration of contrast 
begins 2 h before and ends 1 h prior to anesthesia-sedation. 
The challenge lies in balancing technical factors governing 
the image quality of the study with safety concerns related 
to sedating a child with a potentially full stomach for an 
elective CT. A recent retrospective chart review concluded 
that administering oral contrast material within 2 h of pro-
pofol sedation for abdominal CT in children appears to be 
relatively safe. The data sample, however, was small rela-
tive to the reported incidence of aspiration in the literature 
[ 15 ]. Currently we are not aware of any clear consensus 
among institutions that care for these patients. Some clini-
cians may choose to perform rapid sequence induction of 
general anesthesia with endotracheal intubation while oth-
ers may choose deep sedation without defi nitive airway 
protection. Others may negotiate with radiologists to have 
the oral contrast given 2 h before the study or administered 
through an oral gastric tube after placement of an endotra-
cheal tube [ 16 ,  17 ].  

    When Not to Proceed 

 Barring emergent or life-threatening circumstances, situa-
tions arise in which—despite pressure from consultants, 
providers, and/or families—the practitioner should forgo 
sedation outside of the operating room for a more opportune 
time, setting, or facility. Proper monitoring, rescue equip-
ment, and suffi cient staff should be in place. The provider 
should use sound clinical judgment before proceeding, 
informed by the patient’s risk for complications and the 
urgency of the procedure, as well as practical concerns 
such as the ability to dedicate the necessary time, attention, 
and human resources to the endeavor. The following sec-
tion is a broad overview that will address specifi c safety 
considerations and focused assessments in important 
 special populations.  

    Preparation for and Considerations 
in Special Populations 

    Asthma and Reactive Airway Disease 

 The child who wheezes presents a common challenge to the 
sedation practitioner.  Transient wheezers  are infants whose 
symptoms are provoked by an active viral respiratory 
 infection. These children typically “outgrow” their reactivity 
within the fi rst few years of life. After the toddler and pre-
school period,  non-atopic wheezers  continue to experience 
wheezing with active viral illnesses, but are not likely to 
develop lifelong symptoms. Both transient and non-atopic 
wheezers tend to have mild reactions to the inciting event. 
 Atopic wheezers  are equally sensitive to viral illnesses, but 
often also suffer from allergy, allergic rhinitis, and atopic 
dermatitis. These children are at highest risk for severe and 
persistent symptoms exacerbated by a variety of infectious 
and/or environmental factors [ 18 ]. 

 The diagnosis of asthma is diffi cult to make under the age 
of 6, since there is signifi cant overlap with reactive airway 
disease and pulmonary function tests are problematic in 
young children. In those with an established diagnosis of 
asthma, the assessment of symptoms follows a step-wise 
approach (Table  4.2 ).

   In addition to the assessment of severity of symptoms, 
confi rm the overall control of symptoms and what level of 
therapy the child is currently receiving. It is also helpful to 
ascertain the responsiveness that the child has shown to 
previous exacerbations [ 19 ]. This is especially important in 
the planning of procedures that involve airway stimulation or 
those that would require frequent suctioning. 

 Children with a history of either reactive airway disease or 
diagnosed asthma are at risk for  bronchial hyperreactivity  
(40 % of school-aged children with asthma) [ 20 ]. Bronchial 
hyperreactivity may persist for weeks after an exacerbation. 
For this reason, a careful history of recent illness, changes in 
medication, and history of hospitalization are important in all 
children with a history of wheezing. In general in children 
with stable and controlled asthma or reactive airway disease, 
the peri-procedural risk for bronchospasm is low and is not 
associated with a signifi cant morbidity [ 21 ]. 

 A recent prospective study found that patient factors 
(readily known on pre-procedural assessment) such as active 
respiratory symptoms, eczema, family history of asthma, rhi-
nitis, or exposure to tobacco smoke were associated with an 
increased relative risk of peri-procedural respiratory adverse 
events such as airway obstruction, oxygen desaturation 
(<95 %), and severe or sustained cough [ 22 ]. In patients with 
active symptoms, the practitioner should determine the  sever-
ity of illness  and weigh this with  the urgency and importance  of 
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the procedure. The actively wheezing patient should have his 
current illness addressed immediately, and if the procedure is 
to go forward, a plan for pre-, intra-, and post- procedure 
treatment should be formulated to anticipate and manage 
potential complications such as bronchospasm.  

    Autism, Developmental Delay, 
and Intellectual Disability 

 Autism spectrum disorders (ASD) are characterized by neu-
rodevelopmental impairments in three major domains : 
behavior, communication, and socialization  [ 23 ]. Although 
the rate of diagnosis of ASD has markedly increased recently, 
its pathogenesis is incompletely understood; the current con-
sensus is that autism has a genetic basis with possible con-
tributing environmental factors. Approximately 40–62 % of 
children with ASD demonstrate some learning disability [ 24 ]. 

 Children with intellectual disability, developmental delay, 
or ASDs require a holistic view in preparation for sedation. 
Caretakers are typically very helpful in sharing the child’s 
past reactions to the procedure, and may be vocal in their 
preferences in the timing, type, and route of administration 
of sedatives. The practitioner would do well to consider the 
caregivers’ experience with their child and weigh this with 
the practicalities and requirements of the procedure at hand. 

 These children may exhibit challenging behavior, 
especially when anxious or stressed, such as punching/slap-
ping/pulling (50 %) or kicking (24 %) [ 25 ]. Boys and adoles-
cent males form the majority (66 %) of children with 
challenging behavior [ 26 ]. These behaviors may be exacer-
bated by frequent and sometimes unpleasant interactions 
with the health care system.  Observing the child while non-
stressed during the pre-sedation assessment may help to 
reveal caregiver- patient dynamics as well as to inform the 
clinician of how best to keep him calm and cooperative . 
Non- pharmacologic methods such as distraction, storytell-

ing, watching videos, or playing games are particularly help-
ful in this setting and during the induction/pre-procedural 
period. (Refer to Chap.   34    .) 

 Intellectual, developmental, and learning disabilities are 
not a specifi c medical condition, but rather manifestations of 
neurologic disease. It is important to note that  comorbidities 
are common , such as epilepsy (44 %), psychiatric disorders 
(50 %), and gastroesophageal refl ux (49 %) [ 24 ]. The pre- 
procedural assessment should include a review of medical 
conditions, frequency and control of symptoms, and current 
medications. 

 A small observational study found that as a group, chil-
dren with developmental delay (given the prevalence of sub-
stantial neurologic comorbidities) may have a smaller airway 
diameter at the level of the soft palate when sedated for mag-
netic resonance imaging (MRI). The authors’ fi ndings were 
thought to be multifactorial: anatomic (different airway 
shape), physiologic (abnormal airway tone), and pharmaco-
logic (increased susceptibility to sedative) [ 27 ]. In this light, 
concurrent illness such as viral respiratory symptoms should 
be considered carefully in these patients. 

 If the child requires pretreatment, one may start with 
noninvasive approaches such as the oral route for pre-
sedation, the intranasal route to facilitate IV access if 
needed, and the intramuscular route if necessary. Nitrous 
oxide, if available, may be a good choice if the child sees 
the device as a novelty or game, rather than as a restraint. 
Close attention to risk factors for pre-procedural anxiety 
or behavioral challenges is important, as these are associ-
ated with post-procedural delirium and maladaptive 
behaviors, which complicate the feasibility of a success-
ful outpatient visit [ 28 ]. 

 Anticipating behavioral disruptions and having a ready 
plan for escalation of treatment are essential. Discussion 
with the caregiver before the procedure may help to decrease 
his or her anxiety, allowing for a capable, present, and calm 
ally in the endeavor. This includes the timing and threshold 

   Table 4.2    Asthma severity assessment in children older than 5 years of age   

 Clinical features  Mild intermittent asthma  Mild persistent asthma  Moderate persistent asthma  Severe persistent asthma 

 A. Symptoms: wheezing, 
coughing, chest tightness 

 Symptoms ≤2 times/week  Symptoms >2 times/week 
but <1 time/day 

 Daily symptoms  Continual symptoms 
 Asymptomatic between 
brief exacerbations 

 Exacerbations 2 or more 
time/week; may last days 

 Frequent exacerbations 

 B. Activity limitations  No activity limitations  Activity may cause 
exacerbations 

 Activity causes exacerbations  Limited physical activity 

 C. Nocturnal symptoms  ≤2 times/month  >2 times/month  >1 time/week  Frequent nighttime 
symptoms 

 D. Lung function  PEF or FEV 1  ≥ 80 % of 
predicted or personal best 

 PEF or FEV 1  ≥ 80 % of 
predicted or personal best 

 PEF or FEV 1  > 60 % and 
<80 % of predicted or 
personal best 

 PEF or FEV 1  ≤ 60 % of 
predicted or personal best 

  Modifi ed from: National Heart, Lung, and Blood Institute: National Asthma Education and Prevention Program.  Expert Panel Report 3: Guidelines 
for the Diagnosis and Management of Asthma . 2007  
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for physical restraint if needed, based on the urgency and 
nature of the procedure. A brief pre-sedation “team huddle” 
with caregivers and staff to review the sedation plan may 
promote a smooth procedure and help to avoid injury to the 
patient, parents, practitioner, or staff.  

    Bronchopulmonary Dysplasia 

 Bronchopulmonary dysplasia (BPD) is the most common 
cause of chronic lung disease in infants. It affects premature 
infants who survive the acute phase of respiratory distress 
syndrome and is characterized by the need for supplemental 
oxygen beyond 4 weeks of life. BPD is thought to develop 
after prolonged periods of mechanical ventilation and expo-
sure to high concentrations of inspired oxygen. Other pro-
posed pathophysiologic mechanisms include initial volume 
overload, increased pulmonary blood fl ow, and generalized 
infl ammation. These patients typically have decreased lung 
compliance, airway hyperactivity, lung hyperinfl ation, rapid 
respiration, wheezing, cough, and frequent episodes of fever, 
desaturation, hypercarbia, abnormal functional airway 
growth, and increased risk for bradycardia and congestive 
heart failure (CHF) [ 29 ]. 

 Implications of BPD in sedation-anesthesia include tra-
cheomalacia, tracheal granuloma, subglottic stenosis, 
increased airway reactivity and bronchospasm, and diuretic- 
induced electrolyte disorders.  Adequate pre-procedure 
preparation should focus on optimizing oxygenation, 
reducing airway hyperactivity, and correcting electrolyte 
abnormalities.  These children require special attention to fl uid 
balance with careful titration of fl uids during the procedure. 
A laryngeal mask airway (LMA) is less irritating to both the 
upper and lower airways; it may offer some advantage in 
reducing the incidence of post-procedural coughing, wheez-
ing, and hoarseness compared to endotracheal intubation in 
these patients.  

    Cerebral Palsy 

 Cerebral palsy (CP), a nonprogressive, permanent disorder 
of motor function and posture, is the most common physical 
disability in childhood, occurring in 2–2.5 in 1,000 births [ 30 ]. 
The majority of cases are of unknown etiology. Known asso-
ciations are multifactorial: prematurity (78 %), intrauterine 
growth restriction (34 %), intrauterine infection (28 %), 
antepartum hemorrhage (27 %), and maternal alcohol use 
(threefold increased risk) [ 31 ,  32 ]. One in four have epilepsy 
and one in fi ve have a sleep disorder [ 33 ]. 

 The spectrum of disease varies from mild focal weakness 
with normal intelligence to total body spasticity and severe 

intellectual disability. CP may be classifi ed by the predomi-
nant motor component:  spasticity, ataxia, or dyskinesia  
[ 34 ]. Medical therapy emphasizes control of spasticity with 
medications, injections, or surgery. In the pre-sedation 
assessment, the type, dosage, and route of medications are 
important especially if there will be prolonged fasting. The 
clinician should determine the presence (and recent setting 
changes) of an intrathecal pump. Although rarely an issue, 
children with recent Botulinum toxin type A injection (for 
local control of spasticity) if unwittingly overdosed may 
later experience relative respiratory muscle weakness, which 
may be exacerbated during sedation [ 35 ]. 

 Common comorbidities such as scoliosis, gastroesopha-
geal refl ux, decubitus ulcers, and skin infections should be 
assessed for control of disease. This will help in planning 
for successful positioning (to optimize ventilation and com-
fort), IV access, and ready access to the airway if advanced 
measures are needed during the procedure. Children with 
CP often have considerable drooling due to diffi culty in 
swallowing secretions;  plan for frequent suctioning . 
Atropine or glycopyrrolate may be considered for their anti-
sialagogue effect, but they may also thicken lung secretions 
and potentially increase the risk of lung infection in CP 
patients [ 34 ]. 

 Part of the pre-sedation assessment is anticipating and 
avoiding pitfalls in the care of children with CP.  Chronic 
low fl uid intake and relative malnutrition put the child at 
risk for pre-renal failure and the development of pres-
sure ulcers . Careful attention to fl uid replacement (espe-
cially during prolonged fasting periods) and proper 
positioning of the patient during the procedure will help to 
attenuate these risks. Other common challenges are the pres-
ence of extremity casts that may obscure blood loss (from 
trauma or the procedure itself) or developing compartment 
syndrome from malpositioning. 

 Pain control in intellectually disabled children is an 
important issue. Clinician understanding of the analgesic 
needs of these children is changing, and there is evidence to 
suggest that they may, in fact, be more sensitive to pain than 
non-disabled children [ 36 ]. Unfortunately, these vulnerable 
children are often undertreated due to barriers in communi-
cation or misinterpretation of behaviors [ 37 ]. Children on 
chronic opioids may have 30–100 % higher dosage require-
ments than opioid-naïve children [ 38 ]. Control of symptoms 
should begin early in the visit to promote a successful proce-
dure and post-procedure course.  

    Congenital Heart Disease 

 Congenital heart disease (CHD) occurs in approximately 
8 in 1,000 live births [ 39 ]. The most common acyanotic 
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lesion is a ventricular septal defect; the most common cya-
notic lesion is the tetralogy of Fallot. Although lesions may 
be classifi ed as acyanotic or cyanotic and/or ductal depen-
dent or not, the clinician may risk stratify based on whether 
the child has been fully repaired or whether his lesion 
involves palliation. That is, a child with a repaired ventricu-
lar septal defect and normal baseline oxygenation may have 
no long-term sequelae relevant to sedation while a child with 
single ventricle pathology, a palliative shunt (e.g., hypoplas-
tic left heart syndrome status-post Fontan procedure), or 
baseline low oxygen saturation requires a more judicious 
approach. 

 Children with cyanotic disease with or without palliative 
surgery are very sensitive to changes in volume status, as 
many are pre-load dependent. In addition, certain lesions are 
more prone to dysrhythmias [ 40 ]. Their low baseline oxygen 
saturations offer little to no reserve in times of stress. For this 
reason and in general,  children with cyanotic heart disease 
are poor non-emergent outpatient candidates for seda-
tion beyond mild anxiolysis  [ 40 – 42 ]. 

 Although each lesion has a unique set of considerations in 
the pre-sedation assessment, current functional status is most 
informative of appropriateness for sedation outside of the 
operating room. Children with CHD (both cyanotic and acy-
anotic lesions) often develop some degree of CHF. The 
New York Heart Association (NYHA) classifi cation was 
originally designed for adults, and is often applied to chil-
dren (Table  4.3 ) [ 41 ]. The Ross classifi cation was designed 
specifi cally for children and mirrors the NYHA classifi ca-
tion [ 43 ]; recently a detailed age-specifi c modifi cation to the 
Ross classifi cation has been proposed [ 44 ].

   Both the NYHA and the Ross classifi cations assess cur-
rent symptoms; neither discriminates well in the early stages 
of disease. Since overt heart failure symptoms are a late sign 
in children (due to compensatory mechanisms), and the 
sedating clinician is interested in detecting subtle risk fac-
tors, an updated heart failure staging classifi cation has been 
proposed (Table  4.4 ).

   Stages A and B correspond to NYHA I, and stage C cor-
responds to NYHA II and III. Stage D patients typically 
require inotropic and/or ventilator support. In addition to the 
above, the assessment should include the child’s general 

health and change in behavior, oral intake, or urine output. 
A recent cough or taking longer to feed may be subtle alerts 
to hypervolemia and poor control of CHF. On examination, 
infants may be in mild to moderate respiratory distress and/
or have evidence of hepatic engorgement, a sign of right- 
sided heart failure ( N.B . peripheral edema as seen in adults in 
CHF is rare in children). 

 Recent illnesses, especially upper respiratory tract infec-
tions (URIs), are especially important to note in these chil-
dren, as airway reactivity and changes in pulmonary vascular 
resistance are not well tolerated in children with CHD. 
A thorough review of previous surgeries and complications, 
current medications, and drug allergies is required. 
Anticoagulants may need to be held for the procedure in 
consultation with the child’s cardiologist. The presence of an 
implantable cardiac defi brillator or pacer should be deter-
mined and recent changes or complications noted [ 47 ]. 

 Prophylaxis for bacterial endocarditis is recommended for 
all dental procedures only in children with high-risk  historical 
features (Table  4.5 ). In eligible children, it is reasonable to give 
prophylaxis for procedures on the respiratory tract, infected 
skin, or musculoskeletal tissue. Prophylaxis is no longer rec-
ommended for gastrointestinal or genitourinary procedures.

       Cystic Fibrosis 

 Cystic fi brosis (CF) is the most common fatal inherited dis-
ease in Caucasians, and exists in smaller frequencies in 

   Table 4.3    Classifi cation systems of heart failure [ 45 ,  46 ]   

 Class  NYHA classifi cation  Ross classifi cation 

 I  No symptoms  No limitations or symptoms 
 II  Symptoms with 

moderate exertion 
 Mild tachypnea or diaphoresis 
with feeding in infants; dyspnea 
on exertion in older children 

 III  Symptoms with 
mild exertion 

 Marked tachypnea or diaphoresis 
with feeding or exertion 

 IV  Symptoms at rest  Symptomatic at rest with tachypnea, 
retractions, grunting, or diaphoresis 

   Table 4.4    Heart failure staging for infants and children [ 43 ]   

 Stage  Interpretation 

 A  Increased risk of developing heart failure, but with 
normal cardiac function and size 

 B  Abnormal cardiac morphology or function, with no heart 
failure symptoms or history of symptoms in the past 

 C  Underlying structural or functional heart disease and 
heart failure symptoms past or present 

 D  End-stage heart failure 

   Table 4.5    Cardiac conditions associated with the highest risk of 
adverse outcome from endocarditis for which prophylaxis with dental 
procedures is reasonable [ 48 ]   

 Prosthetic cardiac valve or prosthetic material used for cardiac valve 
repair 
 Previous infectious endocarditis 
 Unrepaired cyanotic CHD, including palliative shunts and conduits 
 Completely repaired congenital heart defect with prosthetic material 
or device, whether placed by surgery or by catheter intervention, 
during the fi rst 6 months after the procedure 
 Repaired CHD with residual defects at the site or adjacent to the site 
of a prosthetic patch or prosthetic device (which inhibit 
endothelialization) 
 Cardiac transplantation recipients who develop cardiac valvulopathy 
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other racial groups [ 49 ]. The basis of its pathophysiology is 
a mutation in the cystic fi brosis transmembrane conduc-
tance regulator (CFTR) protein, a chloride channel found in 
all exocrine tissues. As such,  CF is a multi-organ system 
disease , involving impaired lung function, pancreatic 
insuffi ciency and diabetes mellitus, hepatobiliary disease 
and cirrhosis, bone disease, and genitourinary disease. 
Pulmonary complications account for over 90 % of the 
morbidity and mortality in CF patients [ 50 ]. 

  CF demonstrates a spectrum not only in terms of 
organ systems involved but also in severity of disease 
burden in the individual patent  [ 51 ]. For this reason, the 
pre- sedation assessment should include pointed questioning 
about the child’s frequency of illness, strength of cough, 
amount of sputum produced, airway reactivity, and history of 
recovery from procedures and illnesses. A thorough review 
of current therapies and recent acceleration of treatment may 
reveal the child’s current trajectory of disease. 

 Younger children with CF have more reactive airways, 
which may respond to β(beta)-agonists.  It is important to 
note, however, that older children may have worsening 
expiratory airfl ow with the use of bronchodilators . This 
is due to progressive damage to cartilaginous support in the 
lower airways; bronchial muscle hypertrophy may in fact 
help to “stent” the airways open [ 52 ]. In these patients, 
bronchodilators may result in “fl oppy” lower airways, and 
impaired gas exchange. A careful history regarding response 
to β(beta)-agonists is important to anticipate and avoid 
intra- procedure complications. 

 In addition to acute exacerbations and worsening lung 
infections, children with CF are at risk for apical blebs (up to 
3.4 %) that may cause spontaneous pneumothorax [ 50 ]. 
Planning for sedation of a child with CF should include prep-
aration for the management of this complication, such as oxy-
gen therapy, IV catheters for decompressive thoracostomy, 
and a plan for emergent defi nitive chest tube thoracostomy. 
Chronic lung disease may manifest in chronic hypoxia and 
hypercarbia with resulting increases in pulmonary vascular 
resistance and pulmonary hypertension. An electrocardio-
gram (ECG) with evidence of  cor pulmonale  is an ominous 
sign [ 53 ]. 

 Control of diabetes mellitus, if present, should be 
addressed. The presence of liver disease should be noted, as 
hepatic clearance of medications may be enhanced in early 
disease and impaired with the onset of cirrhosis; liver func-
tion tests are unreliable in this context [ 54 ]. Older CF patients 
may develop distal intestinal obstruction syndrome (DIOS) 
in the colon and ileum, mimicking medical and surgical 
causes of nausea, vomiting, abdominal pain, and distention [ 55 ]. 
Volume depletion, chronic narcotics, and medication nonad-
herence put the patient at higher risk [ 50 ]. 

 If possible, a review of the medications given during pre-
vious procedures may be helpful in planning for sedation. 

Patients with CF may have higher opioid and benzodiazepine 
requirements than patients without CF [ 56 ]. Plan to balance 
titrating to effect with possible impairment of overall oxy-
genation and ventilation during the procedure.  

    Diabetes Mellitus 

 Type 1 (insulin-dependent) diabetes mellitus (DM) accounts 
for over 90 % of DM cases in children [ 57 ]. Early onset of 
type 2 (non-insulin-dependent) DM is rising with obesity 
rates in children [ 57 ]. Other less common causes of DM in 
children include maturity onset diabetes of youth (MODY), 
insulin resistance syndromes (idiopathic), genetic syndromes 
(chromosomal abnormalities, congenital disorders of the 
pancreas), and secondary diabetes (e.g., drugs such as corti-
costeroids) [ 58 ]. 

 The clinician should gain a general view of the patient’s 
overall diabetes control and any recent change in regimen. A 
thorough account of the child’s medications (e.g., insulin, 
oral hypoglycemic sulfonylureas, oral biguanide) and timing 
of the last dose should be reviewed. Patients may have taken 
a recent dose of medication, only to be unexpectedly fasting 
during the visit. Physical exam should pay close attention to 
volume status, as these children are at risk for hypovolemia. 
If an insulin pump is found, the silastic catheter may be 
removed before the procedure to ensure that ongoing insulin 
is not administered to the fasting child. A baseline fi ngerstick 
blood glucose will be helpful in the initial assessment. 

 Regardless of the type or current control of the patient’s 
diabetes,  the overall goal during sedation is to avoid hypo-
glycemia and excessive hyperglycemia  [ 58 ,  59 ]. When 
appropriate, IV fl uids may be given, and if the procedure is 
prolonged, supplemental glucose with frequent fi ngerstick 
blood glucose monitoring. Case reports demonstrate the 
importance of glucose monitoring in DM patients undergoing 
sedation: hypoglycemic coma may be confused for deep or 
prolonged sedation [ 60 ].  

    Endocrinopathies 

 Knowledge of the normal anatomy and physiology of the 
endocrine glands is essential in understanding their potential 
pathophysiologic effects relevant to procedural sedation. In 
this section we will outline the considerations for sedating a 
child with adrenal insuffi ciency, hypothyroidism, hyperthy-
roidism, or diabetes insipidus (DI). 

 The adrenal cortex synthesizes and secretes steroid hor-
mones (glucocorticoids, mineralocorticoids, and sex ste-
roids) that are essential to life. Glucocorticoids (especially 
cortisol) play a critical role in the body’s response to stress 
and play an important role in maintaining vascular tone. 
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Causes of adrenal insuffi ciency can be classifi ed as primary 
(adrenal gland dysfunction), secondary (the pituitary gland 
dysfunction), or tertiary (hypothalamic dysfunction). The 
most common cause of adrenal insuffi ciency is long-term 
administration of exogenous glucocorticoids via oral, intra-
venous, inhaled, intranasal, or topical routes. Even a short 
course (5 days) of prednisone mildly suppresses the hypotha-
lamic–pituitary–adrenal axis for 5 days after discontinuation 
(usually without clinical sequelae in the healthy patient). 
Long-term glucocorticoid use produces adrenal cortical atro-
phy as a result of chronic suppression of ACTH production, 
requiring variable recovery times of up to 1 year [ 61 ]. 

 The practice of providing perioperative glucocorticoid 
replacement therapy to patients with adrenal insuffi ciency is 
well established. Insuffi cient levels of cortisol can be produced 
in response to stress in these patients, posing the risk of acute 
adrenal crisis with hypotension and cardiovascular collapse. 

  Peri-procedural stress dosing  depends on the duration 
and invasiveness of the procedure. Most elective minor proce-
dures and noninvasive diagnostic studies do not warrant sup-
plementation with additional glucocorticoids. A continuation 
of the current dose of corticosteroids is suffi cient to maintain 
cardiovascular function in patients who receive long-term 
administration of exogenous glucocorticoids [ 62 ]. It is 
extremely important to note that  primary  hypopituitarism is 
a condition that always requires peri-procedure steroid 
supplementation  regardless of the daily dose taken. 
Parenteral cortisol (e.g., Solu-Cortef) at a dose of 0.5–1 mg/
kg every 6 h is recommended for perioperative, intensive 
care, or emergency department indications for up to 72 h [ 63 ]. 

  Thyroid hormones  are integral to the normal physiology 
of every organ system of the human body, playing a crucial 
role in regulating myocardial function, pulmonary ventila-
tion, energy homeostasis, vascular tone, water and electrolyte 
balance, and normal function of the central nervous system. 
 The most important adverse effects of hypothyroidism 
include impaired cardiac contractility with decreased 
cardiac output, increased peripheral vascular resistance, 
and decreased blood volume and peripheral oxygen 
consumption.  

 A detailed history should be obtained from the patient or 
the family about prior thyroid disease, thyroid surgery, radia-
tion therapy (radioactive iodine or neck irradiation), treat-
ment with any thyroid medications, or family history of 
thyroid disease. Physical examination is equally important. 
Dry skin, a slowed deep tendon refl ex relaxation phase, bra-
dycardia, and hypothermia are all signs of clinical hypothy-
roidism. Children with known hypothyroidism have 
increased sensitivity to anesthetic-sedative agents; these 
children should have documented normal thyroid function 
tests before elective procedures. 

  Hyperthyroidism  is less common in children than hypo-
thyroidism and is most commonly caused by Graves dis-

ease. The classical features of thyrotoxicosis include 
hyperactivity, weight loss, tremor, heat intolerance, dys-
pnea, insomnia, diarrhea, and nervousness. Cardiovascular 
effects of hyperthyroidism include palpitations, tachycardia, 
atrial fi brillation, and congestive cardiac failure.  Thyroid 
storm can be lethal.  Fortunately, it is rarely seen due to 
widespread use of antithyroid drugs. In an attempt to pre-
vent this catastrophic complication,  these children should 
be euthyroid before the procedure . Thyroid storm 
responds to symptomatic treatment including parenteral 
β(beta)-blockers and propylthiouracil. 

 The clearance and distribution volume of propofol are 
increased in hyperthyroid patients. When total intravenous 
anesthesia is used, propofol infusion rates should be 
increased to reach anesthetic blood concentrations [ 64 ]. 

 Optimal anesthetic-sedative care of patients with history 
of DI requires an understanding of the complex pathophysi-
ology of this disease. Arginine vasopressin (AVP) is pro-
duced within the hypothalamus, and it is normally stored for 
release in the posterior pituitary gland. After its release, AVP 
acts on V2 receptors in the collecting tubules of the nephron 
in order to allow for effective urine concentration. 

 DI is a syndrome manifested by high output urine, low 
urine specifi c gravity (<1.005), high plasma osmolality 
(>200 mOsm/L), and high plasma sodium (>150 mEq/L). 
 Nephrogenic DI  occurs when the kidney is unable to control 
plasma osmolality due to a defect in the action of AVP. 
Medications such as demeclocycline, lithium, amphotericin 
B, and fl uoride [ 5 ], and electrolyte abnormalities such as 
hypokalemia and hypercalcemia [ 6 ] are known to cause or 
precipitate nephrogenic DI.  Central DI  occurs due to 
destruction of the posterior pituitary and eventually lack of 
AVP production or release. Without treatment, intravascular 
volume depletion occurs, cardiac stroke volume decreases, 
and eventually heart rate increases. These patients will have 
orthostatic hypotension, weak pulses, rapid breathing, and 
decreased level of consciousness. They may present with 
seizures if signifi cant hypernatremia is present. 

  A child undergoing procedural sedation should receive 
his usual morning dose of desmopressin . The sedation pro-
vider should pay attention to fl uid management in the patient 
on desmopressin therapy, as some degree of fl uid restriction 
is required. Intravenous fl uids (use 5 % dextrose-0.9 % 
saline) should total 1 L/m 2 /24 h to approximate insensible 
losses and obligate urine output. Oral fl uids may be offered 
once the child is awake.  

    Mitochondrial Disease 

 Mitochondrial disease (MD) is a group of disorders that arise 
from defects in the oxidative phosphorylation or electron 
transport chain involved in generation of ATP [ 65 ]. Primary 
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mitochondrial disorder is caused by deletions in nuclear 
DNA or mitochondrial DNA. Secondary disorders are due to 
mitochondria dysfunction caused by various drugs and by 
free radicals. 

 The ten most common syndromes associated with MD 
are: Kearns-Sayre syndrome; Leigh syndrome; mitochon-
drial DNA depletion syndrome; mitochondrial encephalo-
myopathy, lactic acidosis and stroke-like episodes (MELAS); 
myoclonic epilepsy with ragged red fibers; neurogastro-
intestinal encephalomyopathy, neuropathy, ataxia and 
retinitis pigmentosa (NARP); and external ophthalmoplegia. 
There is no defi nitive treatment for MD, although some 
patients improve with specifi c therapies such as coenzyme 
Q10; those with seizures may respond to a ketogenic diet. 

  MD may present with any symptom in any organ at 
any age,  but some symptoms and signs are more suggestive 
of a mitochondrial disorder than others. These red-fl ag fea-
tures require the initiation of a diagnostic evaluation for 
mitochondrial disease (Table  4.6 ).

   Sedating-anesthetizing children with MD may perplex 
many practitioners. Currently there is no clear evidence- 
based guidance in the literature regarding the anesthetic- 
sedative management of these patients. Complicating matters 
further is the risk of clinical deterioration related to the stress 
of the procedure itself, unrelated to nature of the anesthetic- 
sedative agents used. It is well known that  children with 
mitochondrial defects (MD) may have an increased risk 
for cardiorespiratory and neurological and metabolic 
complications from anesthesia-sedation . Any organ may 
be affected in MD: meticulous individualized pre-sedation 
assessment is essential. Sedation providers should review 
and consider obtaining complete blood count, basic meta-
bolic panel, liver function tests, thyroid function tests, sleep 
studies, and ECG and/or echocardiogram as indicated by the 
patient’s condition and the associated syndrome. 

  Patients with MD often develop hypoglycemia and lac-
tic acidosis , which can be exacerbated by the stress of the 
procedure. Hypoglycemia is common: diseased mitochon-
dria cannot keep up with the body’s energy requirements via 
fatty acid oxidation during stress, which leads to drawing on 
and rapid depletion of carbohydrate stores. Minimizing 
periods of fasting and routine use of lactate-free intravenous 
fl uids (such as 5 % dextrose-0.9 % saline) in all patients 
with MD undergoing sedation-anesthesia is recommended. 
Prolonged procedure time requires lactate and blood glucose 
monitoring. This is especially important for infants, as glu-
cose is the major energy supply to the myocardium, and 
hypoglycemia may contribute to myocardial depression. 

 The prevalence of cardiomyopathy in children with MD is 
reported to be 20 % [ 66 ,  67 ]. The severity of MD correlates 
with the severity of impairment of cardiac function. Cardiac 
impairment occurs in Barth syndrome, Kearns-Sayre syn-
drome, ocular myopathy, and MELAS.  A pre-procedure 

baseline ECG is strongly recommended  and can be extremely 
valuable; red fl ags in the ECG include any form of heart 
block or prolonged QT. If the screening ECG is abnormal, a 
cardiology consult is recommended before proceeding with 
elective sedation-anesthesia in these patients. For those with 
cardiomyopathy, an echocardiogram within the past year is 
recommended. 

   Table 4.6    Factors that warrant initiation of a diagnostic evaluation in 
mitochondrial disease   

 Possible indicators of mitochondrial disease 

  Neurologic  
 • Nonvascular pattern for cerebral stroke-like lesions 
 • Basal ganglia diseases 
 • Encephalopathy—either recurrent or induced by low or moderate 

dosing of valproate 
 • Neurodegeneration 
 • Epilepsia partialis continua (Kojevnikov’s epilepsia) 
 • Myoclonus 
 • Ataxia 
 • Magnetic resonance imaging consistent with Leigh disease 
 • Characteristic magnetic resonance spectroscopy peaks: 
  – Lactate peak at 1.3 ppm TE (echo time) at 35 and 135 ms 
  – Succinate peak at 2.4 ppm 
  Cardiovascular  
 • Hypertrophic cardiomyopathy with rhythm disturbance 
 • In a child: unexplained heart block 
 • Cardiomyopathy combined with lactic acidosis (>5 mM) 
 • Dilated cardiomyopathy combined with muscle weakness 
 • Wolff-Parkinson-White arrhythmia 
  Ophthalmologic  
 • Retinal degeneration. May include: 
  – Decreased visual acuity 
  – Night blindness 
  – Defi cits in color vision 
  – Pigmentary retinopathy 
 • Ophthalmoplegia/paresis 
 • Disconjugate movement of eyes 
 • Ptosis 
 • Sudden-onset or insidious-onset optic neuropathy or atrophy 
  Gastroenterologic  
 • Liver failure: unexplained or valproate-induced 
 • Severe dysmotility 
 • Pseudo-obstructive episodes 
  Other red fl ags  
 • Newborn, infant, or young child experiencing: 
  – Unexplained hypotonia 
  – Weakness 
  – Failure to thrive 
  – Metabolic acidosis (particularly lactic acidosis) 
 • Exercise intolerance disproportionate to weakness 
 • Hypersensitivity to general anesthesia 
 • Acute rhabdomyolysis 

  Adapted from [ 166 ]  
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 There is no absolute contraindication to any particular 
anesthetic-sedative agent for patients with MD. Many anes-
thetic agents adversely affect mitochondrial function in vitro 
but adverse events in vivo are only sparsely reported. 
Furthermore, the anesthetic agents implicated in these cases 
have been used without incident in many other reports. 
Opioids, ketamine, midazolam, and dexmedetomidine do not 
appear to inhibit mitochondrial function. At the present time 
there is no need to avoid volatile agents in patients with MD; 
 inhalational anesthetics have been used without ill effects 
in these children.  Keep in mind that patients with MD may 
have impaired upper airway and respiratory response to 
hypoxia and hypercarbia. Sedative agents should be titrated 
carefully in order to avoid respiratory depression. 

 Patients with MD may be more susceptible to the effects 
of lipophilic agents such as propofol. Propofol uncouples 
oxidative phosphorylation in mitochondria and suppresses 
ATP production by interfering with the electron transport 
chain [ 68 ]. There are cases in which short-term use of propo-
fol has resulted in propofol infusion syndrome (acute brady-
cardia resistant to treatment and progressing to asystole). 
These patients may have subclinical forms of mitochondrial 
disease that are uncovered by the infusion of propofol. Single 
dose propofol has been used safely in many patients, but the 
true risk associated with this practice and the safe total dose 
and duration of infusion is not established.  Since there are 
many sedative-anesthetic alternatives, it is reasonable to 
avoid the use of propofol infusion in these patients.  

 As in any child with a known myopathy, children with 
MD are at risk at baseline for rhabdomyolysis. Further, due 
to abnormal neuromuscular endplates with the subsequent 
risk of hyperkalemia, a  depolarizing agent such as succi-
nylcholine is contraindicated.  Note also that patients with 
MD also exhibit variable sensitivity to the non-depolarizing 
neuromuscular blocking agents. Many report mitochondrial 
patients’ experiencing prolonged neuromuscular block with 
non-depolarizing neuromuscular blocking agents. Careful 
titration of neuromuscular blocking agents by twitch moni-
toring and consideration of administration of reversal agents 
are recommended. 

 To summarize, the most important anesthetic-sedative 
considerations in these patient are:  to maintain normogly-
cemia and normothermia, to avoid any period of hypoxia, 
to maintain normovolemia, and to avoid metabolic 
stresses that can lead to or worsen lactic acidosis.   

    Multiple Allergies 

 The term “drug allergy” is often misused by clinicians and 
patients to describe any reaction (proven or perceived) to a 
medication. The preferred general term is  adverse drug 

 reaction , which encompasses the important subcategories. 
Three clinically relevant subcategories are:  drug allergy  
(reaction resulting from an immunologic mechanism),  drug 
intolerance  (reaction resulting from non-immunologic and/
or unknown reasons), and  pseudo-allergy  (reaction resem-
bling allergy, but with a multifactorial, unknown, or idiosyn-
cratic cause) [ 69 ]. 

 It may not be feasible to differentiate the above in the pre- 
sedation assessment [ 70 ]. Allergists suggest referring to 
these events as  predictable reactions  (drug overdose, side 
effects, drug–drug interactions) and  unpredictable reac-
tions  (allergy, intolerance, pseudo allergy). Predictable reac-
tions are often benign, and account for approximately 80 % 
of adverse drug reactions. Unpredictable reactions account 
for the remaining 20 %, with allergic or pseudo-allergic reac-
tions comprising 5–10 % of adverse drug reactions [ 69 ]. 

 Confi rming the diagnosis of a drug allergy is not the 
goal of the pre-sedation assessment; drug provocation test-
ing performed in other settings remains the criterion stan-
dard. However, it is important to note that drug allergy is 
over- diagnosed in children [ 71 ]. Although it is prudent to 
avoid drugs that may have provoked some reaction in the 
past, when few alternatives remain the clinician should 
focus on determining the risk and potential severity of 
unpredictable reactions during sedation.  Type I  allergic 
reactions are immediate and due to drug-specifi c antibod-
ies; they require prior exposure and sensitization to the 
drug. Clinical manifestations include urticaria, angio-
edema, bronchospasm, and/or anaphylaxis.  Type II  reac-
tions (anti-tissue cytotoxic, e.g., hemolytic anemia or 
thrombocytopenia) and  Type III  reactions (immune com-
plex, e.g., serum sickness) are readily identifi ed by a his-
tory of severe illness or hospitalization.  Type IV  reactions 
(the most common) are delayed  hypersensitivity reactions 
evolving over hours to days, and often present with macu-
lopapular exanthems (but may also manifest as eczema-
tous, pustular, or bullous lesions) [ 69 ]. 

 Documenting the timing, course of the reaction, and 
likely inciting drug may help the clinician to understand the 
safety of the use of the proposed medication during the pro-
cedure. Electronic medical records may be a good source of 
information, as many include entries on when the drug was 
given and the nature of the reaction [ 72 ]. 

  Multiple drug allergy syndrome  (MDAS) describes a con-
dition in which the patient experiences allergic or pseudo- 
allergic reactions to related and non-related drugs [ 73 ]. 
Most cases involve urticarial and/or angioedema; however, 
Stevens-Johnson syndrome and anaphylaxis have been 
reported. Interestingly,  skin testing in these patients may 
be negative, even after signifi cant clinical manifestations 
have been documented . These patients typically are older, 
most are adults, and many have multiple comorbidities and a 

T. Horeczko and M. Mahmoud



53

long past medical history (with many opportunities to 
become sensitized to many different types of drugs). 
Information about the pathophysiology of MDAS remains 
limited, as there is no criterion standard for diagnosis and 
prospective studies are lacking [ 70 ]. 

  Multiple drug intolerance syndrome  (MDIS) may be a 
separate entity from that which is described above. MDIS is 
defi ned as a hypersensitivity to three or more drugs that are 
“chemically, pharmacologically, and immunogenically unre-
lated, taken on three different occasions, and with negative 
allergy skin tests” [ 74 ,  75 ]. MDIS patients are also typically 
older, have anxiety, depressive and/or somatoform symp-
toms, and are typically convinced that they are allergic to all 
drugs. These patients often require allergy and psychiatric 
consultations as an outpatient [ 76 ]. 

 In summary, the pre-sedation assessment should focus on 
true allergic or pseudo-allergic signs or symptoms associated 
with a particular drug and the severity of the presentation. 
When in doubt and feasible, the clinician in this setting may 
avoid the drug altogether. If there is a confl ict or no accept-
able alternative, a frank discussion about the risks, benefi ts, 
and other possible alternatives is needed.  

    Muscular Dystrophies 

 The muscular dystrophies (MD) are a group of progressive 
myopathic disorders characterized by muscle wasting and 
weakness. The most common are Duchenne and Becker 
MDs; other types present at different stages in life, with 
varying degrees of severity and involving different muscle 
groups: fascioscapulohumeral, limb-girdle, distal, oculopha-
ryngeal, and Emery-Dreifuss [ 77 ]. The morbidity of the most 
common, Duchenne and Becker MDs, involves progressive 
respiratory failure with recurrent lung infections. 

 The disease is characterized by severe proximal muscle 
weakness, progressive degeneration, and fatty infi ltration of 
the muscles. Symptoms typically appear at the age of 2–6 
years; delayed walking beyond 15 months of age is a com-
mon initial sign. Affected children never run properly and 
have diffi culty climbing stairs; only approximately 10 % 
manage to jump with both feet together. Many children 
require the use of a wheelchair by age 12, and may not live 
past their 20s [ 77 ].  Most MDs involve some degree of car-
diomyopathy and all are at risk for heart failure  [ 78 ]. 
Other manifestations include pseudohypertrophy of the 
calves and markedly elevated creatine kinase levels. The pro-
gressive nature of the disorder results in restrictive pulmo-
nary disease, multiple contractures, and scoliosis. Due to 
advances in medical management, many of these patients 
may now be expected to live into adulthood. 

 The pre-procedure assessment should focus on the child’s 
overall function (ambulatory or wheelchair) with careful 
attention to respiratory toilet. The child with disturbed sleep, 
nightmares, daytime drowsiness, or early morning headaches 
may have unrecognized nocturnal hypoventilation. This may 
be a clue to a recent worsening trajectory of illness and make 
the child more likely to benefi t from noninvasive positive 
pressure ventilation during sleep or sedation. Worsening 
respiratory symptoms may preclude outpatient sedation. 

 Symptoms of dizziness, chest pain, intermittent increased 
shortness of breath, nausea, and decreased oral intake may 
be consistent with developing (or worsening) cardiomyopa-
thy. A thorough cardiovascular exam with careful attention 
to signs of heart failure (hepatic congestion in infants and 
toddlers, facial and extremity edema in older children; pres-
ence of an S3 or precordial heave) is warranted. One-third of 
these patients have dilated cardiomyopathy by age 14, with 
nearly all patients developing some degree of cardiomyopa-
thy by age 18. Due to the prevalence of cardiac disorders in 
these patients, the American Academy of Pediatrics recom-
mends that children with DMD should undergo cardiac eval-
uation and optimization of cardiovascular status prior to 
elective anesthesia [ 79 ]. 

 While it is important to investigate and optimize cardio-
vascular status before the elective procedure, these patients 
can develop complications despite the presence of reassur-
ing pre-procedure tests. Unexplained tachycardia should 
raise the suspicion of cardiomyopathy.  A pre-procedure 
baseline ECG  and potentially an echocardiographic assess-
ment (within a year from the date of the procedure) are rec-
ommended to optimize cardiac function and avoid a 
dysrhythmia. A child with  a pre-procedure echocardio-
gram showing good left ventricular function may not 
respond adequately to myocardial stress during the pro-
cedure . Some children with particular MDs are at higher 
risk for dysrhythmias, and require a prophylactic implant-
able defi brillator [ 80 ].  The severity and progression of 
skeletal muscular disease may be outpaced by worsening 
cardiac muscular disease, such as non-ischemic cardio-
myopathy  [ 81 ]. 

 Another important concern in these patients is careful 
evaluation of the airway and respiratory apparatus. These 
patients may have a diffi cult airway due to a combination of 
macroglossia, weak upper respiratory muscles, limited cervi-
cal spine mobility, and limited mandibular mobility. DMD is 
characterized by weakness of the diaphragm, intercostal 
muscles, and the accessory muscles of respiration, resulting 
in restrictive pulmonary impairment and a progressive 
decrease in total lung capacity and vital capacity. For patients 
with declining respiratory function, it may be necessary to 
prepare for noninvasive ventilation prior to the procedure. 
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 During sedation, patients with MD are at risk for rhabdo-
myolysis, with subsequent acute renal failure or hyperkale-
mia. A careful review of the child’s past procedures and 
outcomes is recommended. Ideally the child is euvolemic 
prior to the procedure; care should be taken for proper posi-
tioning and potentially adjusting positions during long pro-
cedures to discourage the development of rhabdomyolysis. 
Keep in mind that  children with MDs are often sensitive to 
small doses of opioids and sedatives, which may cause a 
sudden and prolonged apnea  [ 82 ]. Plan for minimum pre- 
sedation and small titratable aliquots. 

 Controversy exists concerning the role of inhalational 
anesthetics and succinylcholine in “triggering” rhabdomy-
olysis or malignant hyperthermia [ 78 ,  83 – 85 ]. Some experts 
recommend against their use based on case reports. Many 
clinicians avoid their use altogether in children with MD. 
Propofol, dexmedetomidine, and ketamine (among others) 
have all been used with success in intravenous sedation in 
these children [ 78 ,  86 – 88 ]. Nitrous oxide may be considered 
in children with MD without signifi cant cardiomyopathy or 
cardiac dysfunction [ 66 ].  

    Musculoskeletal Disorders 

 Children with musculoskeletal disorders may present repeat-
edly for diagnostic procedures. These children should be 
managed with sensitivity. Positioning for the procedure can 
be challenging, especially in those with limb deformities and 
contractures. Whenever possible, offer the child a position of 
comfort and minimize focal pressure during sedation. 

  Achondroplasia  is the most common nonlethal skeletal 
dysplasia. There are two causes for this disorder: the child 
has either a de novo mutation of the fi broblast growth factor 
receptor 3 gene or inherits the disorder from his parents. 
These patients have midface hypoplasia, a depressed nasal 
base, small nasal airways, narrow oropharynx, and upper air-
way muscle hypotonia, which predispose them to develop-
ment of obstructive sleep apnea (OSA) [ 89 ]. They tend to 
have a large head, a bell-shaped chest, cupping of the ribs, 
and short arms and legs. 

  Sedative-anesthetic risks in these patients include a 
challenging airway and increased sensitivity to sedative- 
anesthetic agents.  Patients with severe kyphoscoliosis and 
restrictive lung disease may have baseline hypoxemia and 
low lung volumes, predisposing them to hypoxemia during 
sedation. Review of CT scans and MRI of the spine is helpful 
before sedating these children. Hyperextension of the neck 
should be avoided and special consideration should be taken 
before manipulating the neck due to the possibility of cervi-
cal cord compression [ 90 ]. 

 The sedation practitioner must be aware of potential com-
plications when sedating a patient with history of signifi cant 

scoliosis. The primary aim of pre-procedure evaluation is to 
detect the presence and extent of cardiac or pulmonary com-
promise. The earlier the age of onset and the more immature 
the bone growth at the time the process begins, the worse the 
disease burden. Children with  idiopathic scoliosis  tend to 
have less pulmonary embarrassment than children with  neu-
romuscular scoliosis , who may have abnormalities in the 
central control of breathing and impaired airway refl exes. 
Poor coordination of laryngeal and pharyngeal muscles may 
result in abnormal control of secretions and inadequate 
cough, increasing the risk of aspiration. 

 Respiratory function should be assessed by a thorough 
history, focusing on functional impairment (exercise toler-
ance). Physical examination should include a good under-
standing of vital capacity (review any pulmonary function 
tests that may be available). If pre-procedure vital capacity is 
less than 30–35 % of predicted, post-procedure ventilation is 
likely to be required. Cardiac dysfunction may occur in sco-
liosis from distortion of the mediastinum; patients may 
develop cor pulmonale from chronic hypoxemia and pulmo-
nary hypertension. Cardiac studies (ECG, echocardiogram) 
may be performed as indicated. 

  Osteogenesis imperfecta (OI)  is an inherited disorder of 
the connective tissue whose primary manifestation is an 
increased susceptibility to fractures. Patients usually present 
with growth retardation, multiple fractures, progressive 
kyphoscoliosis, vertebral compression, megalocephaly, mac-
roglossia, blue sclera, dentinogenesis imperfecta, bleeding 
diathesis, and temperature dysregulation. Anesthetic- 
sedative challenges in OI include airway anomalies, chronic 
lung disease (due to kyphoscoliosis, rib fractures, intrinsic 
pulmonary hypoplasia, and defective lung collagen), coagu-
lation dysfunction, hyperthyroidism, and an increased ten-
dency to develop peri-procedure hyperthermia [ 91 ,  92 ]. 
Fractures occur from minor trauma and result in severe 
deformity of the extremities complicating intravenous access 
and blood pressure cuff placement [ 91 ,  92 ].  

    Obstructive Sleep Apnea 

 OSA is an increasingly recognized disorder in children that 
can present unique challenges to the sedationist and pose 
substantial morbidity to the patient. It belongs to the spectrum 
of anomalies known as sleep-related breathing disorders in 
which the airway may become completely (as in apnea) or 
partially (as in hypopnea) occluded despite respiratory effort. 
These abnormalities lead to abnormal gas exchange resulting 
in increasing hypoxemia, hypercapnia, and sleep fragmenta-
tion. Common clinical manifestations include snoring 
(pauses and gasps), disrupted sleep, daytime somnolence, 
and behavioral problems. Systemic manifestations in the car-
diovascular, pulmonary, metabolic, and neurologic systems 
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occur secondary to recurrent hypoxemia, activation of the 
sympathetic nervous system, and sleep disruption. There is 
an  increased incidence of OSA among children with syn-
dromes affecting the upper airway  such as Down syn-
drome, Treacher Collins syndrome, and Pierre  Robin 
sequence   . 

 A description of symptoms related to OSA, their severity, 
and provocative and palliative factors should be sought from 
the parents or caregiver. Ask about a history of snoring, as 
this is common in children with OSA. Further questioning 
for paradoxical breathing, episodes of apnea, mouth breath-
ing, behavioral disturbances, and restless sleep alert the cli-
nician to undiagnosed OSA. Observe for failure to thrive, 
obesity, micrognathia, midface hypoplasia, retrognathia, and 
macroglossia, all of which are associated with 
OSA. Interventions during sleep, such as supplemental oxy-
gen, bilevel positive airway pressure (BiPAP), and special 
positioning aids should be noted. It is important to realize 
that tonsil size does not predict the presence or severity of 
OSA [ 93 ]. 

 In cases of severe OSA, pulmonary hypertension can 
develop secondary to pulmonary vasoconstriction with sub-
sequent right ventricular failure and cor pulmonale; fortu-
nately this presentation in children is uncommon. High-risk 
features for cor pulmonale include signs of right ventricular 
failure and the presence of severe OSA: patients may experience 
episodes of desaturation to less than 70 %. These children 
should have an ECG, echocardiogram, and an evaluation by 
a cardiologist [ 94 ]. A complete metabolic panel helps to 
determine the degree of chronic hypercarbia, which mani-
fests as a compensatory metabolic alkalosis. 

 Polysomnography (PSG) is the criterion (“gold”) stan-
dard for diagnosis and quantifi cation of OSA. PSG includes 
electroencephalography (EEG), electrooculography, chin- 
leg electromyography, transthoracic impedance, video 
recording, oral-nasal thermal sensors, nasal airfl ow pressure 
transducer, chest/abdomen plethysmography monitors, pulse 
oximeter, end tidal or transcutaneous CO 2 , and snore micro-

phone. OSA should be differentiated from primary snoring 
(snoring without hypopnea or apnea).  Central sleep apnea  
is characterized by the absence of both airway fl ow and 
respiratory effort. Some patients, especially those with neu-
romuscular conditions, may display mixed sleep apnea (cen-
tral and obstructive sleep apnea). 

  The sedation provider must identify which patients 
are most at risk and who can be managed as an outpa-
tient . PSG provides clues to the severity of the airway 
obstruction during sleep by noting the lowest oxygen satura-
tion observed, as well as the types of apnea (obstructive, cen-
tral, or mixed) experienced and the frequency of apnea 
events. The apnea-hypopnea index (AHI) measures the num-
ber of hypopnea/apnea episodes per hour of sleep (the AHI 
does not take into account duration of the obstructive events). 
The American Society of Anesthesiologists Task Force on 
Perioperative Management of Patients with Obstructive 
Sleep Apnea defi nes OSA as: mild, with an AHI of 1–5; 
moderate, with an AHI of 5–10; and severe, with an AHI > 10 
[ 95 ]. The respiratory disturbance index (RDI) is calculated 
from all respiratory events (including central apnea) occur-
ring in 1 h. AHI and RDI are sometimes used interchange-
ably but the bottom line is that they may be used to 
risk-stratify OSA. Nocturnal oximetry assesses the severity 
of OSA. Isolated severe desaturation (<80 %) or clusters of 
desaturation (more than three desaturations <90 %) are 
considered abnormal. 

 In 2008, the STOP-BANG questionnaire was introduced 
and validated as a screening tool to identify OSA in adults 
(Table  4.7 ) [ 96 ]. This questionnaire consists of eight ques-
tions (yes/no answers) that together can total a score from 0 
to 8. Chung et al. found that in adults, a high STOP-BANG 
score (5–8) was predictive of moderate and severe OSA [ 97 ]. 
Cote et al. found that in adults high STOP-BANG scores (3 
or greater) were predictive of the need for airway interven-
tion (chin lift, mask ventilation, nasal airway, endotracheal 
intubation) and oxygen desaturation to <90 % with propofol 
sedation [ 98 ]. This scoring tool has not been validated in 

   Table 4.7    STOP-BANG scoring model a    

 S  Snoring: Do you snore loudly (louder than talking or loud enough to be heard through closed doors)?  Yes  No 
 T  Tired: Do you often feel tired, fatigued, or sleepy during the daytime?  Yes  No 
 O  Observed: Has anyone observed you stop breathing during your sleep?  Yes  No 
 P  Blood pressure: Do you have or are you being treated for high blood pressure?  Yes  No 
 B  BMI: BMI more than 35 kg/m 2   Yes  No 
 A  Age: Age over 50 years  Yes  No 
 N  Neck circumference: Neck circumference greater than 40 cm  Yes  No 
 G  Gender: Male  Yes  No 

  Reprinted with permission from Mehta PP, Kochhar G, Kalra S, Maurer W, Tetzlaff J, Singh G, et al. Can a validated sleep apnea scoring system 
predict cardiopulmonary events using propofol sedation for routine EGD or colonoscopy? A prospective cohort study. Gastrointest Endosc. 2013 
Nov 9. pii: S0016-5107(13)02407-3 
  a High risk of obstructive sleep apnea: yes to ≥3 questions; low risk of obstructive sleep apnea: yes to <3 questions  
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children. Although one question pertains mostly to adults 
(neck circumference greater than 40 cm), this screening tool 
may be relevant to predict OSA and sedation-related compli-
cations in children. Future studies are needed in order to 
determine whether there is a predictive application of this 
questionnaire to extrapolate outcomes and the presence of 
OSA in children.

    Children with OSA are sensitive to respiratory depres-
sion by opioids, sedatives, and hypnotics; they are espe-
cially vulnerable to the development of upper airway 
obstruction during sedation-anesthesia  [ 99 ]. Investigations 
on the effect of these drugs on airway morphology indicate 
the pharynx to be a primary site of obstruction during anes-
thesia [ 100 ]. Changes in airway patency in sedation and 
anesthesia mirror those associated with sleep disordered 
breathing: increased airway collapsibility due to an increase 
in closing pressure [ 101 ], loss of tonic activity in pharyngeal 
muscles [ 102 ], and failure of coordination of phasic activa-
tion of upper airway muscles with diaphragmatic activity 
[ 103 ]. Residual effects of sedatives/anesthetics can lead to 
similar changes in airway dynamics resulting in signifi cant 
post-procedure airway obstruction. Recurrent episodes of 
apnea, hypopnea, desaturation, and hypercarbia that occur 
during the pre-procedure sleep state are expected to occur in 
the recovery room, on the ward, and at home. 

 Sedatives (such as diazepam and midazolam) relax the 
pharyngeal musculature, causing a reduction of the pharyn-
geal space [ 104 ]. Propofol, barbiturates, opioid analgesics, 
and sub-anesthetic concentrations of inhalational agents sim-
ilarly exacerbate upper airway obstruction and increase the 
risk of respiratory depression and/or apnea [ 99 ]. In contrast 
to other sedatives, dexmedetomidine induces a state that 
mimics non-rapid eye movement sleep, without signifi cant 
respiratory depression. These properties make dexmedeto-
midine an attractive agent for noninvasive procedural seda-
tion in children with OSA [ 105 ]. Increasing doses of 
dexmedetomidine in children without OSA have minimal 
effect on the upper airway and are not associated with clini-
cal signs of airway obstruction. However, the effect of high 
doses of dexmedetomidine in children with OSA is unknown 
[ 106 ]. Ketamine is a good alternative: it has been shown to 
preserve hypopharyngeal caliber in adults [ 107 ]. 

 Examination of patterns of dynamic airway collapse in 
patients with OSA during sleep permits identifi cation of ana-
tomic causes of airway obstruction and facilitates planning 
for treatments required to relieve airway obstruction. MRI 
sleep studies demonstrate airway motion abnormalities that 
are related to OSA [ 108 ]. The most common challenge faced 
during sleep MR airway imaging studies is the inability of 
the child breathing via the native airway to tolerate an ade-
quate level of sedation or anesthesia without experiencing 
signifi cant oxygen desaturation. There is no strict consensus 
among sedation providers as to when to interrupt airway 

imaging for interventions to improve oxygenation. Absolute 
lower limits of oxygen saturation below which artifi cial air-
way adjuncts are required may differ from patient to patient 
depending on the benefi ts to be gained from the imaging 
study and the severity of the patient’s condition. It is helpful 
to review overnight PSG reports, noting in particular the 
severity of oxygen desaturations during natural sleep, as a 
guide to acceptable minimal arterial oxygen saturations for a 
particular patient. Dexmedetomidine provides an acceptable 
level of sedation-anesthesia for MRI sleep studies in children 
with OSA and makes it possible to complete the study suc-
cessfully in the majority of children without resorting to the 
use of artifi cial airways [ 109 ]. 

 A recent study using an electronic survey of national and 
international members of the Society of Pediatric Anesthesia 
and a closed claims database (from 1990 to 2011) focused 
on OSA and reported all deaths and neurologic injury in 
relation to apnea. Closed claims involving death or neuro-
logic injury after tonsillectomy due to apparent apnea in 
children suggest that at least 16 children out of 86 may have 
been rescued had respiratory monitoring been continued 
throughout fi rst- and second-stage recovery, as well as on 
the ward during the fi rst postoperative night. The authors 
recommended a validated pediatric-specifi c risk assessment 
scoring system to identify children at risk for OSA [ 110 ]. 
Another recent review of the LexisNexis “MEGATM Jury 
Verdicts and Settlements” database reported that sleep 
apnea was inculpated in 17 fatal malpractice claims related 
to post-tonsillectomy management [ 111 ]. 

  An essential duty of the sedationist is to determine 
which patients are at risk for post-procedure respiratory 
adverse events and which can be managed as an outpa-
tient.  Currently we are not aware of any consensus among 
institutions that care for these patients as to clear post- 
procedure discharge criteria. The most recent literature is 
insuffi cient to offer defi nitive guidance regarding which 
patients with OSA can be safely managed as an outpatient, 
who should be admitted, and the appropriate time for dis-
charge of these patients from the facility [ 112 ]. 

 The ASA’s Practice Guidelines for the Perioperative 
Management of Patients with Obstructive Sleep Apnea rec-
ommend  the following factors to be considered in deter-
mining whether outpatient care is appropriate  or not. 
These factors include: (1) sleep apnea status, (2) anatomical 
and physiologic abnormalities, (3) status of coexisting 
diseases, (4) nature of the surgery, (5) type of anesthesia, (6) 
need for postoperative opioids, (7) patient age, (8) adequacy 
of post-discharge observation, and (9) capabilities of the out-
patient facility [ 112 ]. 

 The authors approach these patients in the following way: 
at the end of the pre-procedure evaluation, we perform a risk 
assessment based on the presence and severity of symptoms, 
invasiveness of the procedure, associated comorbidities, 
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physical examination, and, if available, the results of 
PSG. We have a very low threshold to admit children with 
OSA after procedural sedation who have any of the follow-
ing comorbidities: craniofacial anomalies, obesity, history of 
prematurity, neuromuscular diseases, cardiac manifestations 
of OSA (e.g., right ventricular hypertrophy), Down syn-
drome, chronic lung disease, and sickle cell anemia. The 
decision to admit the child with whose OSA severity is yet 
undetermined is more challenging. If the patient develops 
signifi cant episodes of obstruction during the procedure, we 
admit overnight with continuous monitoring for observation. 
OSA patients who are on home apnea monitoring or receive 
CPAP or BiPAP should be closely monitored in the hospital 
setting after the procedure to minimize respiratory complica-
tions. Patients with severe OSA undergoing lengthy proce-
dures associated with the use of high doses of opioids require 
admission to the ICU.  

    Pregnancy 

 Although teenage pregnancy rates are currently in a steady 
decline, the pregnant teenager presenting with the need for 
an urgent or emergent procedure is not uncommon [ 108 ,  109 , 
 113 ]. Girls of child-bearing age should have a screening 
pregnancy test done before procedural sedation.  Any elective 
procedure involving sedation-anesthesia in pregnancy is 
best postponed until after delivery . In the urgent or emer-
gent setting, the clinician must stratify risk and minimize 
harm to the mother and fetus. 

 The pregnant woman or girl experiences anatomic and 
physiologic changes throughout the pregnancy, many of 
which are important considerations in the pre-sedation 
assessment (Table  4.8 ) [ 114 ]. In general, there is increased 
oxygen consumption, decreased vascular resistance, 
increased edema of the upper airway, decreased vital lung 
capacity, decreased gastroesophageal motility, and decreased 
lower esophageal tone. Individually and in combination, 
these normal fi ndings in pregnancy increase the risk of an 

adverse event during sedation. Screen for symptoms of heart 
failure, uncontrolled gastroesophageal refl ux, frequent or 
painful uterine contractions, and vaginal bleeding.

   It is important to verify the relative safety of the planned 
agents (and alternatives) prior to starting the procedure. 
In the United States, the Food and Drug Administration 
(FDA) has classifi ed the relative risks of medications to the 
fetus into fi ve categories (Table  4.9 ) [ 115 ,  116 ].

   The clinician should always consult the most recent refer-
ences for a given drug. It is important to note that sources 
may vary in classifi cation of risk in pregnancy;  the timing, 
context, and chronicity of administration will affect the 
category  [ 117 ,  118 ]. Know and follow your institutional 
protocols and guidelines.  

    Premature Infant 

 Neonates are at high risk for the development of postopera-
tive apnea after sedation-anesthesia. Infants at highest risk 
are those born prematurely (before the 37th week of gesta-
tion), or those with multiple congenital anomalies, a history 
of apnea and bradycardia, or chronic lung disease. Apneas 
occur postoperatively at rates of 5–49 % with spinal and 
general anesthesia [ 119 ]. The large variation is mainly due 
to the use of variable anesthetic and monitoring techniques 
as well as to the different study populations. The most sig-
nifi cant risk factor of apnea in premature infants is concep-
tional age; the lower the conceptional age, the greater the 
risk of delayed apnea, with the incidence of postoperative 
apnea in the micropremie greater than 50 %. The frequency 
and duration of apnea decrease between 1 and 20 weeks 
postnatal age [ 120 ]. 

 The etiology of apnea is likely multifactorial. Premature 
infants have decreased ventilatory control and response to 
hypoxia and hypercarbia—chemoreceptor responses are 
blunted in these babies. The normal response to hypoxemia 
(hyperventilation, followed by hypoventilation or apnea) is 
replaced by apnea only. This lack of physiologic response 

   Table 4.8    Anatomic and physiologic changes in pregnancy [ 114 ]   

 System  Anatomy  Physiology 

 Cardiovascular  Uterine obstruction of inferior vena cava → supine 
hypotensive syndrome 

 ↑ Plasma volume 
 ↑ Cardiac output 
 ↓ SVR 

 Respiratory  Elevation of diaphragm  ↑ Minute volume 
 Airway edema  ↑ Oxygen consumption 
 ↓ Upper airway caliber  ↓ PaCO 2  

 CNS  ↓ Effective distribution of sedatives and hypnotics 
 Gastrointestinal  ↓ Lower esophageal sphincter tone  ↑ Gastric volume and acidity 

 Delayed gastric motility 
 Hematologic  ↑ Activity of coagulation factors 

4 The Pre-sedation Assessment and Implications on Management



58

may be worsened by sedative agents. Postoperative apnea 
can occur after surgery with inhalational-based anesthetics 
or even after surgery for which a regional anesthetic was 
used and no anesthetic drugs were utilized [ 121 ]. Apneas are 
frequent in the fi rst 12 h and can continue until 48–72 h. 

 Kurth et al. studied the breathing patterns of 47 preterm 
infants less than 60 weeks postconception with pneumocar-
diograms before and after general inhalational anesthesia. 
The study found that 18 infants (37 %) had prolonged apnea 
(>15 s) and an additional 7 infants (14 %) had short apnea 
(6–15 s) postoperatively [ 122 ].  The authors conclude that 
preterm infants younger than 60 postconceptional 
weeks of age should be monitored continuously for at 
least 12 h postoperatively in order to prevent apnea-
related complications.  

 The best evidence basis is found in a 1995 meta-analysis 
of eight prospective studies examining 254 premature infants 
undergoing general anesthesia for inguinal hernia repair; 
apnea was strongly inversely related to both gestational age 
and conceptional age [ 123 ]. Anemia (<10 g/dL) and apnea at 
home were also risk factors. Based on this data, many institu-
tions adopted the study’s  recommendation that all infants 
born <37 weeks gestational age and less than 60 weeks 
conceptional age be monitored for postoperative apnea 
for a minimum of an overnight stay in an ICU setting . 

 The appropriate discharge time frame of these patients 
remains controversial. The cutoff for outpatient surgery in 
infants born before 37 weeks may be 50–52 weeks concep-
tional age, provided there is no anemia, prior apnea, or coex-
isting disease.  The most conservative approach is to admit 
all premature infants (for monitored 24-h observation) 
younger than 60 weeks conceptional age, regardless of 
the anesthetic used  [ 122 ]. Certainly this should be the case 
for any high-risk infant, such as those using a home apnea 
monitor or taking methylxanthine drugs. 

 There is considerable institutional variability in practice 
and hospitals have different age-based guidelines for admis-
sion. Some institutions feel comfortable performing elective 
outpatient procedures if the infant is born full term. Other 
centers prefer to wait until the infant is 2–4 weeks of age to 
ensure the resolution of physiologic jaundice, decreased pul-
monary vascular resistance, and to give suffi cient time for 
the ductus arteriosus to close. Still in other settings, such as 
the emergency department, full-term infants less than 3 
months of age undergoing signifi cant sedation for an emer-
gent procedure are rarely discharged home on the same day. 
Options are limited in this high-risk population, as otherwise 
“safe” agents such as ketamine are contraindicated in these 
very young infants (<3 months of age in a full-term infant). 

 Regardless of the timing or setting, premature infants 
should have both pulse oximetry and apnea monitoring, 
since standard impedance pneumatography can fail to detect 
episodes that result in serious desaturation [ 123 ]. Although 
there is limited evidence that prophylactic caffeine or the-
ophylline reduces the rate of post-procedure apnea, if the 
infant experiences any irregular breathing after the proce-
dure, caffeine should be given without delay. 

 In-depth understanding of the preterm neonatal physiol-
ogy is vital to the sedation provider. For example, in patients 
who have a patent ductus arteriosus, one pulse oximetry 
probe should be placed on the right hand (pre-ductal) and the 
other on a lower limb (post-ductal). In the premature infant, 
fetal hemoglobin persists. For example, a premature infant at 
fi rst glance may have a reassuring hemoglobin concentration 
of 13–15 g/dL; however, 70–80 % may be fetal Hb, which is 
known to have a reduced ability to release oxygen to the 
tissues. 

 Another important concern in these babies is the immatu-
rity of the renal and hepatic systems.  Preterm infants do not 
maintain fl uids and electrolyte balance well, requiring 

   Table 4.9    United States FDA pharmaceutical pregnancy categories [ 115 ,  116 ]   

 Pregnancy Category A  Controlled studies in women fail to demonstrate a risk to the fetus in the fi rst trimester (and there is no evidence 
of a risk in later trimesters), and the possibility of fetal harm appears remote 

 Pregnancy Category B  Either animal reproduction studies have not demonstrated fetal risk (but no controlled studies in pregnant women 
have been reported), or animal reproduction studies have shown an adverse effect (other than a decrease in 
fertility) that was not confi rmed in controlled studies in women in the fi rst trimester (and there is no evidence of 
risk in later trimesters) 

 Pregnancy Category C  Either studies in animals have revealed adverse effects on the fetus (teratogenic, embryocidal, or other) but no 
controlled studies in women have been reported, or studies in women and animals are not available. Drugs 
should be given only if the potential benefi t justifi es the potential risk to the fetus 

 Pregnancy Category D  Positive evidence of human fetal risk exists, but the benefi ts from use in pregnant women may be acceptable 
despite the risk (e.g., if the drug is needed for a life-threatening condition or for a serious disease for which safer 
drugs cannot be used or are ineffective). 

 Pregnancy Category X  Studies in animals or human beings have demonstrated fetal abnormalities or evidence exists of fetal risk based 
on human experience, or both, and the risk in pregnant women clearly outweighs any possible benefi t. The drug 
is contraindicated in women who are or may become pregnant 
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care in the administration of the IV fl uids and electrolytes . 
Liver immaturity (both in synthetic and metabolic capacity) 
may lead to longer duration of action of sedative agents. 

 Sedation providers should make every effort to  avoid 
hypothermia during the procedure . Preterm infants have a 
high surface-area-to-body-weight ratio and decreased brown 
fat stores, rendering them very susceptible to heat loss. Heat 
loss is a major potential stress in premature babies and 
hypothermia- induced stress can lead to hypoglycemia, 
apnea, and metabolic acidosis. 

 In summary, sedating-anesthetizing a preterm neonate 
requires in-depth understanding of neonatal physiology, con-
stant vigilance, rapid recognition of any adverse event, and 
rapid intervention.  

    Psychiatric and Behavioral Disorders 

 It is estimated that one in ten children meets criteria for a seri-
ous emotional disturbance, defi ned as “a mental health prob-
lem that has drastic impact on the child’s ability to function 
socially, academically, and emotionally” [ 124 ,  125 ]. Due to 
changing diagnostic criteria (“diagnosis shifting”) and world-
wide variation, exact estimates of the prevalence of individual 
disorders are problematic; nonetheless, increased awareness 
and diagnosis are commonly seen in practice [ 126 ]. 

 Mood disorders in children include anxiety disorders 
(8 %), major depression (4 %), and bipolar disorder (1 %) 
[ 125 ]. The pre-procedural assessment in these children 
should include a brief review of the child’s general health, 
control of mood disorder, recent additions or changes to 
medications, and history of previous procedures and adverse 
drug reactions (especially to psychotropic medications). 
These children are at risk for eating disorders and substance 
abuse, and may present with hypothermia, hypokalemia, 
hypomagnesemia, and/or hypokalemia [ 127 ]. If an eating 
disorder such as anorexia or bulimia is suspected, a screen-
ing ECG or chemistry profi le should be performed prior to 
sedation [ 128 ,  129 ]. 

 Behavior disorders are multifactorial in nature, and rates 
vary greatly by criteria used, population studied, and sur-
vey conducted. Attention defi cit hyperactivity disorder 
(ADHD) involves inattention, impulsivity, and hyperactiv-
ity. The National Health and Nutrition Examination Survey 
reveals an overall prevalence of ADHD in children 8–15 to 
be 8.7 % [ 130 ]. Conduct disorder (CD) and oppositional 
defi ant disorder (ODD) are characterized by a pattern of 
disobedient, hostile, and defi ant behavior toward authority 
fi gures [ 131 ]. As a group, rates of CD and ODD are reported 
to be as high as 5.5 % in recent US studies, but the rate var-
ies greatly by country and subpopulation [ 125 ,  132 ]. 
Children with behavior disorders are often prescribed 

s timulant or other psychotropic medications; they may 
have an altered reaction to premedication (such as decreased 
response to benzodiazepines), increased risk of post-proce-
dure nausea and vomiting, and a decreased seizure thresh-
old [ 133 ]. Although the literature is inconclusive regarding 
the need for a special approach to the sedation of these chil-
dren, the clinician may use this information especially 
when considering pre- procedural fasting requirements. 

 Substance abuse disorders in older children and adoles-
cents are estimated to have a prevalence of approximately 
5 %, with a wide range of 1–24 % [ 125 ].  There is a signifi -
cant overlap in behavior and mood disorders in this pop-
ulation.  Although the long-term effects of substance abuse 
(cardiac, pulmonary, hepatic, renal, immune) may not be 
evident in children, a good general history and physical 
examination should reveal red fl ags in the pre-sedation 
assessment.  Marijuana  use may cause relaxation and a 
decreased sedation requirement; however, patients may also 
present with tachycardia and anxiety from recent use. A mild 
abstinence syndrome has been reported; conversely, overuse 
can result in intractable nausea, as in  cannabinoid hypereme-
sis syndrome. Cocaine  is highly addictive and may cause 
dysrhythmias, ischemia, and heart failure. These patients 
often have altered pain perception. Concomitant cocaine 
use and β(beta)-blocker administration may precipitate 
 hypertensive crisis, due to unopposed α(alpha)-adrenergic 
stimulation.  Opioid abuse  may present with altered pain 
tolerance, increased requirements during sedation, and acute 
withdrawal, depending on the timing of last ingestion. 
 Alcohol abuse  may present with increased sedative require-
ments [ 134 ]. 

  Designer drugs  (also called “club” or “party” drugs) 
include 3,4-methylene-dioxymethamphetamine (MDMA) 
or “ecstasy,” phencyclidine (PCP), ketamine, inhalants, 
rohypnol, γ(gamma)-hydroxybutyrate, and bath salts, 
among others. The clinician will undoubtedly recognize an 
acutely intoxicated child or adolescent on presentation. 
However, the non-intoxicated patient with regular use of 
these substances may not be apparent without a focused his-
tory; many have considerable anxiety in the pre-procedure 
assessment. During sedation, these patients are at risk for 
 autonomic dysregulation with wide swings in blood pres-
sure and heart rate , with case reports of non-hemorrhagic 
cerebral vascular accidents and myocardial ischemia and 
infarction [ 135 ]. 

 During the pre-sedation assessment, the clinician should 
screen for risk factors for pre- and post-procedural combat-
iveness, such as previous negative experiences with proce-
dures, sedation, or anesthesia; preoperative anxiety; 
parental anxiety; and other baseline emotional problems 
[ 136 – 138 ]. In children at risk for combativeness or lack of 
cooperation, early involvement of supportive family 
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 members, play therapists, and/or nursing staff with distraction 
techniques may be helpful, as well as the use of noninva-
sive oral premedication [ 139 ].  

    Sickle Cell Disease 

 The term sickle cell disease (SCD) includes all hemoglobin-
opathies that result in sickling of red blood cells (HbSS, 
HbSC, sickle-cell thalassemias, and other variants). SCD is 
characterized by hemolytic anemia and vaso-occlusive phe-
nomena, causing painful episodes and a variety of crises 
affecting virtually every organ system. Although the sickle 
cell trait originated in West Africa, it is now estimated that 
more than 250,000 children worldwide are born each year 
with SCD [ 140 ]. 

 Sickling occurs due to deoxygenation stress on HbS poly-
mers, resulting in a process called  gelation —red blood cells 
subsequently become less able to deform normally as they 
pass through capillary beds, which may result in vaso- 
occlusion and infarction [ 141 ]. Even fully oxygenated blood 
in a child in SCD is more viscous than in non-affected indi-
viduals. Volume depletion or dehydration accentuates their 
baseline hyperviscosity and promotes vascular stasis. For 
this reason, the pre-sedation assessment should carefully 
consider the child’s volume status. Recent intake, number of 
wet diapers or frequency of urination, and recent illness 
should be assessed. 

 Take a careful history of past sickle-cell crises (e.g., acute 
chest syndrome, splenic sequestration, hemolytic crises, 
stroke, priapism, cardiomyopathy, renal disease, avascular 
necrosis of bones) and the severity of the course of illness. It 
is important to note whether the child is currently controlled 
with medications or requires intensive treatment such as red 
blood cell exchange transfusions [ 142 ]. Common medica-
tions in SCD include penicillin prophylaxis, hydroxyurea, 
and folic acid. Transfusion therapy lowers the percentage of 
HbS in the blood and is used to treat vaso-occlusive crises 
acutely or to prevent stroke or pain crisis [ 143 ]. It is helpful 
to know the child’s recent hematocrit; if there is history of 
recent illness or complaint consistent with a hemolytic crisis, 
obtain a CBC and reticulocyte count and address the patient’s 
current complaint and volume status before sedation. 

 Ask about recent illness, including any fever or atypical 
pain. If possible, ascertain what medications have helped to 
relieve pain in the past. Children with SCD typically have 
high opioid requirements, thought to be due to a variety of 
reasons, including severe pain, tolerance, and altered plasma 
clearance of opioids [ 144 ]. Certain medications should be 
avoided in the sedation or analgesia of SCD children, such as 
meperidine. Multiple doses of meperidine may cause an 
accumulation of its metabolite, associated with central toxic-
ity such as myoclonus and seizures [ 145 ]. Expert opinion 

varies on the use of nitrous oxide in children with SCD, but 
it is generally considered safe [ 146 – 148 ]. 

 When possible and appropriate,  consider liberal use of 
intranasal, oral, and intramuscular medications if intra-
venous access is not otherwise required . Children with 
SCD often have limited reliable vascular access due to fre-
quent venipuncture; be judicious with their remaining usable 
peripheral veins if feasible.  

    Syndromes 

 There is a vast array of pediatric genetic syndromes, each 
with its particular considerations and challenges in general 
and acute care. Syndromes may be classifi ed by morphology 
into four broad categories:  malformation  (poor formation of 
tissue),  deformation  (unusual forces on normal tissue),  dis-
ruption  (breakdown of normal tissue), or  dysplasia  (abnor-
mal organization of tissues). Keep in mind the variance of 
expression in most syndromes—some children may be 
mildly affected while others may be severely affected [ 149 ]. 

  The pre-sedation assessment should focus on children 
with abnormal airway anatomy , as airway refl exes may 
be affected during sedation, and a contingency plan for air-
way rescue must be ready before the procedure. Ask about 
previous procedures, previous or current tracheostomies, 
 problems with oral intake or refl ux, snoring, or easy choking 
or fatigue. Some syndromes are associated with specifi c 
metabolic issues, such as frequent hypoglycemia (e.g., 
Beckwith- Wiedemann, pituitary dwarfi sm). Perform a care-
ful review of the child’s medications and ask how the child 
responds to and recovers from illness and stress (i.e., history 
of decompensation or requiring medication supplementa-
tion). Perform a careful assessment of the size and shape of 
the mouth and tongue, the ability to open the mouth wide, 
and identify the Mallampati classifi cation of pharyngeal 
structures (Fig.  4.2 , Table  4.10 ) [ 149 – 153 ].  It is important 
to palpate the distance from the anterior ramus of the 
mandible to the hyoid bone . In infants, it should measure 
at least one fi nger breadth (of the adult examiner); in chil-
dren at least two fi nger breadths; and in adolescents at least 
three fi nger breadths.  A decreased distance correlates 
with a more diffi cult rescue airway  [ 150 ].

    Down syndrome is the most common chromosomal 
abnormality, with an overall incidence of as high as 1 in 700 
live births, varying by region and maternal age. The sedation 
practitioner must be familiar with its associated multisystem 
abnormalities including OSA, CHD (endocardial cushion 
defect, VSD), atlantoaxial instability, obesity, and subglottic 
stenosis. 

 Predisposing factors for OSA in these children include 
midfacial and mandibular hypoplasia, glossoptosis, adenoi-
dal encroachment, increased secretions, and an increased 

T. Horeczko and M. Mahmoud



61

incidence of lower respiratory tract anomalies, obesity, and 
generalized hypotonia.  These children are sensitive to 
respiratory depression by opioids, sedatives, and hyp-
notics ; they are especially vulnerable to the development 
of upper airway obstruction during sedation-anesthesia. 
A smaller than normal endotracheal tube should be placed if 
indicated and the head should remain in neutral position 
during intubation. 

 The most common sedation-anesthesia-related complication 
in these patients is  bradycardia , especially during induc-
tion. This may occur even in the absence of heart disease. 
Borland et al. reported the incidence of severe bradycardia 

associated with inhaled anesthetic induction (halothane or 
isofl urane) in children with Down syndrome to be 3.7 % 
[ 154 ]. Recently Kraemer et al. examined the incidence of 
bradycardia in 209 children with Down syndrome and 268 
healthy control patients who had inhaled induction of anes-
thesia with sevofl urane over an 8-year period. On univariate 
analysis Down syndrome, low ASA physical status, CHD, 
and mean sevofl urane concentrations were factors associ-
ated with bradycardia. However, multivariate analysis 
showed that only Down syndrome and low ASA physical 
status remained as independent factors associated with 
bradycardia [ 155 ]. 

  Fig. 4.2    Mallampati 
classifi cation of pharyngeal 
structures. Reprinted with 
permission from Samsoon GL, 
Young JRB. Diffi cult tracheal 
intubation: a retrospective study. 
Anaesthesia. 1987;42:487–90       

   Table 4.10    Anatomic considerations in common syndromes [ 149 – 153 ]   

 Anatomic consideration  Associated syndromes 

 Alanto-occipital joint abnormalities  • Short neck   Down syndrome  (Trisomy 21) 
 • Limited mobility   Goldenhar syndrome  (incomplete development of the ear, nose, 

palate, and mandible) 
 • Instability   Juvenile Rheumatoid Arthritis  (JRA) 

  Klippel-Feil syndrome  (short neck, restricted upper spine mobility) 
 Abnormal airway anatomy  • Mandibular hypoplasia   Airway mass/tumor  

 • High arched/narrow palate   Arteriovenous malformation  (AVM) 
 • Macroglossia   Arthrogryposis  (congenital multiple contractures) 

  Beckwith-Wiedemann syndrome  (exomphalos, macroglossia, 
gigantism) 
  Cornelia de Lange syndrome  (microcephaly, dwarfi sm, cleft palate) 
  Cri du chat  (microcephaly, clinodactyly) 
  Crouzon syndrome  (cranial synostosis, hypotelorism, hypoplastic 
maxilla) 
  DiGeorge syndrome  (velo-pharyngeal insuffi ciency, hypothyroidism) 
  Dwarfi sm  (various) 
  Goldenhar syndrome  (incomplete development of the ear, nose, 
palate, and mandible) 
  Mucopolysaccharidosis  (various) 
  Pierre Robin sequence  (micrognathia, upper airway obstruction) 
  Treacher Collins syndrome  (micrognathia, hearing loss) 
  Trisomies  (especially 18, 21, 22) 

 Midface abnormalities  • Maxillary hypoplasia   Apert syndrome  (hypertelorism, craniosynostosis, hydrocephalus) 
 • Nasal or choanal stenosis   Down syndrome  (Trisomy 21) 
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 Cardiac output is dependent on heart rate, especially in 
neonates and infants, and bradycardia can have a signifi cant 
effect on the patient’s hemodynamic stability. Some practi-
tioners routinely use intramuscular prophylactic atropine to 
prevent bradycardia before anesthesia induction. It is impor-
tant to recognize that atropine will not prevent or reverse the 
negative inotropic effect of an inhalational anesthetic, but it 
may maintain heart rate. Gradual titration of the volatile 
agent concentration and close monitoring of blood pressure 
and heart rate are recommended during inhalational induc-
tion of patients with Down syndrome. If bradycardia occurs 
and an IV is not in place, intramuscular atropine should be 
administered if there is sustained bradycardia or if hemody-
namic instability develops.  

    Trauma 

 The acutely injured child poses a particular challenge to the 
clinician performing sedation. The child may present imme-
diately after trauma or subacutely. Only after primary and 
secondary advanced trauma life support (ATLS) surveys are 
completed and injuries addressed and stabilized is the child a 
candidate for sedation outside of the operating room. 

 In addition to the injury-specifi c brief history and physi-
cal examination, the pre-sedation assessment will include 
last intake by mouth, allergies, medications, and prior seda-
tion or anesthesia. The urgency of procedural sedation will 
match the urgency of the presenting condition, such as 
 neurovascular compromise; this will affect the clinician’s 
decision in the amount of fasting time allowed (Table  4.1 ). 

 Keep in mind that a child with one injury is at risk for 
other obvious or occult injuries, due to the pliable thorax and 
underdeveloped musculature of the pediatric abdomen. 
ATLS describes four classes of hemorrhagic shock, initially 
developed for adults (Table  4.11 ) [ 156 ]. Children will com-
pensate well with tachycardia (compensated shock) until a 
precipitous fall in blood pressure is noted (decompensated 
shock), and ominous sign [ 157 ].

   Medication given during sedation may affect vital signs 
that would otherwise serve as an early warning sign of 
 ongoing occult hemorrhage. For example, ketamine admin-
istered for orthopedic reduction invariably causes an increase 
in heart rate, which makes the recognition of compensated 
shock diffi cult. Similarly, propofol, opioids, and benzodiaz-
epines may cause a small drop in blood pressure that may 
mask an underlying decompensated shock. Meticulous his-
tory and physical examination to screen for occult injuries is 
imperative before the urgent or elective sedation. During 
sedation, consideration of developing shock should always 
be at the forefront of the clinician’s mind. Consider strategies 
such as peripheral nerve blocks and mild anxiolysis in these 
patients.  

    Tuberous Sclerosis 

 Tuberous sclerosis (TS) is one of the commonest autosomal 
dominant genetic disorders, displaying high genetic pene-
trance in affected families. TS is a neurocutaneous disorder 
characterized by a classic triad of epilepsy, fi broangiomas, and 
mental retardation. TS causes hamartomas in multiple organs, 
including the brain, skin, heart, kidneys, lungs, and liver. 
Awareness of the signs, symptoms, and organs affected is criti-
cal to reduce the risk of a life-threatening complication. 

 A  baseline cardiac evaluation  (regardless of presence 
or absence of symptoms) is an essential part of the pre- 
procedure work-up to determine whether the procedure is 
appropriate for non-anesthesiologist sedation or whether 
the expertise of an anesthesiologist is needed. Cardiovascular 
manifestations, seen in more than 50 % of affected indi-
viduals, can have major anesthetic-sedative implications. 
Rhabdomyomas are the most common benign cardiac 
tumors associated with tuberous sclerosis [ 158 ]. They tend 
to regress spontaneously and are not usually excised unless 
they become obstructive or cause severe arrhythmias. A 
pre- procedure ECG is recommended to exclude dysrhyth-
mia or conduction defects. Abdominal aortic aneurysms 

   Table 4.11    ATLS hemorrhagic shock classifi cation [ 156 ]   

 Class I  Class II  Class III  Class IV 

 Percent blood loss (%)  Up to 15 %  15–30  30–40  >40 
 Heart rate  Normal  Mild tachycardia  Moderate tachycardia  Severe tachycardia 
 Blood pressure  Normal  Normal to decreased  Decreased  Decreased 
 Respiratory Rate  Normal  Mild tachypnea  Moderate tachypnea  Severe tachypnea 
 Urine Output  Normal  0.5–1 mL/kg/h 

(minimum goal) 
 0.25–0.5 mL/kg/h (markedly decreased)  Negligible 

 Mental status  Slightly anxious  Mildly anxious  Anxious/confused  Confused/lethargic 
 Fluid replacement  Crystalloid  Crystalloid  Crystalloid and blood  Crystalloid and blood 
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have been reported as well as narrowing of major arteries in 
patients with TS. 

 Airway management can be challenging in these patients 
due to the presence of oropharyngeal or laryngeal tumors, 
fi bromata, or papillomata. Pulmonary involvement is rare 
(<1 %). However, hamartomatous growths may involve the 
lungs or pleura and there have been a number of reports of 
spontaneous pneumothorax in patients with undiagnosed 
pulmonary manifestations of the disease. A  pre-procedure 
chest radiograph (X-ray)  is recommended to exclude silent 
pulmonary or mediastinal masses. 

 Renal function should also be assessed before the proce-
dure because renal angiomyolipomas are present in 50–80 % 
of affected individuals [ 159 ]. Although possibly initially 
clinically silent, these patients are known to progress to renal 
failure. Anticonvulsants should be optimized and continued 
until the morning of surgery and should be resumed as soon 
as possible in order to prevent seizures [ 160 ].  

    Upper Respiratory Tract Infection 

 There is no consensus regarding the optimal management of 
children with URI who require sedation for an elective pro-
cedure. The economic and emotional consequences of can-
celling a procedure are signifi cant for the family and the 
institution. Studies showed that anywhere from 3 to 33 % of 
children coming for anesthesia and surgery present with an 
active URI [ 161 ]. Children with URIs who present for proce-
dural sedation pose a perplexing clinical dilemma for seda-
tion providers. Currently there is little agreement between 
individual providers and institutions on which children with 
respiratory tract infections (RTIs) should be sedated- 
anesthetized and under what circumstances.  Infl ammation 
from a URI may persist for up to 6 weeks after apparent 
resolution of symptoms . 

 An active URI may put the child at risk for laryngospasm, 
bronchospasm, severe coughing, major oxygen desaturations 
(<90 %) airway obstruction, pneumonia, and unanticipated 
admission. These complications are disturbing, but fortu-
nately can be addressed with medications that should be 
readily available during any procedure, such as inhaled 
β(beta)-agonists for bronchospasm, succinylcholine fol-
lowed by advanced airway management for sustained laryn-
gospasm not amenable to positive-pressure ventilation, and 
supplemental oxygen for desaturation [ 162 ]. 

 Sedation practitioners need to differentiate allergic rhini-
tis from URI and uncomplicated URIs from other illnesses. 

Typical symptoms of uncomplicated URI include low-grade 
fever, rhinorrhea, congestion, sneezing, sore throat, and lar-
yngitis. If the child has a disproportionally high fever or 
shows signs of lower respiratory tract symptoms such as 
increased work of breathing, wheezing, or mucopurulent 
secretions, the pathology may have extended beyond the 
upper respiratory tract. 

 Many children with recurrent URIs have a very small 
window of opportunity to provide sedation in the symptom- 
free period. It is inevitable that the sedation provider will 
need to look to decision tools to help to disentangle this 
dilemma. Parnis et al. used logistic regression to determine 
which variables were predictors of perioperative anesthetic 
adverse events in 2,051 children. The analysis showed that 
22.3 % of children had symptoms of an RTI on the day of 
surgery, and 45.8 % had a “cold” in the preceding 6 weeks 
[ 163 ]. Important independent preoperative predictors of 
anesthetic adverse events were: parental report of the child’s 
having a “cold” on the day of surgery, nasal congestion, his-
tory of snoring, history of second-hand smoking, and cough 
productive of sputum. The study concluded that surgery 
requiring endotracheal intubation increases the probability 
of anesthetic complications, but when the airway is managed 
with a laryngeal mask or face mask the probability of com-
plications is decreased. An interesting fi nding worth noting 
was that the identifi cation of a viral pathogen did not help to 
identify individuals at risk for adverse events. 

 The never-ending question of what to do with a child with 
a URI will always be with us. In the absence of evidence- 
based clear criteria, the sedation practitioner should be 
especially aware of active signs and symptoms. A clinical 
algorithm has been proposed (Fig.  4.3 ) to guide the assess-
ment and management of these children [ 164 ]. Most practi-
tioners would agree that children with mild uncomplicated 
URIs undergoing procedures that do not involve airway 
manipulation can be safely anesthetized-sedated without any 
increase in risk [ 165 ].

        Conclusion 

 The prepared provider should be as informed about the 
patient as he is about the procedure to be performed. Eliciting 
red fl ags in history and physical examination is the basis for 
safe sedation practice. When faced with a less-than-ideally 
prepared patient or situation, the provider should work to 
optimize the patient’s status and anticipate complications 
before the procedure takes place.      
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  Fig. 4.3    Suggested algorithm 
and management of a child with 
upper respiratory infection. 
Modifi ed with permission from 
Tait ATR, Malviya S. Anesthesia 
for the child with an upper 
respiratory tract infection: still a 
dilemma? Anesth Analg 
2005;100:59–65       

   Case Studies in Pre-sedation 
Assessment 

    Case 1: Just Another URI? 

 A 4-year-old girl with a history of seizures is sched-
uled for magnetoencephalography (MEG) scan. 
She has a 4-day history of isolated clear rhinorrhea. 
Her lungs are clear to auscultation and she is afe-
brile. Her mother reported that her activity level 

and appetite have been unchanged since onset of 
rhinorrhea. 

 The main considerations for this child will be the 
pre- procedure URI and understanding the needs and 
requirements for MEG scan. This child appears to 
have an uncomplicated URI. Based on the information 
provided in this clinical scenario, proceeding with the 
scan is the most appropriate decision. Understanding 
the nature and demands of MEG is important to decide 
on the appropriate sedative agent. MEG scan records 

(continued)

 

T. Horeczko and M. Mahmoud



65

magnetic fi elds induced by the brain’s electrical activ-
ity and recently is increasingly used in presurgical 
evaluation of epileptic children. Compared with the 
standard electroencephalogram (EEG), the MEG 
allows for a better spatial resolution in the localization 
of epileptogenic foci. MEG exams are conducted in 
magnetically shielded chambers to minimize interfer-
ence of magnetic fi elds induced by other electric and 
electronic appliances. Our experience with dexme-
detomidine-based technique (2 μg/kg loading dose fol-
lowed by 2 μg/kg/h infusion) provides adequate depth 
of sedation required to prevent motion artifacts. 
Compared with propofol at higher doses dexmedeto-
midine does not appear to negatively affect inter-ictal 
activity and thereby does not interfere with spike 
identifi cation.  

    Case 2: Snoring Away 

 A 2-year-old 16 kg boy born at 33 weeks gestation is 
scheduled for high resolution CT. The CT is being 
done as part of the work-up for recurrent aspiration 
pneumonias. On pre- imaging evaluation, the child’s 
exam reveals micrognathia and a cleft palate. His 
mother reports that he “snores a lot” and seems to 
obstruct his upper airway at night. A look through the 
medical records shows that the patient recently under-
went an overnight sleep study (PSG) that demonstrated 
a moderate degree of OSA with a minimum oxygen 
saturation of 86 %. 

 The considerations in this case are: diffi cult airway, 
OSA, and an imaging study requires controlled ventila-
tion in off- site environment. A thoughtful, carefully 
implemented plan is essential to ensure safety and high-
quality imaging study for this patient. In an ideal world 
this family should have been contacted prior to schedul-
ing to ensure a proper consultation with an anesthesiolo-
gist who can guide the safest plan for sedating this infant. 

 It is important to evaluate the airway carefully prior 
to beginning anesthesia or sedation. Evaluation of the 
pediatric airway can be challenging as the patient may 
be uncooperative and the history given by parents may 
be misleading. The overnight PSG provides clues to 
the severity of the airway obstruction during sleep by 
providing the lowest oxygen saturation observed, as 
well as the types of apnea (obstructive, central, or 
mixed) and the frequency of apnea events. The combi-
nation of micrognathia and signifi cant OSA in an off-
site location would contraindicate non-anesthesiologist 
delivered sedation. This patient should be managed by 

an anesthesiologist who is trained in and prepared for 
the diffi cult airway. The anesthetic management is 
detailed below. 

 Before inducing this infant, the authors would man-
age this case as follows:
    1.    Discuss the benefi ts and risks of the study with the 

family and ordering physician and make arrange-
ments for post- procedure admission if required.   

   2.    Review previous anesthetic/sedative records and 
documentations for previous airway management.   

   3.    Confi rm that advanced airway management instru-
ments are available including different sizes of face 
masks, endotracheal tubes, laryngoscope blades 
and handles, appropriate size LMA fi beroptic 
equipment, video laryngoscope, and the diffi cult 
airway cart.   

   4.    Proceed with an inhalational induction with sevo-
fl urane with maintenance of spontaneous ventila-
tion followed by placement of LMA when it is 
established that the patient can be ventilated.     
 Help in the case of an emergency may be less read-

ily available than in the operating room environment. 
A more conservative approach in this clinical scenario 
is to start the anesthetic in the more controlled environ-
ment of the operating room, secure the airway with an 
endotracheal tube, and then transport the patient to 
radiology. The operating room provides a safe, secure, 
and familiar environment in which the anesthesiologist 
has access to emergency airway equipment and assis-
tance from colleagues who can assist with airway 
management.  

    Case 3: It’s All in Your Head 

 A 5-year-old boy with developmental delay and autism 
is hit by a baseball on the left temporal aspect of his 
head. His GCS is 14, and he has a large scalp hema-
toma. The decision is made to perform a CT of his 
head. He is intermittently sleepy and agitated, but con-
solable by his mother. 

 The main questions for this potentially uncoopera-
tive patient are: (1) Is the procedure painful? (2) How 
long will the procedure take? (3) Will non-pharmaco-
logic methods be appropriate? 

 This is an emergent study, but the provider has 
time to review any medical comorbidities, as well as 
any history of previous sedation and the outcome. In 
the proper context, with a calm and reassuring care-
giver, a tablet computer or smart phone may be 
employed to distract the child for the very brief study.

(continued)
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This would avoid any complication of sedation, allow 
the provider to watch his mental status more closely, 
and potentially ensure a more expedient discharge if 
the work-up is negative. 

 If this child is to be sedated, the less invasive the 
technique the better: Intranasal medications, such as 
combined midazolam and fentanyl, may give just 
enough sedation to accomplish this non-painful, non-
distressing procedure. If this fails, the intravenous route 
offers a wide array of options. Rarely in children does 
the provider have to intubate and sedate in order to 
obtain advanced emergent imaging.  

    Case 4: Broken Heart, Broken Bone 

 A 7-year-old boy with hypoplastic left heart syndrome 
who is doing well as an outpatient falls off a slide and 
sustains a right femur fracture. His vital signs are his 
normal baseline, and he has no other evidence of 
trauma. On radiograph, his right femur shows a mid-
shaft fracture with shortening of the thigh; he is neuro-
vascularly intact distally. He requires emergent 
placement of a Steinmann pin and traction in anticipa-
tion for the operating room when it becomes available. 

 The urgency of this boy’s condition requires action. 
Take a brief, focused history of previous cardiac surger-
ies, complications, and other comorbidities. Obtain a 
cardiology consultation with a pediatric cardiologist, if 
available, to discuss the patient’s physiology and man-
agement option and concerns. Collaborate with or 
transfer this patient’s care to an anesthesiologist, if pos-
sible. This child has had palliative surgery for his cya-
notic heart disease; he has undergone a Fontan 
procedure, and therefore his cardiac output is pre- load 
dependent. His volume status should be optimized prior 
to the procedure. Small boluses of 10 mL/kg of normal 
saline may be given carefully to ensure euvolemia (with 
careful attention not to cause volume overload). Prior to 
proceeding, emergency medications and vasopressors 
should be immediately available for administration. 

 This child may be best served with a femoral nerve 
or fascia iliaca block, to avoid the potential problems 
with volume and oxygenation status. If this is not pos-
sible, a medication that preserves systemic vascular 
resistance, such as ketamine, would be a good option. 
Although short acting, a medication such as propofol 
would not be ideal in this child; propofol is a myocar-
dial depressant and causes transient hypotension. In 
the otherwise healthy child, this is not an issue. In this 
child with CHD and low reserve, it is best avoided.  
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        Introduction 

 Assessing the depth of sedation in children is critically 
important to determine whether the goals of sedation are met 
without exposing the patient to the risk of adverse outcomes. 
In Cravero’s model of pediatric sedation [ 1 ], the patient’s 
state ranges from fully awake undergoing a painful procedure 

without sedation or analgesia to apnea, hypoxia, and death 
from oversedation (Figure  5.1 ). Clearly, having the sedated 
child’s state in the goal zone is important, and objective tools 
to assess sedation depth are necessary to standardize depth of 
sedation. Additionally, having objective assessment scales 
available to rate a child’s readiness for discharge from a 
sedation recovery area is also important, as premature dis-
charge may lead to adverse events and even death [ 2 – 4 ]. 
This chapter will review commonly used pediatric sedation 
scales, focusing on procedural sedation. Then methods of 
sedation assessment using processed electroencephalogra-
phy (EEG) will be reviewed and compared to pediatric seda-
tion scales. Finally, commonly used scales to assess recovery 
from sedation and readiness for discharge from sedation will 
be discussed.

      Sedation Scales and Discharge 
Criteria: How Do They Differ? 
Which One to Choose? Do They Really 
Apply to Sedation? 

           Dean     B.     Andropoulos     
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    Abstract  

  Assessing the depth of sedation in children is critically important to determine whether the 
goals of sedation are met without exposing the patient to the risk of adverse outcomes. 
In Cravero’s model of pediatric sedation, the patient’s state ranges from fully awake under-
going a painful procedure without sedation or analgesia to apnea, hypoxia, and death from 
oversedation. Clearly, having the sedated child’s state in the goal zone is important, and 
objective tools to assess sedation depth are necessary to standardize depth of sedation. 
Additionally, having objective assessment scales available to rate a child’s readiness for 
discharge from a sedation recovery area is also important, as premature discharge may lead 
to adverse events and even death. This chapter will review commonly used pediatric seda-
tion scales, focusing on procedural sedation. Then methods of sedation assessment using 
processed EEG will be reviewed and compared to pediatric sedation scales.  

  Keywords  

  Pediatric   •   Sedation scales   •   Ramsay Sedation Scale (RSS)   •   Observer’s Assessment of 
Alertness/Sedation Scale (OAA/S)   •   Modifi ed Observer Assessment Sedation Score 
(MOAA/S)   •   COMFORT Scale   •   University of Michigan Sedation Scale (UMSS)   • 
  Dartmouth Operative Conditions Scale   •   Modifi ed Aldrete Score   •   Bispectral index (BIS)   • 
  Aldrete Score   •   Maintenance of Wakefulness Test   •   Modifi ed Maintenance of Wakefulness 
Test (MMWT)   •   Auditory evoked potentials (AEP)  
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       Sedation Scales 

 The Joint Commission, the American Academy of Pediatrics, 
and the American Society of Anesthesiologists have recently 
revised their defi nitions of the levels of pediatric sedation 
[ 5 ,  6 ] (Table  5.1 , Figure  5.2 ). The four levels of sedation 
are now minimal, moderate, deep, and general anesthesia. 
The previously used term “conscious sedation” has been 
eliminated because it was misleading, and particularly in 
pediatric patients, they can change rapidly from minimal to 
deep levels of sedation. Any assessment of levels of sedation 
needs to take these basic considerations into account.

    Sedation scales are indeed necessary for pediatric proce-
dural sedation, particularly when practiced by nonanesthesi-
ologists. For example, Reeves et al. [ 7 ] studied 16 children 
undergoing propofol sedation for bone marrow aspiration by 
nonanesthesiologists, and found that for all children, their 
level of consciousness, motor activity score, and bispectral 

index score was consistent with either deep sedation or 
general anesthesia at some point during the procedure. In the 
largest pediatric procedural cohort reported to date, Cravero 
et al. assessed 49,836 propofol sedations. Complications 
were noted in 5.92 % of patients, including an airway or pul-
monary complication in 1.17 %, yet there was no assessment 
of depth of sedation reported [ 8 ]. Sedation scales are essen-
tial to minimize complications from sedation by providing 
early warning of sedation that is deeper than intended, to 
allow the practitioner to intervene proactively, instead of 
having to rescue the patient from an episode of hypoxemia 
from airway obstruction or apnea. The ideal sedation scale 
would be applicable to children of all ages, easy and rapid 
to administer to allow repeated objective assessment, and 
correlate both with depth of sedation necessary for success-
ful completion of the procedure and with adverse effects of 
sedation, i.e., airway obstruction, hypoxemia, hypotension, 

Goal Zone

Pain, Anxiety, Dangerous Movement

Apnea, Hypoxia, Death

Induction Procedure Recovery

R1

C2

C1

R3

C3 R2

Pt

  Fig. 5.1    A working model of pediatric sedation. The  x- axis is the time 
of phase of sedation. The  y- axis is the depth of sedation, ranging from 
inadequate to oversedation. A sedation scale should be able to accu-
rately assess the depth of sedation and maximize the chance that the 
patient is in the goal zone. The  black dots  are the patient at a single 
point in time, ranging from preprocedure, through intra- and post- 
procedure. C designates the work done by the provider to counteract the 
adverse effects of sedation or accomplish a task. C1 is the procedure 
control loop, C2 the procedural pain and anxiety control loop, and C3 
the sedation-related respiratory depression control loop. R1 is the unde-
sired side effects of therapeutic action: R1 undersedation and pain, R2 
oversedation, and R3 rescue from oversedation (Adapted from Cravero 
JP, Blike GT, Surgenor SD, Jensen J. Development and validation of the 
Dartmouth Operative Conditions Scale. Anesth Analg. 2005;100:1614–
21, with permission from Lippincott Williams & Wilkins)       

   Table 5.1    American Academy of Pediatrics/Joint Commission/American 
Society of Anesthesiologists Defi nitions of Levels of Sedation   

  Minimal sedation  
( anxiolysis ) 

 A drug-induced state during which patients 
respond normally to verbal commands 
 Although cognitive function and coordination 
may be impaired, ventilatory and cardiovascular 
functions are unaffected 

  Moderate sedation  
(previously called 
conscious sedation 
or sedation/
analgesia) 

 A drug-induced depression of consciousness 
during which patients respond purposefully to 
verbal commands either alone or accompanied 
by light tactile stimulation 
 No interventions are required to maintain a patent 
airway, and spontaneous ventilation is adequate 
 Cardiovascular function is usually maintained 

  Deep sedation   A drug-induced depression of consciousness 
during which patients cannot be easily aroused 
but respond purposefully after repeated or 
painful stimulation. ( Note : refl ex withdrawal 
from a painful stimulus is not considered a 
purposeful response) 
 The ability to independently maintain 
ventilatory function may be impaired 
 Patients may require assistance in maintaining a 
patent airway and spontaneous ventilation may 
be inadequate 
 Cardiovascular function is usually maintained 

  General 
anesthesia  

 A drug-induced loss of consciousness during 
which patients are not arousable, even to 
painful stimulation 
 The ability to independently maintain 
ventilatory function is often impaired 
 Patients often require assistance in maintaining 
a patent airway, and positive pressure 
ventilation may be required because of 
depressed spontaneous ventilation or drug-
induced depression of neuromuscular function 
 Cardiovascular function may be impaired 

   Source : Data from American Society of Anesthesiologists. ASA 
Standards, Guidelines and Statements, October  
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and bradycardia. It would be validated against other accepted 
scales, and also an objective method of assessment such as a 
processed EEG technique. And, it would be further validated 
in very large numbers of patients to determine that the 
scale did correlate with outcomes. Unfortunately, no such 
ideal sedation scale exists. However, there are a number of 
objective and semiobjective methods, some validated, to 
assess depth of sedation. 

    The Ramsay Scale 

 The Ramsay Sedation Scale (RSS) was described by Ramsay 
and colleagues in 1974 for the purpose of monitoring seda-
tion with alphaxalone/alphadolone [ 9 ] (Table  5.2 ). It has 
been validated by several methods including a modifi ed 
Glasgow Coma Scale and the Sedation-Agitation Scale [ 10 ]. 
The Ramsay Scale was one of the earliest sedation scales, 
and although not strictly validated in children, it is one of 

the most widely used scales for assessing and monitoring 
pediatric sedation in daily practice, as well as in clinical 
research. It spans the continuum of sedation but does not 
clearly separate purposeful from nonpurposeful responses.

   A later modifi cation of the Ramsey scale more clearly 
coincides with the AAP and Joint Commission guidelines 
(Table  5.3 ) [ 6 ]. A score of 2–3 is anxiolysis, 4–5 is moderate 
sedation, 6 is deep sedation, and 7–8 is general anesthesia.

ASA and JCAHO Definition of Sedation

“Responds
normally
to verbal
commands”

Minimal
Sedation

“Anxiolysis”

“Responds
purposefully
to repeated or
painful stimuli”

? Airway
   maintained

Deep
Sedation/
Analgesia

“Unarousable
to painful stimuli”
or
“reflex withdrawal”

General
Anesthesia

“Responds
purposefully
to verbal
commands/
light touch”

Airway maintained

Moderate
Sedation/Analgesia

for <6 years of age
there is no 

“conscious sedation” 

  Fig. 5.2    The sedation contin-
uum. A patient may readily pass 
from a light level of sedation to 
deep sedation or general anesthe-
sia. Healthcare providers must be 
prepared to increase vigilance and 
intensity of monitoring consistent 
with the depth of sedation. One 
should consider all children 
younger than the age of 6 years as 
deeply sedated because “con-
scious sedation” in this age group 
for most children is an oxymoron 
( ASA, American Society of 
Anesthesiologists; JCAHO, Joint 
Commission on Accreditation of 
Healthcare Organizations ) 
(Adapted from [ 6 ].)       

   Table 5.2    Ramsay Scale   

 Level  Characteristics 

 1  Patient awake, anxious, agitated, or restless 
 2  Patient awake, cooperative, orientated, and tranquil 
 3  Patient drowsy, with response to commands 
 4  Patient asleep, brisk response to glabellar tap or loud auditory 

stimulus 
 5  Patient asleep, sluggish response to stimulus 
 6  Patient has no response to fi rm nail-bed pressure or other 

noxious stimuli 

   Source : Data from Ramsay et al. [ 9 ]  

   Table 5.3    Modifi ed Ramsay Sedation Scale with American Academy 
of Pediatrics/Joint Commission/American Society of Anesthesiologists 
designation   

 Score  Characteristics 

 1  Awake and alert, minimal or no cognitive impairment 
 2 a   Awake but tranquil, purposeful responses to verbal commands 

at conversation level 
 3 a   Appears asleep, purposeful responses to verbal commands at 

conversation level 
 4 b   Appears asleep, purposeful responses to verbal commands but 

at louder than usual conversation level or requiring light 
glabellar tap 

 5 b   Asleep, sluggish purposeful responses only to loud verbal 
commands or strong glabellar tap 

 6 c   Asleep, sluggish purposeful responses only to painful stimuli 
 7 d   Asleep, refl ex withdrawal to painful stimuli only (no 

purposeful responses) 
 8 d   Unresponsive to external stimuli, including pain 

   Source : Data from Ramsay et al. [ 9 ] 
  GA  general anesthesia 
  a  Minimal 
  b  Moderate 
  c  Deep 
  d  GA  
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       The Observer’s Assessment of Alertness/
Sedation Scale  and Modifi ed Observer’s 
Assessment of Alertness/Sedation Scale  

 The Observer’s Assessment of Alertness/Sedation Scale 
(OAA/S) [ 11 ] was developed to measure the alertness of adult 
subjects who are sedated with benzodiazepines. It assesses 
consciousness level in four areas: responsiveness, speech, 
facial expression, and eyes (Table  5.4 ). The OAA/S was vali-
dated in 18 healthy males 19–44 years of age, who received 
intravenous midazolam, initial dose 0.035 mg/kg, followed 
by additional doses of 0.015 mg/kg every 60–90 s until one of 
two levels of sedation was reached: light or heavy. A placebo 
group was also used, and two raters determined the depth 
of sedation using the OAA/S and 100 mm visual analog 
scale (VAS) rating patients from 0 (very sedated) to 100 
(completely alert). Each subject was tested three separate 
times in a crossover design to assess the OAA/S reliability, 
criterion, and construct validity. The scale was found to be 
reliable with high correlations between raters, to have strong 
criterion and behavioral validity with consistently decreasing 
scores for placebo, light, and heavy sedation. The construct 
validity among the four components was also strong, as 
was the validity for subsequent administration to the same 
subject in the crossover phase. Finally, the investigators also 
used two performance tests—the Digit Symbol Substitution 
Test and the Serial Sevens Subtraction Test—to compare to 
OAA/S scores and again found strong correlation.

   Despite this thorough validation of the OAA/S in adult 
patients, and its use in several sedation research studies in 
children [ 12 ,  13 ], the OAA/S has not been separately vali-
dated in children. The OAA/S has been used in the validation 
of the University of Michigan Sedation Scale [ 14 ], and in 
assessments of the reliability of the bispectral index monitor 
in children [ 15 ]. 

 The Modifi ed Observer Assessment Sedation Score 
(MOAA/S) uses only the responsiveness category of the 
OAA/S. This category was separately validated in the original 
study [ 11 ] but, as with the OAA/S, has not been separately 
validated in children.  

    The COMFORT Scale 

 The COMFORT Scale is a physiologically based scale that 
was originated and validated in children receiving intensive 
care, and as such is not completely applicable to the proce-
dural sedation environment [ 16 ] (Table  5.5 ). It was tested 
and validated in 37 ventilated pediatric patients, and inter- 
rater agreement and internal consistency were very strong. 
Criterion validity, assessed by comparison with concurrent 
global ratings of pediatric intensive care unit (PICU) nurses, 
was also high. It is included here as an example of such a 
physiologically based scale. An added dimension is the 
assessment of pain or discomfort. Generally, a COMFORT 
score between 18 and 26, with each area scored as 2–3, is 
desirable to signify appropriate levels of sedation in the ICU 
setting. It is clear that this scale is complex and will require 
several minutes to assess, and as such is appropriate for ICU 
care where the scale is performed no more frequently than 
every hour. In the context of most procedural sedation, this 
scale will be inappropriate.

       The University of Michigan Sedation Scale 

 The University of Michigan Sedation Scale (UMSS) is an 
assessment tool that has been shown to be valid when 
 compared to the OAA/S Scale and other scales of sedation 
(Table  5.6 ) [ 14 ]. It is a level of consciousness tool that read-
ily separates patients into the sedation categories defi ned by 
the AAP, ASA, and Joint Commission. It does not explicitly 
rate pain, and does not include an assessment of vital signs. 
In a study of 32 children aged 4 months to 5 years undergo-
ing computed tomography (CT) scanning with oral chloral 
hydrate, 50–75 mg/kg, Malviya et al. [ 14 ] validated the 
UMSS by comparing the scores assessed every 10 min 
before, during, and after the procedure by the clinical 
 sedation nurse, with assessments made by trained, blinded 
observers of the videotaped assessments, which were edited and 
viewed in random order. UMSS was compared to a 10-point 
VAS and the OAA/S. One hundred sixty-four observations 

   Table 5.4    The Observer’s Assessment of Alertness/Sedation Scale   

 Assessment categories 

 Responsiveness  Speech  Facial expression  Eyes  Composite score level 

 Responds readily to name spoken in normal tone  Normal  Normal  Clear, no ptosis  5 (alert) 
 Lethargic response to name spoken in normal 
tone 

 Mild slowing or 
thickening 

 Mild relaxation  Glazed or mild ptosis 
(less than half the eye) 

 4 

 Responds only after name is called loudly 
and/or repeatedly 

 Slurring or prominent 
slowing 

 Marked relaxation 
(slack jaw) 

 Glazed and marked ptosis 
(half the eye or more) 

 3 

 Responds only after mild prodding or shaking  Few recognizable words  –  –  2 
 Does not respond to mild prodding or shaking  –  –  –  1 (deep sleep) 

   Source : Data from Chernik et al. [ 11 ]  
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were made, and the UMSS showed an excellent correlation 
with VAS ( r  = 0.955) and OAA/S ( r  = 0.929),  p  < 0.0001 for 
both. There was excellent inter-rater agreement between seda-
tion nurse and trained observers at UMSS 0 and 1, and good 

agreement at UMSS 3 and 4, as well as excellent agreement 
in a test–retest scenario where 75 videotaped observations 
were rescored at a later date. Thus it would appear that the 
UMSS meets several of the requirements for the ideal seda-
tion scale, in that it is validated, rapid to administer, and 
allows repeated observations. A problem shared with other 
scales is the need to arouse the patient to make an assess-
ment; this is not possible during a procedure such as a mag-
netic resonance imaging (MRI) scanning sequence, and may 
be undesirable if the patient remains aroused, interfering 
with the procedure.

       Dartmouth Operative Conditions Scale 

 The Dartmouth Operative Conditions Scale [ 1 ] was designed 
by three experienced pediatrician/anesthesiologists, and then 
refi ned by videotaping 12 common procedures including 
MRI, CT scan, voiding cystourethrogram, cardiac catheter-
ization, fracture reduction, and bone marrow biopsy 
(Table  5.7 ). Then the Dartmouth scale was validated by vid-
eotaping 95 procedures with sedation provided by a variety 
of providers including radiology nurses, pediatricians, pedi-
atric residents, cardiologists, oncologists, and anesthesiolo-
gists. The scale allows quantifi cation of children based on 
observable behavior. It rates level of sedation in four areas: 
pain or stress, movement, consciousness, and sedation side 
effects. In this manner the completeness of the quality of 
sedation can be assessed comprehensively. Inter- and intra- 
rater reliability, construct validity, and criterion validity were 
all excellent. Thus the Dartmouth scale is a well-validated 
tool, best suited for research because of its comprehensive 
nature but nonetheless applicable to routine use for proce-
dural sedation. Assessment of this scale at frequent intervals 
allows for careful tracking of state of sedation, effectiveness 
of sedation, uncontrolled side effects, and the timing of 
induction of sedation and recovery. These data can be helpful 
in quantifying the quality of sedation and best practices. 
The Dartmouth scale was validated against the COMFORT 
score (see above), a previously well-validated scale of pain 
and sedation in pediatric intensive care patients. Scores range 
from 5 (inadequate sedation with high levels of pain, stress, 

   Table 5.5    The COMFORT Score   

 Domain  Characteristics  Score 

 Alertness  Deeply asleep  1 
 Lightly asleep  2 
 Drowsy  3 
 Fully awake and alert  4 
 Hyperalert  5 

 Calmness/agitation  Calm  1 
 Slightly anxious  2 
 Anxious  3 
 Very anxious  4 
 Panicky  5 

 Respiratory 
response 

 No coughing and no spontaneous respiration  1 
 Spontaneous respiration with little or no 
response to ventilation 

 2 

 Occasional cough or resistance to ventilator  3 
 Actively breathes against ventilator or 
coughs regularly 

 4 

 Fights ventilator; coughing or choking  5 
 Physical 
movement 

 No movement  1 
 Occasional slight movement  2 
 Frequent slight movement  3 
 Vigorous movement limited to extremities  4 
 Vigorous movement including torso and head  5 

 Blood pressure  Blood pressure below baseline  1 
 Blood pressure consistently at baseline  2 
 Infrequent elevations of 15 % or more 
(1–3 observations) 

 3 

 Frequent elevations of 15 % or more 
(more than three episodes) 

 4 

    Sustained elevation of >15 %  5 
 Heart rate  Heart rate below baseline  1 

 Heart rate consistently at baseline  2 
 Infrequent elevations of 15 % or more 
(1–3 observations) 

 3 

 Frequent elevations of 15 % or more 
(more than three episodes) 

 4 

 Sustained elevation of >15 %  5 
 Muscle tone  Muscle totally relaxed  1 

 Reduced muscle tone  2 
 Normal muscle tone  3 
 Increased muscle tone and fl exion of 
fi ngers and toes 

 4 

 Extreme muscle rigidity and fl exion of 
fi ngers and toes 

 5 

 Facial tension  Facial muscles totally relaxed  1 
 Facial muscle tone normal; no facial 
muscle tension evident 

 2 

 Tension evident in some facial muscles  3 
 Tension evident throughout facial muscles  4 
 Facial muscles contorted and grimacing  5 

   Table 5.6    University of Michigan Sedation Scale (UMSS)   

 Score  Characteristics 

 0  Awake and alert 
 1  Minimally sedated: tired/sleepy, appropriate response to verbal 

conversation and/or sound 
 2  Moderately sedated: somnolent/sleeping, easily aroused with 

light tactile stimulation or a simple verbal command 
 3  Deeply sedated: deep sleep, arousable only with signifi cant 

physical stimulation 
 4  Unarousable 

5 Sedation Scales and Discharge Criteria: How Do They Differ? Which One to Choose? Do They Really Apply to Sedation?



76

and undesired movement) to −4 (dangerously oversedated). 
Scores in the +2 to −2 range are desired, with more negative 
scores associated with deeper levels of sedation needed for 
more painful procedures. These scores correlate with the 
goal zone desired during sedation (Figure  5.1 ).

       Modifi ed Aldrete Score as a Sedation Scale 

 The modifi ed Aldrete score has been in widespread use as a 
postanesthesia recovery score for many years (see below). 
Because of its near universal use for this purpose it is familiar 
to many sedation practitioners, and although not designed 
specifi cally for this purpose, it is also in wide use as both a 
sedation scale during the procedure itself, and as a recovery 
and discharge scale for procedural sedation in children. This 
score has not been independently validated either in children 
or for procedural sedation.  

    Processed EEG Monitors: The Bispectral Index 

 Several investigators have studied whether the Bispectral 
Index (BIS, Aspect Corporation, Newton, MA), a single-lead 
processed EEG that uses a proprietary algorithm to assign a 
number from 100 (completely awake) to 0 (isoelectric EEG), 
is meant to objectively assess the depth of sedation or anes-
thesia (Figure  5.3 ). The appeal of processed EEG methods is 
that they are continuous, objective, and do not require awak-
ening of the patient for assessment. Problems with BIS 
include that the sensor, when applied to the forehead, must 
be secured with fi rm pressure to yield a valid signal, and this 
in itself may awaken the patient. And, its ferromagnetic elec-
trode array is not compatible with MRI magnetic fi elds. 
Malviya et al. [ 17 ] pooled data from four studies comparing 
UMSS to BIS values for 3,373 observations for 248 children 
aged 1 month to 18 years. The patients underwent a variety 
of diagnostic and therapeutic procedures, with a number of 
different agents including chloral hydrate, midazolam, pen-
tobarbital, propofol, ketamine, and opioids. There was a 
moderate inverse correlation between BIS and UMSS in all 

age groups; however, there was not a difference between BIS 
values and UMSS 3 and 4 (moderate and deep sedation) in 
all age groups, and UMSS 0 and 1 (awake versus light seda-
tion) in infants. Furthermore, there was a poor correlation 
between BIS and UMSS with ketamine or opioid use. The 
authors concluded that BIS values must be interpreted with 
caution during procedural sedation in infants and children, 
with particular attention needed to the age of patient and 
agents used.

   Haberland et al. [ 18 ] also compared BIS values and 
UMSS scores in 35 pediatric dental patients undergoing 
sedation with nasal mask nitrous oxide in addition to various 
other regimens, including oral hydroxyzine or chloral 
hydrate, transmucosal fentanyl, or intravenous (IV) meperi-
dine or midazolam. Mean age of patients was 4.2 years, and 
duration of sedation was 2.5 h. BIS and UMSS values were 
recorded every 5 min during sedation, and during the 1-h 
recovery they were assessed every 15 min, resulting in 455 
paired observations. There was a signifi cant decline in BIS 
and UMSS from baseline to start of the dental procedure, and 
increase after the procedure, ( p  < 0.0001), and moderate 
kappa coeffi cient of the percentage agreement between 
BIS values and UMSS scores 0, 1, 2, and 3–4 (0.26, 95 % 
confi dence interval 0.21–0.20,  p  < 0.0001). However, there 
was no difference in BIS values between UMSS 2 and 3, 2 
and 4, or 3 and 4. Therefore, as in the Malviya study [ 17 ] 
cited previously, the authors concluded that BIS did not dis-
tinguish between moderate and deep sedation, and was best 
utilized to distinguish between mild and moderate sedation. 

 Mason et al. [ 19 ] compared BIS values immediately after 
an MRI or CT scan in 86 children greater than 1 year of age 
undergoing sedation with pentobarbital as a sole agent, who 
had achieved Ramsay scores of 4 or 5 (moderate or deep 
sedation). There was no signifi cant difference between the 
sedation scores and BIS values (63 ± 12 and 64 ± 15 for 
RSS 4 and 5, respectively,  p  = 0.64). There was a wide varia-
tion in BIS values of 31–90. The authors concluded that the 
BIS had limited ability to distinguish moderate from deep 
sedation levels. 

 These studies and other data suggest that BIS has lim-
ited utility in assessing sedation level in children [ 20 ]. 

   Table 5.7    The Dartmouth Operative Conditions Scale   

 Patient state  Observed behaviors/points 

 Pain/stress  Eyes closed or 
calm expression: 0 

 Grimace or frown: 1  Crying, sobbing, or screaming: 2  – 

 Movement  Still: 0  Random little movement: 1  Major purposeful movement: 2  Thrashing, kicking, or 
biting: 3 

 Consciousness  Eyes open: 0  Ptosis, uncoordinated, or “drowsy”: −1  Eyes closed: −2  – 
 Sedation side effects  SpO 2  <92 %: −1  Noise with respiration: −1  Respiratory pauses: >10 s: −1  BP decrease of >50 % 

from baseline: −1 

   Source : Data from Cravero et al. [ 1 ]  
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This is due to several factors, including the age-related 
developmental differences in the EEG between infants, 
children, and adults; and the different values achieved with 
similar levels of sedation with different agents [ 21 ].  

    Auditory Evoked Potentials 

 Auditory evoked potentials (AEP) demonstrate a correlation 
with depth of hypnosis in adult patients, and these monitors 
are becoming available for clinical use. In a study of 75 chil-
dren aged 1–16 years undergoing urologic surgery with 
propofol- remifentanil anesthesia, Chueng et al. measured 
mid-latency AEP produced by a 90 dB click delivered 
through headphones at a frequency of 6.9 Hz [ 22 ]. They 
compared AEP to BIS during anesthesia, and to the UMSS 

during emergence. Propofol target-controlled infusion levels 
were tested, and the BIS demonstrated a stronger correlation 
than AEP with predicted propofol plasma levels during the 
intraoperative period (BIS 0.36, AEP 0.21,  p  = 0.010). The 
BIS and AEP performed similarly in predicting UMSS ≤ 1 
(sedated versus awake) during emergence from anesthesia. 
However, the AEP was inferior to BIS at UMSS 2, 3, or 4 
(distinguishing light, moderate, or deep sedation). Additional 
study of this modality in sedated children is necessary to 
determine its utility for procedural sedation.  

    Other Sedation Scales 

 There are a number of additional sedation scales, such as the 
Harris, modifi ed Glasgow Coma Scale   , Cambridge, 

  Fig. 5.3    ( a ) The bispectral 
index ®  (BIS™) pediatric sensor. 
A one-channel EEG monitor with 
reference electrode applied to the 
forehead. ( b ) The BIS™ monitor 
displays a single processed EEG 
number from 0 to 100, as well as 
the raw EEG waveform, and sig-
nal strength indicator. ( c ) The 
sedation continuum using the BIS 
algorithm. See text for details 
(Copyright ©2013 Covidien. All 
rights reserved. Used with the 
permission of Covidien)       
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Bloomsbury, Neurobehavioral Assessment Scale, Richmond 
Agitation-Sedation Scale, PRST (pressure, rate, sweat, tear-
ing), Vancouver Sedative Recovery Scale, Motor Activity 
Assessment Scale, and many others [ 10 ]. These scales are 
largely not applicable to pediatric procedural sedation because 
they were designed either for adult or for pediatric ICU care, 
and many have not been validated. None were designed pri-
marily for procedural sedation. Most also measure physio-
logic variables as part of the assessment, and thus are long 
and cumbersome to apply for procedural sedation. To under-
score the diffi culty in selecting and employing valid subjec-
tive sedation scales, Robinson et al. performed a formal 
psychometric analysis of 11 sedation scales for critically ill 
adults. [ 23 ] A 0–20 scoring system was applied using pub-
lished data from each scale to assess quality of development 
of each scale, including item selection and content validation, 
reliability, construct validity, feasibility of use, and scale rel-
evance/impact. The Richmond Sedation–Agitation Scale had 
“very good” psychometric properties, with a score of 19.5. 
The Vancouver Scale (14.3) and Ramsay Scale (13.2) had 
“moderate” psychometric properties, and the OAA/S Scale 
(3.7) had a “very low” score. Similar assessment has not been 
performed for pediatric procedural sedation scales.  

    Objective, Physiologically Based 
Sedation Scales 

 As is evident from the prior discussion, the ideal sedation 
scale for pediatric patients undergoing procedural sedation 
does not exist at this time. Limitations of all scales include 
the inherent subjectivity in assessing the patient’s response 
to verbal or tactile stimulation, which is included in most of 
the scales. In addition, the arousal of the patient necessary 
for assessment can interfere with both the sedation level 
itself, and interrupt the procedure. Also, many scales have 
not been validated, and interobserver reliability is thus in 
question. Finally, the ability to discriminate safe from dan-
gerous levels of sedation (i.e., deep sedation from general 
anesthesia) is limited and has not been demonstrated for 
most of the scales, or for processed EEG monitoring, and 
thus the goal of preventing airway and cardiovascular com-
plications is also problematic using current schema. 
Recently, Green and Mason [ 24 ] have advocated a reformu-
lation of the sedation continuum. Instead of basing the scale 
on subjective or semiobjective criteria, scales based on 
objective physiologic monitoring would be devised 
(Table  5.8 ). Because most sedation-related adverse events 
begin with airway and ventilatory problems, capnography 
would be able to detect abnormalities (i.e., upper airway 
obstruction from lax pharyngeal muscle tone and tongue 
resulting in cessation of airfl ow) at its earliest occurrence 
(Figure  5.4 ). This is substantially before arterial desaturation 
is detected by pulse oximetry, or bradycardia or hypotension 

from prolonged hypoxia. Portable capnographic monitoring 
is easily performed via widely available divided nasal can-
nulae made in infant, pediatric, and adult sizes, and can be 
used in all situations, including the MRI suite [ 25 ]. Indeed, 
capnography monitoring for procedural sedation has been 
demonstrated to improve safety in children. Lightdale et al. 
[ 26 ] reported 174 moderate sedations in children for gastro-
intestinal endoscopy procedures, with half receiving capno-
graphic monitoring and an intervention protocol and the 
other half blinded capnography with only rescue interven-
tion, in a prospective randomized study design. Eleven per-
cent of patients in the intervention arm had SpO 2  < 95 % for 
greater than 5 s, versus 24 % in the control arm ( p  < 0.03).

    In a meta-analysis of fi ve randomized trials in adults 
undergoing procedural sedation in 332 patients, Waugh et al. 
[ 27 ] found that respiratory depression events were 6.5–17.6 
times more likely to occur without capnographic monitoring, 
providing signifi cant support for the concept that capno-
graphic monitoring is effective at detecting dangerous 
increases in depth of sedation. Additional controlled study 
would be desirable in the pediatric population, but it is highly 
likely that this principle would have the same strong evi-
dence as in the adult population. 

 Potential capnographic criteria for increasing levels of seda-
tion would include age-appropriate respiratory rate determined 
by the capnograph (slower means deeper sedation), signifi cant 
decreases in end-tidal CO 2  values (signifying smaller tidal vol-
umes or partial airway obstruction, or in worst case scenario 
low cardiac output), or complete absence of end-tidal CO 2 , 
associated with complete airway obstruction. Specifi c, focused 
research would be required to stratify levels of risk based on 
capnographic and other parameters. A multidisciplinary effort 
would be required to develop updated guidelines.  

    Recovery and Discharge Scales 

 The concept of postanesthesia recovery after a surgical 
procedure has been expanded to procedural sedation, and 
scales originally designed to assess anesthesia recovery read-
iness for discharge to a hospital ward (Aldrete, Steward—see 
later) have also been expanded to include recovery from 
sedation, and readiness for discharge to home after proce-
dural sedation without a painful operative procedure, e.g., an 
outpatient brain MRI for assessment of seizure disorder or 
developmental delay. Obviously the requirements for 
discharge can be very different in these two circumstances. 
The outpatient should be able to resume quiet “normal” 
activities before discharge from sedation, i.e., spontaneous 
wakefulness, eating, voiding, drinking, and ambulating with 
assistance. The inpatient may not need to meet all these 
requirements. This raises the question of whether these types 
of recovery scales have ever been validated for the purpose 
of discharge readiness, and in the case of the postanesthesia 
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recovery scales, they have not. Besides assessing readiness 
to resume “normal” activities, the purpose of discharge and 
recovery scales is to prevent adverse events. Respiratory and 
cardiac events, including death, have occurred after premature 
discharge following procedural sedation [ 2 ]. These events 

have mostly occurred when a long-lasting (long half- life) 
sedative such as chloral hydrate has been given. This can 
result in the child being unable to spontaneously unobstruct 
his or her airway. 

 The Aldrete score was introduced in 1970 [ 28 ], validated 
in adults, and quickly became the standard for PACU dis-
charge from surgery for both adults and children. It rates fi ve 
domains: activity, respiration, circulation, consciousness, 
and color. A point score of 0, 1, or 2 is given in each domain 
for a maximum score of 10 (Table  5.9 ). With the introduction 
of pulse oximetry, the score was modifi ed to include SpO 2  
instead of color [ 29 ]. Because of its familiarity, it has been 
used as a score for discharge from sedation as well. A score 
of 9 or 10 is standard to determine readiness for discharge.

   The Maintenance of Wakefulness Test was devised to 
assess daytime somnolence in patients with sleep disorders. 
Polysomnography is used to measure the time taken for an 
adult patient to fall asleep in a dark, quiet room, after they 
have been instructed to stay awake [ 30 ]. The Modifi ed 
Maintenance of Wakefulness Test (MMWT) is a new modi-
fi cation of the original test, which was devised to help 

  Fig. 5.4    ( a ) Normal capnograph in a sedated patient, obtained with 
divided nasal cannula. Respiratory rate of 16, and end-tidal CO 2  of 
35 mmHg with full “area under the curve” waveform with long plateau 
signifi es unobstructed airway and adequate tidal volumes in this 
patient. ( b ) Capnograph from a patient with signifi cant respiratory 
depression. Respiratory rate is 10 per minute, and end-tidal CO 2  is only 
10 mmHg, likely signifying small tidal volumes       

   Table 5.8    Preliminary sample 
schematic for an Objective Risk 
Assessment Tool for Sedation 
(ORATS). The choice of four 
levels here is arbitrary and for 
illustration purposes only; the 
fi nal tool would contain the 
minimum number of discrete 
levels with independent 
predictive    value           

  a Focused research would be required to validate the specifi c variables, parameters, and thresholds that 
predict the progressive levels of serious adverse event risk. Evaluation of capnography, for example, could 
include but not be limited to evaluation of waveform, frequency, pattern, and/or numerical value on inspira-
tion or expiration 
  b To be determined at each level by consensus panel and would include but not be limited to recommenda-
tions on adjuvant personnel, intravenous access, availability of rescue medications, and airway equipment 

a

b

1 ≤1:10,000 Consistent with 
normal awake 
pattern and 
frequency

Ability to 
observe and 
interpret the 
agreed-upon 
physiological 
monitoring 
parameters

Appropriate for 
risk level

2 1:1,000 ← Objective 
monitoring 

predicts this level 
of risk

Skills 
appropriate for 
maintaining 

sedation at this 
risk level and for 
rescuing from the 
subsequent level

Appropriate for 
risk level

3 1:100 ← Objective 
monitoring 

predicts this level 
of risk

Skills 
appropriate for 
maintaining 

sedation at this 
risk level and for 
rescuing from the 
subsequent level

Appropriate for 
risk level

4 ≥1:10 ← Objective 
monitoring 

predicts this level 
of risk

Skills 
appropriate for 
maintaining a 
patient at this 

risk level

Appropriate for 
risk level

New levels (as
yet unnamed)

Escalating risk
of serious

adverse event

Physiological
monitoring
parameters
(singular or
combination)

Recommended
sedationist skill

set

Recommended
resources
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determine discharge readiness in children. In this score, the 
patient has to maintain a state of wakefulness or alertness in 
a quiet room for a minimum of 20 min after last being awak-
ened. Malviya et al. studied 29 infants receiving either chlo-
ral hydrate or midazolam/diphenhydramine oral sedation for 
echocardiogram. The modifi ed wakefulness test was com-
bined with the UMSS sedation scale (see above) to devise 
new, modifi ed discharge criteria, which were compared with 
the standard hospital sedation discharge criteria. A UMSS of 
0 or 1 (awake or minimally sedated), combined with a modi-
fi ed wakefulness test of 20 min, was required to meet these 
criteria. These data were compared with the bispectral index, 
with a value of 90 or higher signifying adequate wakefulness 
for discharge. Standard discharge criteria were stable vital 
signs, oxygen saturation, and level of consciousness com-
pared to presedation baseline. Also, the patient must main-
tain a patent air way, manage oral secretions independently, 
or demonstrate the ability to swallow or demonstrate a gag 
refl ex. In addition, the patient should be able to move or 
ambulate safely consistent with their presedation baseline. 
Combining the MMWT and UMSS criteria correctly identi-
fi ed infants with BIS values >90.88 % of the time, compared 
with only 55 % of children assessed as “street ready” accord-
ing to usual hospital discharge criteria [ 30 ]. In addition, time 
in recovery to discharge was only 16 ± 13 min using the stan-
dard discharge criteria versus 75 ± 76 min ( p  ≤ 0.007) using 
the revised criteria. This very interesting study reveals that 
many children discharged using standard criteria may indeed 
not truly be back to their baseline status, and thus be poten-
tially at risk for delayed complications. These more objective 
discharge criteria would need to be studied in a much larger 
group of patients to determine whether late complications 
were truly reduced. 

 Steward [ 31 ], citing the diffi culty of assessing patient 
color (pulse oximetry was not available at the time), and the 
sometimes inconsistent relationship of blood pressure to 
recovery from anesthesia, proposed a simplifi ed score 
(Table  5.10 ). The original publication was a short description 
of the scale, and its rationale, but there was no actual patient 
data attempting to validate it as had been done in the original 
Aldrete score paper. Despite its use in a number of pediatric 
studies [ 32 ,  33 ] it has not been independently validated.

   In a recent comprehensive review of assessment of recovery 
from anesthesia or sedation in infants, Sury et al. [ 34 ] cited 
all of the above-noted recovery scales, and several others 
including the Behavioral Arousal Threshold Scale, Children’s 
Hospital of Wisconsin Sedation Scale, and Simple Pediatric 
Analog Sedation Score. They concluded that besides the UMSS 
and MMWT, none of the many other recovery/discharge scales 
were specifi cally validated in infants. Additional research to 
develop criteria for awakening from anesthesia and sedation 
specifi c to infants is needed. 

 Table  5.11  summarizes the sedation, recovery, and dis-
charge scales reviewed above including parameters assessed, 
utility in various phases of the sedation process, and strengths 
and limitations.

        A Practical Approach to Sedation Scales 
and Discharge Scores 

 Synthesizing the concepts presented in this chapter, and con-
sidering the demands of a busy sedation service that must be 
effi cient as well as safe, I propose a practical approach to 
sedation scales and recovery and discharge scores. If moder-
ate or deep sedation by a nonanesthesiologist is planned (the 
vast majority of pediatric sedations, as only older children 
undergoing non-painful procedures, will undergo light seda-
tion), one suggested approach is to use a validated simple 
level of consciousness scale (Ramsay, UMSS, or Aldrete), at 
least every 15 min or when a change in level of sedation 
occurs, i.e., after an additional dose of sedative. In addition 

   Table 5.9    The modifi ed Aldrete Scale   

 Domain  Response  Points 

 Activity  Able to move four extremities voluntarily or 
on command 

 2 

 Able to move two extremities voluntarily or 
on command 

 1 

 Unable to move extremities voluntarily or on 
command 

 0 

 Respiration  Able to breathe deeply and cough freely  2 
 Dyspnea or limited breathing  1 
 Apneic  0 

 Circulation  BP ± 20 % of preanesthetic level  2 
 BP ± 20–49 % of preanesthetic level  1 
 BP ± 50 % of preanesthetic level  0 

 Consciousness  Fully awake  2 
 Arousable on calling  1 
 Not responding   0  

 O 2  saturation  Able to maintain SpO 2  > 92 % on room air   2  
 Needs O 2  inhalation to maintain SpO 2  > 90 %  1 
 SpO 2  < 90 % even with O 2  supplement  0 

 Total 

   Table 5.10    The Steward simplifi ed postanesthetic recovery score   

 Domain  Level  Points 

 Consciousness  Awake  2 
 Responding to stimuli  1 
 Not responding  0 

 Airway  Coughing on command or crying  2 
 Maintaining good airway  1 
 Airway requires maintenance  0 

 Movement  Moving limbs purposefully  2 
 Nonpurposeful movements  1 
 Not moving  0 

 Total 

   Source : Reprinted from Steward DJ. A simplifi ed scoring system for the 
postoperative recovery room. Can Anaesth Soc J. 1975;22:111–3, with 
kind permission of Springer Science + Business Media  
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to standard monitoring with continuous ECG and SpO 2 , 
automated oscillometric blood pressure measurement at least 
every 5 min, the use of end-tidal CO 2  monitoring via a 
divided nasal cannula is encouraged. The sedation scale is 
not assessed if it would arouse the patient such that it would 
interrupt the procedure (i.e., MRI sequence) and the patient 
has not exhibited any signs of oversedation (i.e., hypotension 
or respiratory depression). In this way, the frequent physio-
logic monitoring is used instead of a more extensive and dif-
fi cult to administer scale that scores the vital signs, i.e., 
COMFORT scale. A recovery and discharge score is also 
used—a modifi ed Aldrete score of 9 or 10, a UMSS of 0 or 
1, or a modifi ed wakefulness test of 20 min. It may be sim-
plest to use the same scale for both the sedation and the 
recovery phases, i.e., the Ramsey, UMSS, or modifi ed 
Aldrete could be used throughout. The exact tests and scales 

are determined by institutional preferences. The sedation and 
recovery personnel must also be familiar with the patient’s 
baseline heart rate, blood pressure, respiratory rate, and oxygen 
saturation, as well as the age-related normal ranges. Whatever 
scales are decided upon, they are not a substitute for well-
trained sedation practitioners’ exercising skill and vigilance, 
combined with continuous physiological monitoring to 
ensure the best outcomes.  

    Conclusion 

 Regular use of a sedation, recovery, and discharge scales for 
pediatric procedural sedation is essential, given the wide vari-
ety of practitioners involved, as well as the variety of proce-
dures and agents used. Uniform assessment will minimize 

   Table 5.11    Characteristics of sedation and recovery/discharge scales   

 Scale  Parameters measured 

 Sedation, 
recovery, or 
discharge scale  Strengths  Limitations  Validated?  References 

 Ramsay 
Sedation Scale 

 Level of consciousness  S, R, D  Simple  No physiologic 
parameters, must 
awaken patient 

 Adults  [ 6 ,  9 ,  10 ] 

 OAA/S  Responsiveness, speech, 
facial expression, eyes 

 S, R, D  Well validated, 
relatively simple 

 No physiologic 
parameters, must 
awaken patient 

 Adults  [ 11 – 13 ] 

 Modifi ed 
OAA/S 

 Responsiveness only  S, R, D  Simple  No physiologic 
parameters, must 
awaken patient 

 Adults  [ 11 ] 

 COMFORT  Alertness, agitation, and 
multiple physiologic 
parameters 

 S  Comprehensive, well 
validated 

 Very complex, time 
consuming, not 
appropriate for routine 
procedural sedation 

 Children  [ 16 ] 

 UMSS  Level of consciousness  S, R, D  Relatively simple  Does not rate pain or 
physiologic 
parameters, must 
arouse patient 

 Children  [ 14 ] 

 Dartmouth  Pain, movement, 
consciousness, 
physiologic parameters 

 S  Comprehensive, rates 
pain and movement 

 Relatively complex  Children  [ 1 ] 

 Modifi ed 
Aldrete 

 Activity, respiration, 
circulation, consciousness, 
oxygen saturation 

 S, R, D  Widespread use and 
familiarity 

 Not designed as a 
sedation scale 

 Adults  [ 26 ,  27 ] 

 Modifi ed 
Maintenance 
of Wakefulness 

 Maintenance of alertness  R, D  Simple  Requires at least 
20 min to administer 

 Children  [ 28 ] 

 Steward  Consciousness, airway, 
movement 

 S, R, D  Simple  No assessment of 
oxygen saturation 

 No  [ 29 ] 

 Bispectral 
Index ®  

 Processed 
electroencephalogram 

 S, R, D  Semiobjective; one 
simple number 
reported 

 Continuous, no need 
to awaken patient 

 Adults, incomplete 
validation in young 
children; not 
compatible with MRI 

 [ 17 – 20 ] 

 Capnography 
based 

 End-tidal CO 2   S, R  Objective; sensitive 
indicator of respiratory 
depression/obstruction 

 Many artifacts; 
equipment not always 
available 

 Adults and children, 
as monitor 

 [ 22 – 24 ] 

   S  sedation phase,  R  recovery phase,  D  discharge phase,  OAA / S  Observer’s Assessment of Alertness/Sedation Scale,  UMSS  University of Michigan 
Sedation Scale  
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oversedation and complications, but also ensure that adequate 
levels of sedation and analgesia are achieved. In addition, only 
by more objective measurement of sedation will hospitals and 
departments have accurate data to improve the quality and 
outcomes of their programs. In the future, more objective 
physiologically based scales, utilizing capnography, should 
be devised. Any research on new agents or approaches must be 
validated using sedation scores that are objective and allow 
scientifi c comparison of different methods.     
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        Introduction 

 Physiological monitoring of vital signs is essential for the 
safe practice of procedural sedation and analgesia. 
Oxygenation, ventilation, cortical activity, and hemodynam-
ics can all be monitored noninvasively in spontaneously 
breathing patients. This chapter discusses the current guide-
lines and standards for patient monitoring, the essential mon-
itoring modalities for procedural sedation and analgesia in 
children, and future directions in the fi eld of monitoring.  

    Current Guidelines and Standards 

 In the United States, there are numerous procedural sedation 
and analgesia guidelines that have been created by specialty 
societies to standardize procedural sedation and analgesia 
practice in order to optimize patient safety (Table  6.1 ) [ 1 ]. 
Worldwide, specialty societies have also contributed and 
championed sedation guidelines and recommendations. 
(Refer to Chap.   2    .) The most widely disseminated guidelines 
in the United States are from the American Academy of 
Pediatrics [ 2 ], the American Society of Anesthesiologists 
[ 3 ], and the American College of Emergency Physicians [ 4 ]. 
In the early 1990s, the Joint Commission took a special inter-
est in procedural sedation and analgesia, and in 2001 released 
standards for pain management, sedation, and anesthesia 
care, with the central theme that sedation care should be 
comparable throughout a given hospital [ 5 ]. Patients sedated 
in settings outside the operating room should not receive a 
signifi cantly different level of attention or monitoring than 
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those sedated for a similar procedure in the operating room. 
To ensure this, the Joint Commission requires specifi c proce-
dural sedation and analgesia protocols that apply consis-
tently throughout each institution. These hospital-wide 
sedation policies vary from site to site based upon the spe-
cifi c needs and resources available within each institution.

   At each hospital accreditation survey, the Joint 
Commission will evaluate whether clinicians practice pro-
cedural sedation and analgesia consistent with their 
hospital- wide sedation policy, and whether they provide 
suffi cient documentation for such compliance. Physicians 
must be familiar with their hospital’s sedation policies, and 

should work with their medical staff to ensure that such 
policies are suitably detailed. Most hospitals pattern their 
sedation policies after the Joint Commission standards and 
defi nitions. 

 The Joint Commission requires that practitioners who are 
permitted to administer deep sedation must be qualifi ed to 
rescue patients from general anesthesia. Moderate sedation 
suffi ces for the majority of procedures in cooperative chil-
dren, although it will not be adequate for extremely painful 
procedures, or in uncooperative patients. Deep sedation can 
facilitate these, but at greater risk of cardiorespiratory depres-
sion than moderate sedation [ 3 ,  5 ] (Table  6.2 ).

      Observational Monitoring 

  Physiological monitoring has two components : observa-
tional monitoring by a designated clinician and electronic 
monitoring with mechanical monitoring devices. The most 
important element of procedural sedation and analgesia 
monitoring is close and continuous patient observation by an 
individual capable of recognizing adverse events. This per-
son must be able to continuously observe the patient’s face, 
mouth, and chest wall motion, and equipment or sterile 
drapes must not interfere with such visualization. This care-
ful observation will allow prompt detection of adverse events 
such as respiratory depression, apnea, airway obstruction, 
emesis, and hypersalivation [ 6 ]. An individual with advanced 
life-support skills should be immediately available in all 
 settings where deep sedation is performed. 

   Table 6.1    Specialty societies with published sedation guidelines [ 1 ]   

 American Academy of Pediatrics 
 American Academy of Pediatric Dentistry 
 American Academy of Periodontology 
 American Association of Critical-Care Nurses 
 American College of Critical Care Medicine 
 American College of Emergency Physicians 
 American Nurses Association 
 American Society for Gastrointestinal Endoscopy 
 American Society of Anesthesiologists 
 American Society of Plastic and Reconstructive Surgeons 
 Association of Operating Room Nurses 
 Emergency Nurses Association 
 Joint Commission on Accreditation of Healthcare Organizations 
 National Institutes of Health 
 Society of Gastroenterology Nurses and Associates 
 Society of Nuclear Medicine 

   Table 6.2    Levels of sedation (modifi ed from [ 1 ])   

  Minimal sedation  (anxiolysis) [ 7 ]  A drug-induced state during which patients respond normally to verbal commands 
 Although cognitive function and coordination may be impaired, ventilatory and cardiovascular functions 
are unaffected 

  Moderate sedation  (formerly 
“conscious sedation”) [ 7 ] 

 A drug-induced depression of consciousness during which patients respond purposefully to verbal 
commands, either alone or accompanied by light tactile stimulation 
 Refl ex withdrawal from a painful stimulus is not considered a purposeful response 
 No interventions are required to maintain a patent airway, and spontaneous ventilation is adequate 
 Cardiovascular function is usually maintained 

  Dissociative sedation  [ 57 ,  58 ]  A trance-like cataleptic state induced by the dissociative agent ketamine characterized by profound 
analgesia and amnesia, with retention of protective airway refl exes, spontaneous respirations, and 
cardiopulmonary stability 

  Deep sedation  [ 7 ]  A drug-induced depression of consciousness, during which patients cannot be easily aroused but respond 
purposefully following repeated or painful stimulation 
 The ability to independently maintain ventilatory function may be impaired 
 Patients may require maintaining a patent airway and spontaneous ventilation may be inadequate 
 Cardiovascular function is usually maintained 

  General anesthesia  [ 7 ]  A drug-induced loss of consciousness during which patients are not arousable, even by painful stimulation 
 The ability to independently maintain ventilatory function is often impaired 
 Patients often require assistance in maintaining a patent airway. Positive pressure ventilation may be 
required because of depressed spontaneous ventilation or drug-induced depression of neuromuscular 
function 
 Cardiovascular function may be impaired 
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 During deep sedation, the individual dedicated to patient 
monitoring should be experienced with this depth of sedation 
and have no other responsibilities that would interfere with 
the required advanced level of monitoring and documenta-
tion. Individual hospital-wide sedation policies may have 
additional requirements for how and when deep sedation is 
administered based on their specifi c needs and available 
resources. 

 Vital signs should be measured at individualized intervals 
including at baseline, after drug administration, on comple-
tion of the procedure, during early recovery, and at comple-
tion of recovery. During deep sedation, vital signs should be 
assessed every 5 min. In addition to recording vital signs at 
set intervals, clinicians must be especially vigilant during 
key phases of the sedation. Patients are usually at highest 
risk of complications 5–10 min following administration of 
IV medications and during the immediate post-procedure 
period when external stimuli are discontinued.  

    Electronic Monitoring 

 The use of electronic monitoring has greatly enhanced the 
safety of procedural sedation and analgesia. Continuous oxy-
genation (pulse oximetry with an audible signal), ventilation 
(capnography), and hemodynamics (blood pressure and 
electrocardiogram [ECG]) can all be monitored noninva-
sively in spontaneously breathing patients.  

    Oxygenation Monitoring 

 Pulse oximetry is the noninvasive measurement of the per-
cent of hemoglobin bound to oxygen providing a continuous 
means of estimating in real time the arterial oxygen satura-
tion. The underlying principles of oximetry were developed 
in 1932 based on the Beer–Lambert law (the concentration of 
an unknown solute dissolved in a solvent can be determined 
by light absorption). Modern pulse oximetry technology, 
using optical plethysmography and spectrophotometry, was 
invented in 1974 and completed in 1980 with the  addition of 
a probe and a miniaturized computer in the monitor [ 7 ]. The 
probe, consisting of red and infrared (IR) light sources and a 
photoelectric detector, is positioned across a pulsatile vascu-
lar bed such as the fi nger, the foot, or the ear lobe [ 7 ,  8 ]. 

 The most common type of oximetry (i.e., transmission 
oximetry) places the light sources on one side of the tissue 
bed and the photodetector on the opposite side. The pulsatile 
variation of the emitted red and IR light transmitted through 
the tissue bed is accessed by the oximeter, which divides the 
signal into an arterial blood pulsatile component and a non-
pulsatile component (venous and capillary blood). Data 
averaged over several arterial pulse cycles are represented as 

the oxygen saturation (SpO 2 ) [ 7 – 9 ]. There is a tight correla-
tion between the arterial hemoglobin oxygen saturation 
(PaO 2 ) and the SpO 2  in a nonlinear fashion as described by 
the oxyhemoglobin dissociation curve (Fig.  6.1 ) [ 8 – 10 ]. The 
shape of the curve has important clinical implications. In the 
hypoxic patient, small changes in SpO 2  on the steep part of 
the curve result in large changes in the PaO 2 , while SpO 2  
values at high levels of oxygenation (on the plateau of the 
curve) are relatively insensitive at detecting signifi cant 
changes in PaO 2 .

   Patients with normal lung function and adequate gas 
exchange have an SpO 2  between 97 and 100 %. Pulse oxim-
eters are accurate for saturations >70 % [ 10 ]. When SaO 2  
falls below 95 %, hypoxia may be present, although patients 
with obstructive lung disease may live in this range [ 8 ,  9 ]. 
Oxygen saturations below 90 % represent signifi cant 
hypoxia. At 75 % saturation, oximetry bias is uniformly scat-
tered (7 % underestimation and 7 % overestimation). 

 The fi nger is the most common probe site used for pulse 
oximetry. If the fi nger is inaccessible or unsuitable, other 
probe sites, such as the ear lobe or the bridge of the nose, 
may be used. In neonates and infants, probe sites include the 
great toe, the heel, the sole, and the lateral aspect of the foot. 

 There are a number of important limitations to the accu-
racy of pulse oximetry: poor perfusion secondary to severe 
vasoconstriction (e.g., low perfusion states, shock, hypother-
mia), artifact from excessive patient motion, severe anemia, 
high-intensity ambient light, abnormal hemoglobins, venous 
pulsations, synthetic fi ngernails and nail polish, or intrave-
nous dyes [ 8 ,  10 ]. Recent advances in motion control technol-
ogy have made pulse oximetry more reliable during patient 
motion. Carboxyhemoglobin (COHb) and methemoglobin 

  Fig. 6.1    Oxyhemoglobin dissociation curve       
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(MetHb) contribute to light absorption and cause errors in 
saturation readings. The oximeter sees COHb as though it 
were mostly OxyHb and gives a false high reading. In the 
presence of high levels of MetHb, the SpO 2  is erroneously low 
when the arterial saturation is above 85 % and erroneously 
high when the arterial saturation is below 85 %. MetHb pro-
duces a large pulsatile absorbance signal at both the red and 
IR wavelengths. This forces the absorbance ratio toward unity, 
which corresponds to an SpO 2  of 85 %. Further, in dark-
skinned patients, false high readings and a higher incidence of 
failure of signal detection have been reported [ 8 – 10 ]. 

 Pulse oximetry is not a substitute for ventilation monitor-
ing, as there is a lag time—the extent of the lag depending on 
the age and physical status of the patient—between the onset 
of hypoventilation or apnea and a change in oxygen satura-
tion. Therefore, during procedural sedation, ventilation mon-
itoring should always accompany oxygenation monitoring. 
Hypoventilation and resultant hypercapnia may precede a 
decrease in hemoglobin O 2  saturation by minutes [ 11 ]. 
Further, supplemental O 2  may mask hypoventilation by 
delaying the eventual O 2  desaturation for which pulse oxim-
etry monitoring is designed to recognize [ 12 ].  

    Ventilation Monitoring 

 Capnography is the noninvasive measurement of the partial 
pressure of carbon dioxide in exhaled breath represented as a 
numerical value (end-tidal CO 2 ) and a waveform. The CO 2  
waveform or capnogram represents changes in the CO 2  concen-
tration over the time of one respiratory cycle (Fig.  6.2 ) [ 13 ]. 
Changes in the shape of the waveform are diagnostic of disease 
conditions, while changes in end-tidal CO 2  (EtCO 2 —the maxi-
mum CO 2  concentration at the end of each tidal breath) can be 
used to assess disease severity and response to treatment [ 14 ].

   Modern capnography was developed in the 1940s and 
commercialized in the 1960s and 1970s with the develop-
ment of mass spectroscopy. Capnography became a routine 
part of anesthesia practice in Europe in the 1970s and in the 
United States in the 1980s [ 13 ]. Most capnography technology 
is built on infrared (IR) radiation techniques and based on the 
fact that CO 2  molecules absorb IR radiation at a specifi c wave-
length, with the amount of radiation absorbed having a close to 
exponential relation to the CO 2  concentration present in the 
breath sample. Detecting changes in IR radiation levels with 
photodetectors allows for the calculation of the CO 2  concen-
tration in the gas sample. 

 Carbon dioxide monitors measure gas concentration or 
partial pressure using one of two confi gurations: mainstream 
or sidestream. Mainstream devices measure CO 2  directly 
from the airway, with the sensor located on the endotracheal 
tube. Sidestream devices measure CO 2  by aspirating a small 
sample from the exhaled breath through tubing to a sensor 

located inside the monitor. Mainstream systems, as the sen-
sor is located on the endotracheal tube, are confi gured for 
intubated patients. Sidestream systems, as the sensor is 
located inside the monitor, are confi gured for both intubated 
and non-intubated patients. The airway interface for intu-
bated patients is an airway adapter placed on the hub of the 
endotracheal tube; and, for spontaneously breathing patients, 
a nasal–oral cannula that allows concomitant CO 2  sampling 
and low-fl ow oxygen delivery. 

 Sidestream systems can be either high fl ow (with 150 cc/
min as the amount of CO 2  in the breath sample required to 
obtain an accurate reading) or low fl ow (50 cc/min). Low- 
fl ow sidestream systems have a lower occlusion rate (from 
moisture or patient secretions) and are more accurate in 
patients with low tidal volumes (neonates, infants, and 
patients with hypoventilation and low tidal volume breath-
ing) [ 15 ]. In high fl ow systems, when the tidal volume of the 
patient drops below 150 cc (i.e., the fl ow rate of the system), 
the monitor will entrain room air to compensate, falsely 
diluting the EtCO 2  [ 16 – 18 ]. 

 The CO 2  waveform, corresponding to a single breath, 
consists of four phases [ 2 ,  15 ]. Phase 1 (dead space ventila-
tion, A–B) represents the beginning of exhalation where the 
dead space is cleared from the upper airway. Phase 2 (ascend-
ing phase, B–C) represents the rapid rise in CO 2  concentra-
tion in the breath stream as the CO 2  from the alveoli reaches 
the upper airway. Phase 3 (alveolar plateau, C–D) represents 
the CO 2  concentration reaching a uniform level in the entire 
breath stream and concludes with a point of maximum CO 2  
concentration (EtCO 2 ). Phase 4 (D–E) represents the inspira-
tory cycle where the CO 2  concentration drops to zero as 
atmospheric air enters the airway (Fig.  6.2 ). A normal wave-
form is characterized by four distinct phases, a CO 2  concen-
tration that starts at zero and returns to zero (i.e., there is no 
rebreathing of CO 2 ), and a maximum CO 2  concentration 
reached with each breath (i.e., EtCO 2 ). 

 Patients with normal lung function have a characteristic 
rectangular-shaped waveform and a narrow EtCO 2 –pCO 2  
gradient (0–5 mmHg), with the EtCO 2  accurately refl ecting 
the PaCO 2  [ 14 ,  19 ]. Patients with obstructive lung disease 

  Fig. 6.2    Normal CO 2  waveform       
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will have a more rounded ascending phase and an upward 
slope in the alveolar plateau (Fig.  6.3 ) [ 20 ]. In patients with 
abnormal lung function secondary to ventilation–perfusion 
(V–Q) mismatch, the gradient will widen, depending on the 
severity of the lung disease [ 21 – 23 ].

   The shape of the waveform is affected by the EtCO 2  and the 
expiratory time. The amplitude of the waveform is determined 
by the EtCO 2  value and the width is determined by the expira-
tory time. Hyperventilation (increased respiratory rate, 
decreased EtCO 2 ) results in a low-amplitude and  narrow 
waveform, while classical hypoventilation (decreased respira-
tory rate, increased EtCO 2 ) results in a high- amplitude and 
wide waveform (Fig.  6.3 ). Acute bronchospasm results in a 
waveform with a curved ascending phase and upsloping alve-
olar plateau (Fig.  6.3 ). An EtCO 2  > 70 mmHg, in patients with-
out chronic hypoventilation, indicates respiratory failure. 

 Capnography provides a continuous, breath-by-breath 
measure of respiratory rate and CO 2  exchange and can detect 
the common adverse airway and respiratory events associated 

with procedural sedation and analgesia [ 24 ]. Capnography is 
the earliest indicator of airway or respiratory compromise 
and will manifest an abnormally high or low EtCO 2  well 
before pulse oximetry detects a falling oxyhemoglobin satu-
ration, especially in patients receiving supplemental oxygen. 
Early detection of respiratory compromise is especially 
important in infants and toddlers who have smaller func-
tional residual capacity and greater oxygen consumption 
relative to older children and adults. Capnography provides a 
non-impedance respiratory rate directly from the airway (via 
oral–nasal cannula) that is more accurate than impedance- 
based respiratory monitoring. In patients with obstructive 
apnea, impedance-based monitoring will interpret chest wall 
movement without ventilation as a valid breath. 

 Both central and obstructive apnea can be rapidly 
detected by capnography (Fig.  6.3 ). Loss of the waveform, 
in conjunction with no chest wall movement and no breath 
sounds confi rms the diagnosis of central apnea. Obstructive 
apnea is characterized by loss of the waveform, chest wall 

Diagnosis Waveform Features Intervention

Normal

Hyperventilation

Bradypneic
hypoventilation
(Type 1)

Hypopneic
hypoventilation
(Type 2)

Hyponeic
hypoventilation
with periodic
breathing

SpO2  Normal
EtCO2  Normal
Waveform Normal
RR  Normal

SpO2  Normal
EtCO2  ↓  
Waveform Decreased amplitude
  and width
RR  ↑

• No intervention required
• Continue sedation

SpO2  Normal
EtCO2  ↑  
Waveform Increased amplitude
  and width
RR  ↓↓↓

SpO2  ↓
EtCO2  ↑  
Waveform Increased amplitude
  and width
RR  ↓↓↓

• Reassess patient
• Continue sedation

SpO2  Normal
EtCO2  ↓  
Waveform Decreased amplitude
RR  ↓

SpO2  ↓
EtCO2  ↓  
Waveform Decreased amplitude
RR  ↓

• Reassess patient
• Continue sedation

• Reassess patient
• Assess for airway obstruction
• Supplemental oxygen
• Cease drug administration
  or reduce dosing

• Reassess patient
• Assess for airway obstruction
• Supplemental oxygen
• Cease drug administration
  or reduce dosing

SpO2  Normal or ↓
EtCO2  ↓  
Waveform Decreased amplitude
RR  ↓
Other  Apneic pauses

a

  Fig. 6.3    ( a, b ) Capnographic airway assessment for procedural sedation and analgesia.  Source : Krauss and Hess [ 24 ].  a Varying waveform ampli-
tude and width.  b Depending on duration and severity of bronchospasm.  c Depending on duration of episode         
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Diagnosis Waveform Features Intervention

Physiological
variability

Bronchospasm

Partial airway
obstruction

Partial
laryngospasm

Apnea

Complete airway
obstruction

Complete
laryngospasm

SpO2  Normal
EtCO2  Normal
Waveform Varyinga

RR  Normal

SpO2  Normal or ↓
EtCO2  Normal, ↑, or ↓b

Waveform Curved
RR  Normal, ↑, or ↓b

Other  Wheezing

• No intervention required
• Continue sedation

SpO2  Normal or ↓
EtCO2  Normal  
Waveform Normal
RR  Variable
Other  Noisy breathing
  and/or inspiratory
  stridor 

SpO2  Normal or ↓c

EtCO2  Zero  
Waveform Absent
RR  Zero
Other  No chest wall 
  movement or 
  breath sounds

• Reassess patient
• Bronchodilator therapy
• Cease drug administration

SpO2  Normal or ↓c

EtCO2  Zero  
Waveform Absent
RR  Zero
Other  Chest wall movement
  and breath sounds
  present

• Full airway
  patency
  restored with
  airway
  alignment
• Noisy breathing
 & stridor resolve

• Airway not fully
  patent with
  airway
  alignment
• Noisy breathing
  & stridor persist

• Reassess
  patient
• Establish 
  IV access
• Supplemental
  O2 (as needed)
• Cease drug
  administration

• Reassess patient
• Stimulation
• Bag mask ventilation
• Reversal agents
 (where appropriate)
• Cease drug administration 

• Airway patency restored 
  with airway alignment
• Waveform present

• Airway not 
  patent with
  airway alignment
• No waveform

Positive
pressure
ventilation

b

Fig. 6.3 (continued)

movement, and absent breath sounds. The absence of the 
waveform in association with the presence or absence of 
chest wall movement distinguishes apnea from upper air-
way obstruction and laryngospasm. Response to airway 
alignment maneuvers can further distinguish upper airway 
obstruction from laryngospasm. 

 There are two types of drug-induced hypoventilation that 
occur during procedural sedation and analgesia (Fig.  6.3 ) 
[ 24 ]. Bradypneic hypoventilation, commonly seen with opi-
oids, is characterized by an increased EtCO 2  and an increased 
PaCO 2 . Respiratory rate is depressed proportionally greater 
than tidal volume resulting in bradypnea, an increase in 
expiratory time, and a rise in EtCO 2 , graphically represented 
by a high-amplitude and wide waveform (Fig.  6.3 ). 
Bradypneic hypoventilation follows a predictable course 
with EtCO 2  increasing progressively until respiratory failure 
and apnea occur. Although there is no absolute threshold at 
which apnea occurs, patients without chronic hypoventila-
tion with EtCO 2  > 70 mmHg are at signifi cant risk. 

 Hypopneic hypoventilation, commonly seen with sedative–
hypnotic drugs, is characterized by a normal or decreased 
EtCO 2  and an increased PaCO 2  as airway dead space remains 
constant and tidal volume is decreasing (Fig.  6.3 ). Tidal vol-
ume is depressed proportionally greater than respiratory rate, 
resulting in low tidal volume breathing that leads to an 
increase in airway dead space fraction (dead space volume/
tidal volume). As tidal volume decreases, airway dead space 
fraction increases which in turn results in an increase in the 
PaCO 2 –EtCO 2  gradient. Even though PaCO 2  is increasing, 
EtCO 2  may remain normal or may be decreasing, graphically 
represented by a low-amplitude waveform (Fig.  6.3 ). 
Hypopneic hypoventilation follows a variable course and 
may remain stable with low tidal volume breathing resolving 
over time as CNS drug levels decrease and redistribution to 
the periphery occurs, progress to periodic breathing with 
intermittent apneic pauses (which may resolve spontane-
ously or progress to central apnea), or progress directly to 
central apnea. 
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 The low tidal volume breathing that characterizes hypop-
neic hypoventilation increases dead space ventilation when 
normal compensatory mechanisms are inhibited by drug 
effects. Minute ventilation, which normally increases to com-
pensate for an increase in dead space, does not change or may 
decrease [ 25 ]. As minute ventilation decreases, PaO 2  decreases. 
If minute ventilation decreases further, oxygenation is further 
impaired [ 26 ,  27 ]. However, EtCO 2  may initially be high 
(bradypneic hypoventilation) or low (hypopneic hypoventila-
tion) without signifi cant changes in oxygenation, particularly 
if supplemental oxygen is given. Therefore, a drug-induced 
increase or decrease in EtCO 2  does not necessarily lead to 
oxygen desaturation and may not require intervention. 

 Technical problems with capnography have limited its 
effectiveness and restricted its clinical applications. These 
problems include: interference with the sensor by condensed 
water and patient secretions, cross sensitivity with anesthetic 
gases in conventional CO 2  sensors, lack of ruggedness for 
intra- and interhospital transport, and power consumption 
issues related to portable battery operation time. These issues 
have been resolved in the newer generation capnography mon-
itors. Early capnography airway interfaces (i.e., nasal cannula) 
had diffi culty providing consistent measurements in mouth-
breathing patients and patients who alternated between mouth 
and nose breathing. The newer oral–nasal interfaces do not 
have these problems. Recently, an entropy monitor has been 
evaluated to determine whether tracheal sounds can detect 
obstruction or apnea [ 28 ]. Tracheal sounds refl ect vibrations 
of the tracheal wall and surrounding soft tissue [ 8 ]. These 
sounds may be monitored with a microphone placed over the 
trachea, a means of estimating respiratory fl ow in awake and 
sleeping patients [ 9 – 14 ]. Entropy refl ects the tracheal sounds 
and can provide an estimate of respiratory fl ow [ 10 – 12 ]. (See 
Fig.  6.4 ) Recent evidence suggests that in healthy adult volun-
teers, the entropy of the acoustic signals measured over the 
trachea may be a better indicator of impending apnea or 
obstruction than is capnography [ 28 ]. The entropy of the 
acoustic signals over the trachea was able to detect apnea in 
sedated volunteers with a sensitivity and specifi city of 95 % 
and 92 %, respectively. Future studies will need to be done to 
determine whether entropy will be applicable to the pediatric 
population and whether it can be incorporated into a physio-
logical monitor that will follow entropy signals as a continu-
ous, easily interpretable variable.

       Hemodynamic Monitoring 

 Noninvasive blood pressure (NIBP) measurement is an auto-
mated method of repetitively determining blood pressure that 
is accurate in both adults and children. Blood pressure can be 
obtained manually (only when the operator pushes a button) 
or automatically cycled at preset intervals with the cuff 

infl ated to specifi c levels. NIBP provides a display of the 
heart rate, systolic, diastolic, and mean blood pressures by 
electronically determining the pulse amplitude. During defl a-
tion, the cuff determines the amplitude of the pulsations trans-
mitted by movement of arterial wall under the cuff. A sudden 
rise in the magnitude of the pulsations accompanies the artery 
opening and represents the systolic pressure. The magnitude 
of the pulsations increases to a peak and then falls rapidly. 
The diastolic pressure is determined at the point where there 
are no further alterations in the magnitude of the pulsations. 
The accuracy of NIBP depends on utilizing the correct cuff 
size (especially important in children and obese patients) and 
on minimizing patient motion during measurement. 

 Continuous ECG monitoring is useful for the rapid detec-
tion of rhythm disturbances or ischemia. Continuous ECG 
monitoring for procedural sedation and analgesia is neither 
mandatory nor standard of care in patients without a cardio-
vascular disease. However, such monitoring is simple, inex-
pensive, and readily available and is frequently used during 
procedural sedation and analgesia in children.  

    Depth of Sedation Monitoring 

 Monitoring modalities that measure the brain’s response to 
anesthetic agents have recently been studied for use in pro-
cedural sedation and analgesia [ 29 – 31 ]. Although these 
technologies have been used to monitor depth of sedation/
anesthesia in the operating room, in 2006 the American 
Society of Anesthesiologists concluded that the clinical 
applicability in the operating room “has not been estab-
lished” [ 32 ]. Further, the predictive value of this type of 
monitoring for the moderate and deep sedation outside the 
operating room remains unclear.  

    Bispectral Index 

 The most studied of these technologies is the bispectral index 
(BIS), that uses a processed electroencephalogram (EEG) 
signal to quantify sedation depth. A BIS value of 100 is 
 considered complete alertness, a range of 40–60 consistent 
with general anesthesia, and zero is no cortical activity [ 33 ]. 

 Several studies have shown a reasonable correlation 
between BIS and standard observational sedation score in 
children older than 6 months (i.e., University of Michigan 
Sedation Scale [UMSS], Observer’s Assessment of Alertness/
Sedation [OAA/S], Ramsay Sedation Scale) for commonly 
used sedatives such as midazolam, pentobarbital, chloral 
hydrate, and propofol. (Refer to Chap.   5    .) However, other 
studies have failed to consistently validate a tight correlation 
between BIS values and specifi c levels of sedation as mea-
sured by standard observational sedation scores. 
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 A 2007 study of 248 children (1 month to 18 years), 
using pooled raw data from four independently conducted 
studies, found a moderate correlation between BIS and 
UMSS with the use of chloral hydrate, pentobarbital, pro-
pofol, and midazolam, but poor correlation with ketamine 
and with opioids. BIS values were signifi cantly lower for 
a same observed level of sedation with propofol and pen-
tobarbital when compared to midazolam and chloral 
hydrate, making BIS an unreliable method for targeting a 
desired level of sedation [ 34 ]. The poor correlation 
observed with opioids is thought to be secondary to opi-
oids providing sedation without hypnosis [ 34 ,  35 ]. Hence, 
it has been argued that BIS refl ects cortical activity rather 
than level of consciousness [ 36 ]. 

 Overly et al., in a study of 47 patients treated either with 
ketamine/midazolam, methohexital, propofol, or midazolam 
and a narcotic found a good correlation between BIS and 
OAA/S scale for non-dissociative agents, but not with ket-
amine [ 37 ]. Ketamine sedation, in multiple studies, has 
shown an unreliable correlation between BIS and standard 
sedation scoring, with persistence of high BIS or even an 
increase in BIS despite achieving deeper levels of sedation 
[ 34 ,  35 ,  37 ]. 

 Dexmedetomidine, a selective alpha-2 adrenergic agonist 
that provides sedation without respiratory depression, has 
shown to correlate well with standard observational sedation 
scores. In a study of 11 mechanically ventilated children in 
an intensive care unit setting sedated with dexmedetomidine, 

  Fig. 6.4    ( a ) An example of the fi ltered tracheal signal from the microphone, ( b ) the processed signal, the logarithm of the tracheal sound entropy 
(Log-E), and ( c ) the associated airway fl ow signal from the pneumotachometer [ 28 ]       
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signifi cant correlations between Richmond agitation seda-
tion scale and BIS values were found [ 38 ]. 

 A 2009 crossover study of nine adult volunteers receiving 
propofol or dexmedetomidine followed by the alternate drug 
7 days later also showed good correlation between BIS and 
OAA/S. However, for a same OAA/S score, BIS values were 
signifi cantly lower in patients sedated with dexmedetomi-
dine, suggesting that the BIS score is drug-specifi c with dif-
ferent scores signifying different levels of sedation for 
different sedation agents [ 39 ]. 

 BIS scores in infants less than 6 months of age have 
been noted to be unreliable during general anesthesia 
and procedural sedation, likely secondary to the fact that 
the BIS algorithm was developed using adult EEG data 
[ 35 ,  40 ]. 

 In summary, procedural sedation studies using BIS 
 monitoring have found wide ranges of BIS values at various 
depths of sedation that do not correlate with standard seda-
tion scores (e.g., UMMS, OAA/s, or Ramsey score) [ 29 – 31 ]. 
BIS scores appear to be drug specifi c and cannot reliably be 
used with common sedating agents such as ketamine. The 
utility of BIS monitoring to assess depth of sedation during 
procedural sedation remains unproven.  

    Cerebral Oximetry 

 Another new technology with potential application to proce-
dural sedation is cerebral oximetry. Through near-infrared 
spectroscopy, cerebral tissue oxygenation (i.e., regional oxy-
gen saturation, rSO 2 ) is measured by monitoring the nonpul-
satile signal component refl ecting tissue circulation of 
arterioles, capillaries, and venules. Unlike conventional 
pulse oximetry, which monitors the pulsatile signal compo-
nent refl ecting arterial circulation, cerebral oximetry is reli-
able in low perfusion states, shock, and cardiac arrest. 
Cerebral oximetry represents a “weighted average” of the 
tissue circulation and refl ects a potentially more accurate 
measurement of oxygen consumption, similar to and corre-
lating with mixed venous saturations [ 41 ,  42 ]. 

 Cerebral oximetry has been primarily studied in the oper-
ating room, except for a recent ED procedural sedation 
study, which demonstrated poor correlation between cere-
bral oximetry, pulse oximetry, and capnography [ 43 ]. In this 
study, 100 children of ages 9 months to 18 years were 
sedated with various agents (ketamine, fentanyl, pentobarbi-
tal, dexmedetomidine, or propofol). Changes in rSO 2  
occurred in 2.1 % of patients and were associated with 
changes in SpO 2  23 % of the time and changes in end-tidal 
CO 2  29 % of the time. Only a minority of hypoxic episodes 
resulted in a decrease in rSO 2 , while the majority of changes 
in rSO 2  occurred in the absence of changes in cardiorespira-
tory parameters. 

 Although rSO 2  appears to be a more sensitive measure of 
cerebral oxygenation than pulse oximetry, isolated decreases 
in rSO 2  do not appear to correlate well with short- or long- 
term neurological outcome, as illustrated in a small study of 
adult patients undergoing carotid endarterectomy. Importantly, 
there is no clear rSO 2  threshold under which clinically signifi -
cant brain hypoxia occurs [ 44 ].  

    Noninvasive Cardiovascular Monitoring 

 Methods for advanced noninvasive cardiovascular monitoring 
continue to be refi ned. Through thoracic electrical bioimped-
ance, and similar to impedance cardiography, electrical cardi-
ometry (or electrical velocimetry) enables the measurement 
of various cardiac parameters including cardiac output, car-
diac index, stroke volume, systemic vascular resistance, and 
index of contractility. Such methods rely on the interpretation 
of a signal from sensors placed on the neck and chest, which 
quantify changes in conductivity of the blood in the aorta dur-
ing the cardiac cycle [ 45 – 47 ]. 

 Electrical velocimetry measurements have been shown to 
correlate with measurements derived from the Fick principle 
applied to blood sampled invasively in pediatric patients 
with congenital heart disease undergoing left heart catheter-
ization [ 48 ], and to transesophageal echocardiography in 
ventilated children following cardiac surgery—although 
electrical velocimetry appeared to underestimate cardiac 
output in terms of absolute values [ 49 ]. Impedance cardiog-
raphy has shown good correlation with standard pulmonary 
artery thermodilution methods during cardiac surgery [ 50 ]. 

 The applicability and clinical relevance of advanced nonin-
vasive cardiovascular monitoring to pediatric procedural seda-
tion appear promising. A recent study used noninvasive 
cardiovascular monitoring during procedural sedation in chil-
dren to examine the effects of high-dose dexmedetomidine 
sedation on heart rate, cardiac index, stroke index, and sys-
temic vascular resistance. It was found that during dexmedeto-
midine sedations of less than 10 min, heart rate and cardiac 
index decreased transiently before returning to  baseline during 
recovery. In dexmedetomidine sedations greater than 10 min, 
the heart rate and cardiac index remained decreased during 
recovery, with an associated increase in systemic vascular 
resistance that preserved the noninvasive blood pressure [ 51 ].   

    Conclusion 

 There have been signifi cant advances in noninvasive physi-
ological monitoring of ventilation, oxygenation, and hemo-
dynamics for procedural sedation in children with the advent 
of improved motion control in pulse oximetry, low-fl ow cap-
nography systems, and the potential of cerebral (regional) 
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oximetry and entropy depth of sedation monitoring. These 
systems bring enhanced safety and effi ciency to pediatric 
procedural sedation. Surprisingly, and despite the added 
safety of monitoring, a recent report of the Pediatric Sedation 
Research Consortium found that adherence to guidelines set 
forth by multiple professional organizations was highly vari-
able [ 52 ]. In the words of a 2012 editorial in  JAMA Pediatrics , 
“this lack of adherence to sedation guidelines is akin to driv-
ing a car at night with no headlights and no speedometer; at 
some point a disaster will happen” [ 53 ]. 

 Future directions in pediatric procedural sedation will 
include the monitoring of drug-specifi c parameters of cere-
bral activity. In a recent small study of anesthetized children 
by Kuhnle et al., plasma propofol concentrations correlated 
with mid-latency auditory-evoked potentials (MLAEP) in a 
dose-dependent manner, hence making MLAEP a potential 
useful tool for assessing the depth of sedation in children 
undergoing propofol sedation [ 54 ]. Another study by Cheung 
et al. evaluated the performance of aepEX TM , an auditory- 
evoked potential monitor, during propofol–remifentanil 
anesthesia, and found it comparable to BIS for differentiat-
ing between consciousness and unconsciousness but less 
useful in distinguishing different depths of sedation [ 55 ]. 
In addition, a recent study by Purdon et al. investigated the 
EEG signature of unconsciousness in patients undergoing 
propofol sedation [ 56 ]. Other sophisticated methods (for 
data display, interpretive algorithms, composite indices 
based on integration of physiological parameters) and new 
technology to monitor blood pressure, vascular tone, cardiac 
output, ventilation, and oxygenation will likely be part of the 
growing sedation monitoring landscape; Yu et al., in a 2013 
study, placed a microphone over the trachea of propofol- and 
remifentanil-sedated patients to demonstrate that the entropy 
of the acoustic signal may provide an early warning to the 
onset of obstructive and central apnea [ 28 ]. 

 In addition to the development and validation of new 
technological advances, updating guidelines and monitoring 
adherence will continue to be paramount to the ongoing 
establishment of a culture of safety in pediatric procedural 
sedation.     
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    Abstract  

  Sedation may alter laryngeal anatomy, function, and respiratory mechanics; therefore, it is 
essential that the practitioner has a thorough understanding of the pediatric airway. Physical 
examination reveals the general condition of a patient and the degree of the airway compro-
mise. During sedation, adequate oxygenation and ventilation must be maintained despite a 
relative decrease in rate and depth of respiration. Conditions that interfere with the integrity 
of the laryngeal inlet or upper larynx may impair effective ventilation as a result of partial 
or complete airway obstruction. Sleep-disordered breathing (SDB) is a spectrum of disor-
ders ranging from primary snoring to obstructive sleep apnea syndrome (OSAS). When 
sedation without a secured airway is planned it is imperative that the level of consciousness, 
adequacy of ventilation, and oxygenation be continuously monitored and the risk of apnea 
be evaluated. When a child is sedated, the best prevention is to insure that the position pro-
vides the best anatomic orientation for airway patency.  

  Keywords  

  Sleep-disordered breathing (SDB)   •   Obstructive sleep apnea (OSA)   •   Airway obstruction   • 
  Upper respiratory infection (URI)   •   Pharyngeal anatomy   •   Laryngomalacia   •   Anterior medi-
astinal mass   •   Obstructive sleep apnea syndrome (OSAS)   •   Laryngeal mask airway (LMA)   
•   Pediatric advanced life support (PALS)   •   American Heart Association (AHA)  
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     One of the most important aspects of planning sedation is 
consideration of the airway of each individual patient. 
Sedation may alter laryngeal anatomy, function, and respira-
tory mechanics; therefore, it is essential that the practitioner 
has a thorough understanding of the pediatric airway. 

    Anatomy of the Pediatric Airway 

 Airway compromise in the infant or child may result from 
abnormalities in the nasal cavities, nasopharynx, oral cavity, 
pharynx, and neck. The airway is comprised of the larynx, 
trachea, bronchi, and alveoli. The trachea in the infant is 
smaller than that of the adult and since the function of the 
trachea is passive during respiration, anatomic differences in 
the infant and adult trachea are not as apparent as they are in 
the larynx [ 1 ]. The infant larynx is not a miniature version of 
the adult larynx and there are essential differences between 
these two organs. The differences are related to size, location, 
and confi guration, and must be considered since the primary 
function of the larynx is to protect the lower airway and regu-
late airfl ow during respiration by controlling the resistance 
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during inspiration and exhalation. The cricoid ring is the 
 narrowest portion of the infant larynx. Although this has 
recently been questioned, there are insuffi cient data to refute 
the validity of this anatomic fi nding [ 2 ]. In the infant and 
child, the cricoid cartilage is a non-expansile complete ring 
whereas, this cartilage is open at the posterior aspect in the 
adult patients [ 3 ,  4 ] (Fig.  7.1 ). In the adult patient the vocal 
cords are the narrowest part of the airway, providing the cylin-
drical shape of the adult larynx in contrast to the cone shape 
of the pediatric larynx. This is an important distinction to 
make since the resistance to airfl ow is inversely proportional 
to the fourth power of the radius ( R  = 1/radius 4     [ 5 ]). One cen-

timeter of circumferential edema in the infant larynx will 
decrease the cross-sectional area by 75 % and increase the 
resistance by 16-fold as compared to the same one centimeter 
of edema in the adult larynx, which will result in a decrease in 
the cross-sectional area of only 44 % and threefold increase in 
resistance (Fig.  7.2 ). This becomes relevant when sedating a 
child with either a history of prolonged intubation in which 
the tracheal lumen may be  narrowed, or a child with a recent 
upper respiratory infection or croup, which also may result in 
a circumferentially narrow airway (Figs.  7.3  and  7.4 ).

      The larynx of the infant and young child is higher than in 
the adult patient. The adult larynx is located at C6–7, whereas 
it is at C4 in the infant and descends to the adult location as 
growth occurs during childhood. The cephalad location of 
the infant larynx makes oral ventilation diffi cult, and as a 
result the infant is an obligate nasal breather for the fi rst year 
of life [ 5 ]. The epiglottis projects vertically in the adult, but 
posteriorly in the infant. The infant epiglottis is also nar-
rower and omega shaped, which makes it more prone to 
obstructing the laryngeal inlet [ 6 ] (Fig.  7.5 ). In the setting of 
nasal congestion, effective ventilation may be compromised 
in the unaltered state and worsened after sedation.

   The tongue of the infant is larger in relation to the oral 
cavity than that of the older child and adult. In neonates, the 
tongue is more anterior than the larynx so that the epiglottis 
can contact the soft palate and allow respirations and sucking 
simultaneously. This does, however, predispose the infant to 
airway obstruction more readily than the older child. At 
birth, the base of the tongue resides in the oral cavity and 
gradually descends with the larynx to a more caudad position 

  Fig. 7.1    Confi guration of ( a ) the adult larynx and ( b ) infant larynx 
(Reprinted with permission from Wheeler M, Coté CJ, Todres D. The 
Pediatric Airway. Chapter 5. In: Coté CJ, Todres ID, Goudsouzian NG, 
Ryan JF (editors). A Practice of Anesthesia for Infants and Children, 
3rd edition. Philadelphia, PA: W. B. Saunders Company. 2001)       

  Fig. 7.2    Relative effect of circumferential edema on the infant and 
adult airway (Reprinted with permission from Wheeler M, Coté CJ, 
Todres D. The Pediatric Airway. Chapter 5. In: Coté CJ, Todres ID, 
Goudsouzian NG, Ryan JF (editors). A Practice of Anesthesia for 
Infants and Children, 3rd edition. Philadelphia, PA: W. B. Saunders 
Company. 2001)       

  Fig. 7.3    Child with post-intubation subglottic stenosis (Photo courtesy 
of Reza Rahbar, DMD, MD, Children’s Hospital Boston)       
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by the fourth year of life. The ratio of soft tissue to bony 
structures is higher in the infant and thus predisposes this 
group of patients to a greater risk of mechanical oropharyn-
geal obstruction. The combination of small nares, large 
tongue, small mandible, excess soft tissue, and short neck 
also increases the infant’s susceptibility to airway obstruc-
tion [ 7 ]. The ribs of the infant and small child are more hori-

zontal in orientation than those of the older child and adult, 
and more fl exible, which therefore predisposes the child to 
ventilatory compromise. As previously noted, since the 
 metabolic rate and oxygen consumption of infants is double 
than that of the adult and the functional residual capacity is 
smaller, the rapidity of desaturation in the infant and child is 
much greater. For this reason optimal surveillance of the air-
way and respiratory mechanics is essential if hypoxia is to be 
avoided [ 8 ]. 

 Normal spontaneous breathing is accomplished by mini-
mal work, and obstruction of either the upper or lower air-
way will result in increased work of breathing. To avoid this 
it is essential that airway obstruction and compromises in 
ventilation be recognized and corrected early. Infants and 
children may rapidly progress from normal breathing to 
obstruction, and compromised respiration to respiratory dis-
tress, and eventual cardiac arrest. Since oxygen consumption 
is higher in infants, decreases in oxygen delivery will result 
in more rapid compromise than is observed in older patient 
populations. The presence of apnea leading to inadequate 
alveolar ventilation may rapidly progress to hypoxemia, 
hypercarbia, and eventual tissue hypoxia.  

    Assessment of the Pediatric 
Airway for Sedation 

 Physical examination reveals the general condition of a 
patient and the degree of the airway compromise. Laboratory 
examination may include assessment of hemoglobin, a chest 

  Fig. 7.4    Plain X-ray of the 
airway of a child with ( a ) severe 
croup and ( b ) mild croup. Note 
the subglottic narrowing and 
appearance of the characteristic 
“Chrysler Building” sign (Photo 
courtesy of Reza Rahbar, DMD, 
MD, Children’s Hospital Boston)       

  Fig. 7.5    Normal infant larynx. Note the omega-shaped epiglottis (Photo 
courtesy of Reza Rahbar, DMD, MD, Children’s Hospital Boston)       
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radiograph, and barium swallow, which can aid in identifying 
lesions that may be compressing the trachea. Other radio-
logic examinations such as magnetic resonance imaging 
(MRI) and computed tomography (CT) scan may be indi-
cated in isolated instances but are not routinely ordered. 

 The physical examination of the airway in children begins 
with simple observation, since approaching an anxious child 
may cause inconsolable crying and distortion of the physical 
examination. Observation of the general appearance, noting 
color of the skin and the presence of pallor, cyanosis, rash, 
jaundice, unusual markings, birthmarks, and scars from pre-
vious operations should be documented. 

 The degree of mouth opening should be noted and full 
examination of the oropharyngeal area should be com-
pleted. The distance from the temporomandibular joint to 
the angle of the ramus is helpful in the assessment of the 
adequacy of the mouth opening. The distance between the 
angle of the ramus and the mentum is a good predictor of 
the ability of the mandibular bony structure to accommo-
date the oropharyngeal soft tissue. The presence of loose 
teeth should be documented. Special attention should be 
paid to the condition of the soft and hard palates, the denti-
tion, and the size of the tongue. The relation of the tongue 
to the other oropharyngeal structures should be noted. For 
instance, a large thick tongue may pose minimal increased 
risk for airway obstruction in a child with an otherwise nor-
mal oropharynx but may cause severe risk in the child with 
a narrow oropharynx or a high arched palate (as may be 
present in children with craniofacial abnormalities and syn-
dromes) where the tongue occupies a greater proportion of 
the bony structure volume. The amount of the posterior 
pharynx that can be visualized is important and correlates 
with the diffi culty of intubation, and in sedated patients 
would correlate with the potential for airway obstruction. 
The Mallampati classifi cation (Class I–IV) is based on the 
structures visualized with maximal mouth opening and 
tongue protrusion in the sitting position (Fig.  7.6 ) [ 9 ,  10 ]. 
The soft palate, fauces, uvula, and pillars are visualized in 
patients with a Class I airway. The soft palate, fauces, and 
portion of the uvula but no pillars are visualized in Class 

II. The soft palate and base of uvula are visualized in Class 
III and only the hard palate is visualized in Class IV [ 10 ]. 
Tonsil size should be evaluated since the tonsils of pediatric 
patients are frequently enlarged and may be the source 
of upper airway obstruction. A standardized system for 
 evaluation of tonsils exists and is based on the percentage 
of pharyngeal area that is occupied by hypertrophied ton-
sils. Class 0 tonsils are completely limited to the tonsillar 
fossa. Class +1 tonsils take up less than 25 %, Class +2 
tonsils take up between 25 and 50 %, and Class +3 tonsils 
take up 50–75 % of the pharyngeal area. Class +4 tonsils 
take up greater than 75 % of the oropharynx and are com-
monly referred to as “kissing tonsils” [ 11 ] (Fig.  7.7 ). 
Tonsillar hyperplasia may increase the risk of airway 
obstruction in the sedated patient when the tonsils occupy 
the oropharyngeal space outside of the tonsillar fossa as in 
Class +3 and Class +4 anatomy. Conversely, lesser degrees 
of hyperplasia as seen in Class +1 and Class +2 may result 
in airway obstruction in the sedated patient with craniofa-
cial abnormalities such as Down syndrome.

    Abnormal facies might be an indication of a syndrome or 
constellation of congenital abnormalities. One congenital 
anomaly often is associated with others. The neck should be 
examined primarily to determine if the trachea is midline and 
to evaluate tracheal length and soft tissue volume. In the 
child with a short neck and abundant soft tissue, the potential 
for oropharyngeal airway obstruction is greater. 

 The rate, depth, and quality of respirations should be eval-
uated. The pattern of breathing should be noted as well as the 
rate and depth of respiration. Use of accessory muscles may 
indicate an increased work of breathing due to an effort to 
overcome upper or lower airway obstruction. Nasal or upper 
respiratory obstruction is indicated by noisy or labored 
breathing. The color, viscosity, and quantity of nasal 
 discharge should be documented. If the child is coughing, 
the origin of the cough (upper versus lower airway) and the 
quality (dry or wet) can be evaluated even before ausculta-
tion of the lungs. The presence of wheezing, audible stridor, 
or retractions should be noted. The airway should be evalu-
ated for ease of intubation in the case of urgent intervention. 

  Fig. 7.6    Mallampati 
classifi cation of pharyngeal 
structures (Reprinted with 
permission from Samsoon GL, 
Young JR. Diffi cult tracheal 
intubation: A retrospective study. 
Anaesthesia. 1987 
May;42(5):487–490)       
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If the child will not open his or her mouth, a manual estimation 
of the thyrohyoid distance should be made. Children with 
micrognathia, as in Pierre Robin syndrome or Goldenhar 
syndrome, may be especially diffi cult to intubate, especially 
in an unanticipated situation.  

    Risk Factors for Airway Compromise 
or Depression 

 During sedation, adequate oxygenation and ventilation must 
be maintained despite a relative decrease in rate and depth of 
respiration. Any condition that causes airway compromise 
should be thoroughly evaluated prior to administration of 
sedation agents to determine if alteration in respiratory 
parameters will result in impaired ventilation. 

 During normal breathing the fl ow of air is laminar. As pre-
viously mentioned the resistance is inversely proportional to 
the fourth power of the radius. Increased airway resistance 
occurs when the diameter of an airway is decreased under 
constant pressure. The radius of an airway may be decreased 
by circumferential edema, external compression, mucous, 
secretions, or bronchoconstriction. The work of breathing 
increases in patients with upper or lower airway disease. 
Increased airway resistance, decreased lung compliance, and 

altered central control of respiration will all affect the 
a dequacy of respiration. 

 Adequacy of respiration may be based on respiratory rate, 
respiratory effort, tidal volume, chest auscultation, and pulse 
oximetry. The normal respiratory rate in infants under 1 year 
of age is up to 30 breaths per minute. The respiratory rate 
declines to 20 breaths per minute by age 8 years and equals 
the adult rate of 16–17 breaths per minute by age 18. 
Alterations in the respiratory rate can indicate underlying 
comorbidity such as fever, pain, acidosis, and sepsis in tachy-
pneic patients and impending cardiovascular collapse in the 
bradypneic patient. Increased respiratory effort as recog-
nized by nasal fl aring, chest retractions, and uncoordinated 
chest excursions should alert the clinician that an increased 
work of breathing may increase if excessive sedation is 
administered. 

 Noisy breathing due to obstructed airfl ow is known as 
  stridor . Inspiratory stridor results from upper airway obstruc-
tion; expiratory stridor results from lower airway obstruction; 
and biphasic stridor is present with midtracheal lesions. The 
evaluation of a patient with stridor begins with a thorough 
history. The age of onset suggests a cause since laryngotra-
cheomalacia and vocal cord paralysis are usually present at or 
shortly after birth, whereas cysts or mass lesions develop 
later in life. Information indicating positions that make the 

  Fig. 7.7    Classifi cation 
of tonsillar hypertrophy 
(Reprinted with permission from 
Brodsky L. Modern assessment 
of tonsils and adenoids. Pediatr 
Clin North Am. 1989;36:
1551–1569. WB Saunders)       
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stridor better or worse should be obtained, and placing a 
patient in a position that allows gravity to aid in reducing 
obstruction can be of benefi t during anesthetic induction. 

 Patients at risk for airway compromise may have either 
anatomic or physiologic abnormalities that may predispose 
them. Anatomic abnormalities may cause the oropharyngeal 
or tracheobronchial airway to be compromised and ventilation 
to be impaired by small changes in position. The anatomic 
imbalance between the upper airway soft tissue volume and 
the craniofacial size contributes to pharyngeal airway obstruc-
tion. Pharyngeal size is determined by the soft tissue volume 
inside the bony enclosure of the mandible. The magnitude of 
pharyngeal muscle contraction is controlled by neural mecha-
nisms and the interaction between the anatomical balance and 
neural mechanisms, which are suppressed in sedated patients, 
determines pharyngeal airway size and patient ability to main-
tain a patent airway. An anatomic imbalance between the 
upper airway soft tissue volume and craniofacial size will 
result in obstruction. Anatomic imbalance may be compen-
sated for by enhanced neural mechanisms that regulate pha-
ryngeal dilator muscles in patients during wakefulness. When 
neural mechanisms are suppressed during sleep or sedation, 
relaxation of pharyngeal dilator muscles occurs and the pha-
ryngeal airway severely narrows [ 12 ]. Small changes in func-
tion in the setting of normal anatomy may similarly cause 
inadequate oxygenation. Increasing the distance between the 
mentum and cervical column will transiently relieve 
the obstruction. This is achieved by positioning the patient in 
the sniffi ng position. Similarly, the sitting position displaces 
excessive soft tissue outside the bony enclosure through the 
submandibular space. 

 Laryngomalacia is the most common cause of stridor in 
infants and is usually benign and self-limited. It occurs during 
inspiration and is most often due to a long epiglottis that pro-
lapses posteriorly and prominent arytenoid cartilages with 
redundant aryepiglottic folds that fall into the glottis and 
obstruct the glottic opening during inspiration (Fig.  7.8 ). There 
is little obstruction during exhalation since the supraglottic 
structures are pushed out of the way during expiration. 
Intermittent low-pitched inspiratory stridor is the hallmark 
symptom, which appears during the fi rst 2 weeks of life. 
Symptoms peak at 6 months of age when they are at their 
worst, then gradually resolve. Although most children are 
symptom-free by 18–24 months, the stridor can persist for 
years. The defi nitive diagnosis is obtained by direct laryngos-
copy and rigid or fl exible bronchoscopy. Preliminary exami-
nation is usually carried out in the surgeon’s offi ce. A small, 
fl exible fi beroptic bronchoscope is inserted through the nares 
into the oropharynx, and the movement of the vocal cords is 
observed [ 13 ]. Other etiologies include foreign body aspira-
tion, infection such as croup or laryngotracheobronchitis, 
edema, or mass lesions such as cyst or tumor.

    Grunting  is a low-pitched sound that results when a 
patient exhales against a closed glottis and is heard on 
 exhalation. Infants and children often grunt to keep the small 
airways and alveoli open in an attempt to optimize ventila-
tion and oxygenation. The presence of grunting may be a 
sign of severe respiratory distress and impending respiratory 
failure. Underlying causes include pneumonia, acute respira-
tory distress syndrome, pulmonary edema, congestive heart 
failure, and abdominal splinting. 

 Wheezing during inspiration or exhalation, or both, indi-
cates intrathoracic obstruction of small airways. It may be a 
result of intrinsic reactive airways, bronchospasm, or foreign 
body aspiration. Hypoxemia that is present in the wheezing 
patient may worsen during administration of sedation. 

 One of the most challenging decisions in caring for chil-
dren is establishing criteria for cancelation of a procedure in 
the presence of an upper or lower respiratory infection. 
Children presenting with symptoms of uncomplicated upper 
respiratory infection who are afebrile, with clear secretions, 
and appear otherwise healthy should be able to safely 
undergo sedation. A history of nocturnal dry cough, wheez-
ing during exercise, and wheezing more than three times in 
the recent 12 months, or a history of present or past eczema 
may be associated with an increased risk for bronchospasm, 
desaturation, or airway obstruction [ 14 ]. Nasal congestion, 
purulent sputum production, and a history of reactive airway 
disease are predictors of adverse respiratory events, and chil-
dren with these advanced symptoms of upper and potential 
lower respiratory disease should not undergo sedation [ 15 ]. 

  Fig. 7.8    Larynx of an infant with laryngomalacia (Photo courtesy 
of Reza Rahbar, DMD, MD, Children’s Hospital Boston)       
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 There are many syndromes that have anatomic components 
related to the airway. A large tongue is associated with Down, 
Hunter, Hurler, and Beckwith-Wiedemann syndromes. 
Congenital hypothyroidism and Pompe disease are also 
associated with a large tongue. Patients with Pierre Robin, 
Treacher Collins, and Goldenhar syndromes, as well as chil-
dren with congenital hemifacial microsomia, have microgna-
thia, high arched palate, and a potential to have early airway 
obstruction when sedated. Children with tonsillar hypertro-
phy are at risk for mechanical airway obstruction due to large 
tonsils occupying a greater portion of the oropharyngeal air-
way than normal-sized tonsils. 

 Former premature infants are at risk for untoward respira-
tory events during sedation. There is a more gradual slope of 
the CO 2  response curve in the preterm infant, which predis-
poses this group of patients to apnea. All neonates exhibit 
periodic breathing, which is manifested as interrupted venti-
lation by self-corrected short periods of apnea without desat-
uration or bradycardia [ 16 ]. This tendency diminishes by 
45 weeks postconceptual age. Apnea of prematurity and 
postanesthetic apnea are predominantly central in origin, 
with about 10 % due to mechanical obstruction. The response 
to airway obstruction with apnea is common in infants with 
periodic breathing and decreases with increasing postnatal 
age. In the sedated neonate and former premature infant, 
benign periodic breathing may evolve into frank apnea, 
which must be managed by stimulation or assisted ventila-
tion. To detect postanesthetic or post-sedation apneic events, 
it is suggested that infants whose age is under 56 weeks post-
conception be monitored for 24 h after the procedure [ 17 ]. 

 Conditions that interfere with the integrity of the laryn-
geal inlet or upper larynx may impair effective ventilation as 
a result of partial or complete airway obstruction. Upper 
respiratory infections cause increased secretions, which may 
occlude the larynx in addition to the infl ammatory response 
that can compromise the internal diameter of the laryngeal 
inlet. Laryngotracheobronchitis or croup also decreases the 
internal laryngeal diameter and produces the same clinical 
outcome. The incidence of epiglottitis has decreased dramat-
ically in the past decade but may still be encountered. These 
patients have not only infl ammation of the epiglottis but 
edema of the surrounding structures, which severely restricts 
the size of the larynx and encroaches on the area for ventila-
tion to occur. 

 Patients who have sustained airway trauma or thermal 
injury should be considered in this category as well. Children 
who have experienced prolonged intubation may have 
decreased laryngeal inlet diameter as a result of fi brosis 
from congenital or acquired subglottic stenosis (Figs.  7.9  
and  7.10 ). Any agent that will decrease the pharyngeal mus-
cle tone and rate and depth of respiration in this setting 
should be given with extreme caution and warrants vigilance. 

Other conditions that restrict the laryngeal inlet are subglottic 
 stenosis, laryngeal cysts, and papillomatosis.

    There is a similar concern for narrowing and compromise 
of the larynx from external factors. Goiter or other tumors 
of the neck that are extrinsic to the larynx may cause 
 compression and functional restriction to ventilation. 
Children with arthrogryposis or congenital abnormalities in 
which the neck is fused may have diffi culty with positioning 
and subsequent ventilation when airway function is depressed 
during sedation. 

 Children with an anterior mediastinal mass are at signifi -
cant risk for airway compromise during sedation due to com-
pression of the intrathoracic larynx (Figs.  7.11  and  7.12 ). 

  Fig. 7.9    Larynx of an infant with congenital subglottic stenosis (Photo 
courtesy of Reza Rahbar, DMD, MD, Children’s Hospital Boston)       

  Fig. 7.10    Larynx of an infant with acquired post-intubation subglottic 
stenosis. (Photo courtesy of Reza Rahbar, DMD, MD, Children’s 
Hospital Boston)       
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Although lymphomas constitute the largest group of masses 
that arise in the anterior mediastinum, other masses that may 
present in this location include teratomas, cystic hygromas, 
thymomas, hemangiomas, sarcomas, desmoid tumors, peri-
cardial cysts, and diaphragmatic hernias of the Morgagni type.

    To understand the pathophysiology of the anterior medi-
astinum, it is important to be familiar with the anatomy. The 
mediastinum is defi ned as the extrapleural space in the tho-
rax that is bounded anteriorly by the sternum, posteriorly by 
the thoracic vertebrae, superiorly by the thoracic inlet, and 
inferiorly by the diaphragm. Structures contained within the 
mediastinum that may undergo compression from an enlarg-
ing mass are the trachea and the main stem bronchi, superior 
vena cava, aortic arch, main pulmonary artery, and a portion 
of the heart itself. 

 Patients with anterior mediastinal masses may present 
with varied signs and symptoms referable to both the cardio-

vascular and respiratory systems and are directly related to 
the location and size of the mass, as well as the degree of 
compression of surrounding structures. The most commonly 
observed respiratory symptom is cough, especially in the 
supine position, which results from anterior compression of 
the trachea. Infants younger than 2 years of age are more 
likely to experience wheezing as a sign of tracheal compres-
sion, whereas children older than 2 years of age usually pres-
ent with malaise, cough, fever, and neck mass. Other 
respiratory fi ndings in patients of all ages include tachypnea, 
dyspnea, stridor, retractions, decreased breath sounds, and 
cyanosis on crying, all of which should alert the practitioner 
to some degree of airway compromise that may worsen when 
positive intrathoracic pressure is generated. 

 Cardiovascular symptoms result from compression of the 
aortic and pulmonary vessels, as well as the right atrium and 
right ventricle. This can lead to both hypotension secondary to 
inadequate cardiac fi lling and restricted pulmonary blood fl ow 
resulting in poor oxygenation despite adequate ventilation. 
Findings referable to the cardiovascular system include 
fatigue, headache, hypotension or pallor in the supine posi-
tion, a feeling of light-headedness, superior vena cava syn-
drome (facial edema, cyanosis, jugular venous distension), 
and the appearance of a new murmur, especially in the area of 
the pulmonary valve. It is essential that the practitioner search 
for these signs and symptoms when interviewing and examin-
ing patients with mediastinal masses in an attempt to ascertain 
the degree of respiratory and cardiovascular compromise pres-
ent. Patients with minimal symptoms can have catastrophic 
events if subtle indicators are overlooked. Improvement of 
these physiologic changes is often quickly achieved by mov-
ing the patient into a sitting or left lateral position.  

    Sleep-Disordered Breathing 

 Sleep-disordered breathing (SDB) is a spectrum of disorders 
ranging from primary snoring to obstructive sleep apnea syn-
drome (OSAS). The mildest form of SDB is primary snor-
ing, which is noisy breathing without clinical manifestations 
and occurs in 20 % of normal children [ 18 ]. Although SDB 
affects 10 % of the population, only 1–4 % will progress to 
OSAS. OSAS is characterized by periodic, partial, or com-
plete obstruction of the upper airway during sleep. Airway 
obstruction is characterized by an anatomic imbalance 
between the upper airway soft tissue volume and craniofacial 
size. Suppression of pharyngeal dilator muscles during sleep 
and anesthesia occurs in the patient with obstructive sleep 
apnea, as opposed to patients who are just noisy breathers or 
have mild to moderate snoring. 

 Repetitive arousal from sleep to restore airway patency is 
a common feature as are episodic sleep-associated oxygen 
desaturation, hypercarbia, and cardiac dysfunction as a result 

  Fig. 7.11    A 20-month-old male with a large anterior mediastinal mass       

  Fig. 7.12    CT scan illustrating a large anterior mediastinal mass 
 compressing the lung and causing tracheal deviation       
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of airway obstruction. Individuals who experience obstruction 
during sleep may have snoring loud enough to be heard 
through closed doors or observed pauses in breathing during 
sleep. They may awaken from sleep with a choking sensa-
tion. Parents report restless sleep in affected children and 
frequent somnolence or fatigue while awake despite ade-
quate sleep hours. These children fall asleep easily in non- 
stimulating environments and are diffi cult to arouse at their 
usual awakening time. Type 1 OSAS is characterized by 
lymphoid hyperplasia without obesity, whereas type 2 OSAS 
patients are obese with minimal lymphoid hyperplasia. 
Approximately, 10 % of OSAS is present in preschool and 
school-aged children and is thought to decline after 9 years 
of age [ 4 ]. 

 Obesity changes craniofacial anthropometric characteris-
tics, therefore body mass index of 95 % for age or greater is 
a predisposing physical characteristic that increases the risk 
of developing OSAS. Children with craniofacial abnormali-
ties including a small maxilla and mandible, large tongue for 
given mandibular size, and thick neck have a similar 
increased risk. Many of these children have syndromes that 
are associated with additional comorbidities. Anatomic nasal 
obstruction and Class IV touching tonsils reduce oropharyn-
geal cross-sectional area, which constitutes an additional 
risk. Pharyngeal size is determined by the soft tissue volume 
inside the bony enclosure of the mandible, and an anatomic 
imbalance between the upper airway soft tissue volume and 
craniofacial size will result in obstruction. 

 The magnitude of pharyngeal muscle contraction is con-
trolled by neural mechanisms and the interaction between 
the anatomical balance and neural mechanisms determines 
pharyngeal airway size. Increased neural mechanisms can 
compensate for the anatomical imbalance in obstructive 
sleep apnea patients during wakefulness. When the neural 
mechanisms controlling pharyngeal dilator muscles are sup-
pressed during sleep or anesthesia (as is present in non- 
OSAS patients), the pharyngeal airway severely narrows 
because of the anatomical imbalance. There is additional 
decrease in ventilator response and impairment of the arousal 
response. Craniofacial morphology may infl uence the sever-
ity of obstruction in boys more than girls [ 19 ]. Increasing 
bony enclosure size will provide relief of airway obstruction. 
This is only accomplished surgically by mandibular advance-
ment. Increasing the distance between the mentum and cer-
vical column by positioning will transiently relieve the 
obstruction as long as the sniffi ng position is maintained. 
Similarly, the sitting position displaces excessive soft tissue 
outside the bony enclosure through the submandibular space. 

 The long-term effects of OSAS are not limited to the air-
way. These children have other systemic comorbidities. 
Increased body mass index and obesity may lead to increased 
cognitive vulnerability as illustrated by the increased fre-
quency of hyperactivity and increased levels of C-reactive 

protein. The duration of OSA has no relation to reversibility 
of neurobehavioral impairment since many believe that epi-
sodic hypoxia alters the neurochemical substrate of the pre-
frontal cortex causing neuronal cell loss. Metabolic syndrome 
consists of insulin resistance, dyslipidemia, and hyperten-
sion. It is felt that OSAS is a risk factor for metabolic syn-
drome in obese children but not in nonobese patients. 
Cardiovascular and hemodynamic comorbidities are more 
common in OSAS patients. These consist of altered regula-
tion of blood pressure as well as alterations in sympathetic 
activity and reactivity. Also present are endothelial dysfunc-
tion and initiation and propagation of infl ammatory response 
facilitated by increases in levels of C-reactive protein [ 20 , 
 21 ]. Systemic infl ammation using interleukins as a marker is 
a component of OSAS in both obese and nonobese children 
and is reversed after tonsillectomy. Systemic hypertension, 
changes in left ventricular geometry, and intermittent 
hypoxia leading to pulmonary artery hypertension are well- 
described comorbidities present in patients with OSAS. 

 The mainstay of OSAS management is surgical removal of 
tonsils and adenoids, which carries an 85 % success rate in 
resolving OSAS. Recurrence may occur in children with cra-
niofacial abnormalities and in others, and if surgical interven-
tion does not resolve the problem, continuous positive airway 
pressure (CPAP) at night is the next treatment modality. Many 
of these children, however, may present for imaging or require 
sedation prior to removal of the tonsils or adenoids. 

 For patients undergoing sedation, the preoperative evalu-
ation begins with the history. (Refer to Chap.   4    .) Questions 
to ask parents include the presence of diffi culty breathing 
during sleep, snoring, gasping, retractions, apnea during 
sleep, sweating during sleep, restless sleep or behavioral 
problems, and/or somnolence during the day [ 22 ,  23 ]. 
A  positive fi nding of any of the aforementioned characteris-
tics should alert the practitioner to the possibility of some 
degree of OSAS [ 24 ]. Specifi c attention should be paid to the 
frequency of tonsillar infection, recent upper respiratory 
infections, SDB, and cardiovascular abnormalities. The 
physical exam should include observation of audible respira-
tion, mouth breathing, nasal quality of speech, chest retrac-
tions, long facies, retrognathic mandible, and inspection of 
tonsillar size. Auscultation should be specifi cally directed to 
detect wheezing and stridor. Polysomnography (PSG), other-
wise known as the sleep study, is the gold standard for diag-
nosis of OSAS. A sleep study is suggested to direct the 
postoperative or postprocedural disposition. It is essential in 
patients with comorbidities and high-risk features such as 
morbid obesity, craniofacial abnormalities, neuromuscular 
disorders, cor pulmonale, systemic hypertension, diffi culty 
breathing during sleep, growth impairment due to chronic 
obstructed breathing, and a history of severe prematurity 
[ 25 ]. Obesity changes craniofacial anthropometric character-
istics and a body mass index of 95 % for age or greater is a 
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risk factor for OSA, which should be quantifi ed by 
PSG. Craniofacial abnormalities that specifi cally include 
small maxilla and mandible, large tongue for given mandible 
size, and thick neck similarly should be evaluated by sleep 
study. Despite this, most patients do not have this examina-
tion prior to surgery. It is expensive, time consuming, and 
unavailable in some medical centers. The nadir of oxygen 
saturation and respiratory disturbance index (RDI), which is 
the number of apneic episodes per hour, are measured during 
PSG. Apnea is defi ned as decreases in airfl ow greater than 
90 % for two breaths or more. Hypopnea is defi ned as 
decreases in airfl ow greater than 50 % coupled with 3 % 
decrease in oxygen saturation or electroencephalogram 
(EEG) arousal. An RDI of two or more is necessary for the 
diagnosis of OSAS. Mild OSAS is defi ned as RDI of 5–10 
events, moderate 10–20 events, and severe 20–30 events. 
The STOP-BANG questionnaire has been in use in the adult 
population since 2009 to predict the presence of OSA in the 
absence of a sleep study [ 24 ]. It is comprised of eight ques-
tions designed to predict moderate to severe OSA. Although 
it has good predictive value for alerting practitioners to 
adults with OSA, it is not a good predictor of sedation-related 
adverse events (SRAE) in children [ 26 ]. Although the pres-
ence of OSA does not seem to be a risk factor for hypoxia in 
adults undergoing moderate sedation, this has not been dem-
onstrated in the pediatric population [ 27 ]. 

 When sedation without a secured airway is planned, it is 
imperative that the level of consciousness, adequacy of ven-
tilation, and oxygenation be continuously monitored and the 
risk of apnea be evaluated. Patients exposed to recurrent 
hypoxia exhibit an altered response to narcotics, which is 
manifested by decreases in minute ventilation, respiratory 
frequency, and tidal volume. It is therefore suggested that no 
sedative premedication be administered to OSAS patients 
prior to a general anesthetic and narcotics be administered in 
incremental doses, beginning with one-half the recom-
mended dose, until adequacy of ventilation and respiration 
is determined. Patients with OSAS who are given the same 
dose of narcotic as non-OSAS patients have a very high risk 
of serious respiratory compromise [ 28 ,  29 ]. Similarly, 
patients should not be discharged until fully awake and 
breathing at a baseline rate and depth. The supraglottic 
obstruction secondary to decreased muscle tone may con-
tribute to desaturation. Children who have increased severity 
of OSAS, low weight, and age under 3 years exhibit a higher 
rate of complications [ 30 ]. They are more likely to require 
supplemental oxygen, the use of an oral airway, and require 
assisted ventilation. Slow return of upper airway tone may 
lead to desaturation and laryngospasm on emergence, espe-
cially in those patients who are known to have an RDI 
greater than 30. 

 There is no agreement on the specifi c criteria that prese-
lect an elective OSAS patient for admission and monitoring 
postprocedure [ 31 ]. 

 Inclusive characteristics may include the following: 
PSG- proven OSAS with RDI >40, RDI >20 plus either 
desaturation <70 % or age less than 3 years, or weight <3 % 
for age. Children with craniofacial syndromes or neuro-
muscular disease are included as children with complex or 
cyanotic cardiac disease. Additional indications include 
morbid obesity, known cor pulmonary and pulmonary 
hypertension and preexisting asthma or other unrelated 
respiratory comorbidities.  

    Identifi cation and Treatment of  Airway- 
Related Adverse Events 

 The best way to minimize airway and respiratory compro-
mise is to optimize the situation and prevent it. When a child 
is sedated, the best prevention is to ensure that the position 
provides the best anatomic orientation for airway patency. 
The patient should be in the supine position with the head in 
a sniffi ng position and shoulders slightly elevated. This 
requires that the protrusion of the occiput is balanced by 
slight shoulder elevation to prevent neck fl exion and airway 
compromise (Fig.  7.13 ). Supplemental oxygen should be 
administered by nasal prongs, mask, or blow-by to keep oxy-
gen saturation above 95 %.

   If, despite proper positioning, the airway becomes 
obstructed and ventilation is compromised, an oropharyn-
geal or nasopharyngeal airway may be placed. Both of these 
devices improve ventilation by maximizing the space for gas 
entry between the tongue and posterior pharynx. The appro-
priate size must be chosen to prevent worsening of the 
obstruction or irritation of the larynx resulting in laryngo-
spasm (Fig.  7.14 ). The appropriate oropharyngeal airway 
size may be determined by measuring the distance between 
the lips and the angle of the mandible. If the airway is too 
large, the tip may rest on the epiglottis and cause laryngeal 
irritation and spasm. If the airway is too small it may com-
press the tongue and cause it to move posteriorly, thus caus-
ing worsening of the oropharyngeal obstruction. The proper 
nasopharyngeal size may be estimated by measuring the dis-
tance between the nares and the angle of the mandible. 
Extreme caution must be used when placing a nasopharyn-
geal airway in a toddler or young child due to the presence of 
hypertrophied adenoid tissue, which can bleed profusely 
when dislodged [ 32 ]. If airway patency is not restored with 
repositioning of the head and shoulders despite the use of an 
artifi cial airway, the jaw thrust may be useful. This maneuver 
increases the distance between the base of the tongue and the 
vocal cords and helps to provide the maximum area for air 
exchange. In addition, positioning the patient on his/her side 
with the mouth opened may also relieve obstruction.

   If it is determined that ventilation must be assisted to 
maintain oxygenation, then bag-mask ventilation may be 
instituted. The laryngeal mask airway (LMA) may also be a 
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useful adjunct if the patient has progressed beyond sponta-
neous ventilation and requires assisted or controlled venti-
lation. The LMA is an appropriate intermediate step to 
maintain an airway that does not require endotracheal intu-
bation and is a part of the Pediatric Advanced Life Support 
(PALS) algorithms of the American Heart Association. 1  The 
LMA is inserted without the need to visualize the vocal 

1   http://www.heart.org/HEARTORG/ 

cords and forms an airtight seal around the glottis rather 
than plugging the pharynx. This positioning provides both a 
patent path for gas entry during positive pressure ventilation 
and simultaneously prevents the supralaryngeal structures 
from encroaching on the glottis. The vocal cords move 
freely  during respiration and are not manipulated, thus 
avoiding a potent stimulus for laryngospasm. The ideal 
patient position for insertion is the supine sniffi ng position, 
but it can be inserted in the neutral position as well. 
In infants and young children, the epiglottis is prominent 
and may provide a mechanical barrier to successful place-
ment. To overcome this, it is recommended that the LMA be 

  Fig. 7.13    Alignment of oral, pharyngeal, and tracheal axis variation 
with head position (Reprinted with permission from Wheeler M, Coté 
CJ, Todres D. The Pediatric Airway. Chapter 5. In: Coté CJ, Todres ID, 
Goudsouzian NG, Ryan JF (editors). A Practice of Anesthesia for 
Infants and Children, 3rd edition. Philadelphia, PA: W. B. Saunders 
Company. 2001)       

  Fig. 7.14    Effects of different sizes of oropharyngeal airway placement 
(Reprinted with permission from Wheeler M, Coté CJ, Todres D. The 
Pediatric Airway. Chapter 5. In: Coté CJ, Todres ID, Goudsouzian NG, 
Ryan JF (editors). A Practice of Anesthesia for Infants and Children, 
3rd edition. Philadelphia, PA: W. B. Saunders Company. 2001)       
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place with the vented side facing the palate and advanced 
while turning in an attempt to fl ick the epiglottis out of the 
way (Fig.  7.15 ) [ 33 ]. Assisted spontaneous ventilation may 
be carried out in this manner. If undisturbed, the LMA pro-
vokes very little stimulus and can be left in place until the 
patient’s protective refl exes have returned and respirations 
resume spontaneously. If ventilation cannot be achieved, 
endotracheal intubation with controlled ventilation may 
have to be instituted.

       Conclusion 

 Sedation of children for diagnostic or therapeutic procedures 
is often an alternative to general anesthesia due to the com-
mon belief that it carries less risk and requires fewer 
resources. Although this is not a completely erroneous per-
spective, sedation is not without risks. A thorough under-
standing of the pediatric airway anatomy at each 
developmental stage is essential as well as the physiologic 
consequences that occur when consciousness is altered. 
Appropriate monitoring must be utilized and personnel who 
are knowledgeable with regard to the potential adverse 
events and skills to treat them must be immediately avail-
able. When these conditions are met, sedation of infants and 
children is a reasonable and safe practice.      

  Fig. 7.15    Technique of laryngeal mask insertion in infants and chil-
dren (Reprinted with permission from Haynes SR, Morton NS. The 
laryngeal mask airway: A review of its use in paediatric anaesthesia. 
Paediatr Anaesth. 1993;3:65. Blackwell Publishing)       

   Case Studies 

    Case 1: Obstructive Sleep Apnea 

 A 5-year-old boy with osteomyelitis Class 4 tonsillar 
hyperplasia presents to the interventional radiology 
suite for insertion of a peripherally inserted central 
catheter (PICC) for antibiotic administration. Attempts 
at PICC insertion were unsuccessful due to patient 
movement and diffi culty in locating an appropriate 
vessel. The mother reports that the child is otherwise 
healthy, except that he seems to choke when he is 
asleep and sometimes awakens startled in the middle 
of the night. He is overweight for his age and has some 
diffi culty concentrating and sitting still in school. His 
physical exam reveals him to be a moderately over-
weight boy with a short neck and nasal breathing. His 
oropharyngeal examination is positive for Class 4 kiss-
ing tonsils, which occupy greater that 75 % of the oro-
pharyngeal volume and a Mallampati Class 3 
classifi cation for intubation. He is taking no medica-
tions and has not had a sleep study. 

 The considerations for this child would be appropri-
ateness for sedation, choice of monitoring required, 
and postprocedural disposition. This is a child in whom 
a sleep study would be desirable, but in the absence of 
this information it may be assumed that he is at risk for 
OSAS based on his weight, short neck, and large ton-
sils. He may undergo sedation, but is at risk for airway 
obstruction and desaturation, thus he must be moni-
tored in the presence of a practitioner who has airway 
management skills should this occur. Monitors should 
include electrocardiograph (EKG), pulse oximeter, 
capnography, and blood pressure measurements. 
Supplemental oxygen should be administered by nasal

(continued)
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cannula. Some head-up position should be maintained 
as much as possible to facilitate diaphragmatic excur-
sion. Agents that maintain spontaneous respirations 
and do not produce  signifi cant respiratory depression 
should be considered. Due to the probability of OSAS, 
this patient should be admitted to the hospital overnight 
for observation. The inclusion criteria for overnight 
admission include obesity, Class 4 tonsils, as well as a 
history consistent with signifi cant SDB and probable 
OSAS. Alternatively, if the child underwent tonsillec-
tomy and adenoidectomy in advance of sedation, the 
radiologic study could be scheduled 2–3 weeks postop-
eratively. Waiting this amount of time ensures that the 
hypopharynx would be well healed. In this case, if a 
repeat sleep study was repeated and improved, the post-
sedation admission might be eliminated; however, in 
the absence of a repeat sleep study, the overnight post-
sedation admission still is required.  

    Case 2: Anterior Mediastinal Mass 

 An otherwise healthy 14-year-old male presented to 
his pediatrician with a history of new-onset cough and 
diffi culty sleeping. The only signifi cant fi ndings on 
physical exam were shortness of breath when lying 
down, some jugular venous distention in the supine 
position, and a single enlarged cervical lymph node. 
Breath sounds were diminished bilaterally but more 
on the left side. The child was sent to the hospital for 
a chest X-ray and a large anterior mediastinal mass 
was noted. An MRI for further classifi cation was 
requested. 

 Patients with an anterior mediastinal mass may 
present with varied signs and symptoms referable to 
both the cardiovascular and respiratory systems. 
Symptoms are directly related to the location and size 
of the mass, as well as the degree of compression of 
surrounding structures. The most commonly observed 
respiratory symptom is cough, especially in the 
supine position, which results from anterior compres-
sion of the trachea by a mass located in the anterior 
mediastinum. Infants younger than 2 years of age are 
more likely to experience wheezing as a sign of tra-
cheal compression, whereas children older than 2 
years of age usually present with malaise, cough, 
fever, and a neck mass. Other respiratory fi ndings in 
patients of all ages include tachypnea, dyspnea, stri-
dor, retractions, decreased breath sounds, and cyano-
sis on crying, all of which should alert the 
anesthesiologist to some degree of airway compro-

mise that may worsen when positive intrathoracic 
pressure is generated. 

 Cardiovascular symptoms result from compression 
of the aortic and pulmonary vessels, as well as the right 
atrium and right ventricle. This can lead to both hypo-
tension secondary to inadequate cardiac fi lling and 
restricted pulmonary blood fl ow, resulting in poor oxy-
genation despite adequate ventilation. Findings refer-
able to the cardiovascular system include fatigue, 
headache, hypotension or pallor in the supine position, 
a feeling of light-headedness, superior vena cava syn-
drome (facial edema, cyanosis, jugular venous disten-
sion), and the appearance of a new murmur, especially 
in the area of the pulmonary valve. It is essential that the 
clinician search for these signs and symptoms when 
interviewing and examining patients with mediastinal 
masses in an attempt to ascertain the degree of respira-
tory and cardiovascular compromise present. Patients 
with minimal symptoms can have catastrophic events 
when sedated if subtle indicators are overlooked. 

 Sedation is best accomplished with the child in the 
semi- Fowler or full sitting position, since the supine 
position leads to decreased expansion of the rib cage 
and cephalad  displacement of the diaphragm. Patients 
who are asymptomatic while awake may exhibit airway 
obstruction during sedation in the supine position, which 
is explained by a reduction in the dimensions of the tho-
rax that limits the available space for the trachea relative 
to the tumor. The increase in central blood volume that 
accompanies the supine position can also lead to 
increased tumor volume and size, thus contributing to the 
potential for airway obstruction. The patient should 
breathe spontaneously and a small dose of sedative 
agents may be administered as the patient is lowered into 
position. Agents that suppress respirations should be 
avoided. The adequacy of ventilation and blood pressure 
should be checked at frequent intervals until the opti-
mum surgical position has been achieved. If at any time 
a decrease in blood pressure occurs and causes an inabil-
ity to oxygenate despite adequate ventilation or if an 
inability to provide adequate ventilation is encountered, 
the patient should be returned to the upright or lateral 
position. This will generally relieve airway obstruction 
caused by the tumor mass.  

    Case 3: The Child with a “Cold” 

 A 4-year-old child presents for sedation for a brain 
MRI. He was born at 36 weeks gestation and his 
mother had an uncomplicated delivery. He was slightly

(continued)
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    Abstract  

  Safe sedation of pediatric patients requires a thorough understanding of the physiological 
differences between infants, children, adolescents, and adults. Especially in small infants, 
there is much less margin for any errors in diagnosis and treatment of respiratory or cardio-
vascular depression during sedation procedures. This chapter will review developmental 
aspects of respiratory, cardiovascular, central nervous system, renal, hepatic, hematologic, 
and temperature homeostatic systems, highlighting the differences between children and 
adults and emphasizing their relevance to sedation procedures in children.  
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        Introduction 

 Safe sedation of pediatric patients requires a thorough under-
standing of the physiological differences between infants, 
children, adolescents, and adults. Especially in small infants, 
there is much less margin for any errors in diagnosis and 
treatment of respiratory or cardiovascular depression during 
sedation procedures. This chapter will review developmental 
aspects of respiratory, cardiovascular, central nervous system 
(CNS), renal, hepatic, hematologic, and temperature homeo-
static systems, highlighting the differences between children 
and adults and emphasizing their relevance to sedation 
 procedures in children.  

    Respiratory Physiology 

 Many physiologic differences in respiratory physiology 
between children and adults can be understood by anatomi-
cal differences in the airway and lungs [ 1 ]. The major ana-
tomical airway differences include the tongue, where the 
infant’s tongue is relatively large compared to the adult, and 
more prone to airway obstruction. The larynx of the infant is 
more cephalad, lying at the C3–4 level, versus the adult posi-
tion of C4–5. The infant epiglottis is narrow and omega 
shaped, versus the fl at, broad, U-shaped epiglottis of the 
adult. The cricoid ring is the narrowest portion of the infant 
and child up to about 4–6 years of age; thereafter the glottic 
opening itself is the narrowest portion of the airway. In terms 
of the intrathoracic airways, they are fully formed, including 
the terminal bronchioles, relatively early in gestation. 
However, alveolar number and development are incomplete 
at birth, with the full-term infant having 20–50 million termi-
nal airspaces, which are immature alveoli. Lung develop-
ment occurs rapidly with nearly the adult number of 300 

mailto:dbandrop@texaschildrens.org
mailto:dra@bcm.tmc.edu


112

million or more alveoli reached by 3 years of age [ 2 ]. Early 
in postnatal life the lung volume of the neonate and young 
infant is disproportionately small in relation to body size; the 
functional residual capacity (FRC) is only about 25 mL/kg in 
contrast to 40–50 mL/kg in the older child and adolescent. 
In addition, metabolic rate and therefore oxygen requirement 
in mL/kg/min are 2–3 times higher in the neonate compared 
to the adult. 

 Lung and chest wall mechanics are very different in the 
neonate and young infant, compared to the older child and 
adult [ 2 ,  3 ]. The soft and compliant thoracic cage means that 
the outward recoil of the thorax is very low in the neonate, 
and this means that resting negative thoracic pressure in 
infants is low. Neonates depend on the diaphragm for the 
power to produce lung expansion to a much greater degree 
than the older child. In addition, since airway resistance is 
proportional to the inverse of the fourth power of the radius 
of the airway, the much smaller airways of infants and young 
children experience a signifi cant increase in resistance when 
partially obstructed by edema, infl ammation, bronchospasm, 
or secretions. The low FRC, small airways, and poor elastic 
recoil of the thorax in neonates make the small airways vul-
nerable to airway closure, and thus hypoventilation and 
hypoxemia can occur quickly in the sedated infant who is not 
crying or taking deep breaths [ 4 ]. Figure  8.1  displays the dif-
ference in lung volumes between the neonate and adult [ 5 ], 
and Table  8.1  summarizes the developmental changes in 
respiratory physiology from birth through adulthood.

    Fetal hemoglobin predominates in the neonate and young 
infant, and this causes another important difference in respi-
ratory physiology from the older child and adult. The oxyhe-
moglobin dissociation curve is shifted to the left in neonates 
because of fetal hemoglobin, meaning that the partial pres-
sure of oxygen necessary to produce an oxyhemoglobin sat-
uration of 50 % (the P 50 ) is only 19 mmHg, versus 27 mmHg 
with mature adult hemoglobin A [ 6 ] (Fig.  8.2 ). This is an 
adaptation to fetal life, where oxygen tensions are low, and 
with hemoglobin F loading the hemoglobin with oxygen 
molecules is facilitated; however, unloading of oxygen to the 
tissues is more diffi cult with a left-shifted curve. Therefore 
in the neonate and young infant, a given oxygen tension will 
produce a higher oxygen saturation, but this extra reserve is 
required to provide additional oxygen to unload to the tis-
sues. Adult hemoglobin A predominates by 6 months of age.

   Pulse oximetry is the standard for monitoring of  oxygenation 
during all sedation procedures. (Refer to Chaps.   2     and   6    .) 
Pulse oximeter arterial saturation (SpO 2 ) is a very useful 
monitor, generally accurate to ±2 % when compared to arte-
rial blood oxygen saturation measured by co-oximetry. In a 
child without cardiac or pulmonary disease, normal SpO 2  is 
96–100 % on room air and unsedated. Sedative medications 

often cause a degree of hypoventilation, both in slowing 
respiratory rate, and decreasing tidal volumes and 
FRC. Upper airway obstruction is also common, which may 
interfere with oxygenation. These factors make it necessary 
to deliver supplemental oxygen to virtually all patients 
undergoing sedation procedures, either by nasal cannula or 
face mask, to enable SpO 2  to remain in the normal 96–100 % 
range. A decrease of 5 % or less from baseline, as long as the 
patient is otherwise stable without signifi cant respiratory 
depression or upper airway obstruction, is common and can 
usually be treated with increased supplemental oxygen. 
A decrease of 10 % or more from baseline is cause for urgent 
intervention to detect and treat upper airway obstruction or 
hypoventilation—the two most common causes of arterial 
desaturation during sedation. Children with cyanotic con-
genital heart disease may have resting awake SpO 2  ranging 
from 70 to 95 %, and it is important to understand the anat-
omy, pathophysiology, and normal baseline saturations 
before proceeding with sedation in these patients. The gen-
eral guidelines of a 5 % decrease from baseline being com-
mon and treated with additional supplemental oxygen, and a 
10 % decrease, a cause for urgent intervention, are applicable 
to this population as well. Other patients with chronic lung 
diseases—i.e., bronchopulmonary dysplasia (BPD) or cystic 
fi brosis—may also have decreased baseline SpO 2 , often 
ranging from 85 to 95 %. 

 Monitoring of respiration also often includes end-tidal 
CO 2 , which can easily be monitored using a special or modi-
fi ed nasal cannula. Although dilution of the exhaled gas with 
inspired oxygen, poor fi t of nasal cannula, increased dead 
space ventilation, or right to left intracardiac shunting often 
increases the gap between arterial blood PaCO 2  and end-tidal 
CO 2 , it is a very sensitive monitor of airway obstruction, and 
an accurate method to measure respiratory rate. In addition, 
low cardiac output states or cardiac arrest is accompanied by 
a sudden decrease or absence of end-tidal CO 2 . 

 Common conditions in pediatric patients that reduce 
respiratory reserve even further include BPD in former pre-
mature infants who suffered from respiratory distress syn-
drome (RDS) [ 7 ]. BPD is defi ned as a chronic condition of 
fi brosis and loss of alveoli in the lung following RDS with a 
requirement for supplemental oxygen beyond 30 days of life. 
These infants may present for sedation months or years later, 
and even though they have apparently recovered, pulmonary 
reserve is often considerably limited. Other common chronic 
conditions include asthma or reactive airway disease, affect-
ing an estimated six million children in the USA [ 8 ]. Pre- 
sedation assessment must always include questioning about 
asthma and a thorough airway and pulmonary examination; 
elective sedation in the face of an asthma exacerbation is 
contraindicated. 
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 Children also have frequent upper respiratory infections 
(URIs), which predispose them to increased airway com-
plications during a sedation procedure. Elective sedation 
procedures should be performed in children with URIs 
only after a thorough risk–benefi t assessment. 

 All of the factors reviewed earlier make the small infant in 
particular vulnerable to rapid onset of hypoxemia and hypercar-

bia if sedated too deeply, and the practitioner must be vigilant 
especially when sedating infants. Supplemental oxygen should 
be used in almost every setting in which infants and children are 
sedated, the only exceptions being in premature neonates where 
retinopathy of prematurity may be a risk, and in relatively 
uncommon congenital heart defects in neonates with a single 
functional ventricle, such as hypoplastic left heart syndrome.  
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  Fig. 8.1    Pressure–volume curves of the ( a ) infant and ( b ) adult respira-
tory systems. The rest volume is the volume at zero intrathoracic pres-
sure, where the outward recoil of the chest wall is equal to the inward 
elastic recoil of the lungs. ( a ) In the neonate, this volume is very low 
(10–15 % of total lung capacity) compared to the adult, and is just 
above the FRC and often below the closing volume of the small air-
ways. ( b ) In the adult, this value is much higher at 30–35 % of the total 

lung capacity. During sedation, where quiet breathing or respiratory 
depression may occur, the neonate and small infant are much more 
prone to airway closure, resulting in intrapulmonary shunting and 
hypoxemia (Adapted from Agostoni E, Mead J: Statics of the respira-
tory system. In Fenn WO, Rahn H. (eds): Handbook of Physiology. 
Section 3: Respiration, vol 1. Washington, DC: American Physiological 
Society, 1964. 387–409)       
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    Cardiovascular Physiology 

    Development from Neonate 
to Older Infant and Child 

 At birth the neonatal heart must suddenly change from a par-
allel circulation to a series circulation, and the left ventricle 
in particular must adapt immediately to dramatically 
increased preload from blood returning from the lungs, and 
increased afterload as the placental circulation is removed. 
The very high oxygen consumption of the newborn necessi-
tates a high cardiac output for the fi rst few months of life. 
However, animal models have demonstrated that the fetal and 
newborn myocardium develops less tension in response to 
increasing preload (sarcomere length), and that cardiac output 
increases less to the same degree of volume loading [ 9 ,  10 ]. 
Resting tension, however, is greater in the newborn com-
pared to the mature heart. This information suggests that the 
newborn heart is operating near the top of its Frank–Starling 
curve, and that there is less reserve in response to both 
increased afterload and preload. The newborn myocardium 

also has only a limited ability to increase its inotropic state in 
response to exogenous catecholamines, and is much more 
dependent on heart rate to maintain cardiac output than the 
mature heart. One reason for this is the high levels of circu-
lating endogenous catecholamines that appear after birth, 
necessary to make the transition to extrauterine life [ 11 ]. As 
these levels decrease in the weeks after birth, contractile 
reserve increases. 

 The neonatal myocardium is less compliant than the 
mature myocardium, with increased resting tension as noted 
previously, and a signifi cant greater increase in ventricular 
pressure with volume loading [ 12 ]. This implies that dia-
stolic function of the neonatal heart is also impaired com-
pared to the mature heart [ 13 ]. The myofi brils of the newborn 
heart also appear to have a greater sensitivity to calcium, 
developing a greater tension than adult myofi brils when 
exposed to the same free Ca ++  concentration in vitro [ 14 ]. 
Table  8.2  summarizes the major physiological differences 
between the neonatal and mature hearts [ 15 ]. With increased 
metabolic needs, including oxygen consumption and glucose 
for metabolic substrate, cardiac output indexed to weight in 
the neonate is double that of the adult [ 16 ] (Fig.  8.3 ).

   Table 8.1    Age-dependent respiratory variables   

 Variable  Units  Neonate  6 months  12 months  3 years  5 years  9 years  12 years  Adult 

 Approx. weight  kg  3  7  10  15  19  30  50  70 
 Respiratory rate  Breaths/min  50 ± 10  30 ± 5  24 ± 6  24 ± 6  23 ± 5  20 ± 5  18 ± 5  12 ± 3 
 Tidal volume  mL  21  45  78  112  170  230  480  575 

 mL/kg  6–8  6–8  6–8  6–8  7–8  7–8  7–8  6–7 
 Minute ventilation  mL/min  1,050  1,350  1,780  2,460  4,000  6,200  6,400 

 mL/kg/min  350  193  178  164  210  124  91 
 Alveolar ventilation  mL/min  665  1,245  1760  1,800  3,000  3,100 

 mL/kg/min  222  125  117  95  60  44 
 Dead space/tidal 
volume ratio 

 0.3  0.3  0.3  0.3  0.3  0.3  0.3  0.3 

 Oxygen consumption  mL/kg/min  6–8  3–4 
 Vital capacity  mL  120  870  1,160  3,100  4,000 

 mL/kg  40  58  61  62  57 
 Functional residual 
capacity 

 mL  80  490  680  1,970  3,000 
 mL/kg  27  33  36  39  43 

 Total lung capacity  mL  160  1,100  1,500  4,000  6,000 
 mL/kg  53  73  79  80  86 

 Closing volume as a 
% of vital capacity 

 %  20  8  4 

 No. of alveoli  Saccules × 10 6   30  112  129  257  280  300 
 Specifi c compliance  C L /FRC:mL/cm H 2 O/L  0.04  0.038  0.06  0.05 
 Specifi c conductance 
of small airways 

 Ml/s/cm H 2 O/g  0.02  3.1  1.7  1.2  8.2  13.4 

 Hematocrit  %  55 ± 7  37 ± 3  35 ± 2.5  40 ± 3  40 ± 2  40 ± 2  42 ± 2  43–48 
 Arterial pH  pH units  7.30–7.40  7.35–7.45  7.35–7.45 
 PaCO 2   mmHg  30–35  30–40  30–40 
 PaO 2   mmHg  60–90  80–100  80–100 

  Adapted from [ 2 ]  
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        Innervation of the Heart 

 Clinical observations in newborn infants have led to the 
hypothesis that the sympathetic innervation and control of 
the cardiovascular system is incomplete in the newborn 
infant compared to older children and adults, and that the 
parasympathetic innervation is intact [ 17 ]. Examples of this 
include the frequency of bradycardia in the newborn in 
response to a number of stimuli, including vagal, and vago-
tonic agents, and the relative lack of sensitivity in the new-
born to sympathomimetic agents. Histologic studies in 
animal models have demonstrated incomplete sympathetic 
innervation in the neonatal heart when compared to the adult, 
but no differences in the number or density of parasympa-
thetic nerves [ 18 ,  19 ]. 

 Autonomic cardiovascular control of cardiac activity can 
be evaluated by measuring heart rate variability in response 
to both respiration, and to beat-to-beat variability in systolic 
blood pressure [ 20 ]. The sympathetic and parasympathetic 
inputs into sinoatrial node activity contribute to heart rate 
variability changes with greater heart rate variability result-
ing from greater parasympathetic input into sinoatrial node 
activity [ 21 ]. Studies using these methodologies for normal 
infants during sleep suggest that the parasympathetic pre-
dominance gradually diminishes until approximately 6 
months of age, coinciding with greater sympathetic innerva-
tion of the heart similar to adult levels [ 22 ].  

  Fig. 8.2    Comparison of oxyhemoglobin dissociation curves from 
blood of infants at different ages. At birth the P50 is 19 mmHg, and by 
8 months of age has shifted to the right and is 27 mmHg, a result of the 
change from predominately fetal hemoglobin F to adult hemoglobin A 
(Reproduced with permission from Delivoria-Papadopoulos M, 
Ronceric NP, Oski FA. Postnatal changes in oxygen transport of term, 
premature and sick infants: the role of red cell 2,3 diphosphoglycerate 
and adult hemoglobin. Pediatr Res. 1971;5(6):235–40.)       

   Table 8.2    Summary of major differences between neonatal and mature hearts   

 Neonatal  Mature 

  Physiology  
 Contractility  Limited  Normal 
 Heart rate dependence  High  Low 
 Contractile reserve  Low  High 
 Afterload tolerance  Low  Higher 
 Preload tolerance  Limited  Better 
 Ventricular interdependence  Signifi cant  Less 
  Ca   ++    cycling  
 Predominant site of Ca ++  fl ux  Sarcolemma  Sarcoplasmic reticulum 
 Dependence on normal iCa ++   High  Lower 
  Circulating catecholamines   High  Lower 
  Adrenergic receptors   Downregulated, insensitive  Normal 

 β2, α1 predominant  β1 predominant 
 Complete 

  Innervation   Parasympathetic predominates; 
sympathetic incomplete 

 Complete 

  Cytoskeleton   High collagen and water content  Lower collagen/H 2 O 
  Cellular elements   Incomplete SR, disorganized myofi brils  Mature SR, organized myofi brils 

  Reprinted with permission from Andropoulos DB, Ogletree ML. Ch 3. Physiology and molecular biology of the developing circulation. 
In: Andropoulos DB, Stayer SA, Russell IA, editors. Anesthesia for congenital heart disease. Malden, MA: Blackwell-Futura; 2005. p. 30–47  
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    Development from Child to Adult 

 Beyond the transition period from fetal to newborn life and 
into the fi rst few months of postnatal life, there is not much 
human or animal information concerning the exact nature 
and extent of cardiac development at the cellular level. Most 
studies compare newborn or fetal to adult animals [ 23 ]. 
Cardiac chamber development is assumed to be infl uenced 
by blood fl ow [ 24 ]. Increases in myocardial mass with nor-
mal growth, as well as in ventricular outfl ow obstruction, are 
mainly due to hypertrophy of myocytes. Late gestational 
increases in blood cortisol are responsible for this growth 
pattern, and there is concern that antenatal glucocorticoids to 
induce lung maturity may inhibit cardiac myocyte prolifera-
tion. In the human infant, it is assumed that the cellular ele-
ments of the cardiac myocyte—i.e., adrenergic receptors, 
intracellular receptors and signaling, calcium cycling and 
regulation, and interaction of the contractile proteins—are 
similar to the adult by approximately 6 months of age. 
Similarly, cardiac depression by volatile agents is greater 
in the newborn, changing to adult levels by approximately 
6 months of age [ 25 ].  

    Normal Heart Rate and Blood Pressure 
Ranges at Different Ages 

 Heart rate must be monitored continuously by 3- or 5-lead 
electrocardiogram (ECG) during all phases of a sedation 

procedure, because of the frequent effects of sedative and 
analgesic drugs on heart rate, and the added importance of 
maintaining acceptable heart rates to maintain cardiac out-
put, especially in young infants. An understanding of the 
patient’s baseline heart rates is important, and generally a 
decrease or increase of 20 % or less is well tolerated and 
will maintain adequate cardiac output [ 26 ]. Maintaining 
normal sinus rhythm is obviously important, and any non-
sinus rhythm needs to be diagnosed, its effect on blood 
pressure and cardiac output assessed, and treated if neces-
sary. The most common arrhythmias are sinus bradycardia 
caused by decreased CNS sympathetic outfl ow from many 
sedatives and sinus tachycardia caused by sympathomi-
metic effects of drugs. Slow junctional rhythms or supra-
ventricular tachycardias are also seen during sedation 
procedures. It is important to understand the patient’s base-
line cardiac status, and rhythm, as many patients with pre-
existing arrhythmias will continue to experience them with 
sedation and no ill effects. 

 Blood pressure must be measured at least every 5 min dur-
ing sedation procedures, and often more frequently (i.e., every 
1–3 min) during the induction phase, or after a bolus of medi-
cation to deepen the level of sedation. Blood pressure is not 
equivalent to cardiac output, but perfusion to vital organs, 
especially myocardium and brain, needs to be preserved  during 
sedation procedures and thus blood pressure should be 
maintained within acceptable limits, usually ±20 % of the 
baseline blood pressure, again taking into account the patient’s 
baseline state, and pathophysiology of any disease states. 
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  Fig. 8.3    The relationship 
between body weight, age, and 
cardiac output. Note that cardiac 
output in mL/min, when indexed 
to body weight, decreases by 
50 % from birth to adolescence 
(Adapted with permission from 
Rudolph AM, editor. Changes in 
the circulation after birth. In: 
Congenital diseases of the heart. 
Chicago, IL: Year Book Medical; 
1974)       
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Blood pressure is usually measured with an automated oscil-
lometric blood pressure device, and the cuff must be the 
proper size for the patient, according to the manufacturer’s 
instructions. A cuff that is too small for the patient will read 
out a blood pressure that is falsely elevated, and a cuff that is 
too large will display a pressure that is spuriously low. Under 
normal circumstances, a cuff on the right or left upper arm is 
standard, although a properly sized blood pressure cuff on 
the lower leg will also provide accurate measurements. The 
measured systolic pressure and mean pressure are very accu-
rate with the oscillometric devices, with the diastolic pres-
sure being subject to increased measurement errors. Since 
the systolic blood pressure is most commonly used to deter-
mine high or low measurements, Table  8.3  includes this 
parameter for normal values.

   Systolic blood pressures more than 20 % below baseline 
values, if accompanied by acceptable heart rate, oxygen sat-
uration, and end-tidal CO 2 , should be investigated and treat-
ment such as fl uid administration to increase cardiac preload 
and stroke volume, or decreasing the depth of sedation, 
should be instituted. If heart rate, SpO 2 , or end-tidal CO 2  has 
also changed, very urgent diagnosis and treatment must be 
instituted, as this heralds a low cardiac output state, and pos-
sible impending cardiac arrest. Discontinuing sedation, 
administering fl uid boluses and a vagolytic agent such as 
atropine or sympathomimetic agent such as ephedrine or 
epinephrine may be indicated. Elevated blood pressures 
may, of course, be due to inadequate sedation or analgesia, 
but often can be due to the drugs themselves, especially ket-
amine. In the latter case, the dose of ketamine should be 
reduced, or if sedation and analgesia judged to be inade-
quate, additional drugs other than ketamine should be used. 
Table  8.3  displays normal heart rate and systolic blood pres-
sure for different ages.   

    CNS Physiology 

 Brain growth and development are very rapid during infancy, 
with the brain weight at birth about 20 % of adult weight, but 
by 2 years of age, the brain has attained 75 % of adult weight 
[ 27 ]. The brain in the infant and young child receives a cor-
respondingly higher percentage of the cardiac output than in 
the older child and adult. In addition, rapid proliferation and 
migration of neurons to their cortical and subcortical zones 
are taking place in early infancy, as are myelination and syn-
aptogenesis [ 28 ] (Fig.  8.4 ). The neurotransmitters gamma- 
aminobutyric acid, and glutamate, and their corresponding 
receptors, play a crucial role in synaptogenesis, and also in 
the natural death of some neurons during the rapid prolifera-
tion phase (apoptosis). Most sedative agents, including ben-
zodiazepines, barbiturates, chloral hydrate, propofol 
(GABA), and ketamine (NMDA) interact with these recep-
tors, giving rise to the concerns that sedative agents may 
increase apoptosis and potentially have adverse long-term 
neurodevelopmental effects [ 29 ]. Because of the relatively 
larger brain size and blood volume/fl ow, the dose per 
 kilogram requirement for sedative agents is usually higher in 
the young infant to produce the desired effects than it is in 
the older child and adult. The exception to this is the neonate, 
where the tight junctions of the basement membranes of the 
intracerebral capillaries are not fully formed, meaning the 
blood–brain barrier is not as fully intact, allowing passage of 
higher drug concentrations into neurons, causing an exagger-
ated effect of most drugs in this very young age group.

   Cerebral autoregulation is normally intact in the full-term 
neonate and older patient, albeit at lower blood pressures 
than in the adult patient. Responsiveness of the cerebral cir-
culation to carbon dioxide tension is also intact, with signifi -
cant hypercarbia causing maximal cerebral vasodilation. 

 Maturation of the EEG during infancy and childhood has 
important implications for any technology proposing to mea-
sure depth of sedation using EEG parameters. (Refer to 
Chap.   6    .) All current depth    of sedation monitors using pro-
cessed EEG parameters are based on the adult EEG, and 
application of these monitors in infants and young children 
especially is unreliable. Infants and younger children have 
markedly different EEG profi les for both frequency and 
amplitude of EEG waveforms emanating from different 
regions of the brain. Older children (i.e., 8–10 years of age or 
older) have EEG characteristics much more similar to the 
adult and thus these monitors can be more reliable [ 30 ]. 

 Developmental changes in motor, language, and behavior 
milestones are crucial to understand when sedating pediatric 
patients. Table  8.4  presents some of the important milestones 

    Table 8.3    Normal heart rates and systolic blood pressure as a function 
of age   

 Age 

 Range of normal 
heart rates (beats 
per minute) 

 Range of normal systolic 
blood pressures, measured 
by oscillometric blood 
pressure device (mmHg) 

 Neonate (<30 days)  120–160  60–75 
 1–6 months  110–140  65–85 
 6–12 months  100–140  70–90 
 1–2 years  90–130  75–95 
 3–5 years  80–120  80–100 
 6–8 years  75–115  85–105 
 9–12 years  70–110  90–115 
 13–16 years  60–110  95–120 
 >16 years  60–100  100–125 
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in these areas [ 31 ]. In approaching the infant patient, with 
normal children of age 6–12 months, they will not experi-
ence stranger anxiety and thus will go with practitioners for 
sedation procedures with little to no protest. Extensive study 
and clinical experience demonstrate that infants from the 
premature neonate onward experience pain in the same man-
ner as older children, and so will react accordingly to painful 
procedures such as IV catheter insertion. In the infant up to 
age 6 months, 24 % sucrose, 0.2 mL placed on a pacifi er and 
given 5–10 min before a painful procedure, will alleviate 
pain from venipuncture and heelsticks [ 32 ]. The mechanism 
of action is proposed to be endorphin release. Infants from 
age 6 to 12 months,  toddlers, and preschool children up to 
age 5 can be expected to be quite fearful and resistant when 
separated from parents or familiar caregivers, and the pro-

cess of separation must be planned to ameliorate this psy-
chological discomfort as much as possible with distraction, 
familiar toys, or objects, or having the parent present during 
initiation of sedation, if appropriate. School-aged children 
of 5 or 6 years or older generally can accept simple explana-
tions of medical procedures and will often separate from 
parents more easily. The patient aged 8–12 years is often the 
easiest to approach for sedation procedures and often has a 
very concrete understanding of explanations and instruc-
tions. The adolescent often has great concern about body 
image, and respecting this is very important. The child of 
any age who has been hospitalized frequently or has had 
prior painful or stressful experiences may be very upset at 
the prospect of separation from parents and sedation 
procedures.

  Fig. 8.4    Brain growth and development from conception to age 
6 years. Note the very rapid brain growth and complexity of development 
from birth to age 2 years, when the majority of postnatal brain develop-
ment occurs. This period of rapid development gives rise to the recent 
concerns that sedative agents interacting with gamma-aminobutyric acid 

and  n -methyl- D -aspartate receptors could have long-term effects on the 
developing brain. See text for details (Reproduced with permission from 
Kandt RS, Johnston MV, Goldstein GW. The central nervous system: 
basic concepts. In: Gregory GA, editor. Pediatric anesthesia. 2nd ed. 
New York, NY: Churchill-Livingstone; 1989. p. 161–199)       
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       Hematologic System Development 

 The neonate has a normal hemoglobin of 15–20 g/dL, and 
hematocrit of 45–60 %, most all consisting of hemoglobin F, 
as noted earlier. Over the fi rst 6 months of life, predominate 
hemoglobin species changes to adult hemoglobin A, and 
there is a decline to a physiologic nadir of about 11–12 g/dL 
of hemoglobin by 2–6 months of age. These values are main-
tained until about age 2 years, at which time they gradually 
increase in boys and girls to 12–14 g/dL by about age 12. 
With the onset of menstruation, hemoglobin remains at this 
level in girls until adulthood. In boys, hemoglobin levels 
continue to increase gradually to adult levels of 15–18 g/dL 
by age 18 [ 33 ]. 

 The concept of a physiologic nadir of hemoglobin at 2–6 
months of age is important, because this is an age when oxy-
gen consumption is still twice that of the adult, yet oxygen 
carrying capacity is low, with the result that there is even less 
oxygen reserve in these young infants. 

 The blood volume of the neonate is approximately 90 mL/
kg body weight, and this decreases to about 85 mL/kg by 
6 months, 80 mL/kg at 1 year, and 75 mL/kg until age 

2 years, after which the blood volume assumes the adult 
value of approximately 70 mL/kg.  

    Renal Physiology, and Fluid and Electrolytes 

 At birth the neonate has an expansion of total body water and 
the extracellular water space, combined with renal function that 
is decreased, with glomerular fi ltration rate only 15–30 % of 
adult values. Renal function matures fairly rapidly, achieving 
levels of 50 % of the adult by 2 weeks of life, and then gradu-
ally increasing to adult levels by 12 months of age [ 3 ]. Total 
body water also decreases to adult levels by about 12 months of 
age. However, fl uid requirements remain high throughout the 
fi rst 3–4 years of life, because of the increased body surface-to-
weight ratio present in young children, which results in 
increased insensible fl uid loss. Table  8.5  displays the approxi-
mate daily and hourly maintenance fl uid and requirements for 
normal children at various weights and ages [ 3 ]. In children 
with normal renal function, intravenous fl uids of one-quarter 
normal saline (38 meq NaCl/L) and 20 meq/L KCL will pro-
vide maintenance of sodium and potassium, and 5 % dextrose 
for maintenance of glucose requirements. In actual practice, 
healthy infants and children over age 6 months will do well 
with a standard intravenous solution such as lactated Ringer’s 
solution during sedation procedures. This solution, which does 
not contain dextrose but has a sodium concentration of 
130 meq/L and osmolarity similar to plasma, will allow a fl uid 
bolus to be administered without producing hyperglycemia.

   In general, modern nil per os (NPO) guidelines allowing 
clear liquid intake until 2 h before a sedation procedure will 
prevent signifi cant fl uid defi cits, but frequently there are situa-
tions where the patient has been NPO for long periods of time. 

 If NPO for greater than 6 h, many practitioners would cal-
culate the fl uid defi cit accumulated during those 6 h, admin-
ister half the defi cit during the fi rst hour of the procedure, 
and one-quarter of the defi cit in each of the next 3 h [ 31 ]. 
These fasting guidelines were published in 1999, approved 
by the American Society of Anesthesiologists (ASA) and 
represent a recommendation based on the review of clinical 
studies between 1966 and 1996, over 1,100 citations. They 
were updated in 2011, after further literature review and rec-
ommendations of experts in pediatric anesthesia. They were 
intended for healthy patients undergoing elective surgery 
[ 34 ] (Table  8.6 ). The guidelines were not intended nor 

   Table 8.4    Age-specifi c anxieties of pediatric patients   

 Age  Specifi c type of perioperative anxiety 

 0–6 months  Maximum stress for parent 
 Minimum stress for infants—not old enough 
to be frightened of strangers 

 6 months–4 years  Maximum fear of separation 
 Not able to understand processes and 
explanations 
 Signifi cant postoperative emotional upset and 
behavior regression 
 Begins to have magical thinking 
 Cognitive development and increased temper 
tantrums 

 4–8 years  Begins to understand processes and 
explanations 
 Fear of separation remains 
 Concerned about body integrity 

 8 years–adolescence  Tolerates separation well 
 Understands processes and explanations 
 May interpret everything literally 
 May fear waking up during surgery or not 
waking up at all 

 Adolescence  Independent 
 Issues regarding self-esteem and body image 
 Developing sexual characteristics and fear loss 
of dignity 
 Fear of unknown 

  Reproduced with permission from Ghazal EA, Mason LJ, Cote CJ. Ch 
4. Preoperative evaluation, premedication, and induction of anesthesia. 
In: Cote CJ, Lerman J, Todres ID, editors. A practice of anesthesia for 
infants and children, 4th edition. Philadelphia, PA: Saunders-Elsevier; 
2009. p. 37–69  

   Table 8.5    Maintenance intravenous fl uid requirements   

 Weight 
 Maintenance 
fl uid, mL/kg/24 h 

 Maintenance 
fl uid, mL/kg/h 

 <10 kg  100  4.16 
 10–20 kg  50  2.08 
 Each 10 kg increment 
above 20 kg 

 20  0.83 
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 considered for sedation purposes, although they have been so 
adopted by many.

   Glucose requirement is predictably high in the neonate 
and young infant, being 5–7 mg/kg/min in the neonate, which 
is 2–3 times that of the adult. The neonate and young infant 
less than 3–6 months of age are also prone to hypoglycemia 
because of a paucity of glycogen stores, compared to the 
older child and adult, thus it is especially important in this 
age group to encourage ingestion of clear glucose- containing 
fl uids until 2 h before a sedation procedure. And, young 
infants should have infusion of dextrose-containing intrave-
nous fl uids during and after the sedation procedure, until they 
are recovered and can ingest dextrose-containing fl uids again.  

    Hepatic/Gastrointestinal Physiology 

 Liver function, both synthetic and metabolic, is immature at 
birth, with only about 30 % of the functional capacity of the 
adult [ 3 ]. Hepatic function also matures relatively rapidly, 
with normal function achieved by about 3 months of life. 
This means that drugs that depend on hepatic metabolism for 
clearance, especially the cytochrome P450 system, will often 
have prolonged effects in the very young infant once thera-
peutic plasma levels are reached. In addition, coagulation 
factor levels are low in the neonate because of this hepatic 
immaturity, so that normal partial thromboplastin time, 
which measures coagulation function in the extrinsic coagu-
lation system and depends on proteins synthesized in the 

liver, is elevated at birth to as high as 60 s. Despite this, the 
protein factors that inhibit coagulation are also reduced in 
concentration, and neonates and young infants are not more 
prone to clinical bleeding than older patients. 

 As with other systems, the brush border of the neonatal 
small bowel is not mature, and is more prone to insults such 
as infections and ischemia, particularly in the premature 
infant, which predisposes them to necrotizing enterocolitis. 
The risk of this disease diminishes greatly toward term, but 
the ability of the full-term neonate’s intestine to absorb high 
osmolar loads is limited. With normal intake such as breast 
milk or infant formulas, however, gastric emptying is rapid. 
This normal gastric emptying has given rise to the standard 
recommendation in most institutions that in patients of all 
ages—who do not have bowel obstruction or other condition 
known to delay gastric emptying—ingestion of solid food, 
milk, or formula until 6 h prior to a sedation procedure is 
acceptable. Breast milk ingestion until 4 h before sedation, 
and clear liquids until 2 h before, has also been shown to 
result in complete gastric emptying.  

    Temperature Regulation 

 Maintenance of temperature homeostasis during sedation 
procedures is an important goal, and the young child in par-
ticular is prone to hypothermia during prolonged sedation. 
Heat loss (or gain) into or from the environment is via four 
basic routes [ 35 ,  36 ]:
    1.    Radiation—from difference in temperature between the 

patient and the surrounding environment, e.g., a cold 
room   

   2.    Conduction—heat transfer between two surfaces in direct 
contact, i.e., a cold irrigating solution   

   3.    Convection—transfer of heat to moving molecules such 
as air or liquid, i.e., a cold drafty MRI scanning room   

   4.    Evaporation—loss of heat from vaporization of water 
from the skin or mucosal surface    
  Under normal circumstances, the older infant, child, or 

adult will sense temperature of the blood in the anterior 
hypothalamus, the thermostat for the body, and use various 
mechanisms to keep body temperature within 0.5 of 37 °C 
[ 35 ]. In response to mild hypothermia, the CNS via 
α(alpha)-adrenergic sympathetic activation will cause cuta-
neous blood vessels to constrict, especially in the extremi-
ties, reducing blood fl ow and thus conserving heat by 
shunting warmed blood fl ow to deeper structures not vul-
nerable to radiation heat loss. With moderate hypothermia 
shivering occurs, which through muscle aerobic metabo-
lism will  generate additional heat and help return body tem-
perature toward normal. With hyperthermia, initially blood 
fl ow to the extremities will remain at normal levels, but with 
further warming vasodilation will occur, and heat loss from 

   Table 8.6    American Society of Anesthesiologists’ summary of fasting 
recommendations to reduce the risk of pulmonary aspiration a    

 Ingested material  Minimum fasting period b  (hours) 

 Clear liquids c   2 
 Breast milk  4 
 Infant formula  6 
 Nonhuman milk d   6 
 Light meal e   6 

  Reprinted with permission from the American Society of 
Anesthesiologists Task Force on Preoperative Fasting. Practice guide-
lines for preoperative fasting and the use of pharmacologic agents to 
reduce the risk of pulmonary aspiration: application to healthy patients 
undergoing elective procedures. Anesthesiology. 1999;90:896–905 
  a These recommendations apply to healthy patients who are undergoing 
elective procedures. They are not intended for women in labor. Following 
the guidelines does not guarantee complete gastric emptying 
  b Fasting times apply to all ages 
  c Examples: water, fruit juice without pulp, carbonated beverages, clear 
tea, and black coffee 
  d Since nonhuman milk is similar to solids in gastric emptying time, the 
amount ingested must be considered when determining an appropriate 
fasting period 
  e A light meal typically consists of toast and clear liquids. Meals that 
include fried or fatty foods or meat may prolong gastric emptying time. 
Both the amount and type of foods ingested must be considered when 
determining an appropriate fasting period  
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radiation, convection, and conduction all increase. The next 
response is sweating, with the evaporation of sweat result-
ing in signifi cant heat loss. 

 Commonly used sedative agents, including propofol and 
dexmedetomidine, affect the thermoregulatory thresholds 
[ 35 ]. In general, the higher the dose of these agents, the 
wider the range of “normal” temperatures tolerated by the 
hypothalamus before the compensatory mechanisms 
described earlier occur, meaning that temperatures will 
need to decrease by 1.5–2.5 °C before vasoconstriction and 
shivering will begin, rather than 0.5 °C in the awake patient 
(Fig.  8.5 ).

   Adverse effects of signifi cant hypothermia include 
enhanced effects of intravenous sedative medication and a 
lower dose requirement for sedation, as well as slowed 
metabolism and organ function, resulting in delayed metabo-
lism of drugs by kidney and liver. This can result in pro-
longed awakening from sedation. Signifi cant hypothermia 
accompanied by shivering can result in metabolic acidosis 
from anaerobic muscle metabolism. Signifi cant hypothermia 
and shivering are also profoundly uncomfortable for the 
patient, often resulting in an unsatisfactory sedation experi-
ence in the case of older children, or agitation and crying 
behaviors in the younger children. 

 The neonate is a special case, as in most other organ sys-
tems, in that with signifi cant hypothermia the neonate cannot 
shiver, but rather starts to metabolize special brown fat cells, 

mostly located between the scapulae, and in the mediastinum 
and perirenal areas, in order to generate heat to raise body 
temperature, in a process termed nonshivering thermogene-
sis [ 35 ]. This is accompanied by a signifi cant catecholamine 
discharge and anaerobic metabolism, resulting in lactic aci-
dosis, which can have profound secondary effects on other 
organ systems (i.e., the heart and circulation) resulting in 
hemodynamic instability. Nonshivering thermogenesis is 
either nonexistent or insignifi cant after the neonatal period. 

 Because of the high body surface area-to-weight ratio of 
neonates, which decreases to adult levels by 8–9 years of 
age, the young child is susceptible to hypothermia by radia-
tion. Thus, an infant or young child who is uncovered and 
exposed to cool ambient temperatures, especially with a 
draft or in a room cooled because of medical equipment 
(e.g., MRI scanners) will cool rapidly. 

 Preventing hypothermia is a crucial task for every seda-
tion procedure in children, and often the simplest method is 
to cover or wrap the child in warm blankets to prevent heat 
loss by convection. Warming the room and employing forced 
air warming devices where possible are other important mea-
sures to prevent hypothermia. Continuous temperature mea-
surement during sedation procedures in patients at risk for 
hypothermia should be practiced, especially during lengthy 
procedures such as MRI scans in infants. In these patients, 
temperature should be monitored along with other routine 
vital signs in the recovery area.  

  Fig. 8.5    Illustration of the thermoregulatory thresholds and gains for 
awake and anesthetized (sedated) infants, children, and adults in rela-
tion to the central (core) temperature. The distance between the edge of 
the thermometer and each effector response represents the maximal 
intensity of each response. The slopes of the lines (positive values for 
awake and negative values for anesthetized) between the thermometer 
and the response represent the gains of the responses. The threshold is 
defi ned as the corresponding core temperature that triggers a response. 
The sensitivity of the thermoregulatory system describes the range 

between the fi rst cold response (vasoconstriction) and the fi rst warm 
response (sweating), which is known as the interthreshold range. 
Sedation with agents such as propofol and dexmedetomidine produces 
the same dose-dependent changes in thermoregulation as general anes-
thesia (Reproduced with permission from Luginbuehl I, Bissonnette 
B. Ch 25. Thermal regulation. In: Cote CJ, Lerman J, Todres ID, edi-
tors. A practice of anesthesia for infants and children. Philadelphia, PA: 
Saunders-Elsevier; 2009. p. 557–567)       
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    Drug Pharmacokinetics 
and Pharmacodynamics 

 All of the differences in organ system physiology discussed 
previously, especially cardiovascular, CNS, hepatic, renal, 
and body fl uid composition, mean that response to sedative 
drugs, and initial dosage and interval dosing, are often very 
different especially in the infant, compared to the older child 
and adult.  

    Conclusion 

 Children, particularly the neonate and infant, have very sub-
stantial differences in physiology in all systems compared to 
the adult. The increased metabolic requirements for the rap-
idly growing young patient result in higher demand for oxy-
gen and glucose, the major metabolic fuels. This translates 
into a much smaller margin of error during sedation proce-
dures especially in patients less than 1 year of age, but to 
some extent in all growing children, and the sedation practi-
tioner must be well aware of these physiologic differences 
for the safe and effective sedation procedure.     
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    Abstract  

  The overall objective in sedation outside the operating room is to provide effective and safe 
sedation. The American Academy of Pediatrics (AAP) provides fi ve specifi c goals: “(1) to 
guard the patient’s safety and welfare, (2) to minimize physical discomfort and pain, (3) to 
control anxiety, minimize psychological trauma, and maximize the potential for amnesia, 
(4) control behavior and/or movement to allow the safe completion of the procedure, and 
(5) return the patient to a state in which safe discharge is possible.” 

 In order to achieve effective and safe sedation, it is imperative that sedation providers 
possess a clear understanding of the pharmacology of the drugs that will be administered. 
Knowledge of each drug’s time of onset, peak response, and duration of action is critical. 
The American Society of Anesthesiologists (ASA) also mandates that the curriculum for a 
formal training program in sedation for nonanesthesiologists should include, among others, 
“the pharmacology of all anesthetic drugs…of moderate sedation.”  
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        Introduction 

 The overall objective in sedation outside the operating room 
is to provide effective and safe sedation. 

 The American Academy of Pediatrics (AAP) provides 
fi ve specifi c goals: “(1) to guard the patient’s safety and 
 welfare, (2) to minimize physical discomfort and pain, (3) to 
control anxiety, minimize psychological trauma, and maxi-
mize the potential for amnesia, (4) control behavior and/or 
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movement to allow the safe completion of the procedure, 
and (5) return the patient to a state in which safe discharge 
is possible” [ 1 ]. 

 In order to achieve effective and safe sedation, it is imper-
ative that sedation providers possess a clear understanding of 
the pharmacology of the drugs that will be administered. 
Knowledge of each drug’s time of onset, peak response, and 
duration of action is critical [ 1 ]. The American Society of 
Anesthesiologists (ASA) also mandates that the curriculum 
for a formal training program in sedation for nonanesthesi-
ologists should include, among others, “the pharmacology of 
all anesthetic drugs…of moderate sedation” [ 2 ].  

    Drug Selection and Administration 

 The AAP states that the goals of sedation can best be achieved 
by selecting the lowest dose required, and selecting the 
drug(s) with the highest therapeutic index for the procedure. 
It is essential that in the selection process of which drug to 
use, the practitioner should choose the least number of drugs, 
while matching the drug(s) to the type and goal of the proce-
dure that is being planned. For example, analgesic medica-
tions such as opioids are indicated for painful procedures, 
while for nonpainful procedures, sedatives/hypnotics may 
suffi ce. Since children younger than 6 years and those with 
developmental delay generally require deep levels of seda-
tion, the need for deep sedation should be anticipated [ 1 ]. 
Anxiolysis or mild sedation may be occasionally suffi cient 
for computerized tomography (CT), but is often not enough 
in procedures such as magnetic resonance (MR) or nuclear 
medicine imaging. 

 Selection of medications and dosages should be guided 
by the desired key effect(s). An ideal regimen would provide 
acceptable analgesia, sedation, and amnesia for residual 
awareness of procedure-related pain or anxiety. It would 
cause minimal adverse effects and work reliably with a wide 
therapeutic index; i.e., small differences in doses would not 
cause oversedation or adverse events, have rapid onset and 
recovery, and be easy to titrate to effect. No single agent or 
combination of agents fully achieves these goals. Selection 
of procedural sedation medications therefore is based upon 
balancing desired effects with the potential for adverse 
effects. For procedures that are very painful (e.g., fracture 
reduction), control of the pain will be paramount. For proce-
dures that require the child to be motionless (e.g., CT or MRI 
scans) immobility may be most important. Most procedures 
in children require some combination of analgesia and 
immobility along with anxiolysis; therefore, sedation plan-
ning should consider all these parameters. 

 Because increasing depth of sedation is associated with 
increasing frequency of adverse events [ 3 ,  4 ], use of the 
lightest effective sedation is usually preferred. However, 

 frequently the depth of sedation required for a particular 
 procedure cannot be accurately predicted in a specifi c patient 
[ 3 ]. Underappreciated anxiety and a lack of comprehension 
in younger children and those with developmental delay 
often elicit a need for deeper-than-anticipated sedation. For 
intensely painful procedures, deep sedation is typically 
required. Sedation practitioners, therefore, should be trained 
and prepared to administer increasingly deeper sedation as 
guided by the patient’s response to the procedure. 

 Careful intravenous “titration” of medications uses 
repeatedly administered small doses to achieve the desired 
clinical effect. Titration enables the practitioner to use the 
smallest effective dose and reduce the risk of oversedation 
with its accompanying risks of respiratory depression and 
aspiration [ 3 ,  5 – 7 ]. Individual variation in sensitivity to the 
medication can also be detected, thus a smaller-than-expected 
dose may be found adequate for a given individual. 

 Knowledge of the time to peak effect of the specifi c medi-
cation is necessary to avoid “stacking” of doses when fi rst 
gaining experience with titration. “Stacking” can occur after 
a subsequent dose is administered before the peak effect of 
the preceding dose has occurred. In these situations, deeper-
than- intended sedation can easily occur. For example, mor-
phine has a peak effect at approximately 10 min. If an 
additional dose of morphine is administered after 5 min 
because the patient is still in signifi cant pain, by 15 min after 
the original dose—when both the fi rst and second doses are 
near peak effects—the patient may have signifi cant respira-
tory depression due to an excessive accumulative dose. For 
this reason, titration is diffi cult with drugs that have longer 
than 1–3 min to peak effect time. 

 When a “typical” total dose for a specifi c procedure is 
known, that total dose may be divided and the increments 
administered at intervals shorter than “the time to peak 
effect” without likely overshoot. This strategy of repeated 
administration of fractional doses for fi xed dose protocols—
e.g., half of the anticipated total dose administered twice 
with administration separated by a short interval—reduces 
the risk for signifi cant respiratory depression induced by 
some agents, such as the combined technique using fentanyl 
and midazolam. This approach is suggested for practitioners 
as they acquire experience with a specifi c medication. 

    Use of Multiple Drugs for Sedation 

 A strong knowledge of pharmacology is essential when 
administration of several sedating agents is considered. 
Drugs with long durations of action must be allowed to man-
ifest their pharmacologic actions and peak effects before 
additional doses are considered. The practitioner must know 
whether the previous dose of any drug has taken full effect 
before administering additional medications [ 1 ]. 
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 If the mechanisms of action of concomitant medications 
are similar, synergistic effects may be potentiated, and the 
risk of adverse events is magnifi ed. Respiratory depression is 
a common pathway of adverse events, and may result unex-
pectedly and quickly. A study in 2000 showed that potential 
for adverse events may be increased when three or more 
medications are administered for sedation [ 8 ]. 

 Practitioners must also be cognizant that drug interactions 
may occur. Drugs such as erythromycin, cimetidine, and oth-
ers inhibit the cytochrome P450 system and concomitant use 
of these medications can result in prolonged sedation with 
midazolam and other medications that compete for the same 
enzyme systems. Even herbal medications such as St. John’s 
wort or echinacea can affect drug pharmacokinetics resulting 
from altered cytochrome P450 effects.  

    Additional Pharmacologic Effects 

 One benefi t that some sedatives provide is analgesia. This is 
critical not only for patients who are in pain at the onset of 
sedation but also for patients who will become uncomfort-
able or experience pain during the diagnostic study. Patient 
as well as procedural factors can amplify the pain response, 
for example, a child with scoliosis who may be required to 
lay fl at on an MRI table for an hour, or a child whose elbow 
will need to remain fl exed at a certain angle during a radio-
logic imaging study. By their nature as opioids, fentanyl, suf-
entanil, remifentanil, and alfentanil are known to produce 
analgesia. Dexmedetomidine has also been reported to pro-
vide analgesic effects. 

 An additional effect that some sedatives provide is rela-
tive amnesia. This effect is helpful for young children whose 
previous visit(s) may be marred by traumatic memory. An 
amnesic effect is also most helpful in children who will need 
additional sedation or procedures in the future. Drugs that 
have been reported to produce amnesia include propofol [ 9 –
 12 ], fentanyl [ 9 ], ketamine [ 12 ,  13 ] and S-ketamine [ 14 ], and 
the benzodiazepines midazolam [ 15 ,  16 ] and lorazepam 
[ 17 ]. Ideally, the patient will be unable to recall procedure- 
related pain despite occasional moans or crying out during 
intensely painful parts of the procedure [ 18 ]. It is unwise to 
promise complete amnesia during the informed consent 
process.  

    Off-Label Use 

 Unfortunately, most drugs used for sedation in children do 
not carry pediatric information that has been reviewed and 
approved by the Food and Drug Administration (FDA) and 
as such, these drugs are used “off-label.” Out of 106 drugs 

administered during anesthesia to pediatric patients from the 
operating room pharmacy, drugs were administered off-label 
in about 73 % of cases [ 19 ]. Implementation of legislation 
such as the Best Pharmaceuticals for Children Act and the 
Pediatric Research Equity Act has led to the addition of spe-
cifi c pediatric information in more than 500 product labels 
from 1997 to 2013 [ 20 ].) 

 Readers are reminded that the current FDA guidelines on 
off-label use state that “if physicians use a product for an indi-
cation not in the approved labeling, they have the responsibil-
ity to be well informed about the product, to base its use on 
fi rm scientifi c rationale and on sound medical evidence, and 
to maintain records of the product’s use and effects” [ 21 ]. 

 In general, the off-label use of a marketed product for the 
“practice of medicine” does not require the submission of an 
Investigational New Drug Application from the FDA [ 21 ]. 
However, the institution at which the product will be used 
may, under its own authority, require Institutional Review 
Board (IRB) review or other institutional oversight. The 
reader is advised to consult the IRB in his or her institution 
for specifi c guidelines.  

    Alternate Sites of Administration 

 Off-label use in pediatrics includes the use of routes of 
administration that are not contained in current FDA- 
approved drug information. Pediatric practitioners try to be 
innovative in order to decrease pain and discomfort in chil-
dren through a variety of ways. These include drug adminis-
tration via nasal, transdermal, oral, sublingual, and oral and 
rectal routes. The American Academy of Pediatrics, 
Committee on Drugs cautions that although new routes of 
administration offer advantages, controlled laboratory and 
clinical trials are necessary to determine safe use. When new 
methods or routes of drug administration are introduced, the 
Committee further recommends that the practitioner under-
stand the pharmacologic actions of the drug, as well as the 
pharmacokinetic and pharmacodynamic implications that 
may be unique for pediatric patients [ 22 ]. 

 In March 2014, the AAP and its Committee on Drugs pub-
lished a policy statement on off-label drugs in children. The 
policy concluded that “evidence, not label indication, remains 
the gold standard from which practitioners should draw when 
making therapeutic decisions for their patients.” The state-
ment made recommendations for off-label drug administra-
tion and the advocating of off-label drug research and 
publication. Finally, the policy statement recommended, 
“institutions and payers should not use labeling status as the 
sole criterion that determines the availability on formulary or 
reimbursement status for medications in children. Similarly, 
less expensive therapeutic alternatives considered  appropriate 
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for adults should not automatically be considered  appropriate 
fi rst-line treatment in children. Finally, off-label uses of drugs 
should be considered when addressing various drug-related 
concerns, such as drug shortages” [ 23 ].   

    Reversal Agents 

 The knowledge of pharmacology should also extend to that 
of drugs that may be needed to “rescue” a sedated patient. 
Currently, pharmacologic antagonists exist only for opiates 
and benzodiazepines. This includes reversal agents such as 
fl umazenil and naloxone. Drugs that are not reversal agents 
per se such as albuterol, ammonia spirits, atropine, diphen-
hydramine, diazepam, epinephrine, glucose, lidocaine, 
methylprednisolone, fosphenytoin, rocuronium, sodium 
bicarbonate, and succinylcholine may also be required in 
specifi c cases [ 1 ]. As the need for resuscitation can occur 
unexpectedly, the practitioner should familiarize him or her-
self with dosing and drug administration.  

    The Effects of Psychotropic Drugs 
on the Developing Brain 

 There is growing concern about the neurotoxic effects of 
anesthetics in the human developing brain. To date, there is 
no direct evidence in humans of neurotoxicity. (Refer to 
Chap.   27     [ 24 ].) 

    Formulary 

 The most common medications currently used in sedation in 
children are presented in the next section. A brief description 
of the pharmacologic nature of each drug is provided, along 
with any available pediatric pharmacokinetic data, followed 
by a brief discussion on the clinical applications in children 
and common adverse events. 

 As the data indicate, there are limited published pediatric 
data on most of these medications. The sedation practitioner 
is encouraged to consult the latest appropriate formulary in 
their institution, particularly for pediatric dosage and restric-
tions of use, if any. Pediatric sedation practitioners are also 
encouraged to conduct formal clinical studies to add to the 
literature in pediatric sedation. 

 This chapter is not intended to list which drugs are appro-
priate for which particular procedure. 

 The reader is advised to refer to the individual chapters 
that discuss specifi c sedatives in the appropriate clinical con-
text, for indications and dosages. 

 Lastly, inclusion of a drug in this chapter does not imply 
endorsement of an off-label use.   

    Sedatives and Analgesics 

    Alfentanil (Alfenta, Rapifen) 

  Drug class : Opioid. 

  Route of administration : Primarily intravenous, although intra-
nasal administration in children has been reported [ 25 ,  26 ]. 

 The pharmacokinetics of alfentanil can be described as a 
three-compartment model. The liver is the major site of bio-
transformation; urinary excretion is the major route of elimi-
nation of metabolites [ 27 ]. 

 The pharmacokinetics of alfentanil in children has been 
described [ 26 ,  28 – 38 ]. 

  Contraindications : Alfentanil is contraindicated in patients 
with known hypersensitivity to the drug or known intoler-
ance to other opioid agonists. 

  Clinical application : Alfentanil is an opioid analgesic with a 
rapid onset of action. As such it is used in sedation as an 
analgesic adjunct in anesthesia or monitored anesthesia care. 

 Alfentanil is seldom used now [ 39 ]. 
  Common adverse events  [ 27 ] include respiratory depres-

sion and skeletal muscle rigidity, particularly of the truncal 
muscles. Alfentanil may produce muscular rigidity that 
involves the skeletal muscles of the neck and extremities. 

 Respiratory events reported during monitored anesthesia care 
(MAC) included hypoxia, apnea and bradypnea, nausea, hypoten-
sion, vomiting, pruritus, confusion, somnolence, and agitation. 

 The incidence of certain side effects is infl uenced by the 
type of use (e.g., chest wall rigidity has a higher reported 
incidence in clinical trials of alfentanil induction) and by the 
type of surgery (e.g., nausea and vomiting have a higher 
reported incidence in patients undergoing gynecologic sur-
gery). The overall reports of nausea and vomiting with alfen-
tanil were comparable to fentanyl.  

    Chloral Hydrate 

  Drug class : Chloral derivative. 
 Chloral hydrate is rapidly reduced to the active compound 

trichloroethanol, which exerts barbiturate-like effects on 
GABA-receptor [ 40 ]. 

  Route of administration : Primarily oral, but rectal adminis-
tration for sedation in children has been reported [ 41 – 44 ]. 

 Chloral hydrate is extensively metabolized in the liver by 
alcohol dehydrogenases and by erythrocytes to its major 
metabolite, trichloroethanol [ 45 ]. Less than 10 % of chloral 
hydrate is excreted in the urine. 
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 The pharmacokinetics of chloral hydrate in children has 
been described [ 46 ,  47 ]. 

  Approved indications : Sedative, hypnotic. (+) Pediatric 
labeling. 

  Contraindications : Chloral hydrate is contraindicated in 
patients with marked hepatic or renal impairment and in 
patients who have previously demonstrated hypersensitivity 
or an idiosyncratic reaction to the drug. 

  Clinical application : Chloral hydrate continues to be used for 
moderate sedation in children. The advantages and disadvan-
tages of chloral hydrate have been reviewed [ 48 ]. Disadvantages 
include the long half-life: up to 48 h in children [ 46 ]. TCE has 
also been found to be carcinogenic in mice [ 48 ,  49 ]. 

 In 1993, the AAP issued a statement on the use of chloral 
hydrate for sedation in children [ 49 ]. In it, the Academy 
states that it is an effective sedative when administered in the 
recommended dosage. However, repetitive dosing of chloral 
hydrate is of concern, as well as theoretical long-term risk of 
carcinogenicity. The need for additional studies was raised. 

  Common adverse events  include prolonged sedation, 
respiratory depression, nausea/vomiting, gastric and esopha-
geal irritation, diarrhea, headache, disorientation, dysphoria, 
dizziness, rash, and hypotension (especially in neonates).  

    Codeine 

  Drug class : Opioid. 
 Codeine is mentioned in this formulary only to emphasize 

that it is an unreliable analgesic because it is a prodrug of 
morphine, and the enzyme (CYP2D6) that converts codeine 
to morphine has many different genetic variants. This results 
in some patients getting little to no analgesia from codeine 
(poor metabolizers) and other patients overdosing because of 
overactive metabolism (ultrarapid metabolizers). There have 
been many deaths in pediatrics associated with codeine use 
due to overactive metabolism [ 50 ]. 

 The FDA issued the following Drug Safety Communication 
in August 2012 [ 50 ] and later, a communication update in 
February 2013 and eventually, issued a Black Box Warning 
for use of codeine and contraindication on use after tonsil-
lectomy and/or adenoidectomy [ 51 ].  

    Dexmedetomidine (Precedex, Dexdor) 

  Drug class : Alpha2 receptor agonist. 

  Route of administration : Intravenous [ 52 ], although buccal 
[ 53 – 56 ], intranasal [ 57 – 59 ], and intramuscular [ 60 ,  61 ] 
administration in children have been reported. 

 Dexmedetomidine undergoes almost complete 
 biotransformation with very little unchanged dexmedetomi-
dine excreted in the urine and feces. Biotransformation 
involves both direct glucuronidation and cytochrome P450-
mediated metabolism. About 95 % of the drug is recovered 
in the urine and 4 % in the feces. 

 The pharmacokinetics of dexmedetomidine in children 
has been described [ 62 – 66 ]. 

  Approved indications : Sedation. 

  Contraindication : None. 

  Clinical application : Dexmedetomidine was originally indi-
cated for sedation of initially intubated and mechanically 
ventilated adult patients during treatment in an intensive care 
setting. It has recently been approved for sedation of non- 
intubated adults prior to and/or during surgical and other 
procedures. 

 Dexmedetomidine offers the advantage of providing seda-
tion and analgesia with little respiratory depression and in most 
a tolerable decrease in blood pressure and heart rate [ 67 ]. 

  Adverse events  [ 52 ] include serious adverse reactions 
such as hypotension, bradycardia, sinus arrest, and transient 
hypertension in both Intensive Care Unit and procedural 
sedation studies. 

 Hypotension and bradycardia were the most common 
adverse reactions associated with the use of dexmedetomi-
dine during post-approval use.  

    Diazepam (Valium, Antenex) 

  Drug class : Benzodiazepine. 

  Route of administration : Rectal, intravenous, oral. 
 After oral administration >90 % of diazepam is absorbed 

and the average time to achieve peak plasma concentrations 
is 1–1.5 h. Absorption is delayed and decreased when admin-
istered with a moderate fat meal. 

 Diazepam is N-demethylated to the active metabolite 
N-desmethyldiazepam, and is hydroxylated to the active 
metabolite temazepam. N-desmethyldiazepam and temaze-
pam are both further metabolized to oxazepam. Temazepam 
and oxazepam are largely eliminated by glucuronidation and 
are excreted mainly in the urine, predominantly as their gluc-
uronide conjugates [ 68 ]. 

 The clinical pharmacology of diazepam in children has 
been reviewed [ 69 ]. 

  Approved indications : Sedation. (+) Pediatric labeling. 

  Contraindications : Diazepam injection is contraindicated in 
patients with a known hypersensitivity to this drug, in acute 
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narrow-angle glaucoma, and in open-angle glaucoma unless 
patients are receiving appropriate therapy. 

  Clinical application : Diazepam is administered to  provide 
anxiolysis, with accompanying mild sedation. This state usu-
ally suffi ces for short diagnostic procedures. 

  Common adverse events  include drowsiness, fatigue, and 
ataxia; venous thrombosis and phlebitis at the site of injec-
tion [ 68 ].  

    Etomidate (Amidate) 

  Drug class : Carboxylated imidazole. 

  Route of administration : Intravenous. 
 Etomidate is rapidly metabolized in the liver. 
 Approximately 75 % of the administered dose is excreted 

in the urine during the fi rst day after injection. The chief 
metabolite is produced from hydrolysis of, and accounts for 
about 80 % of the urinary excretion [ 70 ]. 

 The pharmacokinetics of etomidate in children has been 
described [ 71 ]. 

  Contraindication : Etomidate is contraindicated in patients 
who have shown hypersensitivity to it. 

  Clinical application : Etomidate was more effective and effi -
cient than pentobarbital in CT sedation in the emergency 
department, with rare adverse events [ 72 ]. The use of etomi-
date for sedation has also been compared to midazolam [ 73 ] 
and pentobarbital [ 74 ]. 

  Common      adverse events  [ 70 ] include transient venous 
pain on injection and transient skeletal muscle movements, 
including myoclonus, hyperventilation, hypoventilation, 
apnea of short duration, laryngospasm, hiccup, and snoring 
suggestive of partial upper airway obstruction; all have been 
observed in some patients; hypertension, hypotension, tachy-
cardia, bradycardia, and other arrhythmias have occasionally 
been observed during induction; and maintenance of 
 anesthesia, nausea, and/or vomiting following induction of 
anesthesia. One case of anaphylactoid reaction (severe hypo-
tension and tachycardia) has been reported.  

    Etomidate Analogs 

 Two derivatives of etomidate are in development. MOC- 
etomidate is an analog that retains the important favorable 
pharmacological properties of etomidate, such as rapid onset 
of action, high hypnotic potency, and hemodynamic stability. 
In addition, it is rapidly metabolized, ultra-short-acting, and 
does not produce prolonged adrenocortical suppression after 

bolus administration [ 75 ]. Carboetomidate represents an 
etomidate analog that contains a fi ve-membered pyrrole ring 
instead of an imidazole. The loss of the free imidazole nitro-
gen eliminates coordination interactions with heme irons, 
thereby reducing adrenal suppression [ 76 ].  

    Fentanyl (Fentanil, Sublimaze, Actiq, 
Durogesic, Duragesic, Fentora, Onsolis, 
Instanyl, Abstral) 

  Drug class : A synthetic opioid related to the phenylpiperi-
dines [ 77 ]. 

  Route of administration : Primarily intravenous, epidural, and 
intrathecally. Transdermal [ 78 – 84 ], intranasal [ 85 – 98 ], and 
transmucosal administration [ 99 – 125 ] in children have been 
reported. 

 Fentanyl is primarily transformed in the liver, and is 
excreted mainly through the kidneys. 

 The pharmacokinetics of fentanyl in children has been 
described [ 126 – 128 ]. 

  Contraindication : Fentanyl is contraindicated in patients 
with known intolerance to the drug. 

  Clinical application : Fentanyl remains a popular drug for 
sedation because of its relatively shorter time to peak 
effect, rapid termination of effect after small bolus doses, 
and relative cardiovascular stability. Its intravenous use 
has been effective but limited by clinical concerns about 
muscle rigidity [ 39 ], although no cases of rigid chest 
 syndrome have been reported in the procedural sedation 
 literature [ 129 ]. 

  Common adverse events  include respiratory depression, 
apnea, rigidity, and bradycardia. Other adverse reactions that 
have been reported are hypertension, hypotension, dizziness, 
blurred vision, nausea, emesis, laryngospasm, and diaphore-
sis. Secondary rebound respiratory depression may occa-
sionally occur postoperatively [ 77 ]. 

 When a tranquilizer such as droperidol is used with fen-
tanyl citrate, chills and/or shivering, restlessness, and postop-
erative hallucinatory episodes (sometimes associated with 
transient periods of mental depression) can occur. 
Extrapyramidal symptoms (dystonia, akathisia, and oculogy-
ric crisis) have been observed up to 24 h postoperatively [ 77 ].  

    Fospropofol (Lusedra) 

  Drug class : Alkylphenol derivative. 

  Route of administration : Intravenous. 
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 Fospropofol is a water-soluble prodrug of propofol (see 
below). Since it is water soluble, fospropofol eliminates 
some of the known lipid emulsion-associated disadvantages 
of propofol such as pain on injection, narrow therapeutic 
window with the potential to cause deep sedation, high lipid 
intake during long-term sedation, and risk of infection result-
ing from bacterial contamination [ 130 ]. 

 Fospropofol is metabolized in vivo to produce liberated 
propofol (producing the sedative effect), phosphate, and 
formaldehyde [ 131 ]. 

 The use and the pharmacokinetics of fospropofol in 
 children have not been described. 

  Clinical application : Monitored anesthesia care sedation in 
adult patients undergoing diagnostic or therapeutic 
procedures. 

  Contraindications : None. 

  Clinical application : The pharmacokinetic and pharmacody-
namic profi les of fospropofol make it an attractive agent for 
sedation for procedures of short duration. 

  Common adverse events  include paresthesia, pruritus, and 
cough. Serious adverse reactions include respiratory depres-
sion, hypoxemia, loss of purposeful responsiveness, and 
hypotension [ 132 ].  

    Ketamine (Ketanest, Ketaset, Ketalar) 

  Drug class : Phencyclidine derivative. 

  Route of administration : Intravenous and intramuscular. 
 Ketamine is rapidly absorbed following parenteral admin-

istration and rapidly distributed into body tissues [ 133 ]. 
 The pharmacokinetics of ketamine in children has been 

described [ 134 – 138 ]. 

  Contraindications : Ketamine is contraindicated in those in 
whom a signifi cant elevation of blood pressure would consti-
tute a serious hazard and in those who have shown hypersen-
sitivity to the drug. 

  Clinical application : Ketamine is a rapid-acting dissociative 
agent that produces an anesthetic (dissociative anesthesia) 
state characterized by profound analgesia, normal pharyn-
geal–laryngeal refl exes, normal or slightly enhanced skeletal 
muscle tone, cardiovascular and respiratory stimulation, and 
occasionally a transient and minimal respiratory depression. 

 Ketamine is used for premedication, sedation, and induc-
tion and maintenance of general anesthesia. Ketamine and its 
S(+)-isomer are ideal anesthetic agents for trauma victims, 
patients with hypovolemic and septic shock, and patients 

with pulmonary diseases. Even subanesthetic doses have 
analgesic effects, so ketamine is also recommended for post-
operative analgesia and sedation. The combination of ket-
amine with midazolam or propofol can be extremely useful 
and safe for sedation and pain relief in intensive care patients, 
especially during sepsis and cardiovascular instability [ 139 ]. 

 The evolution of the applications of ketamine in children 
has been reviewed recently [ 140 ]. 

  Common adverse events  include the following [ 133 ]: 

  Cardiovascular : Hypertension and tachycardia are common, 
although hypotension and bradycardia have been observed. 
Arrhythmia has also occurred. 

  Respiration : Although respiration is frequently stimulated, 
severe depression of respiration or apnea may occur follow-
ing rapid intravenous administration of high doses of ket-
amine. Laryngospasms and other forms of airway obstruction 
have occurred. 

  Eye : Diplopia and nystagmus have been noted. Ketamine 
may also cause a slight elevation in intraocular pressure 
measurement. 

  Psychological : Emergence reactions have been reported. 

  Neurological : In some patients, enhanced skeletal muscle 
tone may be manifested by tonic and clonic movements 
sometimes resembling seizures. 

  Gastrointestinal : Mild to moderate anorexia, nausea, and 
vomiting have been observed. 

  General : Anaphylaxis, local pain, and exanthema at the 
injection site have infrequently been reported. Transient ery-
thema and/or morbilliform rash have also been reported.  

    Ketofol (Ketamine + Propofol) 

 Ketamine (see previous) was approved by the FDA in 1970. 
Propofol (see later) was approved by the FDA in 1989 and 
remains labeled as an anesthetic agent. Both ketamine and 
propofol are now available in generic form in the United 
States. 

 The combination of ketamine and propofol has been used 
successfully in anesthesiology for many years. In recent 
years, this combination has become more popular in proce-
dural sedation and analgesia. The sedative effects of the two 
drugs are additive, thus allowing the use of lower doses of 
each drug. The other effects of propofol and ketamine appear 
to be complementary: ketamine adds an analgesic effect, 
unlike propofol, which in turn blunts the emetogenic and 
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psycho-cognitive effects of ketamine. The adverse effects of 
ketamine and propofol tend to offset each other, with less 
pain on injection and evidence of reduced effect on cardiac 
and respiratory suppression [ 141 ,  142 ]. Ketofol is usually 
constituted as a 1:1 mixture. There is no premixed formula-
tion approved, available, or pending. There are no published 
pharmacokinetic data on this empirical mixture. 

 In a large double-blind study in the emergency depart-
ment, there was no difference in adverse respiratory events 
with ketofol versus propofol, 30 % versus 32 %, respec-
tively. Ketofol, however, reduced the need for supplemental 
sedation to achieve Ramsay Sedation Score of 4 or greater 
(46 % vs. 65 %) but did not offer an advantage on the inci-
dence of adverse respiratory events [ 143 ]. The advantage of 
ketofol in procedural anesthesia for children has been a 
reduction in narcotic and overall propofol requirement with 
favorable hemodynamics [ 144 ]. The pros and cons on the 
use of ketofol in pediatric procedural sedation have been 
reviewed [ 145 ].  

    Lorazepam (Ativan, Temesta) 

  Drug class : 3-hydroxyl benzodiazepine. 

  Route of administration : Oral, intravenous, intramuscular. 
 Lorazepam is extensively conjugated in the liver and is 

known to undergo enterohepatic recirculation. The inactive 
metabolite is eliminated mainly by the kidneys [ 146 ]. 

 The pharmacokinetics of lorazepam in pediatrics has been 
described [ 147 ,  148 ]. 

  Contraindications : Lorazepam injection is contraindicated 
in patients with a known sensitivity to benzodiazepines or its 
vehicle (polyethylene glycol, propylene glycol, and benzyl 
alcohol), in patients with acute narrow-angle glaucoma, or in 
patients with sleep apnea syndrome. It is also contraindi-
cated in patients with severe respiratory insuffi ciency, except 
in those patients requiring relief of anxiety and/or dimin-
ished recall of events while being mechanically ventilated. 
The use of lorazepam injection intra-arterially is contraindi-
cated because it may produce arteriospasm resulting in gan-
grene, which may require amputation. 

  Clinical application : Lorazepam has been used to provide 
anxiolysis as well as preanesthetic medication. Compared to 
midazolam, lorazepam has a less rapid onset of action and a 
longer duration of action. 

  Common adverse events  [ 146 ] include depression of the 
central nervous system such as excessive sleepiness and drows-
iness. Other symptoms include restlessness, confusion, depres-
sion, crying, sobbing, and delirium. Visual hallucinations were 
 present in about 1 % and were self-limiting. Hypertension and 
hypotension have occasionally been observed. 

 As with all benzodiazepines, paradoxical reactions such 
as stimulation, mania, irritability, restlessness, agitation, 
aggression, psychosis, hostility, rage, or hallucinations may 
occur in rare instances and in an unpredictable fashion. 

 Fatalities also have been reported—usually in patients on 
concomitant medications (e.g., respiratory depressants) and/or 
with other medical conditions (e.g., obstructive sleep apnea).  

    Meperidine (Demerol, Isonipecaine, Lidol, 
Pethanol, Piridosal, Algil, Alodan, Centralgin, 
Dispadol, Dolantin, Mialgin, Petidin Dolargan, 
Dolestine, Dolosal, Dolsin, Mefedina) 

  Drug class : Opioid. 

  Route of administration : Intramuscular, subcutaneous, and 
slow intravenous. 

 The onset of action is slightly more rapid than with mor-
phine, and the duration of action is slightly shorter. 
Meperidine is signifi cantly less effective by the oral than by 
the parenteral route, but the exact ratio of oral to parenteral 
effectiveness is unknown. 

 Meperidine is metabolized chiefl y in the liver, and exten-
sively excreted by the kidney [ 149 ]. 

 The pharmacokinetics of meperidine in pediatrics has 
been described [ 150 ]. 

  Contraindications : Meperidine is contraindicated in patients who 
have shown hypersensitivity to it and in patients who are receiv-
ing monoamine oxidase (MAO) inhibitors. Therapeutic doses of 
meperidine have occasionally precipitated unpredictable, severe, 
and occasionally fatal reactions in patients who have received 
such agents within 14 days. The mechanism of these reactions is 
unclear, but may be related to a preexisting hyperphenylalanin-
emia. Some have been characterized by coma, severe respiratory 
depression, cyanosis, and hypotension and have resembled the 
syndrome of acute narcotic overdose. In other reactions, the pre-
dominant manifestations have been hyperexcitability, convul-
sions, tachycardia, hyperpyrexia, and hypertension. 

 Although it is not known that other narcotics are free of 
the risk of such reactions, virtually all of the reported reac-
tions have occurred with meperidine. 

  Clinical application : Meperidine, in 60–80 mg parenteral 
doses, is equivalent in analgesic effect to about 10 mg of 
morphine. It has been used to provide analgesia and sedation 
in children over the past several decades. 

  Common adverse events : The most frequently observed 
adverse reactions include light-headedness, dizziness, seda-
tion, nausea, vomiting, sweating, respiratory depression and, 
to a lesser degree, circulatory depression; respiratory arrest, 
shock, and cardiac arrest have occurred [ 149 ].  
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    Methohexital (Methohexitone, Brevital) 

  Drug class : Barbiturate. 

  Route of administration : Intravenous, rectal. 
 Unlike thiopental and thiamylal, methohexital has a much 

more rapid clearance and therefore accumulates less during 
prolonged infusions. All three are primarily eliminated by 
hepatic metabolism and renal excretion of inactive metabo-
lites [ 67 ,  151 ]. 

 The pharmacokinetics of methohexital in pediatrics has 
been described [ 152 – 159 ]. 

  Contraindications : Methohexital is contraindicated in 
patients in whom general anesthesia is contraindicated, in 
those with latent or manifest porphyria, or in patients with a 
known hypersensitivity to barbiturates. 

  Clinical application : Methohexital is labeled for use in pediat-
ric patients older than 1 month: (1) for rectal or intramuscular 
induction of anesthesia prior to the use of other general anes-
thetic agents, (2) for rectal or intramuscular induction of anes-
thesia and as an adjunct to subpotent inhalational anesthetic 
agents for short surgical procedures, and (3) as rectal or intra-
muscular anesthesia for short surgical, diagnostic, or therapeu-
tic procedures associated with minimal painful stimuli. 

 Methohexital is threefold more potent than thiopental and 
thiamylal. 

  Common adverse events  include extensions of pharmaco-
logic effects such as: 

  Cardiovascular : Circulatory depression, thrombophlebitis, 
hypotension, tachycardia, peripheral vascular collapse and 
convulsions in association with cardiorespiratory arrest. 

  Respiratory : Respiratory depression (including apnea), car-
diorespiratory arrest, laryngospasm, bronchospasm, hiccups, 
and dyspnea. 

  Neurologic : Skeletal muscle hyperactivity (twitching), injury 
to nerves adjacent to injection site, and seizures. 

  Psychiatric : Emergence delirium, restlessness, and anxiety 
may occur, especially in the presence of postoperative pain. 

  Gastrointestinal : Nausea, emesis, abdominal pain, and liver 
function tests abnormal. 

  Allergic : Erythema, pruritus, urticaria, and cases of anaphy-
laxis have been reported rarely. 

 Other adverse reactions include pain at injection site, sali-
vation, headache, and rhinitis.  

    Midazolam (Versed, Dormicum, Hypnovel) 

  Drug class : Benzodiazepine. 

  Route of administration : Intravenous, intramuscular and oral. 
 The absolute bioavailability of the midazolam adminis-

tered through the intramuscular route was greater than 90 %. 
Midazolam is approximately 97 % bound to plasma protein, 
principally albumin. Elimination is mediated by cytochrome 
P450-3A4 to hydroxylated metabolites that are conjugated 
and excreted in the urine [ 160 ]. 

 The pharmacokinetics of midazolam in pediatrics has 
been described [ 69 ,  161 – 179 ]. 

  Approved indications : Sedation, induction of anesthesia, 
component of balanced anesthesia. (+) Pediatric labeling. 

  Contraindications : Midazolam is contraindicated in patients 
with a known hypersensitivity to the drug. Midazolam, like 
other benzodiazepines, is contraindicated in patients with 
acute narrow-angle glaucoma. It may be used in patients 
with open-angle glaucoma only if they are receiving appro-
priate therapy. 

  Clinical application : Midazolam is usually administered to 
provide anxiolysis, with accompanying mild sedation. This 
state usually suffi ces for short diagnostic procedures. 

 For children who do not require placement of an intrave-
nous line, the parenteral formulation of midazolam may be 
orally administered 15–30 min before the procedure. 

  Common adverse events  in pediatrics include desaturation, 
apnea, hypotension, paradoxical reactions, hiccough, sei-
zure-like activity, and nystagmus. The majority of airway- 
related events occurred in patients receiving other 
CNS- depressing medications and in patients where mid-
azolam was not used as a single sedating agent.  

    Morphine (MS Contin, MSIR, Avinza, Kadian, 
Oramorph, Roxanol, Kapanol) 

  Drug class : Opioid. 

  Route of administration : Intravenous, intramuscular, rectal. 
 Morphine is conjugated with glucuronic acid to form two 

major metabolites: morphine-6-glucuronide and morphine-
3- glucuronide. The former has similar pharmacological 
actions compared to morphine. Both metabolites are excreted 
by the kidney [ 180 ]. 

 The pharmacokinetics of morphine in pediatrics has been 
well described [ 181 – 200 ]. 
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  Contraindications : Morphine is contraindicated in those 
medical conditions that would preclude the administration of 
opioids by the intravenous route: allergy to morphine or 
other opiates, acute bronchial asthma, and upper airway 
obstruction. Morphine, like all opioid analgesics, may cause 
severe hypotension in an individual whose ability to main-
tain blood pressure has already been compromised by a 
depleted blood volume or a concurrent administration of 
drugs, such as phenothiazines or general anesthetics. 

  Clinical application : Morphine and other opioid agonists 
exert a wide range of physiological effects. In sedation, the 
most pertinent effects are analgesia, drowsiness, changes in 
mood, and mental clouding. At therapeutic levels, patients 
report that the pain is less intense, less discomforting, or 
entirely gone; drowsiness commonly follows [ 39 ]. 

  Common adverse events  include respiratory depression 
and/or respiratory arrest. This depression and/or respiratory 
arrest may be severe and could require intervention. Because 
of delay in maximum CNS effect with intravenously admin-
istered drug (30 min), rapid administration may result in 
overdosing. Single-dose neuraxial administration may result 
in acute or delayed respiratory depression for periods at least 
as long as 24 h [ 180 ]. 

 In general, side effects are amenable to reversal by nar-
cotic antagonists.  

    Nitrous Oxide 

  Route of administration : Inhaled. 
 Nitrous oxide (N 2 O) is a colorless, odorless, tasteless gas 

that produces dissociative euphoria, drowsiness, and a “fl oat-
ing sensation” with anxiolysis and mild to moderate amnesia 
and analgesia. 

 The pharmacokinetics of nitrous oxide in children has 
been described [ 201 ,  202 ]. 

  Contraindications : Nitrous oxide should not be used with 
any condition where air is entrapped within a body and 
where its expansion might be dangerous—artifi cial, trau-
matic or spontaneous pneumothorax, air embolism, decom-
pression sickness, following a recent dive, following air 
encephalography, severe bullous emphysema, use during 
myringoplasty, and gross abdominal distension. 

  Clinical application : Nitrous oxide is used primarily for 
anxiolysis, mild analgesia, and amnesia during brief proce-
dures, especially in conjunction with local anesthesia, e.g., 
laceration repair, abscess incision and drainage, lumbar 
puncture, intravenous line placement, and some fracture 
reductions. Its advantages include rapid onset of action 
(within 5 min), and N 2 O does not require vascular access or 

painful administration. Recovery from N 2 O sedation 
 typically is very rapid, with the child able to sit alone within 
5 min and ready for discharge within 15 min [ 203 ]. 

 The use of nitrous oxide in children for sedation has 
been reported [ 203 – 222 ]. The applications of nitrous oxide 
for procedural sedation in pediatrics have been reviewed 
recently [ 223 ]. 

  Common adverse events  include vomiting, nausea, inad-
equate sedation, agitation/delirium, low oxygen saturation, 
unresponsive episode with low oxygen saturation, stridor, 
seizure, diaphoresis, burpy/hiccupy, gaggy, expectorated 
large amount of clear phlegm, and screaming [ 224 ].  

    Pentobarbital (Nembutal) 

  Drug class : Barbiturate. 

  Route of administration : Primarily intravenous, although 
oral administration has been reported in children [ 225 ]. 

 Barbiturates are absorbed and rapidly distributed to all 
tissues and fl uids with high concentrations in the brain, liver, 
and kidneys. Pentobarbital is metabolized primarily by the 
hepatic microsomal enzyme system, and the metabolic prod-
ucts are excreted in the urine, and less commonly, in the 
feces [ 226 ]. 

 The pharmacokinetics of pentobarbital in children has 
been described [ 227 ,  228 ]. 

  Approved indications : Sedative-hypnotic, induction of 
 anesthesia. (+) Pediatric labeling. 

  Contraindications : Pentobarbital is contraindicated in patients 
with known barbiturate sensitivity. It is also contraindicated in 
patients with a history of manifest or latent porphyria. 

  Clinical application : Pentobarbital is a widely used barbitu-
rate used for sedation of children. However, its delayed onset 
of action and prolonged sedation has led to the use of other 
medications for sedation. The occurrence of paradoxical 
hyperactivity reactions has also contributed to the decline in 
its use. 

  Common adverse events : Somnolence is the most common 
adverse event. Other adverse events include agitation, confu-
sion, hyperkinesia, ataxia, CNS depression, nightmares, ner-
vousness, psychiatric disturbance, hallucinations, insomnia, 
anxiety, dizziness, and thinking abnormality. 

  Respiratory effects  include hypoventilation and apnea. 

  Cardiovascular system : Bradycardia, hypotension, and 
syncope. 
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  Digestive system : Nausea, vomiting, and constipation. 
 Other reported reactions include headache, injection site 

reactions, hypersensitivity reactions (angioedema, skin 
rashes, exfoliative dermatitis), fever, liver damage, and meg-
aloblastic anemia following chronic phenobarbital use [ 226 ].  

    Propofol (Diprivan) 

  Drug class : Alkylphenol derivative. 

  Route of administration : Intravenous. 
 Propofol promotes unconsciousness, in part, by GABA A - 

mediated inhibition of release of the arousal-promoting neu-
rotransmitter histamine in the cortex from the 
tuberomammillary nucleus in the hypothalamus [ 229 ]. 
Propofol is extensively distributed and rapidly cleared from 
the body. Clearance occurs by metabolic processes, mainly 
in the liver, to form inactive conjugates of propofol and its 
corresponding quinol, which are excreted in the urine [ 230 ]. 

 The pharmacokinetics of propofol in children has been 
described [ 231 – 249 ]. 

  Approved indications : Initiation of monitored anesthesia 
care sedation, combined sedation and regional anesthesia, 
induction and maintenance of general anesthesia, and 
Intensive Care Unit (ICU) sedation of intubated, mechani-
cally ventilated patients. (+) Pediatric labeling (induction 
and maintenance of general anesthesia). 

  Contraindications : Propofol injectable emulsion is contrain-
dicated in patients with a known hypersensitivity to propofol 
injectable emulsion or any of its components. It is contrain-
dicated in patients with allergies to eggs, egg products, soy-
beans, or soy products [ 250 ]. 

 Older studies have shown severe reactions to propofol 
[ 251 – 254 ]. Some more recent studies show otherwise. In a 
retrospective case review over an 11-year period in Australia, 
propofol was frequently administered to egg-allergic chil-
dren and it was concluded that propofol was likely to be safe 
in the majority of egg-allergic children who do not have a 
history of egg anaphylaxis [ 255 ]. Another study questioned 
this contraindication; there was no confi rmed report of 
propofol- induced anaphylaxis by allergy testing, in egg- 
allergic patients [ 256 ]. 

  Clinical application : Propofol is a rapidly acting anesthetic 
used in the induction and maintenance of general anesthesia, 
as well as in sedation. Propofol sedation is of a similar qual-
ity to that produced by midazolam. Emergence from seda-
tion occurs quickly due to its rapid clearance. 

 The use of propofol by nonanesthesiologists was dis-
cussed in several chapters. 

 The use of propofol in children for sedation has been 
recently compared to midazolam [ 257 ], midazolam and fen-
tanyl [ 258 ], pentobarbital [ 259 ], midazolam + pentobarbi-
tal + fentanyl [ 260 ], ketamine [ 261 ], midazolam + ketamine 
[ 262 ], and dexmedetomidine [ 263 ,  264 ]. 

 Propofol (and thiopental sodium) have also been found to 
be effective in the treatment of uncontrolled seizure activity 
such as refractory status epilepticus. Coma is induced with 
anesthetic drugs to achieve complete control of seizure activ-
ity [ 265 ]. 

 The adverse events in 49,836 pediatric sedations with 
propofol in 37 centers were recently reviewed [ 266 ]. 

  Common adverse events  include apnea in pediatric 
patients. Adverse events in adults include bradycardia, 
arrhythmia, tachycardia nodal, hypotension, decreased car-
diac output, hypertension, hypotension, burning/stinging or 
pain at the site of injection, hyperlipidemia, apnea, respira-
tory acidosis, rash, and pruritus. 

 A rare complication, propofol infusion syndrome (PRIS), 
has been described, and recently reviewed [ 267 ]. Initially 
reported in children and in traumatic brain injury, PRIS typi-
cally presents as severe rhabdomyolysis, acute kidney injury, 
hyperkalemia, metabolic acidosis, and hepatomegaly. 
Myocardial injury may occur in several forms. Occurrence 
of the syndrome, as well as its severity, appears to be dose 
dependent, most cases occurring in patients who received 
doses in excess of 5 mg/kg/h (80 μg/kg/min) for at least 48 h. 
However, the syndrome has been described with short-term 
high doses and long-term small doses. Additional well- 
recognized risk factors for its development include the coad-
ministration of catecholamines or corticosteroids. PRIS has 
not yet been reported in procedural sedation [ 129 ].  

    Remifentanil (Ultiva) 

  Drug class : A 4-anilidopiperidine derivative of fentanyl. 

  Route of administration : Intravenous. 
 Unlike other opioids, remifentanil is rapidly metabo-

lized by hydrolysis of the propanoic acid-methyl ester link-
age by nonspecifi c blood and tissue esterases. This 
metabolite has minimal activity. The pharmacokinetics of 
remifentanil is unaffected by the presence of renal or 
hepatic impairment [ 268 ]. 

 The pharmacokinetics of remifentanil in children has 
been described [ 269 ,  270 ]. 

  Contraindications : Due to the presence of glycine in the for-
mulation, remifentanil is contraindicated for epidural or 
intrathecal administration. Remifentanil is also contraindi-
cated in patients with known hypersensitivity to fentanyl 
analogs. 
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  Clinical application : Remifentanil has been shown to be 
effective in providing analgesia-based sedation in pediatric 
ICU patients requiring mechanical ventilation, in newborns 
requiring mechanical ventilation, and in another group of 
children who were being mechanically ventilated postopera-
tively [ 271 ]. 

 The use of remifentanil in children (in Europe) has 
recently been reviewed [ 272 ,  273 ]. 

  Common adverse events  include nausea, vomiting, and 
shivering in children. Other adverse events reported in chil-
dren include onset of rhonchi, postoperative complication, 
stridor, and cough.  

    S-Ketamine (Ketanest, Ketaset, Ketalar) 

  Drug class : Phencyclidine derivative; S-ketamine is the 
active isomer of ketamine [ 274 ]. 

  Route of administration : Primarily intravenous, although 
intranasal [ 275 ], caudal block [ 276 – 282 ] and rectal [ 14 ,  283 , 
 284 ] administration in children have been reported. 

 Ketamine is rapidly absorbed following parenteral admin-
istration and rapidly distributed into body tissues [ 275 ]. 

 The pharmacodynamics [ 285 ] and the pharmacokinetics 
[ 286 ,  287 ] of S-ketamine in children have been described. 

  Contraindications : S-ketamine is contraindicated in those in 
whom a signifi cant elevation of blood pressure would consti-
tute a serious hazard and in those who have shown hypersen-
sitivity to the drug. 

  Clinical application : Clinically, the anesthetic potency of the 
S(+)-isomer is approximately three to four times that of the 
R(−)-isomer. 

 Ketamine is a rapid-acting general anesthetic that pro-
duces an anesthetic (dissociative anesthesia) state character-
ized by profound analgesia, normal pharyngeal–laryngeal 
refl exes, normal or slightly enhanced skeletal muscle tone, 
cardiovascular and respiratory stimulation, and occasionally 
a transient and minimal respiratory depression. 

 Like ketamine, S(+)-ketamine is used for premedication, 
sedation, and induction and maintenance of general anes-
thesia, which is then termed “dissociative anesthesia.” 
Ketamine and its S(+)-isomer are ideal anesthetic agents for 
trauma victims, patients with hypovolemic and septic shock, 
and patients with pulmonary diseases. Even subanesthetic 
doses have analgesic effects, so ketamine is also recom-
mended for postoperative analgesia and sedation. The com-
bination of ketamine with midazolam or propofol can be 
extremely useful and safe for sedation and pain relief in 
intensive care patients, especially during sepsis and cardio-
vascular instability. 

  Common adverse events  are similar to those reported for 
ketamine.  

    Sufentanil (Sufenta) 

  Drug class : Opioid. 

  Route of administration : Intravenous. Sufentanil has an 
immediate onset of action, with relatively limited accumula-
tion. Rapid elimination from tissue storage sites allows for 
relatively more rapid recovery as compared with equipotent 
dosages of fentanyl. Within anesthetic dosages, recovery 
times are more rapid compared to equipotent fentanyl dos-
ages. The liver and small intestine are the major sites of bio-
transformation. Approximately 80 % of the administered 
dose is excreted within 24 h and only 2 % of the dose is 
eliminated as unchanged drug [ 288 ]. 

 The elimination half-life of sufentanil is shorter in infants 
and children, and longer in neonates compared to that of ado-
lescents and adults. The pharmacokinetics of sufentanil in 
children has been described [ 289 – 292 ]. 

  Contraindications : Sufentanil is contraindicated in patients 
with known hypersensitivity to the drug or known intoler-
ance to other opioid agonists. 

  Clinical application : Sufentanil has been reported to be as 
much as 5–10 times as potent as fentanyl. 

 At intravenous doses of up to 8 mg/kg, sufentanil is an 
analgesic component of general anesthesia; at intravenous 
doses >8 mg/kg, sufentanil produces hypnosis and a deep 
level of anesthesia. 

  Common adverse events  include respiratory depression, 
skeletal muscle rigidity (particularly of the truncal muscles), 
and hypotension. The return of normal bladder activity may 
be delayed.   

    Reversal Agents 

    Flumazenil (Flumazenil, Anexate, Lanexat, 
Mazicon, Romazicon, Anexate) 

  Drug class : Imidazobenzodiazepine. 

  Route of administration : Primarily intravenous [ 293 ], 
although intramuscular [ 294 ], intranasal [ 295 ,  296 ], oral 
[ 294 ], and rectal [ 290 – 300 ] administration in children have 
been reported. 

 Flumazenil is completely metabolized in the liver. 
Elimination is essentially complete within 72 h, with 
90–95 % appearing in urine and 5–10 % in feces. 
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 The pharmacokinetics of fl umazenil in children has been 
described [ 300 ,  301 ]. 

  Contraindications : Flumazenil is contraindicated in patients 
with a known hypersensitivity to fl umazenil or benzodiaze-
pines, patients who have been given a benzodiazepine for 
control of a potentially life-threatening condition (e.g., con-
trol of intracranial pressure or status epilepticus), and in 
patients who are showing signs of serious cyclic antidepres-
sant overdose. 

  Clinical application : Flumazenil is a benzodiazepine recep-
tor antagonist. Its primary use in sedation is to reverse seda-
tion resulting from the administration of benzodiazepines 
such as diazepam, lorazepam, midazolam, and temazepam. 

  Common adverse events  include convulsions in patients 
with severe hepatic impairment and in patients who were 
relying on benzodiazepine effects to control seizures, who 
were physically dependent on benzodiazepines, or who had 
ingested large doses of other drugs (mixed-drug overdose). 
Serious adverse reactions include deaths, the majority of 
which occurred in patients with serious underlying disease 
or in patients who had ingested large amounts of nonbenzo-
diazepine drugs (usually cyclic antidepressants), as part of 
an overdose [ 293 ].  

    Naloxone (Narcan, Nalone, Narcanti) 

  Drug class : Opioid, a synthetic congener of oxymorphone. 

  Route of administration : Primarily intravenous, although 
naloxone may be administered intramuscularly or 
subcutaneously. 

 Naloxone has also been administered orally for nonsedat-
ing purposes (e.g., constipation). 

 Naloxone is metabolized in the liver, primarily by gluc-
uronide conjugation. The drug is excreted in the urine. 

 The pharmacokinetics of naloxone in newborns has been 
described [ 302 – 304 ]. 

  Contraindications : Naloxone is contraindicated in patients 
known to be hypersensitive to naloxone hydrochloride or to 
any of the other ingredients. 

  Clinical application : Naloxone is an opioid antagonist. Its 
primary use in sedation is to reverse sedation resulting from 
the administration of opioids such as fentanyl and morphine. 

 It is indicated for the complete or partial reversal of opi-
oid depression, including respiratory depression, induced by 
opioids such as propoxyphene, methadone, and certain 
mixed agonist–antagonist analgesics: nalbuphine, pentazo-
cine, butorphanol, and cyclazocine. 

 The American Academy of Pediatrics, Committee on 
Drugs issued guidelines on the use of naloxone in children in 
1990 [ 305 ]. 

  Common adverse events  (in postoperative patients) 
include hypotension, hypertension, ventricular tachycardia 
and fi brillation, dyspnea, pulmonary edema, and cardiac 
arrest. Death, coma, and encephalopathy have been reported 
as sequelae of these events. Excessive doses of naloxone in 
postoperative patients may result in signifi cant reversal of 
analgesia and agitation. For patients in whom naloxone is 
administered for opioid depression, abrupt reversal of opioid 
depression may result in nausea, vomiting, sweating, tachy-
cardia, hypertension, tremulousness, seizures, ventricular 
tachycardia and fi brillation, pulmonary edema, and cardiac 
arrest, which may result in death.   

    Local Anesthetics 

    Lidocaine (Lignocaine) 

  Drug class : Aminoethylamide. 

  Route of administration : Topical; also administered intrave-
nously as an antiarrhythmic agent 

 Lidocaine is metabolized in the liver through CYP450 
enzymes [ 306 ]. 

 The pharmacokinetics of lidocaine administered topically 
in children has been described [ 307 – 312 ]. 

  Contraindication : Lidocaine is contraindicated in patients 
with a known history of hypersensitivity to local anesthetics 
of the amide type. 

  Clinical application : Lidocaine has a wide range of clinical 
uses as a local anesthetic of intermediate duration. The com-
bination of lidocaine (2.59 %) and prilocaine (2.5 %) in an 
occlusive dressing (EMLA anesthetic disk) is used as an 
anesthetic prior to venipuncture, skin graft harvesting, and 
infi ltration of anesthetics into genitalia. 

  Common adverse events  [ 313 ] are, in general, dose- 
related and may result from high plasma levels caused by 
excessive dosage, rapid absorption, or inadvertent intravas-
cular injection or may result from a hypersensitivity, idiosyn-
crasy, or diminished tolerance on the part of the patient. 
Serious adverse experiences are generally systemic in nature. 

 Central nervous system manifestations are excitatory and/
or depressant and may be characterized by light-headedness, 
nervousness, apprehension, euphoria, confusion, dizziness, 
drowsiness, tinnitus, blurred or double vision, vomiting, sen-
sations of heat, cold or numbness, twitching, tremors, con-
vulsions, unconsciousness, and respiratory depression and 
arrest. The excitatory manifestations may be very brief or 
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may not occur at all, in which case the fi rst manifestation of 
toxicity may be drowsiness merging into unconsciousness 
and respiratory arrest. Drowsiness following the administra-
tion of lidocaine is usually an early sign of a high blood level 
of the drug and may occur as a consequence of rapid 
absorption. 

 Cardiovascular manifestations are usually depressant and 
are characterized by bradycardia, hypotension, and cardio-
vascular collapse, which may lead to cardiac arrest. 

 Allergic reactions are characterized by cutaneous lesions, 
urticaria, edema, or anaphylactoid reactions. Allergic reac-
tions as a result of sensitivity to lidocaine are extremely rare. 

 Lidocaine hydrochloride injection should be employed 
only by physicians who are well versed in diagnosis and 
management of dose-related toxicity and other acute emer-
gencies that might arise and then only after ensuring the 
immediate availability of oxygen, other resuscitative drugs, 
cardiopulmonary equipment, and the personnel needed for 
the proper management of toxic reactions and related emer-
gencies. Delay in proper management of dose-related toxic-
ity, underventilation from any cause, and/or altered sensitivity 
may lead to the development of acidosis, cardiac arrest and, 
possibly, death. 

 The mechanisms and treatment of local anesthetic sys-
temic toxicity has been reviewed [ 314 ].   

    Antiemetics 

    Ondansetron (Zofran) 

  Drug class : Selective serotonin 5-HT3 receptor antagonist. 

  Route of administration : Intravenous. Ondansetron is exten-
sively metabolized, with approximately 5 % of a radiola-
beled dose recovered as the parent compound from the 
urine. The primary metabolic pathway is hydroxylation on 
the indole ring followed by glucuronide or sulfate conjuga-
tion. In vitro metabolism studies have shown that ondanse-
tron is a substrate for human hepatic cytochrome P-450 
enzymes, including CYP3A4 (predominantly), CYP1A2, 
and CYP2D6 [ 315 ]. 

 The pharmacokinetics of ondansetron in children has 
been described [ 316 – 318 ]. 

  Contraindication : Ondansetron is contraindicated for 
patients known to have hypersensitivity to the drug. 

  Clinical application : Ondansetron is administered for the 
prevention of nausea and vomiting associated with initial and 
repeat courses of emetogenic cancer chemotherapy, and the 
prevention of postoperative nausea and/or vomiting. 

  Common adverse events  in pediatric patients are wound 
 problems, anxiety or agitation, headache, drowsiness/sedation, 
pyrexia, bronchospasm, postprocedural pain, and diarrhea.  

    Metoclopramide (Maxolon, Reglan, Degan, 
Maxeran, Primperan, Pylomid, Cerucal, Pramin) 

  Drug class : Dopaminergic blocking agent. 
 The antiemetic properties of metoclopramide appear to be 

a result of its antagonism of central and peripheral dopamine 
receptors. Dopamine produces nausea and vomiting by stim-
ulation of the medullary chemoreceptor trigger zone (CTZ), 
and metoclopramide blocks stimulation of the CTZ by agents 
like  L -dopa or apomorphine, which are known to increase 
dopamine levels or to possess dopamine-like effects. 
Metoclopramide also abolishes the slowing of gastric empty-
ing caused by apomorphine. 

  Route of administration : Intravenous and oral. 
 Metoclopramide is rapidly and well absorbed. There is 

extensive distribution of drug to the tissues. Renal impair-
ment affects the clearance of metoclopramide [ 319 ]. 

 The pharmacokinetics of metoclopramide in children has 
been described [ 319 – 321 ]. 

  Contraindications : Metoclopramide should not be used in 
the presence of gastrointestinal hemorrhage, mechanical 
obstruction, or perforation. 

 Metoclopramide is contraindicated in patients with pheo-
chromocytoma because the drug may cause a hypertensive 
crisis. 

 Metoclopramide should not be used in patients with epi-
lepsy or those receiving other drugs that are likely to cause 
extrapyramidal reactions, since the frequency and severity of 
seizures or extrapyramidal reactions may be increased. 

  Clinical application : Metoclopramide stimulates motility of 
the upper gastrointestinal tract, resulting in accelerated gas-
tric emptying and intestinal transit. 

  Common adverse events  include restlessness, drowsiness, 
fatigue, and lassitude. Insomnia, headache, confusion, dizzi-
ness, or mental depression with suicidal ideation occurs less 
frequently. There are isolated reports of convulsive seizures 
without clear-cut relationship to metoclopramide. Rarely, 
hallucinations have been reported. 

  Extrapyramidal reactions  ( EPS ): Acute dystonic reactions, 
the most common type of EPS associated with metoclo-
pramide, have been reported in a few patients treated daily 
with metoclopramide. Symptoms include involuntary 
 movements of limbs, facial grimacing, torticollis, oculogyric 
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crisis, rhythmic protrusion of tongue, bulbar type of speech, 
trismus, opisthotonus (tetanus-like reactions), and, rarely, 
stridor and dyspnea possibly due to laryngospasm; ordinarily 
these symptoms are readily reversed by diphenhydramine. 
Parkinsonian-like symptoms may include bradykinesia, 
tremor, cogwheel rigidity, and masklike facies. Tardive dys-
kinesia is often characterized by involuntary movements of 
the tongue, face, mouth, or jaw, and sometimes of the trunk 
and/or extremities; movements may be choreoathetotic in 
appearance. Motor restlessness (akathisia) may consist of 
feelings of anxiety, agitation, jitteriness, and insomnia, as 
well as inability to sit still, pacing, and foot tapping. These 
symptoms may disappear spontaneously or respond to a 
reduction in dosage. 

 Rare occurrences of neuroleptic malignant syndrome 
have been reported. This potentially fatal syndrome includes 
hyperthermia, altered consciousness, muscular rigidity, and 
autonomic dysfunction. In general, the incidence of adverse 
reactions correlates with the dose and duration of metoclo-
pramide administration.  

    Scopolamine (Levo-duboisine, Hyoscine) 

  Drug class : Belladonna alkaloid. 

  Route of administration : Transdermal (at the postauricular 
area only). 

 The system is programmed to deliver in vivo approxi-
mately 1.0 mg of scopolamine at an approximately constant 
rate to the systemic circulation over 3 days. 

 Scopolamine is well absorbed percutaneously. Following 
application to the skin behind the ear, circulating plasma lev-
els are detected within 4 h with peak levels being obtained, 
on average, within 24 h. 

 The pharmacokinetics of scopolamine administered 
transdermally in children has not been described. 

  Contraindications : Scopolamine is contraindicated in per-
sons who are hypersensitive to the drug or to other bella-
donna alkaloids, to any ingredient or component in the 
formulation or delivery system, or in patients with angle-
closure (narrow-angle) glaucoma. 

  Clinical application : Scopolamine is indicated for preven-
tion of nausea and vomiting associated with motion sickness 
and recovery from anesthesia and surgery. The patch should 
be applied only to skin in the postauricular area. 

 The use of scopolamine in children is off-label [ 322 ]. 
  Common adverse events  include dry mouth and dizziness. 
 Other adverse events reported include acute angle-closure 

(narrow-angle) glaucoma, confusion, diffi culty urinating, 
dry, itchy, or conjunctival injection of eyes, restlessness, 

 hallucinations, memory disturbances, rashes and erythema, 
and transient changes in heart rate. 

  Drug withdrawal / postremoval symptoms : Symptoms such as 
dizziness, nausea, vomiting, headache, and disturbances of 
equilibrium have been reported following discontinuation. 
More serious symptoms include muscle weakness, bradycar-
dia, and hypotension.  

    Diphenhydramine (Benadryl, DPH, DHM, 
Dimedrol, Daedalon) 

  Drug class : Ethanolamine H-receptor antagonist. 
 It is thought that the antiemetic properties of diphenhydr-

amine are due to its ability to suppress motion-enhanced ves-
tibular neuronal fi ring. 

  Route of administration : Intravenous, oral. 
 Diphenhydramine in the injectable form has a rapid onset 

of action. It is widely distributed throughout the body, includ-
ing the CNS. A portion of the drug is excreted unchanged in 
the urine, while the rest is metabolized via the liver. 

 The pharmacokinetics of diphenhydramine in children 
has been described [ 323 ]. 

  Contraindications : Diphenhydramine should not be used in 
neonates or premature infants. Because of the higher risk of 
antihistamines for infants generally, and for neonates and 
premature infants in particular, antihistamine therapy is 
contraindicated in nursing mothers. Because of the risk of 
local necrosis, this drug should not be used as a local 
anesthetic. 

  Clinical application : Diphenhydramine has signifi cant anti-
cholinergic and sedative effects that contribute to its effi cacy 
as an antiemetic [ 324 ]. 

  Common adverse events  include diminished mental alert-
ness or excitation in children. Overdosage may cause hallu-
cinations, convulsions, or death [ 325 ].  

    Dexamethasone (Decadron) 

  Drug class : Steroid. 

  Route of administration : Intravenous and oral. 
 The pharmacokinetics of dexamethasone in children has 

been described [ 326 – 328 ]. 

  Contraindications : Dexamethasone is contraindicated in 
patients with systemic fungal infections and in patients who 
are hypersensitive to any components of this product. 
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  Clinical application : Dexamethasone is a well- established 
antiemetic in patients receiving highly emetogenic cancer 
chemotherapy. Its antiemetic mechanism of action is not 
well understood, however. 

  Common adverse events  include hypertension, weight 
gain, increased intraocular pressure, infection, psychosocial 
disturbances, thromboembolism, peptic ulcers, cataracts, 
and osteoporosis [ 329 ]. 

 Pediatric patients who are treated with corticosteroids by 
any route, including systemically administered corticoste-
roids, may experience a decrease in their growth velocity. 
The linear growth of pediatric patients treated with cortico-
steroids should be monitored, and the potential growth 
effects of prolonged treatment should be weighed against 
clinical benefi ts obtained and the availability of treatment 
alternatives. In order to minimize the potential growth effects 
of corticosteroids, pediatric patients should be titrated to the 
lowest effective dose. 

 The adverse reactions that have been reported with dexa-
methasone or other corticosteroids encompass almost every 
system in the body such as allergic reactions, cardiovascular, 
dermatologic, endocrine, fl uid and electrolyte disturbances, 
gastrointestinal, metabolic, musculoskeletal, neurological/
psychiatric, and ophthalmic.      
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Abstract

This chapter will focus on the memory effects of diverse sedative agents. To best understand 
the relationship between memory and sedation, an understanding of the physiology under-
lying not only sedation, but also sleep and memory is needed. This knowledge will not only 
ground a discussion of drug mechanisms but also will prepare for future developments 
providing the ability to put research and marketing initiatives into an appropriate context. 
One might consider the brain as two interacting sets of systems: A deep-seated, lower-level 
system containing subcortical/brainstem nuclei working in networks to control sleep and/or 
sedation interacts with a higher level, cortically based system of networks that mediate 
memory function and consciousness. To provide a contextual framework for understanding 
sedation, memory processes, amnesia, and sleep, terminology will be tackled. First will be 
the attempt to distinguish between sedation and anesthesia, only to become apparent 
through this chapter that there is actually little distinction between the two. The blurry dis-
tinction between sedation and anesthesia underlies the difficulty in producing coherent and 
consistent guidelines to match providers with sedation services. The key difference between 
sedation and anesthesia principally reflects the dose of drugs administered, and to a lesser 
extent the drugs administered.

Keywords
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�Introduction: Sedation, Sleep, Memory, 
and Amnesia

“I don’t want to remember a thing!” is a common admonition 
of the anxious patient, be they pediatric or adult. To provide 
such a service the practitioner must be facile with the proper-

ties of each sedative agent, including their side effects. These 
can be used to advantage especially when combined with 
other agents. This chapter will focus on the memory effects of 
diverse sedative agents. To best understand the relationship 
between memory and sedation, some understanding of the 
physiology underlying not only sedation, but also sleep and 
memory is needed. This knowledge will not only ground a 
discussion of drug mechanisms but also prepare for future 
developments and provide the ability to put research, and mar-
keting initiatives, into an appropriate context. One might con-
sider the brain as two interacting sets of systems. A deep-seated, 
lower-level system containing subcortical/brainstem nuclei 
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working in networks to control sleep and/or sedation interacts 
with a higher level, cortically based system of networks that 
mediate memory function and consciousness [1, 2].

�Sedation Versus Anesthesia

In addition to providing a contextual framework for under-
standing sedation, memory processes, amnesia, and sleep, 
the not insignificant problem of terminology will be tackled. 
First will be the distinction between sedation and anesthesia, 
and it will become apparent through this chapter that there is 
actually little distinction between these two. Despite the
caveat that this publication does not deal with anesthesia, the 
state of sedation we wish to produce in children is really next 
door, if not in the yard of anesthesia. The blurry distinction 
between sedation and anesthesia underlies the difficulty in 
producing coherent and consistent guidelines for matching 
providers with services. Is it justifiable for non-anesthetists 
to administer propofol (this rhetorical question serves to 
highlight these issues)?

The key difference between sedation and anesthesia prin-
cipally reflects the dose of drugs administered, and to a cer-
tain extent which drugs are used [3, 4]. Anesthesia can be 
induced using high doses of sedative drugs, the best example 
being propofol (but also etomidate and ketamine), and seda-
tion can be induced with low doses of prototypical anesthetic 
drugs, examples being volatile agents used with inhalers, a 
fashion that has come and gone ever since the first inhalers 
were used hundreds of years earlier.

�To Sleep, Perchance to Sedate

With better understanding of sleep physiology, much focus 
has been placed on natural sleep pathways mediating the 
anesthetic (read “sedative”) actions of drugs on arousal,
defined as those brain processes necessary to stay awake 
[5–7]. The absence of arousal when it should be present 
leads to narcolepsy, the pathologic inability to stay awake 
[8]. Morpheus, the god of dreams, lends his name to one of
the first sedative agents, morphine. Anesthesia is not sleep, 
as one cannot be aroused from this state, but great effort has 
been expended to develop drugs that can mimic the idyllic 
state of natural sleep while providing ideal sedative condi-
tions, namely non-movement during invasive procedures 
without respiratory compromise. The propensity to move 
during sedation relates to analgesia and sedatives with anal-
gesic properties (e.g., ketamine and nitrous oxide) can be
administered in relatively lower doses to provide good pro-
cedural conditions. On the other hand, when analgesics with 
potent respiratory depression (i.e., opioids) are used in con-
junction with sedative agents, inevitably some respiratory 

catastrophes will occur if close attention is not paid to drug 
synergies and potentiation.

Physiologic mechanisms responsible for sleep are impor-
tant for both sedation and anesthesia, explaining why seda-
tion is in the front yard of anesthesia. It is helpful to consider 
sedation as being the opposite of arousal, and the terminol-
ogy of “arousal pathways” is frequently used to describe how 
sedation is expressed in the brain. Sedation is closely inter-
twined with memory, and will be discussed in detail subse-
quently. The opposite of sedation, namely arousal—or, in 
other contexts, “attention”—is a powerful mediator of mem-
ory performance. A substantial literature examines the 
effects of attention on memory [9–12]. The bottom line is 
that if no attention is paid to an outside stimulus, then it is not 
remembered, at least consciously. If we divert attention from 
what is happening—a state that may be termed “divided 
attention”—then memory for what is happening is impaired 
[10]. We routinely do this in clinical practice, for example, 
by having an assistant engage the patient in conversation 
when we are starting IVs. Thus, it should not be forgotten
that psychology is an important component of our sedation 
armamentarium in addition to drugs themselves.

To stay awake, one needs arousal, and this is mediated by 
the aforementioned deep-seated and brainstem nuclei pro-
jecting to each other and other parts of the brain including 
the cortex (Fig. 10.1) [13]. Their effects on arousal are medi-
ated via certain neurotransmitters, two important ones being 
norepinephrine (the adjective form being noradrenergic) and
histamine. Salient examples of these neurotransmitter sys-
tems are the noradrenergic projections from the locus ceru-
leus in the brainstem and histaminergic projections from the 
tuberomammillary nucleus in the hypothalamus (just next to 
the pituitary gland at the base of the brain) [7]. These brain 
regions mediate certain of the side effects of drugs via actions 
on their neurotransmitter systems. For example, drugs that 
inhibit histamine (e.g., diphenhydramine) will cause drowsi-
ness, and it stands to reason that drugs inhibiting output from 
the locus ceruleus will do the same. In fact, this is how dex-
medetomidine mediates sedation [14]. The fact that the locus 
ceruleus is a critical component of sleep pathways also 
explains why dexmedetomidine produces a sedative state 
described as more “sleeplike” and seems different from that 
produced by other sedatives (e.g., benzodiazepines) that
affect other receptor systems [15, 16].

On the opposite side of arousal are sleep-promoting nuclei, 
the most important example being a nucleus in the hypothala-
mus called the ventrolateral preoptic nucleus (VLPO), a brain
region also referred to as the “preoptic area” to indicate how 
close it is to the optic nerves. This nucleus is active during 
sleep, and actually inhibits other arousal nuclei [17]. The neu-
rotransmitter mediating VLPO’s effects is gamma amino
butyric acid (GABA), which happens to be the target of
many sedatives (benzodiazepines, etomidate, propofol).
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However, GABA receptors are also widely distributed
throughout the brain, being concentrated in certain brain 
regions such as the medial temporal lobe [18]. Thus 
GABAergic drugs act at many locations other than
VLPO. GABA receptors are not only widely dispersed
throughout the brain, but come in some 18 varieties, depending
on which and how particular subunits making up the receptor 
are configured. Thus “GABAergic” drugs differ from each
other depending on how they interact with receptor subspecies 
[19]. This will be further elaborated in the section on etomi-
date, which targets GABA receptors containing the alpha5
subunit [20]. GABA receptors are notably present in brain
regions important in memory processing, namely medial tem-
poral lobe structures comprising the hippocampus and amyg-
dala [21]. These brain regions are located close by the 
brainstem and hypothalamus, and the collection of these struc-
tures may be considered as a functional unit upon which higher 
cortical centers depend. It is no surprise that one of these sys-
tems (e.g., sleep pathways) will influence function of other
systems (e.g., memory). Thus, drugs acting at GABAreceptors
will have effects on memory as well as arousal (sedation).

The known physiology of sleep pathways is ever expand-
ing, and increasingly complex interactions are teased out as 
new pathways, neurotransmitters, and nuclei are discovered. 
A recent example is the orexinergic pathway, so named 
because the transmitter in question is orexin [22]. This neu-
rotransmitter may be familiar as a mediator of eating behav-
iors, and how this system relates to obesity is an active and 
exciting area of research [23]. Turning back to sedation and 
sleep, a lack of orexin leads to narcolepsy [8]. No doubt, in

Fig. 10.1  Sleep and arousal centers in the human brain. (a) Artistic
rendering of the human brain in the awake state illustrating important 
arousal and sleep centers and pathways of neurotransmission. 
Cholinergic input (orange) from the laterodorsal tegmental (LDT) and
pedunculopontine (PPT) nuclei project through the thalamus and facili-
tate thalamocortical transmission of arousal signals. A second pathway 
projects through the hypothalamus to cortical centers and facilitates the 
processing of thalamocortical inputs arising from midbrain centers 
including the noradrenergic (blue) locus ceruleus (LC), the serotoner-
gic (purple) dorsal raphe (Raphe), the histaminergic (pink) tuberomam-
millary nucleus (TMN), and the dopaminergic (yellow) ventral

Fig. 10.1 (continued) periaqueductal gray matter (VPAG). This path-
way also receives input from the cholinergic (orange) basal forebrain
(BF) and the peptidergic neurons of the lateral hypothalamus (LH) and
perifornical neurons (PeF), which contain orexin or melanin-concen-
trating hormone (light green). The melatonergic (red) neural network
affects arousal and sleep through the regulation of circadian rhythms. 
This internal biological clock originates in the suprachiasmatic nucleus 
(SCN) and projects through the dorsomedial hypothalamus (DMH)
sending inhibitory signals to the GABAergic (gray) ventrolateral pre-
optic nucleus of the hypothalamus (VLPO). (b) Artistic rendering of
the human brain in the sleeping state illustrating important sleep and 
arousal centers and pathways of neurotransmission. The VLPO of the
hypothalamus sends descending GABAergic (gray) inhibitory signals
to the midbrain arousal centers including the PeF, TMN, VPAG, Raphe,
LDT and PPT, and LC. During the early hours of dark periods, the
pineal gland (Pin) releases melatonin (red ), which has inhibitory
effects on the SCN and DMH of the melatonergic system. Nuclei that
control neural activity during rapid eye movement (REM) sleep have
been identified in the pontine midbrain. The pericoeruleus (PC) and
parabranchial (PB) nuclei send glutaminergic (green) projections
through the BF to affect cortical activity during REM sleep, and projec-
tions from the sublaterodorsal nucleus (SLD) send glutamatergic sig-
nals through the spinal cord to induce atonia that is characteristic of 
REM sleep (Reprinted with permission from Wafford KA, Ebert
B. Emerging anti-insomnia drugs: tackling sleeplessness and the qual-
ity of wake time. Nat Rev Drug Discov. 2008 Jun;7(6):530–40)
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the future, sedative drugs targeting the orexinergic pathways 
will become part of our armamentarium, presumably after 
pharmacologic congeners have been marketed for treatment 
of obesity. It is fruitful to conceptualize arousal and sleep
nuclei and their neurotransmitters dancing in a carefully cho-
reographed harmony [24]. This careful seesaw balancing act 
allows transitions between states of sleep and arousal over 
short periods of time as one set of nuclei come on line and 
inhibit the others. The behavioral correlate of this activity is 
the seemingly rapid transitions between “nodding off” and 
startling back awake. These mechanisms may play a role in 
the quality of sedation experienced with dexmedetomidine 
as patients seem to pass through similar rapid transitions. 
It should be noted, however, that these transitions occur on 
top of a background of tonic inhibition. One is not fully 
awake and then suddenly asleep. Thus, nodding off occurs 
only when a certain level of background sedation (non-
arousal) is present, such as occurs with sleep deprivation and
the accumulation of melatonin in the brain. This also seems 
to be a characteristic when dexmedetomidine is given, and 
further detailed in the section on dexmedetomidine. Sleep 
(adequate sedation) is not possible until a given “tonic” state
of sedation develops as the drug is being infused. Even then,
arousal from dexmedetomidine sedation may occur quite 
easily compared with other sedative agents.

�To Sedate, Perchance to Not Remember!

If a patient is sedated to the point that they do not respond to 
their surroundings, then they will also not remember what is 
happening in their surroundings. Implementation of “I don’t 

want to remember anything!” relies on this fact, and sedation 
is usually administered at a dose that produces unresponsive-
ness. Clinically this is a much easier goal to target than pro-
ducing “amnesia,” where the patient is responsive, but will 
not subsequently remember (more on this later) [25, 26].

The heuristic of producing unresponsiveness to ablate 
memory formation naturally leads to the question of what is 
it to “experience” something? This is not a trivial question,
and can certainly enter the realm of philosophy. For purposes 
of this chapter, conscious experience is defined in terms of 
brain processes [27]. Experience begins when information
from the outside world registers in the brain, the initial portal 
being the sensory cortices via transmission through the thal-
amus. The thalamus is a deep-seated set of nuclei that one 
can consider as analogous to the key Internet hubs through 
which the world’s information flows [28]. But sensory
“experience” is by itself not sufficient for “Experience” with
a capital E [29]. Information from different parts of the brain 
must be integrated into what is more formally termed a “per-
cept.” Integration occurs not only from sensory cortices, but 
also from memory areas that represent knowledge of the 
world, those being semantic memories. The integration of 
these memories allows the events just experienced to be 
deciphered as a conscious experience. After this percept 
forms, it has the chance to be (consciously) remembered
[30, 31] (Fig. 10.2). As providers of sedation, we can inter-
fere with any of these stages using our armamentarium of 
sedative potions. Our influence on these events may seem to 
be greater than it actually is. In fact, even when fully anesthe-
tized, sensory experience still occurs, but as it happens that
sensory input remains pretty much localized to the sensory
cortices; how this happens will be explained later in this

Fig. 10.2  Serial parallel 
independent memory (Adapted 
from Schacter DL, Tulving
E. Memory systems 1994.
Cambridge, Mass., MIT Press,
1994)
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chapter [32–35]. The murky question is whether the arrival 
of sensory input during full anesthesia has any influence on 
anything afterwards—do we form unconscious memories of 
some sort [36, 37]? As sedation is really anesthesia using
lower doses of drugs, this becomes even a more vexing issue 
assuming a dose–response relationship. To this point there is 
no literature to guide us. The state of affairs with auditory 
input during sedation may be analogous to the not-so-distant 
issue of whether neonates perceived pain, and whether this 
was important to prevent. When it became evident that neo-
nates did, in fact, perceive pain, it was felt that it would be in 
the best interest of the patient to prevent this. Narcotics (or
other methods of alleviating pain) became a requisite part of
the anesthetic management of neonates during surgery. So, 
the philosophical question is whether children who are 
sedated, who no doubt receive auditory input that is regis-
tered in the sensory cortices of the brain, should also be 
afforded similar considerations. Fortunately for a significant 
percentage of pediatric patients, they have foam earplugs 
inserted for magnetic resonance (MR) scanning. But for oth-
ers, should we not be aware of the nature of auditory input 
during sedation? This rhetorical question has no answer to
date, but does set the groundwork for interesting research in 
the future. For example, at clinically relevant doses, pento-
barbital is associated with auditory activation, whereas pro-
pofol does not seem to be [38].

The ability to influence information processing after sen-
sory perception using sedative agents is much greater, as pro-
cesses of information integration and subsequent memory 
formation are much more sensitive to drug action. 
Consciousness is the binding of information across different
brain regions into a thought, if internally generated1, or a per-
cept generated from external sensory inputs. The percept 
incorporates sensory parameters (nature of the object/sound 
being experienced), previous knowledge (semantic memo-
ries; e.g., “This object is a red block”), and personal subjec-
tive memories of experiences (i.e., episodic memories; e.g.,
“I played with this block last time”) [39]. Another way to 
think of sedation is that it is administered so as to prevent 
information integration; i.e., when the child is “asleep,” they
are not able to integrate information into a percept [2, 33, 
40–45]. Sensory input may (and undoubtedly does) arrive in
the brain, but it has nowhere to go. Processes connecting part
A of the brain with part B are rendered largely nonfunctional
by the sedative agent, so there is no chance for memory for-
mation—at least of conscious memory (which is the form of 
memory we are most concerned with when we “don’t 
remember a thing”) [46, 47].

1Certain authorities consider dreaming as a form of consciousness as
well.

�Memory: What Is It, Really?

Memory is not a unitary process, but rather a complex set of
interrelated physiologic processes, and as such is continually 
malleable over time. At its simplest level, there are two dis-
tinct forms of memory—conscious and unconscious—and 
this chapter will focus on the former [48]. Conscious memory
requires the formation of a percept, which is the sine qua non 
of consciousness. In other words, one has to be conscious to 
form a conscious memory. Thus, when someone is uncon-
scious, for the purposes of this chapter specifically as a result 
of sedation, conscious memories will not be formed. As an 
illustrative side point, questions of whether patients in persis-
tent vegetative states (PVSs) are “conscious” revolve around
the question of information integration, the ability to form a 
percept from external or internal experience [49]. As some-
one in a PVS cannot respond, electrophysiologic evidence of
information integration is sought in these patients. Various
approaches have been used to identify electrophysiologic sig-
natures of information integration to use as a surrogate of 
“consciousness.” However, even very sophisticated methods
suffer from statistical artifacts, and one still cannot be sure 
whether consciousness is or is not present. On a much larger 
scale, this also is the case during sedation/anesthesia. To date, 
there is no reliable EEG-type monitor (or for that matter, any
other type of monitor) that can tell us whether a patient is suf-
ficiently sedated, sufficiently anesthetized, or sufficiently
amnesic for a particular situation [50–53]. Thus, it is not sur-
prising that even when we think a patient is well sedated, they 
can be “playing possum” and suddenly wake up; i.e., they
have the ability to integrate information despite our best 
efforts. This fear of sudden arousal leads to even higher dos-
ing of sedative agents, wandering dangerously close or actu-
ally into the state of anesthesia (by definition preventing 
arousal in 50 % of patients when a surgical incision is made).
Thus, it would be desirable to utilize sedative agents that not
only sedate but can also affect the last stage of memory for-
mation, that of incorporation of the conscious percept into a 
lasting conscious memory. This last process is the most sensi-
tive to drug effect, occurring at concentrations lower than 
those producing sedation, as long as the drug has specific 
amnesic properties [54–56]. These are much fewer in number 
than those producing sedation, but they are widely used, con-
sisting of the benzodiazepines, propofol, and ketamine. These
drugs have the ability to impair formation of long-lasting 
memories (defined as longer than 30–60 min) for conscious
percepts formed during periods of arousal sufficient for infor-
mation integration, a state often termed “awareness.”

To be aware is to experience your surroundings and can 
be proven by responding appropriately to verbal commands 
(e.g., “Squeeze my hands twice.” Parenthetically it is very
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difficult to prove or disprove awareness without any behav-
ioral measures, and that is why it is difficult to know if 
patients in a PVS are conscious) [57, 58]. In fact, a signifi-
cant proportion of patients who are “fully” anesthetized can
be aware, but virtually none of them consciously remember 
this experience of awareness afterwards [59].

�The Last Building Block of a Conscious 
Memory: Consolidation

This is the key section in which “amnesia” will be defined. 
To be clear, amnesia in this chapter is being used in the con-
text of administration of sedative drugs [25, 60]. Amnesia 
generally refers to any pathologic state in which memory is 
affected (e.g., Alzheimer’s dementia, transient ischemic
amnesia, traumatic amnesia, etc.). These amnesias can be
classified as either anterograde or retrograde, depending on 
which memories are affected. If the insult affects only mem-
ory after the insult, this is termed anterograde amnesia and is 
the type of amnesia produced by drugs (more on this later).
A much more intriguing type of memory loss is retrograde 
amnesia, subject of many movies. This refers to loss of mem-
ories before the insult, usually some type of traumatic event 
(e.g., head injury, electroconvulsive therapy), where the time
frame of loss of memory ranges from minutes (not remem-
bering how the accident occurred, for instance) to months,
possibly years. Retrograde memory loss has never been con-
vincingly demonstrated for any drug to date. “Amnesia” as 
used in this chapter (and generally any investigation of acute 
drug administration) refers to the drug-induced inability to
remember a conscious percept and in many studies is dem-
onstrated by the lack of memory for pictures or words seen 
or heard while drug was being given [56]. The presence of 
conscious percepts allows one to be aware, in other words 
able to integrate information either from external or internal 
sources. We can only observe external awareness, as illus-
trated by the question of whether patients in a PVS are inter-
nally aware. Awareness is evidenced by appropriate behaviors 
to the environment (e.g., ability to follow commands in the 
presence of sedative drugs). Awareness occurs in the “here
and now,” but to remember being aware at some past point 
requires further processing of information into a memory. In 
order for this to occur, the conscious percept has to be con-
solidated into a lasting memory [55] (Fig. 10.3).

Consolidation is a fundamental area of neuroscience
investigation, finding its roots in the works of Donald
O. Hebb in the middle of the last century. Hebb was a psy-
chologist keenly interested in the basis of memory and pro-
posed that the brain was plastic; in other words, neurons
changed their connections (synapses) with each other based

on how they were activated [61]. In essence, a memory 
resides in the altered synaptic connections in the brain [62]. 
Thus, consolidation produces a brain different from what it 
was before and that difference is a memory. These specific 
changes, referred to as Hebbian learning, are the result of
many dozens of physiologic and molecular processes, each
having its own particular time frame [63, 64]. The sum total 
of these processes are termed consolidation and become 
active once a conscious percept is learned, defined as acquir-
ing information from the outside world. Consolidative pro-
cesses are present to varying degrees for the life of the 
memory. A corollary of the fact that consolidative processes 
are continuously active is that memories are continuously 
malleable [65–68]. The whole question of the reliability of 
eyewitness testimony revolves around this physiologic fact. 
Other times, malleable memories can get out of hand, result-
ing in “flashbacks” of increasing intensity producing post-
traumatic distress syndrome where memories are closely 
linked to flight or fight fear responses [69–71]. But the most
common fate of memories is that they decay over time [72].

Just as the thalamus is a key hub for sensory experience
and integration that allows consciousness to exist, a seahorse-
shaped structure in the medial temporal lobes (almost adja-
cent to the thalamus, as it turns out) called the hippocampus
is a similarly important mediator of conscious memory [73–
75]. The hippocampus connects incoming information with 
diverse locations in the brain, where previous memories 
reside, to allow new memories to be created (Fig.  10.4).
Without the hippocampus, no conscious memories can be 
formed, and this was first appreciated in the famous neuro-
logic case involving a patient with the pseudonym HM. HM
had bilateral temporal lobectomies for the treatment of 
intractable epilepsy in 1956 [75]. This operation was a well-
accepted form of treatment in the era where the brain was 
considered to operate under the principle of equivalency. 
This principle rests on the thought that if one part of the brain 
was damaged or removed, another part would take over that 
function, thus minimizing the impact of pathology or surgi-
cal intervention. Indeed, it was thought that surgical inter-
vention could remove the diseased focus in the brain, thus 
ameliorating symptoms of the disease, in particular epilepsy 
[76]. To a large extent this was true for epileptic foci in many 
cortical regions. However, epileptic foci commonly reside in
the temporal lobes, and it soon became apparent that signifi-
cant removal of the medial temporal lobes bilaterally (which 
happened to contain the hippocampi) resulted in severe
impairments of conscious memories. This was described 
most famously by Scolville and Milner [75]. For those inter-
ested, a quite accurate depiction of what life would be like 
without the ability to form conscious memories is made in 
the film Memento [77]. The hippocampus is also important in 
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Fig. 10.3 Flow of sensory input comparing amnesia versus memory formation during sedation (Reprinted by permission © Memorial Sloan-
Kettering Cancer Center)

Fig. 10.4 Memory regions of the brain. Inset shows sensory pathway (Reprinted by permission © Memorial Sloan-Kettering Cancer Center)
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“readout” of newly formed memories, and in a sense this 
readout is “practiced” during certain stages of sleep [78–81]. 
Sleep will improve conscious memories, and the adage “get 
a good night’s sleep” is not without merit [82]. Not surpris-
ingly, detailed investigations of how hippocampal mecha-
nisms interact with memory are ongoing topics of research.

�The First Building Block of Amnesia: Forgetting

The fate of virtually all memories is that they are forgotten 
over time. This is a fortunate event, as otherwise our brains 
would be filled with useless information. Some rare cases of 
the inability to lose old memories have been described [83]. 
Ebbinghaus, a psychologist, first described the decay of
memories over time over 150 years ago [84]. Most memories
are forgotten soon after learning, but this process continues 
at a slower pace as long as we measure it [72]. They key to 
understanding the nature of drug-induced amnesia is to 
understand the forgetting of memories over time. For, in fact, 
memories can be and are formed in the presence of amnesic 
drugs [85]. The fact that at low concentrations of, for exam-
ple, benzodiazepines, virtually all processes required to form
a conscious memory are operational—namely, sensory per-
ception, information integration, learning, and initial con-
scious memory formation—explains why behavior is visibly 
normal, other than possibly being affected by some sedation 
(e.g., being “drunk”). If we measure what happens to memo-
ries formed in the presence of an amnesic drug over time, we 
find that they disappear very rapidly [54]. In fact, in the case 
of midazolam or propofol, no discernible memory is present
after 30–60 min (Fig. 10.5). Thus, drug-induced amnesia is

typified by the inability of memories to be remembered over 
time. The mechanism(s) underlying this effect is (are) still
unknown, but could be summarized as the inability of con-
solidation to function normally, so that the memory cannot 
be retained at its usual strength over time. These qualities set 
the stage for an event such as date rape, where a small amount 
of a substance active at GABAergic receptors is secretly
administered, usually with alcohol to mask any sedative 
effect. No suspicion is aroused; observers note no particu-
larly abnormal behavior [86]. However, the victim experi-
ences a complete lack of even the most traumatic memories 
of events transpiring in the presence of the drug. Fortunately 
these same qualities are much more commonly used for ben-
eficial uses, where propofol or midazolam (and likely ket-
amine) can produce amnesia for events transpiring in the
presence of drug even when the patient is awake (or using 
more accurate terminology: aware).

�Mechanistic Implications  
of Drug-Induced Amnesia

Long-term memory is the final stage of processing of infor-
mation acquired from the outside world, a process termed 
“learning.” Learned information has thus experienced sen-
sory and cognitive manipulations located in diverse regions 
of the brain. Thus, a sine qua non of memory function is that 
different parts of the brain must be able to communicate 
amongst themselves. These processes of communication 
have become the mechanisms of most interest in terms of 
understanding anesthetic and sedative drug actions on cogni-
tion and consciousness [44–47, 87]. Using quite sophisticated

Fig. 10.5 Memory decay
following propofol and 
midazolam compared to placebo
(Reprinted by permission ©
Memorial Sloan-Kettering
Cancer Center)
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measurement and analytic techniques, connectivity between 
different brain regions can be quantitated [88]. Measures of
the complexity of information (information content) flowing
between these regions can be obtained as well [89]. It is no 
surprise that such complex processes are inhibited at low 
doses of anesthetic sedatives. Memory impairment from
sedation is based on these inhibitory mechanisms [90]. 
At higher drug doses, key brain regions participating in the 
maintenance of consciousness, namely, the thalamus, are dis-
connected from the rest of the brain (or, alternatively, the cor-
tical brain becomes disconnected from itself (clustered)
preventing information flow), and the person falls asleep, or
more correctly is anesthetized [88, 91, 92].

Similar inhibitory mechanisms of information processing 
could be at play to produce amnesia when sedation is mini-
mal. As explained previously, amnesia is best characterized
as the inability to retain a memory over time, which means 
that a memory was formed in the first place—in other words, 
learning has occurred. Learning can only occur if all the pro-
cesses important in the formation memory function well. 
Behaviorally, the person experiencing an amnesic concentra-
tion of drug will appear to be relatively normal, as most of 
their brain functions are working well. Specifically, informa-
tion is transmitted through the thalamus to sensory cortices 
of the brain, and this information is forwarded to other brain 
regions for processing. The first way station after sensory 
perception is working memory, which can be considered a 
scratchpad containing information from different parts of the 
brain, which are then collated into a percept [93, 94]. These 
working memory processes are located in the front part of 
the brain (prefrontal cortex) and involve communications
with the thalamus and hippocampus to process a memory 
[95]. Working memory processes are transient and are most 
sensitive to sedation [96, 97]. As sedation increases, these 
processes become increasingly impaired, and information 
cannot be then further processed and thus cannot be learned 
as a memory. We all experience this when we are too sleepy 
to remember some bit of information given to us (prototypi-
cally a telephone number, thus the popularity of napkins as 
external scratchpads in bars). Ergo, for the amnesic effect of
a drug to be expressed, working memory must be intact. 
Newly acquired information must be transferred from work-
ing memory into long-term memory stores located in diffuse 
regions of the brain, with the hippocampus anchoring learn-
ing and retrieval of these memories [55]. The long-term 
memory that was just learned in the presence of amnesic 
drugs is then quickly forgotten. Both long-term and working
memory processes can be indexed by electrophysiologic 
measurements. Indeed, amnesic drugs affect electrophysio-
logic measures of long term, but not working memory pro-
cesses [85].

�Memories We Don’t Know We Have: 
The Unconscious Mind

This chapter will focus on conscious memory processes, as 
described so far. This is primarily related to the fact that it is 
much easier to study the effects of drugs on conscious mem-
ory, as behavioral changes (i.e., recognition of previously 
experienced stimuli, “Did you see this picture before?”) are
robustly measureable. Unconscious memories are hard to
detect, as changes in behavior based on these memories can be 
quite subtle. It is especially difficult to determine if a change 
in a memory-related behavior is as a result of effects on con-
scious or unconscious processes. Thus, controversy usually 
surrounds the interpretation of these studies in terms of drug 
effects on unconscious versus conscious memories [37].

�Clinical Practice

In clinical practice, it is unusual, particularly in pediatric 
patients, to produce a state where some quantity of drug is 
given, but at a dose where little sedation is apparent. Such a 
situation would amplify the differences between amnesic 
(e.g., propofol, midazolam, ketamine) and non-amnesic (pen-
tobarbital, probably dexmedetomidine) drugs. Typically, in
practice a deep state of sedation is produced, where little 
responsiveness is present. As detailed previously, if stimuli 
are not perceived, then they will not be remembered (at least 
as conscious memories). When propofol is administered in a
similar fashion to dexmedetomidine, namely, giving a load-
ing dose over a 10-min period, the effects on memory between
these drugs are virtually indistinguishable, despite the fact 
that propofol has stronger and more specific amnesic proper-
ties. However, what is clinically relevant is if drug concentra-
tions become low enough that patients wake up and become 
responsive while they still have some drug in their system. 
At these low concentrations, amnesic drugs such as propofol 
will prevent retention of any memories learned in this state, 
whereas dexmedetomidine will probably not.

�Sedative Agents: Brief Considerations

The adjective “brief” is used to represent the fact that very 
few studies have been conducted to examine the interaction 
of drugs with sedation versus their amnesic effects. As dis-
cussed so far, both effects are closely related and are difficult 
to dissect out. The vast majority of studies examining the 
interaction of sedative drugs with memory have been con-
ducted in healthy adult volunteers, in order to control the 
many factors that can affect memory other than the presence 
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of drug. Remarkably fewer studies have been conducted in
children, and to a large extent, as far as memory effects of 
drugs are concerned, children are considered as “small 
adults,” which undoubtedly is not true. However, at this time,
this is all we have to guide us.

�Propofol

The story of how propofol’s effects on memory were discov-
ered mirrors the increased knowledge of potential mecha-
nisms by which many anesthetics affect conscious memory 
processes. To a certain extent, this knowledge reflects the real-
ization that anesthesia is not a unitary event affecting one neu-
robiologic target, but rather a blend of many effects [4]. Even
for a given effect (e.g., memory impairment) probably, there
are diverse targets of different anesthetics, but these likely 
lead to a final common pathway that is the critical effect caus-
ing amnesia. As conscious memory is dependent not only on 
certain neuroanatomical substrates but also distributed pro-
cesses involved with information flow and communication, 
multiple potential targets are candidates for a critical common 
pathway designation. One example is the theta oscillations of 
brain activity associated with memory processes [98].

It is only recently that specific actions of anesthetics on 
memory have been generally appreciated. For many years, it 
was accepted that all sedative drugs were just that and any 
effect on memory was a “side effect” of sedation, such as one 
sees from alcohol and other commonly used sedative medi-
cations. As detailed above, sedation impairs memory when it 
is of a sufficient magnitude. A not-so-fortuitous conjunction 
of events initially branded propofol as a non-amnesic drug. 
The great advantage of propofol lies in its pharmacokinetics, 
such that the drug virtually disappears from the blood stream 
before one’s eyes [99]. Propofol rapidly migrates from the
blood (and thus the brain) into the vast pharmacologic reser-
voirs of the body, and so its effect is very transient after a 
single or even multiple boluses. Because of these properties,
propofol could be used to induce deep sedation, with little or 
no accumulation of drug. Thus a rapid wake-up resulted even 
after substantial doses of drug were given with little, if any, 
hangover effect. Propofol quickly became the drug of choice
in many situations, not only for sedation but anesthesia as 
well. But the very same pharmacokinetics could work against
the provider. When propofol was administered by intermit-
tent bolusing rather than continuous administration, a great 
likelihood existed of subtherapeutic drug concentrations 
being present between boluses because the drug disappeared 
so quickly from the blood. Subtherapeutic concentrations 
meant that there was very little chance of amnesia being 
present, as amnesia occurs only over a very small dose win-
dow. Inevitably, case reports describing this exact situation 
were published and supported the notion that propofol could 

not be used to reliably prevent memory formation [100–103]. 
However, it was not the drug that was the issue, but the way
it was administered. When propofol is administered by con-
tinuous infusion and constant blood levels are maintained, 
propofol is as good as an amnesic drug as any other, most 
notably the benzodiazepines—the yardstick of amnesic
agents [26, 55, 56, 85, 104]. Fortunately, drug infusion 
pumps are now much more commonly available and are rou-
tinely used to administer intravenous medications, which 
continue to evolve to be ever more short acting.

Propofol was an ideal agent to use in volunteer studies to
dissect out how anesthetics might impact conscious memory 
because of the rapid onset and offset pharmacokinetics and, 
not insignificantly, its anti-nausea properties [105]. Initial 
studies focused on carefully measuring sedation, and when 
these were equated amongst different drugs, memory impair-
ment for events occurring in the presence of drug differed 
substantially between amnesic and sedative drugs, namely, 
propofol and midazolam versus thiopental or fentanyl [56]. 
These observations indicated that two separable drug effects 
on memory were present and laid the groundwork to further 
delineate properties of drug-induced amnesia using propofol 
as a prototypical amnesic agent.

The next key observation was that propofol (and mid-
azolam) did not prevent formation of memories, other than
some mild impairment from associated sedation [54, 85, 
106]. A most useful conceptualization of memory processing
was that of memory being the end result of the flow of infor-
mation from the outside world, through transient working 
memory processes into a final conscious memory (Fig. 10.3).
Sedation affected initial working memory processes (just as 
divided attention does by diverting resources away from 
working memory) and indeed would prevent memory forma-
tion. However, the amnesic effect of propofol (and mid-
azolam) occurred after the memory was formed, in other
words during the consolidation process.

Further studies refined the nature of this amnesic effect. 
The loss of information over time could be modeled using a 
power decay curve, and the rapid loss of memories formed in 
the presence of amnesic drugs was reflected in the rapid 
decay constant of this curve. Initial strength of the memory 
was separable in another parameter and reflected the sedative 
effects of the drug in question (Fig. 10.6). These measures
parameterized previous observations, namely, that sedation
prevented memory formation (decreasing initial strength of 
the memory), whereas amnesic actions prevented the con-
solidation of any memories that were formed or, in other 
words, increased the rate of forgetting. In the case of propo-
fol and midazolam, memory was lost within 30–60 min after
being formed. A key question is: When exactly in the con-
solidation time frame do these drugs produce amnesia? In a
sense the answer can be “back engineered” based on the 
following thought experiment.
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As mentioned, consolidation represents dozens of physi-
ologic processes, each coming online at a given time after 
learning. Let us say that this time is Tcritical for a given pro-
cess, Pcritical. If propofol exerts its amnesic effects because it 
impairs Pcritical, then it will also block any memories that have 
not yet reached the Pcritical stage, in other words those memo-
ries “in the pipeline.” Memories are being continuously
formed, and at any given time, a certain number of memories 
are in the pipeline before Pcritical. Pcritical is continuously pro-
cessing memories, including the moment propofol is admin-
istered at time zero, t=0. It stands to reason that when
propofol is given, then any memories in the pipeline at t=0
will be lost. In other words, we can determine Tcritical by mea-
suring the time at which memories are lost before propofol 
was administered. This type of memory loss is called retro-
grade amnesia and is commonly observed in cases of severe 
head trauma (which might be considered in a sense as a 
“computer crash”). It is also observed in medically induced
therapy that “reboots the computer,” namely, electroconvul-
sive therapy [107, 108]. These major insults to memory pro-
cessing can be thought of as stopping all consolidation 
processes at once, and the length of retrograde amnesia gives 
some indication of how long it takes for a new memory to 
become an old memory, resistant to various insults2. The key 
observation of drug-induced amnesia is that despite very 
careful observations, no significant retrograde amnesia has 
ever been measured [109]. Thus, the Pcritical affected by amne-
sic drugs must be a consolidation process that occurs within 
minutes after learning a new memory. A likely candidate 
process is one that is based on electrophysiologic processing 
of incoming information [98, 110, 111].

As discussed previously in the section “Clinical Practice”,
in reality propofol is rarely administered to produce amne-
sia; rather it is given at higher doses to produce sedation.
Even then, no evidence of retrograde amnesia is present.

�Benzodiazepines

The classic amnesic drug is the benzodiazepine originally
marketed to manage anxiety, namely, diazepam. For many
years, benzodiazepines were known to have side effects that
included memory impairment. As these drugs were origi-
nally used to manage anxiety, this side effect was considered 
annoying, and great efforts were expended to eliminate this 
quality, which continue to this day [112, 113]. Initially, 
memory impairment was considered to be primarily related 
to the sedative effects of these drugs, and nonsedating  

2Memories of a certain age, autobiographical memories, are very resis-
tant to any intervention (though they are malleable “sepia memories”).
Thus HM who could form no new memories still had vivid recollec-
tions of memories of childhood.

benzodiazepines were sought [114]. Eventually these drugs
were introduced into situations of extreme anxiety, such as 
when invasive procedures were necessary, treatment in the 
critical care unit, or surgery. In the operating room, benzodi-
azepines were used as adjuncts to other anesthetics as benzo-
diazepines themselves could not induce an anesthetic state
even with large doses. Clinical practice evolved from using
these drugs to induce anesthesia, where significant hangover 
effects occurred due to the relatively long half-life of even 
“short-acting” benzodiazepines, to using lower doses to
induce sedation and anxiolysis [115]. When used in this 
fashion, a curious observation was noted. Patients receiving
diazepam, and subsequently midazolam, would be calm and
sedated, but would ask the same question over and over. 
It became evident that the patient would have no recollection 
of the answer provided and would then ask the same question 
repeatedly. This anecdotal observation started further 
detailed inquiry into the exact nature of the memory effects 
of sedative drugs used in the hospital setting. As has hap-
pened with so many drugs, an annoying side effect became 
the main therapeutic indication for that drug. These were 
ideal agents, more so in adults than pediatric patients, as 
when these drugs were given almost no recollection of events 
during sedation occurred. The distinction between sedation 
and actual amnesia was born rather dramatically. For exam-
ple, after a few milligrams of midazolam, the patient could
undergo a “rough” bronchoscopy with coughing, yet when 
they came back for their next procedure, they would com-
ment how lovely their previous experience had been. Careful
comparison of midazolam with propofol revealed essentially
identical actions on memory processes [54, 56].

Midazolam is frequently used in clinical practice, and a
key question is what to expect in terms of amnesia. How
much drug to give and how “dense” will the amnesia be?
Though the answer is deterministic, in practice response is 
much more variable. The degree of amnesia is related to the 
brain concentration of drug, and this can be determined fairly 
precisely using pharmacokinetic and pharmacodynamic 
relationships (as done in our volunteer studies). However, all
these measures are after the fact. As noted elsewhere, the 
determination of amnesia is a retrospective measure. We do 
not know how much memory loss there was until after the 
fact when we have tested for recognition of events during 
drug effect. Thus, it is very difficult to determine before a 
drug is given exactly how much is needed to produce a satis-
factory amnesic effect for a given stimulus/procedure in a 
particular patient. The best that can be done is to rely on 
previous experience, both personal and published literature. 
The most reliable effects will be obtained when a predictable 
blood concentration can be obtained. This is most likely 
when midazolam is administered intravenously or, a close
second, intranasally. Oral administration is less reliable, and 
if dense amnesia is desired, then likely a relative overdose 
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will be needed that may produce substantial sedation and 
hangover effects. A few studies have been done in children 
where memory has been closely assessed in relation to dos-
ing [116–119]. The dose of midazolam used in three of these
studies was 0.2 mg/kg intranasally (buccally), and in the
study by Kain et al., more than twice the dose, 0.5 mg/kg,
was given orally. This study also assessed memory at multi-
ple time points (5, 10, and 20 min). Memory impairment was
quantitated as a percent of items recalled spontaneously or 
recognized (which is always more than recalled) versus a
control (placebo or baseline) condition. With intranasal/buc-
cal administration, approximately 25–30 % of items were
recalled (recognition of about twice the number of stimuli 
occurred when tested), whereas 0 % were recalled (40 % rec-
ognized) for oral administration in the Kain et al. study. The
peak effect for amnesia with oral administration was at 
20 min (but further time points were not tested). Importantly,
it should also be noted that items used in all these studies 
were non-salient (e.g., pictures). Thus, in summary, the pub-
lished literature showed that with these doses and routes of 
administration for midazolam, amnesia was significant, but
not necessarily “dense.” It is likely that recall for emotive or 
painful stimuli would be greater. If dense amnesia is required 
with rapid recovery, propofol is a much easier drug to titrate, 
as the sedative effect can be used as a proxy for a likely 
amnesic effect in real time.

�Dexmedetomidine

As described in the introduction, the ideal sedative agent 
would produce a state similar to natural sleep without any 
drug “hangover,” be easily titratable, and be safe enough 
(i.e., minimal respiratory compromise), so that non-
anesthesia personnel could administer it. Dexmedetomidine
comes close to fulfilling these highly desirable goals [120] 
(however, see the study by Oto et al. [121] that demonstrated 
abnormal sleep patterns with dexmedetomidine sedation—
but this was a study in ICU patients and may not be relevant
to other patient populations). Of all the sedative agents avail-
able, dexmedetomidine comes closest to targeting natural 
sleep pathways, with primary actions upstream from modu-
lation of GABAergic receptors in the sleep pathways [14]. 
However, as opposed to the GABAergic agents propofol and
the benzodiazepines, there seems to be little effect on mem-
ory per se, other than that produced by sedation [54, 85, 
122]. This is likely due to the fact that dexmedetomidine 
does not affect GABA receptors directly, thus having little
effect on these receptors in the medial temporal lobe. The 
phrase “there seems” is used as very little investigation has 
been undertaken to determine if dexmedetomidine is an 
amnesic agent, as defined previously in this chapter. What 
little evidence there is supports dexmedetomidine as a seda-

tive agent with little amnesic effect. If the “forgetting” 
characteristics of dexmedetomidine are compared side by 
side with midazolam, propofol, and thiopental (a short-
acting barbiturate that has sedative actions on memory, no 
longer available for clinical use), it is found that these resem-
ble thiopental more than the amnesic “forgetting” profile of 
midazolam or propofol [54]. Similarly, the electrophysio-
logic signature of the effect of dexmedetomidine on memory 
processes is again different than the amnesic drugs mid-
azolam and propofol [85]. Thus, mechanistically, actions of 
dexmedetomidine on memory processes are different than 
typical amnesic drugs. Whether this translates into clinically 
appreciable differences is still an open question, but retro-
spective analysis of a large post-op Quality Assurance data-
base revealed cases of recall of intraoperative events 
associated with dexmedetomidine, but not propofol (in this 
case, during cardiac surgery), providing indirect evidence of
the lack of amnesic actions of dexmedetomidine [122].

Due to its upstream action at the locus ceruleus, in turn
modulating GABA receptors in the VLPO, the quality of
sedation is different than other GABAergic agents, notably
midazolam and pentobarbital, which directly target GABA
receptors [14, 17]. Similar to sleep, there can be rapid 
transitions from deep sedation to wakefulness, but these 
may not be entirely predictable. Also, during induction of 
sedation, which requires administration of a bolus of drug 
over about a 10-min period, the absence of stimulation is
important in ensuring a smooth induction of sedation. As 
with its parent compound clonidine, which significantly 
potentiates but cannot act alone as an anesthetic drug, dex-
medetomidine may find its most useful niche as a major 
component of a multidrug regimen. For example, the anal-
gesic effect of ketamine may help prevent movement dur-
ing procedures, and the side effect of tachycardia with 
ketamine may counteract the propensity for bradycardia 
from dexmedetomidine [123].

�Ketamine

As with all drugs discussed in this chapter, what we know 
about ketamine’s effects on cognition is derived from adults. 
Ketamine has a long history of use in pediatrics, with its use
falling dramatically with the arrival of newer agents. The 
pendulum is swinging back with ketamine being used as an 
adjunct to other sedatives. Ketamine’s side effects are often
complementary with the side effects of other drugs. For 
instance, the amnesic properties of ketamine may be benefi-
cial when used with dexmedetomidine, which seems to have 
poor amnesic effects beyond its sedative properties. 
Additionally, ketamine has potentially beneficial analgesic 
and antiinflammatory properties when given in low doses 
[124–126].
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Ketamine has substantial effects on cognition, and these
have been examined from the perspective of psychiatry and 
drug addiction fields. As a consequence, the cognitive effects 
of ketamine are much better understood than, for instance, 
dexmedetomidine or etomidate. Ketamine has been used to
model the cognitive changes occurring in schizophrenia,
such as hallucinations, delusions, idiosyncratic and illogical 
thinking, poverty of speech and thought, agitation, distur-
bances of emotion and affect, withdrawal, decreased motiva-
tion, and dissociation [127, 128]. It should be noted that 
many of these “disturbing” symptoms are uncommon in the 
clinical setting. These disturbing psychologic side effects are 
more likely to be seen when ketamine, which is one of the 
big three “club” drugs, is used in unmonitored settings (the 
“K-hole”) [129–131].

There is good evidence that ketamine is a true amnesic 
drug as opposed to simply being a sedative agent. It produces 
substantial memory impairment, at doses 0.4–0.8 mg/kg that
produce little sedation [132]. Some studies have adminis-
tered ketamine as a continuous infusion that maintained 
fairly constant serum concentrations over the time period of 
memory encoding, similar to our studies measuring the 
memory effects of propofol [133, 134]. Results from these
studies can be interpreted using the same schema for mem-
ory as used with propofol, as presented earlier. Doses of ket-
amine that produced serum concentrations of 129 ng/mL
produced similar degrees of sedation as did propofol in our 
studies, as measured by increases in reaction times. In other 
words, these doses of ketamine were equi-sedative to the 
amnesic doses of propofol we have studied. In these studies, 
ketamine produced a similar characteristic of forgetting of 
memories encoded in the presence of drug over time as pre-
viously demonstrated for propofol.

Emphasis is made again that memory formation is the end
result of information flow from the outside world, through sen-
sory cortices, through working memory where information is 
collated with previous knowledge, to a final memory in long-
term memory stores. The key characteristic of an amnesic drug 
appears to be that the amnesic effects occur after learning of 
long-term memory. A consequence of this schema of drug 
action is that the low drug concentrations that produce amnesia 
will not affect cognitive processes necessary to encode infor-
mation into long-term memory. Measures of working memory
should be relatively unaffected, and this is indeed the case for 
propofol (administered at approximately 5 mg/kg/h) and lower
doses (0.4 mg/kg) of ketamine. Additional support is obtained
from ketamine’s effects on the electrophysiologic response of 
the brain to incoming information [111, 135]. These effects are 
similar to what we have measured for propofol and mid-
azolam, namely, inhibition of signals related to long-term
memory, but not working memory function [85]. Thus, the 
amnesic properties of ketamine are remarkably similar to 
actions of propofol and midazolam on memory, and it is likely

that the mechanism of amnesic effect is also similar. All these 
drugs appear to affect some consolidation process necessary 
for the maintenance of a memory over time.

�Etomidate

Etomidate is rarely used, but apparently has desirable prop-
erties when used at sedative doses in mice. This allows it to 
be an exemplar agent to investigate the molecular biology of 
sedation versus amnesia. Virtually no studies have been con-
ducted on the memory effects of etomidate in humans. No
doubt, part of the reason is the high incidence of myoclonus 
and the very unusual side effect of adrenal suppression even 
after one dose of drug [136]. Both of these qualities make it
a difficult drug to use in human volunteer studies. At best, 
indirect evidence indicates a “favorable” memory profile in 
clinical practice [137, 138]. Thus, it is impossible to state 
whether etomidate is an amnesic or only a sedative drug in 
humans. However, animal data support the amnesic effects
of etomidate, and how it has been used to dissect out a poten-
tial role of GABA receptors in producing amnesic versus
sedative effects of a drug will now be outlined [20].

As mentioned before, GABA receptors come in many
varieties, as the receptor is made of five subunits, each of 
which can be a different configuration, labeled alpha, beta, 
gamma, etc. [139, 140]. Thus GABA receptors are often
referred to according to their subunit composition, for 
example, the most common GABA-A receptor can be
referred to as alpha-1beta-2gamma-2. More commonly the
receptor flavor is indicated by the subunit that is of particular 
interest, e.g., alpha5GABA-A, as the alpha subunit modu-
lates memory function (alpha5GABA-A receptors are
uncommon, 4 % in the brain, but are 25 % of the receptors in
the hippocampus). GABA-A receptor subtypes are distrib-
uted differentially across the brain, as well as over individual 
neurons [18, 141]. Thus drugs that target certain receptor 
types would logically affect certain brain structures/func-
tions simply based on the specific receptors interacting with 
the drug. Thus “GABAergic” agents could have very differ-
ent effects on the basis of which particular GABA receptors
they affect [3]. Thus, dissociable actions of a given drug on 
cognition can be mediated by differential effects of GABA
receptor subpopulations. In particular, we are interested in 
explaining the dissociation of sedation from amnesia for 
amnesic drugs, and this has been convincingly demonstrated 
for etomidate in an animal model [20].

Before delving into the details, one more consideration
is important. There are two modes of receptor activation by 
GABA. The “traditional” receptor interaction occurs at
dendritic synapses, where receptors on axons are directly 
across from synaptic boutons releasing GABA from vesicles.
This interaction is termed “phasic” as there is quick onset of 
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action, and then the receptors quickly turn back on3 after 
binding with GABA. This is the main inhibitory mechanism
in the brain, and one can think of activation of phasic recep-
tors as the graphite rods in a nuclear reactor, tamping down 
excitation produced by stimulating neurotransmitters, the 
most common one in the brain being glutamate. Over-
excitation is manifested by, for example, seizures or, more
commonly, ischemic injury of neurons. The latter can be 
thought of as burnout of neurons from overstimulation from 
masses of excitatory neurotransmitters released during 
ischemia, when cellular integrity breaks down.

More sophisticated cellular experiments revealed another
type of receptor interaction. This mode of receptor activation 
is in the background and was more difficult to detect, as it 
involves sparse GABA receptors located away from syn-
apses [141, 142]. Appropriately enough, this mode of activa-
tion is termed “tonic.” It regulates the baseline resting state 
of the cell, upon which phasic actions occur. The key prop-
erty of tonic receptors is that they need only small quantities 
of GABA to be affected [143]. In other words, low concen-
trations of drug that would have little if any effect on “clas-
sic” phasic GABA receptors would affect tonic receptors.
And this is what seems to underlie the amnesic/sedation dis-
sociation of etomidate. At low concentrations, tonic GABA
receptors are affected, resetting cellular electrophysiology 
that ultimately results in some problem with consolidation of 
memories, quite possibly by affecting theta rhythms in the 
hippocampus (where these receptors are concentrated). The

3 GABA is an inhibitory neurotransmitter, so it turns the receptor “off.”

behavioral effect of these receptor interactions is expressed 
as “amnesia.” At higher concentrations, traditional phasic 
inhibitory receptors are potentiated by etomidate, and likely 
other GABAergic drugs, and the end result is sedation
(enhanced inhibition of the brain by potentiating the effect of 
the GABA “graphite rods”). Further proof of this very
appealing hypothesis is the fact that tonic GABA receptors
contain an alpha5 subunit, distinctive to this class of recep-
tors (Fig. 10.7). Mice who lack this subunit do not experi-
ence the memory effects of etomidate, but will still experience 
sedation. Unfortunately, we do not know if a similar situa-
tion exists with propofol. These animal studies are complex, 
and repeating them with propofol would be a difficult under-
taking. However, the behavioral evidence from humans
would be entirely consistent with the same dichotomy of 
action of propofol on phasic and tonic GABA receptors.

Thus, etomidate provides a link from drug–receptor inter-
actions to electrophysiology in the hippocampus, with other 
studies pointing to electrophysiologic impairments being 
important in the inability of long-term memories to be consoli-
dated, thus leading to the state termed “amnesia.” This attrac-
tive hypothesis needs much more study to determine if indeed 
such mechanisms underlie the amnesic effects of anesthetics.

�Inhalational and Miscellaneous Agents

Barbiturates, popularized in film noir and spy movies as
“truth serum” or “Mickey Finns,” have been widely used in
the years following the Second World War. Over time, 

Fig. 10.7  The distribution is 
unequal with αβγ (alpha, beta, 
gamma) being the most
ubiquitous. We are interested in 
the a5 receptors, which make up
less than 5 % of the total
population, but they are heavily 
expressed in the hippocampus. 
These are thus a plausible target 
if you wish to modify memory 
(Reprinted with permission from
Whiting PJ. GABA-A receptor
subtypes in the brain: a paradigm 
for CNS drug discovery? Drug
Discovery Today.
2003;8(10):445-450)
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chemical modifications to their structure have been made to 
make these drugs “short acting” by increasing the rate of 
their metabolism. Thus, we have a spectrum of drugs from 
barbital, originally synthesized in 1903 at Bayer, to pheno-
barbital, to thiopental, to methohexital. If results of studies 
using thiopental can be extrapolated to the other barbitu-
rates, these drugs, which are active at GABA receptors, pro-
duce sedation but little amnesia [56, 144]. Increasingly these 
drugs are unavailable, the latest casualty being thiopental. 
Now that dexmedetomidine is available, there seems to be
little use for barbiturates for sedation [145].

Inhalational agents fall into two large categories, as far as 
receptors are concerned. Nitrous oxide (laughing gas) and
xenon act as a subclass of the predominant excitatory recep-
tors in the brain, whose neurotransmitter is glutamate [146–
148]. The subclass of receptors that are antagonized by these
agents, N-methyl-d-aspartate (NMDA), are the same
receptors antagonized by ketamine [149–151].4 Ketamine
has definite amnesic properties, as described previously, and 
thus it stands to reason that nitrous oxide would do the same. 
Nitrous oxide in low doses (10–30 %) does indeed impair
memory [152, 153]. Whether the characteristics of the mem-
ory impairment produced by nitrous oxide are as those 
described previously for propofol and the benzodiazepines,
producing rapid loss of newly formed memories, has not 
been thoroughly investigated.

All the other inhalational agents (e.g., isoflurane, sevoflu-
rane) act predominantly at GABA receptors, though their
actions have been described as “promiscuous,” as these 
agents seem to affect many receptors [4, 154, 155]. When the 
memory effects of nitrous oxide are compared directly with 
these agents, all seem to produce similar forms of memory 
impairment, which occurs at about ¼ to ½ the dose required 
to produce unresponsiveness (to surgical incision in 50 % of
patients) [152, 153, 156]. Whether memory impairment is 
the characteristic of amnesia or is a result purely from seda-
tion is unknown at this time.

Self-administered inhalers using these agents have been 
used as long as there has been anesthesia [157, 158]. Nitrous
oxide inhalers were available from after the 1870s, and
through the years almost all inhalational agents have been 
administered in this fashion for various reasons, primarily 
for analgesia during short procedures, labor, and delivery 
[157]. The great advantage of nitrous oxide is that it is odor-
less, washes in and out very quickly, and has undisputed 
analgesic properties [153, 156, 159, 160].

4 The hypothesis that nitrous oxide could be used as an alternative to 
ECT to treat major depression is intriguing [149], as ketamine (or its
oral cogeners) is a drug of keen interest to rapidly treat major depres-
sion while drugs targeting other receptor systems are ramping up to 
their antidepressant effect [150, 151].

�Case Studies

�Case 1

A 4-year-old boy scheduled for magnetic resonance 
imaging (MRI) sedation received dexmedetomidine
sedation after oral premedication of midazolam for anx-
iolysis. For the first 45 min of the MRI study, the patient
remained motionless. The scan was more lengthy than 
expected and eventually required that the child be physi-
cally adjusted in order to accommodate further imaging 
studies. Upon moving the child, he woke up and started
to cry out for his mother. The child immediately received 
a repeat loading dose of dexmedetomidine, following 
which he achieved successful (re)sedation within
10 min. The nurse, who was present for this entire sce-
nario, asked whether the physician who administered the 
sedation should discuss this “wake-up” event with the 
family and, furthermore, what are the chances that this 
child will have recall of awakening in the MRI scanner.

�Recommendation
A number of issues are raised by this clinical scenario. 
These include the predictability of amnesia and the 
management of potential “awareness.” The question of 
whether amnesia is present is most relevant when a 
patient is awake and responsive. If unresponsive, par-
ticularly if the drug-producing unresponsiveness is an 
amnesic agent such as midazolam, propofol, or ket-
amine, then the patient will undoubtedly be amnesic. 
Amnesia occurs at lower drug concentrations than 
unresponsiveness. It is likely that dexmedetomidine is 
not an amnesic agent, and thus the question is whether 
the effect of midazolam is still present 45 min after
administration. This is made more difficult by the fact 
that midazolam is administered orally, and absorption
is less predictable than with intravenous or intranasal 
administration. In any case, even after intravenous 
administration, depending on the dose, the period of 
likely amnesia would be 30–45 min.

Thus, with these considerations in mind, there is a 
reasonable likelihood that the child could remember the 
instance of “wake-up.” The child could potentially be 
traumatized by this event, and pretending it did not hap-
pen would just make any psychological sequelae worse. 
Whether awareness occurs following general anesthe-
sia or during sedation seems to make little difference 
[161]. A good operational definition of “awareness” is 
when a patient recalls events during a period of time 
they were expecting to be asleep. Thus, awareness 
could occur during sedation for an imaging study if the 
expectation of the patient was that they would be

(continued)
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“asleep for the whole procedure.” This occurrence 
would be potentially more traumatic than someone 
undergoing surgery where they were expecting to be 
awake during a portion of the surgery (e.g., wake-up 
test to check neurologic function during spine or neu-
rosurgery). In the latter situation, the patient had every
expectation that they would be awake, and nothing 
unusual occurred from their expectations.

In the current situation, the possibility of recall of 
events during sedation should be explained. These may 
not be recalled directly, but could be evidenced in the 
form of unusual dreams, or in the play behavior of the 
child. A full explanation of what happened, why it hap-
pened, and how it can be prevented in the future should 
be done. Resources for psychological support should
be offered to the child.

�Case 2

A 12-year-old girl with a history of bipolar disease,
schizophrenia, and anxiety presents to the emergency
department with a deep head laceration in need of 
suture. She is anxious, screaming, and unable to be 
approached by healthcare providers. Her parents
request that she receives an intramuscular injection of 
sedation, stating that she will not be amenable to nitrous 
oxide by face mask or the initiation of an intravenous 
catheter for administration of sedation. In reviewing the 
sedation agents available, you consider ketamine for its 
potent analgesic and sedative effects. Would you have 
any hesitations about administering this child ket-
amine, particularly with her history of schizophrenia?
Furthermore, how would you discuss the risks of ket-
amine and possible side effects with the child and her 
parents, given her medical history?

�Recommendation
Parents often know best, and it is wise to entertain their
requests seriously. Intramuscular (IM) induction of
sedation does seem to be the best option for this neces-
sary procedure. IM ketamine for pediatric sedation has
a long track record. It has additional advantages of 
minimal respiratory compromise along with its likely 
amnesic effects (in the fullest sense of the word). One
might consider the addition of atropine with ketamine 
to avoid hypersalivation.

The critical issue in this particular patient is the psy-
chiatric history, particularly schizophrenia. Ketamine
has been used extensively to model the effects of 
schizophrenia on cognition [127, 162]. The question 
that is less studied is the cognitive effects of ketamine in 
patients who themselves have schizophrenia. Would we

be adding fuel to the fire? Again, there is no literature in
the pediatric population (though, schizophrenia tends to
be diagnosed in patients of an older age). Conflicting
results are reported in adult patients with schizophrenia
who undergo ketamine challenge. Subanesthetic doses 
(0.3–0.5 mg/kg) have been variously reported to exac-
erbate psychotic symptoms, or to have no effect com-
pared with placebo [163–165]. A meta-review of a 
number of studies where doses of 0.1–0.5 mg/kg were
administered revealed an acceptable incidence of these 
effects [166]. In sum, volunteers might experience a 
worsening of their symptoms, but these were of a nature 
similar to episodes experienced during periods of exac-
erbation of their disease and were of limited duration.

Importantly, review of these studies from an ethical 
standpoint revealed informed consent was possible in 
this patient population, and conduct of these studies 
was justified [166]. Thus, in this clinical scenario, the 
parents should be informed that ketamine is a suitable, 
and probably necessary, intervention to best treat the 
patient. There is a strong possibility that symptoms of 
schizophrenia would be exacerbated, but that this
effect in all likelihood would be of limited duration 
(similar to that experienced in the past with her disease 
exacerbation).

A new wrinkle is now present. There is substantial 
literature supporting the combined use of dexmedeto-
midine with ketamine. The side effects of these drugs in 
a sense balance each other out, and thus smaller doses 
of each drug can be used [123, 167–169]. A recent study 
demonstrated the efficacy of IM dexmedetomidine for
sedation [170]. The aforementioned studies using a ket-
amine/dexmedetomidine combination administered 
medications IV. It is an interesting question of whether
a combination of IM ketamine and IM dexmedetomi-
dine would be better in this patient, but there is no litera-
ture directly addressing this mode of administration.

�Case 3

A 9-year-old boy with autism and a brain tumor presents 
for his regular blood sampling by hematology for rou-
tine follow-up of his tumor. He is always apprehensive
and recently has become so fearful that he screams upon 
entering the hospital lobby and has to be dragged into 
phlebotomy and held down during the blood sampling. 
His mother states that through this process, her son has
become more anxious and fearful. She requests that 
sedation be administered to her son for the blood sam-
pling and venipuncture. She would like to be sure that 
this child has no recall of these future events. You are
considering the options available for sedation for this

(continued)
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short procedure. She is requesting both anxiolysis and 
amnesia. You consider nitrous oxide and propofol. What
are the chances of amnesia associated with each agent?
Would one agent be better than another in terms of 
ensuring lack of memory of the subsequent venipunc-
ture? Should you consider midazolam as an alternative
or supplement? Is there a difference in recall dependant
on the route of midazolam administration? For example,
are the chances of memory recall of the event the same 
whether you administer midazolam by oral versus intra-
venous route? If you administer it orally, how long
should you wait before performing the procedure, in 
order to maximize chances of anterograde amnesia?

�Recommendation
This clinical scenario highlights the most vexing prob-
lem associated with amnesic drugs and that is we do not 
know when amnesia is occurring! As opposed to most 
other acute medications—for example, vasopressors—
where we keep giving a drug and measuring a response, 
there is no response to measure for the amnesic state. 
Memory can only be assessed retrospectively. We can
only determine amnesia after the fact. With better under-
standing of how memory processes are embodied in 
brain physiology (e.g., theta rhythms, information trans-
fer between brain regions, etc.), there may come a time
when some monitor will prospectively predict the occur-
rence of amnesia. But the likelihood is that the applica-
tion of the monitor itself will be a cumbersome affair and 
even if available would be of little use in this situation.

Thus we are left with giving amnesic medications on 
the basis of known pharmacology and previous experi-
ence using our best clinical judgment. All the drugs 
mentioned in this scenario are amnesic agents when 
given at the appropriate concentration. We know from 
previous volunteer studies that the concentration of 
drug-producing amnesia is invariably lower than that 
producing sedation. Sedation is something we can mea-
sure in real time and can act as a good surrogate for the 
presence of amnesia (for amnesic agents). Thus, what-
ever drug we choose, we can be reasonably sure amnesia 
will occur for events occurring in the presence of drug 
when it is being given at doses that cause some drowsi-
ness. As the patient has a brain tumor, one wants to avoid 
excessive sedation, with carbon dioxide retention with 
resultant potential for increased intracranial pressure.

The particular problem with an anxious pediatric 
patient is getting the drug to the brain. Intravenous 
administration is the most reliable but also the most dif-
ficult to achieve in this anxious child. Propofol in this
situation is basically useless. Although an ideal amnesic 
agent with relatively rapid onset and clearance, it 
requires intravenous access. Thus, alternative routes 
will need to be considered. Blood vessels are close to

the surface and will readily absorb drug into the circula-
tion in the lung, the nose, and under the tongue (and the 
rectum, a route not often used anymore). Thus inhala-
tional agents are terrific if the child will cooperate with 
breathing through a device, and nitrous oxide is a good 
choice in this situation. It also provides analgesia at 
subanesthetic concentrations and will be ideal for pain-
ful procedures such as venipuncture [153]. Both amne-
sic and analgesic concentrations can be achieved when 
nitrous oxide concentration is greater than 35 %, and
substantially higher concentrations can be given while 
maintaining adequate oxygenation. Remember that
nitrous oxide dissipates as quickly as it achieves its 
action. Thus, if nitrous oxide is used, it must be admin-
istered throughout the entire period during which amne-
sia is sought. Forcibly holding a mask over the child’s 
face may induce as much psychic trauma as the veni-
puncture itself, and indeed when anesthesia is induced 
in this manner, posttraumatic stress disorder (PTSD)
may be the result. Parents report children in this situa-
tion tying down their dolls onto the bed after such expe-
riences. The cure may be worse than the disease.

Administering a drug in a bolus fashion so that is 
absorbed and will be around in the circulation at suf-
ficient concentrations during the period in question 
has advantages. Intranasal or sublingual administra-
tion of drugs that have reasonably long half-lives (e.g., 
midazolam or ketamine) is a fairly predictable method
of doing this [171]. Intranasal administration is more 
predictable than sublingual administration and has the 
advantage of a single intervention (though the dose 
has to be carefully considered ahead of time). The bit-
ter taste of midazolam can be masked with sweet
juice, but gastric absorption is the least predictable 
and also has the slowest time to onset. The peak amne-
sic effect of midazolam occurs approximately 5 min
after intravenous administration, and onset will take at 
least this long using alternative routes. If the dose is 
high enough to cause drowsiness, this will be a good 
marker that amnesia is present. The disadvantage of 
midazolam is the “hangover effect”: Once the 30 s veni-
puncture is done, the child is still under the influence of 
drug for a significant period of time following this.

A combination approach with intranasal midazolam
and inhaled nitrous oxide may be most suitable. The 
midazolam will relieve some anxiety and may produce
amnesia, subsequently facilitating cooperation and 
acceptance of inhaled nitrous oxide for the short veni-
puncture procedure. Nitrous oxide will have rapid onset/
offset, provide amnesia for the venipuncture (which 
may be enhanced by the presence of midazolam), and,
in combination with the smaller dose of midazolam,
will have little lingering effect following the procedure.
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�Introduction

Many pharmacological maturational changes involving 
pharmacokinetics, pharmacodynamics, and toxicity are com-
plete within the first few years of postnatal life. The time 

course of drug concentration after administration is determined 
by three processes: input (absorption, bioavailability), distri-
bution, and elimination (metabolism and excretion).

�PK Differences in the First Year of Life

�Absorption

Absorption characteristics will impact on amount of drug 
available, maximum concentration, speed of onset of effect, 
duration of effect, and time to offset of effect.
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Abstract

Regulations encouraging pediatric investigation of new drugs are advancing the therapeutic 
pharmacopoeia, but for many commonly used medicines the lack of well-conducted phar-
macokinetic–pharmacodynamic (PKPD) studies is replaced by extrapolation from adult or 
nonhuman data. While neonates, infants, and children have different psychology, social 
structure, behavior, and disease spectrum from adults, they also share many similarities. 
Growth and developmental aspects account for major differences between neonates and 
infants and adults. However, once out of infancy, body size alone can account for many of 
the pharmacokinetic differences between children and adults. Pharmacodynamic factors 
that may influence response in early life remain poorly defined. Most PK and PD differ-
ences occur in the first few years of postnatal life with major changes occurring during the 
neonatal period that are mature by the end of infancy (i.e., 2 years of age). Knowledge of 
pediatric PKPD and changes seen during growth and maturation are essential for dosing 
sedatives in children.
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�Enteral
The rate at which most drugs are absorbed when given by the 
oral route is slower in neonates than in older children because 
gastric emptying is delayed and normal adult rates may not 
be reached until 6–8 months [1–4]. Slow gastric emptying 
and reduced clearance may dictate both reduced doses and 
reduced frequency of administration. This has been demon-
strated for both cisapride [5] and acetaminophen [6]. Chloral 
hydrate used as a sedative will have delayed onset in those 
less than 6 months of age. This slow absorption combined 
with reduced clearance causes a prolonged effect that con-
tributes to respiratory depression and death in this age group 
[7]. Enteral administration through the rectum (e.g., thiopen-
tone, methohexitone) takes approximately 8 min in children 
but is speedier for neonates undergoing cardiac catheter 
study or radiological sedation [8, 9]. Diazepam (0.3 mg/kg) 
is also rapidly absorbed rectally with peak concentrations at 
16 min [10].

�Intramuscular
The intramuscular route is commonly frowned upon in chil-
dren. It retains high bioavailability but absorption is delayed 
compared to the intravenous route. Ketamine, however, 
remains popular and peak concentrations are reached within 
10 min after 4 mg/kg [11]. Dexmedetomidine has a similar 
absorption profile [12, 13].

�Nasal
Exploration of alternative delivery routes in young children
has centered on the nasal passages [14]. Nasal diamorphine 
0.1 mg/kg is used in the United Kingdom for forearm frac-
ture pain in the emergency room [15–18]. It is rapidly 
absorbed as a nasal spray (0.1 mg/kg) in 0.2 mL sterile water, 
with peak morphine plasma concentrations (Tpeak) occurring 
at 10 min [18]. Nasal S-ketamine 2 mg/kg results in peak 
plasma concentrations of 355 ng/ mL within 18 min. Nasal 
fentanyl (150  μg/mL) 1.5  μg/kg given to children (3–17 
years) for fracture pain resulted in good analgesia. Peak con-
centrations were at 13  min [19, 20]. Similar results are 
reported for nebulized fentanyl (4 μg/kg) given through a 
standard nebulizer [21]. Flumazenil concentrations peak 
within a few minutes after nasal administration [22], 
while midazolam takes approximately 12  min [23]. 
Dexmedetomidine is somewhat slower and peak concentra-
tions were not reached until 38 min [24]. Clonidine adminis-
tered as nasal aerosol (3–8 μg/kg) was not found to achieve 
adequate preoperative sedation within 30 min of administra-
tion [25], attributable to slow absorption (Tpeak 1.5–3 h) [26]. 
There remain concerns that intranasal drugs may pass through 
the posterior nasopharynx or irritate the vocal cords [27].

Advances in aerosol delivery devices have improved dos-
ing accuracy. Administration of ketorolac15  mg (weight 
<50 kg) or 30 mg (weight >50 kg) by the intranasal route 

resulted in a rapid increase in plasma concentration (time to 
peak concentration was 52 min, standard deviation 6 min) 
and may be a useful therapeutic alternative to IV injection. A
target concentration of 0.37 mg/L in the effect compartment 
was achieved within 30 min and remained above that target 
for 10 h [28]. The nasal passages change with age and so it 
would be unsurprising if absorption by that route did not also 
change with age.

�Cutaneous
The larger relative skin surface area, increased cutaneous 
perfusion, and thinner stratum corneum in neonates [29] 
increase absorption and exposure of topically applied drugs 
(corticosteroids, local anesthetic creams, antiseptics). 
Neonates have a tendency to form methemoglobin because 
they have reduced levels of methemoglobin reductase and 
fetal hemoglobin is more readily oxidized compared to adult 
hemoglobin. This, combined with increased absorption 
through the neonatal epidermis, resulted in reluctance to use 
lidocaine–prilocaine cream for repeat use in this age group 
[30, 31].

�Alveolar
Anesthetic delivery to the alveoli is determined largely by 
alveolar ventilation and functional residual capacity (FRC). 
Neonates have increased alveolar ventilation. They also 
have a smaller FRC compared to adults because of increased 
chest wall compliance; this causes an increase in the speed 
of delivery. Pulmonary absorption is generally more rapid in 
infants and children than in adults [32]. The greater cardiac 
output and greater fraction of the cardiac output distributed 
to the vessel-rich tissue group (i.e., a clearance factor) and 
the lower tissue/blood solubility (i.e., a volume factor) also 
affect the more rapid wash-in of inhalational anesthetics in 
the younger age group [33]. Solubility determines volume 
of distribution. An inhalational agent with a greater volume 
of distribution will take longer to reach a steady-state con-
centration when delivered at a constant rate. The solubility 
in blood of halothane, isoflurane, enflurane, and methoxy-
flurane is 18 % less in neonates than in adults [34], attribut-
able to altered serum albumin, globulin, cholesterol, and 
triglyceride concentrations. The solubility of these same 
agents in the vessel-rich tissue group in neonates is approxi-
mately one-half of those in adults [34]. The latter may be 
due to the greater water content and decreased protein and 
lipid concentration in neonatal tissues. Infants, with their 
decreased solubility would be expected to have a shorter 
time to reach a predetermined FE/FI ratio because of a 
smaller volume of distribution. Age has little effect on the 
solubility of the less-soluble agents, nitrous oxide and 
sevoflurane [35]. These principles also apply to new seda-
tive techniques using inhalational drugs delivered by 
disposable anesthetic conserving devices (e.g., AnaConDa®, 
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Sedana Medical, Uppsala, Sweden). The wash-in kinetics 
for sevoflurane delivered by the AnaConDa are similar to 
those delivered by vaporizer [36]. Such devices have been 
used for sedation in the intensive care ward [37, 38] and 
may soon be used out of this locale [39].

Induction of anesthesia may be slowed by right-to-left 
shunting of blood in neonates suffering cyanotic congenital 
cardiac disease or intrapulmonary conditions. This slowing 
is greatest with the least soluble anesthetics [40]. Left to 
right shunts usually have minimal impact on uptake because 
cardiac output is increased so that systemic tissue perfusion 
is maintained at normal levels. The flow of mixed venous 
blood returning to the right heart ready for anesthetic uptake 
is normal. If cardiac output is not increased, and peripheral 
perfusion is reduced, then there will be less anesthetic uptake 
in the lung. Although alveolar anesthetic partial pressure 
may be observed to rise rapidly, there is a slower rise in tis-
sue partial pressure and anesthetic effect is delayed.

�Bioavailability

The oral bioavailability may be affected by interactions with 
food when feeding is frequent in the neonate (e.g., phenytoin 
[41]), by use of adult formulations that are divided or altered 
for pediatric use (nizatidine [42]), and by lower cytochrome 
P450 enzyme activity in the intestine. The latter may cause 
an increased bioavailability of midazolam because CYP3A 
activity is reduced [43]. The use of adult vials for pediatric 
use may result in dose inaccuracy, causing a relative increase 
or decrease in assumed bioavailability [44].

Analgesic medications and delivery systems commonly 
used in adults may not be possible or practicable in children 
because they do not have behavioral maturity. Infants are 
unable to use patient-controlled analgesia devices. Dose 
accuracy is lost when buccal and sublingual administration is 
attempted because those routes require prolonged exposure 
to the mucosal surface. Infants find it difficult to hold drug in 
their mouth for the requisite retention time (particularly if 
taste is unfavorable), and this results in more swallowed drug 
or drug spat out than in adults [45]. If the drug has a high 
first-pass effect, then the lower relative bioavailability results 
in lower plasma concentrations. Although many analgesics 
are available in an oral liquid formulation, taste is a strong 
determinant of compliance and unpalatable preparations 
may be refused [46]. Taste changes with age.

First-pass effect impacts on bioavailability and contribu-
tion of active metabolites to effect. The oral bioavailability 
of clonidine is low (F = 0.55) in children 3–10 years. 
Consequently, higher oral doses of clonidine (per kg) are 
required when this formulation is used to achieve concentra-
tions similar to those reported in adults [47]. Oral absorption 

is slow (absorption half-time 0.45 h) and peak concentrations 
are not reached until 1 h. Similarly, oral ketamine needs to be 
given in doses of up to 10  mg/kg to achieve therapeutic 
effect in children 1–8 years suffering burns [48]. Not only 
was bioavailability reduced (F = 0.45) but absorption was 
also slow; absorption half-time was 59  min and had high 
between-subject variability in this cohort [48]. Analgesic 
effect, however, may be contributed by the increased concen-
tration of the active metabolite norketamine.

The frequent passage of stools in the neonate may render 
suppository use ineffective. Variable absorption and bio-
availability has resulted in respiratory arrest when repeat 
opioids are administered by the rectal route to children [49].

�Distribution

At its simplest, volume of distribution determines the initial 
dose of a drug. The bigger the volume of distribution, the 
bigger the dose required to achieve a target concentration. 
However, many drugs used in anesthesia distribute to more 
than one compartment and do not have one simple volume of 
distribution. Bigger doses may cause bigger adverse effects, 
e.g., hypotension with propofol. Distribution is influenced 
by body composition, protein binding, hemodynamics (e.g., 
regional blood flow), and membrane permeability.

�Body Composition
Total body water and extracellular fluid (ECF) [50] are 
increased in neonates, and reduction tends to follow postna-
tal age (PNA). Polar drugs such as the non-depolarizing neu-
romuscular blocking drugs (NMBDs) and aminoglycosides 
distribute rapidly into the ECF, but enter cells more slowly.
The initial dose of such drugs is consequently higher in the 
neonate compared to the infant, older child, or adult.

The percentage of body weight contributed by fat is 3 % 
in a 1.5 kg premature neonate and 12 % in a term neonate; 
this proportion doubles by 4–5 months of age. “Baby fat” is 
lost when infants start walking and protein mass increases 
(20 % in a term neonate, 50 % in an adult). These body com-
ponent changes affect volumes of distribution of drugs. 
Volume of distribution influences initial dose estimates.
Fentanyl has an increased volume of distribution in neo-
nates. The volume of distribution at steady state is 5.9 (stan-
dard deviation 1.5) L/kg in a neonate under 1 month of age 
compared to 1.6 (standard deviation 0.3) L/kg in an adult 
[51]. This may contribute to the reduced degree of respira-
tory depression seen after single doses as high as 10 μg/kg 
in older term neonates. The dramatic increase in muscle 
bulk in children from 3 years until adolescence influences 
drug dose required for neuromuscular blockade. The ED95 of 
vecuronium, for example, is 47 μg/kg standard deviation 

11  Pharmacokinetics and Pharmacodynamics in the Pediatric Population



176

11 μg/kg in neonates and infants, 81 μg/kg standard devia-
tion 12 μg/kg in children between 3 and 10 years of age, and 
55 μg/kg standard deviation 12 μg/kg in patients aged 13 
years or older [52]. Dose is greater than anticipated in neo-
nates who have immaturity of the neuromuscular junction 
because the ECV is increased but the duration of neuromus-
cular blockade is greater in neonates because of immature 
clearance pathways. The plasma concentration required in 
neonates to achieve the same level of neuromuscular block 
as in children or adults is 20–50 % less [53].

Reduction of propofol concentrations after induction is 
attributable to redistribution rather than rapid clearance 
because its pharmacokinetics is described using more than 
one compartment. Neonates have low body fat and muscle 
content and so less propofol is apportioned to these tissues. 
Delayed awakening occurs because central nervous system 
(CNS) concentration remains higher than that observed in 
older children as a consequence of reduced redistribution.

�Plasma Proteins
Albumen and alpha-1 acid glycoprotein (AAG) concentra-
tions are reduced in neonates but are similar to those in adults 
by 6 months, although between patient variability is high 
(e.g., AAG 0.32–0.92 g/L) [54, 55]. Bupivacaine is bound to 
AAG. The recommended bolus epidural dose of bupivacaine 
in neonates is lower than in children (1.5–2  mg/kg versus 
2.5  mg/kg) because a greater proportion will be unbound 
drug and it is unbound drug that exerts effect. AAG is an 
acute phase reactant that increases after surgical stress. This 
causes an increase in total plasma concentrations for low to 
intermediate extraction drugs such as bupivacaine [56]. The 
unbound concentration, however, will not change because 
clearance of the unbound drug is affected only by the intrin-
sic metabolizing capacity of the liver. Any increase in 
unbound concentrations observed during long-term epidural 
is attributable to reduced clearance rather than AAG concen-
tration [57, 58].

Plasma albumin concentrations are lowest in premature 
infants, and other fetal proteins such as alpha-fetoprotein 
(synthesized by the embryonic yolk sac, fetal gastrointestinal 
tract, and liver that has 40 % homology with albumin) have 
reduced affinity for drugs. In addition, increased concentra-
tions of free fatty acids and unconjugated bilirubin compete 
with acidic drugs for albumin binding sites. Neonates also 
have a tendency to manifest a metabolic acidosis that alters 
ionization and binding properties of plasma proteins. Serum 
albumin concentrations approximate adult values by 5 
months of age and binding capacity approaches adult values 
by 1 year of age. The induction dose of thiopentone is lower 
in neonates than older children. It is possible that this is 
related to decreased binding of thiopentone to plasma albu-
min; 13 % of the drug is unbound in newborns compared to 
7 % in adults [59].

�Regional Blood Flows
The initial phase of distribution after intravenous administration 
reflects regional blood flow. Consequently, the brain, heart, 
and liver are the tissues first exposed to the drug. Drug is then 
redistributed to other relatively well-perfused tissues, such as 
the skeletal muscle. There is a much slower tertiary distribu-
tion to relatively underperfused tissues of the body that is 
noted with long-term drug infusions. These changes contrib-
ute to a shorter context-sensitive half-time in infants with 
quicker “awakening” after sedative drugs; these infants have 
less fat and muscle bulk that drug can redistribute to and later 
leach out from. Clearance, however, is typically reduced in 
neonates and contributes to the longer observed context-
sensitive half-time.

Apart from the neonatal circulatory changes that occur at 
birth (e.g., secondary to functional closure of the ductus veno-
sus and ductus arteriosus), there are differences in relative 
organ mass and regional blood flow change with growth and 
development during the first few months of life. Blood flow, 
relative to cardiac output, to the kidney and brain increases, 
while that to the liver decreases through the neonatal period 
[60]. Cerebral and hepatic mass as a proportion of body weight 
are much higher in the infant than in the adult [61].

Mean cerebral blood flow is highest in early childhood 
(70  mL/min/100  g) at about 3–8 years of age [62]. It is 
reduced before this age in neonates and later in adults, where 
flows are similar (50 mL/min/100 g) [63]. The highly lipo-
philic induction agents diffuse rapidly across the blood–brain 
barrier (BBB) to achieve concentration equilibrium with 
brain tissue. Reduced cardiac output in neonates and reduced 
cerebral perfusion means that onset time after intravenous 
induction is slower in neonates that in early childhood. Offset 
time is also delayed because redistribution to the well-
perfused and deep, underperfused tissues is less.

�Blood–Brain Barrier
The BBB is an elaborate network of complex tight junctions 
between specialized endothelial cells that restricts the para-
cellular diffusion of hydrophilic molecules from the blood to 
the brain substance. Confusion over the importance of this 
barrier in the neonate exists, partly because of early studies 
comparing respiratory depression caused by the opioids, 
morphine, and pethidine. Greater respiratory depression was 
evident in neonates after morphine given as an adult equipo-
tent dose of pethidine [64]. This finding is consistent with 
pethidine, unlike morphine, being lipid soluble and therefore 
crossing the immature or mature BBB equally [64]. However, 
plasma opioid concentrations were not measured in that 
study, and the increased neonatal respiratory depression 
observed after morphine when given the same dose (mg/kg) 
as adults could be due to reduced volume of distribution of 
morphine in term neonates 1–4 days (1.3 L/kg) compared to 
those at 8–60 days (1.8 L/kg), 61–180 days (2.4 L/kg), and 
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adults (2.8 L/kg) [65]. Consequently we might expect initial 
concentrations of morphine to be higher in neonates than in 
adults and consequent respiratory depression greater. 
Respiratory depression, as measured by carbon dioxide 
response curves or by arterial oxygen tension, is similar in 
children from 2 to 570 days of age at the same morphine 
concentration [66].

The BBB may have impact in other ways. There are spe-
cific transport systems selectively expressed in the barrier 
endothelial cell membranes that mediate the transport of 
nutrients into the CNS and of toxic metabolites out of the 
CNS. Small molecules access fetal and neonatal brains more 
readily than they do adult brains [67]. BBB function improves 
gradually throughout fetal brain development, possibly 
reaching maturity at term [67]. Kernicterus, for example, is 
more common in the premature neonate than the term neo-
nate. Pathological conditions within the CNS can cause BBB 
breakdown or alterations in transport systems play an impor-
tant role in the pathogenesis of many CNS diseases. 
Proinflammatory substances and specific disease-associated 
proteins often mediate BBB dysfunction [68].

Fentanyl is actively transported across the BBB by a 
saturable ATP-dependent process, while ATP-binding cas-
sette proteins such as P-glycoprotein actively pump out 
opioids such as fentanyl and morphine [69]. P-glycoprotein 
modulation significantly influences opioid brain distribu-
tion and onset time, magnitude, and duration of analgesic 
response [70]. Modulation may occur during disease pro-
cesses, increased temperature, or other substances (e.g., 
verapamil, magnesium) [69]. Genetic polymorphisms affect-
ing P-glycoprotein-related genes may explain some indi-
vidual differences in CNS-active drug sensitivity [71].

�Drug Metabolism

The main routes by which drugs and their metabolites leave 
the body are the hepatobiliary system, the kidneys, and the 
lungs. Elimination rate is commonly described by clearance.
Clearance is the important pharmacokinetic parameter that is 
used to determine maintenance dose or infusion rate at steady 
state. The liver is the primary organ for clearance of most 
drugs, although the lungs have a major role for anesthetic 
vapors. Nonpolar, lipid-soluble drugs are converted to more 
polar and water-soluble compounds. Water-soluble drugs 
and metabolites rendered water soluble by the liver are 
excreted by the kidneys. Both hepatic and renal systems are 
immature in the neonate and mature within the first year of 
life. The impact of birth as an accelerator or temporal switch 
in the maturation of these processes remains uncertain. 
Maturation of these processes is commonly measured against 
postmenstrual age (PMA), although PNA may also have 
impact [72, 73] on maturation. The impact of birth on 
enzyme maturation is probably minor [74].

�Descriptors for Metabolism Maturation
Three descriptors (size, maturation, and organ function) have 
been used to describe changes in clearance with age [75, 76]. 
There is a nonlinear relationship between clearance and size. 
Clearance in children 1–2 years of age, expressed as L/h/kg, 
is commonly greater than that observed in older children and 
adolescents. Consequently, infusion rates of propofol or remi-
fentanil are higher in young children than in adolescents.

Size is commonly standardized using body surface area 
(BSA), and although the calculation of BSA commonly 
involves height and weight, it can also be expressed using 
weight alone [77]:

	 BSA weightµ 2 3/ 	

However, in all species studied, including humans, the log 
of basal metabolic rate (BMR) plotted against the log of 
body weight produces a straight line with a slope of ¾. This 
is different to the BSA, which is described using body weight 
with an exponent of 2/3 [77]. Fractal geometry is used to 
mathematically explain this phenomenon known as allome-
try [78]. A great many physiological, structural, and time-
related variables scale predictably within and between 
species with weight (W) exponents (PWR) of 3/4, 1, and 1/4, 
respectively [76].

These exponents have applicability to pharmacokinetic 
parameters such as clearance (CL), volume (V), and half-
time [76]. The factor for size (Fsize) for total drug clearance 
may be expected to scale weight with an exponent of ¾:

	
F Wsize /
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The use of these allometric models allows prediction of dose 
in children from that of adult dose; such prediction is not 
possible using the mg/kg scaling. Pediatric doses in children 
out of the neonatal age group are greater than adults.

Remifentanil clearance in children 1 month–9  years is 
similar to adult rates when scaled using an allometric expo-
nent of ¾ [79]. Remifentanil is hydrolyzed by nonspecific 
tissue and plasma esterases that do not appear to be influ-
enced by age after scaling for size. Plasma esterases 
responsible for clearance are mature at birth [80].

The effect of size on the dose of remifentanil tolerated 
during spontaneous ventilation under anesthesia has been 
investigated in children undergoing strabismus surgery 
(n = 45, age 6 months–9 years). The propofol infusion was 
titrated using state entropy as a pharmacodynamic endpoint 
and remifentanil infused, using a modified up-and-down 
method, with respiratory rate depression as a pharmacody-
namic endpoint. A respiratory rate of just greater than 10, 
stable for 10 min, determined the final remifentanil infusion 
rate [81]. This influence of age on the remifentanil infusion 
requirement is shown in Fig. 11.1 [81–83]. Superimposed on 
this figure are clearance estimates for age, determined by 
size using an allometric model with a standardized clearance 

11  Pharmacokinetics and Pharmacodynamics in the Pediatric Population



178

of 2,790  mL/min for a 70  kg person. Clearance mirrors 
infusion rate in children over the age of 1 year. There is a 
divergence between clearance estimate and infusion rate in 
those children in infancy. The higher infusion rates recorded 
in those infants can be attributed to greater suppression of 
respiratory drive in this age group than the older children 
during the study; a respiratory rate of ten breaths per minute 
in an infant is disproportionately slow compared to the same 
rate in a 7-year-old child, suggesting excessive dose.

For most drugs, however, allometry alone is insufficient 
to predict clearance in neonates and infants from adult esti-
mates. Most clearance systems are not mature at birth. The 
addition of a model describing clearance maturation with 
age is required. The sigmoid hyperbolic function (also 
known as the Hill equation) [84] (also used to describe the 
oxygen saturation curve) has also been found useful for 
describing this maturation process (MF).

	
MF

PMA

TM PMA

Hill

Hill Hill
=

+50 	

The TM50 describes the maturation half-time, while the Hill 
coefficient relates to the slope of this maturation profile. 
Maturation of a considerable number of drugs has now been 
described using this equation [85]. The maturation profile for 
dexmedetomidine expressed using allometric scaling, and 
this maturation model is shown in Fig. 11.2 [86].

Organ function (OF) remains the other major covariate 
influence on clearance. While renal pathology may be 
reflected by assessment such as creatinine clearance, distin-
guishing this from normal physiology in infants may be dif-
ficult unless ordinary renal maturation is understood [75]. 
Although specific organ dysfunction of the kidney or liver is 
well recognized as having effect on clearance, other processes 
(sepsis, malnutrition, disease severity scores) can also be 
used as markers of reduced clearance. Midazolam clearance 

was noted to be reduced in critically ill children. This 
was assumed to be due to reduced CYP3A activity, 
although reduced hepatic blood flow is more likely [87]. 
Pharmacokinetic parameters (P) can be described in an indi-
vidual as the product of size (Fsize), maturation (MF), and 
organ function (OF) influences where Pstd is the value in a 
standard size adult without pathological changes in organ 
function:

	 P P F= × × ×std size MF OF 	

This methodology is increasingly used to describe clearance 
changes with age [85]. An understanding of these principles 
can be used to predict dose in children using target concen-
tration methodology [88].

When maturation changes have not been described using 
real data, then an alternative method known as the 
physiological-based pharmacokinetic (PBPK) model can 
be used to predict changes with age. Organ maturation, 
body composition, and ontogeny of drug elimination path-
ways have marked effects on pharmacokinetic parameters 
in the first few years of life. PBPK models require detailed 
physiological data. Data on ontogeny of individual clear-
ance pathways, derived from measurements of enzyme 
expression and activity in postmortem livers, and from 
in vivo data from drugs that are cleared by similar pathways 
are useful. Continued input of information concerning 
genetic, physiological, organ and tissue size and composi-
tion, protein binding, demographic and clinical data into 
the library, and algorithms for PBPK modeling programs 
has progressively improved their prediction ability. These 
models have been used to assist with first-time dosing in 
children [89–91]. The introduction of population variability 
in enzyme abundance and activity contributes to between-
individual variability estimates [92]. This approach has been 
recently used to investigate fentanyl maturation changes 
with age in neonates [93].

Fig. 11.1  The effect of age on 
the dose of remifentanil tolerated 
during spontaneous ventilation 
under anesthesia in children 
undergoing strabismus surgery 
[81]. Superimposed on this plot 
is estimated remifentanil 
clearance determined using an 
allometric model [82]. There is a 
mismatch between clearance and 
infusion rate for those individuals 
still in infancy (Reprinted with 
permission from Anderson 
BJ. Pediatric models for adult 
target-controlled infusion pumps. 
Paediatr Anaesth 2010 
Mar;20(3):223-32)
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�Hepatic Elimination
Phase 1
The mixed function P450 (CYP, so named because these 
enzymes absorb light at wavelengths near 450 nm) oxidases 
are reduced [94, 95]. Enzyme maturation occurs at different
rates. Individual hepatic drug-metabolizing enzymes have 
been categorized into one of three classes based on develop-
mental trajectories [96]. Class 1 enzymes are expressed at 
their highest levels in the fetus during the first trimester (e.g., 
CYP3A7 that may have a role in retinoic metabolism); 
enzymes belonging to the second class are expressed at rela-
tively constant levels throughout gestation and into adult-
hood (e.g., sulfotransferase, SULT1A1, responsible for most 
of paracetamol clearance in neonates). The vast majority of 
enzymes (Class 3, e.g., CYP3A4, UGT2B7; see below) are 
expressed at low levels at birth and mature with time.

The activity of the CYP2E1 enzyme surges after birth
[97], CYP2D6 (e.g., codeine, tramadol) becomes detectable 
soon thereafter, and the CYP3A4 (e.g., midazolam) and 
CYP2C (e.g., diclofenac) family appear during the first week, 
whereas CYP1A2 (e.g., caffeine) is the last to appear [98]. 
Neonates are dependent on the immature CYP3A4 for 
levobupivacaine clearance and CYP1A2 for ropivacaine 
clearance, dictating reduced epidural infusion rates in this age 
group [99–101]. Some of these maturation rates have been 
described, e.g., midazolam [102] and levobupivacaine [103].

If a drug has a high extraction ratio, then intrinsic clear-
ance may be very much greater than liver blood flow, and in 
these situations, hepatic clearance is primarily determined by 
liver blood flow characteristics. Fentanyl clearance 
(CYP3A4) is 70–80 % of adult values in term neonates and, 
standardized to a 70-kg person, reaches adult values within 
the first few weeks of life [57]. Omphalocele repair may be 
associated with raised intra-abdominal pressure (an organ 
function effect) resulting in reduced fentanyl clearance 
attributable to decreased hepatic blood flow.

Phase 2
Some phase II pathways are mature in term neonates at birth 
(sulfate conjugation), while others are not (acetylation, gly-
cination, glucuronidation) [104]. Allometric body-size scal-
ing complimented by maturation models [76, 105] has been 
used to unravel the developmental PK of drugs cleared by 
glucuronosyltransferase. Paracetamol and morphine are 
cleared by individual isoforms of glucuronosyltransferase 
(UGT1A6 and UGT2B7), as is bilirubin (UGT1A1). 
Clearance of both drugs [106–108] is immature in the pre-
mature 24-week PMA neonate and mature to reach adult 
rates by the first year of life. Dexmedetomidine is also 
cleared predominantly by the UGT system and has a similar 
maturation profile [109]. Glucuronidation is also the major 
metabolic pathway of propofol metabolism, although multi-
ple cytochrome P450 isoenzymes, including CYP2B6, 
CYP2C9, or CYP2A6, contribute to its metabolism and 
cause a faster maturation profile (Fig. 11.3) [105, 109–113] 
than expected from glucuronide conjugation alone [73].

This maturation process can be difficult to discern because 
other factors such as illness impact on observed clearance. 
Morphine clearance is greater in infants undergoing noncar-
diac surgery than in those after cardiac surgery [114], or in 
those receiving extracorporeal membrane oxygenation [115] 
or positive pressure ventilation [110]. Similarly clearance of 
propofol was reduced after cardiac surgery in children admit-
ted to a pediatric intensive care [116]. Dexmedetomidine 
clearance is reduced with low cardiac output, consistent with 
reduced hepatic blood flow [117]. A circadian night rhythm 
effect was noted in an investigation of infant propofol seda-
tion after major craniofacial surgery [118].

�Renal Elimination
Drugs and their metabolites are excreted by the kidneys by 
two processes—glomerular filtration and tubular secretion—
that mature at different rates [119]. Glomerular filtration rate 

Fig. 11.2  Dexmedetomidine 
clearance changes with age, 
expressed both as per kilogram 
and using allometric scaling with 
a maturation model. The per 
kilogram model (L/h/kg) 
demonstrates an increased 
clearance in infants that explains 
the observed increased infusion 
(mg/min/kg) required for 
sedation in this age group. The 
use of the allometric model 
allows better understanding of 
the clearance maturation process 
(Data from Potts et al. [86])
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(GFR) is only 10 % that of mature value at 25 weeks, 35 % 
at term, and 90 % of the adult GFR at 1 year of age [111]. 
Tubular secretion maturation lags behind that of GFR [119]. 
Aminoglycosides are almost exclusively cleared by renal 
elimination, and maintenance dose is predicted by PMA 
because it predicts the time course of development of renal 
function [120]. The clearance of the old NMBD, d-
tubocurarine, can be directly correlated with GFR [121].

Immaturity of clearance pathways can be used to our 
advantage when managing apnea after anesthesia in the pre-
mature nursery graduate. N7-methylation of theophylline in 
the newborn to produce caffeine is well developed whereas 
oxidative demethylation (CYP1A2) responsible for caffeine 
metabolism is deficient and develops over the ensuing 
months. Theophylline is effective for the management of 
postoperative apnea in the premature neonate, partly because 
it is a prodrug of caffeine, which is effective controlling 
apnea. Caffeine can only be slowly cleared by the immature 
kidney and is mature by 60 weeks PMA [122].

Pulmonary Elimination
The factors determining anesthetic absorption (alveolar 
ventilation, FRC, cardiac output, tissue/blood solubility) 
also contribute to elimination. We might anticipate more 
rapid washout in neonates than adults for any given duration 
of anesthesia because there is less distribution to fat and 
muscle content. The greater decrease in cardiac output 

induced by halothane in neonates might be expected to 
speed elimination, but brain perfusion will also be reduced 
and this slows recovery. Halothane, in particular, and to a far 
lesser extent isoflurane and sevoflurane undergo hepatic 
metabolism, but contribution is small compared to pulmo-
nary elimination [123].

�Metabolites

Many drugs have active metabolites that contribute to effect. 
Examples include norketamine from ketamine [124], 
4′-hydroxydiclofenac from diclofenac [125], O-demethyl 
tramadol from tramadol [112], hydroxymidazolam from 
midazolam [126], and morphine 6-glucuronide (M6G) from 
morphine [127].

Contributions to both the desired effect (analgesia) and 
the undesired effects (nausea, respiratory depression) of 
M6G remain uncertain [128]. The EC50 for both morphine 
and M6G appear similar [129, 130], but M6G takes greater 
time (4–8 h versus 16 min) to equilibrate with the effect site 
[129, 131]. The relative ratios of morphine to M6G vary in 
neonates and early infancy, depending on relative maturation 
of UGT2B7 (formation of M6G) and GFR (elimination of 
M6G). Term neonates less than 7 days old have a lower ratio 
of plasma morphine/M6G than those over 1 year despite 
similar doses [74, 132]. The impact of this is unclear.

Fig. 11.3  Clearance maturation, expressed as a percentage of mature 
clearance, of drugs where glucuronide conjugation (paracetamol, mor-
phine, dexmedetomidine) plays a major role. These profiles are closely 
aligned with glomerular filtration rate (GFR). In contrast, cytochrome 
P450 isoenzymes also contribute to propofol metabolism and cause a 

faster maturation profile than expected from glucuronide conjugation 
alone. Tramadol clearance maturation (phase I, CYP2D6, CYP3A) is 
also rapid. Maturation parameter estimates were taken from references 
[105, 109–113]
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�Pharmacogenomics

Pharmacogenomics (PG) is the investigation of variations 
of DNA and RNA characteristics as related to drug response 
that incorporates both PK and PD. There is large between-
individual PK variability that is contributed to by polymor-
phisms of the genes encoding for metabolic enzymes [133]. 
Genetic variability influencing plasma cholinesterase activ-
ity and its influence on succinylcholine is a well-known 
example. Another example is the CYP2D6 single nuclear 
polymorphism (SNP) that is inherited as an autosomal 
recessive trait. Homozygous individuals are deficient in the 
metabolism of a variety of important groups of drugs: 
β(beta)-adrenoceptor blocking agents, antidepressants, 
neuroleptic agents, and opioids. Poor metabolizers have 
reduced morphine production from codeine [134, 135]. 
Tramadol is also metabolized by O-demethylation in the 
liver (CYP2D6) to O-desmethyl tramadol (M1), and the 
M1 metabolite has a mu-opioid affinity approximately 200 
times greater than tramadol.

An SNP is only important if it contributes greater than 
50  % metabolism, has an active metabolite, a steep dose–
response relationship, and a narrow therapeutic index. These 
polymorphisms may have little impact during the neonatal 
period when metabolism is developmentally limited [5, 112, 
136–138]. SNPs will certainly have impact in infants and 
children. Impact will be dependent on the rate of maturation 
of the specific enzyme system. Certainly ultra-extensive 
metabolizers of codeine (CYP2D6) may suffer respiratory 
depression resulting from the rapid formation of morphine 
[139]. Reports of death due to respiratory compromise in 
children given codeine for pain relief after tonsillectomy 
may limit the future use of this drug [140].

Pharmacogenomic differences also have impact on 
PD. Candidate genes involved in pain perception, pain pro-
cessing, and pain management like opioid receptors, trans-
porters, and other targets of pharmacotherapy are under 
investigation [141]. Genetic differences (e.g., G118 allele) 
may explain why some patients need higher opioid doses and 
the adverse effects profile may be modified by these muta-
tions [142]. Some genes (e.g., fetal hemoglobin) are expressed 
much more in early life than in adults, and gene switching 
may mean a drug is effective at one age and not another.

In adults, gene testing may prove valuable for reducing 
adverse drug effects [143, 144]. However, most drug 
responses involve a large number of proteins regulated by 
multiple genes. Genotype does not equate with phenotype; 
environment, concomitant therapy, and disease have impact, 
and allele prevalence varies among ethnic groups [145]. The 
situation in children is more complex. Allelic variants may 
remain unchanged throughout life, but transcriptomic, pro-
teomic, and metabolomic data in children are continuously 
changing throughout the development.

�Pharmacodynamic Differences in the First 
Year of Life

Children’s responses to drugs have much in common with 
the responses in adults [146]. For example, acetaminophen 
analgesia appears similar in both neonates and children 
[147]. The perception that drug effects differ in children 
arises because the drugs have not been adequately studied in 
pediatric populations who have size- and maturation-related 
effects as well as different diseases. Neonates and infants, 
however, often do have altered pharmacodynamics.

The minimal alveolar concentration (MAC) for almost all 
anesthetic vapors is less in neonates than in infancy, which is 
in turn greater than that observed in children and adults [33]. 
MAC of isoflurane in preterm neonates less than 32 weeks 
gestation was 1.28 %, and MAC in neonates 32–37 weeks 
gestation was 1.41 % [148]. This value rose to 1.87 % by 6 
months before decreasing again over childhood [148]. The 
cause of these differences is uncertain and may relate to mat-
uration changes in cerebral blood flow, gamma-aminobutyric 
acid (GABAA) receptor numbers, or developmental shifts in 
the regulation of chloride transporters. Delivery of halothane 
to neonates at a MAC suitable for adults contributed to 
bradycardia and increased mortality in neonates [149].

The dose of thiopentone varies with age, e.g., 3.4 mg/kg in 
neonates, 6.3 mg/kg in infants, and 4.5 mg/kg in children 4–7 
years [150, 151]. It remains uncertain whether altered phar-
macokinetics or pharmacodynamic responses explain the 
reduced dose requirements in neonates. The effect site con-
centration of thiopentone for induction of anesthesia in neo-
nates may be less than that in infants because the neonate has 
relatively immature cerebral cortical function, rudimentary 
dendritic arborizations, and relatively few synapses, but there 
are no studies to support or refute this premise.

Neonates have an increased sensitivity to the effects of 
NMBDs [121]. The reason for this is unknown but it is con-
sistent with the observation that there is a threefold reduction 
in the release of acetylcholine from the infant rat phrenic 
nerve [152, 153]. The increased volume of distribution, how-
ever, means that a single NMBD dose is the same as the older 
child; reduced clearance prolongs duration.

Cardiac calcium stores in the endoplasmic reticulum are 
reduced in the neonatal heart because of immaturity. 
Exogenous calcium has greater impact on contractility in
this age group than in older children or adults. Conversely, 
calcium channel blocking drugs (e.g., verapamil) can cause 
life-threatening bradycardia and hypotension [154]. There 
are some data to suggest greater sensitivity to warfarin in 
children, but the mechanism is not determined [155]. Amide 
local anesthetic agents induce shorter block duration and 
require a larger weight-scaled dose to achieve similar derma-
tomal levels when given by subarachnoid block to infants. 
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This may be due, in part, to myelination, spacing of nodes of 
Ranvier, and length of nerve exposed as well as size factors 
and cerebrospinal fluid volume changes with age. There is an 
age-dependent expression of intestinal motilin receptors and 
the modulation of gastric antral contractions in neonates. 
Prokinetic agents may not be useful in very preterm infants, 
partially useful in older preterm infants, and useful in full-
term infants. Similarly, bronchodilators in infants are inef-
fective because of the paucity of bronchial smooth muscle 
that can cause bronchospasm.

�Measurement of PD Endpoints

Outcome measures are more difficult to assess in neonates 
and infants than in children or adults. Measurement tech-
niques, disease and pathology differences, inhomogeneous 
groups, recruitment issues, ethical considerations, and end-
point definition for establishing efficacy and safety confuse 
data interpretation [156].

Common effects measured include anesthesia depth, pain, 
and sedation and neuromuscular blockade. A common effect 
measure used to assess depth of anesthesia is the electroen-
cephalogram or a modification of detected EEG signals
(spectral edge frequency, bispectral index [BIS], entropy). 
Physiological studies in adults and children indicate that 
EEG-derived anesthesia depth monitors can provide an
imprecise and drug-dependent measure of arousal. Although 
the outputs from these monitors do not closely represent any 
true physiological entity, they can be used as guides for anes-
thesia and in so doing have improved outcomes in adults. In 
older children, the physiology, anatomy, and clinical obser-
vations indicate the performance of the monitors may be 
similar to that in adults. In infants their use cannot yet be 
supported in theory or in practice [157, 158]. During anes-
thesia, the EEG in infants is fundamentally different from the
EEG in older children; there remains a need for specific
neonate-derived algorithms if EEG-derived anesthesia depth
monitors are to be used in neonates [159, 160].

New monitoring devices continue to be investigated. For 
example, a mid-latency auditory evoked potential-derived 
index of depth of hypnosis was recently investigated, but 
found inferior to BIS for differentiating different levels of 
sedation [161]. Alternative EEG signal-processing devices
show promise and have been used to deliver closed-loop 
anesthesia [162].

The Children’s Hospital of Wisconsin Sedation Scale 
[163] has been used to investigate ketamine in the emergency 
department [164]. However, despite the use of such scales in 
procedural pain or sedation studies, few behavioral scales 
have been adequately validated in this setting [165, 166]. 
Interobserver variability can be high [167]. The COMFORT 
sedation scale [168] is one scoring system that is finding 

increasing usefulness in the pediatric intensive care setting. 
It is well validated [169], appears useful in different cultures, 
and has even been extended to premature neonates [170] and 
children with Trisomy 21 [171]. Changing patterns of drug 
use and reconsideration of what constitutes important 
adverse events may result in new definitions of the sedation 
continuum [172, 173]. Unfortunately, most pain scores are 
validated for the acute, procedural setting and perform less 
for subacute or chronic pain or stress. Postoperative nausea 
is difficult to quantify in neonates and infants who cannot 
verbalize; this makes comparison with adult postoperative 
nausea and vomiting scales tenuous.

�Population Modeling

Mathematical models describe complex systems in simple 
terms, enabling us to describe, predict, and explain observa-
tions. Pharmacokinetic (PK) and pharmacodynamic (PD) 
models are used to improve pediatric anesthetic and sedation 
management. They quantify the exposure–response relation-
ship, often providing clarity and insight into complex systems 
as well as a mechanistic understanding of the drug effect. 
Dose selection can be rationalized. Models may enable 
extrapolation beyond observed data. Modeling is a knowl-
edge management tool; it captures and integrates data from 
all studies. Models can also be used for hypothesis testing and 
can drive decision-making during drug development.

Population PK and PD modeling using nonlinear mixed 
effects models has had enormous impact in adult anesthetic 
pharmacology. This methodology has particular applicability 
in children where the blood volume available for sampling is 
limited. Sparse data from multiple subjects can be used. 
Sampling times are not crucial for population methods and can 
be fitted around clinical procedures or outpatient appointments. 
Sampling time bands rather than exact times are equally effec-
tive and allow flexibility in neonates. Sampling cannulae used 
for PK studies may block or tissue, parents may refuse repeat 
sampling, and repeat venipuncture is frowned upon. Missing 
data, however, can still be used in a pediatric population 
analysis. Data from different studies can be pooled [174, 175].

�The Target Concentration Approach

The goal of treatment is the target effect. (Refer to Chap. 31.) 
A pharmacodynamic model is used to predict the target con-
centration given a target effect. Population estimates for the 
PD model parameters and covariate information are used to 
predict typical PD values in a specific patient. Population 
estimates of PK model parameter estimates and covariate 
information are then used to predict typical PK values in a 
typical patient. For example, a dexmedetomidine steady-state 
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target concentration of 0.6 μg/L may be achieved with an 
infusion of 0.33  μg/kg/h in a neonate, 0.51  μg/kg/h in a 
1-year-old, and 0.47 μg/kg/h in an 8-year-old [109]. This tar-
get concentration strategy is a powerful tool for determining 
clinical dose [176]. Monitoring of serum drug concentrations 
and Bayesian forecasting may be used to improve dosing in 
individual patients.

This target effect approach is intrinsic to pediatric anes-
thetists using target-controlled infusion systems. These 
devices target a specific plasma or effect site concentration in 
a typical individual, and this concentration is assumed to 
have a typical target effect. The target concentration is one 
that achieves target therapeutic effect (e.g., anesthesia or a 
sedation level) without excessive adverse effects (e.g., hypo-
tension). Effect monitoring (e.g., BIS) can be used to refine
the target effect.

�Pharmacokinetic Models

Compartment models dominate the sedative and analgesic 
literature. Standard compartment models may be unable to 
accurately describe drug concentrations immediately after 
bolus administration of an anesthetic induction agent because 
mixing in the central compartment is not instantaneous, 
making it difficult to model the fast blood-to-brain concen-
tration equilibrium [177], and pulmonary uptake may also 
occur [178]. Recirculatory models help explain these early 
phase PK [179]. Such models have proved valuable deter-
mining anesthetic induction doses [180] and NMBD phar-
macodynamics [181]. Physiologically based pharmacokinetic 
(PBPK) modeling has been used to assist with first-time dos-
ing in children. A general PBPK model for drug disposition 
in infants and children, covering the age range from birth to 
adulthood, has been successfully evaluated using theophyl-
line and midazolam as model drugs [60].

A single compartment is often insufficient to characterize 
the time-concentration profile, and further compartments are 
required (mammillary models). Drug is administered into a 
central compartment (V1) and redistributes to peripheral
compartments (V2, V3, etc.; Fig. 11.4a). In a two-
compartment model, transfer of drug between the central and 
peripheral compartment is relatively fast compared with the 
rate of elimination. Such models can be applied to both intra-
venous and inhalational drugs. The anesthetic conserving 
device (AnaConDa) delivering sevoflurane has also been 
described using compartment models [182]. A plot of the 
natural log of concentration after bolus reveals two distinct 
slopes (rate constants, α[alpha] and β[beta], Fig.  11.4b). 
Consequently the time-concentration profile is commonly 
described using a polyexponential function:

	
C t A Bt t( ) = × + ×- × - ×e ea b 	

These polyexponential parameters have little connection 
with underlying physiology, and an alternative parameteriza-
tion is the use of a central volume and three rate constants 
(k10, k12, k21) that describe drug distribution between 
compartments. Another common method is to use two vol-
umes (V1, V2) and two clearances (CL, Q). Q is the inter-
compartment clearance.

Students are commonly taught to estimate compartment 
model PK parameters through interpretation of graphs repre-
senting time-concentration profiles. Conversion of concen-
tration to a log scale allows estimation of elimination 
constants and compartment volumes (Fig. 11.4c). Integration 
of the function describing this profile yields an AUC (area 
under the curve), from which CL can be determined:

	 CL Dose AUC= / 	

Computers have made the use of nonlinear regression to 
directly estimate parameters through iterative techniques 
using least squares curve fitting. Models with two or more 
compartments are now commonly solved using differential 
equations.

Parameter estimates (CL, Q, V1, V2) can be used to predict 
dose. A loading dose raises concentration in the plasma to 
target concentration promptly and may be desirable in anes-
thesia when rapid effect is required. In a one-compartment 
model, the volume of distribution is the proportionality fac-
tor that relates total amount of drug in the body to plasma 
concentration (TC = target concentration):

	 Loadingdose TC= V . 	

This calculation may not be applicable to many sedative 
drugs that are characterized using multi-compartment mod-
els. The use of V1 results in a loading dose too high; too high 
a dose may cause transient toxicity.

An alternative technique is to use the target effect dose. 
The time to peak effect (Tpeak) is dependent on clearance and 
effect site equilibration half-time (T1/2keo). At a submaximal 
dose, Tpeak is independent of dose. At supramaximal doses, 
maximal effect will occur earlier than Tpeak and persist for 
longer duration. The Tpeak concept has been used to calculate 
optimal initial bolus doses [183].

Clearance is the most important parameter when defining 
a rational steady-state dosage regimen. At steady state:

Dosing ratess = rate of eliminationss = CL ⋅ TC
When a drug is given intermittently:

	 Dosing rate = maintenance dose dosing interval´ 	

When a drug is given by constant infusion:

	 Infusion rate dosing ratess ss= 	

Once the target concentration of a drug is defined, the infu-
sion rate is determined by CL at steady state. Many sedative 
drugs distribute to peripheral compartments and steady state may 
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not be achieved during the time of infusion. Dose adjustment 
is required to achieve constant effect until steady-state condi-
tions are reached.

Propofol PK are usually described using a three-
compartment mammillary model. In order to achieve steady 
state, 3 μg/mL in children 3–11 years, dosing changes are 
required, e.g., a loading dose of 2.5 mg/kg followed by an 
infusion rate of 15 mg/kg/h for the first 15 min, 13 mg/kg/h 
from 15 to 30 min, 11 mg/kg/h from 30 to 60 min, 10 mg/
kg/h from 1 to 2  h, and 9  mg/kg/h from 2 to 4  h. Target-
controlled infusion (TCI) pumps are capable of fine-tuning 
by making adjustments at 10 s intervals [184].

The PK of drug disposition confined to a one-compartment 
model is often expressed in terms of half-life. Half-life (T1/2) 
is the time required to change the amount of drug in a body 
compartment by one-half:

	
T1 2 2/ = ( ) ×In

V

CL 	

This half-life is related to the elimination rate constant (k), 
a parameter representing the slope of the exponential decay 
curve:

	
k =

CL

V 	

Elimination half-life is of no value in characterizing disposi-
tion of intravenous anesthetic drugs with multiple compart-
ments during dosing periods relevant to anesthesia. A more 
useful concept is that of the context-sensitive half-time 
where “context” refers to infusion duration. This is the time 
required for the plasma drug concentration to decline by 
50 % after terminating infusion [185]. The context-sensitive 
half-time is the same as the elimination half-life for a one-
compartment model and does not change with infusion 
duration.

Context-sensitive half-time may be independent of infu-
sion duration (e.g., remifentanil 2.5  min), moderately 
affected (propofol 12 min at 1 h, 38 min at 8 h), or display 

Fig. 11.4  (a) A mammillary two-compartment PK model with additional compartment for effect. (Reprinted with permission from Anderson 
BJ. Pediatric models for adult target-controlled infusion pumps. Paediatr Anaesth 2010 Mar;20(3):223-32.) (b) Time-concentration profile for a 
two-compartment model. (c) Conversion of concentration to a log scale allows estimation of elimination constants and compartment volumes
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marked prolongation (e.g., fentanyl 1  h at 24  min, 8  h at 
280 min). This is due to return of drug to plasma from periph-
eral compartments after ceasing infusion. Peripheral com-
partment size differs in children from adults, so that at 
termination of infusion, more drug may remain in the body 
for any given plasma concentration than in adults. The 
context-sensitive half-time for children given propofol, for 
example, is longer [184]. The context-sensitive half-time 
gives insight into PK of a hypnotic drug, but the parameter 
may not be clinically relevant because the percentage 
decrease in concentration required for recovery is not neces-
sarily 50 %.

�Pharmacodynamic Models

Pharmacokinetics is what the body does to the drug, while 
pharmacodynamics is what the drug does to the body. The 
precise boundary between these two processes is ill defined 
and often requires a link describing movement of drug from 
the plasma to the effect site and its target. Drugs may exert 
effect at nonspecific membrane sites, by interference with 
transport mechanisms, by enzyme inhibition or induction, or 
by activation or inhibition of receptors.

The Sigmoid Emax Model
The relation between drug concentration and effect may be 
described by the Hill equation (see maturation model above), 
well known to anesthesiologists through the oxygen disso-
ciation curve [84], according to the equation:

	

Effect
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N
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where E0 is the baseline response, Emax is the maximum effect 
change, Ce is the concentration in the effect compartment, 
EC50 is the concentration producing 50 % Emax, and N is the 
Hill coefficient defining the steepness of the concentration–
response curve. Efficacy is the maximum response on a dose
or concentration–response curve. EC50 can be considered a 
measure of potency relative to another drug, provided N and 
Emax for the two drugs are the same. A concentration–
response relationship for acetaminophen has been described 
using this model. An EC50 of 9.8 mg/L, N = 1, and an Emax of 
5.3 pain units (VAS 0–10) was reported [186]. Midazolam 
PD in adults has been similarly defined using EEG response
[187, 188]. Adverse effects can also be described using this 
model; the reduced cardiac output observed as dexmedeto-
midine concentration increases has been expressed using a 
sigmoid Emax model with a EC50 of 2.4 μg/L and N 3.15 [117]. 
Blood pressure changes in children given dexmedetomidine 
have also been described using Emax models [189].

Quantal Effect Model
The potency of anesthetic vapors may be expressed by MAC 
(minimum alveolar concentration), and this is the concentra-
tion at which 50 % of subjects move in response to a standard 
surgical stimulus. MAC appears at first sight to be similar to 
EC50, but is an expression of quantal response rather than 
magnitude of effect. There are two methods of estimating 
MAC.  Responses can be recorded over the clinical dose 
range in a large number of subjects and logistic regression 
applied to estimate the relationship between dose and quan-
tal effect; the MAC can then be interpolated. Large numbers 
of subjects may not be available and so an alternative is often 
used. The “up-and-down” method described by Dixon [190, 
191] estimates only the MAC rather than the entire sigmoid 
curve. It involves a study of only one concentration in each 
subject and, in a sequence of subjects, each receives a con-
centration depending upon the response of the previous sub-
ject; the concentration is either increased if the previous 
subject did not respond or decreased if they did. The MAC is 
usually calculated either as the mean concentration of equal 
numbers of responses and no-responses or is the mean con-
centration of pairs of “response-no response.” This method 
has also been applied to drugs other than inhalation vapors, 
e.g., local anesthesia dose for spinal block [192, 193].

Logistic Regression Model
When the pharmacological effect is difficult to grade, then it 
may be useful to estimate the probability of achieving the 
effect as a function of plasma concentration. Effect mea-
sures such as movement/no movement or rousable/non-
rousable are dichotomous. Logistic regression is commonly 
used to analyze such data, and the interpolated EC50 value 
refers to the probability of response. For example, an EC50 
of 0.52 mg/L for arousal after ketamine sedation in children 
has been estimated using this technique [164].

�Linking PK with PD

A simple situation in which drug effect is directly related to 
concentration does not mean that drug effects parallel the 
time course of concentration. This occurs only when the 
concentration is low in relation to EC50. In this situation, the 
half-life of the drug may correlate closely with the half-life 
of drug effect. Observed effects may not be directly related 
to serum concentration. Many drugs have a short half-life 
but a long duration of effect. This may be attributable to 
induced physiological changes (e.g., aspirin and platelet 
function) or may be due to the shape of the Emax model. If 
the initial concentration is very high in relation to the EC50, 
then drug concentrations 5 half-lives later, when we might 
expect minimal concentration, may still exert considerable 
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effect [74]. There may be a delay due to transfer of the drug 
to effect site (NMBD), a lag time (diuretics), physiological 
response (antipyresis), active metabolite (propacetamol), or 
synthesis of physiological substances (warfarin).

A plasma concentration–effect plot can form a hysteresis 
loop because of this delay in effect. Hull [194] and Sheiner 
[195] introduced the effect compartment concept for muscle 
relaxants. The effect compartment concentration is not the 
same as the blood or serum concentration and is not a real 
measurable concentration. It has negligible volume and con-
tains negligible blood. A single first order parameter (T1/2keo) 
describes the equilibration half-time. This mathematical trick 
assumes concentration in the central compartment is the same 
as that in the effect compartment at equilibration, but that a 
time delay exists before drug reaches the effect compartment. 
The concentration in the effect compartment is used to 
describe the concentration–effect relationship [196].

Adult T1/2keo values are well described, e.g., morphine 
16 min, fentanyl 5 min, alfentanil 1 min, and propofol 3 min. 
This T1/2keo parameter is commonly incorporated into TCI 
pumps in order to achieve a rapid effect site concentration. 
The adult midazolam T1/2keo of 5 min [197] may be prolonged 
in the elderly [198, 199], resulting in overdose if this is not 
recognized during dose titration.

Onset of drug effect is quicker with decreasing age. We 
might expect a shorter propofol T1/2keo with decreasing age 
based on size models [200], and this is exactly what has been 
described by Jeleazcov et al. [201]. Similar results have been 
demonstrated for sevoflurane and BIS [202]. If unrecog-
nized, this will result in excessive dose in a young child if the 
effect site is targeted and peak effect (Tpeak) is anticipated to 
be later than it actually is because it was determined in a 
teenager or adult. Unfortunately, integrated PKPD studies in 
children are lacking. Available pediatric propofol T1/2keo val-
ues have been determined by application of published PK 
data to PD observations only [203–205].

�Adverse Effects

Neonates and young children may suffer permanent effects 
resulting from a stimulus applied at a sensitive point in 
development. For example, congenital hypothyroidism, if 
untreated, causes lifelong phenotypic changes. The inci-
dence of vaginal carcinoma is high in children of mothers 
treated with stilboestrol during pregnancy [206]. There are 
concerns that neonatal exposure to some anesthetic agents 
(e.g., ketamine, midazolam) may cause widespread neuronal 
apoptosis and long-term memory deficits [207, 208].

Anesthesia, analgesia, or sedation generally involves 
examination of immediate adverse effects such as PONV,
hypotension, or respiratory depression. A dose–response 
curve for intravenous morphine and vomiting was investigated 

in children having day-stay tonsillectomy. Doses above 
0.1  mg/kg were associated with a greater than 50  % inci-
dence of vomiting [209]. These data are similar to those in 
children undergoing inguinal herniorrhaphy [210], suggest-
ing that lower doses of morphine are associated with a 
decreased incidence of emesis after day-stay surgery, and 
encourage the use of alternative analgesic drugs.

Therapeutic use of drugs balances beneficial effects 
against adverse effects. Adverse effects, however, may be 
simply consequent upon a poor understanding of pharmaco-
kinetics. Propofol infusion dose in neonates, if based on 
adult dose (mg/kg/h), will overdose and cause hypotension; 
propofol infusion dose in 1–2-year-olds (where clearance is 
increased expressed as mg/kg/h) may underdose and result in 
awareness. Morphine dose in the very young was tradition-
ally limited by fears of respiratory compromise; postopera-
tive arterial oxygen desaturation continues to be reported 
with sedative drugs in neonates [211]. These are a result of 
poor pharmacokinetic understanding. However, there are 
also pharmacodynamic differences. Premature neonates are 
more prone to apnea. Sympathetic–parasympathetic tone is 
immature in neonates, and the use of propofol in neonates 
has recently been associated with profound hypotension 
[212], questioning our understanding of the dose–effect rela-
tionships of this common drug [213]. Such information 
allows informed dosing.

�Drug Interactions

Drug interactions can increase or decrease response medi-
ated through either PK or PD routes. Phenobarbitone induces 
a number of other pathways responsible for drug clearances, 
e.g., CYP1A2, CYP2C9, CYP2C19, CYP3A4, and UDP-
glucuronosyltransferase (UGT) [214]. Ketamine in humans 
is metabolized mainly by CYP3A4. The steep concentra-
tion–response curve described for ketamine [164] means that 
small changes in the plasma concentration attributed to 
increased clearance can have dramatic impact on the degree 
of sedation [215].

An increase in the T1/2keo of d-tubocurarine with increasing 
inspired halothane concentrations has been demonstrated 
[216]. Halothane is a negative inotrope [217] and reduces 
skeletal muscle blood flow [218], so it seems reasonable to 
interpret changes in T1/2keo as due to changes in blood flow. 
Inhalation anesthetic agents can also prolong duration of 
block and this effect is agent specific. Sevoflurane potentiated 
vecuronium more than halothane; when compared to bal-
anced anesthesia, the dose requirements of vecuronium were 
reduced by approximately 60 % and 40 %, respectively [219].

Anesthetic drug interactions traditionally have been char-
acterized using isobolographic analysis or multiple logistic 
regression. Minto et al. [220] have proposed a model based 
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on response surface methodology. Computer simulations 
based on interactions at the effect site predicted that the max-
imally synergistic three-drug combination (midazolam, pro-
pofol, and alfentanil) tripled the duration of effect compared 
with propofol alone. Response surfaces can describe anes-
thetic interactions, even those between agonists, partial ago-
nists, competitive antagonists, and inverse agonists [220].

Synergism between propofol and alfentanil has been 
demonstrated using response surface methodology. 
Remifentanil alone had no appreciable effect on response to 
shaking and shouting or response to laryngoscopy while pro-
pofol could ablate both responses. Modest remifentanil con-
centrations dramatically reduced the concentrations of 
propofol required to ablate both responses [221]. When com-
paring the different combinations of midazolam, propofol, 
and alfentanil, the responses varied markedly at each end-
point assessed and could not be predicted from the responses 
of the individual agents [222]. Similar response surface 
methodology has been taken for investigation of the com-
bined administration of sevoflurane and alfentanil [223] and 
remifentanil and propofol [224] on ventilation control. These 
combinations have a strikingly synergistic effect on respira-
tion, resulting in severe respiratory depression in adults. 
These synergistic associations can be extended to pediatric 
sedation techniques. It is little wonder that the use of three or 
more sedating medications compared with one or two medi-
cations was strongly associated with adverse outcomes [7].

“Ketofol” is a mixture of ketamine and propofol (1:1) that 
is finding a niche for procedural sedation in the emergency 
room. Stable hemodynamics, analgesia, and good recovery are 
reported [225]. The additive interaction for anesthesia induc-
tion in adults has been reported [226], but not for continued 
sedation. It is probable that the “ideal mix” for sedation will 
depend on the duration of sedation required [227]. The con-
text-sensitive half-time of ketamine increases with infusion 
duration, probably resulting in delayed recovery [228]. 
Ketamine, added to dexmedetomidine, mitigates sinus and 
atrioventricular nodal dysfunction [229]. (Refer to Chap. 9.)

�Defining Target Concentration

An effect site target concentration has been estimated for 
many drugs used in anesthesia, analgesia, and sedation. For 
example, a propofol target concentration of 3 mg/L in a typi-
cal patient can be achieved using preprogrammed target-
controlled infusion devices. A BIS monitor can then be used 
to manually adjust infusion rate to achieve a desired target 
effect in the specific individual. The luxury of such a feed-
back system is not available for most drugs. Sedation doses 
using scales such as that of Ramsey [230] are harder to quan-
tify and are further modified by drug interactions. The ED50 
of propofol hypnoses in adult females is reduced from 1.1 to 
0.63 mg/kg in the presence of ketamine 0.21 mg/kg.

A target concentration of 10 μg/L is used for morphine 
analgesia. Observations in children after cardiac surgery 
suggested that steady-state serum concentrations greater 
than 20 mg/L resulted in hypercarbia (PaCO2 > 55 mmHg) 
and depressed CO2 response curve slopes. During washout, 
morphine concentrations more than 15  μg/L resulted in 
hypercarbia in 46  %, whereas concentrations less than 
15 μg/L were associated with hypercarbia in 13 % of chil-
dren. No age-related differences in respiratory effect were 
seen in these studies at the same serum morphine concentra-
tion [66]. Observation or self-reporting pain scales are used 
as part of the feedback loop for dose incremental changes.

The target concentration may vary, depending on the 
desired target effect. The target concentration for ketamine 
analgesia (0.25 mg/L) is quite different from that of anesthe-
sia (2 mg/L) [231].

�Conclusion

Children can be considered as small adults; size factors 
alone can explain many differences between children and 
adults. Neonates are developing children; maturation pro-
cesses over the first few years of life have dramatic impact 
on both pharmacokinetics (PK) and pharmacodynamics 
(PD). Size, age, and organ function models can be used to 
characterize PK changes in the pediatric population. 
Although PD differences between neonates and children are 
recognized, there is little information describing maturation 
of these PD differences. Achievement of a target effect with 
minimal adverse effect is the key to anesthetic, analgesic, 
and sedation drug use. Pharmacodynamic models are useful 
tools to identify a target effect and concentration at which 
that occurs. Pharmacokinetic models, in turn, point to dos-
ing that will achieve that target concentration. The popula-
tion approach to modeling has proven beneficial to exploring 
PKPD differences in children. The impact of other drugs, 
active metabolites, stereoisomer interactions, and pharma-
cogenomics on the concentration–response relationship 
remains undefined for many drugs.

An understanding of PK and PD of drugs commonly used 
in children of all ages is vital for sensible sedation regimens. 
Simple infusion regimes for morphine, targeting a plasma 
concentration of 10 μg/L, that vary with age have been pro-
posed [127]. Ketamine regimens that target an effect (e.g., 
arouses slowly to consciousness with sustained painful stim-
ulus) are reported [232]. Target-controlled infusion pumps 
are dependent on an accurate knowledge of PK and PD 
parameters. Currently this technique is unavailable for even 
propofol and remifentanil in infants under 2 years of age 
because such information is lacking. Once this information 
is available, it will be possible to program these TCI pumps 
to deliver any adequately investigated drug to any specific 
target concentration in either plasma or effect site [83]. 
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However, even with a good knowledge of PK and PD 
parameter estimates, there remains considerable between 
patient variability of both PK and PD parameters. This vari-
ability can result is some patients not achieving the desired 
sedation level because they are “too light” or “too deep.” 
Concentration monitoring (e.g., propofol in expired breath) 
may reduce target concentration scatter attributable to PK 
parameter variability. Infusions can be increased or decreased 
to achieve the desired target. Unfortunately, the concentra-
tion–response curve is also associated with considerable 
variability, and target effect monitoring (e.g., modified EEG
signaling) can be used to further modulate drug delivery for 
the individual. Modified EEG signaling and feedback loops
that automatically regulate infusion rates to achieve desired 
effect are already available in adult practice and widely used 
for propofol. Children should not be denied similar levels of 
sophistication. This level of sophistication will only come 
once we have elucidated and understood pediatric PK and 
PD and the factors that contribute to their variability (e.g., 
age, size, pharmacogenomics).
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        Introduction 

 Sedation is the safe and effective administration of drugs that 
relieve anxiety and reduce pain. The aim of any sedation ser-
vice is to make the patient as comfortable as possible, while 
monitoring the patient continuously, so that the procedure 
can be accomplished in a completely safe environment. The 
billing for sedation services has to be representative of the 
actual services that the physician delivers. Most pediatric 
sedation services are hospital-based (meaning the nurses are 
employed by the hospital), so the activity of hospital- 
employed nurses cannot be included in the professional 

charges; only the actual services that the physician alone 
 performs can be utilized in billing for his/her professional 
service. Professional services should be billed by the entity 
that employs the physician. No matter whether the physician 
is in private practice or is employed by a large entity, the bill-
ing rules for professional services apply. 

 The Centers for Medicare & Medicaid Services (CMS), 
previously known as the Health Care Financing Administration 
(HCFA), is a federal agency within the United States 
Department of Health and Human Services (DHHS) that 
administers the Medicare program and works in partnership 
with state governments to administer Medicaid, the State 
Children’s Health Insurance Program (SCHIP), and health 
insurance portability standards. In addition to these pro-
grams, CMS has other responsibilities, including the admin-
istrative simplifi cation standards from the Health Insurance 
Portability and Accountability Act of 1996 (HIPAA), quality 
standards in long-term care facilities (more commonly 
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referred to as nursing homes) through its survey and certifi cation 
process, and clinical laboratory quality standards under the 
Clinical Laboratory Improvement Amendments. CMS pro-
vides health coverage for more than 100 million people in the 
United States and is charged with overseeing the delivery of 
services, improving health care quality, and controlling health 
care costs in the United States. 

 Within the CMS Medicare benefi t structure there are four 
different parts that cover specifi c services. Medicare Part A 
(Hospital Insurance) covers inpatient care in hospitals, 
skilled nursing facilities, hospice, and home health care. 
Medicare Part B (Medical Insurance) covers physician and 
other health care provider services, outpatient care, durable 
medical equipment, and some preventive services. It is 
Medicare Part B that we will be referencing throughout this 
chapter in regards to CMS reimbursement. Medicare Part C 
(Medicare Advantage) offers health plan options that are 
administered by Medicare-approved private insurance com-
panies. Medicare Advantage Plans typically offer one plan 
that combines the coverage offered from Part A, Part B and 
Part D coverage. Finally, Medicare Part D (Prescription Drug 
Coverage) was set up to assist Medicare benefi ciaries cover 
the cost of prescription medications. 

 In December of 2009, the Revised Hospital Anesthesia 
Services Interpretive Guidelines, which are issued by CMS 
for clarifi cation regarding requirements for participation for 
payment of services, clearly outlined that all services involv-
ing anesthesia must be organized under a single anesthesia 
department [ 1 ]. The memorandum specifi cally states that all 
services along the continuum of anesthesia services must be 
organized under a single anesthesia service and implemented 
in every hospital department that provides any type of anes-
thesia service. These services, which must be directed by a 
qualifi ed physician and consistently implemented in every 
hospital department, will require sedation departments to 
work closely with the hospital-based anesthesia department 
to credential providers and assess airway management skills. 

 The guidelines also specifi cally address qualifi ed provid-
ers for deep sedation and the requirements for pre- and post-
operative visits. One note of importance is the guidelines are 
specifi c in what is expected for pre-anesthesia and post- 
anesthesia evaluations to determine if the services are con-
sidered as general, regional, deep sedation, or monitored 
anesthesia care (MAC). Any of these services restrict the 
providers to only allow for a “qualifi ed” anesthesia provider 
to perform the evaluation within a 48-h window. They 
clearly defi ne qualifi ed anesthesia providers as an anesthesi-
ologist, a certifi ed registered nurse anesthetist (CRNA), or 
an anesthesia assistant (AA) within scope of practice. Their 
interpretation extends the qualifi ed providers to physicians 
who have been credentialed to deliver sedation services 
(anesthesia service privileges). These guidelines directly 
impact the way anesthesia departments will be judged when 

the CMS site visit occurs. During these site visits by the 
government agency, auditors look for elements in which to 
judge the hospital on whether they will be allowed to con-
tinue participation in the Medicare program. Hospitals will 
look to physicians to ensure that documentation meets the 
criteria sent out in the memo. While the interpretative guide-
lines are not physician payment rules, hospitals could not 
survive if they were not allowed to participate in government 
programs. Physicians do have a duty to ensure that the ser-
vices they deliver meet the guidelines expected for hospital 
participation. 

 The Interpretative Guidelines are specifi c to expecting 
only anesthesiologists to provide the medical oversight of 
CRNAs and AAs in these cases that are considered to be 
under the jurisdiction of anesthesia. These recent CMS 
guidelines are especially important for those sedation ser-
vices that use non-anesthesia providers to administer seda-
tion services. Based on these guidelines, one might conclude 
from the Interpretive Guidelines that all general, regional, 
deep sedation, and MAC should only be delivered by quali-
fi ed anesthesia professionals. Please reference the current 
CMS interpretive guidelines for anesthesia services before 
making decisions regarding qualifi ed providers [ 2 ,  3 ]. 

 The second item of importance in the Interpretive 
Guidelines is the defi nition of “immediately available.” This 
phrase has often been the center of different interpretation 
and some consternation. The transmittal states that the 
CRNA/AA must be supervised by a physician who is physi-
cally located within the same area. Although this defi nition is 
a bit restrictive as it is still vague, the intention and expecta-
tions of the government are clear. The government is expect-
ing an area to be defi ned as the same labor and delivery unit, 
the same operative suite or a procedural area, like radiology, 
gastroenterology (GI) or cardiac catheterization suite. In the 
strict defi nition, the guidelines would require a qualifi ed 
anesthesiologist to be in each area. While no specifi c men-
tion was singled out for sedation services, one could con-
clude that the physician overseeing the sedation services 
would need to remain present in the same area that the deep 
sedation services are delivered to fulfi ll the guideline. 

 While these guidelines specifi cally address the hospital’s 
participation in Medicare and Medicaid services, they have 
not been applied to Part B reimbursement methodology—the 
physician component of payment for Medicare services. 
History tells us that once applied to the hospital side of reim-
bursement, it is only a matter of time before these regulations 
make their way to physician payment rules. Physicians 
should expect that these guidelines may be applied to 
Medicare Part B reimbursement language for professional 
services in the future. 

 The American Medical Association (AMA) allows any 
physician to use any code in the CPT-4 book. The CPT-4 
reference book is the  Current Procedural Terminology  
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(CPT ® ), Fourth Edition [ 4 ]. It is published annually by the 
AMA and is a set of codes, descriptions, and guidelines 
intended to describe procedures and services performed by 
physicians and other health care providers. Each procedure 
or service is identifi ed with a fi ve-digit code. The use of CPT 
codes is recognized industry-wide and simplifi es the report-
ing of services. In addition to CPT codes, there are modifi ers 
that are appended to the codes that simply describe certain 
aspects of the service. In anesthesia, these modifi ers are 
required to explain the way the services are delivered (medi-
cal direction modifi ers) and if services are for MAC. 

 As previously stated, any physician may use any code as 
long as the services that are delivered are reported accurately. 
Documentation is critical as to the reason for the service as 
well as what was actually performed by the physician. Many 
insurance companies have policies specifi cally addressing 
the use of anesthesia codes by non-anesthesiologists. Most 
will reimburse any non-anesthesia physician’s billing for 
MAC services or those with greater depth of sedation when 
the physician bills the appropriate anesthesia code (00100- 
01999). Using these anesthesia codes, however, requires that 
the physician:
•    Perform pre-evaluation and post-evaluation services  
•   Document the anesthesia time in minutes  
•   Normally reimburse these services regardless of place of 

service  
•   Meet the requirements for MAC    

 The service documentation for MAC or deep sedation ser-
vices must mirror that of a general or regional anesthetic in 
order to be billed with the anesthesia codes. It is recom-
mended that if billing anesthesia codes, physicians should 
document in the anesthesia record format. This would 
include constant monitoring and the notation of drugs deliv-
ered on a time-sensitive record. 

 With sedation services facing fi nancial pressures, it is 
important to remember that while the AMA may allow the 
anesthesia codes to be billed by non-anesthesia providers, 
some states have regulations regarding the scope of practice 
and who may administer specifi c anesthesia drugs, such as 
propofol. Several manufacturers of the specifi c regulated 
drugs have product labeling advising that only persons 
trained in the administration of general anesthesia should be 
allowed to utilize these drugs. While it is recognized that 
many physicians are skilled in the management of critically 
ill patients and have specialty training in cardiovascular 
resuscitation and airway management, the non-anesthesia 
provider must work with the anesthesia department to develop 
policies and procedures that will best protect the patient dur-
ing sedation services. As stated previously, it is NOT the 
biller’s responsibility to determine the codes that accurately 
describe the services provided. Only the provider knows 
what services were provided during the procedure and there-
fore it is their responsibility to determine the  correct code. 

The biller may assist by educating the provider on which 
codes are available, but ultimately the provider must ensure 
the selected code(s) support the services performed. 

 In order to understand how best to bill for sedation ser-
vices, it is important to fi rst evaluate the services that are 
being provided for the patient. The documentation as well as 
the actual services rendered will direct how the service can 
be coded and billed. Sedation services are coded differently, 
based on the depth of sedation given. This is a medical deci-
sion made by a provider and cannot (and should not) be 
determined by a medical coder. The provider must be spe-
cifi c in his/her documentation as to whether they are provid-
ing minimal, moderate, or deep sedation, or a general 
anesthetic.  

    Minimal Sedation 

 Minimal sedation is a drug-induced state during which 
patients respond normally to verbal commands. Although 
cognitive function and coordination may be impaired, ventila-
tory and cardiovascular functions are unaffected. If providing 
minimal sedation services, there is no additional payment 
allowed. There are no codes to represent the service of mini-
mal sedation. Minimal sedation is normally done under the 
direction of the surgeon and is bundled into the payment for a 
procedure. No additional payment is allowed for this service.  

    Moderate Sedation 

 Moderate sedation is a drug-induced depression of con-
sciousness during which patients respond purposefully to 
verbal commands, either alone or accompanied by light tac-
tile stimulation. No interventions are required to maintain the 
patient’s airway and spontaneous ventilation is adequate. 

 Moderate sedation codes were introduced by the AMA in 
2006 to recognize services that are in between minimal seda-
tions and that of deep sedation (MAC). The services include: 
(1) a patient assessment, (2) establishment of IV access, (3) 
administrations of agents, (4) sedation maintenance, (5) 
monitoring of oxygen saturation, heart rate, and blood pres-
sure; and (6) recovery of the patient. The AMA chose to keep 
with the logic of anesthesia billing, allowing the coding to be 
billed by time. The codes require the documentation of 
“intra-service” time. As defi ned, intra-service time starts 
with the delivery of the sedation agent and ends when the 
procedure is fi nished. Time-based codes must also follow the 
general instructions related to time-based services. CPT 
instructions specifi cally address the required defi nition of 
face-to-face time with the patient and explain that a unit of 
service may not be billed until the midpoint of time is passed. 
What this means in coding moderate sedation services is that 
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the appropriate CPT code cannot be assigned unless 50 % or 
more of the time requirement is met. 

 The coding of moderate sedation services is reported by 
CPT codes 99143–99150. The actual coding is specifi c to 
the practitioner delivering the service, the age of the patient, 
the facility, and the amount of intra-service time. Surgeon 
supervision is allowed in all types of locations and requires 
an independent trained third-party person dedicated to moni-
tor the patient. In contrast, CPT codes 99148–99150 are ser-
vices provided by a second physician and are only allowed 
in a facility setting such as a hospital. The codes are specifi c 
to patients under or over the age of 5 and require it to be 
physician administered and require the physician to stay 
with the patient the entire time. Table  12.1  outlines each of 
these codes.

   Currently the Medicare system and many commercial 
carriers allow additional payment for moderate sedation as 
long as it is not for a code that includes sedation services in 
the descriptor (see CPT-4 Book, current year, Appendix G). 
At the time of this writing, the moderate sedation codes have 
been assigned a status indicator of “C” under the Medicare 
Physician Fee Schedule, designating that these services are 
carrier priced—meaning that each individual Medicare inter-
mediary determines the amount of payment appropriate for 
the service. At this time, CMS has not established relative 
value units for these services and payments vary based on the 
carrier and the region of the country. For commercial payors, 
rates range from $40 to 200 per unit, depending on the geo-
graphical area of the country and the specifi c carrier. 

 The confusion in billing for sedation services occurs 
when a separate physician delivers only a part of the sedation 
services, such as the triage, evaluation, and sedation plan fol-
lowed by his supervision of a sedation nurse. There is no 
coding reference for this type of activity. However, it is 
important for the physician to support the need for sedation 
service. For example, it is understood that in young children, 
sedation services are necessary to perform procedures. 
Careful documentation is critical in the event that at a later 

period (maybe even years later), the reviewer  disagrees with 
the necessity of having a separate physician provide the 
sedation service. Carriers may take up to 7 years to contest or 
disagree with a charge, but providers also should understand 
that if government agents believe fraud was involved, they 
may go back indefi nitely. Therefore, a well-documented 
record that explains your thought process of why sedation is 
needed is the best protection you can have in defending 
health care scrutiny.  

    Key Components of Evaluation 
and Management Services 
Documentation 

 All evaluation and management services have specifi c com-
ponents. There are seven components that assist coders in 
translating the documented work into the appropriate code 
selected, of which only three are required (key) components 
that must be documented for all visits. These three key 
 components are: (1) patient history, (2) physical examina-
tion, and (3) medical decision-making. 

 The fi rst specifi c key component is the  patient history . 
The history section contains several elements, including:
•    The chief complaint/presenting problem  
•   The history of present illness  
•   A review of systems  
•   The past medical, family, and social history of the patient    

 This history section should include the justifi cation and 
rationale for requiring a separate physician to provide the 
sedation services. 

 The second of the key components is the  physical exami-
nation . The examination documentation must contain up-to- 
date information regarding the patient’s condition at the time 
of the exam and should describe the results and fi ndings of 
body areas or organ systems that are actually examined by 
the physician during the encounter. It is specifi cally noted 
that this type of physical examination should be based on the 

   Table 12.1    Billing moderate sedation   

 99143  Moderate sedation services, provided by the same physician performing the diagnostic or therapeutic service that the 
sedation supports, requiring the presence of an independent trained observer to assist in the monitoring of the patient’s 
level of consciousness and physiological status; younger than 5 years of age, fi rst 30 min intra-service time 

 99144  Moderate sedation services, provided by the same physician performing the diagnostic or therapeutic service that the 
sedation supports, requiring the presence of an independent trained observer to assist in the monitoring of the patient’s 
level of consciousness and physiological status; age 5 years or older, fi rst 30 min intra-service time 

 99145  Each additional 15 min intra-service time 
 99148  Moderate sedation services, provided by a physician other than the health care professional performing the diagnostic 

or therapeutic service that the sedation supports; younger than 5 years of age, fi rst 30 min intra-service time 
 99149  Moderate sedation services, provided by a physician other than the health care professional performing the diagnostic 

or therapeutic service that the sedation supports; age 5 years or older, fi rst 30 min intra-service time 
 99150  Each additional 15 min intra-service time 

D.J. Slater



199

physician’s clinical judgment and directed toward that which 
is medically indicated to support the medical decision. 

 The fi nal of the three key components is the  medical deci-
sion . The medical decision is commonly referred to as “the 
thought process of the physician.” It should be a statement 
(or statements) that represent the complexity of the decision- 
making process involved in selecting a plan for the manage-
ment and delivery of sedation services. This assessment 
should include the critical elements that were considered in 
deriving the sedation plan as well as the intended depth of 
sedation required. There is not a clearly defi ned level of risk 
involved in providing sedation. The CMS guidelines best 
defi ne the degree of risk involved in making these medical 
decisions within the low to moderate decision-making cate-
gory, depending on the nature of the presenting problem(s) 
of the patient and the procedure. 

 If the evaluation and management plan of the sedation is 
performed by a provider separate from that who will be 
delivering and monitoring the sedation, it would be appropri-
ate to charge for the initial services under evaluation and 
management codes. These concurrent care services are pay-
able when the physician plays an active role in the patient’s 
treatment or the treatment plan. The medical diagnosis 
should refl ect the need for medical evaluation and manage-
ment as a necessity for the delivery of subsequent sedation 
services.  

    Deep Sedation (MAC) 

 Deep sedation is defi ned as a drug-induced depression of 
consciousness during which patients cannot be easily aroused 
following repeated or painful stimulation. The ability to 
independently maintain ventilatory function during this time 
may be impaired and assistance may be required to maintain 
the airway. 

 One cannot discuss deep sedation and MAC without 
understanding the differences. MAC is light, moderate, or 
deep sedation where the provider of MAC must be prepared 
and qualifi ed to convert to general anesthesia. Many MAC 
services do not require the delivery of any agents; although it 
is unlikely, the patient’s risk level requires them to be pre-
pared to convert to a general anesthetic. 

 Insurance companies are interested in addressing the rules 
surrounding medical necessity for the separate anesthesia 
provider as this adds to the cost of the service. The American 
Society of Anesthesiologists’ (ASA) position statement 
defi nes medically necessary services as those that alleviate 
emotional or psychological duress or pain while undergoing 
a surgical, obstetrical, or other therapeutic/diagnostic proce-
dure. The ASA supports that the level of sedation should be 
based on the medical judgment of a physician who is trained 

in anesthesia, in conjunction with the physician performing 
the procedure. The targeted level of sedation must consider 
all aspects of the patient’s health as well as the procedure to 
be performed. Many insurance companies do not recognize 
this broad defi nition and relate the medical necessity to the 
ASA status of the patient, requiring additional diagnosis 
(ICD-9 codes) to accompany the reason for the procedure to 
support the need for separate anesthesia providers. The ASA 
status is the assignment of a P code to assess the degree of a 
patient’s “sickness” or “physical state” prior to selecting the 
anesthetic or prior to performing surgery. It helps determine 
the “risk” that a patient presents, describing patients’ preop-
erative physical condition. Some insurance companies desig-
nate an ASA status of P3 or higher to justify the need of a 
separate anesthesia provider. 

 In billing an anesthesia code from the CPT-4 book, physi-
cian providers are held to the same requirements of docu-
mentation as that which is required from an anesthesia 
provider. This includes:
    1.    A preoperative assessment that would review abnormali-

ties of the major organ systems   
   2.    An airway assessment   
   3.    A history of any previous experience with sedation or 

anesthetics   
   4.    A review of drug allergies and current medications   
   5.    A review of tobacco, alcohol, or substance abuse   
   6.    The time and nature of last oral intake   
   7.    Assignment of the ASA physical status     

 During the actual medical procedure, the appropriate 
monitoring must be performed and would include:
    1.    Heart rates   
   2.    Oxygenation   
   3.    Respiratory frequency and adequacy of pulmonary 

ventilation   
   4.    Blood pressure and cardiac monitoring     

 Vital signs should be documented at 5-min intervals. 
 A post-anesthesia assessment recording physiological 

status, mental status, and a pain level should be recorded 
prior to transferring care to post-anesthesia care unit person-
nel. The medical record should document that the patient 
was discharged from the recovery area only after meeting 
clinical criteria approved by the department of anesthesia or 
an anesthesiologist.  

    General, Regional, and Monitored 
Anesthesia Care 

 Billing done for anesthesia services allows the assignment of 
base units added to time units, usually assigned in 15-min 
increments, and then adding modifying circumstances or 
physical status units. The ASA base units are assigned to 
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every surgical CPT code and refl ect the diffi culty of the anes-
thesia services, including the usual preoperative and postop-
erative care. The CPT procedure code is cross-walked to the 
appropriate anesthesia code based on region of the body, 
technique, and the age of the patient. Unlike with other 
 specialties, anesthesia can only bill for a single procedure, 
even when multiple procedures are performed at the same 
setting. In these circumstances, the anesthesia may be billed 
for the procedure with the highest unit value. After the selec-
tion of base units has been established, anesthesia time is 
calculated and added to the base units. Anesthesia time starts 
when the provider begins to prepare the patient for anesthe-
sia care in the operating room or equivalent area and ends 
when the patient is safely placed in the care of the post-anes-
thesia care unit. The total number of minutes is then divided 
by a number that is customary in the local area, which in 
most areas of the country is 15 min. This will convert the 
minutes into units that are then added to the base unit value. 
Qualifying circumstances and physical status modifi ers carry 
a base unit value in certain circumstances. Patients with 
severe systemic disease or cases that meet the defi nition of 
qualifying circumstances may be allowed to add extra units. 
It is best to consult the ASA Current Year Relative Value 
Guide to establish billing for units. 

 In some circumstances, the insurance carrier may require 
“modifi ers” that are meant to defi ne “who provided the ser-
vice” and, with other special modifi ers, occasions when the 
services were MAC. Modifi ers are simply additional two- digit 
codes that tell the carriers specifi c things about the anesthesia 
service. The fi rst modifi ers appended to the anesthesia service 
are termed as medical direction modifi ers.  Only anesthesiolo-
gists are allowed to direct qualifi ed anesthesia personnel and 
provide multiple services at one time . The AA modifi er desig-
nates that the physician alone provided the service. The QK 
modifi er would represent medical direction services of a 
CRNA, AA, anesthesia resident/trainee or SRNA, and, if 
appropriate, would have a matching claim from those provid-
ers with the QX modifi er. 

 When providing MAC, the second set of modifi ers 
appended on the claim form should identify the MAC service 
with one of the following informational modifi ers:
•    QS: designates MAC  
•   G8: designates the MAC services are necessary because 

the procedure is noted as deep, complex, complicated, or 
markedly invasive  

•   G9: designates the MAC services are necessary because 
the patient has a personal history of cardiopulmonary 
disease    
 The fi nal modifi ers that may be appended would be the 

physical status modifi ers denoting the condition of the 
patient. These are outlined in the CPT-4 instructions and all 
start with P.  

    Fee for Services 

 Payment for anesthesia services is determined on a unit 
basis. Payment is not restricted to specialty designation as 
long as the services are equal in nature. Unit values vary 
from a low of a few dollars (usually those paid by state or 
government programs) to more than $100.00 per unit. 

 Contracting with commercial payors for anesthesia ser-
vices is a key element for success in a sedation program. 
Meeting with payors to explain the nature of the service and 
the allowance of non-anesthesia personnel to be paid under 
anesthesia codes are large hurdles for any sedation program. 
“Major” insurance carriers should be identifi ed and then 
addressed individually. To support reimbursement, providers 
need to keep in mind the qualifi cations of the provider, the 
medical necessity of the service, and the cost benefi t to the 
insurance company. Negotiations will require that the non- 
anesthesiologists demonstrate that they can provide the same 
level of care as the local anesthesiologists and that the care is 
medically necessary for the safety of the patient. The impor-
tant thing for providers to remember is that quality of care is 
always assumed by insurance executives. 

 Payment for moderate sedation codes as well as evalua-
tion and management codes are based on a fl at fee service. 
These reimbursement amounts vary greatly by payor. Most 
non-governmental carriers will base reimbursement as a per-
centage of the Medicare Resource Based Relative Value 
System (RBRVS) reimbursement system. RBRVS is a pay-
ment methodology that was developed for the government 
back in 1988. RBRVS assigns a relative value to each proce-
dure, which is then adjusted by geographic region. That 
value is then multiplied by a conversion factor, which 
changes every year, to determine the amount of payment. 
Management personnel should carefully evaluate reimburse-
ment and negotiate rates with payors in order to refl ect a fair 
and appropriate payment for the intensity and time required 
for the sedation services rendered.  

    Physician Quality Measure Reporting 

 There are category II codes in the CPT-4 book that coincide 
with the quality initiatives that have been developed by the 
CMS. The goal in reporting these codes is to decrease the need 
for clinical chart abstraction and to ease the burden on health 
care professionals in reporting the quality of patient care. 
CMS started the program in July of 2007 with incentive pay-
ments of 1.5 % for successful participation. At the time of this 
writing, the use of these codes and the program are optional 
and only for Medicare patients, although the program is sched-
uled to penalize physicians for not reporting starting in 2015. 
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 There are currently 259 measures; 138 individual quality 
measures and the remaining measures are broken down into 
12 measure groups. The codes actually describe clinical 
components that may occur during evaluation and manage-
ment services or clinical services. There are some codes that 
actually describe results from clinical laboratory, radiology, 
or other diagnostic procedures relating to patient safety pro-
cesses or refl ecting compliance with state or federal laws 
during the service. The primary resource for these measures 
is found on the CMS Website [ 5 ], but additional resources 
can be found on the AMA Website [ 6 ]. The AMA Website 
has tools that review the indicators for each measure, the 
required elements in documentation, and the exact reporting 
instructions. Participation in this program encompasses a 
physician’s entire practice. It is recommended that providers 
carefully review all of the information before selecting mea-
sures to report. 

 Physicians reporting sedation services, as discussed 
within this chapter with evaluation and management codes, 
have many reporting possibilities due to the patient history 
and examination options aligned with the evaluation and 
management codes. Popular measures reported by providers 
include reconciliation of medications, smoking status/
tobacco use, and body mass indexing. For physicians who 
personally perform the sedation services (CPT-4 codes 
99144-99150), there are no reporting options for those ser-
vices. And fi nally, for those physicians who choose to report 
MAC services, there are limited category II options. 
Currently the anesthesia codes trigger measures on the timely 
administration of antibiotics and perioperative temperature 
management. Again, it is important before reporting any of 
the measures that providers thoroughly understand which 
CPT codes trigger the measure, what documentation is 
required in the patient’s medical record, and how they are to 
be correctly reported.  

    Legal Consequences of Incorrect Coding/
Documentation 

 If one is to choose billing for these services as an anesthesi-
ologist, it is important to be compliant with documentation 
of billing for anesthesia time and concurrency. As defi ned, 
anesthesia time is face-to-face contact time with the patient. 
This is a concept that the enforcement agencies have paid 
particular attention to and will continue to do so. Using cir-
culating nursing records, surgeon’s operative reports, and 
post-anesthesia care unit records, auditors are able to verify 
if time reported is accurate. Concurrency again can only be 
reported by an anesthesiologist and even then close atten-
tion must be paid to exactly what services were being deliv-
ered at any one time. The government does not allow you to 

medically direct and personally perform services at any one 
given time. Knowing and understanding that an anesthesi-
ologist cannot medically direct and personally perform ser-
vices at the same time is crucial to staying out of compliance 
trouble. Deep sedation services will have the same con-
straints, remembering that one physician can only attend to 
one patient at a time. 

 No matter what specialty, the government’s activities to 
recoup monies that have been paid inappropriately will 
continue. The realization is that the government has a tre-
mendous return on fraud and abuse investment dollars and 
will continue to scrutinize services. Physicians can be 
penalized monetarily or, in some cases where fraud is 
involved, jail time, a loss of medical licensure, or exclusion 
from the Medicare and Medicaid programs prevail. It is for 
this reason that it is critical to implement compliance 
programs. 

 The implementation of a compliance program can be a 
challenge, as many physicians are still unclear as to “What 
makes an effective compliance program?” The most effec-
tive programs will have integrated the compliance into the 
day-to-day operations of the group and will incorporate the 
seven federal sentencing guidelines into simple day-to-day 
procedures. 

 The fi rst of the sentencing guidelines requires written 
policies and procedures. The policies and procedures that 
have been written for the program need to be understood by 
all members of the group. It is important that employees 
have guidance in understanding the basic concepts dis-
cussed in the plan. Plan policies could be tested and results 
kept in personnel fi les to ensure that everyone knows the 
commitment of the group to the compliance plan and the 
intention to only bill for services that are appropriately 
documented. 

 Second, the guidelines specifi cally ask that a compliance 
offi cer be designated for the group. The group must evaluate 
the performance of the compliance offi cer and while the 
compliance offi cer does not necessarily have to be a physi-
cian, it does have to be someone who has the absolute author-
ity to hire and fi re personnel. The Board should assess 
whether the compliance offi cer has suffi cient knowledge and 
education to deal with the assigned responsibilities. It would 
be important for them to judge whether appropriate auditing 
and education are being carried out to fulfi ll the requirements 
of compliance. Compliance committee minutes and pro-
cesses of handling any reported violations should be reviewed 
to ensure all issues have been dealt with and recorded as to 
corrective action. 

 Education and training of all levels of employees must be 
done according to the sentencing guidelines. Courses and 
educational materials should refl ect the important aspects 
of the group’s compliance program. Ongoing training and 
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demonstration of evaluation of knowledge should be 
recorded. Keeping accurate records of content, frequency, 
and attendees is very important in order to demonstrate edu-
cational efforts. 

 The sentencing guidelines stress open communication 
and it is considered an essential element in a compliance 
program. In today’s environment, a provider cannot possi-
bly have an effective compliance program if it receives 
minimal or no feedback from employees. Simply recording 
that there have not been any violations reported is not 
enough. A record of questions regarding policies, and any 
guidance given or research done by the compliance offi cer 
or committee, should be documented to show open lines of 
communication. 

 One of the key components of the sentencing guidelines 
stresses ongoing monitoring and auditing. Auditing, both 
internal and external, is critical to a successful compliance 
program. Frequency and the extent of the audit function 
will vary depending on the size and issues identifi ed by the 
group. Audits must not discriminate between providers and 
must address issues that are considered “hot spots” in the 
specialty. Audits should ensure that elements set forth in 
the compliance plan are being monitored and that auditing 
techniques are valid and conducted by objective reviewers. 
For example, we know sedation programs may be using 
Evaluation and Management coding to bill for services. A 
compliance professional would want to audit these ser-
vices to see if they meet the criteria for billing. If deep 
sedation programs are billing with anesthesia codes, an 
audit regarding anesthesia time, modifi ers, and documenta-
tion of the components of an anesthesia service should be 
reviewed. 

 The sixth requirement of the federal sentencing guide-
lines requires suspected violations to be thoroughly investi-
gated. When a provider learns of an issue, it is important to 
contact legal counsel to properly handle and circumvent any 
exposure to the group. If evidence exists that misconduct has 
occurred, counsel will be needed to work through the process 
of self-disclosure. 

 Finally, disciplinary action makes up the last key ingredi-
ent to the federal sentencing guidelines. Disciplinary action 
must be taken on those employees who fail to adhere to the 
group’s standards set forth in the compliance program. 
Discipline must be applied consistently between employees, 
regardless of the employee’s level in the corporation, and 
documented. Senior management must demonstrate a seri-
ous commitment to foster a climate that will require adher-
ence to all federal and state regulations. 

 In summary, compliance is an activity that must be incor-
porated into the day-to-day practices of the group. 
Government investigations will continue. All new healthcare 
legislation mentions the need for continued efforts to fi ght 
fraud and abuse. The best protection for a group is an active 
compliance program.  

    Conclusion 

 Remember, there is no single way to bill “sedation” services. 
Anesthesia/sedation services must begin with careful docu-
mentation to adequately refl ect the role of the sedation care 
provider throughout the entire sedation process. Careful con-
sideration should be used to determine the appropriate coding 
methodology. In many instances, the coding should be deter-
mined on a case-by-case basis after careful review of the doc-
umentation and nature of physician services. It is recommended 
to regularly have an independent review of documentation, 
coding, and billing in order to avoid inadvertent mistakes that 
may be audited by authorities. A coding professional can 
assist in helping ascertain accurate coding and also determine 
the best way to achieve best reimbursement for service.      

   Case Scenarios 

 The following are scenarios of how cases may need to be 
billed based on the personnel involved, the level of seda-
tion delivered, and the intensity of the service. These are 
hypothetical examples and in no way refl ect medical care: 

 A pediatric radiologist in the outpatient hospital set-
ting would like to have sedation services for the 
patient’s magnetic resonance imaging (MRI) study.
    1.    If the radiologist supervises a registered nurse (non- 

physician) giving the moderate sedation, you would 
review codes 99143–99145.   

   2.    If the radiologist requests another physician, such 
as a pediatrician, to perform the moderate sedation, 
you would review codes 99148–99150.   

   3.    If the radiologist uses the hospital sedation service, 
which is headed by the hospitalist who sees the 
patient, clears the patient for the moderate sedation 
services, and then supervises a specially trained 
registered nurse (non- physician) to administer the 
moderate sedation, the physician may only bill for 
an evaluation and management service based on the 
evaluation and management elements documented 
and the medical decision-making performed.   

   4.    If the radiologist requests that deep sedation be 
given and someone who has the credentials to 
deliver deep sedation provides the service, you 
should review the ASA code 01922 and review the 
anesthesia record for the appropriate time billing.   

   5.    If a non-anesthesiologist or anesthesiologist is able 
to provide MAC for the radiologists, you should 
review ASA code 01922 and append the QS modi-
fi er designating that it is MAC and review the anes-
thesia record for the appropriate time billing.     
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    Abstract  

  Care of hospitalized patients often requires diagnostic and therapeutic procedures. Often, 
these procedures are best done using sedation and analgesia. It is the responsibility of the 
pediatric hospitalist to either perform or arrange for these procedures. It is also the respon-
sibility of the pediatric hospitalist to guarantee that any sedation or analgesia needed to 
perform these procedures is delivered in the safest and most effective way possible. Pediatric 
hospitalists can either arrange for appropriately trained staff to deliver sedation or obtain the 
necessary skills to perform the sedations themselves.  
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        Introduction 

 The fi eld of pediatric hospital medicine has grown rapidly 
over the past two decades. The term “hospitalist” was ini-
tially defi ned in an article in the New England Journal of 
Medicine in 1996; that defi nition included spending half or 
more of one’s work in the area of inpatient care. There are 
now pediatric hospitalists on the medical staffs of most 
children’s hospitals in the United States as well as on the 
medical staffs of an ever-increasing number of community 
hospitals. 

 Since pediatric hospitalists spend a majority of their time 
caring for hospitalized patients, they are in a position to fully 
understand the clinical needs of those patients. Pediatric 
hospitalists identify the needs of patients and work within 
systems to provide appropriate care. They also work to provide 
care safely, effectively, and effi ciently. 

 Care of hospitalized patients often requires diagnostic 
and therapeutic procedures. Often, these procedures are best 
done using sedation and analgesia. It is the responsibility of 
the pediatric hospitalist to either perform or arrange for these 
procedures. It is also the responsibility of the pediatric hos-
pitalist to guarantee that any sedation or analgesia needed to 
perform these procedures is delivered in the safest and most 
effective way possible. 

 The ability to provide safe procedural sedation is a core 
skill for pediatric hospitalists, as noted in the published 
Pediatric Hospital Medicine Core Competencies in 2010 [ 1 ]. 
In a survey conducted by the Pediatric Research in Inpatient 
Settings (PRIS) Network [ 2 ], 54 % of pediatric hospitalists 
reported providing moderate and/or deep sedation. The 
survey revealed that the majority of sedation is narcotic and 
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benzodiazepine based, delivered on a hospital fl oor/ward, 
presumably at a patient’s bedside. Furthermore, there is not 
always a specifi c designated training in sedation for pediatric 
hospitalists [ 2 ] (Tables  13.1 ,  13.2 , and  13.3 ).

         Training Hospitalists to Provide Moderate 
and Deep Sedation 

 There are no national standards for the training of non- 
anesthesiologists in the practice of safe delivery of sedation. 
The training should be established locally, and once estab-
lished should be adhered to. The training should include 
evaluation of patients, establishing safe systems of care, 
decision-making on the most appropriate drugs, and ability 
to rescue patients from deeper levels of sedation than 
intended. There are different types of training that hospitalists 
use to obtain these skills. It is up to the individual hospitalist 
providing sedation to feel comfortable in their abilities to 
provide sedation, and it is up to the institutions where these 
hospitalists work to defi ne the level of training necessary to 
develop and maintain sedation skills. 

    On-the-Job Training 

 In the PRIS survey, most hospitalists who provide sedation 
reported that they received on-the-job training. The intensity 

of this training varies widely, from being involved in a few 
sedations prior to performing them independently, to very 
structured programs. It is important that hospitalists have 
defi ned training prior to performing sedations and are never 
placed in a position of performing sedations simply because 
no one else is willing to [ 3 ].  

    Residency Training 

 Exposure to and training for safe sedation practice is highly 
variable during pediatric residencies. Many pediatric resi-
dents have signifi cant exposure, and many pediatric residents 
perform sedations under direct supervision of pediatric- 
trained attendings. However, since the training is so highly 
variable, it should not be assumed that most pediatricians 
have adequate training in residency to perform sedations 
independently without further training and experience.  

    Training Under Direct Supervision 

 This is really part of on-the-job training but implies a more 
detailed and comprehensive program of gaining experience 
in safe sedation practice. This training can be done with 
anesthesiology staff or pediatricians with signifi cant experi-
ence and profi ciency in sedation. The number of directly 
supervised sedations and number performed with each drug 
used should be determined by the local institution.  

    Operating Room Time 

 This can be an important adjunct to other types of training. In 
the operating room (OR) there will likely be opportunities 
for airway management that are diffi cult to obtain elsewhere. 
This is particularly important with the concept of rescue. 
Most patients in the operating room need advanced airway 
management. Skills that can be practiced in the OR include 
maintaining airways with positioning, positive pressure ven-
tilation with a bag, laryngeal mask airway (LMA) place-
ment, and intubation. OR time allows improvement of airway 
management skills in a controlled environment. This type of 
training is not essential for everyone that is providing seda-
tion but is something that should be strongly considered.  

    Simulation Time 

 There are an increasing number of simulation labs available 
for use in sedation training, particularly in academic medical 
centers. Training in a simulation lab can be very helpful in 
training for sedation. Mannequins are becoming more and 
more sophisticated and are more closely simulating real-life 

   Table 13.1    Sedation drugs reported by those pediatric hospitalists 
providing sedation [ 2 ]   

 94 %  Opioid/benzodiazepine combination 
 70 %  Chloral hydrate 
 51 %  Ketamine 
 46 %  Pentobarbital 
 16 %  Propofol 
 6 %  Nitrous oxide 

   Table 13.2    Location of sedations [ 2 ]   

 86 %  Inpatient wards 
 24 %  Radiology departments 
 16 %  Sedation centers 
 8 %  Emergency departments 
 5 %  PICU 
 4 %  Other: endoscopy suites, EEG, 

ambulatory surgery, and infusion centers 

   Table 13.3    Sedation training [ 2 ]   

 79 %  On the job 
 71 %  Residency training 
 44 %  Training under direct supervision 
 42 %  Postresidency educational courses following 

the completion of medical training 
 19 %  Operating room sedation during 
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experiences. Simulation labs can be particularly helpful 
with management of diffi cult situations that are hopefully 
avoided in safe sedation practice on actual patients. 
Simulation can also be useful in training for rare events such 
as laryngospasm.  

    Pediatric Advance Life Support Training 

 Pediatric advanced life support (PALS) training is an impor-
tant adjunct to the provision of safe sedation. However, it 
should not be used as a proxy for adequate training for those 
that are providing sedation. PALS should be a part of a train-
ing program for safe sedation, but should never be used alone 
as adequate indication of suffi cient training to provide mod-
erate and deep sedation.  

    Ongoing Competency 

 Once a hospitalist has been trained and credentialed in the pro-
vision of safe sedation, it is important to maintain the skill and 
have a method for measuring those competencies. There are 
no set standards for the number of sedations to be completed 
on an annual basis in order to maintain competencies. Each 
institution should establish a minimum number and type of 
sedations performed on an annual basis or develop a program 
that includes other methods of maintaining skills, such as OR 
time or simulation lab time. Some drugs, such as propofol, 
should have very defi ned minimum numbers of annual seda-
tions provided by each provider in order to maintain creden-
tialing. At St. Louis Children’s Hospital, non-anesthesiologist 
providers who are  credentialed to use propofol are required to 
document 25 propofol sedations on an annual basis. This num-
ber is not meant to be a guide for others but an example of one 
institution’s decision [ 4 ,  5 ].   

    Credentialing Hospitalists to Provide 
Moderate and Deep Sedation in the United 
States 

 In the United States, most pediatric hospitalists have com-
pleted 3 years of pediatric training in a categorical pediatric 
residency. Some pediatric hospitalists have fi nished a com-
bined residency in Pediatrics and Internal Medicine, and a 
few have completed family medicine residencies. Many 
pediatric residents have some exposure to the provision of 
moderate and deep sedation during their pediatric residency, 
but the provision of moderate and deep sedation is not part of 
the core competencies in pediatric residency as recognized 
by the Accrediting Council on Graduate Medical Education 
(ACGME). The training during pediatric residencies in seda-

tion is highly variable, from very little formal training to 
several dedicated weeks in the operating room and on a seda-
tion service. Training and experience with moderate and 
deep sedation is part of the core ACGME fellowship compe-
tencies for pediatric emergency medicine and pediatric criti-
cal care medicine. 

 Each hospital should develop its own criteria for creden-
tialing physicians for the provision of moderate and deep 
sedation. The Joint Commission suggests that all individuals 
who provide moderate and deep sedation have a minimum 
level of competency based on education, training, and expe-
rience [ 6 ]. The Joint Commission outlines the following 
abilities and competencies for performing moderate and 
deep sedation:
    1.    Ability to evaluate patients before performing moderate 

and deep sedation   
   2.    Ability to perform a moderate and deep sedation, includ-

ing resuscitation of patients who move into a deeper-than- 
desired level of sedation or analgesia
    (a)    Individuals providing moderate sedation are qualifi ed 

to rescue patients from deep sedation and have the 
ability to manage a compromised airway and to pro-
vide adequate oxygenation and ventilation.   

   (b)    Individuals providing deep sedation are qualifi ed to 
rescue patients from general anesthesia and are able 
to manage an unstable cardiovascular system as well 
as compromised airway, and to provide adequate 
oxygenation and ventilation.        

  Joint Commission standards also require that “individuals 
administering moderate and deep sedation are qualifi ed and 
have the appropriate credentials to manage patients at what-
ever level of sedation is achieved, either intentionally or 
unintentionally” [ 6 ]. 

 It is up to individual institutions to develop credentialing 
standards for moderate and deep sedation. Credentialing 
standards for physicians are set through an organized medi-
cal staff structure in most hospitals. This is done through the 
medical staff by laws and rules and regulations of the hospi-
tal. Most hospitals depend on their department of anesthesi-
ology to establish the credentialing rules for the provision of 
moderate and deep sedation by non-anesthesiologists. The 
amount of education, training, and experience to provide 
privileges for the provision of moderate and deep sedation is 
an institution-by-institution decision. 

 Table  13.4  outlines the education, training, and experi-
ence necessary for moderate and deep sedation privileges at 
St. Louis Children’s Hospital in the United States. It also 
outlines the experience and training necessary for the non- 
anesthesiologists that provide scheduled sedations on the 
sedation service. It also outlines the requirements for hospi-
talists to be granted specifi c privileges for the use of propo-
fol. This information is presented as an example of a 
credentialing process.
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       Logistics of Setting Up a Hospitalist-Run 
Sedation Service 

    Staffi ng 

 The number of hospitalists needed to provide sedation ser-
vices will vary depending on the need that they are meeting. 
While some pediatric hospitalists provide sedation services 
full time, most involved in sedation services do it as one of 
several clinical responsibilities. The number of hospitalists 
needed to provide a sedation service needs to account for 
this, as well as the need to maintain a minimum number of 
sedations performed on an annual basis for competency. In 
general, pediatric hospitalists should perform a minimum of 
25–50 sedations per year to maintain skills. With less than 25 
sedations per year there should be a rigorous plan for further 
operating room time, simulation time, and supervised time. 
Further operating room time and simulation time is also an 
important part of maintaining skills for pediatric hospitalists 
who are performing more than 25 sedations per year.  

    Staffi ng Example 

 Providing a pediatric hospitalist for sedations 5 days per 
week, 10 h per day requires about 1.5 full-time equivalents 
(FTE) to staff the service. Therefore, if each pediatric hospi-
talist provides 4–5 days per month on a sedation service, four 
pediatric hospitalists would be needed to staff the service. 
Four to fi ve days per month of providing sedation generally 
establishes a good balance between maintaining sedations 
skills and the other skills important to the clinical responsi-
bilities of a pediatric hospitalist. 

 Suffi cient time needs to be planned for training prior to 
starting a sedation service. It is important to plan for operat-
ing room time, supervised sedation time, and any other activ-
ities involved in training. If you underestimate the amount of 
time that it will take to establish a program, the start date will 
be delayed and promised expectations may not be met. It is 
also important to plan for turnover of staff. It is a good idea 
to get commitment of pediatric hospitalists for a prolonged 
period after the training while recognizing that some turnover 

   Table 13.4    St. Louis Children’s Hospital (SLCH) and Washington University (WU) credentialing requirements for hospitalists providing moderate 
and deep sedation   

  Credentials required for all non-anesthesiologist medical staff  
 Successful completion of a postgraduate residency training program, approved 
by either the Accrediting Graduate Medical Education (AGME), the American 
Osteopathic Association (AOA), or the American Association of Dental Schools 
(AADS) with exposure to anesthesia and IV moderate and deep sedation including 
training in indications, contraindications, pre-sedation assessment, intra-sedation 
care, procedure monitoring, post-sedation care, and the pharmacology of sedation 
medication with associated reversal and resuscitative drugs 
 — OR — 
 If postgraduate training did not include exposure to anesthesia and sedation as 
stated above, demonstration of completion of an approved training sequence 
including both didactic and practical components that meet SLCH requirements 
and have documented clinical experience for at least 20 cases over the past 
12 months with document and quality outcomes that meet guidelines as 
established by the anesthesiologist-in-chief and St. Louis Children’s Hospital 
medical staff 
 — OR — 
 Performed at least 40 documented sedations over the prior 12 months at St. Louis 
Children’s Hospital with documented quality outcomes that meet guidelines as 
established by the anesthesiologist-in-chief and St. Louis Children’s Hospital 

  Credentials required for hospitalists on sedation service  
  Credentials required for propofol-certifi ed hospitalists 
on sedation service  

 1. St. Louis Children’s Hospital moderate and deep sedation privileges  1. St. Louis Children’s Hospital moderate and deep 
sedation privileges 

 2. Minimum of 1 year experience in SLCH/WU hospitalist program  2. Minimum of 2 years experience in SLCH/WU 
hospitalist program 

 3. Track record of strong clinical and interpersonal skills  3. Minimum of 1 year on our sedation service 
 4.  Five operating room training days, including bag valve mask ventilation, LMA 

placements, and intubation 
 4. Didactic course and simulation lab time as directed 

by the department of anesthesiology 
    5.  Documented experience with each sedative agent that will be used in our 

experience, including but not limited to ketamine, fentanyl/midazolam, 
dexmedetomidine, nitrous oxide, pentobarbital, and chloride hydrate 

    5. Ten intubations, 15 LMA placements, and 15 bag 
valve mask ventilations 

 6. Twenty-fi ve directly supervised propofol sedations 

D.W. Carlson and S.S. Mendez



211

is inevitable. Training of new personnel takes time and 
other resources that need to be accounted for in the plan-
ning stages [ 3 ].  

    Triaging Patients to Sedation by Pediatric 
Hospitalists 

 In general, pediatric hospitalists who are trained and creden-
tialed to provide sedation do so on patients with mild sedation 
risk. Sedations performed by most pediatric hospitalists do not 
include planned airway intervention. However, it is essential 
that pediatric hospitalist have the ability to rescue patients 
from a deeper-than-intended level of sedation. Most often this 
includes skills of effective positive pressure ventilation and 
direct airway management through the LMA placement or 
endotracheal tube (ETT) placement. Patients must be properly 
triaged so that those with increased risk from sedation have the 
proper personnel attending the sedation. At St. Louis Children’s 
Hospital, the conditions listed in Table  13.5  are referred to 
anesthesiologists for consultation.

   At Santa Clara Valley Medical Center (SCVMC), with a 
hospitalist- and intensivist-based sedation service, the 
comorbidities in Table  13.5  are taken in context of the proce-
dure to be performed. 

 This list is not meant to be comprehensive or complete. 
All patients should be carefully evaluated for the risk of 
needed air intervention and the ability to intervene. If there 
are any concerns about higher-than-usual risks, consultation 
with an anesthesiologist is recommended. Pediatric hospital-
ists providing sedation should be comfortable and have expe-
rience with rescue from complications of sedation, but 
should refer patients that are high risk for complications.  

    How and When Medical Evaluations Are 
Performed for Triage 

 Pediatric hospitalists provide sedations independently, and 
may also be asked to supervise sedations performed by oth-
ers, including nurses. The responsibility for evaluation of 
patients undergoing sedation belongs with the supervising 
hospitalist when one is performing the procedure personally 
and when supervising someone else. Rules and regulations 
vary by hospital, but in most cases the sedating or supervis-
ing physician needs to perform a pre-sedation evaluation. 
This is not meant to replace a requirement for a pre-sedation 
physical exam performed by the ordering physician. This 
exam is meant to be focused on the risks of performing a 
scheduled sedation. This exam needs to be scheduled with 
ample time prior to the scheduled sedation. It is important to 
have the space and equipment to properly perform this exam. 
This exam is essential to the fi nal decision-making of how 

and whether to proceed with a sedation. This exam is also 
essential in determining whether the sedation should proceed 
under the guidance of a pediatric hospitalist or whether it is 
best done by an anesthesiologist. Complication rates can 
increase when there is not ample time to evaluate patients 
immediately prior to sedation. 

 For elective sedations that allow performance of a test or 
procedure that is needed but not urgent, safety standards 
(including nil per os [NPO] times) should be carefully fol-
lowed. If issues are found at the time of a pre-sedation exam, 
the sedation should be rescheduled unless rescheduling 
could increase risk to the patient. The risks of proceeding 
must be carefully measured against the risk in delaying diag-
nosis or treatment. At St. Louis Children’s Hospital, the fol-
lowing are minimum recommendations for rescheduling 
elective sedations:
•    Asthma exacerbation without underlying infectious ideol-

ogy—7 days  
•   Asthma exacerbation with infectious etiology—3 weeks  
•   URI with cough or congestion—3 weeks  
•   Fever—when back to normal and off antipyretics 24 h  
•   Vomiting—when ceased for 24 h and tolerating clear liq-

uids and evidence of good hydration  
•   Croup—3 weeks  
•   Pneumonia—4 weeks  

    Table 13.5    Medical criteria/conditions that initiate an anesthesiolo-
gist consult or referral at St. Louis Children’s Hospital   

 Post-gestational age of less than 50 weeks 
 Evidence of sleep apnea 
 Tracheostomy 
 Anatomical airway abnormality 
 Cardiac abnormalities leading to decreased cardiac output 
 Pulmonary hypertension 
 Implanted pacemakers 
 Persistent vomiting 
 G-tube present 
 Swallowing diffi culties 
 Chronic kidney disease 
 Sickle cell disease with complications 
 Frequent seizures 
 Cerebral palsy with respiratory compromise or airway abnormalities 
 Combative behavior 
 Signifi cant congenital syndromes 
 Other considerations: 
 – A patient with a body mass index (BMI) over 31 is evaluated 

closely by the sedation attending on the day of the procedure and 
may need to be referred to anesthesia, depending on body 
habitus and airway issues 

 – Any patient with a BMI of 35 or greater is referred to anesthesia 
 – Sedation on an infant with a post-gestational age of less than 50 

weeks is usually deferred to anesthesia or, if possible, delayed 
until the infant is older 
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•   Infl uenza—3 weeks  
•   RSV—6 weeks    

 NPO Guidelines for SCVMC and St. Louis Children’s 
Hospital’s Pediatric Sedation Units:
•    2 h for clears (water, apple juice, etc.)  
•   3 h for breast milk  
•   4 h for other liquids (formula, milk, sodas)  
•   6 h for solids for children <36 months  
•   8 h for solids for children >36 months    

 These are meant as general guidelines and not as absolute 
rules. This is one hospital’s guidelines and does not mean 
that other guidelines are not valid. If the urgency of sedation 
requires that the test or procedure be performed in the pres-
ence of one of the aforementioned conditions or without 
inadequate NPO time, consultation with an anesthesiologist 
is generally recommended.  

    Funding Pediatric Hospitalist 
Sedation Programs 

 Pediatric hospitalist sedation programs are generally funded 
from two sources: (1) physician professional fees and (2) 
fi nancial support from hospitals. Depending upon the num-
ber of sedations done, the ability to bill anesthesia codes, 
and reimbursement percentage, the level of funding of pedi-
atric hospital sedation programs varies from institution to 
institution. In the United States, the Centers for Medicare 
and Medicaid (CMS) determines most rules in regard to 
physician billing [ 7 ]. CMS rules require that sedation ser-
vices are overseen by a hospital’s anesthesiology division/
department. This generally requires a close working rela-
tionship between a hospital’s anesthesiology group and oth-
ers providing moderate and deep sedation. Most sedations 
performed reach the level of “deep sedation” as defi ned by 
the American Society of Anesthesiologists (ASA) and the 
American Academy of Pediatrics [ 8 ,  9 ]. In most cases, anes-
thesia codes can be used. Anesthesia codes are used appro-
priately by non- anesthesiologists when the level of care 
provided meets the standard of those codes. Ability to use 
anesthesia codes varies across the United States, sometimes 
on a state-by-state or local basis. Anesthesia codes are most 
often successfully billed when there is agreement within an 
institution about the appropriate use of these codes by non-
anesthesiologists. If there is disagreement among depart-
ments of a hospital, it is often diffi cult to get reimbursed for 
these codes. Separate codes for moderate sedation were 
developed in 2006. These do not have RVUs attached. Each 
institution is responsible for determining the charges for 
these codes. Success in reimbursement for moderate seda-
tion codes varies from region to region. 

 If pediatric hospitalist sedation programs have scheduled 
sedations each day, it is likely that the cost of providing this 
service will be met through the billing and collection of 

physician professional fees. If a sedation program is responsible 
to meet urgent demand and thus not able to schedule a full 
day, there is likely to be a shortfall in meeting the cost of the 
program. The ability to provide timely, safe sedation is 
important to many hospital services. Radiology, surgery, 
inpatient services, and outpatient services all benefi t. 
Hospital administration and some services independently 
will likely be willing to provide fi nancial support of sedation 
services outside of professional billing. It is important to 
understand who benefi ts from effi cient sedations and to use 
that in negotiating support for those services.   

    The Future of Hospitalist Sedation Services 

 Based on estimates from the Society of Hospital Medicine, 
American Academy of Pediatrics, and Academic Pediatric 
Association, the number of pediatric hospitalists is 3,000–
4,000 in the United States. Pediatric hospitalists can be a 
resource to meet the increasing demand for sedation. 
Exposure to safe sedation practices and training in safe 
sedation is becoming more common in pediatric residencies. 
It is likely that the need for sedation services will grow and 
also that the number of pediatric hospitalists will grow. Thus 
it is likely that the number of pediatric hospitalists in seda-
tion programs will grow. 

    Developing National Standards for Training 
and Credentialing Pediatric Hospitalists 
in Sedation 

 As training for hospitalists is standardized, sedation training 
will likely become part of that standard. However, there are 
currently no national standards for training and credentialing 
pediatric hospitalists. 

 Most pediatric hospitalists gain competence for providing 
sedation after residency. Fifty percent of hospitalists report 
depending on continuing medical education (CME) as part 
of gaining and maintaining sedation skills. There are national 
conferences dedicated to pediatric sedation outside the 
operating room with full-day sedation workshops utilizing 
simulation. Core Competencies in Pediatric Hospital 
Medicine have been developed and providing safe sedation 
is part of those recommended competencies [ 1 ]. 

 It is likely that national courses in sedation will be 
developed, but it is unlikely that a standardized training and 
certifi cation process will emerge within the next few years. 
Credentialing for sedation will likely remain a local process. 
It is important that pediatric hospitalists providing sedation 
receive additional training, maintain skills, appropriately 
select patients, have the ability to rescue from deeper-than- 
intended levels of sedation, and work within systems where 
backup is available.   
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    Planning, Monitoring, and Recovering 
from a Sedation 

 It is important for sedation to be performed in the safest pos-
sible manner. This begins by identifying that all personnel, 
equipment, and facilities needed to manage emergencies are 
immediately available. The safest place to perform sedation 
is in an area of the hospital where sedations are performed on 
a regular basis. Personnel in those areas will be familiar with 
all the equipment needed for monitoring and potential rescue 
and will have some experience to assist if necessary. If seda-
tion is performed in an area of the hospital where sedation is 
not common, it is essential that the sedation provider have all 
necessary materials and personnel available before a seda-
tion proceeds. 

    Pre-sedation Evaluation 

 All children undergoing sedation should be carefully 
screened for the potential of adverse events during sedation 
and recovery. A focused pre-sedation history and physical 
should be performed by the sedation provider. This evalua-
tion should focus on characteristics that would indicate 
increased risk of sedation for the patient or the potential for 
diffi cult airway management. The history should include 
previous problems with sedation or anesthesia, stridor, snor-
ing and sleep apnea, and recent respiratory illness. Signifi cant 
physical exam fi ndings include signifi cant obesity, short 
neck, small mandible, dysmorphic facial features, small 
mouth opening, and large tonsils. 

 If a patient has signifi cant history and physical exam fi nd-
ings indicating increased risk of providing sedation, the risks 
of providing the sedation need to be weighed against the 
absolute need for the procedure or diagnostic study. A hospi-
talist performing sedation should always feel comfortable 
providing rescue from a stage of sedation deeper than that 
intended to perform the procedure. If airway problems are 
anticipated, or are not anticipated but would be diffi cult to 
manage because of a patient’s anatomy, consultation of an 
anesthesiologist is recommended. 

 The patient physical exam status endorsed by the ASA 
can be useful in assessing sedation risk. ASA class I and II 
children are at low risk for adverse events during sedation 
when carefully monitored. ASA III patients are by defi nition 
at increased risk. In general, for urgent hospital-based seda-
tions most hospitalists should provide sedation only to ASA 
class I and II patients. Before providing sedation to ASA 
class III patients, consultation with anesthesiology is advised. 
Hospitalists working on a sedation service or providing seda-
tion regularly can provide sedation to ASA class III patients 
safely as long as those patients are carefully evaluated and a 
backup system of care has been planned and is in place. 

 There is no proven relationship between fasting time prior 
to sedation and the risk of aspiration in humans. The general 
opinion is that fasting will likely reduce the risk of aspira-
tion. For elective procedures, individual hospital guidelines 
for fasting should be followed just as they would be for 
general anesthesia. For urgent procedures, patients should be 
fasted as soon as the possible need for sedation is identifi ed. 
The risk of clinically signifi cant aspiration is small for most 
patients, but needs to be weighed carefully against the need 
to perform a diagnostic or therapeutic procedure quickly. In 
addition, even with proper NPO guidelines, there is still a 
risk of vomiting and aspiration, so the sedation provider 
needs to be able to monitor and respond quickly.  

    Personnel 

 For moderate sedation, a provider with adequate sedation 
training and experience needs to be responsible for the seda-
tion and analgesia. This person may also perform the proce-
dure, if patient safety and the unit policy allows. A second 
person with knowledge in basic pediatric life support is also 
required. This person is responsible for monitoring the 
patient’s cardiopulmonary status. This person is also gener-
ally responsible for recording the data in a sedation record 
and may assist in brief, interruptible tasks once the level of 
sedation is stabilized. 

 For deep sedation, a provider trained in advanced pediat-
ric life support must be in the room. The provider of the deep 
sedation should provide direct monitoring of the patient and 
must not be primarily responsible for the procedure. 
Problems with ventilation and oxygenation during deep 
sedation are generally easily managed when rapidly recog-
nized. Deeper-than-intended sedation may occur in any 
patient; it is generally recommended that the sedation pro-
vider be prepared to manage deep sedation even when mod-
erate sedation is expected and general anesthesia when deep 
sedation is intended.  

    Monitoring 

 For moderate sedation, a minimum of pulse oximetry is 
strongly recommended. In addition, continuous monitoring 
of heart rate, respiratory rate, and intermittent noninvasive 
blood pressure (NIBP) measurements are recommended. If 
intravenous access is not otherwise established, it is not 
required, but should be carefully considered. 

 For deep sedation, continuous electrocardiogram (ECG) 
heart rate, respiratory rate, pulse oximetry, and noninvasive 
blood pressure monitoring are strongly recommended. End- 
tidal carbon dioxide (CO 2 ) capnography monitoring is rec-
ommended. Intravenous access for patients receiving deep 
sedation is also recommended. Monitoring is needed throughout 
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the sedation and recovery. In addition to electrophysiological 
monitoring, the child’s color, airway patency, and rate and 
depth of respiration should be monitored by direct patient 
observation.  

    Medications 

 Medications used to provide moderate and deep sedation 
should be carefully chosen by the sedation provider to meet 
the goals of sedation. There can be many reasonable 
approaches to safe sedation and analgesia of patients. The 
goal of sedation should be to use the lowest dose and number 
of drugs with the widest therapeutic index. It is best for hos-
pitalists to become familiar with a minimal number of drugs 
to provide pain relief and motionless sedation. These drugs 
may vary from provider to provider based on experience and 
availability. It is better to be comfortable with a small number 
of drugs that fi t most circumstances than to use a large num-
ber of drugs to try to fi t every clinical situation. In general, 
ketamine for painful procedures or for short motionless pro-
cedures and dexmedetomidine for long motionless, painless 
procedures will meet most needs for sedations that a hospital-
ist provides. Pentobarbital is a reasonable alternative for dex-
medetomidine. There may be instances when sedation is best 
provided with a drug for which the hospitalist is uncomfort-
able or unfamiliar. In those cases, referral of the patient to 
another sedation provider is probably more prudent than pro-
ceeding with a drug that one uses infrequently.  

    Final Checklist Prior to Sedation 

 Just prior to the sedation, the sedation provider should go 
through a fi nal checklist. This checklist should include a 
timeout, with patient identifi cation and recheck of the 
patient’s weight. The SOAPME acronym can be a useful tool 
for this fi nal checklist:
•     Suction : Equipment on and tested with properly sized 

Yankauer catheter.  
•    Oxygen : Nasal cannula, self-infl ating ambu bag able to 

deliver continuous positive airway pressure (CPAP) bag 
available and hooked up, functioning ball supply, and 
oxygen tank if transporting patient.  

•    Airway : Size-appropriate nasopharyngeal and oral pharyngeal 
airways, ETTs, LMAs, functioning laryngoscope blades.  

•    Pharmacy : Medications for sedation, emergency medica-
tions for intubation, reversal agents if using opiates or 
benzodiazepines.  

•    Monitors : Pulse oximetry, NIBP, end-tidal CO 2  capnogra-
phy, ECG, available stethoscope.  

•    Equipment : Crash cart/airway cart available nearby and 
other special equipment anticipated.     

    Recovery 

 It is important that patients be monitored and fully recovered 
from sedation prior to discharge home or placement back in 
an inpatient bed. Monitoring of recovery should be done by 
trained and experienced personnel familiar with the recovery 
phase of sedation. Hospitalists may need to do this them-
selves if properly trained nursing resources are not available. 
Patient handoffs should occur only if there are protocols in 
place for discharge or transfer by nonphysicians. 

 Some medications used for sedation have extremely long 
half-lives. Chloral hydrate PO or PR and pentobarbital IM 
are two such examples. Patients may seem to be nearly 
recovered with these medications and then have episodes of 
signifi cant re-sedation with potential airway compromise.  

    Discharge/Transfer Criteria 

 In general, all of the following criteria should be met prior to 
discharge or transfer from the post-sedation recovery area:
    1.    Vital signs at baseline.   
   2.    No respiratory distress.   
   3.    SPO 2  at baseline.   
   4.    Function at baseline; sits or stands with minimal assistance.   
   5.    Hydration normal with no emesis or signifi cant nausea.   
   6.    Aldrete recovery score ≥9 for discharge ≥8 for admission.   
   7.    Pain score ≤4 for discharge or ≤6 for transfer to inpatient 

bed.   
   8.    Patient is awake and attentive or very easily aroused.   
   9.    A clearly identifi ed scale for identifying discharge “readi-

ness” should be implemented. (Refer to Chap.   5    .) A com-
mon scale used for determining appropriateness for 
discharge from recovery is the Aldrete recovery score 
(Table  13.6  [ 10 ,  11 ]).

            Commonly Administered Sedation Drugs 

 There is a wide range of sedatives and analgesics available to 
pediatric hospitalists. Often, particularly with respect to pro-
pofol administration, it is the institution that determines 
whether to condone propofol administration by non- 
anesthesia providers. The commonly administered sedatives 
and analgesics administered, with a range of dosing and indi-
cations, is presented in Table  13.7  and detailed as follows. 
(Refer to Chap.   9    .)

      Ketamine 

 Ketamine is a very useful drug for short painful procedures 
and for short periods of decreased motion, such as needed by 
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   Table 13.6    Aldrete recovery score (in general a total score ≥8 is 
needed for discharge) [ 10 ,  11 ]   

  Activity  
 • Able to move 4 extremities voluntarily or on command = 2 
 • Able to move 2 extremities voluntarily or on command = 1 
 • Able to move 0 extremities voluntarily or on command = 0 
  Respirations  
 • Able to deep breathe and cough freely = 2 
 • Dyspnea or limited breathing = 1 
 • Apneic = 0 
  Circulation  
 • BP ± 20 % of pre-sedation level = 2 
 • BP ± 20–50 % of pre-sedation level = 1 
 • BP =/−50 % or more pre-sedation level = 0 
  Consciousness  
 • Fully awake = 2 
 • Arousable with verbal stimulation = 1 
 • Not responding = 0 
  Color  
 • Pink = 2 
 • Pale, dusky, blotchy, jaundiced = 1 
 • Cyanotic = 0 

computerized tomography (CT), if the child cannot tolerate 
the procedure without sedation. Ketamine can be given intra-
venous (IV), intranasal, or intramuscular (IM). When given 
IV, onset is usually within 30–60 s. When given IM, onset is 
usually within a few minutes. With a single dose of 1–2 mg/
kg IV, initial deep effects last 5–10 min. Repeat doses of 
0.5–1 mg/kg can be given at intervals of 5–10 min, based on 
effect, for longer procedures. 

 Ketamine given in small doses allows for the preservation 
of spontaneous respirations, and airway refl exes, while still 
providing unresponsiveness and analgesia. The relative lack 
of respiratory depression and sparing of airway refl exes have 
made ketamine a popular choice for a wide range of painful 
procedures. By most common defi nitions, the level of sedation 
most often achieved is deep. Since ketamine is a dissociative 
anesthetic, the level of sedation achieved is controversial. 
With preservation of airway refl exes some consider ketamine 
sedation to be in its own class. However, monitoring and per-
sonnel decisions should be based on the patient’s likelihood 
to reach a level of deep sedation. 

 Laryngospasm is a rare but potentially serious adverse 
reaction to ketamine. Ketamine is generally contraindicated 
in patients with increased intracranial pressure. Ketamine 
can cause hypertension, tachycardia, signifi cant irritability 
during emergence, and nystagmus. Nausea and vomiting 
commonly occur after larger doses of ketamine. 
Glycopyrrolate 5 mcg/kg IV may decrease oral secretions. 

 Coadministration with midazolam is a common practice. 
It has not been found to decrease the incidence of dysphoria 
or other unpleasant recovery phenomenon. Midazolam, 

however, may still be useful as an anxiolytic prior to the 
administration of ketamine. Ondansetron may be helpful if 
larger doses of ketamine are needed (>5 mg/kg) to prevent 
emesis or after the sedation, nausea or vomiting occurs [ 12 ]. 
There is no reversal agent for ketamine. 

    Dosing 
  Ketamine IV : Dose 1–2 mg/kg. Repeat doses of 0.5–1 mg/kg 
every 5–10 min as needed. There is no absolute upper limit 
of ketamine, but other methods of sedation should be consid-
ered for procedures lasting more than 30–45 min. 
  Ketamine IM : Dose 2–4 mg/kg. Onset 3–10 min [ 13 ].   

    Fentanyl and Midazolam 

 These drugs are often used in combination to provide analge-
sia and sedation. Midazolam and fentanyl when combined 
will most often lead to moderate to deep sedation. Personnel 
and monitoring decisions should be based on the likelihood 
deep sedation will be reached. Fentanyl/midazolam can 
cause respiratory depression that is out of proportion to the 
level of sedation achieved. Patients must be closely monitored 
for obstruction and apnea when these drugs are used in 
combination. These drugs have the advantage of being able 
to be titrated to effect. 

 Fentanyl is a high-potency opioid that has minimal 
adverse hemodynamic effects. Onset of action is 30–60 s, 
and duration of action is 5–10 min. The major side effect is 
respiratory depression that is dose related but sometimes can 
occur with low doses. The risk of respiratory depression is 
higher with benzodiazepines and barbiturates. Reversal 
agents for oversedation with fentanyl and midazolam are 
naloxone and fl umazenil, respectively. Hypertension, hypo-
tension, and chest wall rigidity are rare adverse events but 
can be diffi cult to deal with. Chest wall rigidity requires the 
use of a paralytic and endotracheal intubation. 

    Dosing 
  Midazolam : 0.1 mg/kg IV with subsequent doses of 0.05 mg/
kg every 2–5 min to reach desired effect. 
  Fentanyl : 1–2 mcg/kg IV with subsequent doses of 1 mcg/kg 
every 2–5 min to reach desired effect. 

 Midazolam is often administered fi rst with the goal of 
achieving anxiolysis to moderate sedation. This generally 
requires 0.1–0.2 mg/kg. Fentanyl is then added for analgesic 
effect and to achieve moderate to deep sedation.   

    Nitrous Oxide 

 Nitrous oxide when inhaled as 30–70 % mixed with 
 oxygen can produce dissociative euphoria, drowsiness, 
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anxiolysis, and moderate amnesia and analgesia. Onset of 
effect is usually 2–3 min and recovery is complete 3–5 min 
after stopping inhalation. Children receiving nitrous oxide 
at 30–70 % are usually moderately sedated; a combination 
of nitrous oxide with a benzodiazepine or an opioid may 
cause deep sedation or even general anesthesia. Some 
children seem not to respond to nitrous oxide, probably 
due to psychological resistance. Vomiting occurs in about 
10 % of patients receiving nitrous oxide. Nitrous oxide 
causes gas-fi lled cavities to expand; its use should be 
avoided if possible bowel obstruction, pneumothorax, or 
otitis media are suspected. 

 When nitrous oxide is used as a sole agent, monitoring 
should be at the level required for moderate sedation. If used 
with an oral opioid such as oxycodone (0.2–0.3 mg/kg, max-
imum 15 mg), deep sedation can sometimes be achieved and 
monitoring should be at the level required for such. 

 Special equipment is required for delivery of nitrous oxide. 
There are commercially available models with a mask, but 
effective nitrous oxide delivery requires a good mask seal and 
a patient generating signifi cant negative pressure. Young 
patients may not be able to generate enough negative pressure 
to overcome the fountain nitrous apparatus. Nitrous for dental 
use is commercially available, but delivery of nitrous through 
the nasal cone may limit its use in medical settings. Institutions 
that have reported signifi cant success with nitrous oxide often 
have internal support from their biomedical department. 

    Dosing 
 30–70 % nitrous oxide mix with oxygen by inhalation may 
be combined with oxycodone 0.2–0.3 mg/kg, max 15 mg. 
This combination can result in deep sedation; sedation pro-
viders need to be prepared for such [ 13 ].   

    Pentobarbital 

 Pentobarbital is a moderate long-acting barbiturate with 
sedative- hypnotic effects but no analgesia. The onset of action 
occurs in less than 60 s when given intravenously and after 
10–30 min when given IM or PR. Recovery is dependent on 
redistribution and occurs in 50–75 min, even though the half-
life is 15–20 h. Respiratory depression has been associated 
with pentobarbital and is dose dependent. Pentobarbital must 
be given slowly IV, as there is a high risk of apnea if delivered 
too quickly. At SCVMC, the sedation attending must be at the 
patient’s side for the fi rst 15 min after pentobarbital is given. 
There is no reversal agent for pentobarbital. 

 Pentobarbital has been shown to be highly effective for 
long-term motionless sedation when pain control is not an 
issue. Pentobarbital generally results in deep sedation. 
Airway refl exes and breathing are generally not signifi cantly 
diminished. Monitoring, however, should be for the anticipated 
level of deep sedation and personnel with advanced airway 
skills should be available. 

 Midazolam given intravenously (0.05 mg/kg, maximum 
5 mg) can be given if there is sustained motion. 

 The post-sedation period can be prolonged. It is important 
to give the patient adequate time to recover. Sometimes 
patients can be stimulated to the level of a wakefulness that 
supports discharge. Caregivers need to realize that there can 
be re-sedation because of the long half-life of pentobarbital. 
Patients often have prolonged irritability, ataxia, and nausea, 
sometimes lasting up to 24 h. 

    Dosing 
  Pentobarbital IV : 2.5–7.5 mg/kg. This can be given as an ini-
tial dose of 2.5 mg/kg followed by increments of 1.25 mg/kg 
until sedation is achieved. 

  Midazolam IV : 0.05 mg/kg, maximum 5 mg. Can be used to 
augment sedation and decreased motion, but can increase the 
chance of respiratory depression when combined with other 
medications that suppress the respiratory drive.   

    Propofol 

 Propofol is a nonbarbiturate sedative-hypnotic agent. It has 
no analgesic effect. Propofol is administered intravenously, 
and has an onset of less than 1 min. The duration of action 
for a single dose is 5–10 min. It can be used in doses of 
1–2 mg/kg to provide sedation for short procedures. If pain 
is likely, propofol needs to be given with an appropriate dose 
of an opioid or other pain medication. For prolonged painless 
sedation, as is needed for magnetic resonance imaging (MRI) 
scans, it can be given as a 1–2 mg/kg bolus, then as an infu-
sion of 150–200 μ(mu)g/kg/min. The quick onset of action 
and short duration make propofol an attractive drug for brief 
procedures; however, it can be diffi cult to titrate and it is easy 
to overshoot the intended level of sedation, leading to apnea 
and hypotension. If combined with opiates or benzodiaze-
pines, there is an increased risk of respiratory depression. 

 Propofol should only be administered by experienced 
providers with advanced airway skills. Propofol leads to 
deep sedation or even a general anesthesia. Signifi cant num-
bers of patients will have airway obstruction and/or decreased 
respiratory effect when given a bolus of 1–2 mg/kg of propo-
fol. Attention to airway is essential. 

 In general, propofol should only be considered by provid-
ers who have signifi cant skills and experience with deep 
sedation, along with advanced airway skills, including place-
ment of LMA’s and intubation [ 3 ]. 

    Dosing 
  Prolonged sedation : 1–2 mg/kg initial bolus followed by 
120–200 μ(mu)g/kg/min. 

  Short procedures : 1–2 mg/kg followed by 1 mg/kg as needed 
for movement every 5–10 min.   
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    Dexmedetomidine 

 Dexmedetomidine is a selective alpha-2 receptor agonist. It 
has anesthetic, sedative, analgesic, and anti-shivering proper-
ties. It most commonly causes a level of sedation consistent 
with defi nitions of deep sedation. Electroencephalogram 
(EEG) activity while being sedated with dexmedetomidine 
resembles a non-rapid eye movement (NREM) sleep [ 14 ]. An 
advantage of dexmedetomidine is that it preserves respiratory 
parameters and does not cause respiratory depression [ 15 ]. 

 Dexmedetomidine given IV has an initial half-life distri-
bution of 6 min with terminal half-life of 2 h. Dexmedetomidine 
elicits a dose-dependent biphasic effect on blood pressure. At 
low serum concentrations there may be a slight drop in blood 
pressure and at high serum concentrations, hypertension may 
be observed [ 16 ]. Precautions should be taken for hypovole-
mia patients, patients receiving digoxin, vasodilators, or neg-
ative chronotropic agents, patients with arrhythmias, and 
patients with renal or a hepatic insuffi ciency and with chronic 
hypertension. (Refer to Chap.   9    .) 

 Patients receiving dexmedetomidine for prolonged 
motionless sedation sometimes are sensitive to loud noises 
such as occur during a MRI exam. Ear plugs may be helpful. 
Midazolam, pentobarbital, or ketamine has been used suc-
cessfully to increase the success of dexmedetomidine seda-
tion as measured by completion of the scan and safety. 

    Dosing 
  IV Bolus : 1–3 mcg/kg infused over 10 min. Patients gener-
ally become sleepy after a few minutes and are generally 
able to begin the procedure when a bolus is done. 

  Infusion : 1–2 mcg/kg/h. Please note that this infusion is per 
hour, not per minute. 

  Intranasal : 2–4 mcg/kg divided into two doses (one for each 
nare). 

 Midazolam given to supplement sedation: 0.05 mg/kg IV 
may be given up to two times, or oral midazolam may be 
given prior to sedation with dexmedetomidine. Alternatively, 
pentobarbital may be given to supplement sedation: 2 mg/kg 
IV or ketamine 1 mg/kg IV [ 17 – 25 ].        

   Case Scenarios 

    Case 1 

 A 26-month-old male is referred to the outpatient seda-
tion unit for a brain MRI study due to a history of mul-
tiple afebrile seizures. He was initially scheduled for 
the MRI 3 weeks ago but this was rescheduled due to 
the presence of a fever, cough, and rhinorrhea for 2 

days. He is now in good health with no recent fevers or 
respiratory symptoms. He has speech delay and a mild 
delay in fi ne motor skills. There is no history of snor-
ing nor obstructive sleep apnea. He is not on any medi-
cations and has no known medication nor food 
allergies. There is no prior history of sedation and no 
family history of sedation issues. NPO status: no solid 
food since 7 PM the night prior and no liquids since 
midnight. Pre- sedation exam: weight is 12 kg, heart 
rate is 150, respiratory rate is 35, BP is 105/60, and 
oxygen saturation on room air is 98 %. The child is an 
alert, interactive toddler in no apparent distress, though 
he is anxious and crying with exam. Airway exam 
shows 2+ tonsils and full range of motion of neck with-
out lymphadenopathy. Heart/lung exam is normal, 
though limited by child’s crying. The remainder of 
exam is normal. 

    Considerations 
 Given the child’s developmental delay and multiple 
afebrile seizures, the neurologist has recommended 
an MRI to evaluate for brain anomalies. This may be 
a non-emergent study if the child has a non-focal neu-
rologic exam and is otherwise well. 

 A special consideration with MRI is the decreased 
ability to visualize and touch the patient. Given this, 
airway issues and increased respiratory secretions may 
play a larger role for MRI sedation than for other seda-
tions. The pre-sedation assessment must include a 
screen for airway or respiratory issues, and this child’s 
non-urgent MRI was rescheduled until after his respi-
ratory symptoms resolved. If the study is urgently 
needed despite the presence of respiratory or airway 
issues (including morbid obesity), referral to anesthe-
sia should be considered. 

 An MRI also requires a child to remain still during 
the whole study, other non-painful procedures or stud-
ies may allow for some movement, so the level of seda-
tion may need to be deeper-than-moderate level. Other 
considerations include the length of the study, whether 
intravenous contrast is necessary, and the ability to 
monitor the child and intervene for any respiratory or 
cardiovascular compromise. MRI scans tend to be of 
longer duration than CTs, which may more often be 
done without sedation. Many neonates and older chil-
dren may be able to tolerate a short MRI study (less 
than 30–45 min) without sedation or with minimal 
sedation or anxiolysis. There are also rapid MRIs (less 
than 5–10 min), which may not require sedation, but 
this also depends on the child’s level of cooperativeness 
and anxiety. For lengthier studies (over 90–120 min), 
the child may need sedation by an anesthesiologist. 

(continued)
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 Monitoring is an important issue with any planned 
sedation, and there must be a way to monitor pulse 
oximetry and heart rate at a minimum while the child 
is in the scanner. End-tidal CO 2  monitoring is becom-
ing a standard for monitoring for deep sedation and is 
strongly recommended if moderate to deep sedation is 
planned. Personnel should include a sedation nurse or 
physician to closely monitor and record vital signs 
and to rescue the child from any adverse events such 
as apnea, hypoxia, or hypotension. An MRI technician 
should also be present. These personnel should remain 
present throughout the study. Depending on the medi-
cation used and the sedation policy of the hospital, a 
sedation attending may need to be present in the MRI 
area or be immediately available for any possible 
complications. 

 Additional considerations include when and where 
the sedation medications are given, whether in a nearby 
sedation area or in the MRI scanner itself, and where 
the patient is to be monitored for recovery after the 
study. If the patient needs to be transported between 
locations and is not at his/her baseline status, the 
patient should be monitored with at minimum a porta-
ble pulse oximeter and should have a nurse or physi-
cian at the bedside who is capable of managing any 
sedation complication.  

    Sedative Options and Considerations 
 It is important to know more about the study, by discus-
sion with either the MRI technician or radiologist. For 
this MRI, the plan is for a 30-min scan without intrave-
nous contrast unless an anomaly is seen that requires its 
use. As with most MRI scans, it should not be painful. 

 For this sedation, an agent that will provide moder-
ate to deep sedation for at least 30 min is the best 
choice. Analgesia is not necessary. Some medication 
options include IV propofol, IV or IM pentobarbital, 
or IV or intranasal dexmedetomidine, with or without 
midazolam. Other options such as IV or IM ketamine 
and fentanyl/midazolam have been used but are not 
ideal. Sedation with ketamine often produces a disso-
ciative anesthesia, which may include spontaneous 
movement, and provides analgesia, so it is not gener-
ally the best choice for sedation for an MRI. With the 
combination of fentanyl and midazolam, it may be 
diffi cult to obtain an adequate level of sedation for 
enough time to obtain an MRI without causing respi-
ratory compromise. Although for an older cooperative 
child or teen with anxiety or claustrophobia, a benzo-
diazepine (midazolam, lorazepam, or diazepam) or 
diphenhydramine may be adequate for anxiolysis/
minimal sedation. 

 If intravenous contrast is required for the MRI, an 
IV sedation medication is often considered. Depending 
on the anxiety level of the child, oral midazolam 
(0.5 mg/kg) may be given 15–20 min prior to IV start. 
This may have the added benefi t of providing amnesia 
at the IV start. Some centers are able to utilize nitrous 
oxide for IV placement. If available, a topical anes-
thetic such as a vapocoolant spray or topical lidocaine 
can be helpful to relieve the pain of IV starts and may 
help to increase the success rate of IV placement [ 26 ]. 
After the IV is placed, the child is brought to the MRI 
scanner and placed on MRI-compatible monitors and a 
small bolus of propofol may be given (1 mg/kg) and 
repeated if needed to induce moderate sedation. Then a 
propofol drip is started at 120 μ(mu)g/kg/min and is 
titrated as needed up to 150–200 μ(mu)g/kg/min to 
maintain a sedated state. Once the child is calm and 
will tolerate it, ear plugs are placed in both ears, and 
end-tidal CO 2  monitoring is recommended via a spe-
cial nasal cannula. Toward the end of the study, the 
propofol drip may be stopped so that the child can 
awaken shortly after the MRI is completed. 

 Other IV alternatives include IV pentobarbital 
(2.5 mg/kg), given at the beginning of the MRI scanner 
without the need for a drip to maintain sedation. 
However, the recovery from IV pentobarbital tends to be 
longer than that from IV propofol. Ataxia and nausea 
may be present during the recovery period and up to 
24 h later. IV dexmedetomidine is also a possible choice, 
with a bolus of 1–2 μ(mu)g/kg,  followed by an infusion 
of 1–2 mcg/kg/h to maintain a sedated state. Side effects 
commonly noted include bradycardia, though perfusion 
often remains adequate, and BP issues (hypertension 
with the bolus dose, and hypotension during the infu-
sion). Children may awaken and start moving in the 
MRI scanner due to the loud noises during the study, so 
IV midazolam (0.05 mg/kg), pentobarbital (1–2 mg/kg), 
or ketamine (0.5–1 mg/kg) may be needed as an adjunct. 

 For this case, intravenous contrast is not required, 
so a sedation provider may consider avoiding IV place-
ment for medication administration. In the past for 
younger children, chloral hydrate po was a useful sed-
ative-hypnotic agent, but this medication is no longer 
in production. Other alternatives include IM pentobar-
bital, 2–4 mg/kg, oral or intranasal midazolam, and 
intranasal dexmedetomidine, 2–3 mcg/kg, up to 4 mcg/
kg. As noted previously, dexmedetomidine alone may 
produce an “arousable” sedated state, so children who 
appear to be sedated initially may awaken due to the 
noise in the MRI scanner. 

 To help potentiate the sedation for MRI, oral mid-
azolam (0.5 mg/kg, maximum 20 mg po) may be given

(continued)
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in addition to the intranasal dexmedetomidine. It is 
possible to give intranasal midazolam, but there may 
be a burning sensation on delivery of this medication. 
Extra time is needed to allow the oral midazolam to 
take effect if given at the same time as the intranasal 
dexmedetomidine. The taste of oral midazolam is 
unpleasant but is generally well tolerated. 

 Intranasal dexmedetomidine may take up to 30 min 
to take effect and there is generally a prolonged recov-
ery time. 

 With intranasal medication administration, an 
atomizer device is recommended and, for doses over 
0.2 mL, it is recommended to divide the dose between 
each nare (e.g., for a 0.4 mL dose, give 0.2 mL in the 
left nare and 0.2 mL in the right nare) to increase 
mucosal exposure and absorption. There may be 
reduced effectiveness if the amount of intranasal medi-
cation exceeds 1 mL, as some of the medication may 
be swallowed instead of atomized. 

 If needed, an additional dose of intranasal dexme-
detomidine may be given (1–2 mcg/kg), but since this 
may take an additional 30 min for effect, IV placement 
and IV medication are often considered at this point. 
Options include IV propofol, IV pentobarbital, or IV 
midazolam and often only 1 dose is needed rather than 
an infusion, as once the child is sedated by the addi-
tional IV medication, the dose of intranasal dexme-
detomidine that has already been given may be 
suffi cient to maintain the sedated state. 

 For this case, intranasal dexmedetomidine 40 μ(mu)
g is given (20 mcg in each nare; 3.3 mcg/kg total dose), 
along with 6 mg (0.5 mg/kg) of oral midazolam. The 
child is placed in an MRI-compatible gown, is placed 
on a monitor, and falls asleep 15 min later. He is 
brought to the MRI scanner on a portable monitor by a 
sedation-credentialed RN and is accompanied by his 
mother. He is transferred onto the MRI gurney, placed 
on MRI-compatible monitors, including an end-tidal 
CO 2  monitor/nasal cannula, and ear plugs are placed. 
The child briefl y arouses due to the stimulation but 
then falls back asleep once placed in the MRI scanner. 
He is monitored continuously by the sedation-creden-
tialed RN from the MRI control room, with vital signs 
(heart rate, respiratory rate, O 2  saturation, end-tidal 
CO 2 , and blood pressure) recorded every 5 min. No 
intravenous contrast is required. 

 At the end of the scan, the child is brought out of the 
scanner and transferred back onto his hospital gurney. 
He is placed back on portable monitoring and begins to 
awaken, with his mother at his bedside. Once he is fully 
awake, he is allowed to drink water and eat and is moni-
tored until back to his baseline. Once he meets  discharge 

criteria, the mother is given discharge instructions and 
contact phone numbers for the sedation unit and pro-
vider, and the child is discharged home.   

    Case 2 

 A 5-year-old autistic child is referred for an outpatient 
EEG with sedation, as he did not tolerate lead place-
ment on a prior attempt to get an EEG. He has staring 
spells and behaviors that may be consistent with focal 
seizure activity. His only medication is Ritalin, which 
he took this morning. NPO status: no solids since 
10 PM last night and had apple juice with his Ritalin 
3 h ago. He has had no recent illnesses or fevers. There 
is no snoring with sleeping or history of sleep apnea. 
His mother kept him up last night until 1 AM, so he has 
had 4 h less sleep than usual. He is allergic to eggs but 
has no known drug allergies. He had an MRI done 
under sedation with chloral hydrate 2 years ago and has 
had no other sedations or surgeries. He did well with 
that sedation and during recovery. On pre-sedation 
exam, his weight is 20 kg, and he is agitated when you 
approach him. Heart rate 124, respiratory rate 28, BP 
107/72 (crying), O 2  saturation 98 % on room air. With 
his mother’s assistance, you are able to complete the 
exam and fi nd 2+ tonsils on exam of his oropharynx. 
No rhinorrhea, no lymphadenopathy. Heart/lung exam 
normal. You discuss sedation options versus attempting 
again without sedation, and the mother feels he will not 
allow lead placement without sedation. 

    Considerations 
 Some non-painful imaging procedures or studies can 
be done without sedation, and a trial without sedation 
may be warranted, depending on the urgency of the 
study and the ability to repeat it if the trial fails. 

 As with any study, the sedation provider must bal-
ance out the risks of the sedation versus the need for the 
procedure. For this case, the neurologist was planning to 
start  antiepileptic medication if the EEG was positive 
for epileptiform activity, so the EEG results will alter the 
child’s treatment plan.  

    Sedative Options and Considerations 
 For EEGs, a special consideration is that the study’s 
fi ndings may be altered by certain classes of medica-
tions. For example, benzodiazepines such as mid-
azolam may suppress epileptiform activity and result 
in a falsely negative EEG. Barbiturates will have a 
similar effect. Ketamine may suppress seizure-like 
EEG discharges on patients during seizures and is not

(continued)
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commonly used for EEGs as these are non- painful 
studies. Chloral hydrate has been used for younger 
children receiving EEGs and will alter the EEG slightly 
but is no longer in production. Hydroxyzine is another 
oral medication that has been used for EEG sedation, 
either alone or in combination with chloral hydrate. 
Two common medications used for sedated EEGs are 
propofol and dexmedetomidine. Propofol also has 
antiepileptic properties but can be given as a single 
small dose (1–2 mg/kg) to allow for lead placement, 
and the effects should wear off quickly with minimal 
changes on the EEG. Dexmedetomidine sedation 
resembles NREM sleep and does not suppress epilep-
tiform activity. 

 Another consideration with EEG sedation is whether 
an IV is already present or not. IV placement is not nec-
essary for the EEG itself, so the sedation provider needs 
to determine whether IV sedation is needed or not. If the 
preferred agent is propofol, an IV will be needed, and 
the child can be sedated briefl y for lead placement and 
then allowed to awaken. If the leads are secured well 
and inaccessible to the patient, many children will toler-
ate the remainder of the EEG study. Dexmedetomidine 
may be given IV, IM, or intranasally. 

 With sedation for EEGs or other studies such as 
auditory brainstem responses (ABRs), some move-
ment by the patient is tolerated, in contrast to studies 
such as MRI. This means the level of sedation can be 
minimal to moderate, and often a single agent and sin-
gle dose of medication is suffi cient. 

 An additional consideration in this case is the child’s 
egg allergy. Some propofol preparations contain egg 
lecithin/phosphatide and soy oil, which means there is a 
small chance of an allergic reaction or anaphylaxis in 
children who have had severe allergic reactions or ana-
phylaxis after eating egg or soy products. One propofol 
preparation also contains trace amounts of peanut oil, so 
obtaining a food allergy history is important. The small 
risk of using propofol in these cases must be weighed 
against the risks of using alternative medications.  

    For This Case 
 The patient is given 60 μ(mu)g intranasal dexmedeto-
midine (3 μ[mu]g/kg) and falls asleep in 20 min. Vital 
signs stable on room air, with no bradycardia or blood 
pressure issues noted. He tolerates lead placement well 
and remains sedated for the EEG study and for an 
additional 40 min afterwards. Once he awakens, he is 
able to eat and his mother is given discharge instruc-
tions for home.   

    Case 3 

 A 15-month-old term female presents with left labial 
abscess for 1 day. She had a right buttock abscess, 
which was incised and drained in the emergency 
department 2 days ago, and she has been taking 
clindamycin for 2 days. The child is quite anxious with 
examination and the left labial area is erythematous 
and tender to the touch. The right buttock abscess con-
tinues to drain pus and is indurated without erythema. 
The pediatric surgeon evaluates the child and agrees 
that incision and drainage of the left labial abscess is 
necessary. The child has been admitted to the pediatric 
unit and has an intravenous (IV) in place. 

    Considerations 
 The fi rst consideration with any sedation is whether the 
procedure or imaging study is necessary. In this case, 
both the pediatrician and pediatric surgeon agree that 
drainage is needed and would be of benefi t to the child. 

 The second consideration is whether the procedure 
or study is needed emergently, urgently, or whether it 
can be scheduled later as an elective sedation. In this 
case, the child does not need emergent drainage on 
admission, but it should be done urgently rather than 
on an elective basis. It is recommended to follow the 
NPO guidelines for the institution. 

 The third consideration is where the procedure and 
sedation should be performed. The sedation must be 
performed with appropriate personnel trained in moni-
toring and airway management and in an area where 
resuscitation equipment is immediately available. The 
personnel involved should be trained in monitoring 
children with a level of moderate to deep sedation and 
should be prepared for a deeper level of sedation than 
planned. There should be at least one person assigned 
to monitor the child who is NOT involved in the proce-
dure itself. In this case, there is a treatment room on the 
inpatient pediatric unit with appropriate monitors, 
including EKG monitors (required), respiratory rate 
(required), pulse oximetry (required), blood pressure 
cuff (required), and end- tidal capnography (strongly 
recommended). There is also appropriate resuscitation 
equipment (self-infl ating bag with appropriate-sized 
mask, oxygen, suction, and a cart with intubation 
equipment and resuscitation medications). 

 Another issue to consider in the choice of location 
is any fi ndings on the pre-sedation assessment: does 
the child have any other medical problems, a history of 
snoring or obstructive sleep apnea, or any other fi nd-
ings that would place her in a higher-risk category for

(continued)
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sedation? (See list under “Triaging Patients to Sedation 
by Pediatric Hospitalists.”) 

  Pre-sedation assessment : Vitals: 12 kg, heart rate 168, 
respiratory rate 45, oxygen saturation 98 % on room 
air, blood pressure 98/60. Child is alert and coopera-
tive with parents but very fearful and resists exam. 
Exam of the airway is normal, and heart/lung exam is 
normal. There is no history of drug or food allergies 
and no prior history of sedations or surgeries. Home 
medications include clindamycin and acetaminophen. 
She ate a light lunch (few bites of a peanut butter sand-
wich, a few fries, and a cup of milk) 4 h ago. 

 Following standard NPO guidelines, the child 
should wait until 6 h have passed since her lunch, so 
all feedings and liquids should be stopped now and 
the sedation arranged in 2 h.  

    Sedative Options and Considerations 
 In this case, the child is likely to experience pain and 
anxiety due to the procedure, so sedation medications 
should be chosen that will address both these issues. 
Possible choices include fentanyl and midazolam, ket-
amine, propofol with fentanyl or ketamine, and nitrous 
oxide with opioids. 

 Another consideration is the goal level of sedation. 
For abscess drainage, the child may be in a level of 
moderate sedation rather than deep sedation, as some 
movement can be tolerated. Also, the procedure itself 
is relatively short in duration, so the sedation effects 
are not needed for a prolonged period as with an 
MRI. Medications of quick onset and short duration 
would be ideal. 

 In regard to which medication to choose, the deci-
sion depends on which medication the physician is 
most familiar with and on what is available for use at 
the location. For example, for nitrous oxide adminis-
tration, a scavenger system is needed. If the child does 
not have an intravenous (IV) and the physician feels 
comfortable sedating without one, the most common 
options are nitrous oxide with opioids or intramuscular 
(IM) ketamine. Fentanyl and midazolam may be given 
via intranasal routes, but the absorption may not be 
reliable. The dose of IM ketamine ranges from 2 to 
6 mg/kg. Below 3 mg/kg, a second IM injection is 
sometimes needed, though the child should be at a 
minimal to moderate sedation level and not as both-
ered by it. Above 4–5 mg/kg, the incidence of post-
procedure nausea and vomiting increases. 

 For IV sedation, fentanyl and midazolam are one 
option, though the physician must be careful to avoid 
respiratory depression from this combination. 

 Ketamine is a common choice for relatively brief 
(less than 15–30 min), painful procedures. It provides 
analgesia and dissociative anesthesia with preservation 
of airway refl exes. For this patient, one may consider 
giving midazolam fi rst due to the high level of anxiety 
from her prior procedure. If the parents stay for the 
procedure, it is best to warn them that the child’s eyes 
will stay open at least initially and she will develop 
odd eye movements (nystagmus). Often ketamine will 
cause increased tears and saliva as well, which can be 
disturbing to family members. If high doses of ket-
amine are needed, the child may experience nausea 
and vomiting upon reemergence. Other reemergence 
phenomena can be tempered by allowing the child to 
awaken in a quiet, darkened room. 

 Propofol has the benefi t of rapid onset and short 
duration but does not provide analgesia, so it is often 
not the fi rst choice unless given with fentanyl, which 
increases the risk of respiratory depression and hypo-
tension, or with ketamine. 

 Nitrous oxide has the benefi t of providing anxioly-
sis and has rapid onset and short duration once stopped. 
For a painful procedure, it can be combined with oral 
oxycodone for deeper sedation and analgesia. The 
oxycodone should be given 20–30 min before the 
nitrous oxide is started. 

 In this case, the child is given IV midazolam 
(0.05–1 mg/kg), then ketamine (1 mg/kg), and the 
level of sedation is titrated to an effective level with 
repeat doses of 0.5 mg/kg ketamine every 3–5 min. 
The child is monitored by a sedation- trained nurse 
with vital signs every 5 min and continuous heart 
rate, respiratory rate, and pulse oximetry. Once nys-
tagmus is noted, the patient is prepared and posi-
tioned for the procedure. The procedure is performed 
quickly and without complications, with a total of 
2 mg/kg ketamine given. 

 The child is allowed to awaken gently with both 
parents present. She is monitored as for a deep level of 
sedation with frequent vital signs until back to her 
baseline functioning status. Once back at baseline, she 
is allowed to drink fl uids and is observed closely for 
any signs of nausea or vomiting.   

    Case 4 

 A 7-month-old with hydronephrosis is referred to the 
hospitalist- run sedation service for a renal scan. The 
patient has recurrent urinary tract infections and the 
scan is indicated to look for kidney injury. The child is 
otherwise healthy. Physical exam is unremarkable
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except for a small amount of clear nasal discharge, 
which is reported to be unchanged over a 2-week 
period. There is no snoring but a mild intermittent 
cough that is improving is noted. 

    Considerations 
 It is important for diagnostic and therapeutic reasons 
for the patient to receive a renal scan. Evaluation of the 
patient is unremarkable except for chronic clear rhini-
tis and an occasional cough by history. While the renal 
scan is important, the potential increased risk of deep 
sedation in the face of possible resolving upper respi-
ratory infection should be considered carefully. With 
an active upper respiratory infection or cough, elective 
sedation should be delayed until the patient is recov-
ered. When any condition exists that may increase risk 
of sedation, that risk needs to be balanced against the 
urgency of the procedure or test being performed. 
After discussion with anesthesiology the sedation is 
performed.  

    Sedative Options and Considerations 
 The hospitalist proceeds with a bolus of propofol 
(2 mg/kg). The patient remains active and is given an 
additional 1 mg/kg of propofol. Five minutes later 
there is still movement and another 1 mg/kg of propo-
fol is given. As the patient is placed on the nuclear 
medicine scanner stridor is noted, a chin lift is per-
formed and an oral airway placed. The patient becomes 
apneic. Positive pressure is begun and a call for backup 
help is made. Oxygen saturations decrease to less than 
90 % for 1 min and then are maintained above 94 %. 
The hospitalist and backup anesthesiologist elect to 
place a LMA. The anesthesiologist takes over the case, 
the scan is completed, and the patient recovers and is 
discharged to home. 

 It is essential for patient safety that all sedation pro-
viders are well trained to rescue from a deeper level of 
sedation than intended. It is also essential that there is 
a system to provide escalating care in the case of unin-
tended sedation complications. Patient safety is depen-
dent on well-trained providers working in safe systems 
of care.   

    Case 5 

 A 13-month-old female is referred for an MRI. The 
patient was born at 40 weeks estimated gestational age. 

She has persistent developmental delay and has been 
described as having poor muscle tone. She is able to sit 
without support but is not crawling and not able pull her-
self up to stand. She is described as being a poor feeder 
during the fi rst few months of life. She had occasional 
coughing and gagging spells while feeding. At 6 months 
of age she was hospitalized with pneumonia. She other-
wise has done well. She has no recent upper respiratory 
infections or other recent illnesses. An MRI of her brain 
and spine have been ordered as part of her evaluation for 
poor muscle tone and delayed motor development. 

    Considerations 
 This 13-month-old child has no recent illness but does 
have history and physical exam fi ndings compatible with 
hypotonia. The etiology of her developmental delay is 
not known. An MRI is needed to help with diagnosis 
and prognosis. The poor muscle tone may increase her 
risk of sedation complication. She has some increased 
risk of airway complication and aspiration during a 
sedation. The history of poor feeding with coughing 
and gagging plus a history of pneumonia at 6 months 
of age may also indicate some diffi culty with swallow-
ing and handling oral secretions. There needs to be rec-
ognition of this increased risk for sedation. The 
provider of the sedation needs to be able to easily pro-
vide airway support including placement of a LMA or 
ETT. A referral or consultation to the anesthesia ser-
vice may be indicated. Every sedation system needs to 
work out in advance how to best handle children that 
have an increased risk of sedation adverse events. 
Hospitalists that work in sedation systems should be 
capable of handling sedation complications including 
intubation, but if the risk of airway management is 
higher than usual the referral to an anesthesiologist is 
expected.  

    Sedation Options and Considerations 
 During the pre-sedation evaluation the mild hypotonia 
was again noted. It was thought that the patient did have 
an increased risk for sedation complication. The MRI 
had been scheduled to be done with propofol adminis-
tered by a pediatric hospitalist. The hospitalist con-
sulted anesthesiology and it was agreed that the case 
could be done that day but it should be done with LMA 
placement and be performed by an anesthesiologist. 
The sedation was performed using general anesthesia. 
The patient had no complications, was monitored 
throughout recovery and was discharged home.   
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       Background: The United States and Beyond 

 Anesthesiologists have made signifi cant contributions to the 
specialty of pediatric sedation. In 1985, the fi rst sedation 
guidelines were published by the American Academy of 
Pediatrics (AAP), with an anesthesiologist as the leading 
author [ 1 ]. Although anesthesiologists may have led the 

pediatric sedation movements for the fi rst two decades 
following this AAP publication, over the most recent decade, 
non-anesthesiologists have begun to replace anesthesiolo-
gists in some of the leading roles. In fact, anesthesia-directed 
sedation models may be on the decline. In 2005, only half of 
the respondents of a North American survey indicated that 
they had a formal sedation service [ 2 ]. Only 26 % of 
institution- based sedation services involved either pediatric 
or general anesthesiologists [ 2 ]. 

 Comparatively, outside of the United States, anesthesia- 
directed sedation models seem to be more common. The 
Hadassah University Hospital in Jerusalem is an example of 
a large-volume, international sedation program that has been 
organized and directed by its Department of Anesthesia. 

      The Anesthesia-Directed Sedation 
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This program initiated an anesthesia-supervised sedation 
service that directs nursing-administered sedation [ 3 ]. 
Another anesthesia-directed nurse-lead sedation service was 
developed in 1995 in the United Kingdom for magnetic reso-
nance imaging (MRI). A collaboration between the 
Departments of Anesthesia, Radiology, and trained intensive 
care unit (ICU) nurses led to the creation of sedation proto-
cols. The oral route was most common and included chloral 
hydrate, temazepam, and droperidol. These sedation nurses 
were trained in the operating room by anesthesiologists on 
airway skills and the evaluation of physiological vital signs 
from physiological monitors. These skills were assessed 
every 3 months [ 4 ]. In another UK hospital, a nurse-led car-
dioversion service, not under the direct supervision of anes-
thesiologists, has been in effect since 2004 [ 5 ]. Another 
unique example of anesthesia collaboration is the training of 
nurse anesthetists in resource-limited developing countries 
such as Haiti. Médecins Sans Frontières, a volunteer organi-
zation, has trained nurses using expatriate anesthesiologists 
for more than 10 years to provide anesthesia and sedation 
services in some of their hospitals [ 6 ]. 

 It appears that globally, there seems to be a dearth of 
anesthesia- trained providers, and various models are emerging 
to address the shortage. Some of these sedation models have 
created disharmony between specialties, particularly as some 
non-anesthesiologists have assumed responsibility for pro-
pofol delivery. Currently, nurse-administered propofol seda-
tion (NAPS) is practiced in the United States, Switzerland, 
and Japan [ 7 ]. In countries such as Japan and South Korea, 
the national health insurance refuses to approve medical 
reimbursement for anesthesiology care during endoscopic 
procedures [ 8 ]. NAPS has emerged, in part, out of necessity 
in areas deprived of adequate anesthesia resources. In the 
United States, the Food and Drug Administration (FDA) 
denied a petition from the gastroenterologists who sought 
revision of the propofol package insert that necessitated 
training in the delivery of anesthesia and, similarly, the 
European Society of Anesthesia (21 national societies of 
anesthesiology) signed a consensus statement confi rming the 
same restrictions on propofol use [ 9 ]. This consensus state-
ment, however, did not limit propofol administration to anes-
thesiologists in all European areas. Rather, in Europe, some 
areas embraced NAPS. Collaborative programs were devel-
oped to coordinate the training of non- anesthesia sedation 
providers under the auspices of the department of anesthe-
siology. One such example is the NAPS program in endo-
scopic units in Denmark [ 10 ,  11 ]. In this study about 15 
patients (13 %) developed hypoxia that lasted more than 
60 s. Although there was no mortality and most of the 
patients were American Society of Anesthesiologists (ASA) 
class I and II, about 119 of 2,527 patients developed short-
lasting hypoxia (4.7 %), 61 (2.4 %) needed suction, 22 
(0.9 %) required bag-mask ventilation, and 8 (0.3 %) proce-

dures had to be discontinued. Also noted was that in 11 
patients (0.4 %), anesthetic assistance was called due to 
short-lasting desaturation. Overall the authors maintain that 
NAPS is safe, and standardized training programs for nurses 
that are approved by the gastroenterology societies as well as 
anesthesia societies are necessary.  

   Non-anesthesia Sedation Providers 

 The delivery of sedation by non-anesthesia sedation providers 
has created a political debate between different specialty 
societies (American College of Emergency Physicians, 
American Society of Anesthesiology, and American College 
of Gastroenterologists). One primary issue of debate involves 
the depths of sedation, and how far a non-anesthesia provider 
should be allowed to sedate along the sedation continuum. 
Propofol “sedation,” for many anesthesiologists, is believed 
to create a state of general anesthesia rather than moderate or 
deep sedation. The political debate has been compounded by 
the relative subjectivity of the sedation continuum and the 
accompanying defi nitions of the various depths (minimum, 
moderate, deep sedation, and anesthesia) [ 12 ]. American 
Society of Anesthesiologists has attempted to address these 
issues with statements and policies regarding the delivery of 
sedation by non-anesthesiologists [ 13 – 18 ]. 

 Sedation delivery by non-anesthesiologists, however, is 
continuing to emerge globally: in Europe, unlike in the 
United States, anesthesia can only be delivered under the 
responsibility of an anesthesiologist. The limited availability 
of anesthesia personnel has forced the reconsideration of 
sedation delivery by nonphysician anesthesia providers [ 19 ]. 
This reconsideration may be infl uenced by the data from the 
US models that show no statistical differences in complica-
tion rates among non-anesthesia providers [ 20 ,  21 ]. In 
Europe (in countries such as Austria, Belgium, Cyprus, 
Finland, Germany, Ireland, Portugal, Spain, and the United 
Kingdom), there exists an entity identifi ed as “circulation 
nurses/anesthetic nurses.” These circulation nurses provide 
care in the operating rooms and are responsible for aiding the 
anesthesiologist during induction, maintenance, and emer-
gence of anesthesia [ 22 ]. Another group of personnel include 
“anesthesia physician assistants” (in Switzerland and the 
United Kingdom) who can deliver both monitored anesthesia 
care (MAC) and induce general anesthesia for ASA I and II 
patients with indirect supervision by an anesthesiologist. 
They follow specifi c protocols and agreements [ 22 ]. 

 In the United States, although anesthesiology assistants 
(AA) exist, they are trained and credentialed differently than 
are nurse anesthetists. Both AAs and nurse anesthetists 
undergo the same average duration of training (26 months), 
but their scope of training, education, and practice differs 
[ 23 ]. AAs have the ability to deliver anesthesia but only 
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under the supervision of an anesthesiologist. In contrast, in 
some areas of the United States such as Iowa, Nebraska, 
Idaho, Minnesota, New Hampshire, New Mexico, Kansas, 
North Dakota, Washington, Alaska, Oregon, Montana, South 
Dakota, Wisconsin, California, Colorado, and Kentucky, the 
nurse anesthetists are able to function and bill independently 
in delivery of anesthesia care. These states have exercised 
the option of exemption of physician supervision for anes-
thesia delivery or “opt out” (42CFR part 416, 482, and 485). 
The request to “opt out” is usually carried out in a letter to 
the Center for Medicaid and Medicare Services (CMS) by a 
governor of the state in consultation with the state’s Board of 
Medicine and Nursing. 

 In the United States, the sedation-delivery model appears 
to be evolving such that in the majority of models, the role 
of the anesthesiologist is to oversee, provide consultation 
for, or supervise the training of non-anesthesia providers, 
rather than to provide direct care. However, it is clear that 
such practitioners or non-anesthesia providers would need 
to have a minimum skill set to manage an airway and rescue 
patients who drift into deeper level of sedation than intended 
[ 24 ]. Lessons learned from the US models indicate that 
anesthetics would specifi cally advise and directly help other 
specialties who are interested in initiating or expanding 
sedation services. The Department of Anesthesia could help 
in the development of appropriate training and credentialing 
processes, training in airway skills, simulation training, and 
quality assurance. 

 In St. Louis Children’s Hospital and Washington 
University, anesthesiologists provide airway skills training 
in the operating room for their hospitalists. At the University 
of Iowa, deep sedation credentialing requires airway skills 
(bag-mask) to be done every 2 years, in addition to a simula-
tion and written examination. Another example is the cre-
ation of a sedation service using anesthesia oversight for 
urodynamic studies in children [ 25 ]. The credentialing of 
sedation and anesthesia providers (SAP), which could be a 
physician, a physician’s assistant, or a nurse practitioner, 
occurred under the auspices of the director of anesthesiology, 
the surgeon-in-chief, or physician-in-chief. The require-
ments for credentialing involved a working knowledge of 
sedation principles and the hospital’s sedation and analgesia 
policy. The SAP had to review and complete the SAP educa-
tion module provided by the Department of Anesthesia, 
complete a qualifying examination, document adequate bag-
mask airway management, and/or complete an appropriate 
life support skills course. Drugs used were primarily nasal 
midazolam and oral midazolam, and for moderate sedation, 
intravenous fentanyl, ketamine, and midazolam. All sedation 
outcomes were reviewed by the Department of Anesthesia. 

 In the United States, the Joint Commission mandates that 
sedation practices throughout the hospital be “monitored and 
evaluated by the Department of Anesthesia” [ 26 ]. In addition, 

in 2011, the CMS compelled institutions to place all sedation 
practices under the direction of one physician, which is usu-
ally deferred to the Chairman of the Department of Anesthesia. 
Current anesthesia models include sedation services that 
are run by anesthesiologists and certifi ed registered nurse 
anesthetists (CRNAs). In some “opt out” states (states that 
have sought exemption from the physician oversight or 
supervision requirement for anesthesia delivery)—such as 
Iowa, Nebraska, Idaho, Minnesota, New Hampshire, New 
Mexico, Kansas, North Dakota, Washington, Alaska, Oregon, 
Montana, South Dakota, Wisconsin, California, Colorado, 
and Kentucky—CRNAs can practice independently. A recent 
publication by Parekh et al. showed that in 99,818 consecu-
tive cases (of which 36,483 procedures were performed by 
CRNAs alone), CRNAs safely administered sedation for 
endoscopies without supervision of anesthesiologists [ 27 ]. 

 In 2010, Boston Children’s program transitioned from an 
anesthesia-supervised nurse sedation (RN) model to a 
CRNA-run sedation model in response to the changes 
effected by CMS in 2010 [ 28 – 30 ]. In a few institutions, such 
as the University of Iowa and Oregon Health Sciences, the 
sedation model is different. These institutions have anesthe-
siologists who supervise registered nurses (RNs) trained in 
procedural sedation. Rainbow Children’s Hospital in 
Cleveland, Ohio has an established sedation service provided 
by intensivists. In response to the limited number of anesthe-
sia providers, a multispecialty service model has evolved at 
many hospitals in the United States over the past decade 
[ 24 ]. An example of such a multispecialty-tiered sedation 
program is at Texas Children’s Hospital. 

   Texas Children’s Hospital 

 In response to a sedation-related death in 2005, the Chief of 
Anesthesia, Dean B. Andropoulos, MD, organized and 
mentored a comprehensive hospital-system-wide sedation 
program at Texas Children’s Hospital. 

 The anesthesia department trains physicians to become 
credentialed in the administration of deep sedation. This 
training requires 2–7 days in the operating room under direct 
observation of a pediatric anesthesiologist. The physician 
must demonstrate skills in airway management (includes 
bag-mask ventilation, relieving upper airway obstruction, 
placement of a laryngeal mask airway, and endotracheal 
intubation). The physician must also pass an online sedation 
course (90 % correct answers to pass). Following completion 
of this training, the physician is then granted a secondary 
staff appointment in the department of anesthesiology. 
Recredentialing is required every 2 years and involves a 
complete repetition of the training. Maintenance of privi-
leges requires a minimum of 20 successful deep sedation 
procedures a year without complications; physicians from 
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multispecialties are eligible to be credentialed in deep 
sedation, intensive care medicine, emergency medicine, and 
hospital medicine. The sedation service is multitiered 
and has a distinct organization. 

 Two full-time sedation hospitalists are employed by the 
Department of Anesthesia. A third hospitalist, from the hos-
pital medicine service, also participates in providing deep 
sedation services in MRI and to other out-of-operating room 
locations. They are allowed to administer propofol, ket-
amine, dexmedetomidine, and/or nitrous oxide to healthy 
ASA I and II children for specifi c procedures, such as MRIs, 
minor interventional procedures such as incision and drain-
age, dressing changes, bone marrow aspiration, and some 
gastroenterology procedures. The hospitalist sedation ser-
vice is available during normal business hours, Monday–
Friday (i.e., 7:30 A.M. to 5:00 P.M.), and they have immediate 
access to a pediatric anesthesiologist for consultation or in an 
emergency (by mobile phone). The sedation location is 
always collocated with an anesthesiologist sedation location 
or in close proximity to a designated backup anesthesiolo-
gist. A backup anesthesia response team has been set up 
which includes a second anesthesiologist and an “Anesthesia 
Stat” to the Anesthesia Clinical Coordinator. 

 Sedation for radiological procedures at Texas Children’s 
Hospital is the primary responsibility of the hospital medi-
cine physicians. The prescreening is done by a trained group 
of radiology scheduling staff. The staff integrates the child’s 
electronic medical record information with the parent’s 
response to a telephone interview of standardized questions, 
in order to triage the ASA I and II child to receive sedation 
from an anesthesiologist versus non-anesthesiologist. There 
are many ASA I and II patients who are referred to anesthe-
sia, resulting in extended days that often extend into the eve-
ning, as well as Saturday and Sunday elective schedules. 
Children of ASA III or greater are referred directly to man-
agement by an anesthesiologist. Unanticipated emergencies 
are evaluated and triaged by the supervising anesthesiologist 
of that particular day. 

 Texas Children’s Hospital also has a nursing-administered 
(registered nurses/RN) sedation program for procedures that 
are appropriate for minimal or moderate sedation. The seda-
tion nurses must take an online sedation course and success-
fully pass an online examination. The nurse must renew their 
Basic Life Support (BLS) or Pediatric Advanced Life 
Support (PALS) certifi cation every 2 years. 

 To ensure the safety of the protocols and to evaluate 
sedation outcomes, an anesthesiologist “Chairs” the multi-
specialty, multidisciplinary Sedation Oversight Committee. 
This committee is tasked with designing policies and proce-
dures, and assessing quality and outcomes. Quality outcome 
data is mandatory for each patient and serious complica-
tions undergo Root Cause Analysis of the patient, sedation 
provider, environment, the institution, ancillary staff, and 
emergency response system. 

 The multitier service at Texas Children’s Hospital has 
succeeded in addressing the huge demand for sedation ser-
vices in such a busy hospital. In a 1-year period from 
September 2012 to August 2013, hospital medicine com-
pleted 545 cases, the critical care medicine team completed 
210 cases, and 7 cases were done by the Emergency Medicine 
team. The Anesthesia Department completed 11, 914 cases 
(which include both procedural sedation cases and out of OR 
cases). The Department of Anesthesia was able to resolve 
ramifi cations particularly related to the use of anesthesia 
billing codes by non-anesthesiologists (hospitalists) by 
allowing them to be employed by anesthesia and or a joint 
appointment with the Department of Anesthesia.  

   Objective Risk Assessment Tool for Sedation 

 Though the anesthesia-delivered sedation model seems to be 
on a decline, anesthesia’s presence in sedation is still very 
signifi cant: the Institute of Medicine recognizes the fi eld of 
anesthesia as a model of patient safety. Anesthesia-associated 
mortality is currently considered to be as low as 1 per 
200,000–300,000 anesthetics [ 31 ]. Innovative ideas on 
improving or evolving the current practice of sedation usu-
ally involve collaboration with anesthesia. For example, Drs. 
Green (emergency medicine) and Mason (anesthesia) 
together introduced a new concept of assessing sedation lev-
els not based on a patient’s subjective response, but instead 
on objective physiological (vital signs) monitoring [ 12 ]. 
They identifi ed this objective metric as ORATS (See 
Table  14.1 ) [ 32 ]. This is an Objective Risk Assessment Tool 
for Sedation (ORATS). Green and Mason suggested that the 
reformulated sedation continuum would be based on an 
objective means of stratifying sedation risk. This tool 
(ORATS) would guide training. It would also guide creden-
tialing and quality indicators, as well as sedation outcomes. 
This new method of assessment is controversial, primarily 
founded on the fi nancial costs that will be needed to imple-
ment the necessary physiological monitors [ 33 ]. Technology, 
however, is changing signifi cantly.

      Computer-Assisted Personalized Sedation 

 An emerging technology called a computer-assisted person-
alized sedation (CAPS) system has the potential to impact 
the practice of GI endoscopy, which looks promising [ 34 ]. 
Recently, a CAPS system was introduced in the SEDASYS    ®  
System (Ethicon Endo-Surgery, Inc., Cincinnati, OH). (Refer 
to Chaps.   31     and   38    .) With the assistance of anesthesia con-
sultants, SEDASYS was developed, trialed, and subse-
quently approved by the FDA in 2013. It is expected to be 
marketed in the United States in the early 2014. It is a CAPS-
based intravenous propofol delivery system designed for 
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ASA I and II adult patients undergoing endoscopy. The 
SEDASYS incorporates computer software that monitors 
vital signs (pulse oximetry, respiratory rate, capnography) 
and a patient’s response (appropriate response to verbal com-
mand) in order to regulate the delivery of propofol. This was 
a non- blinded multicenter randomized comparative study 
(four ambulatory surgery centers, three endoscopy centers, 
and one academic center in the United States). One thousand 
ASA I to III class adults were enrolled and underwent rou-
tine colonoscopy or endoscopy. Sedation with propofol using 
the SEDASYS system and sedation with each site’s current 
standard of care were compared (benzodiazepine/opioid 
combination). The results showed that the “area under the 
curve” for oxygen desaturation was signifi cantly lower for 
the SEDASYS group (23.6 %) versus (88.0 %) for the com-
parative group  p  = 0.28. In addition, patients who received 
propofol were more satisfi ed, and the recovery was expect-
edly faster than the comparison group [ 35 ]. Currently, the 
SEDASYS is approved for adults only, and there has not 
been any clinical application, nor studies performed with it 
in the pediatric population.  

   ASA Guidelines, Statements, and Education 
Modules 

 In summary, the American Society of Anesthesiology has, 
over the years, provided guidelines, statements, and edu-
cation modules (Sedation and Analgesia by Non- 

anesthesiologists) [ 36 ]. This module is available online or as 
a DVD and includes carbon dioxide basic monitoring and 
advanced life support information. It also provides basic 
information and knowledge of sedative and analgesic drugs 
for moderate sedation. It emphasizes patient safety with 
proper training in sedation. The educational contents, train-
ing, and credentialing of these providers, however, vary 
from institution to institution. The remainder of this chapter 
will discuss and review the sedation protocols that have 
been established and delivered under the auspices of 
anesthesiologists.   

   Development of Protocols 

 Pediatric anesthesiologists have, at their disposal, a wide 
armamentarium of drugs for sedation. Anesthesiologists 
administer sedatives and analgesics independently—most 
commonly without set protocols. Typically, non- 
anesthesiologists follow protocols, many of which have been 
developed by anesthesiologists, with respect to sedation 
administration, monitoring, and recovery [ 37 ,  38 ]. Ironically, 
albeit anesthesiologists have supported the sedation training 
and protocol development of non-anesthesiologists, many 
also oppose the practice whereby non-anesthesiologists can 
use anesthesia billing codes and deliver propofol [ 39 – 42 ]. 
This chapter will continue by exploring the variety of proto-
cols that have been established for various commonly admin-
istered sedatives. 

   Table 14.1    Objective risk assessment tool for sedation (ORATS) [ 32 ]   

 New levels (as 
yet unnamed) 

 Escalating risk of 
serious adverse event 

 Physiological monitoring 
parameters (singular or 
combination) a  

 Recommended sedationist 
skill set  Recommended resources b  

 1  ≤1:10,000  Consistent with normal 
awake pattern and 
frequency 

 Ability to observe and interpret 
the agreed-upon physiological 
monitoring parameters 

 Appropriate for risk level 

 2  1:1,000  ← Objective monitoring 
predicts this level of risk 

 Skills appropriate for 
maintaining sedation at this 
risk level and for rescuing from 
the subsequent level 

 Appropriate for risk level 

 3  1:100  ← Objective monitoring 
predicts this level of risk 

 Skills appropriate for 
maintaining sedation at this 
risk level and for rescuing from 
the subsequent level 

 Appropriate for risk level 

 4  ≥1:10  ← Objective monitoring 
predicts this level of risk 

 Skills appropriate for 
maintaining a patient at this 
risk level 

 Appropriate for risk level 

  Preliminary sample schematic. The choice of four levels here is arbitrary and for illustration purposes only. The fi nal tool would contain the mini-
mum number of discrete levels with independent predictive value 
  a Focused research would be required to validate the specifi c variables, parameters, and thresholds that predict the progressive levels of serious 
adverse event risk. Evaluation of capnography, for example, could include but not be limited to evaluation of waveform, frequency, pattern, and/or 
numerical value on inspiration or expiration 
  b To be determined at each level by consensus panel and would include but not be limited to recommendations on adjuvant personnel, intravenous 
access, availability of rescue medications, and airway equipment  
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   Ketamine 

 Ketamine has been used as an adjunct analgesic and hyp-
notic for radiological procedures, hearing tests, endoscopies, 
fracture reductions, suture insertion and removal, and onco-
logical procedures such as lumbar puncture. Ketamine is ver-
satile because it confers sedation, analgesia, and amnesia. A 
sedation protocol at Boston Children’s Hospital allows radi-
ology registered nurses (RN) to administer intravenous or 
intramuscular ketamine (under the auspices of a staff anes-
thesiologist or radiologist) for interventional, painful radio-
logical procedures such as angiographies, percutaneous 
gastrostomy tubes, percutaneous inserted central catheters 
(PIC lines), and organ biopsies. There are clearly defi ned 
contraindications to the administration of ketamine, which 
guide the triage (screening) process (Table  14.2 ) [ 29 ,  43 ]. 
The advantage of these protocols was that it provided for the 
intramuscular (IM) route of administration for children who 
were not amenable to an intravenous (IV) initiation. This 
was particularly valuable for children who required a periph-
erally inserted central catheter (PIC) line for failure to 
achieve intravenous access. The Boston Children’s Hospital 
protocol specifi ed IM ketamine (using the concentrated form 
of ketamine 100 mg/kg) at an initial dose of 4 mg/kg for chil-
dren under 5 years of age and 1 mg/kg above 5 years of age. 
Concomitantly, glycopyrrolate at 0.005 mg/kg was added to 
reduce the increased secretions associated with ketamine. 
Midazolam was administered to children over 5 years at 
0.1 mg/kg to reduce the incidence of nightmares and halluci-
nations (Fig.  14.1  [ 29 ]). An intravenous ketamine protocol 

was also developed for administration by registered nurses. 
Ketamine IV 1 mg/kg and IV glycopyrrolate 0.005 mg/kg 
were administered together for procedures less than 10 min 
duration. Midazolam IV at 0.1 mg/kg was administered to 
those who were older than 5 years in order to decrease the 
incidence of hallucinations. For longer procedures, IV ket-
amine was delivered as a bolus followed by a continuous 
infusion of 50–125 mc/kg/min to maintain adequate depth of 
sedation (see Fig.  14.2  [ 29 ]). In oncology patients requiring 
procedures such as lumbar puncture, IV ketamine at an ini-
tial dose of 1 mg/kg (maximum of 75 mg), followed by addi-
tional boluses of 0.5 mg/kg as necessary (maximum of 2 mg/
kg) was found to be effective [ 44 ].

     Ketamine has also been used as an adjunct with propofol. 
Some have identifi ed this combination using the term “keto-
fol” [ 45 ]. This combination is intended to decrease the dos-
ing of each sedative, maintain hemodynamics, and decrease 
the risk of respiratory depression. A comparison of propofol 
versus propofol-ketamine combination for sedation during 
spinal anesthesia showed the combination provided better 
quality sedation with fewer complications as compared to 
propofol alone [ 46 ]. A protocol for auditory testing (ABR) 
of children age 1–13 years, demonstrated that the combina-
tion of 0.5 mg/kg ketamine and 1.5 mg/kg of propofol, 
decreased the need for additional boluses of propofol when 
compared to propofol alone (1.5 mg/kg). The ketamine and 
propofol (ketofol) combination decreased the total amount 
of propofol used. In addition no patients in the ketofol group 
had any desaturation or apneic events, whereas four patients 
had desaturation events and six had apneic events. Additional 

   Table 14.2    Exclusion criteria for ketamine-induced sedation [ 43 ]   

 Exclusion criteria for ketamine-induced sedation 

 Contraindications to the use of ketamine 
 1. Active pulmonary infection or disease 
 2. Known or potential (i.e., risk of) airway compromise 
 3. Pulmonary hypertension 
 4. Age of 3 months or younger 
 5. History of apnea or obstructive sleep apnea 
 6. Craniofacial defect that would make mask ventilation diffi cult 
 7. Complex cardiac disease 
 8. Acute globe injury 
 9. Prior adverse reaction to ketamine 
 10. History of bipolar disease or schizophrenia 
 11. Head injury associated with loss of consciousness, altered mental status, or emesis 
    12.  Intracranial hypertension (i.e., CNS mass lesions, hydrocephalus, head injuries associated with increased intracranial pressure); if there is 

any doubt, please have radiologist consult ordering physician to determine whether there is increased intracranial pressure risk 
 13. Any child in whom there is a question of increased intracranial pressure 
 14. Child with potential ventriculoperitoneal shunt malfunction 
 15. Increased intraocular pressure 
 16. Patient or parent refusal 
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  Fig. 14.1    This protocol is primarily for ketamine use when intravenous access is diffi cult or not attainable. The age groups are divided into chil-
dren less than 5 years and children greater than 5 years [ 29 ]       

  Fig. 14.2    Intravenous administration of ketamine for pediatric radiological procedures [ 29 ]       
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doses were needed in the propofol group (21) versus (8) in 
the propofol-ketamine (ketofol) group [ 47 ]. A retrospective 
analysis of an IM ketamine-midazolam-atropine (5 mg/kg, 
0.1 mg/kg, 0.01 mg/kg, respectively) combination for ABR 
sedation showed this combination to be effective with mini-
mal side effects [ 48 ]. Another study demonstrated that a 
combination of propofol and ketamine was very effective for 
pediatric burn dressing changes [ 49 ]. In endoscopic proce-
dures, there seems to be better tolerance during insertion of 
the scope when a combination of propofol-ketamine is used 
as opposed to ketamine-fentanyl [ 49 ]. 

 Agents such as ketamine and dexmedetomidine have been 
used in combination for cardiac catheterizations but were not 
found to be superior to the ketamine-propofol combination 
with respect to analgesia and sedation conditions. The dex-
medetomidine group had increased recovery time and a 
higher ketamine requirement than did the propofol-ketamine 
combination [ 50 ]. 

 A protocol developed using intranasal sufentanil and ket-
amine was developed in Europe. The bioavailability of suf-
entanil and ketamine was 24.6 % and 35.8 %, respectively. 
A low dose of 0.5 mcg/kg intranasal sufentanil and 0.5 mg/
kg ketamine was effective in 78 % of children undergoing 
painful procedures [ 51 ].  

   Pentobarbital 

 Although the drug has been in clinical use for more than 150 
years and has an established safety record for sedation, the 
limitation is its relatively long half-life ranging between 15 
and 48 h [ 52 ]. Pentobarbital given by the oral route (up to 
8 mg/kg) has been shown to have a lower incidence of 
adverse events as compared to oral chloral hydrate [ 30 ]. 
An advantage of pentobarbital is that it may be administered 
by the oral and intravenous route with similar effi cacy and 
adverse event profi les for each route [ 30 ]. Boston Children’s 
Hospital still continues to have a nursing-administered 

pentobarbital sedation service. With clearly defi ned protocols, 
pentobarbital by the intravenous or oral route has been shown 
to be effi cacious, predictable, and relatively safe. Although it 
has no analgesic properties, in conjunction with judicious 
administration of a narcotic, it may be used successfully for 
painful procedures [ 30 ,  53 – 55 ].  

   Dexmedetomidine 

 Dexmedetomidine is a selective alpha-2 adrenergic agonist 
that was approved in the United States in 1999 for intubated 
adults, and then in 2010 for the sedation of adults in areas 
outside of the operating room and ICU. It is not approved 
for pediatric usage although it is being used widely for this 
population in clinical practice. It was recently approved in 
September 2001, in Europe, for sedation in the ICUs. 
Although it does not carry pediatric labeling anywhere in 
the world, it has demonstrated itself to be effective and 
respiratory sparing as a sedative for non-painful radiologi-
cal imaging studies, as well as a useful perioperative adjunct 
to improve analgesia and decrease emergence delirium [ 12 , 
 54 ,  56 – 61 ]. 

 Between 2005 and 2010, dexmedetomidine was incor-
porated into the nursing-administered sedation program for 
MRI at Boston Children’s Hospital. It still continues to be 
administered by nurses for computerized tomography (CT) 
sedation, under the auspices of a physician from the 
Department of Anesthesia [ 54 ,  57 – 59 ,  61 ]. Clearly defi ned 
protocols have been established to guide administration: a 
list of contraindications to dexmedetomidine guided the tri-
age/screening process (Table  14.3  and Fig.  14.3 ) [ 59 ]. An 
initial loading dose of 2–3 mcg/kg IV dexmedetomidine is 
administered over a 10-min period. Using the Ramsay 
Sedation Scoring System, the child would receive an addi-
tional    bolus of 1–2 mcg/kg IV over another 10 min if he/she 
failed to achieve a Ramsay Sedation Score (RSS) of 4 after 
the fi rst bolus. Once the child achieves this intended level 

   Table 14.3    Medical conditions that contraindicate dexmedetomidine and nursing-administered sedation [ 59 ]   

 Medical conditions that contraindicate dexmedetomidine and nursing-administered sedation 

 1. Active, uncontrolled gastroesophageal refl ux—an aspiration risk 
 2. Active, uncontrolled vomiting—an aspiration risk 
 3. Current (or within past 3 months) history of apnea requiring an apnea monitor 
 4.  Active, current respiratory issues that are different from the baseline status (pneumonia, exacerbation of asthma, bronchiolitis, respiratory 

syncytial virus) 
 5. Unstable cardiac status (life-threatening arrhythmias, abnormal cardiac anatomy, signifi cant cardiac dysfunction) 
 6. Craniofacial anomaly, which could make it diffi cult to effectively establish a mask airway for positive pressure ventilation if needed 
 7. Current use of digoxin 
 8. Moyamoya disease 
 9. New-onset stroke 
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of sedation, the sedation is maintained with an infusion 
dose of 1–2 mcg/kg/h. The infusion is stopped once the 
procedure is completed. The patient is then transported to a 
recovery area until discharge criteria (based on a modifi ed 
Aldrete score) are met [ 58 ,  60 ]. In approximately 10 % of 
the cases, there was a need for adjuvant sedation with up to 
2 mg/kg IV pentobarbital for optimal imaging conditions 
[ 60 ]. At the University of Iowa and St. Louis Children’s 
Hospital, the dexmedetomidine protocols from Boston 
Children’s Hospital have been adapted to include IV mid-
azolam 0.1 mg/kg, IV ketamine 0.5 mg/kg, and propofol as 
alternatives to pentobarbital.

       Propofol 

 Propofol is not FDA-approved as a sedative, but rather is 
considered an anesthetic agent [ 62 ]. In general, its adminis-
tration should be reserved to only those who are skilled in the 
administration, recognition, and rescue from general anes-
thesia. Both the American Association of Nurse Anesthetists 
and American Society of Anesthesia made a joint statement 
on the need for restricting the use of propofol [ 63 ]:

  Whenever propofol is used for sedation/anesthesia, it should be 
administered only by persons trained in the administration of 
general anesthesia, who are not simultaneously involved in these 

  Fig. 14.3    Boston Children’s Hospital intravenous dexmedetomidine sedation order sets       
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surgical or diagnostic procedures. This restriction is concordant 
with specifi c language in the propofol package insert, and failure 
to follow these recommendations could put patients at increased 
risk of signifi cant injury or death. 

   Though the controversy on the use of propofol by 
 non- anesthesia providers remains—especially in the United 
States—there is an increasing group of providers using it for 
sedation for endoscopic procedures [ 64 ]. 

 Propofol protocols for upper gastrointestinal (GI) 
endoscopies have been developed in conjunction with other 
medications such as tramadol (used instead of fentanyl), 
which confers better respiratory stability than does fentanyl. 
A baseline level of sedation was provided with 1 mg/kg, 
and then patients were randomly assigned to receive fen-
tanyl at 2 mcg/kg or tramadol at 2 mg/kg. It was found that 
tramadol provided sedation as effi cient as fentanyl with 
better hemodynamic and respiratory stability (using pro-
pofol in the background as a steady dose) [ 65 ]. A meta-
analysis of nine randomized controlled trials compared 
propofol in combination with other sedatives (such as mid-
azolam, remifentanil, alfentanil, meperidine, fentanyl, and 
etomidate) to propofol alone. Propofol in combination was 
shown to decrease the total dose of propofol without 
affecting any change in cardiopulmonary complications 
[ 66 ]. Though the controversy of propofol use continues, 
the popularity of its use continues to grow with non-anes-
thesia providers. The recent fi rst CAPS device using pro-
pofol was approved by the FDA in 2013 for commercial 
distribution in 2014 [ 67 ]. It has only been approved for use 
in healthy adult ASA I and II patients age 18 years and 
older. Although intended to allow non- anesthesiologists, 
gastroenterologists in particular, to deliver propofol for 
adult endoscopies, the FDA specifi es that it requires the 
immediate availability of anesthesia [ 68 ]. The defi nition of 
“immediate availability” is not defi ned and is left to the 
discretion of the providers, institution, or facility.   

   A Close Examination of Some Unique 
Sedation Programs Developed 
in Conjunction with Anesthesia 
in the United States 

   Nursing-Delivered Propofol: The University 
of Iowa 

 Nursing-delivered propofol has been controversial because 
its use needs to be restricted (according to governing bodies 
such as the American Society of Anesthesiology and the 
FDA) to professionals trained in performing general anesthe-
sia [ 69 ,  70 ]. 

 The University of Iowa has a unique propofol model: 
registered nurses deliver propofol under the supervision of 
an anesthesiologist. A sedation protocol for endoscopy of 
children <10 years of age specifi es a 10:1 combination of pro-
pofol and ketamine. The ketamine was intended to provide 
some analgesic and propofol sparing effect. Ketamine is not 
used as an adjunct to propofol for procedures in children 
>10 years of age for fear of hallucinations, nausea, and 
vomiting. Initially, the dosing interval between boluses was 
at 1 min intervals and slowly reduced to 15 s after the nurses 
gained experience. There are order sets that detail the dos-
ing (see Table  14.4 ).

      Nursing-Administered Sedation Program: 
The University of Iowa 

 In 2007, a nursing-administered sedation program was 
developed under the auspices of Dr. Joss Thomas. Prior, 
moderate, and deep sedation was administered by the anes-
thesia physicians. The program began with the training of 
fi ve registered nurses (RNs) on bag-mask ventilation on 
anesthetized pediatric and adult patients, placement of a 
laryngeal mask airway, identifi cation and rescue of airway 
obstruction and evaluation, and application of capnography. 
The nurses underwent simulation sessions on sedation- 
related events such as laryngospasm, airway obstruction, and 
equipment malfunction. They attended didactic sessions 
with anesthesia faculty who taught them important aspects of 
sedation: the pharmacology, pharmacokinetics and pharma-
codynamics of sedatives and adjuvant medications, the con-
cept of rescue, identifying levels of sedation, and recognizing 
that sedation is a continuum. They attended and worked in 
the Anesthesia Pre-evaluation Clinic to get skills in pre-
screening, and evaluating the past, current, and signifi cant 
medical history. After 1 year of delay with the Iowa Board of 
Nursing, the University of Iowa began an unprecedented pro-
gram: propofol-administered pediatric sedation administered 
by registered nurses under the supervision (but not continual 
presence) of anesthesia. 

 The credentialing requirements for these sedation nurses 
include a rigorous educational and didactic component, with 
a fi nal exam to obtain fi nal credentialing. The nurses must 
return to the operating room annually to demonstrate compe-
tency in the ability to independently mask ventilate fi ve 
adults and children. They must also complete a minimum of 
3–4 simulations annually. A designated anesthesiologist is 
assigned daily to supervise the nurses on the sedation ser-
vice. The anesthesiologist is not in continuous attendance of 
each sedation, but is immediately available. All sedation is 
administered by predefi ned protocols, which may not be 

J. Thomas



237

   Table 14.4    Propofol protocol for RN sedation (Merete Ibsen, MD, Department of Anesthesia, Carver 
College of Medicine, University of Iowa)          
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modifi ed without approval of an anesthesiologist. All current 
requirements of sedation conform to policies of the Joint 
Commission and CMS [ 28 ,  71 ]. 

 From January 2007 to April 2013, the University of Iowa 
has administered more than 9,000 pediatric sedations (an 
additional 1,000 in adults), 60 % of which were for radio-
logical imaging and gastroenterology endoscopic proce-
dures. Most patients were healthy ASA I and II medical 
status. There is an overall 4 % incidence of adverse events, 
which include oxygen desaturation (defi ned as less than 
90 %    saturation or decrease in saturation greater than 5 % of 
baseline for greater than 60 s) (not applicable to patients with 
congenital heart disease) not amenable to usual interventions 
such as blow by oxygen, position change, jaw thrust, short 
duration (less than 5 min) of bag-mask delirium/irritability, 
nausea and vomiting, airway obstruction, and inadequate 
sedation. The rate of signifi cant adverse events was very low 
and involved unexpected admissions (17/10,000), allergic 
reactions (10/10,000), oxygen saturations less than 90 % 
(6/10,000), and reversal agent required (1/10,000). Through 
careful quality assurance and data review, modifi cations to 
protocols have led to improvements in outcome. For exam-
ple, the reduction in ketamine usage and implementation of 
propofol reduced the rate of nausea and vomiting to approxi-
mately 4 % (manuscript in preparation). The preferred seda-
tion for radiological imaging is dexmedetomidine, adopting 
the protocols developed at Boston Children’s Hospital [ 54 , 
 57 – 60 ]. 

 The University of Iowa also trains non-anesthesiologists 
to administer deep sedation in the hospital. Training requires 
demonstration of bag-mask ventilation skills on anesthetized 
patients in the operating room and a 1-h simulation scenario 
in the presence of an anesthesiologist. Didactic learning 
occurs through a website with all the sedation-related mate-
rial, which culminates with a written multiple choice exam. 
They are required to be current on their ACLS and/or 
PALS. This credentialing process is repeated every 2 years. 
All physicians must comply, regardless of past experience.   

   Conclusion 

 Under the leadership of anesthesia, sedation services can be 
created that rival the outcomes of anesthesia-delivered care. 
These models are uncommon both in the United States and 
abroad, in part because of political limitations but also 
because they require the commitment (time, intellectual, 
emotional) of anesthesiologists who are often limited in 
availability [ 35 ]. Training, credentialing, maintenance and 
demonstration of sedation skills, and collection and review 
of quality assurance data are all critical components of these 
sedation programs. The commitment of a Department of 

Anesthesia to partner with non-anesthesiologists in order to 
develop a non-anesthesia-delivered sedation service pro-
vides the opportunity for innovation and creativity.      

  Case Studies 

   Case One: Pulmonary Function Testing 
in an Infant 

   What are the Challenges? 
   1.    The need to sedate a child who has very little respi-

ratory reserve since the child only has one lung.   
   2.    Spirometry chamber does not allow any other mon-

itoring modality other than pulse oximetry.   
   3.    Access to patient once in the spirometry chamber is 

diffi cult or compromised.   
   4.    Child needs the test to evaluate whether surgery is 

indicated so the sedation should not compromise 
the normal breathing pattern of the child as much as 
possible.     

   Case Description 
 A 5-month-old baby with congenital agenesis of one 
lung and tracheal rings requires a pulmonary func-
tion test to assess lung function to plan whether sur-
gical intervention of the tracheal rings is necessary at 
this age. In order to assess lung function, the baby 
requires sedation but needs to be spontaneously 
breathing. The baby is placed in a sealed chamber 
and, therefore, cannot be attached to monitors that 
have physical wires since the seal has to be “tight.” 
The challenge here is that there are certain periods 
that the child would virtually have no conventional 
monitors (except for a pulse oximeter that is an inte-
gral part of the chamber). Though the process is not 
associated with noxious stimuli, there are episodes 
whereby the baby’s lungs are infl ated through a mask 
placed and sealed on the baby’s face, which may be 
quite stimulating. We decide that dexmedetomidine 
would be the ideal drug to use since the baby would 
remain spontaneously breathing, and during the 
phases where the baby’s lung was artifi cially infl ated, 
we would bolus with a dose of ketamine. We used a 
protocol of 2 mcg/kg bolus over 10 min and 1.5 mcg/
kg/h for dexmedetomidine, and used boluses of 
0.5 mg/kg ketamine prior to the infl ation of the lung. 
The whole process took about 45 min, and with these 
medications, the baby remained sedated, and the pul-
monologists were able to get the data they needed to 
assess lung function. The information provided by

(continued)
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the pulmonologists was enough to help the ENT sur-
geons to consider that intervention was not required 
immediately and they would continue to watch the 
baby for any signs of respiratory impairment as a 
result of the tracheal rings.   

   Case Two: Sedation for the Child Who Has 
Suffered from Burn Injury 

   What are the Challenges? 
   1.    Access to areas to place monitors can be diffi cult 

due to burnt areas of the body usually covered with 
dressing.   

   2.    Increased sweating on the patient due to the higher 
ambient temperatures, makes electrocardiogram 
(EKG) pads fall off easily making monitoring more 
diffi cult.   

   3.    Increased chance of dislodgement of oxygen can-
nula and other monitors since the child needs to be 
moved for debridement and dressing changes.   

   4.    The procedure is painful, and the child probably is 
highly tolerant to opioids and already is on relatively 
signifi cant doses of pain-relieving medications.     

   Case Description 
 A 2-year-old sustained scalding injury to the hands and 
feet and requires dressing changes. The patient is tran-
sitioning from an inpatient to an outpatient and is 
likely not to have intravenous access. As an inpatient, 
the intravenous access is likely, and the sedation plan 
would involve intravenous ketamine and propofol. 
Some of the challenges include the problem of moni-
tors not being able to stick to the patient, and one has 
to be vigilant to make sure that the reason why the 
monitors are not picking up the oxygen saturations or 
EKG is because of artifacts or problems with contact. 
During the transition phase to an outpatient, these 
patients are unlikely to have an intravenous line. In 
such situations, one can be placed using local anesthe-
sia (cutaneous administration) and child life services. 
However, IM injections of ketamine and versed may 
work just as well. A mixture of 0.1 mg/kg or mid-
azolam and 1–4 mg/kg of ketamine is used to provide 
adequate sedation for dressing changes. Some of these 
dressing changes occur in the room or in the bath area. 
Appropriate monitoring including end-tidal CO 2  is 
necessary to assure safety in monitoring as the pulse 
oximeter can sometimes fall off despite adequate 
securement at the time due to sweating. The use of 
nitrous oxide for this type of procedure can also be 
explored.   

   Case Three: Sedation for Multiple 
Procedures 

   What are the Challenges? 
   1.    Different locations for different procedures so 

patients may have to be transported sedated through 
hallways and on elevators.   

   2.    Some procedures may be more noxious stimulating 
than others, so one medication that usually works 
for sedation may not be ideal for the subsequent 
procedure. For example, if dexmedetomidine is 
used for radiological imaging but subsequently the 
child has to be sedated for a bone marrow, dexme-
detomidine may not work for the bone marrow 
aspiration.   

   3.    Procedures that depend on multiple different pro-
viders need exceptional coordination so that as each 
procedure is completed, subsequent providers are 
already available to complete their procedures in 
order to reduce time that the child is unnecessarily 
sedated.   

   4.    Scheduling of multiple procedures depends on 
availability of different providers, which can be a 
challenge.     

   Case Description 
 Occasionally we get requests for children who need 
multiple procedures, some of which are associated 
with some discomfort or pain. In some cases, this is 
compounded by poor or diffi cult intravenous access. 
Depending on the age and cooperation of the child, 
procedures requiring noxious stimuli may deal with 
purely nitrous oxide sedation. The intravenous access 
can be less stressful to a child by using nitrous oxide 
and child life distraction techniques. If a child needs 
an MRI after a procedure such as a lumbar puncture, 
the nitrous oxide apparatus may not be MRI compati-
ble. In such situations, we need to change the sedation 
to an intravenous mode using dexmedetomidine or 
propofol. In some instances where intravenous access 
is diffi cult, using inhalational anesthetics to get the 
intravenous access may be the most humane way of 
getting access (especially if the child is upset, agi-
tated, or noncooperative). In such cases, the inhala-
tional anesthetic can be continued to complete the 
procedure (in which case it becomes a general anes-
thetic case) or converted to a propofol or dexmedeto-
midine sedation where the inhalational gas is 
discontinued. The use of different sedation modalities 
allows the fl exibility to undergo different serial proce-
dures and allows for multiple procedures to be done in 
one sedation encounter.   
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Abstract

Inadequate pain management in neonatal life impairs neurodevelopmental outcome because 
it alters pain thresholds, pain- or stress-related behavior, and physiological responses later 
in life. However, there are recently also emerging animal experimental and human epide-
miological data on the impact of analgo-sedatives on neuro-apoptosis and impaired neuro-
developmental outcome. As a consequence, the management of neonatal pain is in search of 
a new balance, and these conflicting observations are the main drivers to tailor our pain 
management in neonates. Adequate pain management is based on prevention, assessment, 
and treatment with subsequent reassessment. Issues related to prevention and assessment 
tools are covered. Non-pharmacological (e.g., complementary interventions like facilitated 
tucking, nonnutritive sucking) and pharmacological (e.g., acetaminophen, opioids, ket-
amine, propofol) treatment modalities were reviewed and reflect the increased knowledge 
on neonatal pain management. Each topic ends with some take-home messages that in part 
also reflect our opinion on the current status of this topic.

Keywords
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score • TheModified Behavioral Pain Scale (MBPS) •VisualAnalogue Scale (VAS) • Numeric
Rating Scales (NRS) • Heart rate • Oxygen saturation • Facial expression • Limb movement  
• Vocalization • Nonnutritive sucking • Swaddling • Containment • Multisensorial stimulation
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�Introduction

�Why Do Neonates Need Procedural 
Analgo-Sedation?

About 30 years ago, the myth that nervous system immatu-
rity precluded neonates from pain perception and its negative 
effects was rejected by Anand et  al. when he documented 
that inadequate analgesia during and following surgery 
resulted in both increased mortality and morbidity [1].  
It subsequently became apparent that the negative effects of 
inadequate analgesia were not limited to neonatal life, but 
were also observed in later infancy. The ontogeny of the ner-
vous system is based on a complex pattern of cell prolifera-
tion, migration, differentiation, and selective cell survival 
and includes apoptosis. Functional development relates to a
balance of excitatory and inhibitory signals. Due to matura-
tional plasticity of the nociceptive systems throughout 
infancy, nociceptive input may cause population-specific
lasting alterations in pain processing [1–4].
However, these findings need a balanced approach.

Experimental data from animals also provide evidence that 
chronic morphine exposure in perinatal life results in a 
reduced brain volume, decreased neuronal packing density, 
and less dendritic growth and branching. This is associated
with learning and motor disabilities. In contrast, opioid 
receptor blockade through naloxone results in increased 
brain size and more pronounced dendritic arborisation.
Similar animal experimental data have been reported for
other analgo-sedatives, including benzodiazepines, ketamine,
inhalational anesthetics, propofol, barbiturates, or combina-
tions of such analgo-sedatives. Alterations are in part drug 
and dose dependent, and there is an age-related window of 
vulnerability for apoptosis on the one hand or dendritic 
changes on the other hand [5–8].
The extrapolation of these observations in animals to the

human (pre)term newborn is obviously hampered by several 
limitations. An association between major neonatal surgery 
(number of interventions, disease severity) and neurodevel-
opmental impairment has been observed. However, exposure 
to analgo-sedatives is only one of the factors associated with 
this negative outcome [9, 10]. Others have extended these
long-term impact research concepts to include medical 
procedure-related pain and nociception in later life in pre-
term neonates [2, 11]. Using functional magnetic resonance 
imaging (fMRI) during a tonic heat stimulus, the cerebral
pain response in three sets (Neonatal Intensive Care Unit 
[NICU] preterm, NICU full term, no NICU admission) of 
each nine children were compared [11]. Former preterm
infants had significantly higher activations than controls in
primary somatosensory cortex, anterior cingulate cortex, and 
insula. This exaggerated brain response was pain-specific

since this was not observed during non-painful warmth 
stimulation [11]. Similar, and using a term matched-control
design in 43 former extreme preterm neonates, Walker et al.
documented that there were differences in somatosensory 
perception in childhood [12]. Interestingly, these differences 
were in part local (e.g., thermal and mechanical hyposensi-
tivity around a thoracotomy scar) and in part more general 
(thermal hyposensitivity).
The currently available observations strongly suggest that

early pain contributes to neurodevelopmental outcome, pain 
thresholds, pain- or stress-related behavior, or physiological 
responses in later life. Effective pain management therefore 
remains an important indicator of the quality of care pro-
vided to neonates, not only from an ethical, but also from an 
outcome perspective [12, 13].

Although there is an obvious difference between sedation 
and analgesia, the available assessment tools and practices 
cannot always fully discriminate between sedation and anal-
gesia. The increased awareness that neonates feel pain, the
ethical obligation to treat this pain with analgesics, the grow-
ing body of evidence demonstrating that untreated neonatal 
pain can lead to altered reactivity to pain that persists through-
out infancy and childhood, as well as the need for a humane 
management of neonates resulted in the development of 
guidelines to promote the use of analgesics in neonates  
[3, 14]. The main objectives of sedation and analgesia are
reduction of pain, stress and irritability, and promotion of 
physiological stability. In the long term, reduced stress, as 
well as improved physiological stability, is believed to mini-
mize the risks of neurological injury and death.Alleviation of
pain is a fundamental human right, regardless of age [15, 16].
Despite the ethical issues, the increasing awareness

regarding pain management in neonates and the availability 
of published guidelines for the treatment of procedural pain, 
preterm neonates still experience pain resulting in short- and 
long-term detrimental effects. The discrepancy between the
available knowledge (relevance of adequate analgo-sedation, 
validation of techniques) and the bedside handling has been 
recently re-illustrated by Carbajal et al. [17]. This research
group reported epidemiological data on the incidence of 
painful and stressful procedures and its management in the 
first 14 days of admission that were prospectively collected
within a 6-week period (2005–2006) in 430 neonates admit-
ted to tertiary care NICUs in the Paris region of France. This
epidemiological study resulted in a median of 115 procedures
for each neonate during the study period and 16 procedures
per day. Of these, each neonate experienced a median of 75
painful procedures during the study period and 10 painful
procedures per day of hospitalization. Of the 42,413 painful
procedures, 2.1 % were performed with pharmacological-
only therapy, 18.2%with non-pharmacological-only therapy,
20.8 % with pharmacological and non-pharmacological
therapy, and 79.2 % without specific analgesia; 34.2 % were
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performed while the neonate was receiving concurrent 
analgesic or anesthetic infusions for other reasons [17]. 
Prematurity, category of procedure, parental presence, sur-
gery, daytime, and day of procedure after the first day of
admission were associated with greater use of specific
pre-procedural analgesia, whereas mechanical ventilation, 
noninvasive ventilation, and administration of nonspecific
concurrent analgesia were associated with lower use of spe-
cific procedural analgesia [17]. Consequently, the authors 
concluded that large numbers of painful and stressful proce-
dures were performed of which the majority were not accom-
panied by analgesia. The conclusions and epidemiological
findings are very similar to the data published by Simons
et al. that were collected 5 years earlier. Based on a dataset in
151 preterm neonates, each neonate was subjected to 14
(SD 4) procedures per day [18]. Despite the fact that most of
these procedures were estimated to be painful, preemptive 
analgesia was provided to fewer than 35 % of neonates per
study day, while about 40 % of the neonates did not receive
any analgesic therapy during their NICU stay [18].
Similar results were reported when practices were com-

pared between two time intervals in a same region. Survey
data for the years 2004 and 2010 on analgesia policy and
practices for common invasive procedures at Italian NICUs 
were compared to ascertain the extent to which neonatal 
analgesia for invasive procedures has changed since the pub-
lication of Italian guidelines [14, 19]. Based on paired data
on 75 NICUs, the practice of pain monitoring became more
common. However, only 21 and 17 % of NICUs routinely
assess pain during mechanical ventilation and after surgery, 
respectively. Similarly, the routine use of medication for
major invasive procedures was still limited (35 % of lumbar
punctures, 40 % of tracheal intubations, 46 % during
mechanical ventilation), and postoperative pain treatment 
was also inadequate. Consequently, the authors concluded 
that despite the improvements in neonatal analgesia practices 
in Italy since national guidelines were published, pain is still 
largely undertreated and underscored [14, 19].

�Take-Home Messages: Why a Focused Chapter 
on Neonatal Analgo-Sedation?

Neonates do feel pain. It has even been described that 
neonates are even more vulnerable to pain. These more vul-
nerable neonates are precisely those that are most exposed  
to painful interventions. The subjectivity inherent to pain
assessment in neonates probably further contributed to the 
wide variety of practices. The specific characteristics of neo-
nates warrant a focused approach because:
• The lack of verbalization is likely one of the most impor-

tant obstacles for the proper diagnosis and treatment of 
pain and distress in newborns. Pain in the newborn is

usually not easily recognized and remains commonly
under- or untreated [15, 16]. In general, if a procedure is 
painful in adults, it should be considered painful in 
neonates.

• Proper analgo-sedation in newborns is associated with a
reduction in morbidity and mortality [1]. Compared with 
older children and adults, neonates, especially preterm 
neonates likely have a higher sensitivity to pain. This is
due to a maturational delay in suppressive descending cor-
ticospinal tracts compared to ascending sensory spinocor-
tical tracts. Moreover, the impact of inadequate managed
pain during neurodevelopment results in a higher suscep-
tibility to long-term effects of nociceptive stimulation [4].

• By virtue of their nature, newborns completely depend 
on their caregivers (parents, health-care professionals)  
to recognize their needs. This includes aspects related to
comfort, stress reduction, and absence of pain and should 
cover evaluation/assessment, prevention, and managing
of pain and distress [12].

• The appropriate use of environmental, behavioral, and
pharmacological interventions can prevent, reduce, or 
eliminate pain and may improve comfort. This means that
such interventions need to be validated, compared, and 
integrated in routine nursing and clinical care. Promotion
of clinical research, knowledge diffusion, and validation 
of the effectiveness of implementation strategies to 
improve analgo-sedation remains crucial [5, 12].

• Simultaneously with this emerging evidence on the appro-
priate use of analgo-sedatives, neonatal care itself also is an 
evolving discipline. There is a shift toward less invasive
care, reflected by introduction of minimal enteral feeding  
to shorten duration of parenteral nutrition, while duration  
of endotracheal ventilation was shortened through early 
nasal continuous positive airway pressure (CPAP) or the
“INSURE” (intubation–surfactant–extubation) approach. 
In the term neonates, systemic hypothermia became a valid 
technique to improve outcome following perinatal asphyxia. 
These shifts in clinical care induced a shift in pharmacoki-
netic covariates and pharmacodynamic endpoints [13].

• Neonatal drug dosing of analgo-sedatives should be based 
on the characteristics of the newborn and on the pharma-
cokinetics (PK, concentration-time) and pharmacody-
namics (PD, concentration-effect) of the compound [5, 12]. 
Besides age and size, comorbidity, coadministration of
drugs or genetic variations in drug-metabolizing enzymes,
transporters, and receptors further contribute to the exten-
sive interindividual variability in pharmacokinetics or 
pharmacodynamics [20]. When we apply the concept of
developmental pharmacology to analgo-sedatives in neo-
nates, this means that this should be a balanced decision 
based on systematic assessment of effects and side effects 
(PD), followed by a titrated administration of the most
appropriate analgesic(s) (PK) with subsequent reassessment
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(PD) to adapt and further titrate exposure and effects 
[5, 12, 20].

• Inadequate management of pain in early human life 
contributes to impaired neurodevelopmental outcome and 
alters pain thresholds, pain- or stress-related behavior, 
and physiological responses. However, there are also 
emerging animal experimental data on the impact of 
exposure to analgo-sedatives on the incidence and extent 
of neuro-apoptosis [3, 9, 10]. Since this association has
also been suggested in humans, the pharmacological 
treatment of neonatal pain is in search of a new equipoise 
since these “conflicting” observations are the main drivers
to further reconsider our current treatment regimens.
Effective management of pain remains an important indi-

cator of the quality of care provided to neonates. Effective 
treatment includes appropriate assessment, prevention when 
possible, and managing of pain and distress based on both 
non-pharmacological and pharmacological techniques with 
subsequent tailoring to the needs and characteristics of the 
individual newborn (Fig. 15.1). We will first discuss issues
related to assessment, followed by illustrations on the poten-
tial relevance of preventive strategies. The main body of this
chaptersummarizes theavailabledataonnon-pharmacological
(complementary) and pharmacological interventions in neo-
nates. In the final part, there is a discussion about a research
agenda on analgo-sedation in neonates, and this part finishes
with a procedure-specific review (skin-breaking procedure,
sedation for imaging). For each section, the available scien-
tific information is provided, while the subsequent “key
messages” in part also reflect our subjective opinion.

�Assessment of Distress and Pain in Neonates

�Limitations of Assessment of Distress  
and Pain in Neonates

Although this is still an area of active research, there are at 
present no easily applied, widely accepted, uniform tech-
niques to assess either pain or distress in neonates. The gold
standard of pain assessment (i.e., verbal report) cannot be used 
in preverbal patients: neonates can only display their distress 
or pain. It is up to the caregiver to read and recognize these
signs [3, 21]. To structure this evaluation and to make this
more objective, pain assessment tools have been constructed. 
However, assessing pain or distress in neonates remains one of 
the most challenging issues that caregivers, clinical research-
ers, and parents have to address. In the absence of a universally 
accepted, valid, reliable, and bedside-useful single biologic 
measure, we need to rely on pain assessment tools. Such
assessment techniques are based on behavioral observations 
and/or physiological and hormonal measurements. In general,
multidimensional assessment tools (i.e., both behavioral and 
physiological items) are used. Pain assessment tools that
quantify pain-related behavior include but are not limited to 
muscle tone, facial expression, position of the eyebrows and 
mouth, crying, muscular activity, or consolability. Table 15.1 
provides a list of commonly used multidimensional pain scales 
in neonates [22–30]. (Refer to Chaps. 5, 16, 17, and 20.)
Major limitations of pain scale are the impact of matura-

tion and disease status on these indicators. In general, severe 

Pharmacological treatment
 maturational aspects
 unexplained variability (e.g., Table 15.6)

Assessment
 pain scales
 intersubjectivity
 (e.g., Table 15.1)

Complementary
interventions
 relevant
 additive/multimodal
 limited
 (e.g., Table 15.2)

Effective implementation
 (e.g., Table 15.7)

Fig. 15.1 Assessment, complementary interventions, pharmacological treatment, and effective implementation fit together like puzzle pieces for
the effective management of pain in neonates
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illness or immaturity will result in a less robust expression. 
In addition, these indicators have a limited specificity and
even sensitivity for pain [31]. Distress or agitation (e.g., hun-
ger, cold, wet diaper) will also result in similar behavioral 
responses, while Slater et al. nicely illustrated that there is a
difference between nociception and pain expression (facial 
nonresponders) in neonates who underwent heel lancing. 
Pain assessment tools focus on aspects of pain expression, not
necessary equal to or reflecting nociception [31, 32]. Finally,
most of these assessment tools have been validated in a 
context of acute procedural pain, and may be less effective to 
unveil either acute persistent or chronic pain in neonates. 
Sincemost research focuses primarily on acute pain, in clinical
practice, there remains the challenge of assessing prolonged 
and/or persisting pain [21].
Research can potentially provide more sophisticated

measurement tools such as bispectral index (BIS) monitor,
near-infrared spectroscopy (NIRS), or skin conductance to
quantify sedation or pain in neonates [33]. BIS is a multifac-
torial tool derived from electroencephalographic findings
and quantifies sedation, but has not been validated in infants
in the first year of life. NIRS provides information on
regional cerebral blood flow and oxygen extraction [33, 34]. 
However, this is only a surrogate marker for either sedation 
or pain. Skin conductance can be influenced by sweat glands
and may hereby reflect autonomic activation, but in neonates 
also relates to differences in humidity of the incubator and 
maturational changes. Until such equipment becomes avail-
able following validation, we need to rely on clinical assess-
ment tools [35, 36].

Despite the limitations discussed, there has been an
extremely fast growth in the number of clinical assessment 
tools to quantify pain in neonates [21]. This proliferative
growth likely reflects the dilemma related to the current 
absence of a universally accepted, valid, reliable, and 
bedside-useful single biologic measure. In the neonatal clini-
cal setting, we suggest that the Premature Infant Pain Profile
(PIPP) [22], the Douleur Aiguë du Nouveau-né (DAN/
EDIN) score [23], and the COMFORT score [25, 26] are the 
most commonly used pain assessment tools. The Modified
Behavioral Pain Scale (MBPS) has also been frequently used
to assess pain expression in young infants [24]. Table 15.1 
provides an overview of the variables included in these spe-
cific pain scores [22–30].
Despite the name, the PIPP score has been developed to

measure procedural pain in both preterm and term neonates, 
but does consider gestational age (≥36, 32–35, 28–31, or
<28 weeks, respectively) as one of the indicators to quantify
the pain expression, hereby reflecting the fact that pain 
expression is less robust in more immature preterm infants. 
The PIPP score is based on seven indicators—three behav-
ioral (all facial actions: brow bulge, eye squeeze, nasolabial
furrow), two contextual (age, behavioral state), and two 
physiological (heart rate, oxygen saturation)—each with a
four-point scale, resulting in a range of 0–28. The behavioral
state is classified based on 15 s of observations, while
(changes in) heart rate, oxygen saturation, brow bulge,  
eye squeeze, and nasolabial furrow are observed in a 30-s
time interval [22]. The Douleur Aiguë du Nouveau-né 
(DAN/EDIN) score is a multidimensional behavioral pain 

Table 15.1  Characteristics of some frequently reported multidimensional pain assessment tools in (pre)term neonates and young infants 
[22–30]

PIPP [22] PIPP=Premature Infant Pain Profile (Stevens et al. 1996). Procedural pain score. Indicators assessed are
gestational age, behavioral state, heart rate, saturation, brow bulge, eye squeeze, and nasolabial furrow

DAN [23] DAN=Douleur Aiguë du Nouveau Né (Carbajal et al. 2005). Procedural pain score. Indicators assessed are
facial expression, limb movement, vocalizations, and attempts to vocalization

MBPS [24] Modified Behavioral Pain Scale (Taddio et al. 1995). Procedural pain score. Indicators assessed are facial
expression, cry, and body movements

COMFORT [25] (van Dijk 2000). Prolonged pain, including postoperative pain. Alertness, calmness/agitation, respiratory
response, crying (only in non-ventilated cases), physical movement, muscle tone, facial tension (initially 
behavioral and physiological measures)

COMFORT-neo [26] (van Dijk 2009). Prolonged pain, adapted from the COMFORT score. Similar to the COMFORT score, seven
behavioral items are scored, but muscular tone is scored based on observations (clenched toes/fists), while “no
movement” was converted to “no or minor movement” to adapt for specific characteristics of neonates. One of
the behavioral items is either crying (in non-ventilated cases) or respiratory response (in ventilated cases)

CRIES [27] CRIES (Krechel et al. 1995)=Crying, requires increased oxygen, increased vital signs, expression, and
sleeplessness. Prolonged pain, including postoperative pain

FLACC [28] FLACC (Manworren et al. 2003)=Face, Legs, Activity, Cry, Consolability. Prolonged pain, including
postoperative pain

N-PASS [29] Neonatal Pain, Agitation, and Sedation Scale (Hummel et al. 2010). Procedural and prolonged pain, including
ventilated or postoperative. Indicators assessed are crying/irritability, behavior state, facial expression,
extremities (tone), and vital signs (heart rate, respiratory rate, blood pressure, oxygen saturation)

NIPS [30] Neonatal Infant Pain Scale (Lawrence et al. 1993). Procedural pain. Indicators assessed are facial expression,
cry, breathing patterns, arm movements, leg movements, and state of arousal
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assessment tool, initially developed to assess procedural pain 
in preterm and term neonates without a priori differentiation 
between both subpopulations [23]. It hereby combines issues 
related to facial expression (0–4 points), limb movements
(0–3 points), and vocal expression (0–3 points) characteris-
tics, resulting in a maximum total DAN score of 10. The
scoring on vocal expression does contain specific instruc-
tions for intubated newborn infants.
The reliability and validity of the COMFORT scale as a

postoperative pain instrument has been assessed in 158 neo-
nates and toddlers following major abdominal or thoracic sur-
gery [25]. Trained nurses rated the children’s pain at 3, 6, and
9 h postoperatively in the Pediatric Surgical Intensive Care
Unit using the COMFORT and aVisualAnalogue Scale (VAS)
for pain. Inter-rater reliability of the COMFORT items proved
to be good for all items with the exception of the item “respira-
tory response,” which was moderate (Kappa 0.54). Further
analysis showed that the structure of the COMFORT data was
best represented by three latent variables: COMFORT “behav-
ior” with loadings from the behavioral items (alertness, calm-
ness, respiratory response/crying, physical movement, muscle
tone, and facial tension) and separate latent variables for “heart 
rate baseline” (HR) and “mean arterial blood pressure base-
line” (MAP). Factor loadings of the items were invariant across
time, indicating stability of the structure. The latent variables
COMFORT “behavior” andVAS pain were highly interrelated,
indicating congruent validity. Stability of COMFORT “behav-
ior” andVAS pain was moderate [25]. Because prolonged pain
in neonates remains a challenge, a modified version of the
COMFORT-Behavior scale (COMFORT-neo) for its psycho-
metric qualities in the NICU setting has more recently been 
assessed [26]. In a clinical observational study, nurses assessed 
patients with COMFORT-neo and Numeric Rating Scales
(NRS) for pain and distress, respectively. Based on almost
3,600 triple ratings in 286 neonates, inter-rater reliability turned
out to be good. Concurrent validity was demonstrated by ade-
quate and good correlations, respectively, with NRS-pain and
NRS-distress (r=0.52, 95 % confidence interval 0.44–0.59)
and (r=0.70, 95 % confidence interval 0.64–0.75, respec-
tively). COMFORT-neo cutoff scores of 14 or higher (score
range is 6–30) had good sensitivity and specificity (0.81 and
0.90, respectively) using NRS-pain or NRS-distress scores of 4
or higher as criterion [26]. TheModified Behavioral Pain Scale
(MBPS) quantifies facial expression, limb movements, and
vocalizations or attempt at vocalizations and has mainly been
developed and applied for procedural pain expression in young 
infants (2–6 months) (e.g., immunizations) [24].

�Implementation of Assessment

Among others, the American Academy of Pediatrics states
that ongoing assessment of pain is essential for adequate pain 
treatment. Despite this, there remains a gap between the

available knowledge and the effective implementation of pain 
assessment in neonates [37]. The use of pain monitoring
scales and the subsequent pain management undergo evalua-
tion as part of the European project in neonates. To further
illustrate the relevance of such epidemiological studies, we 
refer to three recently published observational studies from 
Italy, Australia, and the Netherlands [14, 19, 38, 39]. A recent 
report from Italian NICUs suggest that systematic assess-
ment of pain is routinely applied in only 20 % of neonates on
mechanical ventilation, in 12 % of neonates on nasal CPAP,
and only 14 % of neonates in a postoperative setting [14, 19]. 
Similar observations were reported from Australia, based on
data available from 196 hospitals. A clinical practice guide-
line informed the management of neonatal pain in 76 (39 %)
of the hospitals. There waswide variation in their use between
the states and a significantly higher use of such a guideline in
higher-level care units. A pain assessment tool was only used 
in 21 (11 %) of the units with greater use in the higher-level
care NICUs (50 %) and surgical NICUs (80%).Awareness of
breastfeeding for procedural pain was reported by 90 % of
the 196 respondents, while 78 % reported that it was actually
used. Awareness of sucrose for procedural pain was lower 
than breastfeeding at 79 %, with 53 % reporting that they
used sucrose in their unit. Overall, 89 % of the respondents
reported that either breastfeeding or sucrose was used for the 
management of procedural pain in their units [38]. Finally,
Ceelie et al. assessed compliance to a pain management pro-
tocol in a cohort of 200 postoperative infants in the Rotterdam
unit [39]. A mean of 11 assessments in the first 72 h postop-
eratively per patient had been recorded. A total of 2,103 pain
assessments were retrieved, of which 1,675 (79.7 %) sug-
gested comfort. Compliance to the protocol (reassessment 
and correct medication) was provided in 66 (15.4 %) of the
428 assessments suggesting pain or distress. Consequently,
the authors concluded that the postoperative pain protocol 
applied in their ICU appeared to be effective, while full com-
pliance to the protocol remained only marginal, possibly 
leading to undertreatment of pain.

�Take-Home Messages on Pain Assessment

• Assessment of pain in neonates is an essential part of 
effective pain treatment [21].

• Multidimensional pain scales such as the PIPP, DAN, and
COMFORT (neo) are the most commonly used pain
assessment tools (Table 15.1) [22–30].

• Currently available assessment tools are suboptimal, 
since they are based on pain expression, not necessary 
reflecting nociception [31, 32].

• Not the assessment, but the implementation of assessment 
is the problem: strategies to optimize the implementation
of systematic objective assessment of pain are urgently 
needed [37].
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�Preventive Strategies

Several complimentary interventions as well as adaptations
of procedural techniques may be used to prevent pain and 
stress in newborn infants. In this way, such interventions 
may either reduce the need for pharmacological interven-
tions or improve their effectiveness. Such strategies include
light and noise reduction, nesting or swaddling, rationalizing
and minimizing patient handling (e.g., preserving free peri-
ods for sleep, avoid consecutive blood sampling, clustered 
care), consider the use of central venous catheters instead of 
multiple peripheral perfusions, individualized monitoring
techniques (vital signs registration, blood pressure measure-
ment interval), tailoring nursing techniques (e.g., frequency 
endotracheal suctioning, skin and wound care, tape and 
wound dressing), and promoting skin-to-skin contact 
between the newborn and its parents. The growing body of
evidence on specific non-pharmacological (complimentary)
interventions is discussed later. We here would like to stress
the relevance to consider methodological, procedural aspects 
as a potential powerful tool to reduce the need for analgo-
sedation. This is illustrated by endotracheal suctioning and
venous blood sampling.

Endotracheal suctioning is a painful and stressful proce-
dure, commonly associated with pronounced fluctuations in 
vital signs in ventilated newborn infants. Cordero et al. com-
pared two endotracheal suctioning frequencies in preterm 
neonates and concluded that there was no benefit of system-
atic, routine suctioning compared to suctioning as needed 
[40]. Based on these findings, an evidence-based protocol
whereby ventilated newborn infants were suctioned only as 
needed based on clinical indicators was developed. This pro-
tocol was subsequently introduced as part of the collaborative 
quality improvement initiative earlier mentioned [41] and 
resulted in a significant decrease in the number of procedures
performed. Four-handed care to facilitate containment during
endotracheal suctioning was also associated with a decrease 
in stress and defense behavior and an increase in self-regulatory 
behavior [42]. Besides frequency of endotracheal suctioning
or complimentary interventions, technical issues such as dis-
connection or deep versus shallow endotracheal suctioning 
have been evaluated in two recent Cochrane meta-analyses 
[43, 44]. Based on observations in 252 infants and using a
crossover design in which suctioning with or without discon-
nection was compared, it was concluded that suctioning 
without disconnection resulted in a reduction in episodes of 
hypoxia (RR 0.48), and fewer infants experienced episodes
where the transcutaneous partial pressure of oxygen (TcPO2) 
decreased by >10 % (RR 0.39). Endotracheal suctioning
without disconnection resulted in a more limited change in 
heart rate (weighted mean difference 6.77) and a reduction in
the number of infants experiencing a decrease in heart rate 
by >10 % (RR 0.61). The number of infants having episodes

of bradycardia was also reduced during closed suctioning 
(typical RR 0.38). There is evidence to suggest suctioning
without disconnection from the ventilator improves the 
short-term outcomes when focusing on vital signs, likely 
reflecting reduced stress response [43]. In contrast, there is 
no evidence on the benefits or risks of deep versus shallow
suctioning of endotracheal tubes in ventilated neonates [44].
Venous blood sampling is a commonly performed proce-

dure in neonates. Besides complementary interventions such
as nonnutritive sucking, sucrose, or containment, the tech-
nique used for blood sampling is also of relevance as 
illustrated in two studies in 120 and 100 healthy term neo-
nates, respectively. In the study of Larsson et al. venipunc-
ture was compared to a small or large lancet, respectively, in 
neonates who underwent testing for phenylketonuria. 
Successful sampling with only one skin puncture was suc-
cessful in 86, 19, and 40 % of the cases, while median time
to finalize collection was 191, 419, and 279 s, respectively.
This also resulted in lower pain scores in the venipuncture
group (Neonatal Facial Coding Score [NFCS]) (247) com-
pared to both heel lancing techniques (333 and 460, respec-
tively) [45]. Similar observations were reported by Ogawa
et al. [46]. A population of 100 healthy term neonates were
randomly allocated to 1 of 4 groups (venipuncture versus
heel lancing, oral sucrose versus water). Using this design, 
the NFCS was significantly lower in the venipuncture group
(230 versus 580). The lancing group with sucrose even still
had higher scores compared to the venipuncture without 
sucrose (470 versus 230).

�Take-Home Messages

• Methods matter: besides pharmacological and compli-
mentary interventions, adaptations of techniques used can 
be a powerful tool to reduce pain and/or discomfort. This
has been documented based on randomized controlled
trials (RCTs) for both endotracheal suctioning and venous
blood sampling [43–46].

�Complementary Interventions

Increased awareness of a persistent high number of painful 
procedures routinely performed in neonates during their stay 
in the unit, combined with concerns regarding potential 
adverse effects of pharmacological agents, and the desire to 
actively involve parents in the care of their newborns resulted 
in a surge and evaluation of alternative, non-pharmacological 
interventions for acute, procedural pain in neonates [47, 48].

Non-pharmacological, such as environmental and behav-
ioral, interventions have a wide applicability for neonatal 
pain management alone, or in combination with pharmaco-
logical treatments. These interventions are not necessarily
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substitutes or alternatives for pharmacological interventions 
but are complimentary. Non-pharmacological interventions can 
reduce neonatal pain indirectly by reducing the total amount 
of noxious stimuli to which infants are exposed and directly 
by blocking nociceptive transduction or transmission or acti-
vation of descending inhibitory pathways or by activating 
attention and arousal systems that modulate pain. In neo-
nates, nonnutritive sucking, including sucrose, glucose ,or 
human milk, swaddling and containment procedures, sensory 
stimulation, and the kangaroo method can be considered as 
complementary interventions.

�Nonnutritive Sucking, Sucrose, Glucose, 
and Human Milk

There is limited evidence to support the use of nonnutritive
sucking in preterm and high-risk full-term infants as an inter-
vention to promote behavioral outcomes and gastrointestinal 
function or feeding tolerance, but it has been linked to a 
reduced length of hospital stay and improved pain manage-
ment. Nonnutritive sucking in preterm and high-risk full-
term infants does not appear to have any short-term negative 
effects, but data on long-term outcome in high-risk full-term 
and preterm infants are not available. Based on the available
results, it seems reasonable to utilize pacifiers for pain man-
agement in high-risk full-term and preterm infants [49, 50].
The most extensively evaluated non-pharmacological

intervention for procedural pain relief in neonates is the  
oral administration of sucrose (12–24 %), glucose (30 %), or
mother’s milk, either or not combined with nonnutritive 
sucking (pacifier). It is believed that the effects of sucrose
and nonnutritive sucking are mediated by both endogenous 
opioid and non-opioid systems. There is meta-analytical evi-
dence in support of the use of oral administration of sucrose 
24 %, glucose 30 %, or mother’s milk in combination with a
pacifier shortly before a painful procedure (e.g., blood sampling,
nasogastric tube placement, immunization/vaccination) as an
effective tool for procedural analgesia in neonates [51–56]. 
The observations on the use of sucrose during heel lancing
hereby are much more common compared to other interven-
tions or procedures.

Consequently, it became the most frequently applied 
intervention for procedural analgesia in neonates and, to a 
more limited extent, in infants. To make this more effective,
this should be combined with the use of a pacifier, and the
sweet solution should be administered on the tongue shortly 
(2 min) before the initiation of the procedure. This time
interval is thought to coincide with the endogenous opioid 
release. When compared with local analgesia/EMLA or sys-
temic acetaminophen (paracetamol) or morphine, glucose/
sucrose results in the most prominent decrease in pain scores 
[51–56]. More moderate positive results were obtained

during immunization in infancy (2–6 months), resulting in
the guidelines to use sweet solution with a pacifier (or other
facility to maintain suctioning) only up to the age of 4, max 
6 months [57].

All these studies used neonatal pain scores to quantify 
pain expression, assuming that this also reflects differences 
in nociception. In the preverbal setting, the gold standard of 
pain assessment (i.e., verbal rapport of the individual patient) 
cannot be applied. The neonate is unable to say and can only
show (express) his/her distress or pain. Consequently, it is up
to the caregiver to recognize (read) these signs or to look for
the absence of signs of comfort. To read these signs in a
structured way, several sedation or pain scales have been 
developed and validated. In general, all currently clinical 
available tools focus on aspects of pain behavior or expres-
sion (e.g., motor activity, facial expression, motor tone, vital 
signs), not necessary reflecting pain perception or nocicep-
tion [21–30]. This methodology-related conflict between dif-
ferent methods to assess pain in neonates has recently been 
illustrated in the paper of Slater et al. on sucrose during heel
lancing in neonates [31, 32].
In a randomized controlled setting (sucrose versus water),

the authors confirmed the significant decrease in PIPP scores
when sucrose was applied. However, when more sophisti-
cated assessment tools (spinal nociceptive reflex withdrawal 
activity or cortical evoked response, i.e., specific brain activ-
ity evoked by one time-locked heel lance with electroen-
cephalography as identified by principal component analysis)
were applied, no differences between both groups could be 
unveiled. We are aware that this study has been criticized on
its sample size (insufficiently powered) and methods (elec-
troencephalogram evaluated limited to 0.5 s before up to 1 s
after the heel lance), but at least it re-illustrates that pain 
expression (as assessed by pain scores) is not equal to noci-
ception [31, 32]. At least, the behavioral effect of sucrose can 
likely be explained by a pain modulation effect, and hereby 
provides evidence for the presence of pain modulating sys-
tems in neonates. In essence, caregivers responsible for neo-
nates and infants are made aware of the fact that early pain 
experience is one of the covariates of interindividual vari-
ability in neurodevelopmental outcome (e.g., pain thresh-
olds, pain- or stress-related behavior, and physiological 
responses in later life), while Slater et al. illustrated that
sucrose or glucose are indeed not perfect as analgesics, and 
that they are likely in part effective through distraction and in 
part through endogenous opioid release [31, 32].

�Swaddling and Containment Procedures

Van Sleuwen et al. performed a meta-analysis on the avail-
able knowledge on the impact of swaddling in excessively 
crying infants [58]. These authors concluded that swaddled
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infants arouse less and sleep longer. Preterm infants have
shown improved neuromuscular development, less physio-
logical distress, better motor organization, and more self-
regulatory ability when they are swaddled. When compared
with massage, excessively crying infants cried less if swad-
dled, and swaddling can soothe pain in infants. It is support-
ive in cases of neonatal abstinence syndrome and infants 
with neonatal cerebral lesions. It can be helpful in regulating 
temperature but can also cause hyperthermia when misap-
plied. Another possible adverse effect is an increased risk of 
the development of hip dysplasia, which is related to swad-
dling with the legs in extension and adduction. In the neona-
tal intensive care setting, data are somewhat more 
contradictory. In a meta-analysis, it seems that swaddling has 
a pain-relieving effect, but it was maintained longer in term 
compared to preterm neonates [59].

In Table 15.2, we provide an illustrative overview of 
studies to illustrate the effectiveness of facilitated tucking in 
(pre)term neonates, either not combined with or compared to 
other complementary interventions, like oral sucrose, or non-
nutritive sucking [56, 60–69]. Methodologically, the major-
ity of these studies were not blinded and applied a crossover 
type of design, yet order effects are only rarely reported. 
However, the available evidence points to a modest reduction 
in pain scores and physiological fluctuations and a faster 
return to baseline [56, 60–69]. To test the comparative effec-
tiveness of different non-pharmacological pain-relieving 
interventions, either applied alone or in combination to doc-
ument potential synergism, effectiveness of oral sucrose, 
facilitated tucking, or both, a prospective study in 71 preterm
(24–32 gestational age) neonates was performed in three
NICUs in Switzerland [65]. Facilitated tucking alone was

Table 15.2 Overview of studies to illustrate the effectiveness of facilitated tucking in preterm neonates, either or not combined with or compared
to other complementary interventions (oral sucrose, nonnutritive sucking)

Reference Study design and results

Liaw et al. [60] Randomized, controlled crossover trial in 34 preterm (29–37 weeks) neonates to compare nonnutritive sucking
to facilitated tucking with routine care on pain response (Premature Infant Pain Profile, PIPP score) after heel
lancing. Both facilitated tucking and nonnutritive sucking resulted in a reduced pain response, but nonnutritive
sucking was more effective as single intervention

Liaw et al. [61] Randomized, controlled trial to assess the impact of nonnutritive sucking, sucrose, and facilitated tucking either
alone or combined on infant’s sleep–wake states before, during, and after heel-stick procedures in 110 infants
(26.4–37 weeks gestational age). The combination of nonnutritive sucking, sucrose, and facilitated tucking
resulted in the best preservation of the infant’s sleep–wake states

Sundaram et al. [62] Randomized controlled crossover pilot study in 20 preterm (28–36 weeks) neonates to compare the impact of
facilitated tucking to no intervention on the PIPP score 30, 60, 90, and 120 s after the heel stick. Facilitated tucking
resulted in significantly lower PIPP scores throughout time (8.8, 7.5, 7.2, 6.6, and 11.2, 10.7, 10.6, and 10.5)

Hill et al. [63] Randomized, crossover study in 12 preterm (25–34 weeks) neonates to compare the impact of facilitated
tucking to routine care on the stress response (PIPP) during routine nursing assessments. 9/12 infants received  
a lower PIPP score with facilitated tucking, reflecting the fact that the stress during routine nursing assessment
can be reduced by facilitated tucking

Corff et al. [64] Randomized, crossover study in 30 preterm (25–35 weeks) neonates to compare the impact of facilitated
tucking with routine care on vital signs and sleep disruption following heel lancing. A lower heart rate, a shorter 
crying time and shorter sleep disruption times were documented during facilitated tucking

Cignacco et al. [65] Randomized controlled trial in 71 (24–32 weeks) neonates to assess the effectiveness of sucrose, facilitated
tucking, or both on the pain response following heel lancing, using the Bernese Pain Scale for Neonates.
Facilitated tucking was less effective compared to sucrose, but combination of both interventions resulted in a
further improvement in the recovery phase

Axelin et al. [66] Prospective, randomized controlled trial in 20 preterm (24–33 weeks) neonates to assess the impact of
facilitated tucking by parents on pain expression (Neonatal Infant Pain Scale, NIPS) and vital signs during
endotracheal or pharyngeal suctioning. Facilitated tucking by parents resulted in a lower NIPS (median 3–5)
score, and the infant calmed down more quickly (median: 5–17 s)

Ward-Larson et al. [67] Prospective, randomized crossover trial in 40 (23–32 weeks) preterm neonates to assess the impact of facilitated
tucking (second nurse) to routine nursing on procedural pain (PIPP) related to endotracheal suctioning. PIPP
scores during facilitated tucking were significantly lower compared to routine nursing care

Fearon et al. [68] The responses of preterm neonates to swaddling after a heel lance were quantified in 15 preterm neonates after
blood sampling. Preterm infants aged 31 weeks or older showed protracted behavioral disturbances that were
reduced by the use of swaddling. In younger infants, there was a return to behavioral patterns irrespective of the 
treatment conditions

Gabriel et al. [56] NIPS scores in 136 healthy newborns. Skin-to-skin contact (SSC), combined with either sucrose (Sucr) of
breastfeeding (BF) during heel prick. BF in addition to SSC provides superior analgesia to other kinds of
non-pharmacological analgesia

Johnston et al. [69] Therapeutic touch given immediately before and after heel lance in extreme preterm (<30 weeks) neonates in a
randomized, blinded approach was ineffective (PIPP score) to reduce pain expression during and after heel lance

15  Sedation in the Neonatal Intensive Care Unit: International Practice



252

significantly less effective in relieving repeated procedural
pain than sucrose 24 % (0.2 mL/kg). However, facilitated
tucking in combination with sucrose had an added value in 
the recovery phase with lower pain scores compared to both 
single interventions.

�Multisensorial Stimulation and Sensorial 
Saturation

Sensorial saturation is a multisensorial stimulation consisting
of simultaneous delicate tactile, gustative, auditory, and visual 
stimuli. This procedure consists of simultaneously attracting
the infant’s attention by massaging the infant’s face; speaking
to the infant gently, but firmly; and instilling a sweet solution
on the infant’s tongue. Non-painful stimulation, by engaging 
a number of channels (i.e., auditory, tactile, visual, olfactory, 
vestibular, gustatory), is thought to compete with the painful 
sensory input. In a recent systematic review on this topic, ten 
studies were retrieved that evaluated at least partial sensorial 
saturation [47]. Based on the evidence collected, the use of an
oral solution alone is less effective than sensorial saturation, 
while sensorial stimulation without oral sweet solution is 
ineffective. Consequently, it was concluded that sensorial satu
ration can be used for all newborns undergoing blood sam-
ples or other minor painful procedures. It is more effective 
than oral sugar alone and promotes interaction between the 
caregiver and infant [47, 56, 61, 65].

�From Evidence to Practice: 
The Implementation Issue

Despite the available knowledge, deficits in the clinical
management of pain remains. One reason is the gap between
research evidence and translation of this knowledge into  
the clinical setting [70]. This is particularly true for non-
pharmacological pain-relieving methods. Effective perfor-
mance of some of these methods requires additional staffing
and time. Although “facilitated tucking” is described as an
efficient method for acute pain relief, the clinical facilitators
required to successfully implement such a resource-consuming 
intervention remain unclear. In essence, the increased eco-
nomic costs and organizational impact need to be balanced
against possible (long-term) health gain benefits. Following
the availability of studies on effectiveness of a given interven-
tion, the subsequent implementation in the absence of alloca-
tion of appropriate means could provide caregivers with new 
knowledge and the burden not to be able to perform this good 
clinical practice. A report on the limited compliance with pain 
management guidelines for heel blood sampling in European 
NICUs confirms this gap between the available knowledge,
the guidelines, and the bedside practices [71].

Another relevant question is how to integrate parents into 
these complementary interventions through either kangaroo 
care or facilitated tucking. Kangaroo care is defined as hold-
ing the newborn skin-to-skin against the mother’s body with 
or without additional covering and in an upright 40–60°
angle. Kangaroo care was documented to have some effect
on pain expression (PIPP score) during heel lancing [72]. 
Similar, skin-to-skin contact, containment, and maternal
voice resulted in a reduction in duration of crying or grimac-
ing during and following heel lancing. However, the Johnston 
study had a 40 % refusal rate, indicating that not all parents
are comfortable with these procedures and their contribu-
tions to the pain relief [72].

In two consecutive studies on parental-facilitated tucking, 
Axelin et al. first illustrated that facilitated tucking by par-
ents is indeed effective (NIPS score: 3 [2–6] versus 5 [2–7])
and safe in preterm neonates that undergo endotracheal suc-
tioning [66]. This was followed by an evaluation of the
parental willingness to actively participate in their preterm 
infants’ pain care through parental-facilitated tucking. The
willingness to participate related to their internalized involve-
ment, i.e., to what extent do the parents consider themselves 
skilled enough to take care of this responsibility [73].

�Take-Home Messages

• Avoid procedural pain when possible or at least use the 
most appropriate technique [17, 18].

• Sucrose 24 %, glucose 30 %, or mother’s milk, all, respec-
tively, combined with a pacifier, are the most effective
analgo-distractive techniques currently available for proce-
dural pain relief in neonates. There is evidence in support
of other non-pharmacological pain-relieving methods 
(e.g., swaddling, containment, multisensorial stimulation) 
[53–55, 61, 65].

• The sweet solution should be administered on the tongue
shortly (2 min) before the initiation of the procedure. The
illustration that this might not be as effective as antici-
pated should only enforce us to avoid procedural pain as 
much as possible [31, 32].

• Do not overestimate the analgesic effect of these com-
pounds, and do not misuse these compounds to perform 
“minor” surgical interventions when more appropriate
analgo-sedatives (local or systemic) are needed [15, 16].

�Pharmacological Interventions

Pharmacological interventions focus either on analgesia,
sedation, or both. We will first discuss agents commonly
administered to attain analgesia with increasing potency 
(topical and local anesthesia, acetaminophen/paracetamol,
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morphine and fentanyl, remifentanil), followed by sedatives 
(benzodiazepines, chloral hydrate, propofol, dexmedetomi-
dine), or both (ketamine, inhalational agents).

�Topical and Local Anesthesia

Local anesthetics of the amide group (Ia) have effects on the
central nervous system (depression or activation), peripheral 
nervous system (decreased conduction), and cardiovascular 
system (shortening action potential). Elimination is either 
through primary renal elimination or through hepatic meta-
bolic clearance. Hepatic metabolism does result in inter
mediate metabolites, and these metabolites have also been 
linked to some of the observed toxic side effects [74]. 
However, the extent of the metabolic clearance compared to 
the primary renal elimination in neonates is unknown. 
Besides analgesia, there is also an increasing experience
with lidocaine to treat neonatal seizures. However, this spe-
cific indication is beyond the scope of this chapter. In essence,
there remains a delicate balance between effects and potential 
side effects in neonates with use of local anesthesia [74].
Topical local anesthetics are available in various forms such

as a lidocaine ointment or gel, and amethocaine/tetracaine
cream, but the Eutectic Mixture of Local Anesthetics (EMLA)
as a cream, containing both 2.5 % of lidocaine and 2.5 % of
prilocaine, is most commonly used and evaluated.We will first
discuss efficacy data, followed by some observations on toxic-
ity. In general, it provides good superficial (skin) anesthesia for
1–2 h when applied under an occlusive dressing. Application
should be done about 1 h before the skin-breaking procedure.
In neonates, this has been evaluated for heel lancing, venipunc-
ture, lumbar puncture, and circumcision, but data for skin-
breaking procedures are to a certain extent conflicting.

In a meta-analysis on heel lancing, there was no signifi-
cant benefit of EMLA for any of the outcome measures used
to assess pain (i.e., behavioral pain scores, infant crying, 
heart rate, blood pressure, respiratory rate, oxygenation) 
[75]. For venipuncture, infants treated with EMLA had sig-
nificantly lower heart rates and crying duration compared
with infants treated with a placebo. However, oral sucrose 
24 % [76] or glucose 30 % [77] in combination with a paci-
fier seems to be more effective in reducing pain expression
during venipuncture than EMLA application. However, the
combination of sucrose and EMLA cream revealed a higher
analgesic effect than sucrose 24 % alone during venipunc-
ture in preterm infants [78]. Similar effects have been docu-
mented for pain relief during percutaneous venous catheter 
placement (heart rate, respiratory rate) and arterial puncture 
(behavioral pain score).
For lumbar puncture, we are aware of two studies with 

conflicting results. Kaur et al. provided evidence that sup-
ports the concept that EMLA is effective in reducing pain

associated with needle insertion and withdrawal during 
lumbar puncture in newborn infants [79]. Unfortunately, 
compared with baseline observations, all newborn infants 
experienced pain as evidenced by increased heart rate, 
decreased oxygen saturation level, and total behavioral score 
[79]. In contrast, EMLA did not reduce physiological
changes or behavioral pain scores in another RCT in neo-
nates (>34 weeks GA) undergoing lumbar puncture [80]. 
Based on the available evidence, topical anesthetics may
blunt the physiological markers of pain, but this does not 
result in a pain-free procedure [81].
Similar trends on limited to moderate effectiveness have

been observed to treat pain during circumcision. EMLA
cream (1–2 g) can be applied to the distal half of the penis
with subsequent occlusive dressing 60–90 min before cir-
cumcision is performed. It is important to minimize systemic
absorption by removing the cream just before the start of the 
surgical procedure. The first data on the efficacy and safety of
this approach have been described by Taddio et al. [82]. 
Using an RCT approach, 38 neonates were treated with
EMLA. Compared to 30 neonates in the placebo arm, the
neonates in the lidocaine–prilocaine group had less facial
activity, spent less time crying, and had smaller increases in 
heart rate than the neonates in the placebo group. Blood met-
hemoglobin concentrations (expressed as a percentage of the 
hemoglobin concentration) were similar (1.3 %) in both
groups. Lidocaine and prilocaine were detected in plasma in
61 and 55 % of the infants treated with lidocaine–prilocaine
cream, respectively. However, when compared to other 
regional analgesic interventions (ring block, dorsal penile 
block), the ring block was equally effective through all stages 
of the circumcision, whereas dorsal penile nerve block and 
EMLA were less effective during foreskin separation and
incision; methemoglobin levels were highest in the EMLA
group, although not a single newborn required treatment [83].
Pretreatment with EMLA decreases infant pain related to

routine vaccinations, but the application of these data is limited 
to healthy infants [84]. The combined use of EMLAand glucose
30 % was proven to be effective when compared to placebo,
while combining sucrose, oral tactile stimulation, and parental 
holding was also associated with significantly reduced crying in
infants receiving multiple immunization injections [85].
Besides EMLA cream, sprays (4 % lidocaine, max

0.1 mL/kg) or gel (2 %, max 0.3 mL/kg) for mucosal topical
anesthesia (2) or local injection of lidocaine (up to 3 mg/kg
max, equal to 0.3 of the 1 % formulation) are also commonly
used. Data in infants documented that nebulized lidocaine is
not effective to reduce the pain response to nasogastric tube 
placement [86]. In contrast, lingual 24 % sucrose is effective
in reducing the behavioral and physiological pain response 
to nasogastric tube insertion in preterm infants [87].  
We could not find data on the effects of mucosal spray to
facilitate bronchoscopy or gastroscopy in neonates.
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Besides the overall limited benefit or add-on effect of lido-
caine, there is a relevant concern about toxicity in neonates. 
Different case reports and case series on the association of
EMLA application and seizures (lidocaine mediated) and/or
methemoglobinemia (prilocaine mediated) have been described. 
Newborns are at higher risk to develop methemoglobinemia 
because of reduced NADH-dependent methemoglobin reduc-
tase. The same limited effect/potential side effect balance can
be constructed for tetracaine. Some of the available reports 
on limited tetracaine effects in newborns were summarized in
Table 15.3 [88–92]. However, contact dermatitis and cardiac 
arrhythmia has been described in neonates.

�Take-Home Messages
• The overall evidence suggests a modest to moderate effect
on procedural pain in neonates. This means that for most
of the procedures, topical anesthesia should be considered 
as part of a multimodal analgesia [74].

• There remains a concern on absorption-related toxicity
(seizures, methemoglobinemia). Maximal doses should
be adhered to; absorption is more likely in the presence of
disrupted skin. When applied for circumcision, EMLA
should be removed just before the start of the surgical 
intervention [74].

�Propofol

Propofol (2,6 di-isopropylphenol) is a highly lipophilic
compound that exhibits rapid distribution from the blood to 
the subcutaneous fat and the central nervous system com-
partments with subsequent redistribution and metabolic 
clearance. It is considered to be a short-acting anesthetic  
(not an analgesic) that is both rapid in its onset and short in 

duration after cessation [93]. Because of these pharmacokinetic
and dynamic characteristics, propofol became a frequently 
administered drug for induction and/or maintenance of anes-
thesia in children and, more recently, in neonates. However, 
continuous administration may result in serious, sometimes 
lethal metabolic complications (propofol infusion syndrome) 
in children and has more recently also been described in a 
preterm newborn following inadvertent dosing during sur-
gery [94]. This is of relevance, since it took about 15 years of
unlicensed, off-label administration before this serious side 
effect, and its risk factors in pediatric patients were unveiled.
Because propofol is a water-insoluble phenolic com-

pound, propofol clearance is exclusively through metabolic 
clearance. In adults, metabolism is mainly through glucuron-
idation. Since glucuronidation capacity in neonates displays
important ontogeny, pharmacokinetics in this specific popu-
lation are of utmost relevance. Data on propofol pharmacoki-
netics in neonates are available [95]. Standardized propofol
clearance at 38 weeks postmenstrual age (PMA) (CLstd) was 
0.029 L/min. A fixed value in neonates with a postnatal age
(PNA) of ≥10 days further improved the model and resulted
in the equation:

	 CL PMA l for neonates daysstd . / . . / min38 11 5 0 03 10( ) +  ≥

When compared to adults (1.91 L/min−1) following an IV
bolus, the difference in clearance is impressive (65-fold)
[95]. The complex interplay between size and maturation
results in an overall low propofol clearance capacity at birth 
(estimated to be 0.029 L/min at 38 weeks PMA) with a sub-
sequent PNA- and PMA-related increase. Consequently,
both preterm and term neonates in the first week of postnatal
life have an increased risk for accumulation following inter-
mittent bolus or continuous administration of propofol due 

Table 15.3 Reported papers on the analgesic effects of tetracaine/amethocaine in neonates (type of procedure highlighted)

Reference Study design and results

Shah et al. [88] Randomized, double-blind, placebo-controlled trial, intramuscular injection (vitamin K) in 110 term neonates,
topical amethocaine gel 4 %. There were no differences in crying duration, in pain score and only the latency  
to cry was somewhat longer in the treated group. Topical amethocaine gel 4 % was ineffective in reducing pain
intramuscular injection of vitamin K in full-term neonates

Jain A et al. [89] Randomized, double-blind, placebo-controlled trial in 40 (pre)term neonates during venipuncture. Topical
amethocaine provided effective pain relief (crying, neonatal facial coding system) during venipuncture in the 
newborn when used as single technique for analgesia

Lemyre et al. [90] Randomized, double-blind, placebo-controlled trial in 142 preterm (from 24 weeks onward) infants during
venipuncture. Tetracaine did not significantly decrease procedural pain in infants undergoing a venipuncture,
when used in combination with routine sucrose administration

Lemyre et al. [91] Randomized, double-blind, placebo-controlled trial in 54 preterm neonates on the add-on effect of tetracaine
gel in addition to sucrose to treat procedural pain related to peripherally inserted central catheter (PICC) 
placement. Tetracaine 4 % when applied for 30 min was not beneficial in decreasing procedural pain associated
with a PICC in very small infants

Jain et al. [92] Randomized, double-blind, placebo-controlled trial in 60 (pre)term neonates during heel prick blood sampling. 
Topical amethocaine gel does not have a clinically important effect on the pain of heel prick blood sampling.  
Its use for this purpose cannot therefore be recommended
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to the reduced clearing capacity. Secondly, there is still
extensive unexplained variability in neonates after introduc-
ing PMA and PNA as covariates, making prediction in neo-
nates more difficult [95].
Pharmacodynamics of propofol have been described, with

specific emphasis on the (side) effects of propofol during
endotracheal intubation (Table 15.4) [96–100]. Ghanta et al.
reported on propofol (2.5 mg/kg) pharmacodynamics in 33
preterm neonates during semi-elective endotracheal intuba-
tion. Compared to a morphine/atropine/suxamethonium regi-
men, time until sleep, muscle relaxation, and time to achieve 
successful intubation were shorter [98]. These short-acting
sedative effects were confirmed by others [96–100]. In con-
trast, however, a significant impact on blood pressure
(decrease 20 %) and oxygenation have been reported in term
neonates, in neonates with an associated cardiopathy, and  
in two cohorts of preterm neonates undergoing chest tube 
removal (n=20, 3 mg/kg−1) or during INSURE (n=13, 1 mg/
kg−1). We hereby would like to remind the readers that there
is an association between fluctuations in blood pressure and 
intracranial hemorrhage in the first days of postnatal life in
preterm neonates [101].
Because spontaneous respiration can be maintained, pro-

pofol (intermittent bolus, 1 mg/kg, combined with topical
anesthesia) has been used to facilitate diagnostic or thera
peutic bronchoscopies. This approach is similar as in chil-
dren, but reports in neonates are still limited to case reports. 

The use of a CPAP mask and maintaining spontaneous
breathing significantly reduce the risk of relevant oxygen
desaturation during the procedure.

Continuous administration of propofol has been used  
to facilitate procedural sedation during imaging procedures 
in neonates. Taking the aforementioned covariates (PNA and
PMA) of propofol pharmacokinetics and the prolonged scan-
ning times into account, we suggest to remain cautious with 
the use of prolonged propofol infusion in neonates. Although 
limited to one single case, Sammartino reported on the clini-
cal andmetabolic symptomsof “propofol infusion syndrome”
in a preterm neonate [94].
In the absence of integrated PK-PD models in neonates,

we can only speculate on the propofol concentration to aim 
for in neonates [102]. However, when we take the available 
pharmacokinetic estimates in early life into account, accu-
mulation may occur even at “routine adult or pediatric”
doses in early neonatal life. Although propofol seems to be a 
promising compound for versatile short-acting analgo-
sedation, dose findings and safety studies are urgently
needed. In a recent Cochrane review, Shah et al. concluded
that no practice recommendation could be made based on the 
available evidence regarding the use of propofol in neonates 
[103]. Further research is therefore needed on the pharmaco-
kinetics of propofol in neonates. Once a relatively safe dose
range is identified, randomized controlled and comparative
trials assessing the safety and efficacy of propofol are needed.

Table 15.4 Summary of the reported studies on the use of propofol to facilitate endotracheal intubation in (pre)term neonates, reflecting the
variability in clinical characteristics, outcome criteria, co-medication and doses (1–2.5 mg/kg) evaluated in the different studies

Reference Study design and results

Welzing et al. [96] Prospective, observational study on intubating conditions, vital signs, extubation times and outcome in  
13 preterm neonates treated with propofol (1 mg/kg) for an INSURE (intubation, surfactant, extubation) 
procedure. The study was stopped early because of significant cardiovascular side effects expressed as
distinct drop in mean blood pressure (mean values=38 mmHg to 24 mmHg 10 min after propofol exposure).
Intubation conditions were reported to be good

Nauta et al. [97] Retrospective analysis on trends in arterial blood pressure (invasive) in 21 preterm neonates (28.8, SD
3.5 weeks) exposed to propofol (2 mg/kg), 5/21 co-treated with atropine. The decline in mean arterial blood
pressure before and after propofol administration (48–41 mmHg) was not significant, and the proportion of
patients with hypotension was similar before and after propofol exposure

Ghanta et al. [98] Randomized, open-label controlled trial comparing propofol (2.5 mg/kg) with morphine (100 μ[mu]g/
kg)-atropine (10 μ[mu]g/kg)-suxamethonium (2 mg/kg) as induction agents for endotracheal intubation in
63 preterm neonates. There were no differences in vital signs, but trough oxygen saturation was significantly
lower in the M-A-S group, and recovery time was shorter in the propofol group [recovery time=return of
spontaneous muscle movement]

Papoff et al. [99] Pilot study in 21 (pre)term neonates with severe respiratory distress syndrome. Fentanyl (1.5 μ[mu]g/kg) was
coadministered with propofol (2 mg/kg over 20 s) and propofol was administered a second time if more than 1
attempt to intubate was needed. A subscore of ≤2 for all items of the Helbo-Hansen score system was qualified
to reflect an easy intubation. Intubation was qualified as easy in all cases, intubation at first attempt in 18/21.
Oxygen desaturation (all >60 %) was documented in 7/21 cases. These desaturation events were commonly
associated with a transient decrease in systemic blood pressure (treated with crystalloids, 10 mL/kg)

Penido et al. [100] Double-blinded, randomized controlled trial in 20 preterm (28–34 weeks) neonates, exposed to either
propofol (2 mg/kg) or midazolam (0.2 mg/kg). Both (propofol/midazolam) were combined with remifentanil
(1 μ[mu]g/kg). No differences in intubation conditions or number of attempts needed were observed
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�Take-Home Messages
• There is extensive variability in propofol clearance within
the neonatal population, in part explained by both PNA
and PMA [95, 102].

• There is conflicting information on the magnitude of
hemodynamic (side) effects of propofol in (pre)term neo-
nates [98, 101].

• There is experience with IV bolus propofol administra-
tion to facilitate endotracheal intubation, but there is 
important variability in clinical characteristics, outcome 
criteria, co-medication, and doses evaluated in the differ-
ent studies [96–100].

• We do not recommend the use of propofol for sedation in
ventilated neonates.

�Ketamine

Ketamine is an anesthetic agent that provides amnesia, seda-
tion, and analgesia. It can be administered by intravenous, 
intramuscular, nasal, rectal, or oral route with a systemic bio-
availability of 93 %, 50 %, 25 %, and 17 %, respectively. It
has an established role in pediatric anesthesia and is rou-
tinely used for induction and maintenance of anesthesia. 
This is in part due to the fast onset (30–60 s) and short dura-
tion of action, with limited hemodynamic and respiratory 
effects. The analgo-sedative effects are mediated through
different mechanisms and contain both peripheral and cen-
tral side effects. The contribution of N-methyl-d-aspartate 
(NMDA) receptor antagonism and interaction with choliner-
gic, adrenergic, serotonergic, opioid pathways, and local 
anesthetic effects remains to be fully elucidated. 
Hypersalivation is commonly observed during ketamine 
administration, resulting in the clinical practice to coadmin-
ister atropine or another antisialagogue. Ketamine is rarely
used as a single anesthetic agent, is more commonly used as 
part of a multimodal anesthesia strategy, but can also be con-
sidered for procedural analgo-sedation [104, 105]. The car-
diovascular stability observed with ketamine has made it a 
popular induction agent in infants with a congenital cardi-
opathy. In contrast, raised intracranial or intraocular pressure 
may be contraindications for ketamine analgo-sedation.

�Pharmacokinetics
Ketamine is a highly lipid-soluble drug with rapid distribu-
tion from the systemic circulation to the brain. Due to these
characteristics, systemic absorption of caudally or epidural-
injected ketamine is also more likely [106]. It is a racemic 
(50/50) mixture of two enantiomers, and the S(+) enantiomer
is four times more potent compared to the R(−) enantiomer.
Ketamine undergoes N-demethylation to norketamine. This
metabolite has limited analgo-sedative effects (30 % of the
parent compound). Plasma protein binding is limited (47 %),

and the metabolic clearance strongly relates to the hepatic 
blood flow with a high extraction ratio. Ketamine displays
extensive first-pass drug metabolism, explaining the much
higher doses suggested for oral as compared to intravenous 
administration, while rectal administration results in less 
predictable exposure. Consequently—when corrected for
allometric differences—clearance in children and infants is
similar to adults, but reduced (80–26 L/h/70 kg) in neonates
[107]. In a randomized, crossover, trial in 16 preterm neo-
nates plasma ketamine concentrations 15 min after intrave-
nous administration (0.5, 1, or 2 mg/kg compared to placebo)
were 103 (range 73–134), 189 (144–235), and 379 (320–
437) ng/mL, respectively. Unfortunately, norketamine data
were not collected, and sampling was limited to the 15 min
time point [105]. The earlier discussed PK ketamine data
explains that the dosing suggestions for analgo-sedation in 
neonates (0.5–1 mg/kg) are lower when compared to older
children and much higher for oral as compared to intrave-
nous administration (2–5 mg/kg oral).

�Pharmacodynamics
The number of observations on effectiveness and safety of
ketamine in neonates is limited. In the earlier-mentioned 
study of Saarenmaa et al., these authors evaluated the
ketamine-related pain relief in an endotracheal suctioning 
model in 16 preterm (31, SD 3 weeks) neonates. The increase
in heart rate, arterial blood pressure, and plasma catechol-
amines in response to endotracheal suctioning was not 
blunted when different (0.5, 1, and 2 mg/kg) doses of ket-
amine were compared to the response after placebo [105].

Another dataset relates to the use of ketamine sedation 
during the treatment of retinopathy of prematurity. In a 
NICU ward setting, ketamine sedation allowed laser therapy 
for retinopathy of prematurity in 11 preterm neonates (14
procedures). An empirical initial intravenous dose of 0.5 mg/
kg was given, followed by further increments every 2 min if
the child became distressed at insertion of the speculum. The
median total dose was 2.4 mg/kg, the median duration of the
intervention 1.6 h. Atropine was coadministered to minimize
the salivation effect and to blunt reflex bradycardia [108]. 
We would also like to emphasize a single case report of a
newborn with epidermolysis bullosa. Oral ketamine was
used in this patient to facilitate dressing changes. Over 4
days, the dose was titrated from 0.125 to 0.75 mg/kg and
resulted in sufficient sedation within 15 min after adminis-
tration and dressing changes without crying or resisting for 
45 min [108]. We hereby would like to mention that this oral
dose is lower compared to the oral dosing suggested. In our 
opinion, differences in intestinal permeability support the 
need for dosing individualization [109].
Finally, there is growing concern about ketamine causing

dose- and duration-related neuronal apoptosis in animal 
(mice, rat, rhesus monkey) experimental studies soon after 
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birth. At present, it is unclear to what extent this also applies 
to human neonates and infants. Moreover, similar animal
experimental observations have been reported for other 
analgo-sedatives (e.g., opioids, benzodiazepines, propofol,
inhalational agents) [6–10].

�Take-Home Messages
• Ketamine is rarely used as a single anesthetic agent, but is

more commonly used as part of a multimodal anesthesia 
strategy.

• The clinical experience with ketamine in neonates is
limited.

• There is growing concern about ketamine causing dose-
and duration-related neuronal apoptosis in animal (mice, 
rat, rhesus monkey) experimental studies soon after birth 
[6–10].

�Remifentanil

Besides morphine and fentanyl, there are also observations
on shorter-acting opioids in neonates. Alfentanil, sufentanil, 
or more recently remifentanil have been used mainly for 
short procedures such as endotracheal intubation, retinal 
laser surgery, or percutaneous intravenous central catheter 
placement, while there is anecdotal experience during major 
surgery and to maintain analgo-sedation during mechanical 

ventilation [93]. Remifentanil hydrochloride is a short-
acting, μ(mu)-receptor opioid agonist. It achieves its peak 
analgesic effect within a minute of administration, 3–4 times
faster when compared to fentanyl and much faster when 
compared to morphine.
Table 15.5 provides a summary of the available studies on 

endotracheal intubation with remifentanil in neonates [110–
114]. These studies do reflect the difference between the
reported studies on remifentanil to facilitate endotracheal 
intubation in (pre)term neonates. There is variability in clini-
cal characteristics (preterm or term, INSURE, or continua-
tion of ventilator), outcome criteria (intubation score, 
duration of the procedure, physiological variables), co-
medication, and doses (1–4 μ[mu]g/kg IV slow bolus) evalu-
ated. The total number of neonates exposed to remifentanil
in these studies suggests that further investigations on dose 
seeking and safety are clearly indicated.
Data on a dose–response for remifentanil to facilitate

endotracheal intubation have only been published in two 
studies, with solely a focus on term neonates and young 
infants. Based on observations in 32 “term neonates,” it was
documented that the effective remifentanil dose in 50 % and
98 % (ED50=1.7, SD 0.1 μ[mu]g/kg, and ED98=2.88, SD
0.5 μ[mu]g/kg) were similar between “neonates” (mean
weight 8 kg, SD 2.2) and children [115]. However, this remi-
fentanil dose was part of a multimodal anesthesia in combi-
nationwith propofol (4mg/kg), and glycopyrrolate (10 μ[mu]

Table 15.5 Summary of the reported studies on remifentanil to facilitate endotracheal intubation in (pre)term neonates, reflecting the variability
in clinical characteristics, outcome criteria, co-medication, and doses (1–4 μ[mu]g/kg, dose highlighted) evaluated

Reference Study design and results

Norman et al. [110] Randomized controlled trial in 34 preterm (<37 weeks) neonates for semi-urgent intubation. Atropine/
morphine compared to RSI (rapid sequence intubation, based on glycopyrrolate, thiopental, suxamethonium,
and remifentanil [1 μ(mu)g/kg]). Primary outcome: intubation score ≤10, secondary outcomes: procedural
duration, physiological/biochemical variables, aEEG, and pain scores. Intubation score was superior in the
RSI group [5 (IQR 5–6) compared to 12 (IQR 10–13.5)]. Plasma cortisol and pain scores were similar, but
fluctuations in physiological variables were more pronounced and prolonged in the morphine group

Choong et al. [111] Double blind, randomized controlled trial, 30 (pre)term neonates, semi-elective intubation. Remifentanil
(3 μ[mu]g/kg) compared to fentanyl (2 μ[mu]g/kg) and succinylcholine (2 mg/kg). Primary outcome: time
to successful intubation. Secondary outcomes: physiological variables, adverse events, survey on intubation
conditions, and time until return of spontaneous respiration. There were no differences in time to successful
intubation (156/247 s). Premedication with remifentanil attenuated physiological responses during
intubation comparable to fentanyl and succinylcholine in neonates. Intubation condition were rated more 
favorably with fentanyl/succinylcholine. Muscular rigidity was observed in the remifentanil group (n=2/15)

Welzing et al. [112] Prospective, descriptive pilot study in 21 preterm (29–31 weeks) neonates receiving remifentanil (2 μ[mu]g/
kg, combined with atropine, 10 μ[mu]g/kg) as induction agent for the INSURE (intubation–surfactant–
extubation) procedure. Outcome variables were intubation conditions, time until extubation, and
complications. Intubation conditions were qualified as excellent or good. Average extubation time after
surfactant administration was 16.9 (1–45 min), followed by a mean of 3.3 (1–8) days of respiratory support
(CPAP)

Pereira e Silva et al. [113] Double-blind randomized controlled trial in 20 preterm (28–34 weeks) neonates to evaluate intubation
conditions following either morphine (150 μ[mu]g/kg) or remifentanil (1 μ[mu]g/kg), both combined with
midazolam (0.2 mg/kg). Overall intubation conditions were better in the remifentanil group

Hume-Smith et al. [114] Remifentanil dose-seeking study (sequential up-and-down design), including 20 neonates and young infants
(0–<4 months, mean weight 5.9 kg). The ED50 was 3.1–3.7 μ(mu)g/kg when remifentanil was
coadministered with glycopyrrolate (10 μ[mu]g/kg) and propofol (5 mg/kg)
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g/kg) and the “neonates” were in fact infants (mean age
7 months, SD 3.3). In another dose–response study with
sequential up-and-down design, 20 neonates and young
infants (0–<4 months, mean weight 5.9 kg), the ED50 was 
significantly higher (3.1–3.7 μ[mu]g/kg) when remifentanil
was coadministered with propofol (5 mg/kg) and glycopyr-
rolate (10 μ[mu]g/kg) [114].
To assess the analgesic and procedural efficacy of low-

dose remifentanil infusion during percutaneous central cath-
eter placement in preterm infants, 54 preterm neonates were 
randomly assigned to remifentanil infusion (0.03 μ[mu]g/kg/
min) or placebo in addition to 0.3 mL of 12 % sucrose (oral)
combined with nonnutritive sucking. Pain (PIPP=Premature
Infant Pain Profile) scores were significantly lower in neo-
nates exposed to remifentanil, suggesting better pain and dis-
tress control without significant difference in the time to
complete the procedure and the number of attempts [116]. 
Sammartino et al. reported on their experience with remifen-
tanil (0.75–1 μ[mu]g/kg/min at start, 3–5 μ[mu]g/kg/min
during procedure) combined with intravenous midazolam
(0.2 mg/kg) for retinal laser therapy in 6 preterm neonates
[117]. The same group also reported on two cases of babies
born at 26 weeks and 27 weeks gestation, weighing 580 g
and 400 g, respectively, undergoing laparotomy for necrotiz-
ing enterocolitis [118]. Both received a midazolam bolus and
continuous remifentanil infusion at high doses. Finally, this
group also reported on their experience with remifentanil for 
analgo-sedation during mechanical ventilation. In their 
hands, remifentanil provided adequate analgesia, with a 
significant reduction of NIPS and COMFORT scores since
1 h after starting the infusion of remifentanil [119]. The drug
was initially administered at a dose of 0.075 μ(mu)g/kg/min,
but in 73 % of newborns, the latter had to be increased up to
a dose of 0.094 (SD 0.03) μ(mu)g/kg/min. Using this dose,
97 % of the newborns were classified as having adequate
analgesia and sedation. The time elapsed between the dis-
continuation of remifentanil infusion and extubation was 36
(SD 12) min, reflecting the short-acting character of this
compound [119].

However, in the clinical setting, these short-acting and 
versatile characteristics need further considerations. A spe-
cific advantage of remifentanil is that this compound under-
goes metabolic clearance by plasma esterases, resulting in 
fast and predictable clearance, irrespective of liver or renal 
function. The analgo-sedative effects disappear very soon
after discontinuation of remifentanil since the drug is cleared 
very rapidly. This is perfect or optimal when used for proce-
dural analgo-sedation without subsequent pain. However, the 
“short-acting” concept hereby refers to both its onset of
action and end of action: remifentanil-related analgo-
sedation disappears very soon after discontinuation. This
warrants anticipation and its management may be dependent 
on the indication [120]. When used for major surgery, antici-

pation and replacement by another (longer) acting opioid or 
non-opioid analgesic is needed, or the remifentanil infusion 
should be prolonged. Further continuation will, however,
more likely result in potential negative effects such as opioid-
induced tolerance or hyperalgesia since these phenomena are 
much more common when opioids with a short elimination 
half-life are administered [120].
A recent trial in Europe, the RAPIP trial, examined

whether remifentanil induced tolerance, withdrawal, or 
hyperalgesia in infants.An RCT of intubated infants between
36 and 60 weeks gestational age and PNA, respectively,
compared the efficacy and safety of a remifentanil- to
fentanyl-based sedation regimen. When administered for
less than 96 h, remifentanil did not increase the risk of toler-
ance, withdrawal, or opioid-induced hyperalgesia [121].

�Take-Home Messages
• Remifentanil is a very short-acting compound with still

limited reported experience in neonates [93, 120].
• Its pharmacological profile seems suited for short

procedural analgo-sedation, e.g., insure procedure 
(Table 15.5) [110–114].

• Good predictability, fast onset, and fast disappearance are
suggested to be advantageous. Clinicians need to be aware 
of the potential fast-appearing tolerance, the phenomenon 
of hyperalgesia, and the potential risk of chest rigidity.

• Recent evidence suggests that when administered to ven-
tilated infants for less than 96 h, remifentanil did not
increase the risk of tolerance, withdrawal, or opioid-
induced hyperalgesia [121].

�Chloral Hydrate

Chloral hydrate is still widely used as (short) term sedative 
and hypnotic, but has no analgesic activity. In early infancy, 
indications commonly considered are procedural sedation 
for non-painful or noninvasive examinations (e.g., echocar-
diography, imaging techniques, hearing evaluation) or aspe-
cific syndromes such as insomnia or non-opioid withdrawal
syndrome. Chloral hydrate can be administered by either oral 
or rectal route. Following oral administration, absorption is
rapid with subsequent hepatic metabolism to trichloroacetic 
acid or trichloroethanol (TCE). TCE subsequently undergoes
conjugation and renal elimination. The TCE metabolite also
has sedative effects, and because its elimination is delayed—
most prominent in early life (elimination half-life is about 
10 h in toddlers, but up to >50 h in preterm neonates)—
accumulation and subsequent sedation may result from this 
metabolite [122, 123]. Preterm neonates and/or neonates
with impaired renal or hepatic elimination are at an increased 
risk. Prolonged exposure may also result in gastritis, nausea
and/or vomiting, overt overdosing or accumulation may also
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result in arrhythmia [124]. Finally, there is a concern that
chloral hydrate may also have genotoxic effects. To illustrate
this, sister chromatid exchange and micronucleus frequen-
cies were determined in lymphocytes of infants before and 
after chloral hydrate exposure. After treatment, the frequen-
cies of sister chromatid exchange and micronuclei were sig-
nificantly increased, suggesting that chloral hydrate has
moderate genotoxic potential in infants [125]. Because of all
these side effects, prolonged repeated administration of chlo-
ral hydrate should be avoided. However, this does not mean 
that single-dose administration is without any risk.
The usual dose is 20–70 mg/kg by oral, nasogastric, or

rectal route, with a tendency to go for relatively higher doses 
for rectal administration. Subsequent sedation can be antici-
pated within 30–45 min. Sedation may be prolonged, most
common in preterm neonates because of the delayed TCE
clearance. To further illustrate this, we refer to a study on the
pharmacodynamics of chloral hydrate in 26 former preterm
infants at term age. Sedation (COMFORT), feeding behav-
ior, and cardiorespiratory events (bradycardic events, apneas) 
before and after administration of chloral hydrate (oral, 
30 mg/kg) were prospectively evaluated in former preterm
infants exposed to chloral hydrate to facilitate hearing 
screening [126]. We hereby were able to document a signifi-
cant increase in sedation up to 12 h after administration, a
minor but significant decrease in oral intake (161–156 mL/
kg/day). Moreover, a significant increase in the number of
bradycardic events and in the duration of the most severe 
bradycardic events was observed. Infants who displayed 
severe bradycardic (<60/min) events (n=13) after adminis-
tration of chloral hydrate had a lower gestational age at birth. 
Based on the methodology applied, we were unable to dis-
criminate between central or obstructive apnea [126].

Chloral hydrate-related sedation may result in central 
hypoventilation or apnea. Due to reduction in muscular tone
and hypotonia of the upper airway maintaining muscles, 
obstructive apnea has also been described. In animal experi-
mental setting, there was a significant decrease in electro-
myographic activity of the mouth floor muscles compared to 
the diaphragmatic muscle following chloral hydrate expo-
sure [127, 128]. This may result in obstructive apnea, more
common in infants or young children with obstructive apnea 
syndrome, or in neonates with malformations or microret-
rognathia. Obstructive apnea with secondary bradycardic
episodes has been observed in young infants exposed to 
chloral hydrate to facilitate echocardiography [129]. Case 
reports on the association of chloral hydrate exposure and 
unanticipated “cod” death have been described. Since chlo-
ral hydrate—in part due to the TCE metabolite—is a long-
acting compound, events may occur in the hours following 
the procedure. Once again, it seems that (pre)term neonates
are more vulnerable to display relevant bradycardic events 
up to 24 h after exposure [126].

There are studies that reported on the efficacy and
complications of chloral hydrate sedation, but these stud-
ies do not always report on the subgroup of (pre)term neo-
nates in the first month(s) of life. Litman et al. reported on
efficacy and complications following chloral hydrate (50–
75 mg/kg) exposure to facilitate MRI examination in 1,394
infants [124]. Oxygen desaturation was more likely in hos-
pitalized patients, in patients with a lower weight during
drug administration, those who had a higher ASA status,
and those who were younger (both related to postnatal as 
well as PMA). The incidence of desaturation (<90 %) or
the need for supplemental oxygen was approximately 20 %
in both preterm and term infants. There were 10 episodes
of bradycardia in eight infants, six of whom involved pre-
term neonates. The predicted probability of post-proce-
dural oxygen desaturation in early neonatal life is higher in 
preterm (0.1) compared to term neonates (0.05), with sub-
sequent less decrease in predicted probability (at the PNA
of 100 days = 0.035 as compared to 0.015) [124]. Heistein 
et  al. reported on their experience with chloral hydrate 
(80 mg/kg, oral) to facilitate pediatric echocardiography,
including 58 neonates and 398 young (1–6 months) infants.
There was a moderate decrease in heart rate and blood
pressure, while adverse events were observed in 10.8 %:
apnea (n=3), airway obstruction (n=15), hypoxia (n=65),
hypercarbia (n=40), hypotension with poor perfusion
(n=4), vomiting (n=4), and prolonged sedation (n=36).
Adverse events were more common in infants younger 
than 6 months [129].
The (side) effect profile of chloral hydrate has also been

compared with other non-pharmacological and pharmaco-
logical techniques. The effect of fasting practice on sedation
with chloral hydrate has been evaluated by Keidan et al. by
comparing two different practices in two different hospitals 
for auditory brainstem response in neonates [130]. Fasting
was associated with an increased failure rate of initial seda-
tion. As a consequence, a higher total dose of chloral hydrate 
was required in the fasting group, also resulting in prolonged 
post-procedural sedation [130]. In contrast, compared to a 
“feed-and-scan” approach alone, chloral hydrate (50 mg/kg,
oral or rectal) resulted in a shorter time until scanning and 
shorter scanning duration in 25 neonates, but no data on the
post-scanning recovery were provided [131]. In essence, it is 
reasonable to conclude that a combined or stepwise approach 
(feeding and chloral hydrate or feeding followed by chloral 
hydrate when needed) seems to be the best approach [132]. 
Such a “feed-and-wrap” strategy has also been reported in
47 neonates with initial successful imaging in 42/47 cases,
resulting in only 5 neonates exposed to chloral hydrate 
[133]. We hereby re-illustrate the add-on value of comple-
mentary interventions to reduce the exposure to analgo-sed-
atives or to improve the effectiveness of a pharmacological 
intervention.
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Finally, there are some comparative studies. Oral pento-
barbital (4 mg/kg) was compared to choral hydrate (50 mg/
kg) for sedation in infants (<1 year) during neuroimaging.
Based on observations collected in 1,316 infants, there was
no difference in effectiveness, in time to sedation, and in 
time to discharge, but the overall adverse event rate was 
lower with pentobarbital (0.5 %) than with chloral hydrate
(2.7 %) [134]. Unfortunately, data in the subgroup of neo-
nates were not reported. In contrast, chloral hydrate (75 mg/
kg) was more effective and had similar side effects when 
compared to midazolam (0.2 mg/kg intravenous) in a cross-
over study in seven term neonates [135].

�Take-Home Messages
• Single-dose administration of chloral hydrate is a com-

monly used approach to facilitate non-painful procedural 
sedation, but focused studies in (pre)term neonates are 
limited.

• Initial sedation can be anticipated after 15–30 min. There
is less certainty about the duration of this sedation, but 
sedative effects in neonates have been described up to 
24 h afterward [122, 123, 126].

• It is reasonable to monitor (pre)term neonates to at least 
the equivalent of 46 weeks PMA after chloral hydrate
exposure [126].

• A genotoxic risk has been linked to chloral hydrate 
exposure [125].

�Morphine and Fentanyl

Morphine is probably the most extensive evaluated analgesic
in neonates and can be administered either by oral (bioavail-
ability is about 30 %) or by intravenous route. Morphine is a
narcotic analgesic that stimulates opioid receptors, both 
within as well as outside the central nervous system. This
explains effects (sedation, analgesia, miosis) and side effects 
(bladder retention, paralytic ileus, respiratory depression). It 
also necessitates appropriate monitoring (cardiorespiratory, 
sedation) during and following morphine exposure. It has 
been suggested that pain relief necessitates a morphine level 
of 120 ng/mL, while adverse effects appear at levels >300 ng/
mL [136]. These levels are different in neonates, very likely
due to both differences in opioid receptor expression/activity
and maturational phenotypic glucuronidation activity. This is
because morphine is converted to two glucuronide metabo-
lites (morphine-3-glucuronide andmorphine-6-glucuronide),
and these metabolites subsequently are eliminated by renal 
route. While morphine-3-glucuronide is an antagonist to the
effects of morphine, morphine-6-glucuronide also has anal-
gesic and respiratory depressant effects. Morphine sulfation
is only a very minor metabolic pathway [137].

Despite the fact that this compound has been used for at
least three decades, important progress in the maturational 
pharmacokinetics of morphine in neonates has been made 
only more recently. The predictability of morphine disposi-
tion has been documented in a stepwise approach. Based on
pooling of pharmacokinetic observations on morphine dis-
position, model-based simulations suggested that in preterm 
neonates, a loading dose (μ[mu]/kg) and a maintenance dose
(μ[mu]1.5/h), with an additional reduction (−50 %) of this
maintenance dose in neonates younger than 10 days does
result in a narrow range of morphine and morphine metabo-
lites [138]. These simulations were subsequently validated
on its pharmacokinetic predictability in other datasets of 
morphine observations in neonates [139]. These pharmaco-
kinetic models can subsequently been applied to validate or 
reject the above suggested pharmacodynamic levels (120
and 300 ng/mL thresholds). Besides maturational weight
(kg1.5), specific disease characteristics such as systemic
hypothermia or the type of surgery may further affect mor-
phine pharmacokinetics [140, 141].
Fentanyl is the first of a sequence of synthetic, fat-soluble

opioids (sufentanil, alfentanil). It penetrates faster into the 
central nervous system because of the fat solubility, resulting 
in a faster effect as compared to morphine. Fentanyl is a
potent μ(mu)-opioid receptor agonist with a 70–125 times
higher potency than that of morphine. Fentanyl is metabo-
lized by N-dealkylation into non-active metabolites. It is 
considered to be “short” acting, but it has a prolonged elimi-
nation half-life in neonates when compared to older children 
and necessitates a similar level of monitoring in neonates. 
Tolerance is anticipated after about 3 days of exposure.
Muscular (thoracic) rigidity has been reported occasionally.
Short-term analgesia can be achieved with the administration
of 5 μ(mu)/kg, but is associated with respiratory depression.
Sustained use can be started with the same loading dose,
followed by 1–5 μ(mu)/kg/h [93, 142].
Recommendations on the use of opioids in neonatesmainly

depend on the indications, i.e., postoperative pain relief, pro-
cedural pain, or analgo-sedation during mechanical ventila-
tion. The treatment of opioid-related neonatal withdrawal/
abstinence syndrome is outside the scope of this chapter.
In the setting of postoperative analgesia following “major”

surgery, these compounds are recommended, either as mono-
therapy or as part of multimodal analgesia. There is even evi-
dence from an RCT supporting the benefits of opioids on
neonatal outcome [1]. Continuous infusions following a 
loading dose is most commonly applied for reasons of uni-
formity, safety, and simplicity, although similar outcome has 
been documented when continuous administration of mor-
phine was compared to intermittent administration [143]. It 
has recently been documented that acetaminophen 
(paracetamol) does result in a clinically relevant reduction in 

K. Allegaert and J. van den Anker



261

morphine consumption when integrated in multimodal anal-
gesia [144]. Because of its shorter elimination half-life, con-
tinuous administration after a loading dose is even more 
common practice for fentanyl. This practice—i.e., intermit-
tent bolus versus continuous fentanyl in preterm neonates—
has recently been evaluated on its effectiveness in 
mechanical-ventilated newborns [145].

In contrast, the evidence on the effective use of morphine 
for procedural analgesia is much more limited. Morphine
administration does not blunt the pain scores related to endo-
tracheal suctioning in ventilated newborns [146] and neither 
improves the pain response during venous blood sampling in 
neonates when compared to other interventions like oral 
sucrose [48].
This is at least in part due to the fact that morphine acts in

the central nervous system. Consequently, there is a relevant 
lag time between the administration and the analgo-sedative 
effects. The same concept should be considered when mor-
phine is administered to facilitate endotracheal intubation. In 
RCTs, morphine seems to perform worse if compared with
remifentanil, fentanyl, or propofol [98, 110, 113]. Based on
the clinical pharmacology of opioids, “fast-acting” opioids
such as fentanyl or remifentanil (discussed previously) are 
more appropriate. The same limited evidence holds true for
analgo-sedation during mechanical ventilation.

Routine use of morphine cannot be recommended for 
ventilated (pre)term neonates because no obvious beneficial
short-term outcome effects have been documented in meta-
analytic exercises [147]. Moreover, recent studies suggest
that preemptive morphine in ventilated preterm infants is 
associated with suboptimal neurodevelopmental outcome 
variables at the age of 5 and 8 years, respectively, [148, 149]. 
The same advice can be provided for fentanyl. Based on a
recently published study on the use of fentanyl in ventilated 
preterm neonates, there seems to be no place for the routine 
continuous fentanyl infusion in ventilated preterm newborns. 
This is because of the absence of continued pain score reduc-
tion and increased side effects of continuous infusion com-
pared with the bolus administration of fentanyl. Moreover,
the use of boluses of fentanyl before invasive procedures or 
on the basis of pain scores has demonstrated the same effi-
cacy and an improved safety profile compared with the con-
tinuous infusion of fentanyl [150]. This conclusion can be
made based on a recently published multicenter, double-
blind, RCT where mechanically ventilated newborns
(≤32+6 weeks gestational age) were randomized to either
fentanyl (n=64, continuous infusion of fentanyl plus open-
label boluses of fentanyl) or placebo (n=67, continuous
infusion of placebo plus open-label boluses of fentanyl). The
primary endpoint was analgesic efficacy, as evaluated by the
Echelle Douleur Inconfort Nouveau-Né (EDIN) and PIPP
scales [145]. Interestingly, the need for open-label boluses of 

fentanyl was similar, and EDIN scores were comparable
between both groups, while the median PIPP score was clini-
cally and statistically higher in the placebo group compared 
with the fentanyl group on day 1 up to day 3 of treatment.
When considering the side effects, mechanical ventilation at
age 1 week was still required in 27 of 64 infants in the fen-
tanyl group (42.2 %), compared with 17 of 67 infants in the
placebo group (25.4 %) (P=0.042). The first cycle of
mechanical ventilation was longer, and the first meconium
passage occurred later in the fentanyl group (P=0.019 and
0.027, respectively). Based on the body of evidence col-
lected, fentanyl does reduce acute pain, but does not reduce 
prolonged pain with an additional cost of an increase in dura-
tion of ventilation and paralytic ileus [145].

�Take-Home Messages
• Data on the pharmacokinetics of morphine and fentanyl

have been reported, resulting in dosing guidelines that 
result in predictable exposure [138, 139].

• There is strong evidence in support of the use of opioids
in postoperative analgesia [1], but side effects include car-
diorespiratory depression, bladder and intestinal paralysis, 
hypotension, and tolerance.

• For procedural pain relief during major interventions
(e.g., endotracheal intubation), opioids are effective with 
a shorter effect time for fat-soluble synthetic opioids 
[98, 110, 113].

• In contrast, there is no evidence supporting the routine 
use of opioids in ventilated newborns. It seems that opi-
oids should be solely used to reduce acute pain, but not to 
reduce prolonged pain because of an increased duration 
of ventilation and an increase in paralytic ileus. Moreover,
follow-up data suggest a link between the extent of opioid 
exposure and impaired neurological outcome [145, 147].

�Benzodiazepines

Benzodiazepines have their pharmacological interaction at
the level of the gamma-aminobutyric acid (GABA) receptor
in the central nervous system. This interaction results in
sedation with associated hypnosis, anxiolysis, muscle relax-
ation, and anticonvulsant activity, but does not relieve pain. 
Importantly, it has been documented that the GABA receptor
switches from an excitatory to an inhibitory mode during 
early development, equal to preterm age. This may explain
age-related differences in pharmacodynamic side effects, 
such as agitation or muscular twitching. The most commonly
used benzodiazepine is midazolam, with only very limited
information on lorazepam or diazepam in neonates [151].
Midazolam’s bioavailability is about 35 % when given

as oral syrup and 50 % when absorbed directly through
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either buccal or nasal mucosa. Midazolam undergoes
extensivemetabolicclearance,includinghydroxylationto1-OH- 
midazolam (cytochrome P450 3A), that also has some
sedative effects and glucuronidation. Since these pro-
cesses display maturation, clearance is reduced with an 
elimination half-life of 12 h in the neonate, compared to
2 h in the adult. Anderson and Larsson [152] recently 
described a maturational model of midazolam clearance
and extrapolated that a steady-state infusion rate of 
0.014 mg/kg/h is needed to attain a sedation target concen-
tration similar to findings in adults. However, this dosing
suggestion has not been validated while there are only a 
limited number of observations of midazolam in the neo-
nate. Because major changes in phenotypic cytochrome
P450 (CYP) 3A activity can be anticipated in the first few
months of life, the maturation of in vivo CYP3A-mediated
clearance of midazolam from preterm neonates of 26
weeks gestational age (GA) to adults has more recently
been evaluated by Ince et  al. [153]. This exercise was
based on pooling of pharmacokinetic data after intrave-
nous administration of midazolam from six previously
reported studies, including premature neonates. Across the 
entire lifespan from premature neonates to adults, body-
weight was a significant covariate for midazolam clear-
ance. The effect of bodyweight was best described by use
of an allometric equation with an exponent changing with 
bodyweight in an exponential manner from 0.84 for pre-
term neonates (0.77 kg) to 0.44 for adults (89 kg). These
findings confirm that indeed the most rapid maturation
occurs during the youngest age range. Consequently, dos-
ing should be lower in neonates and accumulation is more 
likely to occur in early life [153].
While midazolam is often used for premedication in chil-

dren (oral, 0.5 mg/kg), a loading dose approach (intravenous,
0.05–0.1 mg/kg) in preterm neonates commonly results in
hypoventilation, hypotension, and reduction in cerebral 
blood flow. Some units give 0.06 mg/kg/h for sedation in
ventilated neonates, with a dose reduction after 24 h to avoid
accumulation. However, this approach is now increasingly 
questioned because there is some anxiety to use benzodiaz-
epines in preterm neonates following the NOPAIN study.
The NOPAIN multicenter study aimed to assess the feasibil-
ity to test the effect of analgesia or sedation (morphine ver-
sus midazolam versus placebo) onmortality and neurological
morbidity in a cohort of 67 preterm (24–32 weeks) neonates
[154]. This pilot study suggested a statistically significant
higher incidence of adverse neurological events with the use 
of midazolam (death, grade III or IV IVH, PVL). In addition,
the most recent Cochrane meta-analysis of data from two 
studies showed a statistically significant longer duration of
NICU stay in the midazolam group compared to the placebo
group [154, 155].

Besides monotherapy for sedation during ventilation,
there are also reports on the combined administration of mid-
azolam with an opioid (morphine, fentanyl, or remifentanil)
to achieve a more balanced analgo-sedation during ventila-
tion. In a double-blind, RCT in mechanically ventilated new-
borns and young infants (<60 days), a low dose of midazolam
(0.05 mg/kg/h) was combined with either remifentanil
(3 μ[mu]/kg/h) or fentanyl (1 μ[mu]/kg/h). Both dosing
schedules resulted in comparable efficacy, good hemody-
namic stability, and comparably low incidence of adverse 
events. Interestingly, the median extubation time after inter-
ruption of the sedation was significantly shorter in the remi-
fentanil when compared to fentanyl—median duration 80
(IQR 15–165) compared to 782 (250–1,875) minutes [156]. 
In conclusion and based on the currently available evidence, 
the routine use of midazolam to facilitate ventilation in (pre)
term neonates cannot be recommended, while midazolam is
often used as additional treatment when analgesia is consid-
ered insufficient or as a means to decrease exposure to anal-
gesics. Similar to monotherapy, this strategy is associated
with hypotension, hypoventilation, and hypoxemia [157].
Besides ventilation, there are also some reports on the use

of benzodiazepines to facilitate endotracheal intubation. In a
small (n=20) randomized study in preterm neonates, the
number of attempts and overall intubation conditions was 
not significantly different when midazolam was compared to
propofol [100]. Another randomized, double-blind trial in
preterm neonates was stopped after 16 intubations because
preterm neonates exposed to midazolam and atropine had
more desaturations, and required more frequently cardiopul-
monary resuscitation [158].
Midazolam causes hypotension in both preterm and term

neonates, decreases cardiac output, and decreases cerebral 
blood flow velocity in preterm neonates. Consequently, it 
seems that midazolam use for endotracheal intubation in
neonates seems to be limited. To further illustrate this, in a
recent survey on the use of premedication for intubation in 
tertiary neonatal units in the United Kingdom, only a very
limited number of units (6 %) used midazolam (median dose
0.1 mg/kg) to facilitate endotracheal intubation. Similarly,
the American Academy of Pediatrics does not support the
use of midazolam in preterm neonates, while it can be con-
sidered for use in term neonates and infants as part of the 
premedication sequence for elective intubation.
Finally, prolonged and cumulative doses of benzodiaze-

pines have been associated with tolerance, physical depen-
dency, and withdrawal syndrome also in neonates. Similar to
approaches in children or adults, the feasibility of sedation 
and analgesia interruption following cannulation in neonates 
on extracorporeal membrane oxygenation (ECMO) has been
described in a prospective observational study in 20 neonates
on ECMO [159].
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�Take-Home Messages
• Midazolam clearance is much lower in neonates.
Consequently, population-specific dosing is required, and
accumulation is more likely in neonates [152, 153].

• The use of midazolam quite commonly results in side
effects, including hypoventilation, hypotension, and cere-
bral hypoperfusion. Midazolam has been associated with
poorer neurological outcome in former preterm neonates 
[154, 155, 158].

• Routine use of benzodiazepines for sedation is not indi-
cated in neonates. Prescription needs to be individualized
and is most commonly part of a multimodal analgo-
sedative strategy [151, 155].

�Dexmedetomidine

Ideal analgo-sedation should be rapid in its onset of action, 
be predictable in its duration and depth of action, not depend-
ing on active metabolites (effects or side effects), have rapid 
dissipation of effects on discontinuation of the agent, be non-
addictive (physical dependence or withdrawal on discontinu-
ation), without drug tolerance, nor have adverse effects on 
cardiopulmonary function [13]. Preferably, this should be
combined with a wide therapeutic index, absence of drug 
interactions and incompatibilities with other drugs, and with-
out influence of underlying comorbidities, like renal or 
hepatic disease. We are unaware of such an ideal compound
for neonates, but dexmedetomidine may become a potential 
useful asset to attain these objectives in neonates [13].
Dexmedetomidine is a potent lipophilic α(alpha)2-

adrenoreceptor agonist with a α(alpha)2/α(alpha)1 activity
ratio of 1,620/1. Its mechanism of action is thought to result
from activation of G proteins by central postsynaptic
α(alpha)2-adrenoreceptors, increasing conductance through
potassium ion channels, leading to inhibition of norepineph-
rine release. Through sympatholysis, dexmedetomidine exerts
its sedative, analgesic, opioid-sparing, and anxiolytic proper-
ties, as well as its side effects such as hypotension or bradycar-
dia. Of interest are also the cardioprotective properties through
blunting stress-response effects after surgery, positive effects 
on facilitating extubation and (postoperative) delirium, and 
the claimed neuroprotective effects. Currently, dexmedetomi-
dine is approved for short-term analgo-sedation (<24 h) in
mechanically ventilated critical care adult patients and seda-
tion of non-intubated adult patients prior to and/or during sur-
gical and other procedures. Trials are underway to investigate
its pharmacokinetics, clinical efficacy, and safety in long-term
use, but there is already clinical experience with long-term 
administration of this drug in the adult ICU [160, 161].

In contrast, clinical experience with dexmedetomidine in 
the pediatric population is limited and anecdotal in neonates. 
Dexmedetomidine has many claimed theoretical advantages

over standard sedative regimens with regard to adverse drug 
reactions. Dexmedetomidine does not affect respiratory
drive. Neonates treated with dexmedetomidine have a shorter 
duration of mechanical ventilation compared to fentanyl-
treated controls. Dexmedetomidine has minimal impact on
gastric motility. Neonates treated with dexmedetomidine 
require a shorter time to reach full enteral feeds compared to 
neonates treated with fentanyl. Finally, in vitro and animal
experimental studies suggest neuroprotective effects [13, 
160, 161]. Unfortunately, dexmedetomidine has the potential 
for significant adverse drug reactions. The most concerning
is hypotension, which is common with bolus doses of dex-
medetomidine in both adult and pediatric patients. The inci-
dence and degree of hypotension after bolus dosing appears 
to be similar to that typical of fentanyl and midazolam.
Avoidance of bolus doses or rapid titration of dexmedetomi-
dine attenuates this effect, at least in adults. Because of the
pathophysiology of hypotension (related to central α[alpha]2-
adrenoreceptor agonism), the subsequent treatment is more 
difficult and the duration prolonged.

Currently, the experience with dexmedetomidine in the 
pediatric population is limited and only anecdotal in neo-
nates. The hemodynamics following dexmedetomidine
(loading dose 1 μ[mu]g/kg within 10 min, followed by 0.5–
0.8 μ[mu]g/kg/h) exposure during anesthesia for abdominal
surgery in 16 neonates have recently been reported. As adja-
cent to sevoflurane anesthesia, hemodynamic stability (heart 
rate, diastolic and systolic blood pressure) was observed 
[161]. Shukry et al. reported on the use of dexmedetomidine
to facilitate direct laryngoscopy and bronchoscopy in four 
infants, including one newborn (2 weeks to 11 months)
[162]. The total dexmedetomidine dose used was 2–5 μ(mu)
g/kg, and one patient (the newborn) needed one additional
dose of propofol (3.7 mg/kg). Heart rate and mean arterial
blood pressure remained stable throughout the procedure 
(7–38 min) [162]. Finally, there is a case report in a single
newborn co-treated with dexmedetomidine (0.09–0.53 μ[mu]
g/kg/h) in combination with midazolam (0.15 mg/kg/h) and
fentanyl (0.8 μ[mu]g/kg/h) to facilitate analgo-sedation in a
setting of airway compromise related to a congenital medias-
tinal neuroblastoma. Plasma dexmedetomidine concentra-
tions were 0.25–0.65 ng/mL, and sedation (COMFORT
score) was adequate [163].
Further studies to define the incidence and clinical impact

of this effect in preterm neonates are necessary. Prospective
studies of dexmedetomidine in preterm neonates must 
include continuous assessment of blood pressure and heart 
rate as well as utilize available technologies to assess perfu-
sion. As a final warning, we refer to the case report on epi-
leptic seizures relatedand likely inducedbydexmedetomidine
in one neonate [164]. This can be explained by the
dexmedetomidine-related reduction in the anticonvulsant 
activity of the locus ceruleus.
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�Take-Home Messages
• Based on its pharmacokinetics and pharmacodynamics,

dexmedetomidine holds the promise to become a useful 
tool for analgo-sedation in neonates [160–164].

• At present, data are not yet available to formulate any rec-
ommendation, except for the fact that this drug should 
only be used in clinical studies in order to get a valid 
impression on risk/benefit profile in neonates.

�Inhalational Agents

The number of studies and the clinical application of inhala-
tional agents for procedural analgo-sedation in neonates and 
young infants are—to the best of our knowledge—limited to
equimolar nitrous oxide (N2O)/oxygen mixture (retinopathy
of prematurity screening, intramuscular palivizumab admin-
istration) and single unit experience with sevoflurane (cen-
tral catheter placement, endotracheal intubation).

In concordance with the overall impression that equimo-
lar nitrous oxide (N2O) and oxygen display an age-depen-
dent effectiveness with only limited analgo-sedation in the 
first year of life compared to children of 4 years or older
[165], a recently reported RCT documented that this inhala-
tional strategy does not produce any additional pain relief 
during eye screening examinations in preterm neonates 
[166]. The mean PIPP score at speculum insertion in the
control group (8.4, 95 % CI 7.6–9.3) was comparable with
the nitrous oxide-exposed group (8.5, 95 % CI 7.3–9.8).
There were no significant differences in oxygen saturation
or heart rate between both groups. Inhalation was tolerated 
without any measured side effects [166]. Using an at-
random study design, infants receiving palivizumab admin-
istration received either nitrous oxide (50/50 mixture),
EMLA application, or both. Pain assessment was based on
the Modified Behavior Pain Scale (MBPS). Although there
was a significant lower MBPS during nitrous oxide
administration—most pronounced when combined with
EMLA—the mean overall MBPS rating during immuniza-
tion and recovery period were still 8 and 7, respectively
[167]. These mean values are similar to those reported in
another cohort of former preterm neonates during palivi-
zumab immunization in which MBPS was assessed without
any specific intervention [168].
The Montpellier unit reported the use of sevoflurane for

procedural analgo-sedation in neonates [169–171]. Using a 
stepwise increase until loss of consciousness and motor 
response in 33 consecutive cases to facilitate central venous
catheter placement, heart rate remained stable, but mean 
arterial blood pressure dropped, and none of the patients 
required intubation [169]. The ease of the procedure was
scored as “average” 13 times and “excellent” 20 times [169]. 
This report followed an earlier reported RCT in 55 neonates,

aimed at comparing efficacy and safety of sevoflurane with
glucose and nonnutritive sucking (GNNS) analgo-sedation
in reducing the duration of the procedure and in preventing 
pain-related effects during peripherally inserted central cath-
eter (PICC) placement [170]. Sevoflurane exposure resulted
in greater immobility, fewer episodes of hypertension, tachy-
cardia, or bradycardia. Occurrences of hypotension were not
different, while the glucose group showed more desaturation 
during the 4 h after the intervention. Finally, the same group
reported on the use of sevoflurane for endotracheal intuba-
tion [171]. Thirty-three neonates were randomized to either
sevoflurane (inspired concentrations 2–5 %) or no medica-
tion (preoxygenation with 100 % oxygen) before endotra-
cheal intubation. No major differences in the incidence of 
adverse events were noted in the study group compared with 
the control group—hypotension (37.5–37.5 %), desatura-
tions (37.5–44.5 %)—while hypertension (25–56.3 %) and
bradycardic events (8.3–44.4 %) were more frequently
observed in the control group. Moreover, intubation was
easier in the sevoflurane group, with specific emphasis on the
absence of movements (95.5–28 %), optimal glottis visual-
ization (73–33 %), and failure rate (25–39 %). Because of
the use of a “placebo-controlled” study design, it is not really
possible to compare these outcome data with more commonly 
applied pharmacological strategies to facilitate endotracheal 
intubation.
Before we consider the use of inhalational agents for

analgo-sedation in neonates, we should be aware of the mat-
urational pharmacodynamic differences and of the logistics 
involved. To illustrate the age-dependent pharmacodynam-
ics, we refer to the available data on halothane. Lerman et al.
found that the minimum alveolar concentration (MAC) of
halothane in neonates (0.87 %) was significantly lower than
that in infants (1.20 %), while the MAC in infants were sig-
nificantly higher when compared to older children [172]. 
With induction of anesthesia, the systolic blood pressure
decreased 23 % in neonates and 34 % in infants. Similarly,
the heart rate decreased 12% in neonates and 22% in infants,
and hypotension was not significantly different (33–44 %).
The authors concluded that the MAC of halothane for neo-
nates is 25 % less as compared to infants and significantly
less than was thought previously without any difference in 
the incidence of cardiovascular side effects. Secondly, the
logistics needed mainly relate to the avoidance of air pollu-
tion, commonly in part achieved by the use of closed loop 
circuits. Consequently, this means that specific ventilation
equipment is needed.

�Take-Home Messages
• There are limited data on the use of inhalational agents in

neonates.
• Because the logistics needed, its use will very likely

remain limited.
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�Acetaminophen (Paracetamol)

Paracetamol, N-acetyl-p-aminophenol (acetaminophen), is a 
readily available antipyretic and analgesic agent. It is the 
most often prescribed drug for treatment of mild to moderate 
pain or fever in infants, including neonates, and can be 
administered by oral, rectal, but also by intravenous route 
[173]. Its peak concentration occurs approximately 60 min
after oral dosing, while absorption after rectal administration 
is variable and prolonged. Acetaminophen is widely used in 
the management of pain, but has no antiinflammatory effects. 
In the therapeutic concentration range, acetaminophen is 
metabolized by the liver to acetaminophen glucuronide (47–
62 %) and acetaminophen sulfate (25–36 %) as main metab-
olites, and subsequently eliminated by renal route. Only
1–4 % is excreted unchanged in urine, and about 8–10 % of
acetaminophen is oxidized to 3-hydroxy-acetaminophen and
the (hepatic) toxic metabolite N-acetyl-p-benzoquinone
imine (NAPQI) [173]. Data on the clinical pharmacology of
acetaminophen, including pharmacokinetics and tolerance 
(hepatic, hemodynamics) in neonates following either enteral 
or intravenous route, have been published. Clearance mainly 
relates to weight, age, and—to a limited extent—hyperbili-
rubinemia [174, 175]. Hepatic tolerance and hemodynamic 
tolerance have been documented during repeated administra-
tion [173]. Consequently, acetaminophen is perceived to 
have a good efficacy-to-safety ratio as analgesic in a wide
range of patient populations. However, since acetaminophen 
is one of the most commonly used drugs to treat pain or 
fever, knowledge on the covariates of acetaminophen dispo-
sition remains crucial to avoid toxicity through unanticipated 
variability. In addition to oral and rectal formulations, sev-
eral intravenous (IV) formulations became available more
recently. Such a formulation enables the administration of
acetaminophen when the enteral route cannot (yet) be used 
and should improve the predictability by the reduction in 
variability related to absorption [173–175].

Intermittent (p.r.n.) administration in response to per-
ceived pain seldom provides optimal pain relief, while antic-
ipatory use (preemptive) certainly helps to prevent 
postoperative pain. Visceral pain, however, commonly needs
opioids. Compared to opioids, tolerance does not develop 
during repeated administration, but there is an analgesic ceil-
ing effect. Based on these facts, the concept of multimodal
analgesia has been introduced in the neonatal intensive care. 
However, it is only very recently that Ceelie et  al. indeed 
documented a clinical significant (−66 %) morphine-sparing
effect in neonates co-treated with IV acetaminophen com-
pared to placebo following major, noncardiac surgery [144].
The data on acetaminophen analgesia during painful pro-

cedures are limited, but suggest an overall poor analgesic 
effect for procedural pain relief. Using a randomized,
placebo-controlled study design in 75 term neonates, Shah

et al. documented that acetaminophen administration (20mg/
kg, oral) was ineffective for pain relief related to heel prick 
[176]. Acetaminophen (15 mg/kg, oral) was neither found to
ameliorate neither intraoperative nor the immediate postop-
erative pain of circumcision, although it seems that it may 
provide some benefit after the immediate postoperative
period [177]. The effects of acetaminophen (20 mg/kg, rec-
tal) on neonates following vacuum extraction has been docu-
mented by Van Lingen et al. [178]. Based on a randomized,
placebo-controlled study design in 122 neonates delivered
by vacuum extraction, one dose of acetaminophen signifi-
cantly improved their clinical condition (e.g., drinking 
behavior), but did not result in a significant change in objec-
tive pain scores, and there were no positive effects following 
repeated administration. Very recently and using an preemp-
tive approach and a placebo-controlled study design in 123
term neonates following assisted vaginal delivery, infants 
born by assisted vaginal delivery had low pain scores in the 
immediate period after birth, irrespective of acetaminophen 
exposure. However, acetaminophen (20–25 mg/kg, rectal)
given to term newborns shortly after birth was associated 
with an aggravated subsequent stress response during heel 
lancing on day 2–3 of postnatal life [179].
The overall limited effects in neonates are somewhat in

contrast to the documented analgesic effects of acetamino-
phen in infants and children, but may be attributed to inade-
quate serum concentrations due to, for example, low dose, 
delayed absorption, or variability in bioavailability. The fact
that it has recently been described that the effect compart-
ment concentration of 10 mg/L of acetaminophen, achieved
following a loading dose administration (20 mg/kg, intrave-
nous) in neonates, is effective for moderate pain relief further 
provides evidence that the absence of effects likely at least in 
part relates to insufficient dosing [180].
The hepatic tolerance during repeated administration has

been mentioned earlier. However, there are case reports on 
hepatic failure following acetaminophen exposure in neo-
nates. Unfortunately, most of these cases can be explained by 
the well-known tenfold overdosing error (intravenous for-
mulation=10 mg/mL). Other population-specific pharmaco-
dynamic aspects that need to be mentioned are the recently 
described association between acetaminophen exposure and 
patent ductus closure and atopy in infancy, respectively. 
Reports of an association between acetaminophen exposure
and patent ductus arteriosus closure in a limited number of 
extreme preterm neonates have been published. However, 
causality cannot yet be taken for granted because a link 
between the current knowledge of the clinical pharmacology 
of acetaminophen and (patho)physiology of ductal closure is 
not known. In contrast to nonselective cyclooxygenase 
inhibitors, acetaminophen has limited effects at peripheral 
sites, is a poor antithrombotic and antiinflammatory drug, 
and exerts its effects primarily within the central nervous 
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system [181]. In early infancy, epidemiological data also 
suggest a link between acetaminophen exposure in early 
infancy and the risk to develop asthma similar to the link 
between maternal exposure and atopy in early infancy [182].

�Take-Home Messages
• Data on acetaminophen pharmacokinetics/dynamics have

been published and suggest that the same effect compart-
ment concentration (10 mg/L) of acetaminophen should
be aimed for in neonates [174, 175, 180].

• This means that a loading dose should be considered
(intravenous or oral 20 mg/kg, rectal 30–40 mg/kg), fol-
lowed by maintenance (intravenous or oral 10 mg/kg, rec-
tal 1–18 mg/kg) doses—in term neonates q6h, in preterm
(<32 weeks) neonates q8h [175].

• Data on safety suggest that acetaminophen has indeed a
good safety profile in neonates when administered for a
limited time (48–72 h).

• It has recently been published that—similar to children
and adults—(IV) acetaminophen has indeed opioid-
sparing (−66 %) effects in neonates after major noncar-
diac surgery [144].

• Acetaminophen is a very poor analgesic for procedural 
pain relief [176, 177].

�Neonatal Analgo-Sedation: Balancing 
Between Scylla and Charybdis

Non-pharmacological as well as pharmacological treatment 
of pain became an indicator of quality of care in neonates fol-
lowing the pivotal publications by Anand et  al. in the late 
1980s, demonstrating the ability of newborn infants to feel
pain [1]. It hereby was documented that ineffective treatment 
of pain in these vulnerable individuals was not only inhumane 
[15, 16], but likewise also resulted in negative health out-
comes [2, 12]. In essence, these observations strongly suggest 
that early pain experience contributes to neurodevelopmental 
outcome, pain thresholds, pain- or stress-related behavior, and 
physiological responses in later life. Effective management of 
pain therefore remains an important indicator of the quality of 
care provided to neonates, not only from an ethical, but also 
from a short- and long-term outcome perspective [2, 12, 15, 
16]. However, further adaptations and patient tailoring are 
needed because of both newly emerging data on neuro-
apoptosis associated with exposure to analgo-sedatives as well 
as simultaneous changes in neonatal care itself [7–10, 13].
The ontogeny of the nervous system is based on a com-

plex pattern of cell proliferation, migration, differentiation, 
and selective cell survival and includes apoptosis. Functional
development relates to a balance of excitatory and inhibitory 
signals. Due to maturational plasticity of the nociceptive sys-
tems throughout infancy, nociceptive input may cause 
population-specific lasting alterations in pain processing.

Similarly, exposure of nociceptive and non-nociceptive ner-
vous circuits to analgo-sedatives also modulates receptor 
signaling-related brain development. Experimental data 
from animals provide evidence that chronic morphine expo-
sure in perinatal life results in reduced brain volume, 
decreased neuronal packing density, and less dendritic 
growth and branching. This is associated with learning and
motor disabilities. In contrast, opioid receptor blockade 
through naloxone results in increased brain size and more
pronounced dendritic arborisation. Similar animal experi-
mental data have been reported for other analgo-sedatives, 
including benzodiazepines, ketamine, inhalational anesthet-
ics, propofol, and barbiturates or combinations of such 
analgo-sedatives [7–10]. Alterations are in part drug- and 
dose-dependent, and there is an age-related window of vul-
nerability for apoptosis on the one hand or dendritic changes 
on the other hand. The extrapolation of these observations in
animals to the human (pre)term newborn is obviously ham-
pered by several limitations. Some authors report on an asso-
ciation between major neonatal surgery (number of 
interventions, disease severity) and neurodevelopmental 
impairment. However, exposure to analgo-sedatives is only 
one of the factors associated with this negative outcome [10].
The shifts in neonatal care refers toward less invasive

care, as reflected by introduction of minimal enteral feeding 
to shorten duration of parenteral nutrition, while duration of 
endotracheal ventilation was shortened through early nasal 
CPAP or the “INSURE” approach [13].
First, adequate pain management is not an isolated activ-

ity. It should be an integrated part of developmental care. 
Behavior in former preterm infants was associated with the
level of both developmental care (“Infant-Centered Care 
index” [ICC]—parents’ involvement in the care of their
infant and developmental-oriented care interventions) and 
painmanagement (“Infant PainManagement index” [IPM]—
approach to and procedures used for reducing infant pain). A 
higher ICC was associated with higher scores for attention 
and regulation, less excitability, and low stress scores, while 
higher IPM scores were associated with higher attention,
higher arousal, and lower lethargy. The association between
both suggests that the combination of both practices (ICC 
and IPM) support better neurobehavioral stability [183]. In 
our opinion, non-pharmacological methods for analgesia in 
collaboration with different caregivers, including the par-
ents, are the link between pharmacological analgesia and 
developmental-oriented care interventions.
Second, the introduction of analgo-sedatives and tech-

niques also resulted in new clinical syndromes such as 
opioid-induced tolerance, neonatal drug withdrawal syn-
drome, and hyperalgesia or complications such as drug-
related toxicities or toxicity due to locoregional techniques. 
Tenfold dosing errors with intravenous acetaminophen and
propofol infusion syndrome were reported, and a case of 
hyperalgesia following opioid exposure in a newborn has 
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been published. Caregivers should be aware of contemporary 
management of the aforementioned complications.

In the clinical setting, a structured approach is needed 
[37–39]. There is no doubt that all NICUs need to adapt a
validated pain assessment tool and an algorithm outlining the 
responses of health-care providers if abnormal pain scores 
are detected. Reaching consensus within the NICU care team
on the interpretation of an abnormal pain score and develop-
ing an algorithm of care for each pain scenario are crucially 
important. The same algorithm should also provide path-
ways for infants who do not respond to the treatment or 
develop adverse events. Although there is emerging informa-
tion that there is a difference between pain expression and 
nociception, this structured approach should start with the 
routine use of a validated pain assessment score for a given 
age group and should be followed by a condition-specific
pain management protocol with a limited number of com-
pounds (tool box) of which caregivers are aware of (side)
effects. Dosing guidelines as retrieved in the Neofax have
been summarized in Table 15.6 [184]. This table hereby also
reflects the relevant knowledge gaps on the clinical pharma-
cology in neonates, including the field on analgo-sedation.
These pain management protocols should also focus on the

titration of analgesics, including a decision tree on when and 
how to increase and decrease exposure to analgesics. Until 
more advanced tools to assess pain become available, we can 
apply a validated pain assessment tool in clinical practice and 

train the NICU health-care providers in using these tools in a 
standardized way to guarantee an acceptable interobserver
variation in assessing neonatal pain [37–39, 41].

A promising approach to facilitate more effective imple-
mentation of better practices to improve pain management of 
neonates has been described by Dunbar et al. [41]. Twelve
NICUs in the Neonatal Intensive Care Quality Improvement
Collaborative focused on improving neonatal pain manage-
ment and sedation practices. Collaborative quality improve-
ment techniques were used to facilitate local quality 
improvement in the management of pain in infants. In 
essence, these units developed and subsequently imple-
mented evidence-based better practices for pain manage-
ment and sedation in neonates. The group introduced changes
through plan-do-study-act cycles and tracked performance 
measures throughout the process. Strategies for implement-
ing potentially better practices varied between NICUs on the 
basis of local characteristics. Individual units identified their
barriers to implementation, developed tools for improve-
ment, and subsequently shared their experience with the col-
laborative. Using this approach of collaborative quality 
improvement techniques enhanced local quality improve-
ment efforts and resulted in effective implementation of 
potentially better practices at participating NICUs [41]. Our
intersubjective opinion on how to improve pain management 
in neonates has been summarized in Table 15.7.

Table 15.6 Dosing suggestions for different analgo-sedatives as
extracted from the Neofax

Topical/local anesthetics No dosing advice available

Propofol No dosing advice available

Ketamine No dosing advice available

Remifentanil No dosing advice available

Chloral hydrate 25–75 mg/kg per dose, orally or rectally
Morphine Intermittent: 0.05–0.2 mg/kg per dose, IV/

IM/SQ, q4h
Continuous: loading 0.1–0.15 mg/kg over
1 h, followed by 0.01–0.02 mg/kg per hour

Fentanyl Intermittent: 0.5–4 mcg/kg, iv slow push, as
required (q2h–q4h)
Continuous: 1–5 mcg/kg per hour

Midazolam Intermittent: 0.05–0.15 mg/kg over at least
5 min, (q2h–q4h)
Continuous: 0.01–0.06 mg/kg, per hour

Dexmedetomidine No dosing advice available

Acetaminophen No dosing advice on intravenous 
administration available

Oral: loading dose 20–25 mg/kg,
maintenance 12–15 mg/kg/dose
Rectal: loading dose 30 mg/kg, maintenance
12–18 mg/kg/dose
Maintenance intervals: q6h (term), q8h
(32–36), q12h (<32 weeks)

This in part also reflects the overall limited information on dosing in
neonates [183]

Table 15.7  A subjective opinion: how to improve pain management in 
neonates

Prevention

• Any effective pain relief program should be integrated in a more
extensive program with focus on reduction of environmental stress 
and facilitation of neuromotor development. Parental involvement
is hereby crucial

• Reduce the frequency of avoidable painful procedures
• Use the most appropriate technique to avoid stress or pain, as has

been illustrated for blood sampling, endotracheal suctioning, or 
retinal surgery

Assessment

• Systematic evaluation of pain based on a validated pain scale is
crucial. Delegate not only the responsibility to assess but also to act:
delegate the treatment of pain and the titration of pharmacological 
treatment within predefined ranges to the bedside caregiver

• Systematic assessment of pain instead of ad hoc registration results
in an increased awareness to treat and prevent pain

Treatment

• Introduce unit-specific recommendations for individual procedures,
interventions, or clinical diagnoses based on validated non-
pharmacological and pharmacological interventions. Such
protocols should also consider weaning strategies, and assessment 
and treatment of withdrawal syndromes

• Titrated administration of analgesics in order to protect long-term
neurological outcome should not only focus on a step-up, but also 
on a step-down strategy

• You better know what you prescribe: limit your pharmacological 
tools to some compounds and know their effects and side effects 
instead of introducing too many different compounds
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Finally and obviously, further studies are needed.We sug-
gest that this research agenda covers (1) the development and
validation of more sophisticated pain assessment tools inte-
grating neurobiological evaluation, (2) the collection of
long-term outcome data after neonatal exposure to analgo-
sedatives (pharmacovigilance), and (3) the use of an appro-
priate study design for neonatal pain studies. Besides more
effective tools to assess pain, we encourage clinicians, but 
also ethical committees and other stakeholders involved, to 
design dose-finding studies needed to improve adequate (i.e.,
effective, neither overexposure nor underexposure) adminis-
tration of analgo-sedatives in neonates. The experimental
observations in animals concerning neuro-apoptosis force us 
to reconsider the modalities used, including both the drugs as 
well as the doses administered.

�Case Studies

�Case 1

The mother of a 2-month-old infant worries about
immunization-related pain. She mentioned that the
older sister of this infant is afraid of any medical inter-
vention, while the mother herself has needle phobia, 
even resulting in avoidance of medical care when 
needed. In fact, the mother asks you to write a certifi-
cate that her infant does not tolerate any vaccination 
and consequently should not receive any vaccination. 
During the discussion, the mother wants to know if
there is existing evidence for effective interventions to 
alleviate immunization-related pain in young infants.

�Issues
Procedural analgesia: There is meta-analytical evi-
dence on the effectiveness and tolerability of different 
pharmacological, physical, procedural technique-
related, psychological interventions, and combination 
of these individual interventions to alleviate immuni-
zation-related pain. Pharmacological interventions
relate to topical local anesthetics, sweet-tasting 
(sucrose 30 %, glucose 24 %) solutions, and combined
analgesic interventions, including breastfeeding, were 
associated with reduced pain during childhood immu-
nizations and should be recommended for use in clini-
cal practice. Physical interventions: pain during
immunization can be decreased by injecting the least
painful formulation of a vaccine, having the child sit 
up or holding an infant, stroking the skin or applying 
pressure close to the injection site before and during 
injection. Other effective interventions relate to inject-
ing the least painful vaccine first when two vaccines
are being administered sequentially during a single 

office visit and performing a rapid intramuscular injec-
tion without aspiration. Psychological interventions
related to parental breathing exercises, child-directed 
distraction, nurse-led distraction, and combined cogni-
tive–behavioral interventions to reduce the pain and
distress associated with routine childhood immuniza-
tions. Parents and health-care professionals should be
advised to incorporate these psychological interven-
tions to reduce the pain and distress experienced by 
children during immunization. Using a robust testing
process, the HELPinKIDS program developed a par-
ent-directed educational pamphlet and video about 
management of vaccination pain based on these afore-
mentioned approaches. (Further reading: www.sick-
kids.ca/Learning/Stories/Knowledge-Translation/
anna-taddio.html)
Relevance of postvaccination treatment of fever/

pain: the administration of acetaminophen before immu-
nization does not reduce the procedural-related pain.
While prophylactic acetaminophen administration has
been associated with a modest reduction in fuzziness or
fever in the hours after immunization, this has also been
linked with a reduction in the immunological response 
(antibodies). Consequently, systematic prophylactic 
administration of acetaminophen seems obsolete.

�Case 2

Neonatal respiratory care has shifted from prolonged 
mechanical ventilation following endotracheal intuba-
tion toward nasal respiratory support through either 
nasal CPAP or high-flow nasal cannula. However,
there is overwhelming evidence in support of early 
curative or even perhaps prophylactic endotracheal 
administration of surfactant in extreme low-birth-
weight infants. This presents clinicians with a dilemma:
endotracheal intubation warrants effective analgo-
sedation in order to avoid mechanical trauma and pain, 
while prolonged analgo-sedation will result in failure 
to extubate shortly following surfactant administration. 
There is a growing body of evidence in support of such
an “InSurE” (Intubate, Surfactant, Extubate) [184] 
approach. Still, clinicians struggle with the difficult
balance between avoiding mechanical ventilation ver-
sus preventing pain or stress in preterm neonates.

�Potential Options to Consider
Non-pharmacological interventions: Some groups
consider to adapt the applied technique. Besides exper-
imental research related to aerosol and inhalational 
disposition, this mainly translates into a less invasive 
technique by using a nasogastric tube to access the

(continued)
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    Abstract  

  Sedation and analgesia are required on a daily basis for infants and children in the pediatric 
intensive care unit (PICU). Regardless of the patient’s age, cognitive level, underlying med-
ical condition, or comorbid conditions, various factors may result in agitation, anxiety, and 
pain during the PICU process. One of the challenges of the PICU is the variability that is 
presented in patient type (age, weight, comorbid conditions, acute illness), procedure type 
and duration, and location (in the PICU versus off-site). The procedures may be brief (burn 
dressing changes, placement of central venous or arterial cannulae) or prolonged (mechani-
cal ventilation) as well as non-painful requiring only sedation (imaging) or painful requir-
ing both sedation and analgesia. When considering the patient who requires mechanical 
ventilation, the need for procedural sedation may last for days or even weeks as children 
may require prolonged sedation to overcome the pain and anxiety associated with the 
presence of an endotracheal tube and the requirement for ongoing mechanical ventilation. 
The pain and anxiety may be further magnifi ed by psychological factors including periodic 
separation from parents, disruption of the day–night cycle and alterations of normal sleep 
patterns, unfamiliar people, the noise of imposing machines and monitoring devices, fear of 
death, and loss of self-control.  
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   Table 16.1    Preparation for procedural sedation in the pediatric ICU   

 1. Rule out treatable causes of agitation 
 (a) Hypoxia and hypercarbia 
 (b) Cerebral hypoperfusion 
 (c) Bladder distention 
 (d) Surgical lesion—necrotic bowel or compartment syndrome 

 2. Perform a presedation evaluation of the patient. This evaluation 
is similar to that performed prior to any surgical procedure 
performed in the operating room 

 3. Identify the etiology of the pain or agitation to guide the 
appropriate selection of the agent or agents as well as the need to 
provide sedation/anxiolysis/amnesia, analgesia, or both 

 4. Monitor patient according to the standards outlined by the 
American Academy of Pediatrics for procedural sedation and 
analgesia 

 5. Titrate the initial bolus dose of the medication and subsequent 
infusion rates based on the patient’s clinical response with the 
use of formalized sedation/pain scales 

 6. Observe for adverse physiologic effects including the 
development of physical tolerance which necessitates increasing 
the dose of the agent used or switching to another agent that acts 
through a different receptor system 

  Methadone   •   Intensive care delirium screening checklist (ICDSC)   •   Confusion assessment 
method for the ICU (CAM-ICU)   •   Opioid and benzodiazepine withdrawal scale (OBWS)   
•   Sedation/agitation scale (SAS)  

        Introduction 

 Sedation and analgesia are required on a daily basis for 
infants and children in the pediatric intensive care unit 
(PICU). Regardless of the patient’s age, cognitive level, 
underlying medical condition, or comorbid conditions, vari-
ous factors may result in agitation, anxiety, and pain during 
the PICU process. One of the challenges of the PICU is the 
variability that is presented in patient type (age, weight, 
comorbid conditions, acute illness), procedure type and 
duration, and location (in the PICU versus off-site). The pro-
cedures may be brief (burn dressing changes, placement of 
central venous or arterial cannulae) or prolonged (mechanical 
ventilation) as well as non-painful requiring only sedation 
(imaging) or painful requiring both sedation and analgesia. 
When considering the patient who requires mechanical venti-
lation, the need for procedural sedation may last for days or 
even weeks as children may require prolonged sedation to 
overcome the pain and anxiety associated with the presence 
of an endotracheal tube and the requirement for ongoing 
mechanical ventilation. The pain and anxiety may be further 
magnifi ed by psychological factors including periodic sepa-
ration from parents, disruption of the day–night cycle and 
alterations of normal sleep patterns, unfamiliar people, the 
noise of imposing machines and monitoring devices, fear of 
death, and loss of self-control. In the adult population, a sig-
nifi cant percentage of patients reported that they remembered 
mechanical ventilation with approximately 25 % noting that 
they would have chosen not to receive mechanical ventilation 
had it been any more painful [ 1 ].  

    Pre-procedure Preparation 

 Regardless of the setting, prior to the administration of phar-
macologic agents for the control of procedure-related pain 
and anxiety, an evaluation of the patient and preparation of 
the environment is mandatory (Table  16.1 ). The latter is 
especially important for off-site procedures when the patient 
is transported out of the PICU to the radiology suite. Careful 
evaluation of the pediatric ICU patient is important in order 
to differentiate treatable and potentially life-threatening 
causes of agitation such as hypoxemia, hypercarbia, cerebral 
hypoperfusion, necrotic bowel, or a compartment syndrome 
from agitation that requires sedation. The injudicious use of 
sedative/analgesic agents without ongoing patient examination 

and monitoring may result in disaster. For example, a patient 
who has an abrupt increase in sedative/analgesic needs may 
need nothing more than a dose increase. A need for addi-
tional sedation should be carefully investigated and identi-
fi ed prior to delivering sedation, in order to establish that 
there is patient tolerance or the development of tachyphy-
laxis to the current sedation regimen. These concerns are less 
of an issue for a patient who is undergoing a brief invasive or 
noninvasive procedure, for which the pre-procedure evalua-
tion is relatively the same as for patients outside of the PICU 
environment.

   The basic components of the presedation assessment are 
outlined in Table  16.2 . This assessment includes the perfor-
mance of a focused history and physical examination. The 
history should focus on the child’s current state of health as 
it relates to the reason for the procedure, the past medical 
history to identify signifi cant comorbidities, as well as acute 
events that led to the PICU admission. Since the primary risks 
associated with sedation include adverse respiratory events 
(apnea, hypoxemia, hypercarbia, and upper airway obstruc-
tion) or cardiovascular events (hypotension, bradycardia, 
arrhythmias), the focus of the presedation evaluation and 
physical examination is placed on these systems or areas. The 
American Society of Anesthesiologists (ASA) emphasizes 
that the evaluation of the airway “should be conducted, when-
ever feasible, prior to the initiation of anesthetic care and 
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a irway management in all patients”[ 2 ]. The purpose of this 
examination is to detect physical characteristics that may 
indicate the presence of a diffi cult airway. (Refer to Chap.   7    .) 
Although many patients may already have an endotracheal 
tube in place, the assessment of the upper airway should still 
be performed in the event that the endotracheal tube becomes 
dislodged at some time, such as during positioning for the 
procedure or patient transport. The upper airway assessment 
includes obtaining a history of signs and symptoms that indi-
cate potential airway problems (noisy breathing, stridor, 
snoring, or obstructive sleep apnea). This is followed by an 
examination of the head and neck designed to identify the 
patient in whom airway management or endotracheal intu-
bation may be diffi cult. An assessment is made of neck 
mobility (fl exion and extension), mouth opening, the size 
of the oral cavity and tongue (presence of macroglossia), 

the presence of micrognathia, and the thyromental distance 
(distance from the thyroid cartilage to the tip of the mandible). 
In general, mouth opening should be greater than the width 
of two fi ngerbreadths, while the thyromental distance should 
be at least three. In both instances, the patient’s own fi ngers 
can be used as the measuring instrument. In the adult popula-
tion, an objective measure of the potential for diffi cult 
intubation is the Mallampati grading system (I through IV) 
(see Fig.  16.1 ) [ 3 ]. This system evaluates the ability to visu-
alize the tonsillar pillars and the uvula when the patient 
opens their mouth. If the Mallampati grade is III or IV 
(tonsillar pillars and base of the uvula cannot be visualized 
with mouth opening and tongue protrusion), the trachea may 
be diffi cult to intubate and bag-mask ventilation may be 
problematic.

    In the pediatric ICU patient, a thorough review of the 
patient’s current medical regimen (both sedation/analgesic 
and others) is performed as well as a determination of the 
patient’s current vascular access and which site will be used 
for the administration of the sedative/analgesic agents. Upon 
completion of the history and physical examination, an ASA 
(American Association of Anesthesiologist) classifi cation 
may be assigned (Table  16.3 ) [ 4 ] to help guide the choice of 
sedation: Adverse events have been shown to have a greater 
incidence in patients with a higher ASA classification 
(III or IV versus I or II) [ 5 ]. During this evaluation, the 
child’s previous experiences with procedural sedation are 
explored, identifying both their effi cacy and the child’s and 
parent’s impressions of the experience. (Refer to Chap.   4    .) 

   Table 16.2    The pre-procedure or presedation assessment   

 Patient’s name, age, weight, and gender 
 Past medical history: 

 Acute medical or surgical problems 
 Comorbid medical conditions: 

 Previous sedation or anesthetic history including problems 
 Allergies 
 Current medications 
 Family history of anesthetic complications 
 Dietary history ( nil per os  status) 
 Pregnancy history 
 Physical examination: 

 Baseline vital signs including room air oxygen saturation if feasible 
 Airway examination with Mallampati grading system 
 Focused cardiac and respiratory examination 
 Current vascular access and infusion (to select site for medication 
administration) 

 Laboratory evaluation as appropriate 
 Summary: 

 American Society of Anesthesiologists status (ASA I–V) 
 Sedation and recovery plan 
 Risks discussed and informed consent obtained from patients 

  Perform formal, hospital-based time-out prior to the procedure 

  Fig. 16.1    Mallampati 
classifi cation of pharyngeal 
structures. Reprinted with 
permission from Samsoon GL, 
Young JR. Diffi cult tracheal 
intubation: a retrospective study. 
 Anaesthesia.  May 
1987;42(5):487–490       

   Table 16.3    ASA classifi cation   

 ASA I  No associated comorbid disease 
 ASA II  Mild associated comorbid disease, mild asthma 
 ASA III  Severe associated comorbid disease, sickle cell anemia, 

obstructive sleep apnea, severe asthma 
 ASA IV  Comorbid disease that is a constant threat to life, dilated 

cardiomyopathy, septic shock 
 ASA V  Moribund patient that is not expected to survive 24 h 
 E  Modifi er added for emergency procedure or surgery 
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A fi nal component of the presedation assessment is to 
 minimize the risk of aspiration by adhering to the  nil per os  
(NPO) status in order to limit gastric volume. In the PICU 
patient, factors other than NPO may affect gastric emptying 
and thereby both gastric volume and pH.    The American 
Society of Anesthesiologists’ recommendations for  per os  
(NPO) are 2–3 h for clear liquids (including breast milk) 
and 4–8 h for infant formula [ 4 ]. The need to adhere to strict 
NPO guidelines for procedural sedation have been chal-
lenged, particularly by those working in acute care environ-
ments such as emergency rooms where procedures may need 
to be performed more urgently [ 6 ,  7 ]. While published 
reports from these environments have failed to show an 
effect of pre- procedure fasting on the incidence of adverse 
outcomes, these studies have been underpowered. If a patient 
is considered to be at signifi cant risk of aspiration, consider-
ation should be given to recruit anesthesia to perform a rapid 
sequence induction and endotracheal intubation. Following 
a careful assessment and prior to the start of the procedure, 
a formal “time out” should be performed and documented. 
This “time out” should include two patient identifi ers (name 
and medical record number), validation that consents have 
been obtained and signed, a review of the procedure to 
be performed, and agreement on the site and laterality of 
the procedure.

   Patients should be monitored in accordance with the 
guidelines set forth by the American Academy of Pediatrics 
(AAP) and/or the ASA both during and following the proce-
dure [ 4 ,  8 ]. (Refer to Chap.   2    .) As the PICU provides the 
optimal environment for the monitoring of a patient’s physi-
ologic functions, the monitoring should be continued when 
PICU patients are sedated outside of the PICU. Formal mon-
itoring should include continuous pulse oximetry and heart 
rate (via the pulse oximeter or electrocardiography) as well 
as measurement of respiratory rate and blood pressure at 
5 min intervals [ 4 ,  9 ,  10 ]. In 2011, the ASA amended the 
Standards for Basic Anesthesia Monitoring (fi rst published 
in 1986) to specify that during moderate and deep sedation, 
ventilation should be followed by clinical observation and 
capnography [ 11 ]. Exceptions to capnography would be situ-
ations whereby patient, procedure, or equipment precludes 
or invalidates the monitoring. Adherence to these monitoring 
guidelines is mandatory as lack of appropriate monitoring 
has been shown to be a key failure in the analysis of adverse 
outcomes during procedural sedation [ 12 ]. Monitoring of 
ventilation via end-tidal carbon dioxide (ETCO 2 ) should also 
be considered under conditions where access to the patient is 
limited. ETCO 2  monitoring has been shown to detect hyper-
carbia in the absence of clinically apparent respiratory 
depression or desaturation if only pulse oximetry is used 
[ 13 ,  14 ]. ETCO 2  provides a tangible means to monitor and 
adjust ventilation in the intubated child. Ventilatory regula-
tion in order to maintain a targeted PaCO 2  can be particularly 
important for patients with altered intracranial compliance, 

pulmonary hypertension, or those with compromised or 
cyanotic heart disease.  

    Assessing the Depth of Sedation 

 Some means for the ongoing evaluation of the depth of 
sedation should be incorporated into the procedural sedation 
routine. This monitoring allows for an increase or decrease 
in the doses used, based on the patient’s depth of sedation 
rather than the hemodynamic parameters. Subjective scoring 
measures and assessments have been replaced by standard-
ized pain and sedation scoring systems, which are monitored 
at regular intervals. (Refer to Chap.   5    .) These scoring sys-
tems should be used both during prolonged sedation as well 
as brief periods of procedural sedation. The currently used 
PICU sedation scores evaluate physiologic variables, an 
objective assessment of the patient’s depth of sedation, or a 
combination of the two. One commonly used scale, the 
COMFORT score, combines the scoring of a patient’s 
response or movement in addition to various physiologic 
parameters (see Table  16.4 ) [ 15 ]. The COMFORT score 
assesses alertness, respiratory rate, blood pressure, muscle 
tone, agitation, movement, heart rate, and facial tension. 
It has been validated in the pediatric-aged patient and may 
have utility in the assessment of sedation during mechanical 
ventilation [ 15 ,  16 ]. Beware that scales based on physiologic 
parameters can be misleading in an ICU. Furthermore, 
patients with cardiovascular dysfunction requiring vasoac-
tive medications may not manifest increases in heart rate and 
blood pressure normally seen with severe agitation or pain. 
Because of these concerns, Ista et al. have recently proposed 
the COMFORT-B score (see Table  16.5 ), a modifi cation of 
the original COMFORT score, which eliminates physiologic 
variables and provides new cutoff points for the diagnosis of 
over- or undersedation [ 17 ].

    Other scoring systems such as the sedation–agitation 
scale (SAS) (see Table  16.6 ) also eliminate the use of physi-
ologic parameters by visually assessing the level of the 
patient’s comfort and grades it from 1 (unarousable) to 7 
(dangerous agitation such as pulling at the ETT) [ 18 ].

   The Ramsay scale, a sedation scale used commonly in the 
adult ICU population, also assigns a value based on the 
observation of the patient, but also uses a tactile stimulus 
(a glabellar tap) to distinguish between the deeper levels of 
sedation [ 19 ]. Scoring for the Ramsey scale varies from 1 
(awake, anxious, and agitated) to 6 (no response to a glabel-
lar tap). The Hartwig score similarly uses a visual assess-
ment of the patient, but as with the Ramsay scale includes a 
response to a noxious stimulus, in this case, tracheal suction-
ing thereby eliminating its use in non-intubated patients [ 20 ]. 
Scales such as the Ramsay and the Hartwig that assess the 
response to a tactile stimulus require disturbing the patient to 
differentiate between the deeper levels of sedation. 
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Additionally, scales that evaluate a patient’s response to a 
stimulus or observe their behavior are not valid during the 
administration of neuromuscular blocking agents that pre-
vent movement. 

 Various scales have also been developed for assessing the 
patient during procedural sedation. Given the potential mor-
bidity associated with patients becoming too deeply sedated 
as well as concerns of inadequate sedation, tools that provide 

an accurate assessment of the response to sedative and anal-
gesic agents during procedural sedation are also needed. 
During light sedation, this may be easily accomplished by 
assessment of the patient’s ability to appropriately respond 
to questions. However, with deeper sedation, such assess-
ments become of limited utility. The Observer’s Assessment 
of Alertness/Sedation (OAAS) scale has been validated in 
children, but has been shown to have a limited ability to 
differentiate between the deeper levels of sedation [ 21 ]. 

   Table 16.4    The COMFORT Scale [ 15 ]   

 Characteristic  Evaluate  Points 

 Alertness  Deeply asleep  1 
 Lightly asleep  2 
 Drowsy  3 
 Awake and alert  4 
 Hyperalert  5 

 Agitation  Calm  1 
 Slightly anxious  2 
 Anxious  3 
 Very anxious  4 
 Panicky  5 

 Respiratory 
response 

 No coughing  1 
 Spontaneous respiration with little response 
to ventilation 

 2 

 Occasional coughing with little resistance 
to the ventilator 

 3 

 Active breathing against the ventilator  4 
 Actively fi ghting the ventilator and coughing  5 

 Physical 
movements 

 None  1 
 Occasional, slight movements  2 
 Frequent, slight movements  3 
 Vigorous movements of extremities only  4 
 Vigorous movements of extremities, torso, and 
head 

 5 

 Blood 
pressure 
(mean) 

 Below baseline  1 
 Normal  2 
 Infrequent elevations of 15 % or more  3 
 Frequent elevations of 15 % or more  4 
 Sustained elevation greater than or equal to 15 %  5 

 Heart rate  Below baseline  1 
 Normal  2 
 Infrequent elevations of 15 % or more  3 
 Frequent elevations of 15 % or more  4 
 Sustained elevation greater than or equal to 15 %  5 

 Muscle tone  Relaxed/none  1 
 Reduced muscle tone  2 
 Normal muscle tone  3 
 Increased tone/fl exion—fi ngers/toes  4 
 Extreme rigidity/fl exion—fi ngers/toes  5 

 Facial tension

Total: 

 Facial muscles relaxed  1 
 Normal tone  2 
 Some tension  3 
 Full facial tension  4 
 Facial grimacing  5 

   Table 16.5    The COMFORT-B scale   

 Alertness Ponits 
 Deeply asleep 1 
 Lightly asleep 2 
 Drowsy 3 
 Fully awake and alert 4 
 Hyperalert 5 
 Calmness/agitation 
 Calm 1 
 Slightly anxious 2 
 Anxious 3 
 Very anxious 4 
 Panicky 5 
 Respiratory response (ventilated children) 
 No coughing and no spontaneous respiration 1 
 Spontaneous respiration with little or no response to ventilation 2 
 Occasional cough or resistance to ventilator 3 
 Actively breathes against ventilator or coughs regularly 4 
 Fights ventilator, cough, or choking 5 
 Cry (non-ventilated children) 
 Quiet breathing, no crying 1 
 Sobbing or gasping 2 
 Moaning 3 
 Crying 4 
 Screaming 5 
 Physical movement  
 No movement 1 
 Occasional, slight movements 2 
 Frequent, slight movements 3 
 Vigorous movement limited to extremities 4 
 Vigorous movements including torso and head 5 
 Muscle tone 
 Muscles totally relaxed, no muscle tone 1 
 Reduced muscle tone 2 
 Normal muscle tone 3 
 Increased muscle tone and fl exion of fi ngers and toes 4 
 Extreme muscle rigidity and fl exion of fi ngers and toes 5 
 Facial tension 
 Facial muscle totally relaxed 1 
 Facial muscle tone normal; no facial muscle tension evident 2 
 Tension evident in some facial muscles 3 
 Tension evident throughout facial muscles 4 
 Facial muscles contorted and grimacing 5 
 Total:   

16 Sedation in the Pediatric Intensive Care Unit: Challenges…



280

The Vancouver Sedative Recovery Scale appears to be better 
able to differentiate deeper levels of sedation, although it is 
likely too cumbersome to be easily utilized during short pro-
cedures [ 22 ]. More recently, Malviya et al. developed and 
validated the University of Michigan Sedation Scale (UMSS) 
(see Table  16.7 ) [ 23 ]. This scale was developed to be a 
simple and effi cient tool to assess depth of sedation over the 
entire sedation continuum and one that could easily be 
applied by various health-care providers. It utilizes a simple 
scale ranging from 0 (awake and alert) to 4 (unresponsive).

   In addition to the classical sedation scales, there may be a 
role for monitoring technology to assess the depth of seda-
tion through the analysis of the electroencephalogram (EEG). 
The bispectral index (BIS monitor, Covidien, Boulder, 
Colorado) uses an algorithm to interrogate the processed 
EEG pattern and provide a numeric value ranging from 0 
(isoelectric) to 100 (awake with eyes open). Its predominant 
clinical use has been intraoperatively to monitor the effects 
of general anesthetic and sedative agents and provide a 

 measure of the depth of anesthesia. (Refer to Chap.   6     . ) 
Although still somewhat controversial, it has been suggested 
that maintenance of a BIS value less than 60–70 correlates 
with a low probability of intraoperative awareness [ 24 ,  25 ]. 
The BIS monitor has also been used in settings outside of the 
operating room including the ICU where assessment of seda-
tion is critical to interventions such as procedural sedation or 
mechanical ventilation [ 26 – 34 ]. Gill et al. compared BIS 
values with Ramsay sedation scores in 37 adults who 
received procedural sedation in the emergency room setting 
[ 26 ]. Although the BIS number correlated with the depth of 
sedation, there was a wide variability in BIS values at similar 
sedation scores. The BIS was most effective at differentiat-
ing moderate-to-deep sedation from general anesthesia. 
Brown-McDermott et al. compared BIS values with UMSS 
scores during procedural sedation administration in 86 chil-
dren less than 12 years of age [ 27 ]. Although there was a 
good correlation between the BIS value and the sedation 
score even in patients less than 6 months of age, a wide vari-
ability in the range of BIS values for each level of sedation 
was again noted. Additionally, the BIS monitor was ineffec-
tive at determining the depth of sedation when specifi c agents 
were used, including ketamine or a combination of oral chlo-
ral hydrate, hydroxyzine, and meperidine. The latter is not 
surprising as the algorithm for the BIS monitor was devel-
oped during the use of general anesthetic agents such as pro-
pofol or the inhalational anesthetic agents that act through 
the GABA (gamma-aminobutyric acid) system. 

 Despite these shortcomings, the BIS monitor may be able 
to effectively identify patients who are becoming too deeply 
sedated and may therefore be at risk for adverse respiratory 
events. Motas et al. demonstrated that the depth of sedation 
as judged by the BIS monitor was predictive of adverse 
airway events during the administration of procedural seda-
tion (either propofol, midazolam, or pentobarbital) by non- 
anesthesiologists [ 28 ]. The number of episodes of oxygen 
desaturation and airway events respectively increased from 1 
and 0 of 20 patients when the BIS number was 71–90 to 2 
and 3 of 17 patients when the BIS number was 61–70 and to 4 
and 4 of 24 patients when the BIS number was less than 60. 

 BIS monitoring has also been evaluated as a means of 
evaluating the depth of sedation during prolonged mechani-
cal ventilation. Although the results have been somewhat 
mixed, the majority of reports have demonstrated a clinically 
acceptable correlation between the BIS monitor and com-
monly used ICU sedation scores including the Ramsay or the 
COMFORT score [ 29 – 33 ]. As with its use during proce-
dural, it has generally been shown that the BIS number cor-
relates with the depth of sedation as assessed with the clinical 
sedation score, although there is signifi cant variability in the 
BIS number at each level of sedation. Part of this variation 
may be related to interference from electromyographic 
(EMG) artifact from facial musculature, which may falsely 

   Table 16.6    The sedation–agitation scale [ 17 ]   

 Scale  Agitation/sedation  Behavior 

 7  Dangerous 
agitation 

 Pulls at endotracheal tube, tries to remove 
catheters, climbs over bedrail, strikes at 
staff, thrashes side to side 

 6  Very agitated  Does not calm despite frequent verbal 
reminders of limits, requires physical 
restraint, bites endotracheal tube 

 5  Agitated  Anxious or mildly agitated, attempts to sit 
up, calms down to verbal instructions 

 4  Calm and cooperate  Calm, awakens easily, follows commands 
 3  Sedated  Diffi cult to arouse, awakens to verbal 

stimuli or gentle shaking but drifts off 
again, follows simple commands 

 2  Very sedated  Arouses to physical stimuli but does not 
communicate or follow commands, may 
move spontaneously 

 1  Unarousable  Minimal or no response to noxious stimuli, 
does not communicate or follow commands 

   Table 16.7    The University of Michigan Sedation Scale (UMSS)   

 Scale  Level of sedation 

 0  Awake and alert 
 1  Minimally sedated 

 • Tired/sleepy 
 • Appropriate response to verbal conversation and/or sounds 

 2  Moderately sedated 
 • Somnolent/sleeping 
 • Easily aroused with light tactile stimulation or simple 

verbal commands 
 3  Deeply sedated 

 • Deep sleep 
 • Arousable only with signifi cant physical stimulation 

 4  Unarousable 
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elevate the BIS number [ 34 ,  35 ]. The more recent versions of 
the BIS probe incorporates a sensor that may be able to effec-
tively eliminate EMG interference from the BIS algorithm 
and thereby address this issue. More importantly, the BIS 
algorithm was developed for use with propofol or the potent 
inhalational anesthetic agents that work through the GABA 
system. Therefore, the BIS monitor has not been shown to be 
an accurate means of judging the depth of anesthesia with 
the administration of etomidate or agents that act through the 
 N -methyl- D -aspartate (NMDA) system including xenon or 
nitrous oxide [ 36 – 38 ]. 

 Despite these issues, some form of depth of sedation mon-
itoring may be clinically helpful in situations that preclude 
the use of conventional ICU scoring systems such as patients 
receiving neuromuscular blocking agents and/or medications 
that may alter heart rate and blood pressure responses and 
thereby negate the utility of clinical sedation scoring systems 
[ 39 – 42 ]. Additionally, technology such as the BIS monitor 
provides a continuous numeric readout using a simple 0–100 
scale that is immediately available at the bedside as opposed 
to sedation scoring systems that provide only an intermittent 
assessment and require time to assess and add various 
parameters.  

    Basic Principles 

 Identifi cation of the cause of the distress can be used to guide 
the selection of the most appropriate agent(s) for sedation 
and analgesia in the PICU. Tissue injury, an acute infl amma-
tory process, or performance of a painful invasive procedure 
is generally best treated by an agent with analgesic proper-
ties, while emotional distress and anxiety may be more 
appropriately treated with agents that possess sedative, anx-
iolytic, and amnestic properties. Another variable is the 
duration of time during which sedation is required. Sedation 
may be required for less than 5 min for an invasive proce-
dure, 1–2 h during an MRI scan, or days to weeks in a patient 
requiring prolonged mechanical ventilation or extracorpo-
real support. Short-acting drugs that provide rapid recovery 
may be chosen for brief procedures, while intermittent 
dosing of longer-acting agents or continuous infusions of 
short- acting agents can be used for prolonged procedures. 
There may be associated comorbid diseases that alter the 
end-organ effects of these agents, their adverse profi le, and 
metabolism or elimination. 

 To date, there is limited evidence-based medicine from 
which to develop guidelines for the use of sedative and 
analgesic agents in the PICU setting. When compared with 
the adult population, there remains a paucity of data regard-
ing the pharmacokinetics and pharmacodynamic properties 
of analgesic and sedative drugs in critically ill infants and 
children [ 43 – 45 ]. When available, these pharmacokinetic 

studies are generally performed in healthy adult volunteers 
with the attempted extrapolation of these results to critically 
ill infants and children. The comorbidities present in the 
PICU may affect the volume of distribution and elimination 
half-life, thereby further altering the pharmacokinetics of 
these agents. Additional variabilities in the PICU setting are 
likely to result from drug–drug interactions, end-organ 
(hepatic, renal) failure or dysfunction, malnutrition, low 
plasma proteins with altered drug binding, alterations in 
uptake of the medication if non-intravenous routes are used, 
and alterations in drug distribution. 

 Pharmacogenetic factors may also affect responses to 
medications including the response to acute illness and the 
metabolism and elimination of various medications [ 46 ,  47 ]. 
These genetic variations may also alter drug receptors and 
the patient’s response to various sedative and analgesic 
agents [ 48 ,  49 ]. As there are currently limited means of iden-
tifying the impact of these many factors on the pharmacoki-
netics and pharmacodynamics of the medications that we use 
for sedation and analgesia in the PICU setting, it is impera-
tive that the effects of these agents are continuously evalu-
ated and the dose titrated based on the patient’s response. An 
example of such variability, likely a multifactorial phenom-
enon in the PICU population, is demonstrated by an evalua-
tion of fentanyl infusion requirements to provide sedation 
during mechanical ventilation in neonates and infants [ 50 ]. 
To achieve a similar level of sedation, the fentanyl infusion 
requirements varied from 0.47 up to 10.3 μ(mu)g/kg/h. 
Therefore, it is not feasible to approach the provision of 
sedation and analgesia in the PICU patient using a “cook-
book” with specifi c guidelines concerning the medications to 
be used and their doses. Sedative and analgesic agents can-
not be dosed on a per kilogram basis; rather, the infusion rate 
should be titrated up and down to achieve the desired level of 
sedation. The dosing recommendations provided in this 
chapter for the specifi c medications discussed are meant 
only as guidelines for starting doses. The actual dose should 
be titrated up or down to achieve the desired level of sedation 
or analgesia while attempting to avoid adverse effects [ 51 ]. 

 More recently, the variability and the potential for adverse 
effects including prolonged sedation have led to the sugges-
tion of using “drug holidays” on a daily basis. This process 
involves discontinuing the administration of sedative and 
analgesic agents until the patient awakens and then restarting 
the infusions at 50–75 % of the previous rate. In a prospec-
tive trial in 128 adults requiring mechanical ventilation, the 
median duration of mechanical ventilation was 4.9 days in 
the intervention group and 7.3 days in the control group 
( p  = 0.004) [ 52 ]. The median length of stay in the intensive 
care unit was 6.4 days as compared with 9.9 days, respec-
tively ( p  = 0.02). Six of the patients in the intervention 
group (9 %) underwent diagnostic testing to assess changes 
in mental status as compared with 16 or 27 % of the patients 
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in the control group ( p  = 0.02). Complications (including 
removal of the endotracheal tube by the patient) occurred in 
three of the patients in the intervention group and four of the 
patients in the control group ( p  = NS). The demonstration of 
improvements in outcome with such interventions has led to 
the widespread adoption of such practices in the adult popu-
lation. Such therapy has been championed by the ICU physi-
cians at Vanderbilt University with the development of the 
ABCDE bundle. This involves a group of ICU measures 
including spontaneous awakening and breathing coordina-
tion, attention to the choice of sedation, delirium monitoring, 
and early mobility and exercise. Additional work has demon-
strated the potential impact of focusing on titration of ventila-
tory assistance to achieve synchrony with the patient rather than 
pushing sedation to eliminate spontaneous ventilation [ 53 ]. 

 Despite the potential diffi culties and risks of sedation and 
analgesia in the PICU patient, there may be signifi cant ben-
efi ts. Aside from humanitarian concerns, clinical trials have 
reported decreases in morbidity and mortality based on the 
analgesic regimen following cardiovascular surgery for con-
genital heart disease in neonates and infants [ 54 ,  55 ]. These 
effects are postulated to be the result of blunting of the 
endogenous physiologic stress response thereby decreasing 
release of endogenous catecholamines and adrenal cortical 
hormones. This physiologic stress response, when exces-
sive, may have deleterious end-organ effects. Aside from its 
effects on the physiologic stress response, analgesia and 
sedation may provide benefi ts in other clinical scenarios in 
the PICU patient. Techniques for cardiac and respiratory 
support such as permissive hypercapnia, reverse I:E ratio 
ventilation, high-frequency ventilation, and extracorporeal 
support may be feasible only with effective control of the 
patient’s agitation. Analgesia and sedation may also provide 
therapeutic benefi ts in the treatment of intracranial hyper-
tension or to modulate pulmonary vascular resistance (PVR) 
in patients at risk for pulmonary hypertension. The effective 
use of sedation and analgesia may limit the need for neuro-
muscular blocking agents and their associated adverse 
effects [ 56 ].  

    Choice of Agent and Route of Delivery 

 The three primary decision points for sedation and analgesia 
in the PICU include the agent, its route of administration, 
and its mode of administration. The remainder of this chapter 
will focus on a brief discussion of each agent, its pharmacol-
ogy, clinical applications, and adverse effect profi le. 
Although the intravenous route is chosen in most clinical 
scenarios, alternative routes may be required in specifi c 
clinical scenarios or patient populations. Furthermore, there 
is expanding knowledge and interest regarding the use of 
alternative routes, especially inhalational anesthesia or 

subcutaneous administration in the PICU setting. These 
routes may be chosen as the primary route or used as an 
alternative when drug incompatibilities or limited venous 
access precludes intravenous administration. However, the 
availability of alternative routes is agent specifi c. Chloral 
hydrate must be administered by the oral or rectal route, iso-
fl urane requires inhalation administration, while propofol is 
administered only via the intravenous route. Midazolam and 
ketamine provide the greatest options for route of adminis-
tration with reports of intravenous, intramuscular, subcuta-
neous, oral, nasal, and sublingual administration. The third 
decision point is the mode of administration. Options include 
continuous administration, intermittent dosing, or patient-
controlled techniques. When there is a prolonged need for 
sedation such as during mechanical ventilation, agents with 
long elimination half-times may be used by intermittent, 
bolus administration, while short-acting agents are generally 
best administered by a continuous infusion to maintain a 
steady- state serum concentration and thereby provide a stable 
level of sedation. 

    Inhalational Anesthetic Agents 

 Despite their introduction into clinical practice more than 
150 years ago, the potent inhalational anesthetic agents 
remain one of the integral components for the provision of 
general anesthesia. They are used on a daily basis during 
the perioperative period to provide amnesia and analgesia 
during major and minor surgical procedures. Based on 
their chemical structure, these agents can be divided into 
alkanes such as halothane or substituted ethers. Although 
it was the mainstay of pediatric anesthesia for decades, 
halothane is no longer commonly used and will not be 
discussed in great detail. The agents in use include the 
methyl, ethyl ethers (isofl urane, desfl urane) and the isopro-
pyl ether, sevofl urane. The characteristics of these agents 
that may make them useful agents for ICU sedation include 
a rapid onset, rapid awakening upon discontinuation, and 
the ability to rapidly control the depth of sedation. As these 
agents are volatile substances, they are vaporized and 
administered by the inhalation route. The potent inhala-
tional anesthetic agents also provide specifi c therapeutic 
end-organ effects including bronchodilation, myocardial 
preconditioning, and cerebral protection. Although experi-
ence with use of the potent inhalational anesthetic agents 
for ICU sedation in the United States is limited, certain 
centers in Europe and the United Kingdom have reported 
favorable experiences with these agents in adult ICU 
patients [ 57 ]. For a full review of the end-organ effects of 
these agents, their applications in the pediatric ICU, and 
techniques for their delivery, the reader is referred to the 
article by Tobias [ 58 ]. 
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 Although there are reports concerning the administration 
of all of the potent inhalational anesthetic agents as either 
therapeutic agents or for sedation in the ICU setting [ 59 ,  60 ], 
the majority of reports have used isofl urane. Despite the fact 
that these agents are all considered in the category of the 
potent inhalational anesthetic agents, their physiologic 
effects are distinctly different. Various adverse physiologic 
effects have been reported with halothane including a negative 
inotropic and chronotropic effect on myocardial function, 
the potential for a pro-arrhythmogenic effect especially in 
the setting of increased catecholamines or when used in con-
junction with other medications (e.g., aminophylline), and 
the potential for the development of hepatitis related to an 
immunologic reaction directed against the oxidative metabo-
lite, trifl uoroacetic acid (TFA) [ 61 ,  62 ]. Hepatitis may occur 
with any of the inhalational anesthetic agents except for 
sevofl urane as its metabolic pathway does not result in the 
production of TFA. The incidence of hepatitis is extremely 
low with isofl urane compared to halothane due to its limited 
metabolism of 0.1–0.2 % compared with that of halothane 
(15–20 %). Given the potential for adverse effects on myo-
cardial function and its association with perioperative car-
diac arrests in infants and children, halothane is no longer in 
use in the United States [ 63 ,  64 ]. 

 Metabolism of the inhalational anesthetic agents can also 
result in the release of inorganic fl uoride and the potential 
for nephrotoxicity. This was primarily a concern with enfl u-
rane, which is no longer used in clinical practice. Although 
only 2 % of enfl urane undergoes metabolic degradation, 
given its high fl uoride content, serum fl uoride concentrations 
increase with prolonged administration. Plasma fl uoride 
concentrations in excess of 50 μ(mu)mol/L can have delete-
rious effects on renal function with a decreased glomerular 
fi ltration rate and renal tubular resistance to vasopressin with 
nephrogenic diabetes insipidus. Three to fi ve percent of 
sevofl urane also undergoes metabolism, and like enfl urane, 
sevofl urane is highly substituted with fl uoride. Therefore, its 
prolonged administration can also result in elevated serum 
fl uoride concentrations. Given limited experience with the 
prolonged administration of sevofl urane, there are no defi -
nite data on which to base decisions regarding the duration of 
administration. 

 Desfl urane is the newest of the inhalational anesthetic 
agents. Its benefi cial properties include low blood to gas and 
blood to fat solubility coeffi cients, thereby resulting in a 
rapid onset and rapid awakening upon its discontinuation. 
When compared with propofol for postoperative sedation of 
adults requiring mechanical ventilation, the emergence time 
was shorter and more predictable and there was a more rapid 
mental recovery with desfl urane with no difference in the 
incidence of adverse effects [ 59 ]. Medication costs were 
lower with desfl urane than with propofol (€95 Euros for 
desfl urane versus €171 Euros for propofol per 24 h) with 

additional costs of soda lime (€5 Euros) being comparable to 
the costs of infusion tubing for propofol (€2.5 Euros). 
Adverse effects with desfl urane include hypotension primarily 
from peripheral vasodilation, rebound tachycardia from 
stimulation of the sympathetic nervous system, direct irritant 
effects on the airway thereby making it less than optimal in 
patients with airway hyperreactivity, and rare reports of car-
bon monoxide formation due to desfl urane’s interaction with 
desiccated soda lime [ 65 ,  66 ]. 

 Additional concerns with all of the inhalational anesthetic 
agents include their potential as a trigger agent for malignant 
hyperthermia, cost issues, effects on intracranial pressure 
(ICP), and alterations of the metabolism of other medica-
tions. As nonspecifi c vasodilators, all of the inhalational 
anesthetic agents cause cerebral vasodilation resulting in an 
increase in ICP in patients with compromised intracranial 
compliance. The effects on the cerebral vasculature and 
ICP can be blunted by modest hyperventilation [ 67 ,  68 ]. 
The inhalational anesthetic agents may alter hepatic blood 
fl ow and affect the metabolism of other medications including 
lidocaine and other local anesthetic agents, ß(beta)-adrener-
gic antagonists, and benzodiazepines [ 69 ]. 

 There remains limited experience with the use of the 
potent inhalational anesthetic agents for sedation in the PICU 
setting. Arnold et al. reported their experience with isofl u-
rane for sedation in ten pediatric patients, ranging in age 
from 3 weeks to 19 years, who required endotracheal intuba-
tion and mechanical ventilation for various reasons [ 70 ]. 
Sedation was initiated with isofl urane at an inspired concen-
tration of 0.5 % and adjusted in 0.2 % increments as needed. 
The duration of administration varied from 29 to 769 h 
(245 ± 225 h). There was adequate sedation 75 % of the time, 
excessive sedation 4 % of the time, and inadequate sedation 
21 % of the time. In the fi ve patients who received isofl urane 
for at least 96 MAC (minimum alveolar concentration)-
hours, there were no differences in blood urea nitrogen, 
serum creatinine, osmolality, bilirubin, and alanine amino-
transferase between time 0 and 96 h. The duration of isofl u-
rane administration correlated directly with the plasma 
fl uoride concentration. The peak serum fl uoride concentra-
tion averaged 11.0 ± 6.4 μ(mu)mol/L with a maximum value 
of 26.1 μ(mu)mol/L after 441 MAC-hours of isofl urane. One 
patient developed hemodynamic instability, which responded 
to fl uid administration. When it was discontinued, fi ve of the 
patients, who had received greater than 70 MAC-hours of 
isofl urane, manifested signs and symptoms of withdrawal 
including agitation and non-purposeful movements. 

 Despite the potential advantages of using these agents in 
the ICU setting, logistic problems regarding delivery con-
tinue to impede their widespread introduction into the ICU 
setting. The exhaled gas from the ventilator or anesthesia 
machine must be collected or scavenged and vented out of 
the ICU environment. Additional equipment required for the 
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use of these agents in the ICU includes a vaporizer, which 
converts the liquid phase of the agent to a gas for delivery, 
and monitors to measure the end-tidal (exhaled) concentra-
tion of the drug. As a full discussion of these issues is beyond 
the scope of this chapter, the reader is referred to the article 
by Tobias [ 58 ] for a full discussion of delivery options and 
other considerations regarding the administration of the 
potent inhalational anesthetic agents in the ICU setting. 
Given these problems, novel means of delivering these 
agents are needed. 

 The Anesthetic Conserving Device or “AnaConDa ® ” 
(ACD, Hudson RCI, Upplands Väsby, Sweden) is a modifi ed 
heat–moisture exchanger that may allow a simplifi ed means 
of administering the inhalational anesthetic agents in the 
ICU setting. This device is not currently available in the 
United States. The device is placed between the Y-piece of 
the ventilator circuit and the endotracheal tube (ETT). There 
is also a port at the end of the device just proximal to its 
attachment to the ETT that allows gas sampling and monitor-
ing of the agent concentration. The desired inspired concen-
tration is titrated by adjusting the infusion rate on the syringe 
pump based on the manufacturer’s recommendations. 
Exhaled isofl urane is adsorbed to the lipophilic carbon par-
ticle fi lter in the device and redelivered to the patient thereby 
limiting environmental pollution. Preliminary work has eval-
uated the ACD in the ICU setting in 40 adult patients requir-
ing sedation for more than 12 h [ 71 ]. The patients were 
randomized to sedation with isofl urane administered with 
the ACD or a continuous infusion of midazolam. The inspired 
isofl urane concentration was started at 0.5 % (infusion rate 
on the syringe pump of 1–3.5 mL/h according to the manu-
facturer’s recommendations) while midazolam was infused 
at 0.02–0.05 mg/kg/h. The infusion rates were adjusted as 
needed and opioids administered for analgesia. The percent-
age of time within the desired level of sedation was similar 
between the two groups (54 % with isofl urane and 59 % with 
midazolam) with no difference in opioid requirements or the 
need for bolus doses of sedative agents. The time to extuba-
tion (10 ± 5 versus 252 ± 271 min) and the time to follow ver-
bal commands (10 ± 8 versus 110 ± 132 min) were shorter 
with isofl urane than with midazolam. Isofl urane-sedated 
patients had normal urine volumes and creatinine clearances. 
The inorganic fl uoride concentration was greater than 
50 μ(mu)mol/L in three patients with a maximum value of 
64 μ(mu)mol/L during isofl urane sedation. Anecdotal expe-
rience with the device has also been reported in three pediat-
ric patients who required sedation during mechanical 
ventilation or in the treatment of status epilepticus [ 72 ]. 
Effective sedation was achieved with isofl urane concentra-
tions of 0.3–0.4 %, while 0.9 % was required to control 
status epilepticus. In 2 patients, who weighed 30 and 40 kg, 
respectively, the ACD was placed distal to the Y-piece as 
described in the adult population. In the third patient, who 

weighed 20 kg, when the ACD was placed in this position, 
the patient became tachypneic with an increase in his respi-
ratory rate from 25 to 35 breaths per minute. Although 
several ventilatory changes were attempted to compensate 
for the dead space added by the ACD, effective ventilation 
could not be achieved. The ACD was removed and placed 
into the inspiratory limb of the ventilator circuit. This allowed 
effective ventilation and delivery of isofl urane; however, the 
authors commented that by using the ACD in this position, 
there would be a loss of the rebreathing function of the 
device and no conservation or scavenging of isofl urane. 
There was also an increase in the dead space of the system. 
The authors subsequently cautioned against the use of this 
device distal to the Y-piece in patients weighing less than 30 kg 
until a smaller model becomes available. They suggested 
that using the device in the inspiratory limb was a simpler 
technique than bringing a vaporizer into the PICU setting.  

    Benzodiazepines 

 The benzodiazepines remain the most commonly used agent 
for sedation during mechanical ventilation in the PICU 
patient. These agents produce amnesia, anxiolysis, and seda-
tion through their effects on the inhibitory neurotransmitter, 
γ(gamma)-aminobutyric acid (GABA). Benzodiazepines 
bind to the α(alpha)-subunit of the GABA receptor thereby 
facilitating binding of the GABA molecule to the β(beta)-
subunit resulting in increased chloride conduction across the 
neuronal membrane and hyperpolarization. Benzodiazepines 
in common clinical use for sedation in the PICU include 
midazolam and lorazepam. 

 Another benzodiazepine, although formerly a commonly 
used agent, is no longer used in the majority of pediatric 
ICUs across the country. Although its lipid solubility is 
greater than that of midazolam, thereby resulting in a more 
rapid penetration into the CNS and a more rapid onset, its 
low water solubility requires administration in a solution of 
propylene glycol. This diluent frequently results in pain and 
thrombophlebitis when administered through a peripheral 
vein. Alternatively, diazepam is available in a lipid-based 
formulation, which has been shown to alleviate the discom-
fort associated with the intravenous administration of the 
propylene glycol preparation [ 73 ,  74 ]. More importantly, 
diazepam is no longer used in the PICU because of its pro-
longed duration of action with repeated or continuous admin-
istration as well as its metabolism to active compounds 
including oxazepam and  N -desmethyldiazepam. These 
active metabolites have elimination half-lives that far exceed 
the parent compound. 

 Midazolam is an imidazobenzodiazepine with a rapid 
onset of action and a short elimination half-life [ 75 ]. Given 
its rapid onset and water solubility with limited pain on 
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injection, midazolam has found a role for both procedural 
sedation when administered by intermittent bolus dosing 
and sedation during mechanical ventilation when used as a 
continuous infusion except for brief procedures. Clinical 
experience and years of its use have demonstrated its effi -
cacy for sedation in the PICU patient in doses ranging from 
0.05 to 0.2 mg/kg/h [ 76 ,  77 ]. Although previously cost issues 
were signifi cant, its availability in generic form makes it a 
cost- effective form of sedation. In a retrospective cohort of 
55 pediatric patients requiring mechanical ventilation, seda-
tion was provided by midazolam starting with a bolus dose 
of 0.25 mg/kg followed by a continuous infusion of 
0.4–4 μ(mu)g/kg/min (0.02–0.2 mg/kg/h) [ 78 ]. Midazolam 
was effective in all patients without signifi cant hemody-
namic effects. Sedation was ineffective in one patient follow-
ing the institution of extracorporeal membrane oxygenation 
(ECMO), which was postulated to be the result of midazolam 
binding to the membrane oxygenator. Similar effi cacy has 
been reported by other investigators [ 79 ]. In the latter study, 
the investigators noted a signifi cant variation of the plasma 
concentrations between the patients despite using the same 
infusion rate. Two infants with gestational ages less than 32 
weeks had plasma concentrations greater than 1,000 ng/mL, 
thereby suggesting decreased clearance in preterm infants. 
This demonstrates the signifi cant variability in the pharmaco-
kinetics of medications that undergo hepatic metabolism given 
the immaturity of the hepatic microsomal P450 system. 

 Although intravenous administration is generally the 
route chosen in the PICU patient, midazolam remains 
unique among many of the other agents used for sedation in 
the ICU setting in that alternative, non-intravenous routes of 
delivery have been used clinically including oral, rectal, 
transmucosal (nasal, rectal, sublingual), and subcutaneous 
administration [ 80 – 83 ]. These non-intravenous routes (oral, 
rectal, and transmucosal) have generally been used in the 
arena of procedural sedation or as a premedicant prior to 
anesthetic induction, while subcutaneous administration has 
been used with a slow weaning protocol to prevent with-
drawal following prolonged administration of benzodiaze-
pines [ 84 ]. With all of these non-intravenous routes except for 
subcutaneous administration, increased doses are required 
due to decreased bioavailability. Bioavailability is approxi-
mately 60–70 % for nasal administration and as low as 30 % 
for oral administration. 

 In many centers in the United States, oral midazolam is 
currently the preferred agent for premedication in the operat-
ing room. Doses for oral administration have ranged from 
0.25 up to 0.7 mg/kg. If the standard intravenous preparation 
is used for oral administration, the primary disadvantage is a 
bitter taste related to the preservative, benzyl alcohol. 
Although the taste can be masked by mixing the medication 
in some type of fl avored solution, concern has been raised 
regarding the potential for the alteration of its absorption 

characteristics. Midazolam normally exists in an equilibrium 
of two chemical structures: an open and a closed ring form. 
The ratio of these two compounds in the solution is pH 
dependent so that with a lower pH, there is more of the 
open ring or the physiologically inactive confi guration. 
A commercially available preparation of midazolam in a 
cherry- fl avored solution for oral administration is available 
(Versed syrup, Roche Laboratories Inc, Nutley, NJ). Because 
of the control of pH during the manufacturing process, clini-
cal data suggest that effective sedation can be achieved with 
doses as low as 0.25 mg/kg compared to the 0.5–1.0 mg/kg 
doses reported when using the IV preparation diluted in 
other solutions for oral administration [ 85 ]. 

 Intranasal and sublingual administration has also been 
well described in the literature. With these routes, as the bio-
availability is greater than with oral administration, the dose 
(0.2–0.4 mg/kg) is lower and the onset more rapid, occur-
ring in as little as 5–10 min. This is avoided with sublingual 
administration, but issues of taste and patient cooperation 
may limit the usefulness of this route. With intranasal 
administration, the patient may object as the preservative, 
benzyl alcohol, irritates the nasal mucosa. Although the 
medication is frequently dripped into the nose from a tuber-
culin syringe, several devices (atomizers) are available that 
provide a fi ne mist to contact the mucosa. These may improve 
contact of the medication with the nasal mucosa, thereby 
increasing the absorption as well as decreasing the pain 
related to the diluent. 

 Midazolam is metabolized by isoforms of the hepatic 
P 450 3A enzyme system to the major hydroxylated metabolite, 
1-OH midazolam. 1-OH midazolam is approximately equi-
potent with the parent compound. It undergoes further 
hepatic metabolism via the glucuronyl transferase system to 
1-OH midazolam glucuronide, a water-soluble metabolite, 
which is renally excreted. In the presence of renal insuffi -
ciency, 1-OH midazolam glucuronide accumulates, thereby 
potentiating the effects of midazolam [ 86 ]. Several factors, 
including age and underlying illness, may also alter mid-
azolam pharmacokinetics. With metabolism dependent on 
the hepatic P 450  system, clearance changes from infancy to 
adult age and with alterations in hepatic function [ 87 ,  88 ]. 
Additional changes may occur related to critical illness. In a 
cohort of 21 PICU patients, midazolam clearance was 
signifi cantly longer (5.5 ± 3.5 h) than that reported in healthy 
age-matched children (1.2 ± 0.3 h) [ 89 ,  90 ]. Another issue of 
clinical signifi cance when continuous infusions are used is 
the context-sensitive half-time of the medication. Given the 
pharmacodynamics of many medications, although their 
half-lives are short and their clinical effects dissipate rap-
idly following a single bolus dose, the effects can be pro-
longed following a continuous infusion. This is especially 
true of drugs that follow a multi-compartmental model 
[ 91 ]. Given these concerns, there is a new benzodiazepine 
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on the horizon, remimazolam, which, like remifentanil, 
undergoes ester metabolism with a plasma half-life of minutes 
[ 92 ]. Given this unique property, there may be limited con-
text sensitivity in its pharmacokinetic parameters. 

 Lorazepam is a water-soluble benzodiazepine that is 
metabolized by glucuronyl transferase to pharmacologically 
inactive compounds. Medications known to alter the P 450  sys-
tem (anticonvulsants, rifampin, cimetidine) and genetic 
polymorphisms do not impact lorazepam’s pharmacokinet-
ics. In advanced liver disease, phase II reactions (glucuronyl 
transferase) are better preserved than phase I reactions (P 450  
system) so that the pharmacokinetics of lorazepam remain 
unchanged. Although the Society of Critical Care Medicine’s 
initial guidelines for sedation of adult patients in the ICU 
setting recommended lorazepam as the preferred sedative, 
the most recent guidelines, which were published in 2013, 
have suggested that sedation with non-benzodiazepines 
(propofol or dexmedetomidine) may be preferred over loraz-
epam or midazolam [ 93 ,  94 ]. The guidelines relate this 
change in practice to the increasing literature suggesting that 
clinical outcomes are improved with non-benzodiazepine 
sedation including length of mechanical ventilation and the 
incidence of delirium. 

 In comparison to midazolam, there are a limited number 
of reports regarding the use of lorazepam for sedation in the 
PICU patient. When comparing lorazepam with midazolam 
in adult ICU patients, the mean infusion rates to achieve 
adequate sedation were 0.06 mg/kg/h for lorazepam and 
0.15 mg/kg/h for midazolam [ 95 ,  96 ]. There were fewer 
infusion rate adjustments per day with lorazepam than with 
midazolam (1.9 for lorazepam versus 3.6 for midazolam). 
The mean time to return to baseline mental status was also 
shorter with lorazepam (261 min with lorazepam versus 
1,815 min with midazolam). Three of six surviving patients 
in the midazolam group required more than 24 h to return to 
their baseline mental status, while all 7 patients in the loraz-
epam group returned to baseline in less than 12 h. 

 Prior to its availability as a generic medication, enteral 
lorazepam was suggested as a means to decrease intrave-
nous midazolam dosing requirements and drug costs during 
mechanical ventilation in a cohort of 30 infants and children 
[ 97 ]. Midazolam was used for sedation until the require-
ments were stable for 24 h. Enteral lorazepam equivalence 
was calculated to be 1/6th of the total daily intravenous mid-
azolam dose. Following the administration of enteral loraz-
epam, there was a signifi cant reduction in midazolam 
requirements on day 1, and by day 3, the midazolam infu-
sion was discontinued in 24 of 30 patients. When consider-
ing acquisition costs at the time of the study (late 1990s), 
the projected savings were more than $40,000 for the 30 
patients. Enteral lorazepam has also been successfully used 
for the treatment or prevention of withdrawal following the 
prolonged administration of intravenous benzodiazepines 

for sedation during mechanical ventilation in the PICU 
population [ 98 ]. 

 Each mL of the intravenous lorazepam solution (2 mg 
lorazepam per mL of solution) contains 0.8 mL or 800 mg of 
propylene glycol. With prolonged or high-dose intravenous 
administration, issues may arise related to the diluent used in 
the intravenous formulations, propylene glycol [ 99 – 101 ]. 
Signs and symptoms of propylene glycol toxicity include 
metabolic acidosis, renal failure/insuffi ciency, mental status 
changes, hemolysis, and an elevated osmolar gap (see later). 
Propylene glycol is metabolized in the liver to lactic acid and 
pyruvic acid, which, in part, accounts for lactic acidosis. 
Propylene glycol is also excreted unchanged in the urine, 
making toxicity more likely in patients with renal insuffi -
ciency. Attention to the propylene glycol infusion rate and 
periodic calculation of the osmolar gap (measured minus cal-
culated serum osmolarity) may be indicated during high- 
dose or prolonged lorazepam infusions. An increasing 
osmolar gap has been shown to be predictive of increasing 
serum propylene glycol levels [ 101 ]. The osmolar gap is 
used to predict propylene glycol levels as actual plasma pro-
pylene glycol concentrations—although they can be mea-
sured by reference laboratories (concentrations greater than 
18 mg/dL can be associated with toxicity)—are not rou-
tinely available in most hospitals. As neonates and espe-
cially preterm infants are unable to handle propylene glycol 
related to hepatic and renal immaturity, continuous infu-
sions of lorazepam are not recommended in this population. 
In a cohort of 11 PICU patients, who received lorazepam 
infusions ranging from 0.1 to 0.33 mg/kg/h for 3–14 days, the 
propylene glycol concentration increased from 86 ± 93 μ(mu)
g/mL at baseline to 763 ± 660 μ(mu)g/mL at the completion 
of the infusion [ 102 ]. The plasma propylene glycol concen-
tration correlated with the cumulative dose of lorazepam. No 
end-organ effects, related to the increased propylene glycol 
concentrations such as acidosis or hyperosmolarity, were 
noted in these patients. The authors recommended periodic 
monitoring for lactic acidosis and hyperosmolarity during 
prolonged lorazepam infusions.  

    Etomidate 

 Etomidate (Amidate™, Abbott Pharmaceuticals) is an intra-
venous anesthetic agent, introduced into clinical practice in 
1972. Its primary effects of sedation and amnesia are medi-
ated through the GABA inhibitory neurotransmitter system. 
Unlike other sedative and hypnotic agents, only the R(+) 
enantiomer has clinical effects. Following intravenous admin-
istration, loss of consciousness is rapid (15–20 s), and as with 
propofol and the barbiturates, its duration of action following 
a single bolus dose is related to redistribution rather than 
metabolism and clearance. Etomidate undergoes hepatic 
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metabolism with an elimination half-life that varies from 2.9 
to 5.3 h [ 103 ]. Benefi cial CNS effects include a decrease of 
the cerebral metabolic rate for oxygen (CMRO 2 ), cerebral 
blood fl ow (CBF), and ICP. Given its limited impact on myo-
cardial function and blood pressure, cerebral perfusion pres-
sure (CPP) is maintained even in patients with comorbid 
hemodynamic conditions. In an animal model, no hemody-
namic changes were noted with etomidate (0.3 mg/kg), while 
propofol (2.5 mg/kg) decreased systolic blood pressure by 
19.9 %, diastolic blood pressure by 25.3 %, cardiac output 
by 17.3 %, and systemic vascular resistance (SVR) by 
11.6 % [ 104 ]. 

 When compared with other sedative agents, there remains 
limited data regarding the use of etomidate in pediatric-aged 
patients with that observation that doses of 0.3 mg/kg are 
required for anesthetic induction [ 105 ,  106 ]. Other investi-
gators found no clinically signifi cant effects following anes-
thetic induction with etomidate (0.3 mg/kg) in a cohort of 
30 pediatric patients with congenital heart disease (left-to-
right and right-to-left shunts) [ 107 ]. Anecdotally, the suc-
cessful use of etomidate has been reported in infants and 
children with depressed myocardial function [ 108 ,  109 ]. 
Despite the relatively limited clinical and outcome data, 
recent reviews continue to suggest its use as a single bolus 
dose for critically ill pediatric patients requiring endotracheal 
intubation [ 110 ,  111 ]. However, concerns remain regarding 
the universal use of etomidate for endotracheal intubation in 
the critically ill pediatric patient (see later). 

 Etomidate results in a dose-dependent depressant effect 
on respiratory function and can result in apnea depending on 
the dose used, concomitant use of other medications, and the 
patient’s underlying status [ 112 – 115 ]. The effect on ventila-
tor function has been shown to be similar to that which 
occurs with benzodiazepines and droperidol and less than 
that with the barbiturates. Etomidate results a shift of the 
CO 2  response curve to the right without a change in the slope. 
These effects have led some to suggest that etomidate can be 
used when maintenance of spontaneous ventilation is desir-
able. However, caution should be maintained; the effect is 
magnifi ed by the concomitant administration of other sedative 
and analgesic agents including opioids of benzodiazepines. 

 Etomidate’s place as an agent for procedural sedation 
(especially endotracheal intubation) results from its negligi-
ble effects on myocardial function, even in patients with sig-
nifi cant alterations in myocardial function. This combined 
with its benefi cial effects on the CNS (reduction of the 
CMRO 2  leading to cerebral vasoconstriction, decreased 
CBF, and decreased ICP) results in maintenance of CPP 
[ 116 ,  117 ]. Despite its ability to lower CBF and ICP, induc-
tion or sedative doses of etomidate can produce increased 
EEG activity and epileptic-like EEG potentials in patients 
with underlying seizure disorders [ 117 – 120 ]. Myoclonic 
movements are also a frequently observed effect following 

the rapid intravenous administration of etomidate [ 121 ]. 
Although these movements may simulate tonic–clonic sei-
zure activity, no epileptiform discharges are noted. It has 
been suggested that the myoclonic movements are of spinal 
origin resulting from disinhibition of inhibitory neuronal 
pathways. Pretreatment with fentanyl, benzodiazepines, or a 
small dose of etomidate has been shown to be effective in 
decreasing the incidence of myoclonus. A trial of etomidate 
for sedation during computerized tomography was discon-
tinued due to an unacceptably high incidence of involuntary 
motor movements preventing completion of the scan [ 122 ]. 

 The most signifi cant concern with etomidate and the fac-
tor that limits its long-term administration in the ICU and 
perioperative setting are its effects on the endogenous pro-
duction of corticosteroids. This effect was initially identifi ed 
when an increased risk of mortality was noted in adult ICU 
patients who were sedated with a continuous infusion of 
etomidate [ 123 ]. Etomidate inhibits the enzyme 11-β(beta)-
hydroxylase which is necessary for a key step in the produc-
tion of cortisol, aldosterone, and corticosterone. Although 
the implications of this effect are evident with prolonged 
infusions or repeated doses, there remains controversy 
regarding the clinical signifi cance of adrenal suppression 
following a single dose. However, there are some authorities 
and investigators calling for the abandonment, or at least a 
reevaluation, of the use of etomidate [ 124 – 127 ]. The dura-
tion of adrenal suppression produced by a single induction 
dose of etomidate has varied from study to study. Duthie 
et al. demonstrated a decrease in plasma cortisol levels 1 h 
following an induction dose of etomidate; however, at 24 h 
no difference was noted between those patients receiving 
etomidate and those receiving other induction agents [ 128 ]. 
Other authors have suggested a more prolonged suppression 
of adrenocortical function. Following a single induction dose 
(0.3 mg/kg) in pediatric patients undergoing surgery for con-
genital heart disease, plasma cortisol levels were depressed 
during cardiopulmonary bypass (CPB), at the end of the 
operation, and at 24 h [ 129 ]. A similar effect with ongoing 
suppression of adrenal function at 24 h was reported in a 
cohort of critically ill adult patients [ 130 ]. The incidence of 
adrenal insuffi ciency (defi ned as a failure of the serum corti-
sol level to increase by 9 μ(mu)g/dL after a 250-μ(mu)g 
ACTH stimulation test) following a single dose of etomidate 
was 80 % at 12 h, 9 % at 48 h, and 7 % at 72 h [ 131 ]. Despite 
these fi ndings, no difference in outcome was reported follow-
ing etomidate administration even when there was accompa-
nying effects on adrenal function, and, in fact, vasopressor 
therapy was required less frequently and in smaller doses 
when etomidate was used in a cohort of 159 adult patients 
with septic shock [ 132 ]. 

 However, confl icting and more compelling data against 
the use of etomidate, at least in patients with possible sepsis, 
comes from the CORTICUS trial [ 133 ]. Although the trail 
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was intended to evaluate the effi cacy of corticosteroid therapy 
on outcome in adults with septic shock and adrenal insuffi -
ciency, post hoc analysis revealed that patients who had 
received etomidate had a signifi cantly higher mortality rate. 
Additionally, this increased risk of mortality was not pre-
vented by the administration of corticosteroids. These data 
suggest that etomidate should be avoided in patients with 
sepsis or septic shock; however, there are no defi nitive data 
to suggest its elimination from clinical use in other scenar-
ios. Although the use of etomidate has decreased in many 
centers or has even been totally eliminated, given its benefi -
cial effects on hemodynamic function and intracranial 
dynamics, until further data are available, it seems prudent to 
consider its use in critically ill patients outside of the sepsis 
arena. Perhaps the greater risk may be the potential for car-
diovascular collapse when other agents that have signifi cant 
cardiovascular effects are used in critically ill patients. 

 In addition to its effects on adrenal function, reports 
regarding continuous etomidate infusions with increased 
mortality suggested an association with infectious complica-
tions. Neutrophils incubated in vitro with etomidate demon-
strate depressed chemiluminescence, an index of oxygen free 
radical generation, suggesting that etomidate may interfere 
with white blood cell bactericidal activity [ 134 ]. Even with-
out effects on cortisol production, it has been suggested that 
the incidence of hospital-acquired pneumonia in adult trauma 
patients may be higher when etomidate is used. In a subset 
analysis of the HYPOLYTE study, a multicenter trial evaluat-
ing the use of hydrocortisone in trauma patients, 95 of the 149 
patients enrolled in the trial received etomidate within 36 h of 
inclusion [ 135 ]. Forty-nine (51.6 %) patients who received 
etomidate developed hospital-acquired pneumonia compared 
to 16 patients (29.6 %) who did not receive etomidate 
( p  = 0.009). The hazard ratio for hospital-acquired pneumonia 
was 2.48 with etomidate, although there was no difference in 
the duration of mechanical ventilation. 

 Additional reported adverse effects with etomidate, 
related to the drug itself or the diluent, include anaphylactoid 
reactions, pain on injection, and an increased incidence of 
nausea and vomiting [ 136 ]. Issues related to the carrier vehi-
cle (propylene glycol) include pain on injection, thrombo-
phlebitis, and propylene glycol toxicity. The incidence of 
pain on injection has been reported to be as high as 50 %, is 
greater with injection into small veins on the dorsum of the 
head, and can be decreased by the preadministration of 
lidocaine (1.5 mg/kg) or fentanyl (2–3 μ(mu)g/kg). Olesen 
et al. evaluated the occurrence of pain on injection and the 
subsequent development of thrombophlebitis in 61 patients 
randomized to anesthetic induction with either etomidate or 
thiopentone [ 137 ]. Of the patients who received thiopen-
tone, none complained of pain and 4 % developed thrombo-
phlebitis. With etomidate, pain and the development of 
thrombophlebitis were noted in 24 %. A newer formulation, 

which contains etomidate dissolved in a fat emulsion of 
medium- and long-chain triglycerides, may limit the occur-
rence of injection pain and thrombophlebitis [ 138 ]. As with 
lorazepam, issues may arise with repeated dosing or continu-
ous infusions of etomidate because of the diluent, propylene 
glycol (please note that given concerns regarding adrenal 
suppression, long-term etomidate infusions are no longer 
used in the ICU setting) [ 139 – 141 ]. 

 Despite these issues, given its benefi cial effects on CNS 
dynamics and myocardial function, etomidate has yet to be 
abandoned in critically ill patients and may still play a role 
as an effective agent to provide sedation and amnesia during 
endotracheal intubation [ 142 ]. Its lack of cardiovascular 
effects makes it particularly valuable in patients who may 
not tolerate a decrease in SVR or myocardial contractility. 
Given its effects on cerebral dynamics, it also should be 
considered for patients with increased ICP with or without 
associated myocardial dysfunction. Given the ongoing 
concerns regarding the potential for adrenal suppression, 
ongoing pharmacologic investigation has focused on the 
development of etomidate-like medications that lack the 
depressant effect on adrenal function. Carboetomidate was 
developed based on the hypothesis that the basic nitrogen 
in the imidazole ring of etomidate binds with high affi nity to 
the heme site of the 11 β(beta)-hydroxylase enzyme [ 143 ]. 
This binding triggers a conformational transition in which 
the enzyme closes tightly around the bound ligand and 
becomes nonfunctional. Future clinical trials are needed to 
fully demonstrate the clinical applications and physiological 
properties of carbo-etomidate.  

    Ketamine 

 Ketamine was introduced into clinical practice during the 
1960s [ 144 ]. The term  dissociative anesthesia  is used to 
describe the state of amnesia and analgesia that is achieved 
as patients may keep their eyes open and yet be unresponsive 
to painful stimuli. Ketamine’s anesthetic (sedative, analge-
sic, and amnestic) properties are mediated through various 
postulated mechanisms including agonism at opioid recep-
tors and antagonism of NMDA receptors. A unique attribute 
of ketamine, which separates it from the majority of other 
agents, is the provision of both amnesia and analgesia. 
Ketamine contains a chiral carbon in its structure, and the 
preparation currently used most commonly in clinical prac-
tice is a racemic mixture of the two optical isomers S(+) and 
R(−). However, in the United Kingdom and Europe, the 
enantiomer S(+) ketamine is available, with the suggestion 
from preliminary clinical trials that it may provide effective 
analgesia and sedation while limiting adverse effects  including 
emergence phenomena (see later). Metabolism of ketamine 
occurs primarily by hepatic N-methylation to norketamine, 
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which retains approximately one-third of the analgesic and 
sedative properties of the parent compound. Given its depen-
dence on hepatic metabolism, doses should be adjusted in 
patients with hepatic dysfunction. Dose adjustments may 
also be required in patients with renal dysfunction since 
norketamine is dependent on renal elimination. 

 Benefi cial properties of ketamine include preservation of 
cardiovascular function, limited effects on respiratory 
mechanics, and maintenance of central control of respira-
tion. These properties make it an effective and popular agent 
in the arena of procedural sedation during painful, invasive 
procedures in the spontaneously breathing patient [ 145 ]. 
Incremental doses (0.5–1 mg/kg) can be administered every 
1–2 min and titrated to achieve the desired level of sedation 
and analgesia while generally maintaining spontaneous ven-
tilation. An anti-sialogogue such as glycopyrrolate to prevent 
salivation and a benzodiazepine to limit the occurrence of 
emergence phenomena are frequently used with ketamine. 

 Given its effects at the opioid and NMDA receptors, there 
is growing interest in the use of ketamine for the manage-
ment of acute pain, especially during the postoperative 
period. When coadministered in low doses during morphine 
analgesia, ketamine has been shown to reduce postoperative 
opioid consumption and lower opioid-related adverse effects 
following major surgical procedures in the adult population 
[ 146 – 149 ]. As NMDA receptor stimulation may be one fac-
tor resulting in the development of tolerance to opioid- 
induced sedation and analgesia, there is interest in the 
potential benefi ts of using a low-dose ketamine infusion to 
delay tolerance during prolonged ICU infusions of morphine 
and other opioids. Despite the theoretical rationale behind 
this practice, to date there are no trials to demonstrate a clini-
cally signifi cant effect of this practice. 

 Ketamine’s popularity in the arena of procedural sedation, 
especially painful invasive procedures, relates to its benefi -
cial effects on cardiac and respiratory function. Ketamine 
generally increases heart rate and blood pressure as well as 
provides bronchodilation due to the release of endogenous 
catecholamines [ 150 ]. Although the indirect sympathomi-
metic effects from endogenous catecholamine release gener-
ally overshadow ketamine’s direct negative inotropic 
properties, acting to maintain blood pressure and heart rate, 
hypotension and even cardiovascular collapse may occur in 
patients with diminished myocardial contractility as ket-
amine’s direct negative inotropic properties may predominate 
when endogenous catecholamine stores have been depleted 
by stress or chronic illness [ 151 – 153 ]. 

 An issue of potential concern and ongoing controversy 
regarding ketamine is its effects on PVR [ 154 – 157 ]. As these 
studies were generally performed without full mechanical 
ventilation support and control of the PaCO 2 , it is not possi-
ble to determine whether the changes in PVR were directly 
related to ketamine or a consequence of increases in the 

PaCO 2 . Most recently, Williams et al. evaluated the effects of 
ketamine on PVR during sevofl urane anesthesia (0.5 MAC) 
and spontaneous ventilation in 15 infants and children with 
pulmonary hypertension (mean PA pressure ≥25 mmHg, 
baseline PVR index of 11.3 Woods units) [ 158 ]. One-third of 
the patients had PA pressures that were suprasystemic. 
Ketamine was administered as a bolus of 2 mg/kg followed 
by an infusion at 10 μ(mu)g/kg/min. There were no signifi -
cant changes in mean systemic arterial pressure, SVR index, 
mean pulmonary artery pressure, PVR index, cardiac index, 
and PaCO 2 . The safety of ketamine in patients with congenital 
heart disease is further evidenced by experience with its use 
during spontaneous ventilation for sedation during cardiac 
catheterization [ 159 ,  160 ]. In a prospective evaluation of 
sedation during cardiac catheterization in infants and children, 
Lebovic et al. reported less hypotension with ketamine com-
pared with propofol, although the recovery times were signifi -
cantly longer with ketamine [ 160 ]. 

 Ketamine has also been shown to have limited effects on 
several respiratory parameters including functional residual 
capacity, minute ventilation, and tidal volume [ 161 ,  162 ]. 
The release of endogenous catecholamines generally results 
in improved pulmonary compliance, decreased resistance, 
and prevention of bronchospasm [ 163 ]. These effects gener-
ally result in the clinical use of ketamine when endotracheal 
intubation is required in patients with status asthmaticus. 
Despite the fact that minute ventilation is maintained, hyper-
carbia with a rightward shift of the CO 2  response curve may 
occur [ 164 ]. However, like any sedative/analgesic/general 
anesthetic agent, ketamine can result in loss of protective airway 
refl exes, gastric aspiration, and apnea [ 165 ,  166 ]. These lat-
ter issues including the potential for respiratory depression 
are more likely to be clinically signifi cant when ketamine is 
administered with opioids. An additional effect that may 
impact on airway patency and the potential for airway 
obstruction or laryngospasm is that ketamine may increase 
oral and airway secretions. These effects have resulted in the 
common clinical practice of administering an anticholinergic 
agent such as atropine (0.01 mg/kg) or glycopyrrolate 
(0.005 mg/kg) with ketamine. However, recent studies dem-
onstrate that the actual risk of hypersalivation is low and that 
the use of these adjunct medications may be unnecessary, 
thereby resulting in an ongoing controversy regarding ket-
amine [ 167 – 169 ]. The incidence of airway problems such as 
laryngospasm with ketamine is higher when there is a history 
of an antecedent upper respiratory infection and perhaps in 
those patients chronically exposed to tobacco smoke. Despite 
the potential for increased airway secretions, reactivity, and 
even laryngospasm, ketamine has been used effectively for 
the sedation of infants during fl exible fi beroptic  bronchoscopy 
with the maintenance of spontaneous ventilation [ 170 ]. 

 An additional area of controversy surrounding ketamine 
is its effect on ICP. These effects may be indirect, secondary 

16 Sedation in the Pediatric Intensive Care Unit: Challenges…



290

to changes in PaCO 2 , or the result of a direct effect on the 
cerebral vasculature. Clinical work from the 1970s reported 
that ketamine increased ICP, thereby suggesting that it was 
contraindicated in patients with altered intracranial compli-
ance [ 171 ,  172 ]. These clinical studies were supported by 
animal investigations demonstrating that the alterations in 
ICP resulted from direct cerebral vasodilation, which was 
mediated through central cholinergic receptors [ 173 ,  174 ]. 
However, more recent data from both animal and human 
studies have shown no change or even a decrease in ICP fol-
lowing ketamine [ 175 ,  176 ]. Ketamine in doses of 1.5, 3, or 
5 mg/kg decreased ICP when administered to adult head 
trauma patients who were sedated with propofol and mechan-
ically ventilated to maintain a PaCO 2  of 35–38 mmHg [ 177 ]. 
The ICP decreased by 2 ± 0.5, 4 ± 1, and 5 ± 2 mmHg with 
doses of 1.5, 3, and 5 mg/kg respectively. There was no 
change in CPP, jugular bulb venous oxygen saturation, or 
middle cerebral artery blood fl ow velocity. Similar results 
were reported by Bourgoin et al. when comparing the effects 
of sedation with either a combination of ketamine and mid-
azolam or sufentanil and midazolam in 25 adult patients with 
traumatic brain injury (TBI) [ 178 ]. The patients were receiv-
ing mechanical ventilation and modest hyperventilation. 
There were no differences in the number of ICP elevations 
during the study period. Patients receiving ketamine and 
midazolam had signifi cantly higher heart rate values on days 
3 and 4, decreased fl uid requirements on day 1, as well as a 
trend toward decreased vasopressor use when compared with 
the sufentanil–midazolam group. Mayberg et al. reported 
that a 1 mg/kg bolus dose of ketamine (1 mg/kg) decreased 
ICP from 16 ± 1 to 14 ± 1 mmHg with no change in CPP in 
adult patients anesthetized with isofl urane and nitrous oxide 
[ 179 ]. An additional potentially benefi cial effect of ketamine 
in patients with CNS trauma is an alteration of transmem-
brane calcium and magnesium currents through its effects on 
the NMDA receptor [ 180 ]. 

 Another somewhat controversial issue related to the CNS 
effects of ketamine is its use in patients with an underlying 
seizure disorder. EEG recordings in children and laboratory 
animals during ketamine administration demonstrate increased 
frequency and amplitude with occasional paroxysmal seizure 
activity [ 181 ,  182 ]. However, no clinical evidence of seizure 
activity has been reported with ketamine administration. 
Studies in laboratory animals have demonstrated the anticon-
vulsant effects of ketamine, and there is at least one clinical 
report as well as animal data describing its use for the treat-
ment of refractory status epilepticus [ 183 – 185 ]. 

 With everyday clinical use, the adverse effect of ketamine 
that tends to attract the most attention is its potential to cause 
emergence phenomena or hallucinations. Because of these 
concerns, clinical practice generally includes the administra-
tion of a benzodiazepine (lorazepam or midazolam) along 
with or prior to the administration of ketamine. The ketamine 

solution that is in common clinical use is a racemic mixture 
of the two optically active enantiomers. The single enantio-
mer form, S(+) ketamine, has been released outside of the 
United States for clinical use [ 186 – 189 ]. The initial clinical 
trials have demonstrated that S(+) ketamine is twice as potent 
as the racemic formulation and offers the clinical advantages 
of fewer psychomimetic effects, less salivation, and a shorter 
recovery time [ 189 ]. 

 To date, there are only anecdotal reports involving small 
case series regarding the use of a ketamine infusion for seda-
tion of the PICU patient during mechanical ventilation [ 190 –
 192 ]. The largest series included ten patients, ranging in age 
from 1 week to 30 months. A ketamine infusion, 1 mg/kg/h 
in fi ve patients and 2 mg/kg/h in the other fi ve patients, was 
used to provide sedation and analgesia following cardiac sur-
gery in ten pediatric patients [ 191 ]. Supplemental doses of 
midazolam were administered as needed. The two groups 
had similar and acceptable levels of sedation. No adverse 
effects were noted. Ketamine has also been used as a thera-
peutic agent in pediatric patients with status asthmaticus 
requiring mechanical ventilation [ 193 ]. In a cohort of 17 
pediatric patients, ketamine was administered as an intrave-
nous bolus (2 mg/kg) followed by a continuous infusion of 
20–60 μ(mu)g/kg/min to 17 pediatric patients without chang-
ing their preexisting bronchodilatory regimen. There was a 
signifi cant increase in the PaO 2 /FiO 2  ratio from 116 ± 55 to 
174 ± 82, 269 ± 151, and 248 ± 124 at 1, 8, and 24 h, respec-
tively, after the initiation of the ketamine infusion. There was 
also an improvement in the dynamic compliance as well as a 
decrease in the PaCO 2  and peak inspiratory pressure. 

 A fi nal caveat with the use of ketamine either by bolus 
dosing or continuous infusion is that it is commercially 
available in three different concentrations (100, 50, and 
10 mg/mL). Therefore, inadvertent overdosing or underdos-
ing is possible without careful consideration of its concen-
tration. Although it may never become a fi rst-line agent for 
sedation in the PICU patient during mechanical ventilation, 
ketamine may be useful in patients who develop adverse 
cardiovascular effects with opioids or benzodiazepines, for 
the provision of sedation with the preservation of spontane-
ous ventilation when using noninvasive ventilation tech-
niques, in patients with status asthmaticus in whom the 
release of endogenous catecholamines following ketamine 
administration may provide some therapeutic impact, in 
low doses by continuous infusion to delay or prevent the 
development of tolerance to opioids related to its effects at 
the NMDA receptor, and during the performance of brief, 
painful invasive procedures in the spontaneously breathing 
patient. Alternative, non- intravenous routes of delivery have 
been reported with  ketamine including oral and transmuco-
sal (nasal, rectal) administration [ 188 ,  194 ,  195 ]. These 
alternative routes of delivery have been used for one-time 
dosing of the agent for sedation during a procedure or as a 
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premedicant to anesthetic induction. Additionally, ketamine 
is occasionally administered via the IM route in uncooperative 
patients without venous access.  

    Propofol 

 Propofol is an alkyl phenol compound (2,6- diisopropylphenol) 
with general anesthetic properties. Although its chemical 
structure is distinct from that of other intravenous anesthetic, 
its mechanism of action is similar as it acts through the 
GABA system [ 196 ]. Propofol facilitates the binding of 
GABA to membrane-bound receptors thereby increasing 
chloride conductance. Although propofol was initially intro-
duced into anesthesia practice for the induction and mainte-
nance of anesthesia, its rapid onset and recovery times led to 
its eventual use for sedation in the ICU setting [ 197 ,  198 ]. 
When compared with midazolam for sedation in adult 
patients, propofol has been shown to provide shorter recov-
ery times, improved titration effi ciency, reduced posthyp-
notic obtundation, and faster weaning from mechanical 
ventilation [ 199 ]. 

 Propofol, in a manner similar to the barbiturates and 
etomidate, decreases cerebral metabolic rate of oxygen 
(CMRO 2 ) leading to refl ex cerebral vasoconstriction and a 
lowering of ICP [ 200 ]. These benefi cial effects on cerebral 
dynamics have been validated in animal studies [ 201 ,  202 ]. 
However, in some experimental studies, adverse hemody-
namic effects of propofol required therapy with the direct- 
acting vasoconstrictor phenylephrine to maintain the mean 
arterial blood pressure (MAP). When used in clinical prac-
tice, the control of MAP has signifi cant clinical impact on 
propofol’s effect on the ICP. Although ICP is decreased in the 
majority of human trials, propofol’s lowering of MAP may 
result in a decrease of the CPP. In patients with intact auto-
regulation of CBF, a decrease in CPP leads to refl ex cerebral 
vasodilation to maintain CBF, which can secondarily increase 
ICP if intracranial compliance is altered. This effect negates 
the decrease in ICP related to the decrease in CMRO 2  induced 
by propofol. In an evaluation of the effects of propofol 
(2 mg/kg) on ICP and MAP in 6 adults with an ICP 
≥25 mmHg, ICP decreased from a mean of 25 ± 3 mmHg to 
11 ± 4 mmHg ( p  < 0.05); however, the reduction of MAP 
resulted in a decrease of the CPP from 92 ± 8 mmHg to 
50 ± 7 mmHg [ 203 ]. Similar results have been reported in adults 
with TBI or during cerebral aneurysm surgery [ 204 – 206 ]. 
However, if MAP is maintained at baseline with vasoactive 
agents, propofol may lower ICP and increase CPP. When propo-
fol (2–4 mg/kg/h) was used for sedation during mechanical 
ventilation in 10 adult patients with TBI, ICP decreased by a 
mean of 2.1 mmHg at 2 h and the CPP increased by 9.8 mmHg 
at 24 h [ 207 ]. Additionally, benefi cial effects of propofol in 
brain injury include animal data suggesting a protective effect 

of propofol in various types of hypoxic–ischemic injury 
models as well as the preservation of the CBF reactivity to 
carbon dioxide [ 208 – 210 ]. 

 Although ketamine is generally considered the optimal 
agent for anesthetic induction in patients with active bron-
chospasm, both laboratory and clinical data support the ben-
efi cial effects of propofol on airway reactivity. When 
comparing the effects of anesthetic induction with propofol 
(2.5 mg/kg), etomidate (0.4 mg/kg), or thiopental (5 mg/kg) 
in 77 adults, respiratory resistance was lower after propofol 
(8.1 ± 3.4 cm H 2 O/L/s) compared to thiopental 
(12.3 ± 7.9 cm H 2 O/L/s) and etomidate (11.3 ± 5.3 cm H 2 O/L/s) 
[ 211 ]. Pizov et al. randomized a cohort of asthmatic and non- 
asthmatic patients to anesthetic induction with thiopental/
thiamylal (5 mg/kg), methohexital (1.5 mg/kg), or propofol 
(2.5 mg) [ 212 ]. Following endotracheal intubation, ausculta-
tion was performed to evaluate the presence of wheezing. 
In asthmatic patients, the incidence of wheezing was 45 % 
with thiopental/thiamylal, 26 % with methohexital, and 0 % 
with propofol. In non-asthmatic patients, the incidence of 
wheezing was 16 % with thiopental/thiamylal and 3 % with 
propofol. Propofol’s benefi cial effects on airway reactivity 
are further supported by animal studies showing attenuation 
of carbachol-induced airway constriction in canine tracheal 
smooth muscle and prevention of refl ex bronchoconstriction to 
several provocative agents in isolated guinea pig trachea 
smooth muscle [ 213 ,  214 ]. However, the specifi c airway and 
respiratory effects may not be shared by all preparations of pro-
pofol. In both an animal model and a human study, these 
benefi cial were present only with the propofol solution that has 
EDTA as the preservative and not the newer formulations con-
taining sodium metabisulfi te or benzyl alcohol [ 215 ,  216 ]. 

 Propofol’s cardiovascular effects resemble those of the 
barbiturates with the potential for hypotension from periph-
eral vasodilation and a negative inotropic effect. These 
effects are dose dependent and can be accentuated following 
rapid bolus administration and in patients with compromised 
cardiovascular function. Peripheral vasodilation may be det-
rimental in patients with a fi xed stroke volume (aortic or 
mitral stenosis) or in the setting of pulmonary hypertension. 
The adverse hemodynamic profi le of propofol administra-
tion can be prevented by the administration of calcium chlo-
ride [ 217 ]. Additional cardiovascular effects may be caused 
by augmentation of central vagal tone leading to bradycar-
dia, conduction disturbances, and asystole [ 218 – 220 ]. These 
effects are more likely with the concomitant administration 
of other medications known to alter cardiac chronotropic 
function including fentanyl or succinylcholine. 

 Various neurological manifestations have been reported 
with the administration of propofol including opisthotonic 
posturing, myoclonic movements (especially in children), 
and movements that may resemble seizure-like activity 
[ 221 – 223 ]. Myoclonus, opisthotonic posturing, and other 
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movements with propofol have been attributed to propofol’s 
antagonism at glycine receptors in subcortical structures. 
To date, there is no formal evidence linking propofol with 
seizures, and its use in patients with seizures and other neu-
rological disorders is acceptable. In a study evaluating the 
effects of propofol and thiopental on the surface electroen-
cephalograms of 20 patients undergoing temporal lobe sur-
gery, there was no difference between the two groups in the 
rate of discharge or extension of the irritative zone [ 224 ]. 
Propofol remains an effective agent for the termination of 
refractory status epilepticus and remains in various published 
algorithms regarding recommendations for its treatment 
[ 225 ,  226 ]. 

 Despite its potential benefi ts in the ICU setting and its 
effi cacy for providing sedation during mechanical ventila-
tion, the routine use of propofol is not recommended and, in 
fact, is considered contraindicated by many authorities 
because of the potential for the development of what has 
been termed the “propofol infusion syndrome.” First 
described in 1992, by Parke et al., the disorder includes met-
abolic acidosis, bradycardia, dysrhythmias, rhabdomyolysis, 
and fatal cardiac failure [ 227 – 229 ]. Eighteen children in the 
ICU setting with suspected propofol infusion syndrome were 
reviewed in a report by Bray [ 230 ]. The risk factors in the 
cohort for the development of the syndrome included propo-
fol administration for ≥48 h or an infusion rate ≥4 mg/kg/h. 
However, not all patients meeting these risk factor criteria 
developed problems, suggesting that comorbid diseases or a 
genetic predisposition may be responsible for the develop-
ment of the propofol infusion syndrome. Additionally, 13 of 
the 18 patients were ≤4 years of age while only 1 was 
≥10 years of age. Subsequent to the initial reports and the 
review of Bray et al., the syndrome has been reported in older 
patients including a 17-year-old adolescent and adults [ 231 –
 234 ]. In addition to metabolic acidosis and cardiovascular 
manifestations, additional clinical fi ndings have included 
lipemic serum, hepatomegaly, rhabdomyolysis, and hyperka-
lemia. The suggested treatment includes the immediate dis-
continuation of the propofol combined with symptomatic 
treatment of cardiovascular dysfunction and acidosis. 

 Anecdotal evidence suggests that hemodialysis may be 
helpful as a therapeutic tool by removing a yet undiagnosed 
metabolite or toxin. Further study has provided insight into 
the mechanisms of the propofol infusion syndrome. In a 
guinea pig cardiomyocyte preparation, propofol has been 
shown to disrupt mitochondrial function [ 235 ]. Biochemical 
analysis of a 2-year-old boy who developed the propofol infu-
sion syndrome revealed an increase in the concentration of 
C 5 -acylcarnitine indicative of inhibition of mitochondrial 
function at complex II of the respiratory chain and an 
increased plasma concentration of malonylcarnitine [ 236 ]. 
This latter compound inhibits the transport protein necessary 
for the movement of long-chain fatty acids into the mitochondria. 

Hemofi ltration was used in the treatment of this patient, 
which resulted in the reversal of the clinical manifestations 
and recovery of their patient. Similar fi ndings with an ele-
vated serum concentration of acylcarnitine were reported in a 
5-month-old who developed propofol infusion syndrome 
[ 237 ]. Treatment was instituted with charcoal hemoperfusion, 
which resulted in the resolution of the signs and symptoms. 
These concerns led to the “Dear Healthcare Provider” letter 
issued in March 2001 by AstraZeneca (Wilmington, DE), 
the manufacturers of Diprivan ® , one of the commercially 
available propofol preparations [ 238 ]. The letter summarized 
the results of a prospective clinical trial that compared propo-
fol (a 1 or 2 % solution) to other agents used for PICU seda-
tion. There were 12 (11 %) deaths in the 2 % propofol group, 
9 deaths (8 %) in the 1 % propofol group, and 4 deaths (4 %) 
in the standard sedation group. Although subsequent review 
did not show a specifi c pattern to the deaths, there was 
enough concern that the company issued a letter stating: 
“propofol is currently not approved for sedation in PICU 
patients in the United States and should not be used for this 
purpose.” In the majority of large pediatric centers, these 
concerns have eliminated the routine use of prolonged pro-
pofol infusions for sedation in the PICU. 

 Although propofol has been used safely and effectively 
for sedation in small cohorts of PICU patients [ 239 – 244 ], its 
routine use cannot be recommended. In specifi c clinical sce-
narios, propofol is still used as a therapeutic tool in the treat-
ment of refractory status epilepticus or increased ICP. In 
such cases, intermittent analysis of acid–base status and cre-
atinine phosphokinase is suggested. If a base defi cit is noted 
with an increasing serum lactate, immediate discontinuation 
of the propofol is recommended. Additionally, the short- 
term administration of propofol (6–12 h) is still used in many 
centers to transition from other agents such as fentanyl and 
midazolam to allow for more rapid awakening for tracheal 
extubation. Short-term propofol infusions may also have a 
role in the arena of procedural sedation as a means of provid-
ing sedation during non-painful invasive procedures such as 
radiologic imaging. Given its lack of analgesic effects, addi-
tional agents (opioids or ketamine) may be required when 
invasive procedures are performed. Although rare, when such 
procedures are long, concern has also been expressed regard-
ing the potential development of the propofol infusion syn-
drome. In a retrospective review of adult patients who received 
propofol infusion during radiofrequency ablation for atrial 
fi brillation or atrial fl utter, 13 of 55 patients (24 %) had a base 
defi cit of −2 or more compared to 22 of 267 (8.2 %,  p  < 0.01) 
in a comparator group of patients undergoing carotid endarter-
ectomy who did not receive propofol [ 245 ]. 

 Additional concerns with propofol regarding its use for 
procedural sedation in spontaneously ventilating patients 
include a relatively high incidence of respiratory effects 
including hypoventilation, upper airway obstruction, and 
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apnea, many of which required bag-mask ventilation or 
repositioning of the airway [ 246 ]. When used for procedural 
sedation, the depth of sedation, assessed using the bispectral 
index, may be similar to those achieved during general anes-
thesia. Reeves et al. demonstrated that the low BIS value 
achieved in children receiving propofol during the perfor-
mance of a lumbar puncture or bone marrow aspiration was 
29.7 ± 13.7 [ 247 ]. 

 As propofol is delivered in a lipid emulsion, there may be 
allergic reactions, pain on injection, and elevated triglyceride 
levels or hypercapnia with prolonged infusions [ 248 ,  249 ]. 
It has been theoretically posted that cross-reactivity may 
occur in patients with allergies to egg, egg products, soy-
beans, or soy products. Soy allergy is rarely a systemic dis-
ease, more likely one limited to intolerance to the soy protein 
in the gastrointestinal tract. Additionally, although propofol 
is a soy- based emulsion, all protein components are removed 
during the manufacturing process. There is no concern in 
patients with peanut allergy other than the 5 % cross-reactiv-
ity with soy. The bigger question arises regarding the safety of 
propofol use in a patient with egg allergy. To date, there have 
been no immunologically validated anaphylactic reactions to 
propofol in this population. Propofol (Diprivan ® ) contains egg 
lecithin, which is derived from the egg yolk.    The majority of 
true egg allergies are related to proteins in the egg white. Egg 
lecithin is a phospholipid compound, which has not been 
reported to be the provocative agent in allergic reactions. 
In fact, the literature confi rms the safety of propofol use in 
patients that have been labeled with “egg allergies” and sug-
gests that it is safe in the majority of egg-allergic patients who 
do not have a history of egg anaphylaxis [ 250 ,  251 ]. 

 A propofol infusion of 2 mg/kg/h provides approximately 
0.5 g/kg/day of fat. To limit the impact of the lipid compo-
nent, a 2 % solution of propofol (twice the amount of propo-
fol with the same amount of lipid per mL as the 1 % solution) 
has undergone clinical evaluations [ 252 – 256 ]. Although 
there were fewer problems with hypertriglyceridemia in 
patients receiving the 2 % solution, there may be an altera-
tion in propofol’s bioavailability as some of these studies 
have suggested an increased dose requirement and increased 
incidence of inadequate sedation when the 2 % solution is 
used compared with the 1 % solution. Given the concerns 
regarding the lipid component, its fat content should be con-
sidered into daily caloric requirements if prolonged infusions 
are used. 

 Pain with the injection of propofol remains a signifi cant 
complaint especially when small veins on the dorsum of the 
hands or feet are used. Variable success in decreasing the 
incidence of pain has been reported with various maneuvers 
including the preadministration of lidocaine, mixing the 
lidocaine and propofol in a single solution, mixing the pro-
pofol with thiopental, diluting the concentration of the pro-
pofol, cooling it prior to bolus administration, or the 

administration of a small dose of ketamine (0.5 mg/kg) prior 
to the administration of propofol [ 257 – 261 ]. Since propofol 
has limited analgesic properties, ketamine and propofol can 
be administered together to take advantage of the analgesia 
provided by ketamine and the rapid recovery with propofol. 
There may also be some advantage to the use of a small dose 
of ketamine (0.5–1 mg/kg) along with a lower dose of propo-
fol (1 versus 3 mg/kg) to initiate the sedation process as this 
may limit the respiratory and hemodynamic effects of propo-
fol that frequently occur with the initial bolus dose. One fi nal 
issue with the lipid component of propofol is its potential to 
serve as a viable growth media for bacteria with reports of 
bacteremia and postoperative wound infections linked to 
extrinsically contaminated propofol [ 262 ,  263 ]. Various pre-
servatives are used in the currently available propofol solu-
tions including disodium EDTA (ethylenediaminetetraacetic 
acid), sodium metabisulfi te, and benzyl alcohol. The addition 
of these substances has dramatically reduced the incidence of 
bacterial contamination of the solution; however, strict atten-
tion to aseptic technique is mandatory. In clinical practice, 
there may be subtle yet clinically signifi cant differences in 
these preparations including differential effects on airway 
reactivity, which have already been discussed in this chapter 
[ 215 ,  216 ]. The compatibility of various medications is also 
different with the various propofol preparations [ 264 ]. This is 
an important issue for pediatric patients in whom intravenous 
access may be limited when infusions may be administered 
via connectors attached to the same cannula. 

 Subtle differences in the anesthetic potency of the prepara-
tions have also been reported. Although a retrospective analy-
sis of dose requirements during sedation for MRI demonstrated 
a decreased potency of the sodium metabisulfi te propofol 
solution when compared to the EDTA solution [ 265 ], 
Fassoulaki et al. demonstrated no difference in the cardiovas-
cular or hypnotic effects of the 2 solutions using BIS monitor-
ing [ 266 ]. A theoretical disadvantage of the disodium EDTA 
preparation when used for prolonged infusions in the ICU set-
ting is the chelation and depletion from the body of essential 
trace minerals such as zinc. Although there are no formal stud-
ies to demonstrate that this is a problem, concerns related to 
this issue are outlined in the manufacturer’s package insert.  

    Barbiturates 

 The barbiturates were fi rst synthesized in 1864 by von 
Baeyer. Thiopental, a short-acting barbiturate, was fi rst 
administered for clinical use in 1934. This class of anesthetic 
agent can be classifi ed according to their chemical structure 
or their duration of activity. The chemical structures of the 
barbiturates vary in that their ring structure can contain a sul-
fur atom (thiobarbiturates such as thiamylal and thiopental) 
or an oxygen atom (methohexital). The presence of a sulfur 
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instead of an oxygen atom in the ring results in a more rapid 
onset and a shorter duration of action. Increasing the length 
of the carbon side chains at position 5 of the ring increases 
the potency of the compound. Short-acting agents such as 
methohexital, thiopental, and thiamylal have a clinical dura-
tion of action of 5–10 min and are used most commonly as a 
single bolus dose for the induction of anesthesia. When a 
more prolonged effect is needed, a continuous infusion may 
be used to maintain constant plasma levels. Long-acting 
agents with half-lives of 6–12 h include pentobarbital and 
phenobarbital. The clinical effects of the short-acting agents 
dissipate rapidly, related to their redistribution, although 
their hepatic metabolism may take hours. However, when 
this is done, the offset time will also be markedly prolonged 
and dependent on the duration of the infusion. In the PICU 
setting, the barbiturates are occasionally used by continuous 
infusion for sedation during mechanical ventilation (see 
later) although their more common use is based on their 
benefi cial physiologic and therapeutic effects as anticonvul-
sants or to decrease ICP in patients with TBI [ 267 – 272 ]. 

 Like propofol, the effects of the barbiturates on hemody-
namic and respiratory function are dose dependent. In 
healthy patients, sedative doses have limited effects on car-
diovascular function, respiratory drive, and airway protec-
tive refl exes, while larger doses, especially in patients with 
cardiorespiratory compromise, will result in respiratory 
depression, apnea, or hypotension. Hypotension results 
from peripheral vasodilation, a direct negative inotropic 
effect, and blunting of the sympathetic nervous system. On 
a cellular level, the barbiturates inhibit calcium fl uxes across 
cell membranes and from the sarcoplasmic reticulum 
thereby depressing myocardial contractility. These effects 
are magnifi ed in patients with comorbid cardiovascular dis-
eases and in the presence of hypovolemia. These agents 
should be used cautiously, if at all, in patients with cardio-
vascular dysfunction. Additionally, the effects on cardiovas-
cular and ventilatory function are additive with other agents 
such as opioids. 

 The ultrashort-acting barbiturates (thiopental and thiam-
ylal) are used clinically in a 2.5 % solution with a pH of 10.5. 
The high pH results in a bacteriostatic solution limiting con-
cerns of bacterial contamination as well as limiting the pain 
that may occur with intravenous injection. However, a pH of 
10.5 leads to incompatibilities with other medications and 
parenteral alimentation solutions, thereby necessitating a 
separate infusion site if a continuous infusion is used. Of par-
ticular note is the potential for the barbiturates to form pre-
cipitates when administered with drugs such as rocuronium, 
mandating fl ushing the line during rapid administration of 
medications during maneuvers such as rapid sequence intu-
bation to avoid loss of intravenous access during critical 
moments. Local erythema, thrombophlebitis, or skin sloughing 
may occur with subcutaneous infi ltration. The barbiturates 

possess no analgesic properties and therefore should be used 
with an opioid in situations requiring analgesia. 

 The barbiturates’ place in ICU sedation appears to be as 
an alternative or second-line agent when primary agents, 
either alone or in combination, fail to provide adequate 
sedation or result in untoward side effects [ 273 ]. There are a 
limited number of reports regarding the use of pentobarbital 
infusions for sedation in the PICU setting. A retrospective 
report described the use of pentobarbital for sedation during 
mechanical ventilation of 50 infants and children, ranging in 
age from 1 month to 14 years [ 274 ]. A pentobarbital infusion 
was started when a combination of a benzodiazepine 
(midazolam in doses of 0.4 mg/kg/h) and an opioid (either 
fentanyl in doses of 10 μ(mu)g/kg/h or morphine in doses of 
100 μ(mu)g/kg/h) did not provide effective sedation. The 
midazolam infusion was discontinued when the pentobarbi-
tal infusion was started. In 12 patients, opioid infusion was 
continued for more than 48 h after starting the pentobarbital 
infusion to control pain related to a surgical procedure or an 
acute medical illness. In the other patients, the opioid infu-
sion was discontinued. Pentobarbital was administered for a 
median duration of 4 days (range 2–37 days) at a median 
dose of 2 mg/kg/h (range 1–6 mg/kg/h). Once pentobarbital 
was started, neuromuscular blocking agents, which had been 
required in seven patients due to excessive movement and 
inadequate sedation, were discontinued. Additionally, there 
was no longer a need for direct-acting vasodilators (sodium 
nitroprusside or nicardipine) in the fi ve patients who had 
previously required these agents. The cohort also included 
seven non-neonatal ECMO patients in whom pentobarbital 
provided effective sedation. Tolerance was noted with the 
administration of pentobarbital. In the 14 patients that 
received pentobarbital for ≥5 days, the dose requirements 
increased from 1.2 mg/kg/h on day #1 to 3.4 mg/kg/h on day 
#5. No signifi cant adverse effects related to pentobarbital were 
noted. Six of the 36 patients who had received pentobarbital 
for more than 4 days manifested signs and symptoms of with-
drawal. An opposing opinion is expressed by Yanay et al. who 
reported their retrospective experience with pentobarbital 
sedation for eight PICU patients [ 275 ]. Although pentobarbi-
tal provided effective sedation and allowed the discontinua-
tion of neuromuscular blocking agents, they noted a relatively 
high incidence of adverse effects including blood pressure 
instability (25 %),  oversedation (12.5 %), and neurologic 
sequelae (12.5 %) including withdrawal phenomena. These 
adverse effects led to the discontinuation of the drug in 25 % 
of their patients. 

 In addition to their role for therapeutic agents or perhaps 
for the provision of sedation during mechanical ventilation, 
there are several reports outlining the use of various barbitu-
rates for procedural sedation. As they have no intrinsic anal-
gesic properties, the barbiturates are used most commonly 
for sedation during non-painful procedures. The short-acting 
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oxybarbiturate, methohexital, has been used extensively via 
both the oral and PR route as a sedative for CT or MR imaging 
with success rates of up to 80–85 % [ 276 ]. The standard dose 
per rectum is 20–30 mg/kg, which produces a rapid onset of 
sleep (6–10 min) with recovery to baseline status within 
1.5–2 h. Adverse effects are uncommon with mild respira-
tory depression responsive to repositioning or the adminis-
tration of supplemental oxygen occurring in up to 4 % of 
patients. The duration of action with intravenous use 
(0.75–1.0 mg/kg) is approximately 10 min, making the drug 
attractive for short procedures such as computerized tomog-
raphy (CT imaging). However, the incidence of respiratory 
depression is greater with the intravenous route of adminis-
tration, which may limit its usefulness. Unlike the other bar-
biturates, methohexital may activate the electroencephalogram 
(EEG) and has been reported to precipitate seizures in patients 
with underlying seizure disorders. 

 Although used most commonly by the intravenous route 
for the induction of anesthesia, thiopental has also been used 
as a rectal agent for sedation for radiologic procedures in 
doses of 25–50 mg/kg [ 277 ,  278 ]. When compared with 
methohexital, the depth of sedation achieved and reported suc-
cess rates were somewhat higher (>90 %). The onset of action 
is slightly longer (15–30 min) with a similar duration of action 
(60–90 min) compared to methohexital. Pentobarbital has an 
intermediate duration of action and remains a popular choice 
for intravenous sedation during radiologic procedures such as 
MR imaging where sedation times may approach 60–90 min. 
Multiple delivery options are available including the IV, IM, 
and enteral routes, although IV administration remains the 
most commonly used route. Pentobarbital is administered in 
increments of 1–2 mg/kg every 3–5 min until sleep is induced 
(average total dose 4–5 mg/kg) [ 279 ,  280 ]. The average dura-
tion of sleep after a single intravenous dose is 60–90 min, 
which is adequate to perform most routine MRI evaluations. 
Respiratory depression and hypotension may occur, espe-
cially with rapid intravenous administration. Disadvantages 
with pentobarbital include prolonged recovery times (2–4 h) 
and emergence issues including agitation.  

    Opioids 

 Although generally used for analgesia, opioids also possess 
sedative properties, especially those with agonistic effects at 
the κ(kappa) opioid receptor [ 281 ]. Therefore, these agents 
may be effective for providing sedation during mechanical 
ventilation and remain second to the benzodiazepines as the 
most commonly used agents in the PICU setting. Although 
the opioids provide analgesia, even in settings such as anes-
thesia for cardiovascular surgery when high doses of specifi c 
agents (fentanyl 50–75 μ(mu)g/kg) are administered, amnesia 
is not provided. Therefore, additional agents are required in 

situations that demand amnesia such as a patient who is 
receiving a neuromuscular blocking agent. In patients with 
altered myocardial function or at risk for pulmonary hyper-
tension, such as an infant with a large preoperative left-to- 
right shunt, particular benefi t has been reported with the 
synthetic opioids as they provide cardiovascular stability, 
benefi cial effects on PVR, and blunting of sympathetic stress 
response. Due to their prompt redistribution and resultant 
short plasma half-lives following bolus administration, the 
synthetic opioids are generally administered by a continuous 
infusion to maintain plasma concentrations adequate to pro-
vide sedation and analgesia. 

 The synthetic opioids that are currently in common clini-
cal use include fentanyl, sufentanil, and remifentanil. Both 
fentanyl and sufentanil are dependent on hepatic metabo-
lism, while remifentanil is depending on metabolism by non-
specifi c esterases (see later). Several clinical scenarios may 
alter hepatic metabolic function and thereby prolong the 
half-lives of these agents, including immaturity of the 
hepatic microsomal enzymes as is seen in term and espe-
cially preterm infants, decreased hepatic blood fl ow that 
occurs following intra-abdominal procedures, and primary 
hepatic diseases with hepatocellular dysfunction. Although 
these agents are short acting when administered as a single 
bolus dose, they also have a context-sensitive half-life so that 
the duration of their effect is prolonged when they are admin-
istered over an extended period of time. This effect is greater 
with fentanyl than sufentanil. 

 Remifentanil is metabolized by nonspecifi c esterases in 
the plasma. It has a clinical half-life of 5–10 min and a brief 
duration of effect even following 12–24 h of continuous 
infusion thereby not demonstrating changes related to a 
context- sensitive half-life [ 282 ]. These pharmacokinetic 
parameters hold true even in the neonatal population, making 
remifentanil the only opioid whose pharmacokinetics are not 
altered by gestational or chronologic age [ 283 ]. Given these 
properties, it is a potentially useful agent for providing a 
deep level of sedation and yet allowing for rapid awakening 
with discontinuation of the infusion even in the neonatal 
population. Although there is signifi cant clinical experience 
with the use of remifentanil during surgical procedures in 
patients of all ages, to date there remains limited experience 
with its use in the ICU population. Cavaliere et al. evaluated 
the effi cacy of a remifentanil infusion in doses starting at 
0.02 μ(mu)g/kg/min and increasing up to 0.25 μ(mu)g/kg/
min, in providing sedation during mechanical ventilation in a 
cohort of ten adult ICU patients [ 284 ]. Although sedation, 
assessed by clinical sedation scales, was adequate in the ten 
patients, the maximum infusion rate was achieved in only four 
of the ten patients due to the occurrence of adverse effects 
including hypotension and bradycardia at infusion rates 
≥0.15 μ(mu)g/kg/min. Hypoventilation was noted at infusion 
rates as low as 0.1 μ(mu)g/kg/min. The authors concluded that 
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low doses of remifentanil (0.05 μ(mu)g/kg/min) provided 
effective sedation in critically ill patients while the adverse 
effect profi le limited the use of higher doses. In a prospective 
randomized trial, adults requiring mechanical ventilation 
received either a morphine infusion at 0.75 μ(mu)g/kg/min 
or a remifentanil infusion at 0.15 μ(mu)g/kg/min [ 285 ]. 
Although the percentage of optimal sedation hours was sig-
nifi cantly greater with remifentanil with fewer dose adjust-
ments, the duration of mechanical ventilation and extubation 
time was signifi cantly longer with morphine. There was no 
difference in the incidence of adverse effects. 

 To date, there are limited data regarding the use of remi-
fentanil for sedation during mechanical ventilation in the 
PICU population [ 286 ,  287 ]. Our preliminary clinical expe-
rience demonstrates that remifentanil may be useful in pro-
viding sedation during mechanical ventilation in patients 
with TBI who require frequent and intermittent neurological 
examination. In this population, the short half-life of remi-
fentanil allows the successful neurological examination 
while providing a sedation plan of analgesia and sedation in 
the interim. 

 Although these anecdotal reports demonstrate that remi-
fentanil may be an effective agent, providing a deep level of 
sedation with rapid awakening when the infusion is discon-
tinued, an issue that needs further investigation prior to its 
widespread application in the ICU setting is the rapid devel-
opment of tolerance. The development of tolerance has been 
demonstrated after even brief infusions of less than 
60–90 min [ 288 ,  289 ]. This has translated into greater post-
operative opioid requirements when remifentanil is used 
intraoperatively and the need to escalate doses rapidly when 
remifentanil is used for ICU sedation. Although tolerance 
may limit prolonged remifentanil infusions, there remains 
interest in the use of remifentanil in the arena of procedural 
sedation given that its effects dissipate rapidly when the infu-
sion is discontinued [ 290 – 292 ]. Given its analgesic proper-
ties, remifentanil has been combined with midazolam or 
propofol as a means of providing analgesia during painful, 
invasive procedures. Despite its effi cacy in this arena, reports 
demonstrate a signifi cant incidence of respiratory depression 
and apnea, which may limit its applicability in this setting. 
However, given the ability of the opioids to blunt the cough 
refl ex, remifentanil may have a role during bronchoscopy or 
when fi beroptic intubation of the trachea is necessary [ 291 ]. 

 Two additional issues relevant to the synthetic opioids are 
potential effects on ICP and the risks of chest wall rigidity. 
Anecdotal reports suggested the potential for the synthetic 
opioids to increase ICP and decrease CPP in adults with 
altered intracranial compliance [ 293 ]. Rather than a direct 
effect, the mechanism responsible for the ICP increase has 
been shown to be a refl ex cerebral vasodilation in response to 
the decrease in MAP or CPP [ 294 ]. A similar effect has been 
described with propofol (see earlier section). If the CPP or 

MAP is maintained with a direct-acting vasoconstrictor, no 
change in ICP is noted thereby making these agents safe and 
effective in patients with altered intracranial compliance. 
A second adverse effect specifi c to the synthetic opioids is 
chest wall and laryngeal rigidity [ 295 ,  296 ]. These effects are 
related to the dose and the rate of administration, are cen-
trally mediated responses that can interfere with respiratory 
function, and their incidence can be decreased by premedica-
tion with the α(alpha) 2 -adrenergic agonists, reversed with 
naloxone, and interrupted with neuromuscular blocking 
agents. Although rare, its occurrence should be considered if 
respiratory dysfunction is noted following the use of syn-
thetic opioids. In severe cases, this effect may interfere with 
respiratory function resulting in rapid oxygen desaturation 
and hypoxemia [ 297 ]. 

 Given the issues with the rapid development of tolerance 
following the use of the synthetic opioids, morphine has 
regained popularity for sedation and analgesia during 
mechanical ventilation in the PICU setting. As morphine has 
agonistic effects at both the mu and the kappa opioid recep-
tor, it provides not only analgesia via the mu receptor but 
also sedation via the kappa receptor. Cardiovascular effects 
include dilation of the venous capacitance system with a 
decrease in preload, which may result in a modest decrease in 
blood pressure, especially in patients with decreased intravas-
cular volume or comorbid cardiac diseases. When used by 
continuous infusion for sedation during mechanical ventila-
tion in neonates, morphine has been shown to have no effect 
on intelligence, motor function, or behavior [ 298 ]. 

 In infants, morphine infusions of 10–30 μ(mu)g/kg/h pro-
vided effective analgesia and sedation during mechanical 
ventilation after surgery for congenital heart disease without 
impairing the ability to wean mechanical ventilatory support 
[ 299 ]. Morphine infusions blunt the sympathetic response 
and reduce epinephrine levels in neonates requiring endotra-
cheal intubation and mechanical ventilation for hyaline 
membrane disease [ 300 ]. In a cohort of infants requiring 
sedation and analgesia during ECMO (mean duration of 
ECMO 4–5 days), morphine and fentanyl provided equiva-
lent levels of sedation while decreasing the need for supple-
mental bolus doses of opioid [ 301 ]. Infants receiving 
morphine had a lower incidence of withdrawal (13 of 27 with 
fentanyl versus 1 of 11 with morphine,  p  < 0.01) and were 
hospitalized for fewer days after ECMO (31.1 ± 14 versus 
21.5 ± 7.0 days,  p  = 0.01). 

 Although administered most commonly via the intrave-
nous route, rare circumstances, such as limited intravenous 
access or drug incompatibilities, may occur that preclude 
intravenous administration in the PICU setting. In such situ-
ations, the subcutaneous administration of opioids is feasi-
ble. Although used most commonly in the control of chronic 
cancer pain [ 302 ], there is experience with subcutaneous 
opioid infusions in the ICU setting. Bruera et al. successfully 
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used subcutaneous opioids, administered by intermittent 
dosing or continuous infusions, in adult ICU patients [ 303 ]. 
The infusions were delivered through a 25 gauge butterfl y 
needle inserted subcutaneously in the subclavicular area or 
the anterior abdominal wall. No infectious complications 
were noted and the insertion site was changed only three 
times due to local problems such as erythema. Although the 
authors expressed a theoretical concern over possible delays 
in the onset of activity or decreased absorption in patients 
with decreased peripheral perfusion, they noted no problems 
in their cohort. 

 There is also anecdotal experience with the use of subcu-
taneous opioids in the PICU population [ 304 – 306 ]. A retro-
spective evaluation regarding the subcutaneous administration 
of fentanyl in 24 PICU patients ranging in age from 2 weeks 
to 18 years demonstrated the effi cacy of the technique in the 
control of postoperative pain, as a gradual weaning regimen 
following prolonged opioid use, or for the provision of com-
fort during the terminal stages of a disease [ 306 ]. The subcu-
taneous fentanyl infusions were administered when 
intravenous administration was not feasible due to lack of 
intravenous access or drug incompatibilities. 

 As with all of the previously described agents, opioids 
may have adverse effects on respiratory function with the 
potential for hypoventilation or apnea. However, an effect 
that appears to be relatively specifi c to the opioids is their 
potential impact on immune function. Opioid receptors have 
been found on immune cells that participate in the infl amma-
tory response and various host defenses. Binding of opioids 
to these receptors decreases infl ammation and may play 
some role in the control of acute pain by opioids. However, 
in specifi c circumstances, this effect may be deleterious. 
Increased viral loads have been noted in patients with HIV 
infections who are receiving methadone [ 307 ]. Opioids mod-
ulate cytokine production and in an animal model morphine 
has been shown to reduce reticuloendothelial cell function, 
phagocytic count, phagocytic index, killing properties, and 
superoxide anion production [ 308 ,  309 ]. Although there are 
no studies directly linking these effects to adverse clinical 
outcomes, additional studies are needed to defi ne these 
effects, their mechanisms, and most importantly their impact 
on the PICU patient.  

    Phenothiazines and Butyrophenones 

 The phenothiazines and butyrophenones are classifi ed as the 
“major tranquilizers.” The majority of their clinical use is in 
the treatment of psychiatric disturbances or as antiemetics in 
various clinical scenarios. Of the several agents available, 
haloperidol is the agent that has been used most frequently 
for the sedation of adults in the ICU setting. Haloperidol 
acts through central dopamine receptors. With intravenous 

administration, its onset of action is within 10–20 min with a 
duration of action of 12–24 h given its long elimination half- 
life of 18–26 h [ 310 ]. Although not formally approved by the 
FDA for intravenous administration, there is signifi cant and 
adequate clinical experience with its use by this route in the 
adult population [ 311 ]. Riker et al. reported their experience 
with the continuous infusion of haloperidol in doses ranging 
from 3 to 25 mg/h for sedation in eight adult ICU patients 
[ 312 ]. They proposed various benefi ts of haloperidol includ-
ing a rapid onset, minimal respiratory depression, and lack of 
active metabolites. A retrospective report regarding haloperi-
dol use in a cohort of 989 adult patients, who required 
mechanical ventilation for more than 48 h, reported not only 
effi cacy in controlling agitation and delirium, but also a 
lower overall mortality in patients who received haloperidol 
[ 313 ]. Patients who received haloperidol within 48 h of the 
initiation of mechanical ventilation had a lower inhospital 
mortality (20.5 % versus 36.1 %,  p  = 0.004) when compared 
with those who did not receive haloperidol. These differ-
ences persisted even when adjusted for age, comorbid fea-
tures, severity of illness, degree of organ dysfunction, and 
admitting diagnosis. Because of the retrospective nature of 
the study and the potential risks associated with haloperidol 
(see below), the authors suggested that prospective random-
ized trials were needed before applying this therapy routinely 
to the ICU population. 

 Experience with haloperidol in the PICU population 
remains anecdotal. Harrison et al. reported their experience 
with haloperidol, administered by intermittent bolus dosing, 
in fi ve critically ill children [ 314 ]. The patients ranged in age 
from 9 months to 16 years and had become diffi cult to sedate 
despite escalating doses of benzodiazepines and opioids. 
Haloperidol dosing included a loading dose of 0.025–0.1 mg/
kg, repeated every 10 min until the patient was sedated. The 
total loading dose required ranged from 0.09 to 0.25 mg/kg. 
This was followed by intermittent doses of 0.015–0.15 mg/
kg (daily maintenance dose of 0.06–0.45 mg/kg/day) admin-
istered every 8 h. Haloperidol’s effi cacy was demonstrated 
by a reduction of opioid and benzodiazepine requirements, 
decreased need for supplemental doses of sedative agents, 
decreased use of neuromuscular blocking agents, and 
improved clinical sedation. One patient developed a dystonic 
reaction, which resolved in 36 h without therapy as the halo-
peridol had already been discontinued. 

 Potential adverse effects associated with the butyrophe-
nones and phenothiazines include hypotension related to 
peripheral α(alpha)-adrenergic blockade, dystonic and extra-
pyramidal effects, lowering of the seizure threshold, the neu-
roleptic malignant syndrome, and cardiac arrhythmias 
including  torsades de pointes  due to effects on cardiac repolar-
ization. In the study of Riker et al., one of the eight adult 
patients developed atrial dysrhythmias, prolongation of the 
QT interval, and ventricular tachycardia [ 312 ]. The potential 
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for cardiac dysrhythmias due to alterations in repolarization 
may be exacerbated in critically ill patients with altered sympa-
thetic function related to fever, pain, or the stresses of an acute 
illness. Similar issues may occur with other drugs of this class 
including droperidol [ 315 ]. Through a black box warning 
issued by the US Food and Drug Administration, concern has 
been expressed regarding the potential association of droperi-
dol and postoperative cardiac events including  torsades de 
pointes  in adult patients [ 316 ]. Prolonged postoperative elec-
trocardiogram (ECG) monitoring is suggested in patients 
treated with droperidol during the perioperative period.  

    Alpha 2 -Adrenergic Agonists 

 Although used initially for clinical effects such as the control 
of blood pressure, the α(alpha) 2 -adrenergic agonists includ-
ing clonidine and dexmedetomidine may also have a role in 
the PICU patient for the provision of sedation during 
mechanical ventilation, reduction of opioid requirements, 
control of pain of various etiologies, and provision of seda-
tion during noninvasive procedures. The physiologic effects 
of these agents are mediated via stimulation of postsynaptic 
α(alpha) 2 -adrenergic receptors that activate a pertussis toxin- 
sensitive guanine nucleotide regulatory protein (G protein), 
resulting in decreased activity of adenylyl cyclase [ 317 ,  318 ]. 
The subsequent reduction in intracellular cyclic adenosine 
monophosphate (cAMP) and cAMP-dependent protein 
kinase activity modifi es membrane ion conductance resulting 
in decreased neuronal activation providing sedation and anx-
iolysis [ 319 ,  320 ]. 

 Activation of receptors in the medullary vasomotor center 
reduces norepinephrine turnover and decreases central sym-
pathetic outfl ow, resulting in alterations in sympathetic func-
tion with decreased heart rate and blood pressure. Additional 
effects result from the central stimulation of parasympathetic 
outfl ow and inhibition of sympathetic outfl ow from the locus 
ceruleus in the brainstem. The latter effect plays a prominent 
role in sedation and anxiolysis produced by these agents as 
decreased noradrenergic output from the locus ceruleus 
allows for increased fi ring of inhibitory neurons including 
the GABA system resulting in sedation and anxiolysis [ 321 ]. 
This effect has been shown to be similar to that which occurs 
during non-REM sleep [ 322 ,  323 ]. The lack of non-REM 
sleep with the use of other sedative agents including propo-
fol, benzodiazepines, and barbiturates is one of the factors 
that may result in delirium in adult ICU patients. This mech-
anism of action has led to the increased use of this agent in 
adult ICUs where concerns regarding the impact of delirium 
on outcome have been emphasized in the recent literature. 
The α(alpha) 2 -adrenergic agonists also potentiate the analge-
sic effects of opioids by regulating substance P release within 
the central nervous system [ 324 ]. 

 Clonidine has been used as a premedicant in the operating 
room, for caudal and epidural analgesia, as an adjunct to 
opioid-induced analgesia during the postoperative period, 
and even for ICU sedation [ 325 – 328 ]. Although initially 
available only as a tablet, clonidine is now available as a 
transdermal patch and as a preparation for neuraxial admin-
istration. The latter has been administered intravenously in 
various clinical scenarios. In an open label evaluation in chil-
dren in the PICU setting, a continuous clonidine infusion 
starting at 1 μ(mu)g/kg/min was added to a continuous mid-
azolam infusion of 1 μ(mu)g/kg/min [ 328 ]. No signifi cant 
change in heart rate, blood pressure, or cardiac index was 
noted. In 2 of the 20 patients, the clonidine infusion was 
increased to 2 μ(mu)g/kg/h. The clonidine infusion provided 
adequate sedation for 602 of the 672 study hours with no 
sedation failures. Arenas-Lopez et al. reported their experi-
ence with the addition of enteral clonidine (3–5 μ(mu)/kg 
every 8 h) as an adjunct to intermittent doses of morphine 
and lorazepam for sedation during mechanical ventilation in 
14 children [ 329 ]. Adequate sedation was achieved during 
82 % of the study period with an overall decrease in the 
requirements for both lorazepam and morphine. No adverse 
effects were noted. With the increased use of and accumulat-
ing clinical experience with dexmedetomidine, the use of 
clonidine has diminished in most pediatric ICUs [ 330 ]. 

 Like clonidine, dexmedetomidine is a centrally acting, 
α(alpha) 2 -adrenergic agonist and exhibits the same physio-
logic effects. However, it possesses an affi nity eight times that 
of clonidine for the α(alpha) 2 -adrenergic receptor, a differen-
tial α(alpha) 1  to α(alpha) 2  agonism of 1:1,600, and a half-life 
of 2–3 h thereby allowing its titration by intravenous admin-
istration. In healthy adult volunteers, the pharmacokinetic 
profi le of dexmedetomidine includes a rapid distribution 
phase with a distribution half-life of approximately 6 min, an 
elimination half-life of 2 h, and a steady-state volume of dis-
tribution of approximately 118 L. Dexmedetomidine exhibits 
linear kinetics, is 94 % protein bound, and undergoes hepatic 
metabolism with minimal unchanged drug excreted in the 
urine and feces. Given its dependence on hepatic metabolism, 
dose adjustments are necessary in patients with altered 
hepatic function. 

 The pharmacokinetic profi le of dexmedetomidine has 
been well studied in the pediatric population and in various 
clinical scenarios [ 331 – 336 ]. Diaz et al. studied the pharma-
cokinetics of dexmedetomidine in a cohort of 10 children 
ranging in age from 0.3 to 7.9 years following cardiac ( n  = 9) 
or craniofacial procedures ( n  = 1) [ 332 ]. Dexmedetomidine 
was administered as a bolus dose of 1 μ(mu)g/kg followed 
by an infusion of 0.2–0.7 μ(mu)g/kg/h for 8–24 h (median 
duration of administration of 19.6 h). In this cohort, the 
authors noted pharmacokinetics similar to those reported in the 
adult population and pediatric patients without CHD. Using 
a two-compartment model, the volume of distribution was 
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1.53 ± 0.37 L/kg, the clearance was 0.57 ± 0.14 L/kg/h 
(approximately 9.5 mL/kg/min), and the terminal elimina-
tion half-life was 2.65 ± 0.88 h. They also noted a low inter-
patient variability (coeffi cient of variation of 25 %) in their 
cohort of ten pediatric patients. Based on the clearance data 
from their study, it was determined that an infusion rate of 
0.35 μ(mu)g/kg/h (range: 0.25–0.47 μ(mu)g/kg/h) should 
achieve a therapeutic plasma concentration of 600 pg/mL. 
Based on experience with several other pharmacologic 
agents, they cautioned that the pharmacokinetics of dexme-
detomidine is likely to be signifi cantly different in patients 
less than 4 months of age. 

 Potts et al. and Su et al. provide additional data regarding 
dexmedetomidine pharmacokinetics in the pediatric cardiac 
surgical population [ 334 ,  335 ]. The fi rst of these studies 
administered a single bolus of dexmedetomidine over 10 min 
in a dose varying from 1 to 4 μ(mu)g/kg to a cohort of 45 
pediatric patients, ranging in age from 4 days to 14 years 
[ 334 ]. As with previous investigations, the authors found that 
the pharmacokinetics best fi ts a two-compartment model. 
Clearance at birth was 15.55 L/h per 70 kg and matured with 
a half-time of 46.5 weeks to reach 87 % of adult values by 1 
year of age. In distinction to other studies, no age-related 
changes in the volume of distribution were noted. Simulation 
of a bolus of 1 μ(mu)g/kg followed by an infusion of 0.7 μ(mu)
g/kg/h suggested that children arouse from sedation at a 
plasma concentration of 0.304 μ(mu)g/mL (the suggested 
therapeutic level for sedation in adults is 0.600 μ(mu)g/mL). 
No comment was made regarding differences based on the 
type of congenital heart disease (single versus two ventricle, 
cyanotic versus non-cyanotic). Su et al. provide more specifi c 
information regarding the impact of CPB and the type of 
CHD on the pharmacokinetics of dexmedetomidine [ 335 ]. 
Sequential cohorts of 12 infants each who required mechani-
cal ventilation following surgery for CHD were enrolled to 
receive one of three dosing regimens. The three regimens 
(loading dose and continuous infusion) included 0.35–0.25, 
0.7–0.5, and 1–0.75 μ(mu)g/kg and μ(mu)g/kg/h respectively. 
The authors noted that dexmedetomidine clearance increased 
with weight, age, and single- ventricle physiology, while total 
CPB time was associated with a trend toward decreased 
clearance. Potts et al. performed a pooled analysis of four of the 
studies from the pediatric population in an attempt to provide 
a summary of the pharmacokinetics of dexmedetomidine in 
the pediatric-aged patient [ 336 ]. 

 The effects of dexmedetomidine on sedation, hemody-
namic and respiratory function were evaluated in a cohort of 
healthy adults [ 337 ]. The volunteers received either a bolus 
of saline followed by a saline infusion or 0.6 μ(mu)g/kg of 
dexmedetomidine infused over 10 min followed by a dexme-
detomidine infusion at either 0.2 or 0.6 μ(mu)g/kg for 1 h. 
The level of sedation was graded by the patient (VAS level of 
sedation from 0 = asleep to 100 = wide awake), an observer, 

and by using the BIS monitor. The two dexmedetomidine 
infusions resulted in similar and signifi cant degrees of seda-
tion with limited changes in hemodynamic and respiratory 
function. In addition to its sedative properties, dexmedetomi-
dine has been shown to decrease opioid requirements fol-
lowing surgical procedures. When compared with placebo in 
119 adult patients who required mechanical ventilation fol-
lowing cardiac and general surgical procedures, patients 
receiving dexmedetomidine required 80 % less midazolam 
and 50 % less morphine [ 338 ]. Dexmedetomidine dosing 
included an initial bolus dose of 1 μ(mu)g/kg followed by an 
infusion of 0.2–0.7 μ(mu)g/kg/h. Eighteen of the 66 patients 
who received dexmedetomidine experienced hypotension 
(MAP less than 60 mmHg or a greater than 30 % decrease 
from baseline) or bradycardia (heart rate less than 50 beats 
per minute). The cardiovascular changes were noted during 
the bolus dose in 11 of the 18 patients. 

 To date, there remains only one prospective trial evaluating 
dexmedetomidine for sedation during mechanical ventilation 
in pediatric-aged patients [ 339 ]. Effi cacy was evaluated 
using the Ramsay scale and by comparing the requirements 
for supplemental morphine. Dexmedetomidine at 0.25 μ(mu)
g/kg/h provided sedation that was equivalent to midazolam 
at 0.22 mg/kg/h. Dexmedetomidine at 0.5 μ(mu)g/kg/h was 
more effective than midazolam, as demonstrated by a 
decreased need for supplemental morphine and a decrease in 
the number of Ramsay scores of 1 exhibited by the patients. 
Dexmedetomidine was somewhat less effective for patients 
≤12 months of age as fi ve of the six patients that exhibited a 
Ramsay score of 1 during dexmedetomidine were less than 
12 months of age. The only adverse effect was bradycardia in 
one patient receiving dexmedetomidine who was also receiv-
ing digoxin [ 340 ]. 

 In addition to its use for sedation during mechanical ven-
tilation, other applications of dexmedetomidine have 
included procedural sedation, prevention of shivering, and 
treatment of iatrogenic opioid and benzodiazepine with-
drawal following prolonged use in the ICU setting [ 336 ]. 
Koroglu et al. randomized 80 children (1–7 years of age) to 
dexmedetomidine or midazolam during MR imaging [ 341 ]. 
Dexmedetomidine was administered as a loading dose of 
1 μ(mu)g/kg over 10 min followed by an infusion of 
0.5 μ(mu)g/kg/h, while midazolam was administered as a 
loading dose of 0.2 mg/kg followed by an infusion of 6 μ(mu)
g/kg/h. The quality of sedation was better and the need for 
rescue sedation was less (8 of 40 versus 32 of 40) with dex-
medetomidine compared to midazolam. Similar effi cacy 
was reported in an open label trial of dexmedetomidine for 
sedation during magnetic resonance (MR) imaging in 48 
pediatric patients ranging in age from 5 months to 16 years, 
15 of whom had failed sedation with another agent [ 342 ]. 
A second study by Koroglu et al. randomized 60 children to 
dexmedetomidine or propofol during MR imaging [ 343 ]. 
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Although both of the agents were equally effective in providing 
sedation, propofol provided shorter induction times, recov-
ery times, and discharge times. However, adverse effects 
including hypotension and oxygen desaturation were more 
common with propofol. Oxygen desaturation requiring inter-
vention including a chin lift, discontinuation of the infusion, 
or supplemental oxygen occurred in 4 of 30 children receiving 
propofol versus 0 of 30 receiving dexmedetomidine. 

 In a retrospective review of data from their QA database, 
Mason et al. used escalating does of dexmedetomidine for 
sedation in 62 children during radiologic imaging [ 344 ]. 
Dexmedetomidine was administered as a loading dose of 
2 μ(mu)g/kg over 10 min and repeated to achieve effective 
sedation after which an infusion was started at 1 μ(mu)g/
kg/h. The mean loading dose was 2.2 μ(mu)g/kg with 52 
patients requiring only the initial dose of 2 μ(mu)g/kg. The 
time to achieve sedation ranged from 6 to 20 min. Sinus 
arrhythmias were noted in ten patients (16 %). Heart rate and 
blood pressure decreased in all patients; however, no treat-
ment was necessary and no hemodynamic value was less 
than the fi fth percentile for age. No changes were observed 
in the ETCO 2  and no patient developed oxygen desaturation 
while breathing room air. Two patients developed agitation 
during the administration of the dexmedetomidine loading 
dose and were switched to other sedative agents (propofol or 
pentobarbital). More recently, preliminary data has sug-
gested that dexmedetomidine may be administered via the 
intramuscular route when intravenous access is lacking. In 
two trials, intramuscular (IM) dexmedetomidine was shown 
to be effective for sedation during radiologic imaging and 
EEG analysis [ 345 ,  346 ]. 

 Given its limited analgesic effects, dexmedetomidine may 
not to be the ideal agent when used alone for painful proce-
dures. However, anecdotal experience suggests that a combi-
nation of dexmedetomidine with ketamine may be effective 
in such scenarios [ 347 – 349 ]. The reader is referred to Tobias 
[ 350 ] for a full review of the literature regarding the combi-
nation of these agents for procedural sedation. Although the 
data are limited, the combination of dexmedetomidine with 
ketamine makes pharmacologic sense as the two medications 
have the potential to balance the hemodynamic and adverse 
effects of one another. Dexmedetomidine may prevent the 
tachycardia, hypertension, salivation, and emergence phe-
nomena from ketamine, while ketamine may prevent the bra-
dycardia and hypotension that have been reported with 
dexmedetomidine [ 351 ]. When ketamine is included as part 
of the sedation induction regimen, it may speed the onset of 
sedation and eliminate the slow-onset times when dexme-
detomidine is used as the sole agent. 

 Regardless of the agent or agents responsible for toler-
ance and withdrawal, the potential role of dexmedetomidine 
in treating such problems is supported by animal studies 
[ 352 – 355 ], case reports in adults and children [ 356 – 360 ], 

and one retrospective case series in infants [ 361 ]. The latter 
study retrospectively reviewed the clinical course of seven 
infants, ranging in age from 3 to 24 months, who had received 
sedation during mechanical ventilation with a continuous 
infusion of fentanyl supplemented with intermittent doses of 
midazolam. With the discontinuation of fentanyl and mid-
azolam, withdrawal occurred as documented by a Finnegan 
score ≥12. Dexmedetomidine was administered as a loading 
dose of 0.5 μ(mu)g/kg/h followed by an infusion of 0.5 μ(mu)
g/kg/h. The loading dose was repeated and the infusion 
increased to 0.7 μ(mu)g/kg/h in the two patients who had 
received the highest doses of fentanyl (8.5 ± 0.7 versus 
4.6 ± 0.5 μ(mu)g/kg/h,  p  < 0.0005). Withdrawal was controlled 
and subsequent Finnegan scores were ≤7. 

 As with all of the medications discussed in this chapter, 
dexmedetomidine can have deleterious effects on ventilatory 
and cardiovascular function. The literature regarding dexme-
detomidine’s effects on respiratory function are somewhat 
divergent depending on the dose administered and the 
method of assessing ventilatory function. Belleville et al. 
reported a depression of the slope of the CO 2  response curve, 
a decrease in minute ventilation at an ETCO 2  of 55 mmHg, 
as well as irregular breathing patterns and short periods of 
apnea in some of the patients following a bolus dose of 
2 μ(mu)g/kg [ 362 ]. When administered to a cohort of 
postoperative patients, 18 of 66 patients experienced adverse 
hemodynamic effects, which included hypotension 
(MAP ≤ 60 mmHg or a greater than 30 % decrease from 
baseline) or bradycardia (heart rate ≤50 beats per minute) 
[ 338 ]. The adverse hemodynamic effects occurred during the 
bolus dose in 11 of the 18 patients. Talke et al. evaluated the 
effi cacy of dexmedetomidine infusion in a cohort of 41 
adults during vascular surgery [ 363 ]. There was a lower heart 
rate, a decreased incidence of tachycardia, and decreased 
norepinephrine levels during emergence from anesthesia in 
patients receiving dexmedetomidine. Adverse effects related 
to dexmedetomidine included one episode of postoperative 
hypotension and one patient that had a 5–10 s sinus pause 
after anesthetic induction with thiopental and fentanyl fol-
lowed by endotracheal intubation. Electrophysiologic effects 
were also reported in an intraoperative study by Peden et al. 
[ 364 ]. Two patients who received dexmedetomidine experi-
enced brief episodes of sinus arrest following laryngoscopy 
and propofol administration. 

 The previously discussed fi ndings suggest that specifi c 
procedures (laryngoscopy), techniques (hypothermia to con-
trol ICP or for neuroprotection), and medications (propofol, 
fentanyl, digoxin) may potentiate the vagotonic effects of 
dexmedetomidine. Given these effects on cardiac conduc-
tion, it has been suggested that dexmedetomidine may not be 
a desirable agent for sedation in the cardiac catheterization 
suite when electrophysiological studies are planned [ 365 ]. 
The potential for these effects may be mitigated by the 
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 coadministration of ketamine [ 366 ]. Other authors have 
demonstrated that these negative chronotropic properties 
may be used as a therapeutic tool in infants and children who 
develop tachyarrhythmias following surgery for congenital 
heart disease [ 367 ]. A more in-depth review of this topic and 
the potential role of dexmedetomidine in the prevention or 
treatment of arrhythmias is presented by Tobias and 
Chrysostomou [ 368 ]. 

 Data in animal and human studies demonstrate benefi cial 
effects on cerebral dynamics including a decrease in CBF, 
cerebral metabolic rate for oxygen, and ICP [ 369 – 371 ]. 
However, given the potential effects on MAP, a decrease in 
CPP may occur [ 372 ]. Like the barbiturates, propofol, and 
the inhalational anesthetic agents, animal data suggest that 
dexmedetomidine may provide some degree of cerebral pro-
tection during periods of global or regional cerebral ischemia 
[ 373 – 375 ]. The data in animals regarding its effects on the 
seizure threshold are mixed depending on the provocative 
agent and the type of animal studied, with two studies sug-
gesting a lowering of the seizure threshold and two suggest-
ing an anticonvulsant effect [ 376 – 379 ]. Despite this, there is 
no reason for clinical concern regarding these effects.  

    Chloral Hydrate 

 Chloral hydrate, fi rst synthesized in 1832, remains a com-
monly used agent for procedural sedation [ 380 ]. Its popular-
ity results from several factors including its ease of 
administration by either the oral or rectal route, health-care 
providers’ familiarity with it, and misconceptions regarding 
its margin of safety. It is not uncommon for health-care pro-
viders to believe that monitoring is not required when chloral 
hydrate is used. Unfortunately, these misconceptions regard-
ing this agent have resulted in fatalities. The potential for 
respiratory effects is magnifi ed when chloral hydrate is coad-
ministered with other sedative agents. Following oral or rec-
tal administration, chloral hydrate is rapidly and completely 
absorbed. It undergoes hepatic metabolism to its active 
metabolite: trichloroethanol (TCE). Although generally 
effective as a one-time agent for non-painful radiologic pro-
cedures, repeated dosing in the PICU setting leads to exces-
sive and prolonged CNS depression due to a variable half-life 
ranging from 9 to 40 h as well as the accumulation of active 
metabolites [ 381 ]. These issues have resulted in recommen-
dations against such practices from the AAP [ 382 ]. 

 Respiratory and cardiovascular depression may occur 
with chloral hydrate. Despite the misconception that this 
agent is devoid of such adverse effects, apnea can occur with 
chloral hydrate and appropriate monitoring should always be 
used. Chloral hydrate is relatively contraindicated in neo-
nates given its competition with bilirubin for protein binding 
sites. Additionally, the active metabolite, trichloroethanol, is 

related to the halogenated hydrocarbons and may cause 
ventricular arrhythmias especially in patients at risk for such 
problems (tricyclic antidepressant ingestions or underlying 
arrhythmia) [ 383 ,  384 ]. Given these issues, chloral hydrate 
has a limited role in sedation in the PICU setting; however, it 
may still have a place for sedation during non-painful radio-
logic imaging. When used for this purpose, doses of 
75–100 mg/kg (maximum 2 g) can be administered by mouth 
or per rectum. Our clinical experience has suggested that 
chloral hydrate is less effective in patients older than 5 years 
of age and those with underlying CNS disorders such as 
autism. In a double-blind, randomized comparison with oral 
midazolam (0.5 mg/kg), chloral hydrate (75 mg/kg), the abil-
ity to complete the scan was higher with chloral hydrate 
(11 of 11 versus 11 of 22 with midazolam), and there was a 
decreased need for supplemental dosing (1 of 11 versus 12 of 
22 with midazolam) [ 385 ]. Over the next few years, it is 
likely that there will be a continued decrease in the use of 
chloral hydrate. The liquid solution for oral administration is 
no longer available. Therefore, those centers that continue 
to use this agent have turned to their pharmacies as oral solu-
tions must be prepared from powder preparations.   

    Tolerance, Physical Dependency, 
and Withdrawal 

 Over the past several years, data demonstrating the potential 
deleterious physiologic effects of untreated pain combined 
with ongoing humanitarian concerns have led to the increased 
use of sedative and analgesic agents. These initiatives have led 
to new consequences including physical dependency, toler-
ance, and withdrawal that require defi nition and effective 
treatment strategies. An appropriate place to begin the devel-
opment of an effective approach to the patient with tolerance 
and physical dependency is a consensus on the defi nitions of 
these terms [ 386 ]. Tolerance is a decrease in a drug’s effect 
over time or the need to increase the dose to achieve the same 
effect. Tolerance is related to changes at or distal to the recep-
tor, generally at the cellular level. Some authorities have 
divided tolerance into various subcategories including innate 
tolerance referring to a genetically predetermined lack of sen-
sitivity to a drug, pharmacokinetic or dispositional tolerance 
referring to changes in a drug’s effect because of alterations 
in distribution or metabolism, learned tolerance or a reduction 
in a drug’s effect as a result of learned or compensatory mech-
anisms (learning to walk a straight line while intoxicated by 
repeated practice at the task), and pharmacodynamic tolerance 
[ 386 ]. With pharmacodynamic tolerance, although the plasma 
concentration of the drug remains constant, there is a decreased 
effect. For the purpose of this discussion, the latter phenome-
non will be referred to as tolerance as the other issues are not 
as relevant when considering the PICU patient. 
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 Withdrawal includes the physical signs and symptoms 
that manifest when the administration of a sedative or anal-
gesic agent is abruptly discontinued in a patient who is phys-
ically tolerant. The symptomatology of withdrawal varies 
from patient to patient and may be affected by several factors 
including the agent involved, the patient’s age, cognitive 
state, and associated medical conditions. Physiologic (physi-
cal) dependence is the need to continue a sedative or analge-
sic agent to prevent withdrawal. Psychological dependence 
is the need for a substance because of its euphoric effects. 
Addiction is a complex pattern of behaviors characterized by 
the repetitive, compulsive use of a substance, antisocial or 
criminal behavior to obtain the drug, and a high incidence 
of relapse after treatment. Psychological dependency and 
addiction are extremely rare after the appropriate use of 
sedative or analgesic agents to treat pain or to relieve anxiety 
in the PICU setting. 

 The problems of opioid dependency and withdrawal in 
neonates and infants were fi rst encountered in the 1970s and 
1980s in infants of drug-addicted mothers [ 387 ,  388 ]. 
Despite the difference in the origin of the problem, these 
studies provided valuable information for dealing with 
today’s PICU population. The studies from the 1970s and 
1980s have provided various pharmacologic treatment regi-
mens as well as scoring systems that may be used to grade 
the severity of withdrawal and to evaluate the effi cacy of the 
treatment regimens. Arnold and colleagues were among the 
fi rst to recognize the problems of dependency and with-
drawal after prolonged opioid administration in the PICU 
population [ 389 ]. In a retrospective review of 37 neonates 
who required ECMO for respiratory failure and who had 
received intravenous fentanyl for sedation, they sought to 
identify the signs and symptoms of the neonatal abstinence 
syndrome (NAS) and risk factors for its occurrence. Fentanyl 
infusion requirements to achieve the desired level of sedation 
increased from 11.6 ± 6.9 μ(mu)g/kg/h on day 1 to 
52.5 ± 19.4 μ(mu)g/kg/h on day 8. By measuring plasma fen-
tanyl levels, they were able to demonstrate that there was an 
increase in the plasma fentanyl concentration required to 
achieve the same level of sedation, thereby demonstrating 
that the tolerance was pharmacodynamic and not pharmaco-
kinetic (related to increased metabolism of the opioid). NAS 
was related to the total fentanyl dose and the duration of the 
infusion. A cumulative fentanyl dose ≥1.6 mg/kg and an 
ECMO duration ≥5 days were risk factors for the develop-
ment of NAS (odds ratio of 7 and 13.9, respectively). The 
same investigators prospectively evaluated fentanyl dosing 
requirements and plasma fentanyl concentrations in a cohort 
of eight infants placed on ECMO [ 390 ]. Fentanyl infusion 
requirements increased from 9.2 ± 1.9 μ(mu)g/kg/h on day 1 
to 21.9 ± 4.5 μ(mu)g/kg/h on day 6. As in their previous 
study, they noted an increase in the plasma fentanyl concen-
tration from 3.1 ± 1.1 ng/mL on day 1 to 13.9 ± 3.2 ng/mL on 

day 6. In 1990, the potential for using oral methadone to treat 
or prevent opioid withdrawal after prolonged administration 
of fentanyl in the PICU patient was fi rst suggested [ 391 ]. 

 Subsequent reports demonstrated withdrawal from other 
agents used for prolonged sedation in the PICU patient 
including benzodiazepines, barbiturates, propofol, and even 
the inhalational anesthetic agents [ 392 ,  393 ]. Additional 
information concerning benzodiazepine withdrawal is pro-
vided by a retrospective review of Fonsmark et al. who eval-
uated 40 children who received sedation during mechanical 
ventilation. Sedation was provided by midazolam, pentobar-
bital, or a combination of the two [ 394 ]. Withdrawal symp-
toms occurred in 14 of 40 patients (35 %). Of the patients 
with withdrawal symptoms, eight had received both mid-
azolam and pentobarbital, three received only midazolam, 
and three received only pentobarbital. A cumulative mid-
azolam dose ≥60 mg/kg or a cumulative pentobarbital dose 
≥25 mg/kg was associated with withdrawal whereas the dura-
tion of the infusion was not. Sedation was gradually tapered 
in only 1 of 14 patients who experienced withdrawal. Other 
anecdotal reports have noted withdrawal following the use of 
pentobarbital for sedation in the PICU population [ 273 ]. The 
potential for the development of tolerance to barbiturates is 
further supported by animal studies demonstrating the rapid 
development of tolerance after repeated administration and 
an increased susceptibility to pentylenetetrazol- induced sei-
zures as a manifestation of barbiturate withdrawal [ 395 ,  396 ]. 
Anecdotal and retrospective reports have demonstrated sim-
ilar withdrawal phenomenon following the prolonged 
administration of propofol and volatile anesthetic agents 
[ 397 – 400 ]. 

    Clinical Signs and Symptoms of Withdrawal 

 The development of strategies to provide effective treatment 
of physical dependency and related problems requires the 
accurate identifi cation and recognition of withdrawal symp-
toms. Ongoing or associated conditions that can manifest 
similar clinical signs and symptoms as withdrawal must be 
investigated and ruled out before concluding that the patient’s 
symptoms are the result of withdrawal. In the PICU patient, 
these associated conditions may include central nervous sys-
tem insults or infections, ICU psychosis, delirium, metabolic 
abnormalities, hypoxia, hypercarbia, and cerebral hypoper-
fusion from alterations in cardiac output or cerebral vascular 
disease. 

 Although many of the signs and symptoms of withdrawal 
are the same regardless of the agent, there may be subtle 
differences depending on the specifi c agent. The time to the 
onset of withdrawal symptoms varies depending on the half- 
life of the agent and the half-life of the active metabolites, 
which may be several times longer than the parent compound. 
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In general, the signs and symptoms of withdrawal from 
sedative and analgesic agents include signs and symptoms 
related to the CNS, the gastrointestinal tract, and the sympa-
thetic nervous system. CNS manifestations are generally 
those of increased irritability including decreased sleep, 
tremulousness, hyperactive deep tendon refl exes, clonus, 
inability to concentrate, frequent yawning, sneezing, delir-
ium, and hypertonicity. In neonates and infants, additional 
signs of central nervous system stimulation include a high- 
pitched cry and an exaggerated Moro refl ex. Seizures have 
been reported with withdrawal from opioids, benzodiaze-
pines, barbiturates, propofol, and inhalational anesthetic 
agents, while visual and auditory hallucinations have been 
described with opioid, benzodiazepine, barbiturate, and 
inhalational anesthetic withdrawal. GI manifestations 
include emesis, diarrhea, and feeding intolerance, which 
may be especially prominent in neonates and infants. When 
such problems occur in the absence of other signs and symp-
toms of withdrawal, they may be attributed to other problems 
and not withdrawal. Activation of the sympathetic nervous 
system with tachycardia, hypertension, dilated pupils, and 
tachypnea are prominent fi ndings with withdrawal from any 
of the aforementioned sedative/analgesic agents. Additional 
signs and symptoms of sympathetic hyperactivity include 
nasal stuffi ness, sweating, and fever.  

    Treatment of Withdrawal and Clinical 
Scoring Systems 

 As with most problems that arise in clinical medicine, effec-
tive treatment starts with prevention. Given that the incidence 
of withdrawal is related to the total amount of medication 
administered, careful titration of the sedative or analgesic 
agents using clinical sedation scales (discussed earlier) is sug-
gested. In doing this, the minimal amount of medication 
required can be used. Although an increasing practice in the 
adult population, there are currently no data to support or 
refute the effi cacy of the so-called drug holidays during the 
use of sedative and analgesic agents in the PICU setting. This 
practice involves turning off sedative and analgesic agents 
until the patient responds and then restarting the infusions at 
half of the previously used infusion rate. This practice effec-
tively provides the same rationale as using clinical sedation 
scores in that excessive infusion rates are avoided. However, 
many physicians and certainly bedside nurses are hesitant to 
discontinue effective sedation and analgesia at times when 
painful processes may be present in the critically ill patient. 
Additionally, concerns have been raised that this practice may 
result in periods of excessive agitation in critically ill patients. 
Before such practices are universally embraced, prospective 
trials in the pediatric population are needed to demonstrate not 
only their effi cacy, but also their safety. 

 Prospective studies are needed to better address the effi cacy 
of rotating sedation regimens, intermittent versus continuous 
infusions of sedative/analgesic agents, and the role of other 
pharmacologic agents such as NMDA receptor antagonists 
and magnesium in preventing tolerance and dependency. 
Until further investigations provide additional insight into 
the factors controlling opioid dependency and ways of pre-
venting or delaying it, PICU physicians will be faced with a 
group of patients who require specifi c actions to prevent the 
development of withdrawal symptoms. Treatment strategies 
and protocols are necessary so that the problems associated 
with tolerance, physical dependency, and withdrawals do 
not limit the administration of these agents in the PICU 
population. 

 In order to provide effective therapy for patients with 
withdrawal, it may be helpful to identify those patients who 
are most likely to manifest symptoms of withdrawal and also 
to have scoring systems to identify and quantitate the signs 
and symptoms of withdrawal. As noted previously in this 
chapter, risk factors that have been identifi ed include not 
only the total dose of the sedative or analgesic agent that has 
been administered, but also the duration of the infusion. In a 
prospective trial of 23 infants and children who had received 
fentanyl infusions for sedation during mechanical ventila-
tion, Katz et al. determined the factors that could be used to 
identify the group who was at risk of withdrawal [ 401 ]. Once 
sedation was no longer required, the fentanyl infusion was 
decreased by 50 % every 24 h times two and then discontin-
ued. Withdrawal behavior was observed in 13 of 23 patients 
(57 %). The total fentanyl dose and the duration of the infu-
sion correlated with the risk of withdrawal, whereas the max-
imum fentanyl infusion rate did not. A total fentanyl dose 
≥1.5 mg/kg or an infusion duration ≥5 days was associated 
with a 50 % incidence of withdrawal, whereas a total fen-
tanyl dose ≥2.5 mg/kg or an infusion duration ≥9 days was 
associated with a 100 % incidence of withdrawal. 

 Scoring systems may be helpful in the management of 
patients presenting with signs and symptoms of withdrawal, 
not only in identifying the behaviors of withdrawal, but also 
in grading its severity and judging the response to therapy. 
Unfortunately, the majority of scoring systems were devel-
oped to deal with neonates born to drug-addicted mothers 
and therefore may not be applicable to the PICU population 
[ 402 ]. To address such issues, Ista et al. reviewed the litera-
ture regarding withdrawal scoring systems and found that of 
the six available in the literature, only two were directed 
toward the PICU population [ 403 ]. The fi rst of these included 
the sedation withdrawal score (SWS), which assigns 0–2 
points to 12 withdrawal behaviors, thereby providing a maxi-
mum score of 24 (see Table  16.8 ). The signs and symptoms 
are grouped into the CNS (tremor, irritability, hypertonicity, 
high-pitched cry, convulsions, and hyperactivity), the GI system 
(vomiting and diarrhea), and the autonomic nervous system 
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(fever, sweating, sneezing, and respiratory rate) [ 404 ]. 
The decision regarding weaning of the current sedative and 
analgesic regimen is based on the score (0–6 wean, 6–12 no 
change, 12–18 revert to previous regimen, more than 18 
reevaluate plan).

   Ista et al. expressed concerns that this scale has not been 
validated in children and that, in particular, there are no data 
regarding its sensitivity, specifi city, validity, and reliability. 
The other scale is the opioid and benzodiazepine withdrawal 
scale (OBWS) [ 405 ]. The OBWS is a 21-item checklist that 
evaluates 16 specifi c withdrawal behaviors. Franck et al. 
evaluated their scale by performing 693 assessments in 15 
children who varied in age from 6 weeks to 28 months. Using 
8 as a cutoff score for the presence of withdrawal, the sensi-
tivity of the OBWS was only 50 % with a specifi city of 87 %. 
The predictive value in terms of positive and negative ratios 
was 4.0 and 0.57 (considered moderate for a diagnostic tool), 
while the inter-rater reliability was acceptable at 0.8 (see 
Table  16.9 ) [ 405 ].

   Because of these issues, Ista et al. concluded that a more 
appropriate scale was necessary in the PICU population and 
went on to use the data from their review to develop their 
own withdrawal scale [ 406 ]. Their withdrawal scale included 
all of the behaviors that had been reported in the literature as 
manifestations of withdrawal in the pediatric-aged patient. 
From this, they developed the Sophia Benzodiazepine and 
Opioid Withdrawal Checklist (SBOWC), which included 24 
withdrawal symptoms. Over a 6-month period, they col-
lected 2,188 observations in 79 children within 24 h of taper-
ing off and discontinuing sedative and/or analgesic 
medication. They noted that specifi c symptoms including 
agitation, anxiety, muscle tension, sleeping for less than 1 h, 
diarrhea, fever, sweating, and tachypnea were observed most 
frequently and that longer duration of opioid or benzodiaze-
pine use and high doses were risk factors for withdrawal. 
Twenty-three observations were scored simultaneously and 

resulted in an interobserver correlation coeffi cient of 0.85 
with a range of 0.59–1.0 for the individual items. 

 Subsequent work by Franck et al. has resulted in the 
development of the WAT-1 (withdrawal and assessment tool) 
[ 407 – 409 ] (see Fig.  16.2 ). The components of this score, 
which is being used more frequently in pediatric ICUs 
around the country, are outlined by Franck et al. [ 409 ]. The 
score assigns a value of 0 for no or 1 for yes to the following 
questions: loose or watery stools; vomiting, retching, or gag-
ging; and temperature ≥37.8 °C. The patient is then observed 
for 2 min to assess their state (asleep, awake, or calm versus 
distressed), the presence of a tremor, sweating, uncoordi-
nated or repetitive motion, and yawning or sneezing. Again, 
these are scored as 0 for no and 1 for yes. The patient is then 
observed following a stimulus and during recovery for startle 
to touch and muscle as well as time to regain a calm state. 
These components result in a score from 0 to 12.

   By maintaining a high index of suspicion and the use of 
withdrawal scores developed for the PICU patient, we may 
get closer to our goal of identifying patients who are mani-
festing withdrawal symptoms. As mentioned previously, the 
mainstay of preventing withdrawal must be the identifi cation 
of high-risk patients and the slow weaning of sedative and 
analgesic agents. Withdrawal scales should still be applied to 
these patients in the event that withdrawal occurs despite our 
attempts to prevent it. Based on limited evidence-based med-
icine, it has been suggested that in patients who have received 
sedative and analgesic infusions for more than 5–7 days, 
weaning can be accomplished at a rate of 10–20 % per day 
[ 410 ,  411 ]. However, these studies have reported a signifi cant 

   Table 16.8    The sedation withdrawal score   

 Symptom  Score 

 Tremor 
 Irritability 
 Hypertonicity 
 Hyperactivity 
 Vomiting 
 High-pitched cry 
 Sneezing 
 Respiratory distress 
 Fever 
 Diarrhea 
 Sweating 
 Convulsions 

  For each symptom, score 0, absent; 1, mild; 
2, severe. Maximum possible score, 24  

    Table 16.9    Frequency of withdrawal symptoms measured with the 
OBWS [ 405 ]   

 Sign or symptom 

 Nurse’s assessment 
of withdrawal 

 Present (%)  Absent (%) 

 Crying/agitated >75 % of interval  11.9  0.2 
 Crying/agitated 26–75 % of interval  33.8  11.8 
 Sleeping <25 % of the interval  51.7  10.7 
 Hyperactive Moro refl ex  1.3  1.5 
 Pupils >4 mm  36.4  17.3 
 Tremors  35.7  17.4 
 Movement disorder  15.9  0.9 
 Hallucinations  0.7  0.4 
 Temperature >37.2 °C  81.5  67.9 
 Respiratory rate high for age  7.9  1.3 
 Frequent suction required  26.5  25.6 
 Sweating  10.6  1.8 
 Yawning  5.3  1.7 
 Sneezing  2.4  0.7 
 Nasal stuffi ness  7.9  3.7 
 Vomiting  3.9  0.4 
 Diarrhea  42.4  20.3 
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  Fig. 16.2    Withdrawal Assessment Tool Version 1 (WAT-1). Reprinted with permission from Franck LS, Harris S, Soetenga D, Amling J, Curley 
M. The withdrawal assessment tool (WAT-1): Measuring iatrogenic withdrawal symptoms in pediatric critical care. Pediatr Crit Care Med 
2008;9(6):573–580       
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incidence of withdrawal using these protocols, thereby 
suggesting that a more reasonable approach may be a 5–10 % 
decrease per day as has been suggested for adult patients 
and supported by some in the PICU population [ 412 ,  413 ]. 
A more rapid wean can be accomplished when the patients 
have received these agents for less than 3–5 days. 

 After prolonged administration, the weaning process may 
require weeks to prevent withdrawal symptoms. Although 
the weaning process can be accomplished by slowly decreas-
ing the intravenous infusion rate, this mandates the mainte-
nance of intravenous access, ongoing hospitalization, and at 
times, continued monitoring in the PICU because, depending 
on hospital policies, certain medications such as fentanyl or 
midazolam cannot be administered by continuous infusion in 
settings other than the PICU. In these circumstances, options 
to consider include either switching to subcutaneous or oral 
administration. 

 If it is decided that tapering the infusion can be accom-
plished within a reasonable period of time that will not delay 
hospital discharge and that switching to oral medications will 
not expedite discharge home, the patient may be considered a 
candidate for subcutaneous administration (see previous) [ 84 ]. 
These patients are generally receiving moderate doses of fen-
tanyl (5–10 μ(mu)g/kg/h) and/or midazolam (0.1–0.3 mg/
kg/h). The switch to the subcutaneous route allows the removal 
of central venous access, eliminates the need to maintain 
peripheral intravenous access, and depending on individual 
hospital policies may eliminate the need for ongoing care in 
the ICU setting. Both fentanyl and midazolam can be effec-
tively administered via the subcutaneous route and the infu-
sions slowly tapered to prevent symptoms of withdrawal. 
Concentrated solutions of fentanyl (25–50 μ(mu)g/mL) and 
midazolam (2.5–5 mg/mL) are used so that the maximum sub-
cutaneous infusion rate does not exceed 3 mL/h. Subcutaneous 
infusions are started at the same dose that is currently being 
used for intravenous administration. A topical dermal anes-
thetic cream can be placed over the site of anticipated subcuta-
neous cannulation. Several areas are suitable for subcutaneous 
administration, including the subclavicular region, abdomen, 
deltoid, or anterior aspect of the thigh. The site is cleaned and 
prepped with a sterile antiseptic solution, and then either a 
standard 22 gauge intravenous cannula or a 23 gauge butter-
fl y needle is inserted into the subcutaneous tissue. Before 
placement, the tubing and needle are fl ushed with the opioid/
benzodiazepine solution. The insertion site is then covered 
with a transparent, bio- occlusive dressing. The site should 
be changed every 7 days or sooner if erythema develops. 
The same infusion pumps that are used for intravenous admin-
istration can be used for subcutaneous administration. The 
pressure limit may need to be adjusted to allow for subcutane-
ous administration. Alternatively, a syringe pump can be 
used. If symptoms of withdrawal develop, additional boluses 
can be administered subcutaneously if necessary. 

 Several different opioids can be administered subcutane-
ously including the synthetic opioids, morphine, hydromor-
phone, and meperidine. Longer-acting agents such as 
methadone and levorphanol are not recommended because 
dose titration may be diffi cult given the long half-lives of 
these agents. Tissue reaction and erythema has been noted 
with methadone. Although there is limited experience with 
the use of subcutaneous infusions of opioids/benzodiaze-
pines as a means of weaning patients and preventing with-
drawal, the subcutaneous route has been used to treat chronic 
cancer-related pain as well as postoperative pain. 

 When prolonged administration of opioids or other seda-
tive agents will be necessary, switching to the oral adminis-
tration of long-acting agents such as methadone may allow 
for earlier hospital discharge. This is especially true in 
patients who have received weeks of therapy and are on large 
doses of opioids and/or benzodiazepines. Advantages of 
methadone include its longer half-life allowing for dosing 
2–3 times per day, an oral bioavailability of 75–90 %, and 
availability as a liquid. Although the fi rst report regarding the 
use of methadone suggested a starting dose of 0.1 mg/kg 
every 12 h, the three patients in the series were receiving 
relatively low opioid doses and, therefore, higher doses of 
methadone were not needed. The subsequent clinical experi-
ence has indicated that higher doses of methadone may be 
needed, depending on the dose of fentanyl. 

 When considering the appropriate dose transition from 
intravenous fentanyl to oral methadone, consideration should 
be given to the differences in the potency and half-life of the 
two medications as well as crossover tolerance [ 414 ]. Similar 
considerations are necessary when switching from intrave-
nous midazolam to oral lorazepam. Lugo et al., in a study 
evaluating enteral lorazepam to decrease midazolam require-
ments during mechanical ventilation, suggested starting at a 
lorazepam dose that was 1/6th that of the total daily dose of 
intravenous midazolam [ 97 ]. Once the appropriate enteral/
oral dose is determined and started, intravenous administra-
tion is tapered off quickly. 

 After the initial reports regarding the use of methadone, 
other authors have suggested variations in conversion ratios 
from fentanyl to methadone as well as dosing intervals and 
most importantly weaning schedules [ 410 ,  411 ,  415 – 417 ]. 
Some investigators have used intravenous methadone prior 
to oral methadone during the initial conversion process. 
Regardless of the protocol used, close observation during the 
conversion period is necessary to avoid adverse effects from 
oversedation or to recognize the early symptoms of with-
drawal. There remain some stigmata concerning the use of 
methadone. Therefore, a thorough discussion with the par-
ents is necessary to discuss why methadone is being used 
and to outline the differences between addiction and physical 
dependency. Because of these issues as well as familiarity 
with long-acting morphine preparations, which are used in 
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the treatment of children with chronic cancer-related pain, 
some physicians prefer to use the latter agent. However, 
these agents are available only in tablets that cannot be 
crushed so that administration and subsequent weaning pro-
tocols may be more diffi cult in younger patients. Methadone 
on the other hand is available in a liquid formulation. 

 More recently, concern has been expressed in the adult 
population, who are on maintenance methadone for drug 
addiction regarding the potential for death and the potential 
for QT prolongation and arrhythmias [ 418 ]. To date, there 
are no reports from the pediatric population; however, these 
concerns have led to the consideration of obtaining periodic 
ECGs prior to and after instituting therapy with methadone. 
A fi nal issue with methadone is its metabolism by the P 450  
isoenzyme system of the liver, making alterations in metabo-
lism possible based on genetic factors and the coadministra-
tion of other medications. These factors should be considered 
when methadone is started or other medications are added to 
the patient’s regimen. 

 In addition to opioids, non-opioid agents have been used 
to treat opioid withdrawal. In the author’s opinion, this is less 
than optimal because it seems to make physiologic sense 
when dealing with the problems of tolerance and dependence 
to replace the missing agent rather than to treat the resulting 
symptoms. Given these concerns, our current clinical prac-
tice is to generally use a medication in the same class as the 
one resulting in withdrawal. In specifi c clinical scenarios, the 
centrally acting, α(alpha) 2 -adrenergic agonists, clonidine 
and dexmedetomidine, have been used to treat and prevent 
opioid withdrawal [ 419 – 422 ].   

    Delirium 

 In addition to the myriad of issues surrounding the provision 
of sedation and analgesia to critically ill patients, recent 
attention in clinical practice and in the literature, especially 
in the adult ICU population, has been focused on the issue of 
delirium following critical illnesses. In the ICU setting, 
delirium has been described as an acute and fl uctuating dis-
turbance of consciousness and cognition. In more general 
terms, the American Psychiatric Association’s (APA) 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM-IV) has defi ned delirium as a disturbance of con-
sciousness and cognition that develops over a short period of 
time and fl uctuates over time. Over the years, several 
 different terms and labels have been used to describe this 
syndrome in the ICU setting including ICU psychosis, ICU 
syndrome, acute confusional state, encephalopathy, and 
acute brain failure. However, with a greater appreciation of the 
importance of this syndrome on the outcomes of critically ill 
patients and the need to appropriately identify it, the critical care 
community has recently conformed to the recommendations 

of the APA that the term “delirium” be used uniformly to 
describe this syndrome of brain dysfunction. 

 Delirium may occur in up to 80 % of critically ill adults. Its 
short- and long-term consequences include prolonged hospi-
talization as well as other morbidities. It may also be either a 
marker for or a direct cause of both short-term and long-term 
mortality risk of ICU patients [ 423 – 425 ]. In a prospective 
evaluation meant to determine the immediate- and long-term 
consequences of delirium in a cohort of 224 adult ICU patients, 
183 (81.7 %) developed delirium at some point during their 
ICU stay [ 426 ]. Demographics including age, comorbidity 
scores, dementia scores, activity of daily living scores, sever-
ity of illness, and admitting diagnoses were similar between 
those patients who developed delirium and those who did not. 
Patients who developed delirium had a higher 6-month mor-
tality rate (34 % versus 15 %,  p  = 0.03) and spent 10 days lon-
ger in the hospital than those patients who did not develop 
delirium ( p  < 0.001). Additional morbidities related to delirium 
included prolonged ICU stay, prolonged duration of require-
ments for mechanical ventilation, and increased costs of care 
following hospital discharge. 

    Classifi cation of Delirium 

 Given the diffi culties with identifi cation   , even in the adult 
population, delirium may often go unrecognized or be attrib-
uted to other disease processes or comorbid conditions such 
as dementia and depression or be considered a natural, 
acceptable complication of a critical illness. Delirium can 
generally be divided into hypoactive and hyperactive sub-
types, which outside of the ICU population have been shown 
to have some prognostic values. Hypoactive delirium, which 
tends to account for the majority of cases in the ICU setting, 
is characterized by decreased responsiveness, withdrawal 
behaviors, apathy, and depression. Hyperactive delirium, as 
the name implies, is characterized by agitation, restlessness, 
and emotional lability [ 427 ]. In a prospective evaluation of 
delirium in a cohort of adult medical ICU patients, Peterson 
et al. reported that purely hyperactive delirium was uncom-
mon, occurring in 1.6 % of the patients, hypoactive delirium 
occurred in 43.5 % of the patients, while 54.1 % had mixed 
delirium [ 428 ]. Ouimet et al. proposed an alternative scheme 
for the categorization of delirium in the ICU setting, which is 
based on the number of symptoms of delirium that are present 
[ 429 ]. Six hundred ICU patients were observed for symptoms 
of delirium and then categorized according to the number of 
symptoms present. No delirium was present if there were no 
symptoms, patients with four or more symptoms were classi-
fi ed as having “clinical delirium,” while an intermediate 
state, which the authors termed “subsyndromal delirium,” 
was thought to be present in patients who manifested 1–3 
symptoms.  
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    Diagnosis of Delirium 

 Given its impact on short- and long-term outcome in the ICU 
patient, the accurate diagnosis of delirium is mandatory to 
identify its occurrence following critical illness and to facili-
tate trials to determine ways to limit its occurrence. As noted 
previously, the underdiagnosis and recognition of delirium 
remain a signifi cant problem [ 430 ]. Such issues have led to 
the suggestion by the Society for Critical Care Medicine that 
some type of delirium screening tool should be used in all 
critically ill patients. As with the depth of sedation and with-
drawal, there are instruments that have been validated for the 
assessment of delirium in ICU patients. To date, these instru-
ments have only been studied in the adult population. Two 
such tools are (1) the intensive care delirium screening 
checklist (ICDSC) (see Table  16.10 ) and the confusion 
assessment method for the ICU (CAM-ICU) (see Table  16.11 ) 
[ 431 ,  432 ].

    The scoring systems allow the assessment of and diagno-
sis of delirium in ICU patients by nonpsychiatric trained 
physicians and health-care workers in the ICU. These tools 
can be used even in patients who are unable to speak because 
of the presence of an ETT. Both scoring tools begin with an 
assessment of the patient’s responsiveness, and no further 
evaluation is undertaken if the patient is obtunded or deeply 
sedated. 

 The ICDSC rates the level of consciousness from A to E, 
with A denoting no response and E denoting exaggerated 
response to normal stimulation. If an A (no response) or B 
(response to intense or repeated stimulation) is obtained, 

no further assessment is undertaken. For patients who mani-
fest a C, D, or E level, a further evaluation for the presence of 
delirium is undertaken. This includes assessing inattentive-
ness, disorientation, hallucination–delusion–psychosis, psy-
chomotor agitation or retardation, inappropriate speech or 
mood, sleep–wake cycle disturbances, and symptom fl uctua-
tion. These seven checklist items are added to altered level of 
consciousness to give eight possible items, which are scored 
as present or absent, to give a total delirium score of 0–8—
with four or more considered diagnostic of delirium. More 
recently, this work has been extended into the pediatric 
 population with the development of scoring systems for this 
population (see Fig.  16.3 ) [ 433 ,  434 ].

       Risk Factors for the Development of Delirium 

 As with many outcomes in the ICU, the risk factors for the 
development of delirium include factors that may be present 
prior to the onset of the acute illness and those that relate 
directly to the acute illness or medications administered dur-
ing it. Patient comorbidities that may increase the likelihood 
of delirium include advanced age, hypertension, the severity 
of illness, history of tobacco use, and baseline cognitive 
impairment. Other potential risk factors include metabolic 
disturbances (plasma levels of sodium, calcium, and blood 
urea nitrogen), acute infection, respiratory disease, acidosis, 
anemia, and hypotension. Additionally, there may be some 
genetic predisposition to the development of delirium. Ely 
et al. evaluated the possible association of the apolipoprotein 
E genotype and delirium among 53 mechanically ventilated 
medical ICU patients [ 435 ]. Patients with the apolipopro-
tein- 4 polymorphism (a risk factor for Alzheimer’s disease) 
manifested delirium twice as long as those without this poly-
morphism. The duration of delirium (median and interquar-
tile range) was 4 days (3–4.5 days) versus 2 days (1–4 days, 
 p  = 0.05). 

 Also of signifi cant concern in the ICU patient is the poten-
tial role that the use of sedative and analgesic agents may 
play in the development of delirium. Several studies have 
suggested an association between delirium and medications 
used for sedation or analgesia. To date, the most compelling 
evidence suggests that medications that act through the 
GABA system increase the likelihood of delirium. Most 
notable of the GABA-agonists in the role of delirium are the 
benzodiazepines, including both midazolam and lorazepam 
[ 436 ]. In distinction, there are little or no data to demonstrate 
any relationship between the use of opioids such as mor-
phine or fentanyl and the risk of developing delirium. In fact, 
the appropriate use of opioids for analgesia may decrease its 
incidence, as Ouimet et al. reported that the mean daily dose 
of opioid was higher among patients without delirium than 
among those with delirium [ 437 ]. Similarly, in a cohort of 

   Table 16.10    The intensive care delirium screening checklist (ICDSC)   

 Patient evaluation  Day 1  Day 2  Day 3  Day 4  Day 5 

 Altered level of consciousness 
(A–E) a  
  If A or B, do not complete patient evaluation for the period  
 Inattention 
 Disorientation 
 Hallucination–delusion–
psychosis 
 Psychomotor agitation or 
retardation 
 Inappropriate speech or mood 
 Sleep–wake cycle disturbance 
 Symptom fl uctuation 
  Total score (0–8)  

   a Level of consciousness: 
 A: No response, score: none 
 B: Response to intense and repeated stimulation (loud voice and pain), 
score: none 
 C: Response to mild or moderate stimulation, score: 1 
 D: Normal wakefulness, score: 0 
 E: Exaggerated response to normal stimulation, score: 1  
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541 adult patients who were hospitalized for a hip fracture, 
those who received more than 10 mg/day of parenteral 
morphine or morphine equivalents were less likely to develop 
delirium than patients who received less analgesia [ 438 ]. 
Treatment with meperidine was an exception as meperidine 
has been shown to increase the risk of delirium when com-
pared with other opioids.  

    Pathophysiology of Delirium 

 The exact cellular or physiologic mechanisms of delirium 
remain poorly defi ned. Additionally, it is likely that it may 
result from a multifactorial process, resulting from a combi-
nation of underlying patient factors, the critical illness, and 
medications used in the ICU setting. One theory that has 

   Table 16.11    The confusion assessment method for the ICU (CAM-ICU)   

 Features and descriptions  Absent  Present 

 I. Acute onset or fl uctuating course a  
 A. Is there evidence of an acute change in mental status from the baseline? 

 Or 
 B. Did the (abnormal) behavior fl uctuate during the past 24 h? Come and go or increase and decrease in severity, as evidenced by 

fl uctuations on the Richmond Agitation Sedation Scale (RASS) or the Glasgow Coma Scale? 
 II. Inattention b  
 Did the patient have diffi culty focusing attention, as evidenced by a score of less than eight correct answers on either the visual or auditory 
components of the Attention Screening Examination (ASE)? 
 III. Disorganized thinking 
 Is there evidence of disorganized or incoherent thinking as evidenced by incorrect answers to three or more of the following four questions and 
inability to follow the commands? 
 Questions 
 1. Will a stone fl oat on water? 
 2. Are there fi sh in the sea? 
 3. Does 1 lb weigh more than 2 lb? 
 4. Can you use a hammer to pound a nail? 
 Commands 
 1. Are you having unclear thinking? 
 2. Hold up this many fi ngers (examiner holds two fi ngers in front of the patient) 
 3. Now do the same thing with the other hand (without holding the two fi ngers in front of the patient) 
 (If the patient is already extubated from the ventilator, determine whether the patient’s thinking is disorganized or incoherent, i.e., rambling or 
irrelevant conversation, unclear or illogical fl ow of ideas, or unpredictable switching from subject to subject) 
 IV. Altered level of consciousness 

 Is the patient’s level of consciousness anything other than alert? 
 •  Alert : spontaneously fully aware of the environment and interacts appropriately 
 •  Vigilant : hyperalert 
 •  Lethargic : drowsy but easily aroused, unaware of some elements in the environment or not spontaneously interacting with the interviewer; 

becomes fully aware and appropriately interactive when prodded minimally 
 •  Stupor : diffi cult to arouse, unaware of some or all elements in the environment or not spontaneously interacting with the interviewer; 

becomes incompletely aware when prodded strongly; can be aroused only by vigorous and repeated stimuli; as soon as the stimulus ceases, 
patient lapses into an unresponsive state 

 •  Coma : unarousable, unaware of all elements in the environment with no spontaneous interaction or awareness of the interviewer so that the 
interview is impossible even with maximal prodding 

  Overall CAM-ICU Assessment (Features 1 and 2 or either Feature 3 or 4): Yes__ No__  

   a The scores included in the 10-point RASS range from a high of 4 (combative) to a low of −5 (deeply comatose and unresponsive). Under the RASS 
system, patients who are spontaneously alert, calm, and not agitated were scored 0 (neutral). Anxious or agitated patients receive a range of scores 
depending upon their level of anxiety: 1, anxious; 2, agitated (fi ghting ventilator); 3, very agitated (pulling on or removing catheters); 4, combative 
(violent, a danger to staff). Scores of −1 to −5 are assigned to patients with varying degrees of sedation based on their ability to maintain eye contact: 
−1, more than 10 s; −2, less than 10 s; −3, eye opening but no eye contact. If physical stimulation is required, patients are scored as −4, eye opening 
or movement with physical or painful stimulation, and −5, no response to physical or painful stimulation 
  b In completing the visual ASE, patients are shown fi ve simple pictures at 3-s intervals and asked to remember them. They are then immediately 
shown ten subsequent pictures and asked to nod “yes” or “no” to indicate whether they had or had not just seen each of the pictures. Because fi ve 
pictures have been shown already and fi ve pictures are new, a perfect score would be fi ve “yes” and fi ve “no” responses. For auditory ASE, patients 
are asked to squeeze the rater’s hand whenever they heard the letter “A” during a recitation of ten letters, which are read in a normal tone at a rate 
of one letter per second: S A H E V A A R A T. A scoring method similar to the visual ASE is used for the auditory test  
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been supported by clinical research is that delirium results 
from a neurotransmitter imbalance. Derangements of several 
different central neurotransmitters has been theorized to 
result in delirium, although the greatest focus has been on 
alterations in the central concentrations of dopamine and 
acetylcholine [ 439 ,  440 ]. Specifi cally, an excess of dopa-
mine or relative defi ciencies in acetylcholine may result in 
delirium. Other potential central neurotransmitters that may 
play a role in the pathogenesis of delirium include GABA, 
serotonin, endorphins, and glutamate. It has also been theo-
rized that these alterations in neurotransmitter levels may be 
secondary to changes in plasma concentrations of amino 
acids such as tryptophan, tyrosine, leucine, or phenylalanine, 
which may occur during critical illnesses [ 441 ,  442 ]. Other 
evidence has pointed toward infl ammation as a potential eti-
ologic factor in the development of delirium. 

 As end-organ dysfunction in the ICU setting is known to 
result from a systemic infl ammatory process resulting in 
multisystem organ failure, a generalized infl ammatory 
process induced by endotoxins and cytokines may also result 

in CNS dysfunction and delirium. Animal studies have 
demonstrated that this infl ammatory cascade may result in 
alterations in the blood–brain barrier, changes in vascular 
permeability within the CNS, and EEG changes consistent 
with those seen in ICU patients who develop delirium [ 443 ]. 
The end result of this infl ammatory process may provoke 
delirium through alterations in CBF, by interfering with nor-
mal neurotransmitter function, or altering neurotransmitter 
concentrations within the CNS.  

    Prevention and Treatment of Delirium 

 Given the prevalence and adverse effects of delirium in the 
ICU setting, appropriate interventions include not only treat-
ment once delirium has occurred, but potentially strategies to 
limit its incidence. Although performed in a non-ICU popu-
lation, Inouye et al. nonrandomly assigned 852 hospitalized 
elderly patients to usual care or management with a multiple- 
component strategy aimed at decreasing the incidence of 

Acute Change or Fluctuating Course of Mental Status
    A.  Is there an acute change from mental status baseline?
            OR
    B.  Has the patient’s mental status fluctuated during the past 24 hours?

1

2 Inattention
    A.  “Squeeze my hand when I say ‘A’. ”
          Read the following sequence of letters: A B A D B A D A A Y
          Errors: (1) No squeeze with “A” and (2) Squeeze with letter other than “A.”
    B.  If unable to complete ASE Letters → ASE Pictures

3 Altered Level of Consciousness
    Refer to current RASS (sedation assessment) score

4 Disorganized Thinking
    1.  “Is sugar sweet?”  (Alternate:  “Is a rock hard?”)
    2.  “Is ice cream hot?”  (”Do rabbits fly?”)
    3.  “Do birds fly?”  (”Is ice cream cold?”)
    4.  “Is an ant bigger than an elephant?”  (”Is a giraffe smaller than a mouse?”)
    5.  Command:  “Hold up this many fingers.”  (Hold up 2 fingers.)
                                 “Now do that with the other hand.”  (Do not demonstrate.)
  OR:    “Add one more finger.”  (If patient unable to move both arms.) 

YES

< 8

0

NO

Score ≥ 8

RASS any score other than 0

Score ≥ 4

Score < 4

STOP
NO DELIRIUM

STOP
NO DELIRIUM

NO DELIRIUM

STOP

DELIRIUM
PRESENT

  Fig. 16.3    Pediatric confusion assessment method for the intensive care unit: a practical time-saving approach to bedside implementation. Modifi ed 
with permission from Smith HAB, Boyd J, Fuchs DC, et al. Diagnosing delirium in critically ill children: Validity and reliability of the Pediatric 
Confusion Assessment Method for the Intensive Care Unit. Crit Care 2011;39:150–157 [ 433 ]       
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delirium [ 444 ]. Interventions included repeated reorientation 
of the patient, the provision of cognitively stimulating activi-
ties, a non-pharmacologic protocol to improve sleep, ambu-
lation and mobilization activities, range of motion exercises, 
timely removal of catheters and physical restraints, and 
improvement in sensory input through the use of eyeglasses, 
magnifying lenses, and hearing aids. These interventions sig-
nifi cantly reduced the incidence of delirium (15.0 % in the 
standard care group versus 9.9 % in the intervention group). 
Given the outcome of this and other similar trials, such proto-
cols have been recommended for use in the ICU population 
as a means of potentially decreasing the incidence of 
delirium. Additionally, despite the recognition of the need 
for appropriate sedation and analgesic in the ICU setting, it 
must also be recognized that the use of sedative medications 
may increase the incidence of delirium. As such, the appro-
priate use of the lowest feasible dose of such medications 
has been suggested by titrating the level of sedation using 
sedation scores or more recently, in the adult ICU population, 
by the daily interruption of sedation [ 445 ]. 

 Although there are no placebo-controlled trial, haloperi-
dol has been recommended as the drug of choice for the 
treatment of ICU delirium by both the Society of Critical 
Care Medicine and the APA. Classifi ed as a typical 
 antipsychotic, haloperidol blocks dopamine 2  receptors 
thereby decreasing agitation, hallucinations, and delusions. 
Given the lack of prospective, clinical trials, the optimal dose 
regimen has not been defi ned. Recommendations from the 
Society of Critical Care Medicine for adults include an initial 
dose of 2 mg intravenously, followed by repeated doses 
(doubling the previous dose) every 15–20 min until the agita-
tion is controlled. Once the agitation subsides, scheduled 
doses (every 4–6 h) are recommended for 2–3 days followed 
by a tapering of the dose once the problem has resolved. In 
addition to its use as treatment for acute delirium, haloperi-
dol has been shown to be effective when used as a prophylac-
tic agent to prevent delirium in a cohort of elderly patients, 
hospitalized for the treatment of hip fractures [ 446 ]. 

 The atypical antipsychotics (risperidone, ziprasidone, 
quetiapine, and olanzapine) may also be helpful in the treat-
ment of delirium, but only preliminary data exist supporting 
their use in the ICU [ 447 ]. These medications target dopa-
mine receptors as well as receptors for other neurotransmit-
ters within the CNS including serotonin, acetylcholine, and 
norepinephrine. Patients treated with haloperidol or other 
antipsychotics should be monitored for adverse effects 
including cardiac arrhythmias due to effects on repolariza-
tion (these effects are less common with the atypical anti-
psychotic agents), hypotension, dystonic reactions, 
extrapyramidal effects, malignant neuroleptic syndrome, 
and lowering of the seizure threshold. Given the potential for 
the development of lethal cardiac arrhythmias including 
torsades de pointes, these agents are contraindicated in 

patients with a prolonged QT interval. Anticholinergic 
effects such as dry mouth, constipation, and urinary retention 
may also occur. 

 Given the potential impact that delirium may have on out-
come, there is signifi cant interest in identifying its etiology, 
preventing its occurrence, or treating it once it has mani-
fested. Given its impact on adult patients, there is increased 
interest in investigating it in the pediatric population during 
prolonged ICU stays. The reader is referred to Schieveld 
et al. [ 448 ] and Smith et al. [ 449 ] for recent information 
regarding delirium and the pediatric ICU patient.   

    Sedation During Palliative Care 
and End of Life 

 The majority of this chapter has focused on pain and seda-
tion issues during the care of children in the pediatric ICU 
setting. The focus on such care is generally on providing 
humanitarian care during acute disease processes with the 
intent of returning these patients to their premorbid state of 
health. (Refer to Chap.   37    .) However, given the complexities 
of ICU care, survival cannot always be ensured and at times 
the focus shifts to providing pain relief and comfort during 
the terminal stages of an illness. Palliative care includes the 
control of pain, relief of agitation, and treatment of other 
symptoms while addressing the psychological, social, or 
spiritual problems of children (and their families) living with 
life-threatening or terminal conditions [ 450 ,  451 ]. 

 Given the ICU physicians’ familiarity with potent and 
effective medications for analgesia and sedation, they may 
be involved in the care of pediatric patients in the palliative 
setting. 

 Despite the advances in pain management techniques, the 
palliative care or ICU physician is frequently confronted 
with a patient whose symptoms have been refractory to con-
ventional therapies. In the early phases of terminal illness, 
opioids remain the mainstay of therapy given their effi cacy 
in controlling pain. Furthermore, these agents remain the pri-
mary medication for the relief of dyspnea in this scenario 
[ 452 ]. Given the development of tolerance, dose escalations 
are frequently required over time or as disease progression 
occurs. As the use of opioids for this setting has been 
described in great detail elsewhere, this section will focus on 
medications that may be used when primary opioid therapy 
fails [ 453 – 455 ]. Escalation to other medications may be 
needed to treat adverse effects associated with high-dose 
opioid infusions, as adjunctive agents to control pain, to con-
trol agitation related to disease progression, or for terminal 
sedation/comfort care when opioids fail. 

 Although beyond the scope of this chapter, there are 
signifi cant ethical issues to be considered and which likely 
need further refi nement when considering the use of sedation 
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in the terminally ill patient. (Refer to Chap.   37    .) Decreasing 
the level of consciousness and the patient’s ability to respond 
will decrease family interactions and limit their ability to 
participate in decisions regarding their care including limita-
tions or escalations of care. Most importantly, rapid escala-
tions of such medications may cross the line between 
symptom control and euthanasia. Such ethical issues must 
always be considered and discussed with the family in the 
context of state and societal legal implications [ 456 ,  457 ]. 
When considering the non-opioid choices for sedation, ben-
zodiazepines, ketamine, dexmedetomidine, and propofol 
have been anecdotally reported to offer some benefi t in this 
scenario. As their use is somewhat different from that already 
described in this chapter, a brief discussion will be provided 
of the latter three agents as they relate to palliative care. 

    Ketamine 

 Ketamine is generally classifi ed as a general anesthetic 
agent; however, it can be administered at sub-anesthetic 
doses to provide analgesia or supplement opioid-based anal-
gesic regimens in cancer-associated pain, neuropathic pain, 
ischemic pain, and regional pain syndromes [ 458 ,  459 ]. It is 
considered an integral medication for the management of 
refractory pain by the World Health Organization. Its analge-
sic effects are postulated to result primarily antagonism at 
the  N -methyl- D -aspartate (NMDA) receptor. This effect 
may result in some reversal of opioid tolerance. Given its 
limited effects on hemodynamic and respiratory function, it 
has become a commonly used agent in refractory pain syn-
dromes and palliative care [ 460 ]. It has been demonstrated 
that the psychomimetic effects may be blunted by gradual 
dose titration [ 461 ]. 

 Although there will be alterations in its bioavailability, it 
can be effectively administered via intravenous, subcutane-
ous, and non-parenteral routes including oral. When oral 
administration is not be feasible due to the advanced stages 
of diseases, ketamine can be administered and effectively 
titrated by the subcutaneous route [ 462 ]. The techniques 
involved in the use of subcutaneous infusions are outlined by 
Tobias [ 463 ].  

    Propofol 

 Although also classifi ed as an intravenous anesthetic agent, 
dose titration is feasible with propofol so that sedation can be 
achieved with lower doses. However, unlike ketamine, 
adverse effects on respiratory and hemodynamic function 
may be more common with propofol especially in patients 

with advanced terminal illnesses. These are signifi cantly 
more common with bolus dosing, which is not recommended 
when propofol is used in the palliative care setting. Given its 
short half-life, rapid achievement of a steady-state serum 
concentration is achieved following its initiation or dose 
changes. As such, even for the initiation of sedation in this 
setting, bolus dosing is not needed. Propofol must be admin-
istered via the intravenous route, and depending on state 
regulations, it may need to be administered in the hospital 
setting   . To date, the majority of experience remains anec-
dotal consisting of isolated case reports or small case series 
[ 464 – 466 ]. Despite the anecdotal nature of these reports, 
they uniformly demonstrate the effi cacy of propofol in this 
scenario in providing sedation and symptom relief. There 
was a reduction in opioid needs or an avoidance of the need 
to escalate doses. In addition to reviewing their experience 
with propofol for palliative sedation in three children, 
Anghelescu et al. provide a useful algorithm for this scenario 
(see Fig.  16.4 ) [ 467 ].

       Dexmedetomidine 

 Given that it was the last of these agents to be introduced into 
the clinical market, there remains a paucity of data regarding 
the use of dexmedetomidine in palliative care. However, 
given its relative lack of effects on end hemodynamic and 
respiratory, benefi cial sedative properties, and the potential 
to act as an adjunct to opioid analgesia, dexmedetomidine 
may be a useful agent in this scenario [ 468 – 470 ]. Most 
importantly, as it is not classifi ed as an intravenous anes-
thetic agent, its use outside of the hospital setting may be 
more feasible. Furthermore, evidence from the ICU setting 
has demonstrated its effi cacy in both preventing and treating 
delirium. As with propofol, the literature regarding the use of 
dexmedetomidine in the palliative care setting remains anec-
dotal, with no reports regarding pediatric-aged patients [ 471 , 
 472 ]. Although generally administered by the intravenous 
route in the ICU setting, there is increasing interest in the use 
of non-parenteral routes in the perioperative and procedural 
sedation arena including oral, intranasal, and buccal admin-
istration. Furthermore, anecdotal experience demonstrates 
its effi cacy when administered by the subcutaneous route.   

    Conclusion 

 A cookbook approach to sedation and analgesia in the PICU 
is not feasible due to the wide variation in patients, ages, 
comorbid diseases, and clinical scenarios faced in this popu-
lation. As no single agent will be effective in all patients 
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No

No

Possible

Yes

Possible

Prognosis and Goals
• Interdisciplinary Team (IDT) meeting
  and/or
• Ethics consult
• Palliative care consultation

PALLIATIVE SEDATION THERAPY (PST)

Is the patient’s
suffering intolerable?

Yes

Optimize Symptom-Directed Measures
• Palliative care consultation
• Pain team consultation
• Opioid rotation
• Implement IDT meeting’s medical
  recommendations for 
  symptom management 

Time Trial

Have symptom-directed
measures been optimized?

NoYes

Time TrialFamily Care Conference
• Clarify patient prognosis
  (Is death imminent?)
• Review severity of distress and
  whether suffering is tolerable
• Determine if PST is consistent
  with the patient and family’s
  preferences and values

Do patient, family
and clinician

agree with PST plan?

Yes

No

Ongoing
Communication

(Family Care Conference
and/or

Interdisciplinary Team)

Ongoing
Evaluation

Decline
or

Undecided

Implement PST
• Obtain “physician orders for life-sustaining treatment” (POLST) 
  and/or “do not resuscitate” (DNAR) before starting therapy
• Clarify goals of comfort care 
  (e.g., artificial nutrition and hydration, antibiotics, dialysis)
• Involve expert for selection of medications used in PST
 Trials of barbiturates, benzodiazepines titrated to
 provide adequate control of symptoms
 Consider using propofol
• Define outcome measures to assess the patient’s comfort
  and need to titrate or discontinue sedation

Is patient’s death
imminent?

STOP:
PST

  is not
indicated

  Fig. 16.4    Algorithm for initiation of palliative sedation therapy (PST), including selection of propofol [ 467 ]       
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and all scenarios, health-care providers must be facile with 
the use of a wide array of sedative and analgesic agents. 
The three primary choices that must be made when choosing 
a sedative/analgesic agent are the agent, its route or delivery, 
and the mode of delivery. In most scenarios, sedation during 
mechanical ventilation is initiated with either a benzodiaze-
pine or an opioid. There is an abundance of clinical experi-
ence with midazolam in the PICU population, although 
lorazepam may provide an effective alternative with a longer 
half-life and more predictable pharmacokinetics without the 
concern of active metabolites. However, there are limited 
reports regarding its use in the PICU population and there 
may be concerns regarding accumulation of the diluent, pro-
pylene glycol. 

 Although fentanyl is frequently chosen because of its 
hemodynamic stability and benefi cial effects on PVR, mor-
phine is an effective alternative with data to suggest that the 
development of tolerance may be slower and that there may 
be fewer issues with withdrawal when compared to fentanyl. 
Long-term follow-up studies have demonstrated no adverse 
CNS developmental effects from morphine use in neonates 
and infants. In the critically ill infant at risk for pulmonary 
hypertension, the literature continues to support the use of 
the synthetic opioids given their ability to modulate PVR and 
prevent pulmonary hypertensive crisis. When these agents 
fail or lead to adverse effects, alternatives include ketamine, 
pentobarbital, or dexmedetomidine. Ketamine may be useful 
for the patient with hemodynamic instability or with 
increased airway reactivity as a component of their disease 
process. To date, there are limited reports regarding the use 
of pentobarbital in the PICU, with recent concerns being 
raised regarding a high incidence of adverse effects associ-
ated with its use. Propofol has gained great favor in the adult 
population as a means of providing deep sedation while 
allowing for rapid awakening. Similar benefi cial properties 
are achieved in the pediatric-aged patient; however, concerns 
of the propofol infusion syndrome have signifi cantly limited 
its use in the PICU population. 

 As the pediatric experience increases, it appears that 
there will be a role for newer agents such as dexmedetomi-
dine. The use of dexmedetomidine may continue to increase 
as the incidence of delirium has been shown to be less with 
its use when compared to commonly used benzodiazepines 
[ 473 ]. Suggested starting guidelines for sedative and anal-
gesic agents are outlined in Table  16.12 . The second deci-

sion regarding PICU sedation includes the mode of 
administration. Effective sedation and analgesia is generally 
most easily achieved with the use of a continuous infusion 
of a benzodiazepine or opioid supplemented with as needed 
bolus doses to provide additional analgesia or sedation. 
These bolus doses are given during periods of breakthrough 
agitation or prior to noxious stimulation such as tracheal 
suctioning or other nursing interventions. Patients requiring 
frequent bolus doses should have the baseline infusion rate 
increased. As the infusion rate is increased, the bolus doses 
should be increased to equal the hourly rate. The titration of 
the infusion and use of supplemental bolus doses should be 
adjusted using clinical sedation scales. There may also be a 
role for newer devices that monitor awareness such as the 
bispectral index or BIS monitor. The third decision regard-
ing sedative and analgesic agents is the route of administra-
tion. In the PICU setting, the intravenous route is used in the 
vast majority of patients. However, specifi c circumstances 
may exist that necessitate the use of a non-intravenous route. 
Although medications such as midazolam have been admin-
istered via many non-parenteral routes, including oral and 
transmucosal administration, these routes will have a lim-
ited role in the PICU population although they are viable 
options for procedural sedation. The subcutaneous route 
may be used in specifi c circumstances while future clinical 
trials with inhalational anesthetic agents may provide us 
with more information regarding these agents in infants and 
children.

   When sedative and analgesic agents are administered, 
adverse effects on physiologic function may follow. 
Monitoring of the patient’s physiologic function is manda-
tory whenever these agents are in use. There is also an 
increased understanding and recognition of withdrawal syn-
dromes, which may occur following the prolonged adminis-
tration of sedative and analgesic agents. Strategies are 
needed to identify those patients at risk for withdrawal fol-
lowed by appropriate interventions to prevent or treat it. 
These may include a gradual tapering of the infusion rate or 
switching to oral or subcutaneous administration. As this is 
an increasing problem in the PICU setting, newer strategies 
to prevent its occurrence, such as the use of NMDA antago-
nists or rotating sedation regimens, warrant further investi-
gations. With these caveats in mind, the goal of providing 
effective and safe sedation and analgesia for all of our 
patients is within reach.      
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   Table 16.12    Suggested guidelines for dosing of sedative and analgesic agents      

 Agent  Dose  Comments 

 Fentanyl  2–3 μ(mu)g/kg/h  Modulates the postsurgical and sympathetic stress response thereby blunting increases in 
pulmonary vascular resistance. May have utility in neonates and infants at risk for pulmonary 
hypertension following surgery for congenital heart disease. Has limited effects on cardiac output 
and mean arterial pressure. May result in mild to moderate negative chronotropic effects 

 Morphine  10–30 μ(mu)g/kg/min  Cost-effective agent for sedation. Hemodynamic effects are generally related to vasodilation of 
capacitance vessels and a decrease in preload. These effects are exaggerated in the setting of 
hypovolemia. Delayed development of tolerance and less withdrawal issues when compared to 
fentanyl 

 Remifentanil  0.1–0.3 μ(mu)g/kg/min  Short (4–8 min) and consistent half-life across all age groups including neonates and infants due 
to esterase metabolism. Use for prolonged (more than 24 h) sedation limited by the rapid 
development of tolerance and cost 

 Midazolam  0.05–0.15 mg/kg/h  Abundant clinical experience as an agent for PICU sedation. Metabolism by the P 450  may result in 
prolonged half-life in patients with hepatic dysfunction. Presence of an active metabolite may 
result in prolonged sedation with long-term administration. Generic form limits cost when 
compared with other agents 

 Lorazepam  0.025–0.05 mg/kg/h; 
0.05–0.1 mg/kg every 
3–4 h 

 Limited clinical experience as an agent for sedation in the PICU population. Generic preparations 
limit cost. A major consideration is the accumulation of its diluent, propylene glycol. Metabolism 
by glucuronyl transferase limits changes in pharmacokinetics even with hepatic dysfunction 

 Ketamine  1–2 mg/kg/h        Endogenous catecholamine release results in bronchodilation and cardiovascular stability. 
However, may cause cardiovascular collapse in patients whose endogenous catecholamines are 
depleted as its primary direct effect is a decrease in myocardial function. Controversial effects on 
intracranial pressure and pulmonary vascular resistance although the recent literature 
demonstrates no deleterious effects 

 Pentobarbital  1–2 mg/kg/h  Second-line agent after benzodiazepines and opioids. Alkaline pH leads to compatibility issues 
with other medications and may result in tissue irritation or sloughing of skin with extravasation. 
Hypotension may occur from vasodilation and negative inotropic effects 

 Propofol  1–3 mg/kg/h  Rapid awakening upon discontinuation of the infusion. Solution has a high lipid content. 
Prolonged use (≥12 h) for sedation contraindicated in the PICU population due to risk of 
propofol infusion syndrome. Increasing data suggests that this may also occur in the adult 
population. May still be used in rare circumstances as a therapeutic agent for the treatment 
of increased intracranial pressure or status epilepticus; however, intermittent monitoring of 
acid–base status is suggested to monitor for toxicity 

 Haloperidol  0.06–0.45 mg/kg/day  Limited clinical experience in the pediatric population. Anecdotal data in the adult population 
suggest benefi ts of a decreased incidence of withdrawal and delirium with its use. May have a 
role for the treatment of agitation and delirium in the PICU population. Hypotension may result 
from α-adrenergic blockade. Additional adverse effects include lowering of the seizure threshold 
and the potential for cardiac arrhythmias due to prolongation of the QT interval 

 Dexmedetomidine  0.25–1 μ(mu)g/kg/h  FDA approved for short-term (24 h) sedation in adults. Increasing experience in the pediatric 
population. Mechanism of action may limit delirium in the adult ICU setting. Adverse effects on 
hemodynamic function include bradycardia and hypotension 

  The listed infusion rates are suggestions for starting doses. The actual infusion rate should be titrated up or down based on the patient’s actual 
requirements and the response to the agent  

   Case Scenarios 

    Case 1 

 A 12-year-old, 54 kg boy is brought to the emergency 
room following a seizure. His past medical history is 
signifi cant for aortic stenosis with a gradient of 
60 mmHg. He is scheduled for operative repair next 
month. His injuries included a closed head injury and a 
right femur fracture. His vital signs are stable and his 
Glasgow Coma Scale is 11. He ate lunch approxi-
mately 1 h before the seizure. He is sleepy but has 
intermittent periods of combative behavior. Sedation is 
requested for MR imaging. 

    Considerations 
 This patient’s altered mental status and potential for a 
full- stomach make sedation without control of the air-
way potentially problematic in that loss of airway 
refl exes may result in upper airway obstruction, the need 
for bag-valve-mask ventilation with the risks of aspira-
tion. Given these concerns, the decision is made not to 
provide sedation, but rather to protect the airway with 
endotracheal intubation and induce general anesthesia. 
Given the associated aortic stenosis, an agent with lim-
ited effects on hemodynamic function that will maintain 
contractility and SVR is indicated. Any decrease in SVR 
is likely to signifi cantly decrease the MAP as the patient’s 
aortic stenosis will cause a fi xed stroke volume.  

(continued)
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    Drugs 
 Etomidate is an intravenous anesthetic agent, introduced 
into clinical practice in 1972, whose primary effects of 
sedation and amnesia are mediated through the GABA 
inhibitory neurotransmitter system. Following intrave-
nous administration, loss of consciousness is rapid (15–
20 s), and as with propofol and the barbiturates, its 
duration of action following a single bolus dose is 
related to redistribution rather than metabolism and 
clearance. Benefi cial CNS effects include a decrease of 
the cerebral metabolic rate for oxygen (CMRO 2 ), CBF, 
and ICP. CPP is maintained because of minimal effects 
on myocardial function and SVR. Although the barbitu-
rates and propofol have similar effects on CNS dynam-
ics, the latter agents are likely to decrease systemic 
vascular and MAP. The most signifi cant concern with 
etomidate and the factor that limits its long-term admin-
istration in the ICU setting are its effects on the endog-
enous production of corticosteroids. This effect was 
identifi ed when an increased risk of mortality was noted 
in adult ICU patients who were sedated with a continu-
ous infusion of etomidate. Etomidate inhibits the 
enzyme, 11-β(beta) hydroxylase, which is necessary for 
the production of cortisol, aldosterone, and corticoste-
rone. To date, signifi cant controversy surrounds the 
clinical signifi cance of adrenal suppression following 
a single induction dose of etomidate, with some 
authors calling for the abandonment or at least a 
reevaluation of the use of etomidate. The duration of 
adrenal suppression produced by a single induction 
dose of etomidate has varied from study to study, but 
may exceed 12 h. However, no study has demonstrated 
changes in clinical outcome based on adrenal suppres-
sion following a single dose of etomidate. Therefore, 
no defi nite decision can be reached regarding whether 
the use of etomidate should be eliminated from clinical 
practice, and even in the scenario presented, its use 
may be considered somewhat controversial. A modi-
fi ed, rapid sequence intubation is performed following 
the administration of etomidate and succinylcholine. 
This is followed by a propofol infusion starting at 
25 μ(mu)g/kg/min and titrated up based on the hemody-
namic response to allow for completion of the MRI. 
Following this, the patient is admitted to the pediatric 
ICU and his trachea is extubated once his mental status 
has returned to baseline.   

    Case 2 

 A 14-month-old infant is recovering from surgery for 
 congenital heart disease. Following the surgical proce-
dure, the infant is sedated with a morphine infusion 

with intermittent doses of midazolam for 7 days during 
mechanical ventilation. In anticipation of extubation, 
the fentanyl, which was infusing at 20 μ(mu)g/kg/
min, and the intermittent doses of midazolam are dis-
continued. The patient’s trachea is extubated and 3 h 
later, the infant is tachycardic, hypertensive, has dilated 
pupils, and a temperature of 38.6 °C. 

    Considerations 
 This infant is likely manifesting signs and symptoms 
of withdrawal; however, other possibilities must be 
excluded as the diagnosis of withdrawal is a diagnosis 
of exclusion. The work-up would include a thorough 
physical examination and perhaps laboratory evalua-
tion including a complete blood count and blood gas 
analysis to rule out hypercarbia, hypoxemia, decreased 
cardiac output, and infection. Given the duration of 
sedation and analgesia (7 days), this patient is likely to 
manifest withdrawal if the sedative and analgesic 
agents are abruptly discontinued or decreased. The 
OBWS is a 21-item checklist that evaluates 16 specifi c 
withdrawal behaviors (see Table  16.9 ). The patient 
scores 12, indicative of withdrawal.  

    Drugs 
 Given that this patient is extubated and breathing spon-
taneously, it is decided to use dexmedetomidine, which 
may have less effect on ventilatory function than opioids 
or benzodiazepines. Dexmedetomidine is the pharma-
cologically active dextro-isomer of medetomidine. Like 
clonidine, it exerts its physiologic effects via α(alpha) 2 -
adrenergic receptors. Dexmedetomidine and clonidine 
are members of the imidazole subclass, which exhibits a 
high ratio of specifi city for the α(alpha) 2  versus the 
α(alpha) 1  receptor. However, while clonidine exhibits an 
α(alpha) 2 :α(alpha) 1  specifi city ratio of 200:1, that of 
dexmedetomidine is 1,600:1, thereby making it a com-
plete agonist at the α(alpha) 2 -adrenergic receptor. 
Dexmedetomidine has a short half-life (2–3 h versus 
12–24 h for clonidine) and is commercially available 
for intravenous administration. Adverse effects are 
generally limited with dexmedetomidine, although 
hemodynamic effects (bradycardia or hypotension) 
may occasionally be seen. As with clonidine, there is 
increasing experience and interest regarding the use of 
dexmedetomidine in the prevention and treatment of 
withdrawal following the prolonged administration of 
opioids and benzodiazepines in the PICU setting. 
Regardless of the agent or agents responsible for with-
drawal, the role of dexmedetomidine in treating such 
problems is supported by animal studies, case reports 
in adults and children, and one retrospective case 
series in infants. A loading dose of dexmedetomidine 

(continued)

J.D. Tobias



317

(0.5 μ(mu)g/kg) was administered over 10 min 
 followed by an infusion of 0.5 μ(mu)g/kg/h. Ongoing 
OBWS values decreased to 1–3 over the ensuring 
3–4 h. Dexmedetomidine was decreased in incre-
ments of 0.1 μ(mu)g/kg/h with constant observation 
of the OBWS. Alternatively, dexmedetomidine can 
also be administered subcutaneously if there is a need 
to remove central lines and eliminate the need for vas-
cular access. Given that gradual weaning may be 
required, a decision is made to calculate an equivalent 
dose of methadone based on the morphine infusion 
rate and to transition to enteral methadone, which can 
then be weaned following discharge from the pediat-
ric ICU.   

    Case 3 

 A 15-month-old infant is admitted to the PICU follow-
ing direct laryngoscopy and airway laser in the operat-
ing room. Direct laryngoscopy revealed a subglottic 
hemangioma, which was effectively treated with the 
laser, and the patient remains intubated with a 4.0 
endotracheal tube given concerns of edema and airway 
swelling. The otolaryngologist requests overnight 
sedation (16–18 h) to ensure that the airway edema has 
resolved and that the trachea can be successfully extu-
bated. On arrival in the PICU, the infant is initially 
comfortable with a Ramsay sedation score of 4. 
Sedation is initiated with morphine at 30 μ(mu)g/kg/h 
and midazolam at 0.5 mg/kg/h. The patient gradually 
becomes more awake and then agitated with Ramsay 
score of 1. Four bolus doses of midazolam (0.1 mg/kg) 
and two of morphine (0.05 mg/kg) are given, and the 
morphine infusion is increased to 50 and then ten 
100 μ(mu)g/kg/h, while the midazolam infusion is 
increased to 0.25 mg/kg/h. Four hours later, the 
patient’s Ramsay scores are 1–2 again. 

    Considerations 
 The goals of sedation in this patient are to maintain a 
deep level of sedation and then rapid awakening to 
ensure full respiratory function and upper airway con-
trol prior to endotracheal intubation. In a small subset 
of patients, the usual combination of an opioid (mor-
phine or fentanyl) and midazolam fails to provide the 
needed depth of sedation. An additional concern with 
this combination is that these agents demonstrated a 
context-sensitive half-life whereby prolonged awaken-
ing may occur following a brief duration infusion of 
more than 12–24 h.  

    Drugs 
 Easily titratable agents whose effects dissipate rapidly 
would include propofol or remifentanil. Another option 
would be the short-term infusion of propofol. Propofol 
is an alkyl phenol compound (2,6-diisopropylphenol) 
with general anesthetic properties. Despite its potential 
benefi ts in the ICU setting and its effi cacy for providing 
sedation during mechanical ventilation, the routine use 
of propofol is not recommended and in fact, is consid-
ered contraindicated by many authorities because of the 
potential for the development of what has been termed 
the “propofol infusion syndrome.” In specifi c clinical 
scenarios, propofol may still be used short term 
(6–12 h) to transition from other agents such as fen-
tanyl and midazolam to allow for more rapid awaken-
ing and tracheal extubation with limited residual effect. 

 The preferable option may be remifentanil. 
Remifentanil is a synthetic opioid that is metabolized by 
nonspecifi c  esterases in the plasma. It has a clinical half-
life of 5–10 min and a brief duration of effect even fol-
lowing 12–24 h of continuous infusion. These 
pharmacokinetic parameters hold true even in the neo-
natal population, making remifentanil the only opioid 
whose pharmacokinetics are not altered by gestational 
or chronologic age. Given these properties, it is a poten-
tially useful agent for providing a deep level of sedation 
and yet allowing for rapid awakening with discontinua-
tion of the infusion even in the neonatal population. 
However, the major limitation is that there is very lim-
ited experience with this agent in the pediatric ICU 
despite considerable experience in the operating room. 
The anecdotal reports regarding remifentanil in the ICU 
demonstrate rapid control of the depth of anesthesia and 
rapid awakening when the infusion is discontinued. 
Unlike other opioids, remifentanil does not demonstrate 
a context-sensitive half-life, and its duration of action 
remains constant even with a prolonged issue. Issues 
include the rapid development of tolerance, limiting its 
effi cacy for more than 24 h, as well as cost. 

 Remifentanil is chosen to provide sedation. An 
infusion is started at 0.2 μ(mu)g/kg/min and the mor-
phine infusion is discontinued after 15 min. 
Remifentanil is increased to 0.3 μ(mu)g/kg/min and 
the midazolam infusion is incrementally decreased and 
discontinued after 2 h. Over the next 12 h, the Ramsay 
scores are 4–5 and the infusion is increased to 
0.4 μ(mu)g/kg/min. The next morning, an air leak is 
present around the ETT, and upper airway examination 
in the PICU reveals no concerns of airway edema. The 
remifentanil infusion is discontinued, and 15 min later, 
the patient’s trachea is extubated without diffi culty.   
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        Introduction 

   Once you know a habit exists, you have the responsibility to 
change it…And once you understand that habits can change, 
you have the freedom and the responsibility to remake them.—
Charles Duhigg [ 1 ] 

   Of all the treatments that intensive care entails, the ones 
most commonly utilized are sedation and analgesia; yet 
many other treatments applied in intensive care are generally 
subject to far more scrutiny and debate. Sedation and analge-
sia are often seen as simply the means by which all other 
treatment can be facilitated; if only that were true and that 
sedation could be turned on and off at will—with no side 
effects, no tolerance, withdrawal, toxicity, and with no dan-
ger of producing neurologic and psychiatric effects well 
after the episode of intensive care has passed. So it is fortu-
nate that there are enthusiastic workers in the specialty of 
pediatric intensive care who highlight the fact that this aspect 
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of intensive care is far more complex than it fi rst seems; and 
that advancing our understanding and critically revisiting 
entrenched habits in this fi eld are also required for the con-
duct of responsible intensive care practice [ 2 ]. 

 Children who require intensive care will usually require 
both sedation and analgesia to combat pain and other nox-
ious sensations from either surgery or trauma preceding their 
admission; distress and pain from other conditions; and the 
insertion and continuing presence of indwelling devices such 
as intravascular catheters, thoracic or abdominal drains, and 
particularly the presence of endotracheal tubes. However, 
greater doses will be required for endotracheal suction, chest, 
or other physiotherapy and procedures such as insertion of 
catheters or drains, wound inspection, debridement, and 
dressing changes. 

 The balance between sedation and analgesia will be dic-
tated by the circumstances affecting the patient at the time. 
While it may be perfectly possible to conduct intensive care 
in adults with minimal or even no sedation, including venti-
lation via endotracheal intubation, this is only possible where 
suffi cient maturity, orientation, and lack of painful stimuli 
may permit it [ 2 ]. In children, however, circumstances rarely 
permit intensive care to be carried out without obtunding the 
unpleasant combination of emotional, physical, and psycho-
logical noxious challenges [ 3 ]. 

 If all the sedation and analgesia that were deemed to be 
necessary could be administered with no side effects, then 
not only would the intensive care staff be utterly free to con-
centrate purely on the underlying causes for their patients’ 
admission to intensive care and treat the underlying patho-
physiology, but there would be no necessity for the writing of 
this chapter. Unfortunately, both sedation and analgesia have 
great capacity to cause iatrogenic harm, in various guises, 
and the purpose of this chapter is to describe how this occurs 
and how strategies are being formulated to avoid, or mini-
mize, these harmful effects and to concentrate on those areas 
that are receiving the most attention at the present time. 

 For the purposes of brevity and clarity in this chapter, ref-
erences to sedation will refer to the combination of sedation 
and analgesia as “sedation” rather than the rather more cum-
bersome terms “sedo-analgesia” or “analgo-sedation” that 
are sometimes used elsewhere. Where there are agents that 
have distinct properties of either analgesia or sedation and 
need specifi c reference, then that distinction will be made 
when necessary.  

    Pharmacologic Aspects 

    General Aspects 

 Overall, relatively few studies specifi cally examine the 
effects of sedation, per se, on outcomes of pediatric ICU 
patients. The RESTORE group has recently delineated a set 

of criteria to facilitate a prospective study of sedation-related 
adverse events [ 4 ]. The variables they have identifi ed include 
inadequate sedation defi ned by agitation measured on the 
“State Behavioral Scale” [ 5 ], pain (on published age- 
appropriate pain scales), withdrawal using the WAT-1 scale 
[ 6 ], and other surrogate markers such as unplanned extuba-
tion, post-extubation stridor, unplanned removal of any other 
device or catheter, ventilator-associated pneumonia, catheter- 
associated bloodstream infections, pressure ulcers, and new 
tracheostomies. It is hoped to use these criteria to construct a 
prospective, multicenter study [ 4 ]. 

 It is recognized that sedation dampens normal physiologi-
cal responses, such as the integrity of autonomic nervous 
system activity in response to the stressors of critical illness 
[ 7 ], although the importance, if any, of this is not clear yet. 

 Although it has been appreciated for many years that mor-
phine and other opioids reduce gastrointestinal motility, the 
NEOPAIN group has shown that, in preterm infants, mor-
phine delays the initiation and attainment of full enteral feed-
ing. There did not, however, appear to be any effect on the 
incidence of acquired intestinal pathologies [ 8 ]. 

 In adults, it has been shown that greater depth of sedation 
early in the admission to the ICU is associated time to extu-
bation, time to delirium, and overall hospital and 180-day 
mortality, where sedation was analyzed by controlling for 
severity of illness and use of vasopressors [ 9 ]. When this was 
studied prospectively, the same association between early 
deeper sedation and longer duration of ventilation, increased 
ICU, in-hospital, and 180-day mortality was seen. This time 
there was also an association with greater use of vasopres-
sors [ 10 ]. Whether or not the greater use of vasopressors in 
the more heavily sedated patients is a marker of greater ill-
ness or simply a side effect of these sedative agents remains 
a moot point. 

 The suggestion is that efforts should be made to use less 
sedation in the critically ill, but the practicalities of attempt-
ing this in the pediatric age group would need to be addressed. 

 There are many pharmacokinetic and pharmacodynamic 
factors that need to be considered in the context of prolonged 
infusions in intensive care. The advent of continuous infu-
sions, as opposed to intermittent bolus sedation dosing, has 
enabled intensive care staff to busy themselves with other 
more pressing matters but has led to other unintended conse-
quences, as will be explored in this chapter. 

 Pharmacokinetic factors that lead to long-term over- 
sedation of patients include, fi rstly, a degree of hepatic and 
renal dysfunction decreasing the elimination of drugs and, 
secondly, the phenomenon of “context-sensitive half-life” 
which is, perhaps, an underappreciated factor in ICU 
patients’ delayed recovery (Fig.  17.1 ). Fentanyl, when used 
in anesthetic practice, exhibits suitable properties for short- 
term infusions. However, when used on a long-term basis in 
the ICU, its fat solubility leads to loading of lipid-containing 
compartments to the extent that its context-sensitive half-life 
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can be increased sixfold and therefore, arguably, is a poor 
drug for long-term infusions [ 11 ]. Alfentanil, by contrast, is 
more hydrophilic and thus is not associated with prolonga-
tion of its context-sensitive half-life.

   Drugs commonly used in intensive care [ 12 ], such as mor-
phine, midazolam, and vecuronium, all produce active 
metabolites that are dependent on adequate renal elimination. 
Morphine is converted in the liver to morphine-6- glucuronide, 
which is very active at opioid receptors, and morphine-
3-glucuronide, which is active at NMDA receptors and is 
excitant and may be pro-convulsant [ 13 ,  14 ]. Midazolam is 
metabolized to alpha1-hydroxymidazolam, which, although 
less potent than the parent compound, has sedative activity 
and both compounds may accumulate [ 15 ]. Vecuronium has 
several active metabolites 3- and 17- hydroxyl- and 3,17- 
hydroxyl-vecuronium. All such compounds require renal 
elimination and thus often accumulate in the ICU patient. 
Consequently, there is a real danger of residual paralysis after 
cessation of muscle relaxants. Although this can be assessed 
using train-of-four nerve stimulation, caution must also be 
exercised in attempting to reverse this with sugammadex. 

Although sugammadex will clear the “accessible” ECF, it 
will not bind with drug that has crossed into other tissues. 
This enlarged volume of distribution is thought to be a func-
tion of disturbed capillary function in critical illness and 
length of time receiving the drug [ 16 ]. 

 Another complicating factor is the post-conceptual age 
(or “postmenstrual” age [PMA]) of infants. The size of the 
child is only one consideration where other variables are 
important such as PMA and neurological maturation affect-
ing pharmacodynamics and the pharmacokinetics affected 
by continuously developing organ maturation, although 
these factors are far from being fully understood [ 17 ,  18 ]. In 
infants with no renal compromise, glomerular fi ltration rates 
(GFR) have been studied. They appear to be at about 30 % of 
adult values at term and rise to approximately 90 % by 1 year 
of age, but the GFR of preterm infants may only be approxi-
mately 10 % [ 19 ]. 

 A workaround for this complex situation may be to elec-
tively cease sedative infusions at a set time each day, which 
allows the patient to clear drugs, reduce accumulation in a 
variety of pharmacokinetic compartments, and emerge from 
sedation. This permits a practical recalibration of the level of 
sedation with the drugs being administered and prevents 
relentless loading of the patients’ pharmacokinetic compart-
ments. The clinical application of this in an adult ICU popu-
lation was demonstrated by Kress where such interruptions 
were associated with decreased durations of ventilation and 
length of stay in the ICU [ 20 ]. More recently this has been 
reproduced in a pediatric population and, importantly, with-
out any increase in adverse events, such as respiratory com-
plications or accidental extubations [ 21 ]. 

 Recent studies also suggest that the benefi ts of daily inter-
ruption of sedation can also be seen with nurse-led sedation 
protocols. It is possible that a combination of both strategies 
may lead to most benefi t [ 22 ]. Generally, the greater the 
analgesia and sedation used, especially if this is combined 
with a degree of delirium, then the greater the length of time 
on the ventilator and in the ICU. This can be ameliorated if 
structure is given to sedation and analgesia administration 
[ 23 ]. Even where protocolization of sedation and analgesia 
resulted in greater doses of drugs being administered to neo-
nates, it did not lead to increased durations of ventilation, 
length of ICU stay, or adverse outcomes [ 24 ]. This may be 
because there was greater structure for timeliness of increas-
ing doses but also for decreasing them in conjunction with 
non-pharmacological measures. 

 Another strategy studied is the effect of automation on 
effective sedation ICU patients. Le Guen found that, when 
targeting a range of 40–60 bispectral index (BIS) using remi-
fentanil and propofol, an automated system using a closed- 
loop controller linked directly to the BIS outperformed the 
staff-controlled system attempting to track the BIS manually 
[ 25 ]. This may indicate another avenue worthy of future 
study in the pediatric population.  
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    Specifi c Aspects 

    Opioids 
 In the general population as a whole, there is an increasing 
appreciation that widespread complex genetic variation 
affects opioid absorption, distribution, metabolism, excretion, 
and toxicity [ 26 ]. This means that assumptions about drug 
effects and their elimination should be treated with caution. 

 The maturation of renal clearance of morphine in infants 
born preterm does not normalize at postmenstrual age of 40 
weeks (i.e., term) but occupies a separate trajectory from 
those infants born at term [ 18 ]; thus, the administration of 
morphine to infants born preterm should refl ect this differ-
ence in pharmacokinetics. 

 It has long been recognized that opioids induce tolerance 
and the need to increase doses to produce the same desired 
effect [ 27 ]. This is either “tolerance” where the μ-opioid 
receptor complex becomes desensitized, or “tachyphylaxis” 
where compensatory physiology—for example, activation of 
antagonist signaling systems such as the  N -methyl-D - 
aspartate (NMDA) pathway—then runs unopposed when the 
opioid is removed. Whatever the underlying mechanism is, 
the acute removal of the opioid will thereby lead to with-
drawal symptoms [ 28 ]. 

 This effect of acute tolerance may well be more pro-
nounced when the opioid has greater affi nity for the opioid 
receptor, and this has been documented with the use of remi-
fentanil [ 29 ,  30 ]. Theoretically, inhibition of the NMDA 
pathway with an agent such as ketamine may be expected to 
decrease the induced “compensatory” antagonism caused by 
that pathway against opioid effects at μ-receptors, but data 
from a study in children undergoing scoliosis surgery failed 
to demonstrate any benefi t from co-administration of low- 
dose ketamine [ 31 ].  

    Benzodiazepines 
 Overall there is increasing evidence that benzodiazepine- 
based sedation is associated with longer length of stay and 
duration of ventilation, compared to non-benzodiazepine 
sedation regimens [ 32 ] and the introduction of propofol to 
adult ICU practice has been associated with shorter times 
on ventilation and decreased length of stay [ 33 ]. However, 
the use of propofol in pediatric practice remains low due to 
the concerns about outcomes associated with its use 
[ 34 – 38 ]. 

 Midazolam remains one of the most commonly used 
benzodiazepines in ICU practice in both adults [ 39 ] and 
children [ 12 ], but there is a growing recognition that it is 
associated with signifi cant morbidity. It is possible to mea-
sure plasma levels of midazolam and its metabolite alpha-1- 
hydroxymidazolam, but the concentration of these 
substances at which satisfactory clinical sedation is achieved 

varies suffi ciently to preclude this form of monitoring from 
being practically useful [ 15 ]. 

 Additional to general concerns about slowing the 
 progress of patients off ventilators and discharge from the 
intensive care unit, there are specifi c concerns regarding 
side effects such as delirium [ 40 ,  41 ] and withdrawal phe-
nomena [ 12 ,  42 ]. Both these subjects will be addressed 
more fully below.  

    Ketamine 
 Ketamine preparations may exist as one of two enantiomers, 
S(+)ketamine and R(−)ketamine. The S+ version is more 
potent and may have less side effects, and may be available 
singly, but the most prevalent preparation is still the mixed 
racemic R−/S+ form [ 43 ]. 

 Ketamine, like other sedative agents, has been implicated 
in neurone apoptosis when used in infants. One study con-
fi rmed this, but by using large doses of ketamine in immature 
rates (20 mg kg −1 ) [ 44 ]. Interestingly, this effect could be 
blocked either by the administration of vitamin D 3  or by 
“preconditioning” with ketamine at 5 mg kg −1 , a dose closer 
to that used in clinical practice. 

 However, there is also a possibility that ketamine may be 
neuroprotective in situations where neurological insults may 
be expected, as in cardiopulmonary bypass or frank hypoxic–
ischemic damage, where resulting glutamate toxicity that 
would be mediated through NMDA receptors may be blocked 
by ketamine [ 45 ]. Antagonism of NMDA receptors also 
decreases the amounts of opioid necessary to attain satisfac-
tory analgesia postoperatively [ 46 ] and decreases the rebound 
hyperalgesia ascribed to opioid tolerance induced by  fentanyl 
and morphine [ 47 ]. 

 There have been concerns that the use of ketamine in 
encephalopathies or traumatic brain injury might increase 
intracranial blood pressure (ICP) and thus compromise the 
injured brain [ 48 ]. However, these fears may not be well 
founded [ 49 ]. In 1997, Albanese and colleagues showed that 
incremental doses of ketamine, given to patients with intra-
cranial monitoring, actually decreased the ICP [ 50 ]. 
Subsequent studies have similarly failed to show any detri-
ment attributable to ketamine even if direct benefi t has not 
been demonstrated [ 51 ]. 

 The use of ketamine in asthma has also been evaluated. 
There is anecdotal evidence that ketamine may avert the 
need for intubation and ventilation at higher doses [ 52 ]. In a 
recent Cochrane review, only one study in children was eli-
gible for inclusion, highlighting the paucity of good data in 
this area [ 53 ]. This study was conducted in unintubated chil-
dren with relatively low doses of ketamine; a bolus of 
0.2 mg kg −1  followed by an infusion at 0.5 mg kg −1  h −1  and 
showed no benefi t in terms of hospital admission rate or need 
for mechanical ventilation [ 54 ]. 
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 It has been shown that ketamine does not raise pulmonary 
vascular resistance in children with cardiovascular disease 
and in those with preexisting pulmonary hypertension [ 55 ]. 

 After an early case report of possible effectiveness of 
 ketamine in resistant status epilepticus using quite low doses 
(a bolus of 2 μg kg −1  followed by 7.5 μg kg −1  h −1 ) [ 56 ], a more 
recent study of children and adults with resistant status epi-
lepticus has identifi ed a possible role for ketamine in treating 
this disorder. The rationale for its potential effects is based 
on the fact that prolonged seizures are accompanied by a 
decline in effects from gamma-aminobutyric acid agonists 
(benzodiazepines) but not to NMDA antagonists [ 57 ]. There 
appeared to be some benefi t, but only with doses superior to 
0.9 mg kg −1  h −1 .  

    Inhalational Sedation 
 Isofl urane has been trialed over the last 20 years as an ICU 
sedative agent, particularly with interest in its possible ben-
efi cial effects in the management of asthma [ 58 ], but has 
proved itself to be free from neither logistic diffi culties in 
delivery by ventilators adapted to deliver the agent with nec-
essary scavenging [ 59 ,  60 ], nor in freedom from withdrawal 
phenomena [ 61 ]. 

 The “Anaconda ® ” system (Sedana, Uppsala, Sweden) has 
been utilized to administer either isofl urane or sevofl urane 
and conserve the agents by “refl ective” rebreathing. 
Unfortunately this adds 100 ml to the dead space, precluding 
its use in smaller children unless the device is moved to lie 
wholly within the inspiratory limb of the ventilator circuit 
[ 60 ,  62 ,  63 ]. However, this negates the rebreathing element 
of the device and raises consumption. End-tidal monitoring 
of the agent must be monitored and this is titrated against 
fl ow rates of liquid agent infused directly into the device 
using nomograms available as a guide. For isofl urane, end- 
tidal concentrations of isofl urane varying from 0.6 % to 
1.2 % have been utilized [ 60 ,  62 ]. 

 Both sevofl urane and isofl urane are metabolized within 
the body and cause fl uoride ions to be excreted in the urine 
with the potential for renal tubular toxicity, particularly with 
more prolonged administration in the ICU. However, there 
has been little evidence of renal toxicity in studies of isofl u-
rane in the ICU [ 64 ]. 

 Xenon is proving to be an interesting element in regard to 
its use as an inhalational anesthetic and sedative agent. 
However, its anesthetic properties have been known since 
1951 [ 65 ], including a very low blood-gas partition coeffi -
cient (leading to faster induction of effect and emergence), 
and with both hypnotic and analgesic effects. There are inter-
esting and debatable aspects additional to these obvious 
advantages, when compared to the hydrofl uorocarbon anes-
thetics; potential for greater cardiovascular stability [ 65 ], 
neuroprotection, and lack of greenhouse and ozone effects to 

be balanced against the increased costs in its production and 
utilization [ 66 ]. 

 When isofl urane anesthesia was compared to xenon 
 anesthesia in a multicenter trial, it was noted that xenon was 
safe, effective, and provided quicker recovery [ 67 ]. 

 In a direct comparison to an intravenous propofol- 
alfentanil regimen, inhaled xenon at a mean inspired fraction 
of 28 % (range 9–62 %) provided satisfactory sedation with 
more cardiovascular stability and faster recovery times [ 68 ]. 
When xenon was compared to total intravenous anesthesia 
for adult vascular surgery, xenon was associated with damp-
ening of autonomic responses [ 69 ]. 

 Xenon has been shown to have neuroprotective effects by 
limiting the measurable effects of hypoxic–ischemic enceph-
alopathy [ 70 ] and this has been borne out by histopathologic 
fi ndings [ 71 ]. It is thought that xenon may produce its neuro-
protective effect by competitive binding at the glycine site of 
the NMDA receptor [ 72 ]. 

 In a prospective study on adult survivors of out-of- hospital 
cardiac arrests, it was found that xenon administered in 
hypothermic management reduced both markers of cardiac 
damage and cardiovascular instability [ 73 ]. 

 While all the properties alluded to above may make xenon 
appear an attractive future anesthetic for cardiopulmonary 
bypass cases, it is equally capable of dissolving into any 
nitrogen bubbles in the circuit, in much the same way that has 
long been recognized for nitrous oxide. Thus, notwithstand-
ing its demonstrated neuroprotective effects, this event would 
exacerbate “air” embolism [ 74 ] and, at least experimentally, 
this has been borne out with histopathology study [ 75 ]. 

 It may have been hoped that the use of inhalational agents 
may have circumvented mechanisms causing withdrawal 
that was so evident from the intravenous agents. However, it 
became clear, that whatever the agent, compensatory mecha-
nisms arise in the body to develop both tolerance and a 
degree of dependence, including isofl urane [ 61 ].  

    Alpha-2 Receptor Agonists 
 These agents work at several disparate sites where alpha-2 
receptors exist [ 76 ]: presynaptically at sympathetic nerve 
endings (sympatholysis) [ 77 ], within the substantia gelati-
nosa [ 78 ] and affecting substance P release [ 79 ] (analgesia) 
and more centrally on the locus coeruleus (sedation and anal-
gesia) [ 80 ] and potentially the nucleus ambiguus and dorsal 
motor nucleus of the vagus nerve (parasympathetic stimula-
tion) [ 81 ]. The side effects that were anticipated as potential 
problems consequent to use in intensive care were primarily 
hypotension and bradycardia. 

 There is increasing information about the use of alpha-2 
receptor agonists as sedatives in the ICU. The ones mostly 
studied in the ICU and PICU have been clonidine and dex-
medetomidine, with the latter attracting the greater attention. 
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It has eight times the affi nity of clonidine for the alpha-2 
receptor [ 82 ] while having a half-life of 2–3 h compared to 
12–24 h, respectively. The metabolic breakdown product of 
dexmedetomidine, “the H-3 metabolite,” is thought to have 
only 0.5 % of the pharmacodynamic activity of the parent 
compound, which adds to the safety profi le [ 83 ]. 

 However, the effects of distribution on context-sensitive 
half-lives for both drugs have to be borne in mind, as indeed 
for many other sedatives in common use. When dexmedeto-
midine levels were measured in a cohort of critically ill 
patients, increasing the infusion rate to 2.5 μg kg −1  h −1  failed 
to show any accumulation and indeed circulating levels 
showed linearity with respect to the infusion rate [ 83 ]. 
However, the investigators point out that patients with known 
hepatic dysfunction were not included in this cohort so there 
remains a caveat in this regard. 

 When studied as an infused sedative of greater than 48 h 
duration, with loading of 3–6 μg kg −1 , followed by a modest 
rate of 0.1–0.25 μg kg −1  h −1 , its clearance was reduced in 
patients with decreased cardiac output and increasing age, 
and its volume of distribution was increased with hypoalbu-
minemia. Modeling suggested that context-sensitive half- 
times would be increased under these circumstances [ 84 ]. 

 However, licensing processes, which vary internationally, 
have affected the distribution of use of dexmedetomidine in 
children. When the pharmacokinetics of clonidine in children 
were studied, it was found that clearance is dependent on 
renal function, with about 50 % being renally excreted 
unchanged and 50 % undergoing hepatic transformation. The 
clearance will therefore be dictated by renal function and, for 
small infants, on renal maturity [ 85 ]. In addition it was also 
found that the context-sensitive half-life may double with 
prolonged infusions, this being a function of its high lipid 
solubility and thus sequestration in peripheral tissues [ 85 ]. 

 In an early study of the dose–response for clonidine in the 
PICU, it was found that doses of up to 2 μg kg −1  h −1  of cloni-
dine when combined with midazolam at 50 μg kg −1  h −1  pro-
duced acceptable sedation and analgesia without adverse 
effects on cardiovascular performance, even after cardiac 
surgery [ 86 ]. Subsequently, also in a heterogeneous popula-
tion of ventilated PICU patients, enterally administered 
clonidine 3–5 μg kg −1  8 hourly was found to give adequate 
sedation, but this too was given with a background of both a 
benzodiazepine (in this study lorazepam) and morphine 
intravenously. However, there seemed to be increased spar-
ing of both agents with time when combined with clonidine 
in this manner [ 87 ]. A multicenter, randomized, blinded trial 
comparing midazolam and clonidine has been carried out in 
the UK and results are awaited [ 88 ]. 

 One emerging area is the possible benefi ts of alpha-2 ago-
nist sedation in reducing delirium and other cognitive disor-
ders associated with intensive care. When compared to 
lorazepam in adults, dexmedetomidine was shown to be 

associated with signifi cantly less delirium and deep uncon-
sciousness [ 89 ]. Additionally, the dexmedetomidine group 
appeared to have better preserved cognition in post-ICU neu-
ropsychological testing. 

 When dexmedetomidine was compared to midazolam, 
there were similar fi ndings; incidence of delirium and times 
to extubation were more favorable in the dexmedetomidine 
group. While bradycardia was more frequent in the dexme-
detomidine group, the extent to which this needed treating 
was not signifi cant statistically and the incidence of tachy-
cardia and hypertension needing treatment was lower with 
dexmedetomidine [ 90 ]. 

 When compared to propofol, dexmedetomidine is better 
at preserving cognition and “cooperative sedation” and thus 
may prevent the emergence of delirium [ 91 ]. 

 When the dosing was increased to over 0.7 μg kg −1  h −1  in 
trauma patients, then hypotension was more frequent and 
hypertension was occasionally seen with loading [ 92 ]. This 
is thought to be due to the action of the different responses to 
stimulation of the two subtypes of alpha-2 receptors (alpha-
 2a and alpha-2b) producing hypotension and hypertension, 
respectively, and where alpha-2b-mediated activity is seen at 
the higher doses [ 93 ]. A dosing protocol in adults, titrating 
the infusion rate versus the Ramsay Sedation Score only 
every 30 min and not exceeding 0.7 μg kg −1  h −1  reduced the 
incidence of hypotension fourfold [ 93 ]. 

 While it has been known for some time that clonidine 
does slow gastrointestinal transit [ 94 ], dexmedetomidine at 
0.2 μg kg −1  h −1  appeared to be free from this side effect [ 95 ]. 
However, when given at the higher range, 0.7 μg kg −1  h −1 , 
there was quite a marked effect on slowing transit compared 
to morphine [ 96 ]. Thus, one potential advantage of this agent 
compared to opioids may be negated. 

 A large international multicenter study of dexmedetomi-
dine use in adults has been carried out: one arm comparing it 
with midazolam, the other arm with propofol [ 97 ]. It was 
observed that dexmedetomidine provided equivalent quality 
of sedation compared to the other two agents and shorter 
duration of mechanical ventilation in the comparison with 
midazolam. Durations of ventilation were not signifi cantly 
different in the comparison with propofol, but in both groups 
the time to extubation was shorter with dexmedetomidine. 
The ability of patients to interact with ICU staff appeared to 
be better with the use of dexmedetomidine than with either 
of the other two agents. Hypotension incidence was higher 
with dexmedetomidine compared with midazolam but not 
with propofol, the dexmedetomidine dose range in this study 
being permitted up to 1.4 μg kg −1  h −1 . 

 In a dose fi nding study of dexmedetomidine in ventilated 
PICU patients, Tobias found that a dose range of 0.25–
0.5 μg kg −1  h −1  seemed to provide satisfactory conditions 
compared to midazolam and with the higher dose of 
0.5 μg kg −1  h −1  perhaps providing more optimal conditions [ 98 ]. 
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Doses up to 0.7 μg kg −1  h −1  were used in a subsequent obser-
vational study with little effect on blood pressure and heart 
rate, even when 76 % of the population studied had under-
gone cardiac surgery [ 99 ]. This contrasts with the fi ndings of 
Hosokawa    in an uncontrolled, sequential observational study 
in children after cardiac surgery; a mixed sedation regimen of 
chlorpromazine, fentanyl, and midazolam was compared with 
a subsequent sedative regimen based on dexmedetomidine 
but other agents such as midazolam, chlorpromazine, and fen-
tanyl were added in as deemed necessary. The dexmedetomi-
dine rate never exceeded 0.6 μg kg −1  h −1 . There were 
statistically signifi cantly more episodes of hypotension but 
also faster times to extubation and less need for noninvasive 
respiratory support [ 100 ]. 

 More recently an open-label, dose escalation pharmacoki-
netic and pharmacodynamic study in children after open 
heart surgery has been reported [ 101 ]. Three loading doses 
over ten minutes of either 0.35, 0.7, or 1 μg kg −1  were fol-
lowed by respective continuous infusions of either 0.25, 0.5, 
or 0.75 μg kg −1  h −1  for 24 h. The frequency with which these 
different cohorts received supplemental sedation or analge-
sia with midazolam, morphine, fentanyl, or acetaminophen 
did not differ between the groups with any statistical signifi -
cance. The level of sedation was monitored by the University 
of Michigan Sedation Scale [ 102 ] and this appeared to have 
moderate correlation with plasma levels of dexmedetomi-
dine. The three cohorts showed no signifi cant differences in 
cardiovascular or respiratory effects except a dose-dependent 
reduction in heart rate, although this was not felt to represent 
any clinical problem. Additionally, tracheal extubation was 
achieved within the 24-h infusion period amongst the three 
groups without any signifi cant difference. When the pharma-
cokinetics of these dose ranges in children after open heart 
surgery were examined in detail, there did not appear to be 
any accumulation [ 103 ]. 

 It may be that due to its effective partial sympatholysis, 
perhaps mediated through parasympathetic stimulation 
effects, dexmedetomidine may reduce the propensity to 
tachydysrhythmias. There are a few reports of possible ben-
efi cial effects in children in dealing with dysrhythmias such 
as junctional ectopic, supraventricular, and ventricular tachy-
cardias [ 81 ]. 

 It is not yet clear whether dexmedetomidine is associated 
with withdrawal symptoms that are seen with all other seda-
tive and analgesic agents after prolonged administration. 
Darnell reported a sequence of events in an infant that would 
seem to indicate that withdrawal to dexmedetomidine can 
occur [ 104 ]. When dexmedetomidine was stopped in a cohort 
of children after at least 3 days of receiving cardiac intensive 
care, tachycardia, transient hypertension, and agitation were 
observed [ 105 ]. Earlier reports of the use of dexmedetomidine 
in children and adults suggested that it may not be associated 
with withdrawal [ 106 – 108 ]. There is some question therefore 

as to whether dexmedetomidine can be associated with 
 withdrawal with these reports divided at the moment [ 109 ]. 

 Dexmedetomidine has been reported as a “rescue” treat-
ment for sedation withdrawal symptoms in children and it 
can be given subcutaneously, appropriately diluted, allowing 
removal of intravenous devices when they would not be 
 otherwise indicated [ 110 ].  

   Propofol 
 This drug has many good attributes for a drug for sedation in 
intensive care. It has a good pharmacokinetic profi le with 
minimal elevation of context-sensitive half-life with pro-
longed infusions. It is associated with fairly rapid reversal of 
sedation after cessation of the infusion. It reduces cerebral 
metabolism, reduces intracranial pressure, and—provided 
the blood pressure is supported, as is usual in ICU—has no 
deleterious effects on cerebral perfusion pressure [ 111 ], and 
has anti-infl ammatory, antioxidant, and anticonvulsant prop-
erties [ 112 ]. 

 It was not associated with any major problems until a 
small series of fatal myocardial failure in children was 
reported. This described metabolic acidosis and fatal myo-
cardial failure in fi ve children across three intensive care 
units in the UK [ 36 ]. The clinical picture in these children 
was remarkably similar, the salient features being an increas-
ing metabolic acidosis, bradyarrhythmia, and progressive 
myocardial failure. The average infusion rate of propofol in 
these children was between 7.4 and 10 mg kg −1  h −1 . 

 At the same time, there were concerns that propofol 
administered as a sole agent, and thus at higher doses 
(6–18 mg kg −1  h −1 ), could result in neurologic signs follow-
ing cessation of the infusions. These consisted of abnormal 
myoclonic and choreiform activity although there were no 
long-term sequelae [ 37 ]. By 1998, with the emergence of 
additional similar case reports, the concept of a “propofol 
infusion syndrome” (PRIS) was taking root [ 113 ]. 
Nonetheless, there was another school of thought that was 
skeptical regarding the existence of PRIS and claiming that 
at the moderate doses many employed, backed up by phar-
macokinetic data, there had been no occurrence of this syn-
drome [ 114 ,  115 ]. 

 Subsequently, studies were conducted to explore whether 
propofol could be given safely under controlled conditions. 
It was suggested that infusion rates of ≤4 mg kg −1  h −1  for less 
than 48 h—while assiduously monitoring acid–base, lactate, 
and triglyceride levels—may be safe but acknowledging that 
further research was needed [ 35 ]; this was the position 
adopted by many in pediatric intensive care [ 34 ] and backed 
up by prospective studies [ 35 ,  116 ]. 

 Clues to the etiology started to come from metabolic stud-
ies of children affected by what was termed PRIS. Wolf and 
colleagues studied a 2-year-old child who sustained head 
trauma, was given propofol up to 5.4 mg kg −1  h −1  and then 
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developed renal failure and nodal bradycardia. After stop-
ping the propofol and commencing transvenous pacing, the 
metabolic acidosis continued to worsen. Before starting 
hemofi ltration, blood analysis showed raised malonylcarni-
tine, C5-acylcarnitine, creatine kinase, troponin-T, and myo-
globinemia. The acidosis and cardiac function resolved after 
hemofi ltration. 

 At a 9-month follow-up, all markers of fatty acid metabo-
lism were normal. It was postulated that propofol had inter-
fered with entry of long-chain acylcarnitine esters into 
mitochondria and caused failure of the mitochondrial respi-
ratory chain at “complex II” and that this may have been 
exacerbated by low carbohydrate intake (39.8 kcal kg −1  day −1 ) 
[ 38 ]. This was echoed by a subsequent case in Canada of a 
5-month-old child sedated after a cleft lip repair. The carbo-
hydrate intake had been restricted to 1.53–2.7 mg kg −1  min −1  
and the propofol infusion rate had been increased sequen-
tially to 15 mg kg −1  h −1  over 2 days. The child then developed 
wide complex tachydysrhythmias, metabolic acidosis, renal 
failure, hyperkalemia, hepatic dysfunction, and hypertriglyc-
eridemia. Within 2 h of charcoal hemoperfusion the cardiac 
abnormalities showed marked improvement. Blood analysis 
prior to hemoperfusion also showed markedly abnormal 
acylcarnitine chemistry [ 117 ]. Further work also reinforced 
the notion that doses of propofol beyond 4 mg kg −1  h −1  
seemed to be associated with the appearance of abnormal 
acylcarnitine biochemistry [ 118 ]. 

 More recently, fatal PRIS occurred in an adult who had an 
underlying defi ciency in skeletal muscle oxidative pathway, 
thus reinforcing the theory that the etiology of PRIS is likely 
to be due to abnormalities in mitochondrial functioning, 
whether this is congenital or acquired or a combination of 
these is still conjectural [ 119 ]. 

 Despite guidance from various government drug agencies 
contraindicating its use in children following an unpublished 
study trialing 1 and 2 % propofol formulations versus con-
ventional therapy [ 120 ,  121 ], propofol continues to be used 
in children but mostly with the aforementioned constraints 
and with a degree of caution [ 12 ]; but there is still no estab-
lished consensus about what constitutes the safest dosage 
and under what circumstances [ 122 ]. 

 After emergence of sporadic but serious outcomes in chil-
dren, there followed similar reports in adults [ 123 – 125 ] even 
with relatively short infusions [ 126 ]. In a case report series, 
Cremer and colleagues identifi ed adults who had head inju-
ries but died with otherwise inexplicable cardiac arrests. This 
was attributed to the use of propofol with many of the asso-
ciations of “propofol infusion syndrome” (metabolic acido-
sis, cardiac dysrhythmias, rhabdomyolysis, lipemia, and 
hyperkalemia) and it appeared to be associated with doses 
exceeding 5 mg kg −1  h −1  [ 127 ]. 

 Further analysis of the electrocardiograms (ECGs) of 
these patients showed that they had developed ST segment 

elevation in leads V1 to V3 preceding the tachydysrhythmias 
that led to their deaths. The appearance of the ECG was simi-
lar to that found in Brugada syndrome and thus they specu-
lated that PRIS could lead to an acquired version of this 
[ 128 ]. These ECG changes had also been noted elsewhere in 
young adults [ 129 ]. Despite recommendations regarding 
maximum propofol dosage rates [ 130 ], monitoring of the 
ECG, metabolic and biochemical markers, case reports of 
deaths in young adults still appear that describe a very simi-
lar picture [ 131 ]. 

 In regard to the titratability of propofol to sedative effect, 
when formally studied in a randomized trial in children after 
cardiac surgery, there seemed to be some correlation between 
plasma levels and a derived EEG measure but not with clinical 
assessment of sedation status as measured by the COMFORT 
score. It was also noted that there was unpredictable variation 
in plasma levels with steady-state infusion rates [ 132 ].  

   Immunity 
 It has long been known that opioids affect the integrity of the 
immune system, but, arguably, the exact mechanism how this 
occurs is not yet fully elucidated. Possible mechanisms pos-
tulated are direct receptor-mediated effects on immune cells, 
via the hypothalamic–pituitary–adrenal axis or a combina-
tion of these [ 133 ]. 

 Benzodiazepines have also been implicated in immuno-
modulatory effects. This can be mediated through inhibition 
of mast cells and reduction of pro-infl ammatory mediator 
release and this appears also to be accounted for by direct 
binding sites on the walls of these cells [ 134 ]. 

 Lymphocyte proliferation is diminished by morphine 
[ 135 ], thiopental, and midazolam, but appears to be well pre-
served by diazepam [ 136 ]. 

 Propofol and midazolam were compared in terms of their 
effects on cytokine production in surgical ICU patients. 
Propofol was associated with higher levels of IL-1β(beta), 
IFN-γ(gamma), IL-6, and TNF-α(alpha), while midazolam 
was associated with decreases in these. IL-8 decreased in the 
presence of both agents, more with propofol. IL-2 also 
decreased with propofol. Some of these mediators are 
required for intact immune response rather than simply being 
an expression of infl ammation, notably IFN-γ(gamma) and 
IL-2. Overall, it was felt that midazolam had less effect on 
the pro-infl ammatory cytokines [ 137 ]. In an equine model, 
midazolam decreased phagocytosis and oxidative burst of 
neutrophils and macrophages [ 138 ]. 

 Propofol inhibits human neutrophil chemotaxis, phagocy-
tosis, and oxidative burst at clinically relevant blood concen-
trations. It is thought that this may be due to the inhibition of 
calcium infl ux into the cell [ 139 ]. These three aspects of neu-
trophil function were also depressed with clinically relevant 
concentrations of thiopental and midazolam while ketamine 
only affected phagocytosis [ 140 ]. 
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 Of relevance to the wider clinical usage of the alpha-2 
agonists dexmedetomidine and clonidine, these two agents, 
by contrast, do not seem to affect neutrophil chemotaxis, 
phagocytosis, or superoxide production at clinically relevant 
concentrations [ 141 ]. 

 Findings such as these have obvious potential implica-
tions for the use of such agents in the treatment of sepsis and 
systemic infl ammation in the ICU.  

   Neuropathologic Effects 
 Considerable attention is currently being given to the role 
sedative, analgesic, and anesthetic agents may have on the 
developing brain. There is concern that apoptotic neurode-
generation may occur when exposed to certain agents. 
Volatile agents, midazolam and ketamine, have all been asso-
ciated with apoptosis in immature rodents. However, doses 
studied in these experiments are often far in excess of those 
used in clinical human practice and in models of question-
able analogy to pediatric anesthesia and intensive care [ 142 ]. 
A large prospective clinical study of preterm human infants 
(“EPIPAGE”) failed to show any deleterious effects associ-
ated with the prolonged use of sedative and analgesia in the 
intensive care of preterm infants [ 143 ]. Indeed under certain 
circumstances, some agents are thought to have neuroprotec-
tive properties (e.g., xenon, sevofl urane, ketamine, clonidine, 
and dexmedetomidine) particularly where some other insult 
such as hypoxic injury may preexist or be imminent [ 142 ]. 
Untreated pain seems to lead to apoptosis too, and this can be 
offset by the use of ketamine [ 144 ]. There is also data that 
suggest that undertreatment of noxious stimuli, at least in the 
preterm infant, is associated with a range of persisting symp-
toms in the older child such as lowered pain thresholds and 
behavioral and emotional problems [ 17 ]. 

 The overall situation, therefore, is rather unclear at present. 
 Another area of concern is the effect that sedation may 

play in the neuromyopathy seen in intensive care patients. 
Two phenotypes are currently identifi ed: polyneuropathy and 
myopathy [ 145 ]. Electrophysiology is helpful in distinguish-
ing between the two, but both may occur simultaneously in 
the same patient. In some cases, therefore, measurement of 
serum creatine kinase and even muscle biopsies may help 
with diagnosis where atrophy or pan- fascicular necrosis may 
be observed [ 146 ,  147 ]. 

 As regards polyneuropathy, no single causative process 
has been identifi ed. Putatively it has been suggested that 
such neuropathies are subject to degradation of the “blood–
brain barrier”—or in this setting the blood–nerve barrier, 
much as other capillary beds lose integrity in infl ammatory 
pathologies commonly seen in the ICU. Sepsis  per se  is asso-
ciated with such polyneuropathic weakness. However, 
whereas axonal degeneration is seen, this is not associated 
with local histological evidence of infl ammation, as is seen 
in Guillain–Barré Syndrome [ 148 ]. 

 Myopathy is also seen where nerve conduction studies are 
otherwise normal. This seems to be associated with loss of 
myosin more than actin as “thick fi lament loss” [ 146 ]. 
Factors that lend themselves to producing muscle wasting 
include immobility (essentially diminution of neural stimu-
lation and loss of antigravity activity), malnutrition, and 
 hormonal factors, particularly the administration of gluco-
corticoids [ 148 ]; but emerging data suggests that infl amma-
tion, as in sepsis or systemic infl ammation due to hypoxic 
and/or ischemic origins, disturbs muscle mitochondrial func-
tion [ 145 ]. There is no evidence that humoral factors are at 
play—at least those that might be expected to be blocked by 
the administration of immunoglobulins (if the model of 
Guillain–Barré were to be mirrored) [ 148 ]. 

 The use of muscle relaxants reinforces the deafferentation 
of skeletal muscle thus exacerbating the tendency to lose the 
trophic stimulus of neural activity [ 146 ,  148 ]. Other agents 
that potentiate the action of muscle relaxants, such as amino-
glycoside antibiotics, will also contribute and there is evi-
dence of synergy between glucocorticoids and muscle 
relaxants in this regard [ 146 ]. 

 Overall, sedation contributes to the problem by the rela-
tive immobilization of the patient and reduction of skeletal 
activity. It is no accident that the time-honored exhortation to 
mobilize patients as soon as possible holds very true, but of 
course this has to be balanced against the sheer practicalities 
of achieving this in very sick patients. 

 There is no specifi c therapy to avoid such neuropathies 
and myopathies once they have occurred, but diagnosis of 
these conditions is helpful in appreciating what the patient is 
up against in terms of weaning from the ventilator and also 
mobilization. Recovery may take up to several months [ 145 ].    

    Measuring Sedation 

 There are several clinical scoring scales reported in the litera-
ture, but until relatively recently few that have been rigorously 
assessed for suitability in the pediatric ICU population. (Refer 
to Chaps.   5    ,   16    ,   17    , and   20    .) The adult ICU community is now 
facing a rationalization of the various sedation scales available 
in the literature. A recent review has identifi ed 11 such scales 
and then subjected these to psychometric analysis [ 149 ]. Two 
emerged with the most favorable profi les: the Richmond 
Agitation-Sedation Scale [ 150 ] and the Sedation-Agitation 
Scale [ 151 ,  152 ]. 

 The COMFORT score has been widely applied in pediat-
ric sedation research literature. Developed in 1992, it consists 
of an eight-domain scale based on observations of: spontane-
ous movement, calmness, facial tension, alertness, respiratory 
activity, muscle tone, heart rate, and blood pressure [ 153 ]. 
Each domain could be scored from 1 to 5; a score of 17–26 
was associated with satisfactory sedation, neither too deep 
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nor light [ 154 ]. However, subsequent studies showed that 
the “physiological” variables, heart rate and blood pressure 
did not play a signifi cant part [ 155 ,  156 ]. As a result, the 
abbreviated version—the “behavioral” COMFORT-B using 
the 6 remaining domains—has been widely adopted and 
validated [ 157 ]. 

 The Hartwig scale was developed in a study examining 
sedation in neonates and infants and consists of fi ve domains, 
each scored 1–5 for motor activity, grimacing, eye opening, 
and respiratory activity, but the last domain is dependent on 
tracheal suctioning [ 158 ]. It has been validated in the neo-
nate and under-1-year-old infant age group [ 159 ]. 

 The State Behavioral Scale (SBS) uses a different method 
of incremental stimulation, commencing with observation, 
then voice, then noxious stimuli—either planned tracheal 
suctioning or <5 s of nail bed pressure [ 5 ]. Essentially fi ve 
parameters    are examined: movement, calmness, alertness, 
response to stimulus, cough (spontaneous or to stimulation), 
respiratory drive/coordination with ventilator. Scores are 
then given as +2 to −3, in line with the respective broader 
group headings: agitated, restless/inconsolable, awake/ 
calmable   , response to voice or touch, response to noxious 
stimuli, unresponsive. 

 The University of Michigan Sedation Scale was devel-
oped expressly for assessing sedation in children undergoing 
procedures such as computed tomography scans [ 102 ]. It 
consists of a fi ve-point scale from 0 (awake and alert) to 4 
(unarousable), with the intervening stages being judged 
against voice, touch, or “signifi cant” physical stimulation. 
An advantage is simplicity but it must be remembered that it 
only assesses conscious level without any other corrobora-
tive information and was only designed for short procedures 
without intubation and ventilation. It appears to correlate 
poorly with bispectral index scoring (BIS) for such outpa-
tient procedures [ 160 ]. 

 The Richmond Agitation-Sedation Scale (RASS) was 
developed in adult ICU [ 150 ] but also appears in PICU 
delirium- related literature [ 41 ]. It consists of a ten-point 
scale from “combative” at +4, then down in stages through 0 
for “alert and calm,” and then further down to −5 for increas-
ing sedation to “unrousable   .” It also uses incremental stimu-
lation, starting at observation, voice, and then shaking 
shoulder, then sternal rub. 

 It has been hoped that a more objective method of assess-
ing the sedation level of patients might be forthcoming on 
the ICU, rather than relying on “just” clinical observer 
assessment and scoring. 

 Bispectral index (BIS) was originally developed as a 
“measure” of anesthesia and has an empirical, derived output 
of 0–100 from mainly low-frequency EEG signals, where a 
measure of <40 is associated with deep sedation and >80 may 
be associated with recall [ 161 ]. It has been observed that BIS 
scoring differs between age groups due to the different spread 

of electrophysiologic frequencies. When BIS is measured at 
uniform sedative doses, the output varies with age when 
infants and older children are compared and that arousability 
to a uniform stimulus at a given BIS level also differs simi-
larly [ 162 ]. 

 BIS has been studied repeatedly in the PICU but, on bal-
ance, has yet to prove itself reliable with all patients, with all 
drugs, and in all circumstances [ 163 ]. Triltsch found that 
there was correlation between COMFORT scores and BIS, 
but that occurred at deeper levels of sedation but not so much 
in the “target” area of COMFORT scores of 17–26. 
Additionally a BIS score of 83 seemed to delineate between 
light and deeper sedation [ 163 ]. It may have a role in detect-
ing deep sedation and assessing sedation under muscle relax-
ation [ 161 ,  165 ,  166 ]. 

 Courtman found that BIS had moderate correlation to the 
COMFORT score but that it was only able to discriminate 
between light and deep sedation, but recognized its potential 
in children under muscle relaxation [ 167 ]. Others also found 
both the Ramsay Score and COMFORT behavioral scale 
correlated reasonably with BIS in the unparalyzed child 
[ 161 ,  165 ]. 

 In older BIS models there may have been cross talk 
between electromyographic (EMG) signals and those from 
the EEG as changes in the BIS signal were noted with the 
administration of muscle relaxants [ 168 ]; however, more 
recent versions of BIS (“BIS-XP”) have EMG compensa-
tion, although it is not clear to what extent this may alter how 
BIS readings correlate with levels of sedation [ 169 ]. 

 Interestingly but importantly, when Froom and colleagues 
used twin BIS monitors in children on each side of the fore-
head, they found a discrepancy during stimulation. When they 
compared BIS to COMFORT scores, there was good correla-
tion between COMFORT, mean BIS, and right and left BIS 
during light and moderate sedation; but during stimulation, 
the right BIS and COMFORT score did not correlate [ 170 ]. 

 SNAP II Index is a more recent addition. This uses both 
low- and high-frequency electro-encephalogical (EEG) sig-
nals and is also expressed as an empiric scale 0–100. Previous 
experience has suggested that 50–65 was recommended for 
anesthesia. When this was studied in a PICU and compared 
to the COMFORT scores, a good correlation with COMFORT 
scoring was observed, particularly toward the deeper levels 
of sedation [ 171 ], though it is probably too early to draw any 
conclusions about an optimum SNAP II Index range. 
Previous work measuring a derived summed ratio (SR) of the 
EEG and comparing this with the COMFORT score during a 
staged emergence from propofol on the PICU showed that, 
with this agent at least, there was correlation with the SR, 
plasma levels of propofol, and the infusion rate, but the 
COMFORT score was a poor predictor of emergence—the 
children appearing to transition from deep sleep to very light 
sedation quite suddenly [ 132 ].  
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    Delirium 

 There is an increasing appreciation of the role delirium 
plays in the management of the critically ill patient and the 
roles that primary pathologies and sedative practices play in 
this. Delirium is a disturbance of consciousness and cogni-
tion affecting the abilities to receive and process, store, and 
recall information. It is characterized by fl uctuant symp-
toms, disorientation, hallucinations, and dysphoric ele-
ments such as fear, anger, or apathy and has been 
characterized as being either hyperactive (agitated) or 
hypoactive (lethargic). It is variously reported that the inci-
dence of delirium in critically ill patients may be as high as 
80 % in the more elderly populations in adult ICUs, at least 
at some point during an individual’s ICU admission [ 172 ]. 
When reviewing research fi ndings in the literature, it is 
clear that differences occur between languages and some 
attempt has been made to clarify terminology to facilitate 
sharing of research [ 173 ]. In a recent prospective study in 
adults, the incidence of delirium was an independent risk 
factor associated with higher hospital mortality and 6-month 
follow-up mortality and less favorable level of functioning 
after hospital discharge [ 174 ]. 

 What is the cause of this delirium? Almost certainly this 
is multifactorial, consequent to the varied challenges, 
 pharmacological and pathophysiological, to normal brain 
physiology. 

 In a study of adult critically ill patients on mechanical 
ventilation and receiving intravenous sedation, polysomnog-
raphy with respect to rapid eye movement (REM) sleep was 
studied in concert with circadian rhythmicity as evidenced 
by hourly urine excretion of melatonin metabolites 
(6- sulphatoxymelatonin or “aMT6s”). Severe disorganiza-
tion of sleep–wake regulation and circadian activity was 
observed [ 175 ]. Recently, it has been found that, in a series 
of patients undergoing noncardiac surgery followed by a 
period of mechanical ventilation in the ICU, delirium was 
observed in those patients whose melatonin levels dropped 
in the fi rst hour following their surgery—but was not related 
to subsequent melatonin levels [ 176 ]. 

 Hypothetically at least, there is the possibility that some 
aspects of delirium may be caused by disruption of normal 
signaling between a circuit made up of the posterior parietal 
cortex, the medial temporal lobe, and the prefrontal cortex. 
The integrity of this “circuit” is important for normal cogni-
tion. It is activated and maintained by the ascending reticular 
activating system. Disturbances in this may have knock-on 
effects at higher cognitive levels resulting in the disturbances 
in orientation and affect seen in delirium [ 177 ]. Additionally, 
fl uctuant levels of sedation, as measured by the Richmond 
Agitation-Sedation Scale, were associated with a greater risk 
of developing delirium [ 178 ]. 

 Clearly, it is helpful to have a structured and validated 
assessment tool and this was achieved over 10 years ago in 
adult practice with the Confusion Assessment Method for 
the ICU (“CAM-ICU”) [ 172 ,  179 ]. In a recent survey of UK 
adult units, only 25 % screened for delirium. Of these, 55 % 
used a validated screening tool and of these, the majority 
(80 %) used the CAM-ICU [ 180 ]. 

 S100B is a protein released into the blood in association 
with neurological injury. Routsi and colleagues showed that 
in adult patients without a primary neurological insult, over 
two-thirds of patients in their ICU had an elevated S100B 
level [ 181 ]. This was associated with elevated lactate levels, 
hemoglobin below 7 mg dL −1 , and decreased pH and mean 
arterial blood pressure. As delirium occurs with a similar 
incidence, the question arises if both phenomena—one labo-
ratory, the other clinical—may refl ect the same underlying 
pathologies [ 182 ]. 

 When examining the potential role of the neurotransmit-
ters serotonin, dopamine, norepinephrine, and acetylcholine 
and their precursors (phenylalanine, tryptophan, and tyro-
sine), it was found that high and low ratios of both trypto-
phan and tyrosine with respect to other large neutral amino 
acids were related to the transitioning into delirium. This 
transitioning, in the same study, was also found to be related 
to higher severity of illness scores (Acute Physiology and 
Chronic Health Evaluation II [APACHE II]) and exposure to 
fentanyl [ 183 ]. 

 How may delirium be prevented and treated? In the recent 
UK survey of adult ICUs, the most common “rescue” treat-
ment was haloperidol and the most common second-line 
treatment was benzodiazepines, particularly with hyperac-
tive delirium; but, in hypoactive delirium, the most common 
approach was not to add in any further drugs, though some 
haloperidol was used [ 180 ]. 

 It is worth questioning whether benzodiazepines are help-
ful or in fact may be part of the problem. In a prospective, 
randomized, double-blind study comparing midazolam 
against dexmedetomidine, equivalent levels of sedation were 
achieved, but with reduced incidence of delirium (and 
reduced ventilation times) in the dexmedetomidine group 
[ 90 ]. It has also been shown that lorazepam can be an inde-
pendent risk factor for the development of delirium [ 40 ]. In a 
comparison of dexmedetomidine and lorazepam in adult 
ICU patients with or without sepsis, it was found that the 
septic group randomized to dexmedetomidine fared better 
with respect to less days ventilated, less days exhibiting 
brain dysfunction, and decreased mortality [ 184 ]. 

 Such analyses of the situation affecting children are, at 
present, less well advanced, though delirium on emergence 
from anesthesia has been recognized for some years and a 
validated scoring system was developed by Sikich and 
Lerman in 2004, the “PAED Scale” [ 185 ]. More recently, 
some pioneering work is now forthcoming in addressing the 
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evaluation of delirium in pediatric ICU patients [ 41 ,  186 ]. 
While the undercurrent etiologies may be quite similar, diag-
nostic methodology will differ in relation to age-related dif-
ferences in brain and intellectual functions [ 41 ], although the 
broad principles remain the same [ 186 ]. In 2007, Schieveld 
described a 6-year series of PICU patients with an overall 
incidence of delirium of 5 %, where this was categorized into 
25 % hypoactive, 35 % hyperactive, but with the largest group 
“emerging” or “veiled” in 40 % [ 187 ]. This latter category 
was characterized by anxiety, moaning, and/or restlessness. 
In all groups, treatment was mostly with haloperidol, but 
about 25 % with risperidone. In contrast to adult practice, 
pediatric delirium has a higher incidence of the more agitated 
version and this has been borne out in other work [ 186 ]. Since 
then scoring of pediatric delirium has been refi ned with the 
use of the Delirium Rating Scale [ 188 ] and, particularly 
regarding the PICU setting, the introduction of a validated 
pediatric version of the CAM-ICU, the “pCAM-ICU” [ 41 ]. 

 There is a recent publication of guidelines by the American 
College of Critical Care Medicine for the management of 
pain, agitation, and delirium in adult ICU patients [ 189 ], but 
these are related to adult practice and further elucidation of 
delirium in the pediatric population will hopefully lead to 
similar guidelines. However, it is noteworthy that when pre-
viously the use of haloperidol had been suggested as an agent 
that might reduce the duration of delirium, this has now been 
dropped from the most recent version of these guidelines 
[ 189 ] and a recent study in adults seems to confi rm lack of 
benefi t of haloperidol in reducing delirium incidence or dura-
tion [ 190 ]. There is some interest, therefore, in fi nding other 
strategies or agents that may prevent or at least deal with 
delirium in ICU patients. In adult delirium patients, where 
rivastigmine had been shown to have some benefi t in treating 
non-ICU patients, when this was examined in ICU patients, 
there was no apparent benefi t and possibly some harm [ 191 ]. 
Presumably therefore, and perhaps unsurprisingly, there 
must be other confounding factors at play in what intensive 
care entails that complicates the etiology of delirium.  

    Tolerance and Withdrawal 

 There are a number of terms in this area of practice, some of 
which have overlapping and interrelated elements: tolerance, 
tachyphylaxis, addiction, dependence, and withdrawal. 

 Anand has attempted to delineate these [ 28 ]: addiction is 
characterized by psychological dependence and is a chronic 
and often relapsing disorder, rarely a facet of PICU practice. 
Tolerance and tachyphylaxis are, arguably, separated by their 
time course. Tachyphylaxis is seen with rapid loss of drug 
effects, e.g., with exhaustion of transmitters or activation of 
antagonistic systems such as the NMDA receptors. Tolerance 
is associated with more prolonged exposure and may refl ect 

desensitization of receptors or up-regulation of compensa-
tory intracellular processes (e.g., the cAMP pathway with 
opioid use [ 27 ]). Dependence is the physiological and bio-
chemical adaptation of neurons where removal of a drug pre-
cipitates withdrawal or “abstinence” symptoms and signs. 
Withdrawal is a clinical syndrome of varied clinical symp-
toms that occurs after stopping a drug after prolonged expo-
sure and where a form of dependence has been caused by 
adaptive physiology as outlined above. 

 Whereas tolerance and the reverse side of the coin, with-
drawal, have long been associated with the use of opioids 
[ 28 ,  192 ], it has taken longer to appreciate that other agents 
used in the fi eld of sedation and analgesia are capable of 
inducing tolerance and withdrawal [ 61 ,  192 – 194 ], including 
propofol [ 37 ,  195 ], midazolam [ 12 ,  42 ,  196 ,  197 ], isofl urane 
[ 61 ], clonidine [ 198 ], and dexmedetomidine [ 104 ,  105 ,  109 ]. 

 Opioid tolerance appears to occur earlier in younger 
patients, perhaps exacerbated by background neurologi-
cal insult [ 199 ], and with the shorter acting forms with 
high affinity for opioid receptors [ 28 ,  30 ,  200 ,  201 ] and 
this can occur quite rapidly, even during the course of 
anesthesia [ 29 ]. 

 Benzodiazepine withdrawal seems to be associated with 
higher total doses, particularly regarding midazolam [ 12 , 
 42 ]. However, these larger doses may refl ect the underlying 
degree or nature of the illness affecting the child itself [ 12 ]. 
Additionally, these series were reported without cognizance 
of any underlying delirium—another emerging complication 
that needs to be considered and that, arguably, may have 
been present at the time [ 202 ]. 

 Until recently, the assessment of withdrawal in children 
has been hampered by the lack of a tool constructed expressly 
for the pediatric ICU population. Historically, the literature 
in this area frequently utilized the Neonatal Abstinence 
Score. However, this was only devised to assess symptoms in 
neonates born to mothers suffering from addictions [ 203 ]. 
An adaptation of this, aimed at assessing children outside the 
infant group, the Sedation Withdrawal Score was described 
by Cunliffe. It compromised 12 clinical features, each scored 
from 0 to 2 (absent, mild, severe), giving a possible range of 
0–24 [ 196 ]. 

 Ista and colleagues described an array of 24 symptoms 
that were possibly associated with withdrawal in a pediatric 
ICU population, signposting the direction of future efforts at 
fi nding a suitable validated and reproducible tool [ 204 ]. 

 Two validated scoring tools are now available: the 
Withdrawal Assessment Tool-1 (WAT-1) [ 6 ] and the Sophia 
Observation Score (SOS) [ 205 ]. Arguably the WAT-1 is 
more adept at picking up withdrawal from opioids than ben-
zodiazepines [ 6 ,  205 ]. The WAT-1 consists of 11 domains: 
presence of loose stools, vomiting/gagging, pyrexia 
>37.8 °C, observation of “State” using the State Observation 
Scale [ 5 ], tremor, sweating, abnormal movements, yawning/
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sneezing, startle to touch, muscle tone, and time to regain 
calm after stimulus. The test needs about 7 min for comple-
tion and gives a possible score range of 0–12, with high 
scores indicative of the extent of withdrawal with a score of 
>3 refl ective of length of stay, necessity to wean of sedation, 
duration of mechanical ventilation, and ICU stay. These fi nd-
ings were confi rmed by a recent validation exercise [ 206 ]. 

 The SOS was constructed from a multidimensional analy-
sis of co-occurrences between children who were divided 
into two groups by an experienced group of nurses and doc-
tors depending on whether they were considered to have 
problems of withdrawal or not on weaning sedation. Out of 
an array of 21 potentially eligible symptoms, 15 were ana-
lyzed to be discriminatory. The score was then just present or 
absent (“1 or 0”) for these symptoms without gradation, giv-
ing a potential range of 0–15 [ 205 ]. This has since received 
psychometric evaluation. A score of ≥4 was thought to 
refl ect high probability of manifest withdrawal and other 
aspects of care were identifi ed as statistically signifi cant risk 
factors: “preweaning” duration and duration of weaning of 
both midazolam and morphine and the number of additional 
sedatives or opioids utilized [ 207 ]. The SOS at a level of ≥4 
appears to be very reliable in predicting those children that 
will not develop overt withdrawal (specifi city) but, like other 
scales, less sensitive in predicting those that will develop 
withdrawal. It is recognized that other factors such as pain, 
distress, and delirium may be confounding factors [ 207 ]. 

 The time course for dealing with withdrawal symptoms 
covers a large reported range, up to 8 weeks in older children 
[ 196 ], but up to greater than 24 weeks in neonates after treat-
ment with extracorporeal membrane oxygenation [ 197 ]. Given 
these prolonged time courses, some clinicians had managed 
these patients remotely at home with telephone and clinic sup-
port [ 194 ,  197 ]. Management may include stepwise reduction 
in the sedative agents (“tapering”) [ 196 ] and this may include 
the use of subcutaneous infusions where necessary, which 
has the advantage of facilitating the removal of intravenous 
catheters and their attendant risk of infection [ 110 ,  194 ]; sub-
stitution of an intravenous agent with an oral agent of the same 
class—e.g., methadone or oral morphine replacing intrave-
nous morphine or fentanyl [ 194 ], e.g., replacing intravenous 
midazolam with oral lorazepam; substitution of an agent that 
the child has become tolerant to another agent that sits on 
alternative receptors—e.g., replacing benzodiazepines or opi-
oids with chlorpromazine [ 208 ], clonidine [ 196 ], or dexme-
detomidine [ 110 ]. There is an argument for preemptive 
substitution rather than prolonged weaning [ 193 ], but this still 
has to be done in a closely monitored environment to ensure 
that the substitution agent is titrated appropriately. Now that 
we have validated scoring systems [ 206 ,  207 ] for assessing the 
presence and extent of sedation, tailoring of withdrawal treat-
ment can occur with a greater degree of assurance.  

    Staff 

 It is not just patients who are vulnerable to the effects of the 
sedative and analgesic drugs used in the ICU. 

 A recent survey in the USA showed that of the academic 
anesthesiology departments contacted, 18 % had recorded 
one or more incidents of propofol abuse or “diversion” 
[ 209 ]. Of the individuals who had been identifi ed, 28 % had 
died as a result of the propofol abuse. Propofol causes toler-
ance [ 195 ] and has psychotropic properties that lend them-
selves to abuse [ 210 ], and this has been corroborated in 
human volunteers [ 211 ]. Clearly, anesthesiology staff have 
greater access to such drugs than other health workers, and 
this results in greater drug abuse in this group [ 212 ], but 
next in line must surely come intensive care staff. What 
may be less well appreciated is that in a study utilizing 
mass spectrometry in operating room environments, aero-
solized fentanyl has been detected in the air of an operating 
room, in patients’ expiratory circuits, and in the headspace 
above sharps boxes, and aerosolized propofol was also 
detected in the expirations of a patient undergoing transure-
thral prostatectomy [ 213 ]. Given the potential of these 
drugs to exert effects at minute nanomolar concentrations 
[ 214 ], it may be that occupational exposure is not only a 
real hazard for addiction developing in operating room staff 
but also everywhere these drugs are commonly utilized, 
such as intensive care units and emergency departments. 
There needs to be institutional recognition of several 
aspects to this. Tracking of drugs with known addictive 
potential should be rigorous, and such drugs should have 
safe and irreversible disposal. This should now probably 
include propofol; and other drugs will undoubtedly emerge 
that have addictive properties. Lastly, the inherent vulnera-
bility of health care staff to developing addiction is not 
solely due to their obvious access to these drugs but may 
also be due to subliminal as well as overt occupational envi-
ronmental exposure.  

    Conclusion 

   For every complex problem, there is a solution that is simple, 
neat and wrong.—H. L. Mencken [ 215 ] 

   The same could be said about our approach to sedation in 
the ICU. It looks like it should be simple, leaving us to con-
centrate on “more important” aspects of clinical care, but in 
fact there is abundant complexity, with ramifi cations that 
affect many aspects of intensive care for these children and 
their families. There is surely abundant scope for further 
exploration, but insofar as we are getting some understand-
ing of where we are heading, we need to understand where 
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we are. Concerning what we should do in the future with 
sedative and analgesic drugs, the horizon toward which we 
steer still recedes before us.

  By prevailing over all obstacles and distractions, we will unfail-
ingly arrive at our chosen goal or destination.—Christopher 
Columbus        

   Clinical Case Samples 

    Case 1 

 A 15-year-old boy was treated for septic arthritis but 
worsened with apparent septic shock, necessitating 
volume resuscitation, inotropes, ventilation for 4 days, 
and hemofi ltration for 5 days. A polyarthropathy 
appeared after 2 days, possibly a severe form of sys-
temic juvenile connective tissue disease, and so he was 
treated with high-dose prednisolone. He had been dif-
fi cult to sedate, needing a mixture of fentanyl; mid-
azolam, with occasional clonidine; and chlorpromazine 
as required. 

 After extubation, he began vomiting, had frequent 
loose bowel actions, a new low-grade pyrexia appeared, 
and he had dilated pupils and some jitteriness. He was 
started on a clonidine infusion at 2 μg kg −1  h −1 , having 
been loaded with 2.5 μg kg −1 , but these symptoms did 
not settle until the fentanyl infusion was recommenced 
at 5 μg kg −1  h −1  shortly afterwards. 

 After this, all the aforementioned symptoms attrib-
uted to withdrawal resolved, although he was noted to 
be “jittery” when mobilized for a few more days. A 
day later, he was able to eat and drink, and his bowels 
had settled. Two days later, oral morphine was com-
menced and the fentanyl infusion halved and later that 
day it was stopped. 

 The next day the IV clonidine was converted to the 
enteral route with a plan to wean both this and mor-
phine over 10 days, which was accomplished success-
fully. Subsequent investigations regarding juvenile 
arthritis proved negative, but neither was there any evi-
dence of infection demonstrated on culture or poly-
merase chain reaction. 

   Consideration 
   Withdrawal 
 This was the principal problem here. A duration of ven-
tilation of 4 days might not be expected to lead to with-
drawal phenomena, but data from several papers 
indicates that this may be expected even after such short 
duration, particularly where larger doses of sedatives 
have been used and where this comprises midazolam. 

He had been “diffi cult to sedate” adequately and on ces-
sation of sedative agents he demonstrated good evi-
dence of withdrawal. If the SOS is applied, then the 
score was 7, well above the threshold of 4 that has been 
shown to be reliably associated with withdrawal. 

 One strategy is to cover the decreasing patient drug 
levels of midazolam and opioids with other agents, 
principally α(alpha) 2  receptor agonists such as cloni-
dine and dexmedetomidine. However, it is important to 
realize that both drugs—with half-lives of 12–24 h and 
2–3 h, respectively—will need loading before any 
expectation that steady-state infusion rates will exert 
any effect. Notwithstanding the loading of clonidine 
before running the infusion, it became necessary to 
reintroduce fentanyl. The effect of this was dramatic 
with immediate reversal of agitation and gastrointesti-
nal symptoms, although some residual jitteriness 
remained. 

 It is possible that the jitteriness might have been 
best addressed by more specifi c cover of the with-
drawal of the midazolam with, for example, enteral 
lorazepam. 

 Having overcome the immediate problem, the next 
objective, if possible, is to convert to drugs that can be 
given enterally to facilitate removal of intravenous cath-
eters, although some clinicians have used the subcuta-
neous route. For this enteral strategy to succeed, three 
preconditions need to be satisfi ed: the enteral route 
needs to be fully and reliably working, the bioavailabil-
ity of the new drug must be satisfactory, and, thirdly, the 
pharmacodynamic effi cacy of the new drug must be 
matched to that of the intravenous drug it replaces. 

 In this case administration of enteral morphine at 
0.5 mg kg −1  4 hourly was suffi cient to replace the effects 
of the fentanyl, and the clonidine infusion was replaced 
with a similar 4 hourly regimen of enteral clonidine at 
2.5 μg kg −1  per dose. Both these drugs need to be weaned 
progressively where the rate of this takes account of the 
duration of the sedation the child initially received.    

    Case 2 

 A 4-year-old boy was admitted with pseudomonas 
pneumonia, empyema, septicemia, and neutropenia, 
having received chemotherapy induction for leukemia 
2 weeks previously. He became diffi cult to ventilate 
and quickly progressing to high-frequency oscillation 
ventilation with inhaled nitric oxide. 

 After 10 days, high-dose methylprednisolone was 
given to treat ARDS and then reduced over 21 days. He 
later developed cystic pneumatoceles and air leaks. 

(continued)
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 Muscle relaxation with rocuronium was used for 2 
weeks while sedated with midazolam and fentanyl. 

 His condition only slowly improved and a tracheos-
tomy was performed after a month in order to facilitate 
weaning of ventilation and sedation. Due to concerns 
about underlying delirium associated with unexplained 
episodes of hypertension and tachycardia requiring fre-
quent changes in substantial sedative drug dosing, he 
had already been started on haloperidol. This permitted 
decreasing sedation and a gradual wean of ventilation. 
On emergence from sedation, a hemiparesis was noted 
and CT showed a small cerebral infarct. Peripheral neu-
rophysiology was consistent with myopathy but no 
defect in nerve conduction. He was transferred from 
intravenous agents to oral clonidine and morphine, and 
these, with the haloperidol, were weaned over a month 
with melatonin administered at night. 

   Considerations 
   Delirium 
 There was a clinical concern that there was a degree of 
delirium underlying his sedation, these suspicions 
being prompted by episodic hypertension and tachy-
cardia unrelated to direct stimulation and resultant 
fl uctuant dosing of substantial sedation. Added to this 
is the known risk factor of severe critical illness, par-
ticularly sepsis. 

 Delirium is characterized by disorganized brain 
functioning, essentially manifest in conscious patients 
as “confusion.” Unfortunately, there is at present no 
method of clinically assessing such brain dysfunction 
while the patient is sedated, and although work has 
been done on clinical assessment scores in adults and 
children over 5 years of age, there is, as yet, no method 
for assessing children under the age of 5. The effi cacy 
of haloperidol in delirium, as well as other agents such 
as rivastigmine and more particularly risperidone in 
pediatric patients, is by no means established and in 
need of further evaluation. 

 The later diagnosis of a cerebral infarct and thus 
organic brain pathology may go some way to explain-
ing the earlier symptoms of brain dysfunction that had 
been suspected earlier.  

   Sleep Cycle 
 A concern in this boy’s later care was the evident dis-
turbance in normal diurnal sleep patterns. This is an 
extremely common phenomenon in intensive care and 
not least in a child who had been ventilated for a 
month. It is very important to try to recreate a more 
physiological environment for such a patient to try and 
maintain the external factors involved in the pineal 

axis governing the sleep–wake cycle. Such physical 
measures would include darkening the ICU and reduc-
tion of noise and other physical interference at night. 
Other more subtle measures such as attempting to give 
the bulk of feeds during the day may contribute to nor-
mal cycling. An additional measure is to administer 
melatonin at night to replicate normal secretion pat-
terns, but although there are some favorable reports, 
the defi nitive research is yet to be done.  

   Neuromyopathy 
 Two phenotypes are recognized: polyneuropathy and 
myopathy. Electrophysiology can often delineate 
which pathology predominates, although they may 
often occur together. Polyneuropathy is predominantly 
associated with sepsis. Myopathy is also seen conse-
quent to factors that produce muscle wasting, disuse 
atrophy, malnutrition, and administration of glucocor-
ticoids. All these would apply in this case, but the use 
of muscle relaxants of 2 weeks duration seen here 
would be expected to de-afferent the muscles even fur-
ther and thus contribute to muscle wasting. In this 
case, although no specifi c therapy is currently avail-
able, neurophysiologic studies were helpful to charac-
terize the extent of the problem, alert physiotherapy 
staff to his future mobilization challenges, and to direct 
rehabilitation.    

    Case 3 

 A 4-day-old neonate underwent a Norwood surgical 
operation for hypoplastic left heart. After the operation, 
the chest was left open till the second postoperative day 
to allow recovery of the heart and some clearance of 
generalized tissue edema with diuresis and peritoneal 
dialysis. During this time, she received fentanyl and 
rocuronium (a neuromuscular blocker) infusions. After 
chest closure, the muscle relaxant and fentanyl infusions 
were stopped to maximize clearance. The following day, 
there appeared to be little spontaneous respiratory activ-
ity, and it was noted there was a degree of renal impair-
ment. A train-of-four test showed that there was 
considerable residual neuromuscular blockade. 

 Sugammadex, a neuromuscular blocker reversal 
agent, was administered in 2 mg kg −1  increments, and 
observations for spontaneous movements and response 
to train-of-four were commenced. There was no 
response to the fi rst two boluses. It was not until a total 
of 6 mg kg −1  was given that spontaneous movement and 
respiratory drive evident by triggering of the ventilator 
became apparent. The patient was then observed

(continued)
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    Abstract  

  Providing sedation to ensure safe and successful performance of gastrointestinal  endoscopy 
is fundamental to the diagnosis and treatment of digestive diseases of childhood. 
Nevertheless, no single sedative or combined sedation regimen has yet been established as 
ideal. General anesthesia and moderate sedation remain the two primary options for endos-
copy in both children and adults. General anesthesia requires the presence and expertise of 
an anesthesiologist or Certifi ed Registered Nurse Anesthetist, and may involve inhalational 
or intravenous anesthetics. Moderate sedation, aimed at maintaining the child’s ability to 
breathe spontaneously with intact protective airway refl exes, almost always utilizes intrave-
nous sedatives and may be administered by a physician or nurse, in the absence of an anes-
thesiologist. In general, either moderate sedation or anesthesia is necessary for children to 
remain comfortable and cooperative during gastrointestinal procedures. However, compli-
cations attributed to the sedation occur more commonly than do technical complications, 
such as bleeding or perforation, from endoscopy. Improving effi cacy and safety for the 
sedation of gastrointestinal procedures has, in turn, been a topic of great interest among 
pediatric gastroenterologists (GI) since its inception in the 1970s.  

  Keywords  
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 cholangiopancreatography (ERCP)   •   Endoscopic mucosal resection (EMR)   •   Submucosal 
dissection (ESD)   •   Magnetic resonance enterography (MRE)   •   Meperidine   •   Fentanyl   
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        Introduction 

 Providing sedation to ensure safe and successful perfor-
mance of gastrointestinal endoscopy is fundamental to the 
diagnosis and treatment of digestive diseases of childhood. 
Nevertheless, no single sedative or combined sedation regi-
men has yet been established as ideal [ 1 ,  2 ]. General anes-
thesia and moderate sedation remain the two primary 
options for endoscopy in both children and adults [ 3 ,  4 ]. 
General anesthesia requires the presence and expertise of an 
anesthesiologist or Certifi ed Registered Nurse Anesthetist, 
and may involve inhalational or intravenous anesthetics. 
Moderate sedation, aimed at maintaining the child’s ability 
to breathe spontaneously with intact protective airway 
refl exes, almost always utilizes intravenous sedatives and 
may be administered by a physician or nurse, in the absence 
of an anesthesiologist. 

 In general, either moderate sedation or anesthesia is nec-
essary for children to remain comfortable and cooperative 
during gastrointestinal procedures. However, complications 
attributed to the sedation occur more commonly than do 
technical complications, such as bleeding or perforation, 
from endoscopy [ 5 – 9 ]. Improving effi cacy and safety for the 
sedation of gastrointestinal procedures has, in turn, been a 
topic of great interest among pediatric gastroenterologists 
(GI) since its inception in the 1970s [ 3 ,  5 ]. Predicting which 
patients are better candidates for general anesthesia rather 
than moderate sedation, in order to avoid complications 
related to undersedation, remains an elusive goal [ 10 ,  11 ]. 

 In recent years, a considerable change in the landscape of 
sedation practices has occurred worldwide. As is often sur-
prisingly under-recognized, endoscopists around the world 
vary greatly in determining which procedures warrant 
 sedation, who should administer it, which drugs should be 
used, in what doses, and to what effect [ 12 ]. These variations 
appear to be based in part upon cultural norms and endo-
scopic training, but are also increasingly refl ective of diverse 
institutional, third-party payor and governmental policies. 
A number of regions, especially those of developing coun-
tries, are increasingly reporting the use of sedation for pedi-
atric GI procedures [ 13 – 15 ]. Although to a great extent this 
may refl ect a greater interest in establishing patient satisfac-
tion while prioritizing patient safety [ 16 ], cost has nonethe-
less remained a central consideration for healthcare systems 
worldwide [ 4 ]. 

 Cost is particularly a concern in the more developed 
countries that use anesthesia procedures for endoscopy 
[ 4 ,  17 ]. While a 2005 survey of members of the North 
American Society of Pediatric Gastroenterology, Hepatology 
and Nutrition (NASPGHAN) reported wide practice varia-
tion in sedation delivery for pediatric procedures [ 18 ], 
 current data suggests that anesthesiologist-administered 

 propofol sedation has become the more common experience 
[ 1 ]. Additionally, although many gastrointestinal procedures 
may be performed in hospital operating rooms, this is almost 
always considered more costly and inconvenient from a 
scheduling perspective as compared with performing proce-
dures in dedicated endoscopy units [ 18 ]. As such, there have 
been growing numbers of these procedures occurring outside 
of the operating room, and anesthesiologists are increasingly 
being asked to provide sedation in nontraditional settings [ 1 ]. 

 This chapter will review the range of sedation approaches 
and techniques for pediatric gastrointestinal endoscopy, with 
a focus on method of delivery in addition to benefi ts, limita-
tions, and pitfalls of various regimens. We will also explore 
trends in sedation for GI procedures in adult patients that 
may portend future trends for pediatrics. Both “traditional” 
and innovative sedative regimens for all ages will be dis-
cussed, as well as opportunities for minimizing patient risk, 
while optimizing procedural effi ciency.  

    Goals and Optimal Levels of Sedation 
to Minimize Complications for Pediatric 
GI Procedures 

 The primary purpose of sedation for children undergoing 
upper and lower endoscopies is to perform procedures safely, 
with minimal emotional and physical discomfort. Secondary 
goals may include amnesia for the procedure, procedural 
effi ciency, and cost-effectiveness. 

 Optimal levels of sedation may vary depending upon the 
procedure [ 19 ]. For upper endoscopy, a combination of topi-
cal local anesthetic with orally administered anxiolysis prior 
to intravenous line insertion has been shown to improve 
pediatric patient tolerance and satisfaction [ 20 ]. Important 
sedation goals of upper endoscopy are to avoid gagging and 
to increase patient cooperation. For colonoscopy, the goal of 
sedation is often to avoid visceral pain as the endoscope 
loops through the colon. 

 Many advanced therapeutic procedures require longer 
treatment times, and may be associated with increased patient 
discomfort caused by rotation of the endoscope, prolonged 
air insuffl ation, and heat-induced pain during application of 
coagulation. For example, endoscopic retrograde cholangio-
pancreatography (ERCP) is an invasive procedure increas-
ingly performed in children that is highly associated with 
intra- and post-procedural patient pain and discomfort [ 21 ]. 
Along with other gastrointestinal procedures, such as endo-
scopic mucosal resection (EMR), submucosal dissection 
(ESD), and magnetic resonance enterography (MRE), immo-
bility is particularly important to improve success and safety 
[ 22 – 24 ]. Achieving deep levels of sedation, with or without 
endotracheal intubation, may therefore be key to performing 
these procedures in both children and adults [ 25 ]. 
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 The risk of achieving moderate to light sedation must be 
balanced against the potential to become deeply sedated 
[ 26 ]. As previously mentioned, relative immobility may be 
the primary objective in some clinical situations, as opposed 
to achieving a particular level of sedation [ 3 ]. Neither soci-
etal nor regulatory guidelines to date have succeeded in rec-
onciling assessments of depth of sedation with likelihood of 
immobility [ 27 ]. This may contribute to varying defi nitions 
of ideal patient outcomes of sedation. 

 Sedation outcomes during gastrointestinal procedures 
have been measured using a number of different benchmarks 
(Table  18.1 ). To some extent, the defi nitions of sedation suc-
cess are defi ned by the individual sedation provider. Vargo 
et al. propose that the development and psychometric evalu-
ations of both a patient satisfaction measure and a clinician 
satisfaction measure should be used together to provide a 
global measure of sedation effectiveness [ 28 ]. However, 
each clinician may differ in    his/her assessment of procedural 
sedation. For example, nurses may be more inclined to rate 
procedural quality in terms of patient comfort, while physi-
cians may be more likely to consider the technical success of 
the procedure [ 29 ]. The variation in outcomes has limited the 
potential to compare sedation regimens between published 
studies, and suggests that it may be preferable to design con-
trolled trials that utilize independent observers and standard-
ized scales [ 30 ,  31 ].

       Pre-procedure Preparation 
and Patient Assessment 

 Sedation for pediatric gastrointestinal procedures should be 
tailored to a patient’s physical status. This is most typically 
done in accordance with guidelines from the American 
Society of Anesthesiologists (ASA) [ 32 – 35 ]. Increased use 
of electronic medical records has improved the potential for 
providers to identify and manage patients with complex 
medical histories before procedures are performed [ 36 ]. 

In pediatrics and in adults, consideration of the patient’s age, 
medical condition (ASA level), and developmental status is 
often critical. Data suggests that the smallest and youngest 
pediatric patients with the highest ASA classifi cations are at 
greatest risk for complications during gastrointestinal proce-
dures [ 1 ,  37 ]. 

 When working with children undergoing gastrointestinal 
procedures, it has been noted that personality and psychoso-
cial development stages may vary widely and impact a 
child’s response to sedatives, both in terms of the rapidity of 
effect and the depth achieved [ 38 ,  39 ]. Patients can be 
roughly divided into four different age groups: less than 6 
months, greater than 6 months, school aged (4–11 years), 
and adolescents. Infants under 6 months of age may have 
little anxiety and tend to sedate easily. Infants greater than 6 
months who have developed “stranger anxiety” may respond 
best if parents remain next to them during the induction of 
sedation. School-aged children manifest “concrete thinking” 
and may be surprisingly diffi cult to sedate, as they tend to 
conceal high anxiety levels [ 10 ]. Adolescents also may 
appear composed during pre-procedure preparations, and 
then become disinhibited and anxious after initial doses of 
sedatives. 

 Especially in school-aged children, a relaxed, detailed, 
and reassuring discussion of what to expect during the proce-
dure, including the insertion of an intravenous catheter (IV) 
may decrease patient anxiety levels [ 39 ]. The use of topical 
anesthetics for IV insertion such as topical lidocaine cream, 
or oral anxiolytics, such as midazolam, may be warranted 
[ 20 ,  40 ]. Children who exhibit greater distress during the IV 
insertion have been shown to experience signifi cantly greater 
distress and pain throughout the rest of the procedure [ 40 ]. 

 Regardless of sedation regimens employed, it is essential 
to perform airway assessments at every step of the endo-
scopic process, beginning with the pre-procedure evaluation 
and concluding in the recovery room. All providers who care 
for children with gastrointestinal disorders should be 
schooled in airway assessment, including anesthesiologists, 
gastroenterologists, and nurses [ 3 ]. There is increasing inter-
est among gastroenterologists in understanding how best to 
assess a patient airway using standardized methods, such as 
the Mallampati score [ 41 ] (Table  18.2 , Fig.  18.1 ).

    It also may be particularly important to identify patients 
at risk for obstructive sleep apnea, as they are considered at 
high risk for sedation-related complications [ 42 ]. Many such 

   Table 18.1    Parameters that can be used to assess sedation regimens 
for pediatric endoscopy   

 Sedation measures 

 • Adverse events related to sedation 
 • Adverse events related to procedure 
 • Procedure completion rate 
 • Procedure times 
 • Patient recovery times 
 • Patient satisfaction 
 • Parent satisfaction 
 • Provider satisfaction 
 • Cost 
 • Speed of recovery of cognition 
 • Speed of recovery of locomotion 

   Table 18.2    Mallampati score for airway assessment [ 41 ]   

 Mallampati score 

 • Class I: Uvula is completely visible 
 • Class II: Partially visible uvula 
 • Class III: Soft palate visible but not uvula 
 • Class IV: Hard palate visible only, not soft or uvula 
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patients are obese, which along with hypertension, diabetes, 
and heart disease may function as independent risk factors 
for hypoxemia and other complications during gastrointesti-
nal procedures [ 43 ]. “STOP-BANG” is a validated bedside 
screening instrument that has been used by anesthesiologists 
to predict the risk of unrecognized obstructive sleep apnea in 
adults [ 44 ,  45 ] (Table  18.3 ). In one prospective study, Cote 
et al. demonstrated that more than 40 % of adults presenting 
for screening colonoscopies at a US academic medical center 
meet criteria for a positive STOP-BANG score [ 44 ]. (Refer 
to Chaps.   4     and   7    .) To date, there is no literature to support 
the validity of the STOP-BANG tool for pediatrics and mod-
ifi cations would need to be made to adapt it for use in chil-
dren. Obese patients at risk for obstructive sleep apnea may 
specifi cally benefi t from advanced monitoring or from tai-
lored sedation regimens. One such regimen known as 
“Target-Controlled Infusions” (TCI) utilizes computers to 
achieve goal drug concentrations and modifi es dosages using 

physiologic feedback [ 46 ,  47 ]. (Refer to Chap.   31    .) It is 
unknown whether application of the STOP-BANG tool is 
appropriate in children. Nevertheless, it is an irrefutable fact 
that obesity and associated comorbidities, such as obstruc-
tive sleep apnea, are increasingly common in pediatric popu-
lations, and it may be reasonable to assume that obese 
children have similar risk profi les to obese adults.

   Beyond airway assessment, a careful review of patient 
gastrointestinal conditions, past medical history, as well as 
prior experiences with sedation and procedures guides the tri-
age of a child undergoing a gastrointestinal procedure. Some 
gastrointestinal disorders increase the riskiness of the proce-
dure [ 48 ]. In particular, upper gastrointestinal bleeds, ana-
tomic or physiologic obstruction of the upper gastrointestinal 
tract, recent ingestion of blood or food, and septic patients 
who need common bile duct clearance all will place a patient 
at higher risk for complications both from the procedures and 
from the sedation [ 49 ]. Premature infants as well as older 
children with body mass indices (BMI) for age greater than 
the 85th percentile may also be at increased risk [ 50 ,  51 ]. In 
addition, patients with signifi cant liver disease or cirrhosis 
may be at increased risk of sedation-related complications, 
including respiratory compromise and delayed recovery, as 
well as psychometric deterioration and even encephalopathy, 
due to altered drug clearance [ 52 ,  53 ].  

    Patient Positioning 

 All patients undergoing diagnostic upper and lower endo-
scopic procedures with sedation should be placed in the left 
lateral decubitus position [ 35 ]. This is because patients who 
are placed in the supine position are more susceptible to 
pooling of secretions in oral pharynx, and risk upper airway 
obstruction or laryngospasm. Patients undergoing ERCP 
may require a prone or prone-oblique position [ 48 ]. 
Obviously, airway monitoring and management is more 
challenging for patients in prone positions and they may 
require advanced monitoring.  

  Fig. 18.1    Mallampati 
classifi cation of pharyngeal 
structures (Reprinted with 
permission from Figs. 1 
and 2, page 488. Samsoon 
GL, Young JR. Diffi cult 
tracheal intubation: 
A retrospective study. 
Anaesthesia. 1987 
May;42(5):487-490.)       

   Table 18.3    STOP-BANG scoring model a    

 S  Snoring: Do you snore loudly (louder than talking 
or loud enough to be heard through closed doors)? 

 Yes  No 

 T  Tired: Do you often feel tired, fatigued, or sleepy 
during the daytime? 

 Yes  No 

 O  Observed: Has anyone observed you stop 
breathing during your sleep? 

 Yes  No 

 P  Blood pressure: Do you have or are you being 
treated for high blood pressure? 

 Yes  No 

 B  BMI: BMI more than 35 kg/m 2   Yes  No 
 A  Age: Age over 50 years  Yes  No 
 N  Neck circumference: Neck circumference greater 

than 40 cm 
 Yes  No 

 G  Gender: Male  Yes  No 

  Reprinted with permission from Mehta PP, Kochhar G, Kalra S, Maurer 
W, Tetzlaff J, Singh G, et al. Can a validated sleep apnea scoring system 
predict cardiopulmonary events using propofol sedation for routine 
EGD or colonoscopy? A prospective cohort study. Gastrointestinal 
Endoscopy. 9 November 2013 [Epub ahead of print] 
  a High risk of obstructive sleep apnea: yes to ≥3 questions; low risk of 
obstructive sleep apnea: yes to <3 questions  
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    Common IV Sedation Regimens for Pediatric 
Gastrointestinal Procedures 

 Table  18.4  lists commonly used sedative regimens for pedi-
atric gastrointestinal procedures. In general, the most com-
mon moderate sedation regimens used for pediatric 
endoscopy combine a narcotic analgesic (e.g., meperidine or 
fentanyl) with a benzodiazepine (e.g., diazepam or mid-
azolam) [ 18 ]. A brief review of the important pharmacoki-
netic, pharmacodynamic, and clinical properties of those 
medications most commonly used for GI sedation, directed 
to the GI concerns, will follow. Chapter   9    :  Pharmacology 
and Clinical Application of Sedatives ,  Analgesics ,  and 
Adjuncts  provides a more thorough and detailed review of all 
sedative agents and adjuncts.

      Fentanyl 

 As a fat-soluble narcotic that rapidly penetrates the blood–
brain barrier, fentanyl is considerably more potent and fast 
acting than both morphine and meperidine. Its onset of action 
is about 30 s after IV administration, and its opioid effects 
last about 30–45 min. Intravenous fentanyl should always be 
administered slowly, as it has been associated with the dan-
gerous side effects of chest wall and glottic rigidity after 
rapid administration [ 54 ]. 

 Fentanyl is variably metabolized by the liver, especially in 
young children. Delayed fentanyl excretion has been reported 
in neonates with compromised hepatic blood fl ow [ 55 ]. 

Several studies have suggested that fentanyl may not 
 represent an ideal sedative for infants. In particular, it has 
been associated with signifi cant apnea in infants less than 3 
months of age [ 56 ]. These unique pharmacokinetics of 
 fentanyl are certainly relevant to the performance of pediat-
ric endoscopy. In particular, fentanyl’s termination of 
action occurs with redistribution of drug metabolites from 
the plasma, rather than from metabolism, causing its poten-
tial respiratory depressive effects to outlast its opioid effects. 
Fentanyl should be administered to children in small incre-
ments, allowing for a minimum of several minutes between 
doses.  

    Midazolam 

 Midazolam is a benzodiazepine that is 3–6 times more potent 
than diazepam. It may be administered by many routes: IV, 
oral, rectal, intramuscular, and intranasal. When adminis-
tered IV, the onset of action is 1–5 min, with peak effect 
achieved at 30 min to 1 h. Several early pharmacokinetic 
studies have bolstered evidence that midazolam may be 
metabolized and excreted more rapidly in children than 
adults [ 20 ,  57 ,  58 ]. Midazolam is relatively unique among 
benzodiazepines in that its clearance appears to be 
 dose- related, with increased clearance at escalating dosage 
[ 59 ]. Pediatric gastroenterologists have reported the need to 
require larger weight-adjusted doses for pediatric versus 
adult patients in order to achieve similar doses and duration 
of sedation [ 60 ].  

    Reversal Agents for Narcotics 
and Benzodiazepines 

 Reversal agents are available only for benzodiazepines and 
narcotics. Table  18.5  lists reversal agents and their recom-
mended dosages for children. Although reversal agents 
have been used in adults to expedite recovery, it is impor-
tant to recognize that there may be resedation as the effect 
of sedative outlasts that of the reversal agent [ 33 ]. Most 
endoscopy and pediatric sedation guidelines stipulate that 
patients who receive a dose of a reversal agent should be 
monitored for an extended period and administered repeat 
doses if necessary [ 35 ,  61 ].

       Ketamine 

 Ketamine is a dissociative agent that largely spares upper 
airway muscular tone and laryngeal refl exes, and may repre-
sent an alternative to narcotics and benzodiazepines for 
sedating children for gastrointestinal procedures [ 62 – 66 ]. 

   Table 18.4    Recommendations for dosages of drugs commonly used 
for IV sedation for pediatric gastrointestinal procedures *      

 Drug  Route 
 Maximum 
dose (mg/kg) 

 Time to 
onset (min) 

 Duration of 
action (min) 

  Benzodiazepines  
 Diazepam  IV  0.1–0.3  1–3  15–30 

 Rectal  0.2–0.3  2–10  15–30 
 Midazolam  Oral  0.5–0.75  15–30  60–90 

 IV  0.05–0.15  2–3  45–60 
 Rectal  0.5–0.75  10–30  60–90 

  Opioids  
 Meperidine  IV  1–3  <5  120–240 

 IM  1–3  10–15  120–180 
 Fentanyl  IV  0.001–0.005 

(1–5 μg/kg in 
0.5–1.0 μg/kg 
increments) 

 2–3  30–60 

  Ketamine   IV  1–3  1  15–60 
 IM  2–10  3–5  15–150 

   * This table refl ects common dosings and sedation considerations but 
must be interpreted and applied with caution. The table refl ects the 
views of the author  
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Ketamine may also be useful for sedating patients who are 
opioid  tolerant [ 67 ]. As a derivative of phencyclidine, ket-
amine binds to opiate receptors, and rapidly induces a trance-
like cataleptic condition with signifi cant analgesia. Routes of 
administration include oral or rectal, although intravenous or 
intramuscular is a more common route of administration 
during endoscopy. 

 Unlike most sedatives, ketamine is almost always effec-
tive at signifi cantly immobilizing patients with minimal car-
diac and respiratory effects, and is considered to have a broad 
margin of safety. It should be used with caution in patients 
less than 3 months of age, as well as those with histories of 
airway instability, tracheal abnormalities, active pulmonary 
disease, cardiovascular disease, head injury, central nervous 
system masses, hydrocephalus, porphyria, and thyroid dis-
ease [ 68 – 70 ]. 

 Ketamine is considered by many to be contraindicated in 
patients with a history of psychosis [ 69 ,  70 ]. To date, its 
main drawback has been its association with hallucino-
genic  emergence reactions in some children [ 71 ,  72 ]. Its 
administration may be partnered with that of a short-acting 
benzodiazepine, such as midazolam. Brecelj et al. demon-
strated in a single- blind randomized controlled trial that 
premedication with 0.1 mg of midazolam IV (2.5 mg maxi-
mum dose midazolam) prior to ketamine may reduce the 
frequency of emergence reactions [ 73 ]. However, outcomes 
of this approach have not been consistent, and some data 
suggest that midazolam may actually increase agitation in 
postpubertal children [ 74 ,  75 ]. Ketamine has also been 
recently reported to be successfully combined with other 
agents, including analgesics, such as fentanyl and tramadol 
[ 76 ], remifentanil [ 77 ], and even dexmedetomidine [ 78 ], to 
provide excellent regimens for a variety of endoscopic 
procedures. 

 Ketamine has been associated with increased airway 
secretions and an increased incidence of postoperative nau-
sea and vomiting. During upper endoscopy, ketamine has 
been associated with a potential for laryngospasm [ 30 ,  63 , 
 79 ]. Attempts to minimize this risk by administering 
 anticholinergics may not be successful. Indeed, matched 
case–control analysis of 8,282 ketamine procedures in the 
emergency department revealed no association between age, 
dose, procedure, medical status, route of delivery, and the 
administration of anticholinergics with the occurrence of 
laryngospasm [ 64 ]. 

 Nevertheless, the question remains whether ketamine is 
superior enough to replace the traditional moderate seda-
tion regimens for pediatric endoscopy (opioids and benzo-
diazepines). A retrospective review of 402 endoscopic 
procedures with different sedation combinations reported 
that a combination of midazolam and ketamine was both 
safe and superior (by physician report) to such traditional 
sedation regimens [ 79 ]. However, more recent data col-
lected by independent observers suggests that ketamine is 
associated with a comparably higher rate of laryngospasm 
and similar incidence of patient movement and need for 
restraint than do those sedated with midazolam and fen-
tanyl [ 30 ]. These fi ndings may substantiate those who have 
suggested that ketamine may be most appropriately used 
for liver biopsy, a very brief procedure with minimal upper 
airway stimulation [ 69 ].  

    Nitrous Oxide 

 Nitrous oxide is an inhalational gaseous mixture that has 
analgesic, sedative, and amnestic properties. It is generally 
prepared as 50 % nitrous oxide in oxygen, and is a short- 
acting agent with rapid onset of action (3–5 min) and short 
duration of effects after withdrawal (3–5 min). Several stud-
ies have suggested that nitrous oxide may provide rapid and 
effective sedation for children undergoing gastrointestinal 
procedures, without inducing deep sedation [ 80 ,  81 ]. Nitrous 
oxide may be adequate for procedures that do not induce 
pain, such as upper gastrointestinal endoscopy and fl exible 
sigmoidoscopy. Comparisons of nitrous oxide with opioid 
and benzodiazepine regimens for more uncomfortable pro-
cedures have had confl icting results: Forbes et al. have found 
that nitrous oxide may not provide enough analgesia for 
colonoscopy [ 81 ], while Mcculloch et al. have reported that 
nitrous oxide is as effective as IV midazolam and pethidine 
at relieving pain and bloating, while minimizing cardiopul-
monary risks in elderly patients [ 82 ].  

    Propofol 

 Propofol is an ultra-short-acting anesthetic that features 
both a rapid onset of action and a short recovery time. It can 
be used to induce and maintain a spectrum of sedation 

   Table 18.5    Reversal agents for benzodiazepines and opioids and recommended dosages *      

 Drug  Class  Route  Dose (mg/kg)  Time to onset (min) action (min)  Duration of antagonist 

 Flumazenil  Benzodiazepines  IV (max 3 mg/h)  0.01  1–2  <60 
 Naloxone  Narcotics  IV/IM  0.1  2–5  20–60 

   * This table refl ects common dosings and sedation considerations but must be interpreted and applied with caution. The table refl ects the views of 
the author  
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 levels, as well as to achieve anesthesia. Investigation with 
Functional Near-Infrared Spectroscopy (fNIRS) has shown 
that drug- related effects on cerebral hemodynamic activity 
are dose dependent, with decreased oxygenation of the dor-
solateral prefrontal cortex during bolus infusions and deeper 
levels of sedation [ 83 ]. Studies of propofol in healthy volun-
teers have found that sedation with propofol alone allows 
esophageal intubation at the beginning of a procedure, and 
that recovery from both induced loss of consciousness and 
respiratory compromise occurs within 3–4 min of stopping 
an infusion [ 84 ]. 

 Propofol may be administered during pediatric endos-
copy either as a total intravenous anesthetic or in combina-
tion with other sedatives, including inhalational agents [ 24 , 
 85 ]. Propofol, alone or in combination with other agents, has 
been shown in multiple studies to be highly effective at 
inducing sedation in children who are undergoing both upper 
and lower endoscopy, and provides excellent amnesia for the 
procedure [ 86 – 90 ]. Several recent studies have also sug-
gested it may be a preferable agent in patients with signifi -
cant liver disease or cirrhosis [ 52 ,  53 ]. 

 Currently, many pediatric gastroenterologists, both in the 
United States and abroad, use anesthesiologist-administered 
propofol as a primary means of sedation [ 1 ]. This trend has 
paralleled the performance of pediatric GI procedures in 
dedicated endoscopy units as a means of decreasing the need 
for operating room time [ 89 ,  91 ,  92 ]. Although the use of 
propofol by anesthesiologists in dedicated endoscopy units 
may offer scheduling advantages, it is not clear that this prac-
tice changes day-to-day effi ciency. Indeed, while children 
who receive propofol have shorter induction times than chil-
dren who received midazolam and fentanyl, use of propofol 
compared with more traditional intravenous regimens has 
not been shown to improve unit throughput times [ 85 ]. 

 A main pharmacologic disadvantage of propofol is its 
relatively narrow therapeutic range. Pharmacokinetic studies 
of children who received propofol demonstrate that average 
total propofol doses per kilogram of body weight to achieve 
targeted plasma propofol concentrations are higher in 
younger children [ 93 ,  94 ]. Propofol also has a high propen-
sity to cause hypotension. One recent study has suggested 
that use of diluted propofol may signifi cantly reduce 
sedation- related hypotension and other adverse events, with-
out affecting its potential to provide deep sedation [ 95 ]. 

 Propofol can be given alone or in combination with other 
sedatives. Elitsur et al. reviewed propofol sedation for endo-
scopic procedures in children and found that a lower propo-
fol dosage was needed when propofol was given in 
combination with midazolam and fentanyl than when pro-
pofol was given alone [ 96 ]. Propofol was also found to 
 confer amnestic effects, independently of those conferred by 
midazolam. 

 Titrating propofol to achieve sedation without inducing 
general anesthesia requires clinical expertise and, even when 
administered by anesthesiologists, carries the risk of induc-
ing anesthesia rather than sedation. Kaddu et al. reported 
transient apnea in 20 % of pediatric patients receiving 
anesthesiologist- administered propofol for upper endoscopy 
[ 89 ]. A retrospective review of 176 children in Thailand, 175 
of whom received propofol delivered by anesthesia person-
nel or an anesthesiologists, reported one patient who required 
an unanticipated endotracheal intubation [ 97 ]. Slow (not 
rapid) administration of propofol (over 3 min) may confer 
less respiratory depression [ 98 ]. 

    Non-anesthesiologist-Administered 
Propofol Sedation 
 Non-anesthesiologist-administered propofol sedation 
(NAAPS) is an acronym used to describe the administration 
of propofol under the direction of a physician by an appro-
priately qualifi ed registered nurse or physician who has not 
been trained as an anesthesiologist [ 99 – 101 ]. Multiple 
NAAPS protocols have been developed, and all have 
stressed a curriculum of drug knowledge, as well as specifi c 
practical skills in airway management [ 101 ,  102 ]. Nurse-
administered propofol sedation (NAPS) involves adminis-
tration of propofol by dedicated nurses in the endoscopy 
unit, and has been described as successful by groups in 
many countries across the world, after implementation of 
special training programs [ 103 ]. 

 Although there is little reported data of either NAAPS in 
children, one prospective study described a protocol of 
1–2 mg/kg of propofol induction dose followed by 
 0.5–1.0 mg/kg supplements that was administered by pediat-
ric residents [ 104 ]. The sedation providers had been specifi -
cally trained in cardiopulmonary resuscitation via a 4-week 
training period during which they had performed bag-mask 
ventilation and endotracheal intubation a minimum of 20 
times. Patients were limited to ASA I and ASA II. Those 
with any indication of airway obstruction (existing or poten-
tial), respiratory disease, seizures, or risk of aspiration were 
excluded. Overall there was a 0.7 % (6/811) incidence of 
positive pressure ventilation, brief oxygen desaturation in 
12 %, and no occurrence of endotracheal intubation. 
Although this study was too small to adequately demonstrate 
the safety of NAAPS in children, it does substantiate the 
need for training and airway management skills. 

 NAAPS has been a controversial topic since its inception 
[ 105 ]. Generally speaking, gastroenterologists and their rep-
resentative medical societies across the United States and 
Europe have repeatedly noted that in adults the administra-
tion of propofol and standard sedation regimens have been 
found to be comparable with respect to effi cacy and reported 
rates of complications [ 106 – 108 ]. Nevertheless, a guideline 
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in 2010 from the Center for Medicare and Medicaid Services 
(CMS) restricted the administration of deep sedation with 
propofol, in particular, without the presence of a clinician 
trained in anesthesia [ 109 ]. A major factor in this policy 
decision was the fact that non-anesthesiologists, such as gas-
troenterologists, are not specifi cally trained in the compre-
hensive skills required to care for patients along the entire 
continuum of sedation (Table  18.6 ). In 2011, 21 European 
National Societies of Anesthesia published a consensus 
statement that upheld the CMS statement that propofol 
should be administered only by those trained in the adminis-
tration of general anesthesia [ 110 ]. At this time, propofol in 
children is recognized to have high potential to induce respi-
ratory depression and cardiovascular instability and is essen-
tially universally administered by anesthesiologists for 
pediatric endoscopy [ 1 ,  2 ].

        Dexmedetomidine 

 Dexmedetomidine is a highly selective alpha2- adrenoreceptor 
agonist with sedative, analgesic, and    antisialagogue effects. 
In many ways, the drug profi le of dexmedetomidine suggests 
it may be a good drug for pediatric endoscopic sedation, as it 
offers hemodynamic stability, and has minimal effects on 
respiration and cognitive function. Nevertheless, to date 
there has been little to no investigation of the effi cacy, safety, 
or cost of this sedative for gastrointestinal procedures. 
A small prospective study used independent observers to 
evaluate the sedation of 50 patients in terms of vital signs, as 
well as patient and endoscopist satisfaction during upper 
endoscopy with either dexmedetomidine or midazolam 
[ 111 ]. Patients were not randomized, and only the indepen-
dent observer was blinded, which limited the study’s conclu-
sions. The results suggested that dexmedetomidine was 

superior as a sole sedation agent to midazolam. Another 
recent abstract publication prospectively randomized 231 
adults to receive either propofol or dexmedetomidine and 
found both regimens comparably safe [ 112 ]. Future studies 
may help to identify clinical situations where use of dexme-
detomidine may be preferable during endoscopic sedation.   

    Training in Sedation Administration 

 Regardless of sedative regimen used, performance of sedated 
gastrointestinal endoscopy in children requires a carefully 
coordinated team of physicians and nurses [ 35 ,  113 ]. 
Optimization of team performance may be enhanced through 
routine drills that involve high fi delity simulation, and allow 
a chance for teams to practice high-stakes patient manage-
ment in a safe environment [ 114 ]. Generally speaking, GI 
clinicians fi nd simulation to be enjoyable, valuable, and real-
istic to their practice. A multisociety sedation curriculum for 
gastrointestinal endoscopy was published in 2012 and rec-
ognizes the basic competencies in knowledge and perfor-
mance that must be achieved by non-anesthesiology trainees 
[ 35 ]. Anesthesiologists who are involved with the adminis-
tration of sedation for gastrointestinal procedures can benefi t 
from developing specifi c skill sets, as well as a good under-
standing of the range and goals of endoscopic procedures 
[ 115 – 117 ].  

    Monitoring of Children Undergoing 
Endoscopic Procedures with Sedation 

 Generally speaking, the emphasis of patient monitoring dur-
ing GI procedures is on ventilation—either by visual assess-
ment or from physiologic monitors (pulse oximetry, 

   Table 18.6    Continuum of depth of sedation. Defi nition of general anesthesia and levels of sedation/analgesia a,*       

 Minimal sedation 
anxiolysis 

 Moderate sedation/analgesia 
(“conscious sedation”)  Deep sedation/analgesia  General anesthesia 

 Responsiveness  Normal response to 
verbal stimulation 

 Purposeful b  response to 
verbal or tactile stimulation 

 Purposeful b  response following 
repeated or painful stimulation 

 Unarousable even with 
painful stimulus 

 Airway  Unaffected  No intervention required  Intervention may be required  Intervention often required 
 Spontaneous ventilation  Unaffected  Adequate  May be inadequate  Frequently inadequate 
 Cardiovascular function  Unaffected  Usually maintained  Usually maintained  May be impaired 

  Reprinted with permission of the American Society of Anesthesiologists from Committee of Origin: Quality Management and Departmental 
Administration (Approved by the ASA House of Delegates on October 27, 2004, and amended on October 21, 2009)   http://www.asahq.org/
For- Members/Standards-Guidelines-and-Statements.aspx     
  a Monitored anesthesia care does not describe the continuum of depth of sedation, rather it describes “a specifi c anesthesia service in which an 
anesthesiologist has been requested to participate in the care of a patient undergoing a diagnostic or therapeutic procedure” 
  b Refl ex withdrawal from a painful stimulus is NOT considered a purposeful response 
  * Rescue of a patient from a deeper level of sedation than intended is an intervention by a practitioner profi cient in airway management and 
advanced life support. The qualifi ed practitioner corrects adverse physiologic consequences of the deeper-than-intended level of sedation (such as 
hypoventilation, hypoxia, and hypotension) and returns the patient to the originally intended level of sedation. It is not appropriate to continue the 
procedure at an unintended level of sedation  
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precordial stethoscope, capnography). All team members 
need to work together to identify suboptimal ventilation and 
to employ appropriate timely interventions. 

    Pulse Oximetry 

 Although visual assessments are considered to be as 
 important as electronic monitoring for ensuring patient 
safety, oxygen desaturation represents a particularly objec-
tive means of detecting poor respiratory effort in sedated 
children undergoing gastrointestinal procedures. (Refer to 
Chap.   2    .) If a provider fails to detect suboptimal ventilation 
by clinical assessment,    he/she will often intervene to stimu-
late patient respiration if a pulse oximeter detects minor 
desaturation. On the other hand, it is important to recognize 
that oxygen desaturation is a relatively late sign of subopti-
mal ventilation [ 50 ]. Furthermore, while supplemental oxygen 
during upper GI endoscopy has been shown to decrease the 
incidence of desaturation and increase the likelihood of 
achieving 100 % arterial oxygen saturation [ 118 ], it is critical 
to understand that even patients with supplemental oxygen 
may be poorly ventilating [ 3 ].  

    Capnography 

 The dilemma posed by relying on pulse oximetry for moni-
toring children during endoscopy is that patients may be 
well saturated despite having signifi cant carbon dioxide 
retention. In the past decade, improved compact microstream 
capnographs with aspiration fl ow technology have allowed 
the accurate real-time graphic display of ventilatory wave-
forms in non-intubated patients [ 119 ]. (Refer to Chap.   6    .) 
Employing capnography in the pediatric endoscopy setting 
may reveal that abnormal ventilation is occurring during 
procedures in children at rates higher than expected [ 120 ]. 
The ASA in 2009 released a statement entitled  Statement on 
Respiratory Monitoring During Endoscopic Procedures , 
which suggests that capnography “be considered” [ 121 ]. 
(Refer to Chap.   2    .) 

 One randomized controlled trial of children undergoing 
endoscopic procedures demonstrated capnography to be 
more effective than direct visualization at identifying patient 
hypoventilation [ 120 ]. Endoscopy staff documented poor 
ventilation in three percent of all procedures and no apnea, 
while capnography indicated alveolar hypoventilation in 
more than half and apnea during a quarter of procedures. 
Integrating capnography into patient monitoring protocols 
both in adult and pediatric endoscopy settings may ulti-
mately improve the safety of non-intubated patients receiv-
ing moderate sedation [ 50 ]. Recent multisociety guidelines 
published by the American Gastroenterological Association 

(AGA) Institute, the American Society of Gastrointestinal 
Endoscopy (ASGE), and the American College of 
Gastroenterology suggest that capnography may become a 
standard for patient monitoring [ 35 ]. The ASA recommends 
capnography for moderate sedation [ 121 ].  

    Bispectral Index Monitoring 

 Bispectral index (BIS) monitoring is an EEG-based method 
of assessing a patient’s level of consciousness using a com-
plex algorithm to generate a weighted index [ 122 ]. (Refer to 
Chap.   6    .) In two studies of NAPS for colonoscopy in adults, 
BIS monitoring was not found to predict adverse respiratory 
events [ 123 ,  124 ]. However, EEG-based systems used to 
guide propofol administration during ERCP have been 
shown to result in lower propofol doses [ 122 ], as well as 
improved patient tolerance and shorter recovery times [ 125 , 
 126 ]. The use of EEG monitoring has been investigated in 
children undergoing procedures in the emergency depart-
ment and critical care settings, and may have a role in the 
future for delivery of sedation for pediatric endoscopy 
[ 127 – 129 ].   

    Future Sedation Strategies 
for Endoscopy in Children 

 Patient-controlled sedation and analgesia (PCS) represents a 
sedation strategy that has been reported in adults with inha-
lational anesthetics and propofol. A randomized multicenter 
trial recently compared the feasibility and effectiveness of 
PCS with inhaled methoxyfl urane to the traditional regimens 
of clinician-administered midazolam and fentanyl [ 130 ]. In 
this strategy, the drug administration with PCS is essentially 
controlled by the patient, via frequency and depth of inhala-
tion. The inhaled methoxyfl urane had a rapid onset of action 
(noted after 3–6 breaths), with 3 mL of solution providing 
analgesic effect for approximately 30 min. 

 In a study of PCS with propofol, Kulling et al. randomized 
150 adults to three sedation arms: PCS with propofol/alfent-
anil (Group I), continuous propofol/alfentanil infusion 
(Group II), and nurse-administered midazolam/meperidine 
(Group III) [ 131 ]. Group I exhibited a high degree of patient 
satisfaction and more complete recovery at 45 min when 
compared with conventional sedation and analgesia. In a sim-
ilar study, Ng et al. randomized 88 patients undergoing colo-
noscopy to PCS with propofol alone or midazolam alone 
[ 132 ]. Patients receiving propofol PCS exhibited signifi cantly 
shorter mean recovery times (43 min versus 61 min) and 
improved comfort. A pilot study of PCS for ERCP used a 
software system to deliver a targeted plasma propofol con-
centration; 80 % of patients received safe and fully effective 
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sedation [ 133 ]. There are a number of “smart infusion” 
 strategies, which combined with developing technologies 
may also improve the potential for safe and successful seda-
tion for pediatric endoscopy in the foreseeable future [ 47 , 
 100 ,  132 ,  134 ]. For example, computer-assisted personalized 
sedation (CAPS) is a sedation strategy that utilizes multiple 
physiologic feedback parameters including electrocardiogra-
phy, capnography, and automated response monitoring to tar-
get moderate levels of sedation during procedures by 
periodically assessing patient responses to otic and vibratory 
stimuli [ 134 ]. (Refer to Chap.   31    .) CAPS introduces a 
computer- generated voice to demand (via headphones) that 
the patient press a button at regular intervals, while at the 
same time a hand piece with a built-in vibrator delivers the 
tactile stimulus. If no response is elicited, the verbal and tac-
tile stimuli are increased in intensity until the patient responds. 
If the patient still does not respond, the patient is considered 
oversedated and no further drug is administered. In one small 
multicenter open label trial, Pambianco and colleagues dem-
onstrated the feasibility of CAPS in 48 patients undergoing 
colonoscopy, leading the investigators to suggest that CAPS 
may provide endoscopists with a safe and effective means to 
deliver propofol without anesthesiologist assistance [ 134 ]. 

 One specifi c example of a CAPS system that was recently 
approved by the FDA is the SEDASYS ®  system. SEDASYS ®  
is designed to enable physician-led teams to administer 
minimal- to-moderate propofol sedation by integrating 
patient monitoring and drug delivery. (Refer to Chaps.   31     
and   38    .) The FDA has indicated the SEDASYS ®  system can 
be used for the initiation and maintenance of minimal-to- 
moderate sedation in ASA physical status I and II patients 
≥18 years old undergoing colonoscopy and upper endo-
scopic procedures, but should only be offered in facilities 
where an anesthesia professional is immediately available to 
the user for assistance or consultation as needed. To date, 
there are no pediatric studies demonstrating feasibility or 
effectiveness of SEDASYS ®  in children. Nevertheless, it 
represents an important intersection of improving care 
through technology and a scientifi c understanding of the 
physiology of sedation.  

    Conclusion 

 In conclusion, sedation for pediatric endoscopy is currently 
considered integral to the successful performance of the 
procedure. Best practices for sedating children for gastroin-
testinal endoscopy involve tailoring the regimen in consider-
ation of both patient and procedural factors. While 
maintaining patient safety during pediatric gastrointestinal 
procedures remains paramount, it is also becoming increas-
ingly important to consider effi ciency and costs when choos-
ing location and type of sedation. In turn, both pediatric 

endoscopists and anesthesiologists should work together to 
assess benefi ts and risks associated with various sedation 
regimens if they are to optimize the performance of gastro-
intestinal endoscopy in children.      

   Case Studies 

    Case 1 

 A 5-year-old, 17 kg previously healthy child (ASA I) 
with new onset weight loss of 2 kg, is determined to 
have elevated serological tests consistent with celiac 
disease. She is scheduled to undergo upper endoscopy 
with biopsies in a dedicated endoscopy unit, with seda-
tion to be administered by a nurse anesthetist, and 
supervised by an anesthesiologist. After arriving at the 
unit on the day of the procedure, the patient is brought 
awake and alert to the procedure room accompanied 
by her parents, the nurse anesthetist, the staff anesthe-
siologist, a circulating nurse, and the gastroenterolo-
gist. The lights are dimmed and sevofl urane is 
administered. Once the patient becomes sleepy, the 
parents are escorted to a waiting area and an intrave-
nous line is established in the right antecubital vein by 
the anesthesiologist, while the nurse anesthetist pro-
vides airway management and administers the inhala-
tional agent. Subsequently, the sevofl urane is 
discontinued and IV propofol is administered. The 
patient is placed in the left lateral decubitus position, 
and a dual-purpose nasal cannula is placed in the nares 
to allow a baseline 2 L NCO 2  to be administered and 
capnography to be monitored. Once the patient is 
determined to be moderately to deeply sedated, the 
anesthesiologist leaves the room to prepare the next 
patient, and the procedure begins with endoscopic 
intubation of the esophagus. The endoscope is then 
advanced to the third part of the duodenum, where 
multiple tissue biopsies are obtained. The procedure 
takes a total of 6 min. After the endoscope is with-
drawn, the propofol is discontinued by the nurse anes-
thetist and the patient is brought immediately to a 
post-anesthesia care area for recovery. 

    Considerations 
 Performance of pediatric endoscopic procedures with 
deep sedation in dedicated endoscopy units is becoming 
a standard in many institutions, and is generally safe 
[ 135 ]. However, as illustrated by this case, it may require 
signifi cant staffi ng considerations. If more than one pro-
cedure room will be operating at the same time, it may
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be preferable to use one supervising anesthesiologist 
and multiple physician extenders. Recovery units must 
also be staffed appropriately to monitor patients who are 
emerging from deep levels of sedation. 

 This case also illustrates the need to tailor the level 
of sedation achieved and the regimen used appropri-
ately to the procedure. In this case, the patient is 
healthy and has no known risk factors for airway com-
promise. The planned procedure of diagnostic upper 
endoscopy with biopsies is brief and not painful. The 
patient is young and at risk for distress with placement 
of an intravenous line. If she is allowed to stay with her 
parents until she is sedated, and if line placement is 
reserved until after her parents leave the room, she is 
able to remain calm. It may also be helpful to create a 
calming environment by dimming the lights, as well as 
playing quiet music. By opting to perform the sedation 
without endotracheal intubation, the anesthesiologists 
have essentially committed to maintaining a level of 
sedation that is deep enough to allow the procedure, 
while maintaining spontaneous patient ventilation. In 
turn, unit throughput effi ciency is not compromised by 
a sedative regimen that involves long induction and 
recovery periods. Use of dual-purpose nasal cannula 
allows for the administration of supplemental oxygen, 
as well as electronic monitoring of ventilation in the 
absence of endotracheal intubation.   

    Case 2 

 A 17-year-old male with known ulcerative colitis pres-
ents to the emergency room with frequent bloody stools 
despite recent treatment with IV steroids for a fl are of 
his infl ammatory bowel disease. A decision is made to 
readmit and restage his colitis by performing colonos-
copy the following day prior to pursuing further medical 
therapy, such as the use of cyclosporine as a rescue 
agent. The medical team opts to schedule the urgent pro-
cedure in a dedicated procedure unit and plans to use 
endoscopist-administered moderate sedation. Upon 
admission to the fl oor, the patient undergoes an intrave-
nous line placement and is administered maintenance 
fl uids. He receives a bowel preparation by mouth up 
until midnight and then is maintained NPO until the 
time of the procedure. Once in the endoscopy unit, the 
patient is brought to the procedure room by two nurses 
and the endoscopist. One nurse stays at the head and 
monitors the airway. The second acts as circulator and 
documents medications. Serial doses of midazolam and 
fentanyl are administered by protocol using the estab-

lished intravenous line until the patient is determined to 
be comfortable and responding to light tactile stimula-
tion. At that point, he is encouraged to turn on his side in 
the left lateral decubitus position and lidocaine jelly is 
administered to the anal canal. The endoscope is inserted 
into the anus, where severe mucosal infl ammatory dis-
ease is noted. The endoscope is then advanced past the 
splenic fl exure, where the mucosa abruptly becomes 
more normal appearing, and all the way to the cecum. 
The procedure takes a total of 25 min. Throughout, the 
patient is occasionally administered further doses of 
fentanyl and midazolam, and his airway is continually 
monitored. In addition, pulse  oximetry readings and 
capnograms are monitored and recorded. Evidence of 
hypoventilation on capnograms is managed by rubbing 
the patient’s back and verbally encouraging him to take 
deep breaths. Upon withdrawal of the endoscope, the 
patient is brought to the recovery area. 

    Considerations 
 In most institutions, gastroenterology teams may fi nd 
it more effi cient and preferable to schedule urgent pro-
cedures in a dedicated endoscopy unit with endosco-
pist-administered moderate sedation [ 136 ]. Older 
children and teenagers may be particularly appropriate 
candidates for this option. In this case, the patient 
sedated easily and safely with a typical regimen of 
midazolam and fentanyl. Midazolam is a highly potent 
benzodiazepine with water-soluble properties that 
greatly diminishes the pain associated with intrave-
nous administration. It also has a short beta elimina-
tion half-life, which is particularly advantageous for 
brief procedures. 

 One of midazolam’s most desirable side effects is its 
retrograde and anterograde amnesia for procedures. 
According to the Versed brand package insert (Roche 
laboratories), 71 % of patients sedated with midazolam 
were shown to have no recall of introduction of the endo-
scope, and 82 % had no recall of withdrawal of the endo-
scope. This drug generally produces a calm, compliant 
patient who is receptive to nonthreatening procedures. 
The opioid fentanyl (Sublimaze) is approximately 100 
times more potent than morphine due to a high degree of 
fat solubility that allows rapid penetration of the blood–
brain barrier. The resulting onset of opioid effect is there-
fore much faster for fentanyl than for meperidine (onset 
of action is 30 s–5 min versus 5–10 min). 

 Of course, sedatives likely instigate desaturation 
either by central respiratory depression with resulting 
hypoxemia and CO 2  retention or by blunting ventila-
tory refl exes that are driven by hypercarbia. In addition, 

(continued)
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looping of the colonoscope has been associated with 
respiratory splinting and transient hypoxemia. As this 
case illustrates, it is routine to administer supplemental 
oxygen by intranasal cannulation, at a generally rec-
ommended rate of 2 L per minute. This approach is 
considered low cost and high benefi t, but does not 
negate the need for ventilatory monitoring for desatu-
ration. As is illustrated by this case, monitoring with 
capnography may reveal transient periods of subopti-
mal ventilation, which can be treated with minimal but 
effective interventions. A randomized controlled trial 
in pediatric patients suggests transient apnea and 
hypoventilation may not be recognized by clinical 
staff, despite a dedicated airway nurse, but may be 
detected by patient monitoring that uses capnography 
[ 137 ]. Acting on capnographic evidence of suboptimal 
ventilation may lead to decreased incidence of arterial 
oxygen desaturation. 

 This case also illustrates that timely performance of 
endoscopy can be invaluable at guiding therapy. The 
limited extent of disease detected during this proce-
dure may be  amenable to medical therapy, and can 
allow the team to defer surgical options.   

    Case 3 

 A 2-year-old 10 kg male with nonspecifi c atypical 
facial features, pervasive developmental delay, and 
feeding diffi culties is referred to the gastroenterology 
consult service for percutaneous endoscopic gastros-
tomy (PEG) placement. The procedure is planned for 
general anesthesia to be administered by the anesthesi-
ology team in the endoscopy unit. The patient has no 
unifying diagnosis, but is otherwise medically stable, 
and a standardized assessment by the unit nursing team 
performed via telephone confi rms the scheduling gas-
troenterologist’s assessment that he is an ASA II 
patient, eligible to have the procedure performed in the 
unit. However, on the day of the procedure, a focused 
physical exam suggests his airway is best scored as 
Mallampati IV, with neither his soft palate nor his 
uvula visible when he is in a sitting position with his 
mouth open. A decision is made to reschedule the case 
for the main operating room the following day. 

    Considerations 
 Decisions around procedural location and type should 
be tailored to the patient and the procedure. Although 
there has been no formal study to help guide the deci-
sions of which patients are safe for deep sedation or 
general anesthesia in the endoscopy unit, the American 

Society of Anesthesiologists’ (ASA) classifi cation 
scheme may be of use in institutional policies. 
Generally speaking, ASA I and II patients are consid-
ered good candidates for moderate sedation, and are 
generally considered safe for the endoscopy unit. ASA 
III patients with a severe systemic disease should be 
evaluated carefully, but have been described to be safe 
for sedation in the endoscopy suite, rather than an oper-
ating room [ 91 ]. ASA IV and V patients with either a 
severe systemic disease that is a threat to their life or 
who are moribund, respectively, should receive general 
anesthesia in an operating room setting. Nevertheless, 
this case illustrates the limitations of relying on ASA 
alone in guiding the decision for procedural location. 
Indeed, as with deciding appropriate levels and types 
of sedation, it is important to recognize that the ASA 
classifi cation system provides crude patient categories 
to serve a multidisciplinary purpose, and does not ade-
quately capture complex clinical scenarios. 

 Instead, all medical societies of gastroenterology, 
endoscopy, and anesthesia emphasize in their guidelines 
that a careful history must be obtained before sedation is 
administered. Much of this history can be acquired in a 
phone call prior to the procedure [ 138 ] or by reviewing 
the medical chart [ 36 ]. Inquiries must include a history 
of all current medications, untoward or allergic reac-
tions, alcohol or other substance abuse, chronic use of 
sedatives or analgesics, and past endoscopic experi-
ences. Risk assessments will also include the patient’s 
age, comorbid illnesses or organ dysfunction, and obe-
sity. A history of cardiopulmonary disease, neurological 
concerns, liver disease, and surgical history, as well any 
condition that might affect access to the patient’s air-
way, should also be obtained. Had this assessment iden-
tifi ed any other risk factors, presumably this patient 
would have triaged to the main operating room. 

 As this case also illustrates, risk factors were not 
identifi ed until a focused physical exam prior to the 
procedure revealed the patient to have a diffi cult air-
way. A relevant physical exam to sedation plans 
involves careful evaluation of the heart, circulation, 
lungs, head, neck, and airway. Patients with limited 
neck extension, decreased hyoid- mental distance, non-
visible uvula, mandibular disease, or other disorders of 
the head and neck may be diffi cult to intubate in an 
unlikely emergency. In terms of an airway assessment, 
the standardized Mallampati score may be of use for 
identifying patients at high risk for airway issues. 
Anesthesiology teams may better serve these patients 
in the main operating room, where resources, such as 
fi beroptic laryngoscopes and anesthesiology staff 
backup, are more readily available.   
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  The Wand is only as good as the Wizard    . 

    Abstract  

  Safe and effective management of procedure- related pain and anxiety in the emergency 
department (ED) has become expected. It facilitates controlled accomplishment of thera-
peutic and diagnostic procedures, reduces psychological trauma and its sequelae, reduces 
healthcare provider and parental distress, and improves parental acceptance of rendered 
care. Many advances in procedural sedation and analgesia (PSA) for nonelective proce-
dures in non-fasted patients in the ED have occurred over the past 20 years as a result of 
intense interest in this concept and the development of general and pediatric emergency 
medicine specialties, for whom PSA is now considered core training. This chapter reviews 
some of the PSA techniques shown to safely and effectively decrease children’s pain and 
anxiety associated with procedures in the ED. Since pain and anxiety are frequently indis-
tinguishable, the combination will often be referred to as distress.  

  Keywords  

  Emergency department   •   Procedural sedation and analgesia (PSA)   •   Local anesthesia   • 
  Psychological intervention   •   Pain   •   Anxiety   •   Motion   •   Adverse events   •   Upper airway 
obstruction   •   Laryngospasm   •   Emesis   •   Pulmonary aspiration   •   Eutectic Mixture of Local 
Anesthetics (EMLA)   •   Nil per os (NPO)   •   American Society of Anesthesiologists (ASA)   • 
  American College of Emergency Physicians   •   Capnography   •   Moderate sedation   •   Deep 
sedation   •   Naloxone (Narcan)   •   Flumazenil   •   Atropine   •   Succinylcholine   •   Ketamine   • 
  Ondansetron (Zofran)   •   Gamma-aminobutyric acid (GABA)   •   Chloral hydrate   •   Barbiturates   
•   Diazepam   •   Etomidate   •   Fentanyl   •   Fospropofol   •   Ketamine   •   Ketofol   •   Lorazepam   • 
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  Nitrous oxide   •   Pentobarbital (Nembutal)   •   Propofol   •   Remifentanil   •   S-ketamine   •   Sufentanil   
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      Introduction 

      Why Procedural Sedation and Analgesia (PSA)? 

 Painful therapeutic procedures are frequently necessary 
 during emergency care of children, many of whom already 
have a painful and frightening injury or illness. Immobility 
for diagnostic radiological procedures in young children is 
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also often required. These procedures are distressful for the 
children, their parents, and their healthcare providers. 
Inadequately relieved procedure-related pain and distress 
produces physiological and psychological reactions that 
have acute and long-term consequences [ 1 – 6 ]. 

 Safe and effective management of procedure-related pain 
and anxiety in the emergency department (ED) has become 
expected [ 7 ]. It facilitates controlled accomplishment of 
therapeutic and diagnostic procedures [ 3 ,  8 ,  9 ], reduces psy-
chological trauma and its sequelae [ 3 ,  5 ,  8 ,  10 ], reduces 
healthcare provider and parental distress, and improves 
parental acceptance of rendered care [ 11 ]. Many advances in 
PSA for nonelective procedures in non-fasted patients in the 
ED have occurred over the past 20 years as a result of intense 
interest in this concept and the development of general and 
pediatric emergency medicine specialties, for which PSA is 
now considered core training [ 12 ]. Family and third-party 
payer’s desire for defi nitive management of acute injuries 
during initial ED visits also seems to be increasing. This 
chapter reviews some of the PSA techniques shown to safely 
and effectively decrease children’s pain and anxiety associ-
ated with procedures in the ED. Since pain and anxiety are 
frequently indistinguishable, the combination will often be 
referred to as distress.  

   Long-Term Negative Impact 
of Painful Procedures 

 Elimination or relief of pain and suffering, whenever possible, 
is an important responsibility of physicians caring for children 
[ 13 ], as unmanaged pain can result in a variety of negative 
long-term consequences [ 14 ]. Accumulating evidence indi-
cates that by the middle of the third trimester of human gesta-
tion, ascending pain fi bers fully connect to the primary 
somatosensory cortex of the brain [ 15 ,  16 ]. Descending inhibi-
tory pain pathways, on the other hand, appear to require post-
natal development. Rather than being less sensitive to pain, 
young infants may actually experience pain more intensely 
than older children [ 17 ]. As the brain rapidly matures during 
the fi rst weeks to months after birth, recurrent painful stimuli 
may alter the formation of new neuronal circuits, resulting in 
children’s hypersensitivity and increased behavioral response 
to noxious stimuli [ 15 ,  18 – 23 ]. 

 Inadequately controlled procedure-related pain has been 
correlated to increased distress and maladaptive behaviors 
during subsequent healthcare interactions. Boys circumcised 
at birth without effective anesthesia had increased distress at 
their 4- and 6-month routine vaccinations compared to uncir-
cumcised controls [ 24 ]. Similarly, toddlers who had painful 
postoperative care during the fi rst 3 months of life demon-
strated greater pain responses at their 14-month immuniza-
tions compared with controls [ 25 ]. In older children, painful 

therapeutic procedures have been associated with negative 
memory and greater pain during similar future procedures 
[ 26 – 28 ], even when those future procedures are performed 
with adequate analgesia [ 5 ]. Although the mechanisms 
underlying these observations have yet to be fully elucidated, 
these studies show that painful episodes can be encoded into 
children’s implicit and explicit memories [ 23 ]. While prais-
ing a child following a painful procedure, in an effort to 
modify negative memories, may lessen these memories and 
reduce distress during subsequent procedures [ 29 ], preven-
tion of negative memories by employing effective sedation–
analgesia for intensely painful procedures is likely a crucial 
part of preventing the negative feedback loop that can then 
cause greater anxiety and pain during future procedures and 
healthcare interactions [ 30 ,  31 ].   

   When May PSA Not Be Needed? 

 PSA requires substantial and frequently scarce healthcare 
resources in a busy ED and has signifi cant, albeit rare, risks. 
Emergency healthcare providers therefore increasingly are 
employing strategies that provide effective minimally pain-
ful techniques for local anesthesia or systemic analgesia. 
Combined with psychological or behavioral approaches to 
reduce patient anxiety, these strategies may greatly reduce 
the need for PSA as well as diminish the need for deeper 
sedation [ 32 ]. 

   Nearly Painless Local Anesthesia 

   Topical Anesthetics 
 Use of topical anesthesia for children’s lacerations has 
become standard in many EDs. Locally compounded solu-
tions or gels containing 4 % lidocaine, 0.1 % epinephrine 
(adrenaline), and 0.5 % tetracaine (LET or LAT) provide 
local anesthesia when instilled for 20–30 min into an open 
wound or abscess [ 33 – 35 ]. These solutions are more effec-
tive in scalp and facial lacerations than those on extremities 
or the trunk, but their initial use markedly reduces the pain 
of subsequent injection of lidocaine, if such is needed. 
Careful application of limited amounts of these solutions 
onto lip or mucous membrane lacerations (e.g., using a cot-
ton-tip swab) has been shown safe and can be quite effective 
[ 36 ]. Caution must be used, especially in small children, 
as rapid absorption of the anesthetics could cause toxicity. 
A recent study also found use of LET on fi nger lacerations 
safe and effective [ 37 ].  

   Buffering Injected Lidocaine 
 Pain associated with injection of lidocaine can be markedly 
reduced by buffering the anesthetic, injecting slowly through 
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fi ne needles (e.g., 30 gauge) subcutaneously instead of 
 intradermally, and warming the anesthetic to body tempera-
ture [ 38 – 42 ]. Buffering lidocaine, with or without epineph-
rine, to pH 7.0–7.2 by mixing 1 part of 1 mEq/mL sodium 
bicarbonate with 9–10 parts of 1 % lidocaine markedly 
decreases the pain of injection [ 43 ,  44 ]. Buffering also 
decreases onset time for anesthesia [ 44 ] without affecting 
effi cacy or duration [ 44 – 46 ]. The buffered mixture is stable 
for at least 3 weeks when stored at room temperature [ 45 ] 
and longer when refrigerated [ 47 ].   

   Psychological Interventions Reduce 
Distress and Need for PSA 

 Acute injury or illness causes signifi cant anxiety and stress 
for most children and their parents. Lack of understanding of 
ED routines for care, ongoing pain, prolonged waits, precon-
ceived notions about emergency care, and numerous other 
known and unknown factors interfere with effective prepara-
tion of the child and use of the child’s and parents’ coping 
mechanisms [ 48 ]. Consequently, many young children are 
frightened and unwilling to cooperate with necessary proce-
dures, even when little or no pain is involved. A warm smile 
and a slow respectful and sometimes playful approach may 
reduce the frightened child’s perception of the provider as a 
threat and increase the likelihood of cooperation without 
need for sedation. Addressing parental concerns and provid-
ing them with an explanation of the plan for care, along with 
age-specifi c suggestions on how they can allay some of their 
child’s fears and anxieties, allows them to prepare their child 
as well as themselves. 

 Having their parent at their side during painful procedures 
in the ED is of utmost importance for school-aged and 
younger children, despite realizing their parent can do little 
to alleviate procedural pain [ 49 ]. Parents likewise believe 
their presence during procedures is important and benefi cial 
to their children [ 50 – 52 ]. EDs increasingly are enacting poli-
cies to give parents the option of staying with their child dur-
ing all procedures and resuscitations, usually with a staff 
member dedicated to explain the care provided and to moni-
tor the parent for signs of extreme distress, syncope, etc. 
[ 53 – 55 ]. When suggestions are given to parents on how to 
help their child (e.g., touching, distracting with stories, 
 reciting the alphabet, counting, etc.), parents can provide 
 signifi cant assistance in accomplishing anxiety-provoking 
procedures without sedation [ 56 ,  57 ]. In addition, nonthreat-
ening language should be used to characterize anticipated 
sensations, e.g., “freezing, poking, or squeezing” instead of 
“burning, bee sting, or hurting.” Simply allowing young chil-
dren to sit in their willing parent’s lap, with parents provid-
ing distraction and hugs for mild restraint, markedly reduces 

the child’s distress during minor procedures [ 58 ]. Combining 
this technique with LET for topical wound anesthesia, 
 supplemented as needed with buffered lidocaine injected via 
a 30-gauge needle, the author rarely fi nds it necessary to 
employ PSA for suturing lacerations in young children.   

   What Makes PSA in the Emergency 
Department Different? 

 Children often exhibit signifi cant distress when faced with 
emergency department (ED) procedures despite administra-
tion of analgesic medications and psychological interven-
tions. They may be anxious about sounds and sights they do 
not understand, fearful because of prior experience or hear-
say, or in pain because of incomplete analgesia or local anes-
thesia. Furthermore, their usual coping mechanisms may be 
in disarray because of the unexpected nature of their illness 
or injury and their perception that they have no control over 
the impending treatment. When children refuse or are unable 
to cooperate with necessary procedures or if effective local 
anesthesia is not possible, safe and effective pharmacologic 
sedation can avert detrimental patient, parent, and practitio-
ner sequelae and facilitate accomplishment of the procedure 
[ 5 ,  59 ,  60 ]. 

 ED PSA in children, however, has greater inherent risks 
when contrasted to elective sedation. Patients frequently 
have not fasted for traditional periods and consequently may 
have “full stomachs” [ 61 – 63 ]. Postponement of procedures 
to allow fasting in the ED may be impractical due to limited 
resources. More importantly, postponement to allow gastric 
emptying is likely ineffective because painful injuries and 
serious illnesses unpredictably delay emptying of stomach 
contents; moreover, necessary administration of opioids for 
pain management likely exacerbates this problem. 
Compounding these issues, children undergoing painful or 
anxiety-provoking procedures typically require deeper levels 
of sedation than adults or teenagers who may be able to 
 better control their behavior [ 1 ]. Unanticipated arrival or 
deterioration of other ED patients and overextended ED staff 
may result in the sedating physician unpredictably being 
pulled away or distracted by other patients’ emergencies. 
Finally, therapeutic procedures performed by trainees in aca-
demic EDs frequently are more prolonged and require longer 
periods of sedation.  

   Deciding Whether to Perform PSA 

 The fi rst and foremost goal of pediatric PSA is assurance of 
the patient’s safety and welfare during the sedation and 
recovery. With this in mind and the limitations noted earlier, 
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the clinician considering PSA must carefully consider the 
following:
    1.     Is the procedure necessary ? Some procedures that would 

require PSA in many children may be unnecessary. For 
example, it is likely that, as in adults, many lacerations of 
the hand and feet heal as well with bandaging as with 
suturing [ 64 ]. Similarly, virtually all tongue lacerations 
heal well without suturing [ 65 ].   

   2.     Do I have the resources and skills to rescue if rare but 
serious adverse events occur ? For example, would I be 
able to administer a paralytic drug for severe laryngo-
spasm or secure the airway by intubation?   

   3.     What if an unexpected patient with a critical emergency 
arrives ? Do I have the resources to continue the PSA and 
procedure? Or, if I had to leave the patient, do I have the 
resources to safely recover the patient?      

   Systematic Approach to Safe ED PSA 

   Knowledge of Clinical Policies Specifi c 
to Emergency Department 

 Although each facility and institution may have their own 
specifi c policies, procedures, and guidelines, it is important 
that the sedation provider in the emergency department is 
familiar with the clinical policies of their specialty. In 
February 2014, the American College of Emergency 
Physicians released the most recent clinical policy to date. 
Entitled  Clinical Policy :  Procedural Sedation and Analgesia 
in the Emergency Department , it updates the 2005 policy 
[ 66 ]. The clinical policy was based on literature review, with 
recommendations identifi ed as Levels A, B, and C. The levels 
were determined from the degree of clinical certainty after 
review of the literature. High certainty, moderate certainty, 
and inadequate/absence evidence corresponded to Level A, B, 
and C recommendation, respectively. The importance of NPO 
was a Level B recommendation, advising that there was no 
evidence to support preprocedural fasting of children for pro-
cedural sedation in the emergency department. The routine 
use of capnography was assigned a Level B recommendation, 
recognizing that as an adjunct to pulse oximetry it may detect 
hypoventilation and apnea earlier than pulse oximetry or clin-
ical assessment. The recommendation for the number of per-
sonnel necessary to manage sedation-related complications 
was a Level C—without  supporting evidence; the recommen-
dation was that in addition to the provider performing the pro-
cedure, a nurse or other qualifi ed individual needed to be 
continuously present. The fi nal recommendations with respect 
to sedatives were Levels A, B, and C. Ketamine and propofol 
were based on Level A recommendations, deemed safe for 
pediatric sedation in the emergency department. Etomidate 
for children was considered Level C, supported with expert 
consensus, despite absent/inadequate supporting published 

literature. The  combination of ketamine and propofol was 
considered Level B for safe pediatric sedation in the emer-
gency department. No recommendations could be made for 
dexmedetomidine, as there is only one case report of its use in 
the emergency department. This 2014 Clinical Policy of the 
American College of Emergency Physicians highlights the 
value of designing studies to specifi cally examine patient-
specifi c outcomes. It also recognizes that unique patient-care 
environments and high-risk patient populations may pose 
unique challenges, which may require modifi cation of the 
Clinical Policy. Reviewing the literature, the College of 
Emergency Physicians Clinical Policies Committee made 
evidence- based recommendations for important clinical ques-
tions. The following questions were addressed [ 66 ]:
    1.    Is preprocedural (nil per os, NPO) fasting necessary to 

decrease risk of emesis and aspiration during sedation in 
the emergency department?   

   2.    Does capnography decrease risk of adverse events?   
   3.    How many personnel are necessary to manage sedation- 

related complications?   
   4.    Are ketamine, propofol, etomidate, dexmedetomidine, 

alfentanil, and remifentanil appropriate sedatives for the 
emergency department?    

     Goals of PSA 

 Pediatric PSA by experienced providers has inevitable risks 
of adverse events including respiratory depression, apnea, air-
way obstruction, vomiting, hypotension, and dysphoria [ 67 ]. 
The fi rst and foremost goal of pediatric PSA is assurance of 
the patient’s safety and welfare during the sedation and recov-
ery [ 59 ,  68 ]. Within this context, additional goals include con-
trol of behavior (muscle relaxation or relative immobility) 
and minimization of procedure-related pain, anxiety, mem-
ory, and negative psychological responses [ 59 ]. Safe attain-
ment of these goals requires careful patient screening for 
factors associated with increased sedation-related risk of 
adverse events or diffi cult airway management, preparation 
for management of possible adverse events, and meticulous 
assurance of effective patient cardiopulmonary and other vital 
functions during and after the procedural sedation. 

 By developing a routine or systematic approach for ED 
PSA, the emergency physician reduces risks for the patient 
by identifying children at increased risk of adverse events 
and increasing preparedness for safe and effective manage-
ment of adverse events should they occur [ 69 ]. The system-
atic approach should include the following steps:
    1.    Pre-sedation patient assessment   
   2.    Informed consent   
   3.    Plan for sedation   
   4.    Documentation/sedation record   
   5.    Recovery/discharge   
   6.    Quality improvement    
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    Pre-sedation Patient Evaluation 
and Risk Assessment 
 Children should be screened for factors that may be associ-
ated with increased risk of adverse events or diffi cult man-
agement of these events during sedation. Identifi cation of 
these risks allows for better preparation for management of 
untoward events or development of alternative plans to 
reduce the likelihood of undesired effects. In addition to gen-
eral sedation screening in preparation for an ED procedure, a 
focused physical exam immediately prior to sedation should 
be repeated to detect any acute changes in the child’s physi-
ological status such as acute onset of wheezing or fever. 

 Pre-sedation  history and physical examination  should 
focus upon the patient’s cardiorespiratory status and airway 
to determine the sedator’s ability to rescue breathe for this 
individual, if necessary [ 59 ,  70 ,  71 ]. A focused history may 
be guided by the mnemonic  AMPLE :
   ( A )  A llergies to medications, latex, CT contrast, and food 

(e.g., egg allergy prohibits use of propofol; shellfi sh aller-
gies are associated with CT contrast reactions).  

  ( M ) Current medications or illicit drugs that might interact 
with PSA medications; these often reveal concurrent 
diagnoses that may impact PSA choices, e.g., psychiatric 
medications.  

  ( P )  P ast medical history, including any complications with 
sedation or anesthesia and chronic illnesses; history of 
snoring/stridor, recent URI/respiratory infections or 
asthma exacerbations, GERD, cardiac history, prematu-
rity, any neuromuscular disease (may contraindicate suc-
cinylcholine), and history of airway surgery/tumors/
malformations.  

  ( L )  L ast meal/fl uid intake.  
  ( E )  E vents leading to a need for procedure, e.g., associated 

injuries:   
    (a)     ASA physical status classifi cation  

 The patient physical status classifi cation endorsed by the 
American Society of Anesthesiologists (ASA) [ 72 ] to 
predict risk for adverse events during general anesthesia 
[ 73 ,  74 ] is helpful in assessing sedation risks and is sum-
marized in Table  19.1 . ASA Class I and II children are at 
low risk for serious adverse events when carefully moni-
tored. Events that are initially minor, such as upper air-
way obstruction during deep sedation, usually can be 
easily addressed with simple interventions and cata-
strophic sequelae prevented. However, children with 
underlying illnesses often have less cardiopulmonary 
reserve and thus a greater risk for adverse responses to 
sedative and analgesic medications, and their rescues 
often are more diffi cult and complex. Therefore, when 
possible, it is suggested an experienced sedation provider 
or anesthesiologist be consulted for planning sedation of 
ASA Class III patients and an anesthesiologist consulted 
for Class IV or V patients.

       (b)     Airway assessment :  comorbid risk factors ,  Mallampati 
classifi cation  
 Factors associated with diffi culty in airway management 
include those that make it hard to visualize the larynx or 
partially or completely obstruct the upper airway. 
Examples include: history of previous problems with 
anesthesia or sedation including prolonged intubation or 
unplanned hospitalization; stridor, snoring, or sleep 
apnea; chromosomal abnormality (e.g., trisomy 21); his-
tory of prematurity with prolonged intubation; signifi cant 
obesity; short neck or limited neck mobility; receding 
mandible (small lower jaw) or decreased hyoid-mental 
distance; dysmorphic facial features (e.g., Pierre–Robin 
syndrome); small mouth opening; protruding incisors; 
loose teeth; dental appliances; high, arched, and narrow 
palate or history of cleft palate repair; large tongue; ton-
sillar hypertrophy; or no visible uvula (Fig.  19.1 ; 
Mallampati airway classifi cation III, IV) [ 70 ,  71 ].

   Problems associated with increased risk of adverse 
events and for which consultation with an experienced 
sedation practitioner or anesthesiologist is suggested 
include [ 76 ]:
•    ASA physical status Class III or IV  
•   Current upper respiratory illness (URI) 1   

1   Note: Upper respiratory illness (URI) may increase the risk of laryngo-
spasm, bronchospasm, and hypoxia during sedation. Mild URI symp-
toms alone (non-purulent rhinitis, afebrile, cough that clears) may not 
be an indication to cancel PSA, but management should refl ect anticipa-
tion of above potential complications. Severe URI (febrile, purulent 
discharge, wet cough) should prompt consideration of cancellation of 
non-emergent or urgent procedures. 

   Table 19.1    ASA physical status-E classifi cation [ 72 ]   

 Status  Disease state 

 I  No organic, physiologic, biochemical, or psychiatric 
disturbance 

 II  Mild to moderate systemic disturbance that may or may not be 
related to the reason for procedure, e.g.,  mild asthma ,  well -
 controlled diabetes ,  controlled seizure disorder ,  and anemia  

 III a   Severe systemic disturbance that may or may not be related 
to the reason for procedure, e.g.,  heart disease that limits 
activity ,  poorly controlled essential hypertension ,  diabetes 
mellitus with complications ,  chronic pulmonary disease that 
limits activity ,  and poorly controlled seizure disorder  

 IV b   Severe systemic disturbance that is life threatening with or 
without procedure, e.g.,  advanced cardiac ,  pulmonary ,  renal , 
 endocrine, or hepatic dysfunction , e.g.,  severe 
bronchopulmonary dysplasia  and  sepsis  

 V b   Moribund patient who has little chance of survival but is 
submitted to procedure as a last resort (resuscitative effort), 
e.g.,  septic shock ,  cerebral trauma ,  and pulmonary embolus  

  “E” is added to indicate a nonelective or emergent procedure, e.g., 
ASA I–E 
  a Consultation with experienced sedation provider or anesthesiologist 
encouraged 
  b Consultation with anesthesiologist strongly encouraged  
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•   Pulmonary: wheezing not cleared by a bronchodilator, 
obstructive sleep apnea  

•   Morbid obesity (>2 × ideal body weight)  
•   Cardiovascular conditions: cyanosis, congestive heart 

failure  
•   Neurological conditions: poorly controlled seizures, cen-

tral apnea  
•   Gastrointestinal conditions: uncontrolled gastroesopha-

geal refl ux  
•   Prematurity with residual pulmonary, cardiovascular, gas-

trointestinal, and neurological problems  
•   Age <3 months  
•   Pregnancy or suspected pregnancy  
•   Neuromuscular disease  
•   Severe developmental delay  
•   Patients who are diffi cult to control  
•   History of failed sedation, oversedation, or paradoxical 

response to sedatives    

  Screening for acute illness : Patients should be screened 
for acute illnesses that may increase their risk for sedation- 
related adverse effects. When acute illness is detected, the 
sedation provider must weigh the increased risk against 
the need for the diagnostic or therapeutic procedure.   

   (c)     Fasting status and risk of aspiration  
 To decrease the risk of pulmonary aspiration of gastric 
contents in healthy children undergoing general anesthe-
sia for elective procedures, fasting from clear liquids a 

minimum of 2 h and from milk or solid food 6–8 h is 
a well- established consensus-based practice [ 77 ]. 
However, as noted in these guidelines, “Published evi-
dence is silent on the relationship between fasting times, 
gastric volume, or gastric acidity and the risk of emesis/
refl ux or pulmonary aspiration in humans.” In two more 
recent reviews of the literature examining whether chil-
dren should undergo fasting prior to ED PSA [ 78 ,  79 ], it 
is noted that little clinical data has been published to help 
answer this question. It is diffi cult to extrapolate directly 
to PSA from the long experience with safe general anes-
thesia. It is likely that risk of aspiration is less during ED 
PSA compared to general anesthesia in the operating 
room for several reasons. First, protective airway refl exes 
are generally preserved at the depth of moderate sedation 
[ 70 ,  80 ]. Second, airway refl exes are also relatively intact 
during sedation with the commonly used dissociative 
agent ketamine during deep sedation or even light gen-
eral anesthesia [ 81 ]. Of concern, however, these refl exes 
are likely blunted during deep sedation with opioids, 
benzodiazepines, barbiturates, propofol, and etomidate, 
especially if sedation is deep enough to cause apnea [ 79 ]. 
Third, intubation of the trachea, rarely performed in 
children undergoing ED PSA, likely increases the risk of 
pulmonary aspiration due to pharmacological abolition 
of protective refl exes to facilitate intubation and mechan-
ical interference with these refl exes during passage of 
the endotracheal tube into the trachea [ 73 ,  74 ,  82 ]. 

  Fig. 19.1    Mallampati airway classifi cation (adapted with permission from Mallampati SR. Recognition of the diffi cult airway. In: Benumof JL 
(ed) Airway management: principles and practice. St. Louis: Mosby-Yearbook; 1996. p. 132 [ 75 ])       
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Fourth, the great majority of children receiving ED PSA 
meet ASA physical status Class I or II criteria [ 9 ,  61 – 63 , 
 80 ,  83 ] and, compared to those in ASA physical status 
Classes III and IV, are associated with less risk of adverse 
events during anesthesia [ 73 ,  74 ]. It is the combination of 
these differences—i.e., moderate sedation, common use 
of dissociative ketamine for deep sedation, lack of 
manipulation of the larynx, and healthy patients—that 
likely results in ED PSA having lower risk of aspiration 
compared to general anesthesia. 

 A more robust literature on identifi cation of risk fac-
tors for aspiration in children undergoing general anes-
thesia has found no benefi t from routine preoperative 
administration of antacids or pharmacological agents to 
increase gastric motility [ 77 ,  84 ]. Gastric fl uid volume or 
pH were not different with NPO periods of 2, 4, and 12 h 
after drinking apple juice in one study [ 85 ] or after 30 min 
to 3 h, 3–8 h, or more than 8 h after clear liquid ingestion 
in another trial [ 86 ]. No studies have examined gastric 
emptying in children after solid intake, but one small 
study of adult women after a light breakfast found 3 of 8 
had emptied their stomachs by 2 h and all by 6 h [ 87 ]. 

 The incidence of pulmonary aspiration during ED 
PSA is uncertain but appears to be very low. In a litera-
ture review of adverse events during ED PSA [ 78 ], after 
combining studies with a total of 4,814 children, clini-
cally apparent aspiration during PSA was reported in 
only one account of two children, both of whom had 
fasted standard NPO periods and did not appear to be ED 
patients. These patients were deeply sedated with opi-
oid–barbiturate combinations (which blunt airway 
refl exes), one for a radiological procedure and the other 
for bronchoscopy. Both required only supplemental oxy-
gen and observation [ 69 ]. In nearly 50,000 elective pro-
pofol-based sedations, 4 children were noted to have 
aspirated; all recovered without sequelae after positive-
pressure ventilation and supplemental oxygen and were 
discharged the day of or day after the procedure [ 88 ]. 
The incidence of aspiration in more than 100,000 chil-
dren undergoing general anesthesia has been reported to 
be 1:978 and 1:2,632 patients by Warner [ 73 ] and Borland 
[ 74 ]. During emergency surgery, aspiration occurred as 
frequently as 1:373 patients in the Warner study [ 73 ]. 
Although only a rough estimate, pooling of the available 
data in the literature suggests the incidence of clinically 
apparent pulmonary aspiration during ED PSA is no 
more frequent than 1:2,000 pediatric patient encounters 
[ 78 ]. Because of the rarity of its occurrence, much larger 
studies are needed to accurately estimate the incidence of 
aspiration, and any relationship with fasting, during ED 
PSA. For now, given the many variables present, clinical 
judgment has to weigh the risk and benefi ts for each 
patient [ 78 ,  79 ]. 

  Vomiting , although not likely to result in aspiration 
when protective airway refl exes are intact, is a common 
adverse event during ED PSA in children, occurring in as 
much as 25 % of patients, especially when opioids are 
coadministered prior to sedation [ 89 ,  90 ]. As supported 
by literature reviews [ 78 ,  79 ,  91 ], recent series of chil-
dren receiving ketamine or nitrous oxide for ED PSA 
suggest there is poor correlation between the length of 
time of preprocedural fasting and vomiting [ 62 ,  63 ,  92 ]. 
No signifi cant difference in frequency of vomiting was 
found between children that fasted between 0, 2, 4, 6, 8, 
and greater than 8 h. This may be because the vomiting is 
medication induced and gastric contents have little effect 
on likelihood of vomiting. 

 Gastric emptying may also be unpredictably delayed 
in ill or injured patients due to development of ileus [ 93 ]. 
ED management of pain with opioids likely exacerbates 
this problem. Whether brief delay (1–6 h) of PSA 
decreases vomiting is undetermined. Coadministration 
of ondansetron has been found to reduce vomiting asso-
ciated with ketamine-based ED PSA but only from 12.6 
to 4.7 % with 13 patients needing to be treated to prevent 
one episode of vomiting [ 94 ]. This and other strategies 
need further investigation. It is the practice of the author 
to consider all sedated ED patients to have “full stom-
achs” and to manage them with vigilance and prepara-
tion for assisting them in clearing their oropharynx by 
rolling them to their side or assisting them in leaning for-
ward. Suctioning of the mouth is then used, if needed, to 
“mop up.” 

  Pregnancy : Since many medications administered for 
ED PSA have the potential for causing harm to a fetus, it 
is recommended that the menstrual status be reviewed 
with post-menarchal girls and a urine pregnancy test per-
formed prior to sedation. The US Food and Drug 
Administration (FDA) has categorized medications 
based upon known or possible risk to a developing fetus 
as listed in Table  19.2 . Increasing uterine size, greater 
tendency for vomiting, and many other changes also 
increase the complexity of PSA during pregnancy.

          Informed Consent 
 The physician responsible for the sedation should provide to 
the patient and/or parents’ information concerning the objec-
tives of the sedation, behavioral changes associated with the 
sedative regimen (especially important when the parent/
guardian plans to remain with the patient during the seda-
tion/procedure), and potential adverse effects during and 
after the sedation [ 59 ,  70 ,  95 ]. Parents should understand 
that, albeit rare, there is a risk of pulmonary aspiration, car-
diopulmonary compromise, hypoxic brain injury, and/or 
death.  It is also recommended to discuss with them the 
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 possible need for muscle relaxation ,  intubation , 
  hospitalization ,  and unsuccessful sedation with inability to 
perform the procedure . These issues that have been discussed 
with the parent/guardian (and patient when appropriate) and 
that they have given their informed consent to proceed with 
the sedation should be documented on the sedation record. 

 Adverse effects/events generally discussed include:
•    Incomplete analgesia and/or amnesia  
•   Respiratory depression/apnea  
•   Pulmonary aspiration  
•   Psychosis and recovery dysphoria  
•   Catatonia/nystagmus  
•   Dysrhythmias     

   Plan for Sedation 
     (a)    Selection of a medication plan 

 Selection of medications and dosages should be guided 
by the desired key effect(s). An ideal regimen would pro-
vide acceptable analgesia, sedation, and amnesia for 
residual awareness of procedure-related pain or anxiety, 
cause minimal adverse effects, and work reliably with a 
wide therapeutic index; i.e., small differences in dose 
would not cause oversedation or adverse events, have 
rapid onset and recovery, and be easy to titrate to effect. 
No single agent or combination of agents fully achieves 
these goals. Selection of procedural sedation medica-
tions therefore is based upon balancing desired effects 
with the potential for adverse effects. For procedures that 
are very painful (e.g., fracture reduction), control of the 

pain will be paramount. For procedures that require the 
child to be motionless—e.g., computerized tomography 
(CT) or magnetic resonance imaging (MRI) scans—
immobility may be most important. Most procedures in 
children require some combination of analgesia and 
immobility along with anxiolysis; therefore, sedation 
planning can be broadly organized into categories of 
these parameters. 

  Analgesia ,  hypnosis ,  anxiolysis ,  or amnesia ?  Balanced 
sedation : Medication selection and dose can be orga-
nized by anticipation of whether the procedure is (1) 
 nonpainful/noninvasive or associated with (2) low level 
of pain and high anxiety or (3) high level of pain, high 
anxiety, or both, (4) whether local anesthesia can be 
used, and (5) whether the patient needs to be motionless; 
i.e., for some procedures, some motion is acceptable dur-
ing painful and/or invasive procedures to the extent that 
the motion neither causes risk to the patient nor hinders 
the successful performance of the procedure, whereas in 
others (e.g., MRI), any movement prevents completing 
the procedure (see Table  19.3 ) [ 61 ,  96 ,  97 ].

   Principle and secondary effects of sedative–analgesic 
medications are summarized in Table  19.4 . Although 
combining sedative–analgesic medications generally 
increases the risks of adverse effects [ 98 ,  99 ], the actual 
depth of sedation is likely to be a better predictor of these 
risks [ 96 ,  100 ]. Thoughtful “balanced sedation” with 
anxiolytic and analgesic drugs, carefully titrated to effect, 
can achieve very satisfactory sedation and typically 
results in smaller effective doses of individual drugs than 
if a single drug is used. For example, fentanyl is a potent 
analgesic but has little or no anxiolytic or amnestic effect, 
whereas midazolam is a potent anxiolytic and amnestic 
agent with no analgesic effect. Combining fentanyl and 
midazolam results in effective procedural sedation, but 
the combination causes signifi cantly greater respiratory 
depression than either fentanyl or midazolam alone [ 98 ].

    Depth of sedation : Since increasing depth of sedation is 
associated with increasing frequency of adverse events 
[ 96 ,  101 ], use of the lightest effective sedation is usually 
preferred. However, frequently the depth of sedation 
required for a particular procedure cannot be accurately 
predicted in a specifi c patient [ 96 ]. Incompletely appreci-
ated anxiety and lack of comprehension in younger chil-
dren or those with developmental delay often cause need 
for deeper-than-anticipated sedation for procedures in 
which local anesthesia or mild sedation would suffi ce in 
a self-controlled adolescent or adult. For intensely pain-
ful procedures, deep sedation is typically required. 
Clinicians providing sedation, therefore, ideally should 
be trained and prepared to administer increasingly deeper 

   Table 19.2    United States FDA pharmaceutical pregnancy categories   

 Category A  Adequate studies have failed to demonstrate a risk to 
the fetus in the fi rst trimester of pregnancy and there is 
no evidence of risk in later trimesters 

 Category B  Animal reproduction studies have failed to demonstrate 
a risk to the fetus, and there are no adequate and 
well-controlled studies in pregnant women. Animal 
studies have shown an adverse effect, but adequate and 
well-controlled studies in pregnant women have failed 
to demonstrate a risk to the fetus in any trimester 

 Category C  Animal reproduction studies have shown an adverse 
effect on the fetus and there are no adequate and 
well-controlled studies in humans, but potential benefi ts 
may warrant use of the drug in pregnant women despite 
potential risks 

 Category D  There is a positive evidence of human fetal risk based 
on adverse reaction data from investigational or 
marketing experience or studies in humans, but 
potential benefi ts may warrant use of the drug in 
pregnant women despite potential risks 

 Category X  Studies in animals or humans have demonstrated fetal 
abnormalities and/or there is positive evidence of 
human fetal risk based on adverse reaction data from 
investigational or marketing experience, and the risks 
involved in use of the drug in pregnant women clearly 
outweigh potential benefi ts 
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sedation as guided by the patient’s response to the proce-
dure. It is important, too, for the clinician to realize that 
many sedative analgesic agents also induce varying 
degrees of amnesia. When midazolam, ketamine, or 
 propofol, and to a lesser extent nitrous oxide, are admin-
istered, the patient is unlikely to recall clearly procedure-
related pain despite occasional moaning or crying out 
during intensely painful parts of the procedure [ 9 ]. 
However, it is unwise to promise complete amnesia dur-

ing the informed consent process. The extent of 
 procedural amnesia can be assessed in part by asking the 
patient if he/she “recalls anything hurting” after they 
have recovered; a negative answer is reassuring to par-
ents who have remained with the patient during the pro-
cedure. Because of amnesia for procedure- related pain, 
lighter and presumably safer levels of sedation may be 
acceptable when patient motion does not interfere with 
accomplishment of the procedure. 

   Table 19.3    Indications and strategies for procedural sedation and analgesia [ 96 ,  97 ]   

 Pain  Anxiety  Motion  Clinical examples  Suggestion sedation strategies 

 No  Moderate  Some acceptable  Echo, EEG, infant PFTs (sedation rarely 
needed) 

 Comforting, distraction 
 Chloral hydrate PO (in patients 
<2 years of age) 
 Midazolam PO 

 Motionless  Computed tomography  Chloral hydrate PO (in patients 
<6 months of age) 

 Magnetic resonance  Pentobarbital ± midazolam IV 
 Propofol IV 

 Low or local 
anesthesia 
can be used 

 Moderate 
to high 

 Relatively motionless  Abscess incision and drainage  Topical or local anesthesia 
 But some acceptable  Dental procedures, lumbar puncture  Comforting, distraction 

 Flexible fi ber-optic laryngoscopy  Oxycodone PO 
 Ocular irrigation  Nitrous oxide 
 Foreign-body removal  Midazolam PO, PR, IN, IV 
 Phlebotomy, IV cannulation 
 Laceration repair, simple 
 Fracture reduction with hematoma block 
 Paraphimosis reduction 
 Sexual-assault examination 

 High  Moderate 
to high 

 Relatively motionless  Abscess incision and drainage  Midazolam and fentanyl IV 
 But some acceptable  Arthrocentesis  Ketamine IM or IV 

 Bone marrow aspiration  Nitrous oxide and oxycodone PO 
 Burn debridement  Propofol and ketamine or fentanyl IV 
 Cardioversion 
 Foreign-body removal 
 Complicated 
 Fracture or dislocation reduction 
 Hernia reduction 
 Laceration repair, complex 
 Paracentesis 
 Thoracentesis 
 Thoracostomy-tube placement 

 Medication  Sedation  Analgesia  Amnesia  Anxiolysis  Emetogenic 

 Barbiturates  +++  −  −  − 
 Benzodiazepines  +++  −  +++  +++  Antiemetogenic 
 Fentanyl  +  +++  −  ++ 
 Ketamine  +++  +++  ++  + 
 Propofol  +++  −  +  +  Antiemetogenic 
 Chloral hydrate  ++  −  – 
 Nitrous oxide  ++  ++  + − ++  +++  ++ 

  Table 19.4    Procedural 
sedation medication effects  
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 For this reason, the amnestic agent midazolam is 
 combined with fentanyl for PSA because completely 
effective analgesia cannot be achieved with fentanyl 
without marked respiratory depression. Of note, deeper 
sedation with ketamine is usually much less associated 
with adverse cardiopulmonary effects in comparison to 
other agents and, in addition, ketamine induces moderate 
amnesia.Some older children may prefer not to be deeply 
sedated; in the same way many adults fear general anes-
thesia. As an example, a 13-year-old boy sedated by the 
author with nitrous oxide in conjunction with a lidocaine 
fracture hematoma block recalled the next day the details 
of the reduction of his displaced distal radius and ulnar 
fractures. Yet, he was adamant that he would not have 
preferred to have been “put to sleep” and unaware of the 
reduction. Since the hematoma block was very effective 
and he recalled no pain, he was very satisfi ed with his 
experience of altered awareness during the fracture 
reduction. When local anesthesia or other analgesic tech-
nique can be achieved, some children may prefer lighter 
levels of sedation without loss of awareness, a concept 
that needs further investigation.   

   (b)    Staffi ng 
  For moderate sedation , a sedation provider trained in the 
sedation protocol and skilled in pediatric advanced life- 
support techniques is responsible for the procedural 
sedation–analgesia, including monitoring of the patient’s 
status. In the ED, this is typically the emergency physi-
cian. If, after induction of adequate sedation, that indi-
vidual then performs the procedure for which sedation is 
provided, a second individual, typically a registered 
nurse, with sedation training and knowledgeable in pedi-
atric basic life support must be at the bedside and respon-
sible for monitoring the patient’s cardiopulmonary status 
and the need for interventions to manage adverse events. 
This second individual often is responsible for recording 
the patient’s status on the sedation record and may assist 
with minor, interruptible tasks once the patient’s level of 
sedation and cardiopulmonary functions have stabilized, 
provided that adequate monitoring of the patient is main-
tained [ 59 ,  68 ,  70 ,  102 ]. 

  For deep sedation in the ED , a sedation provider, 
again, typically the emergency physician, with training 
in the pharmacology of the agents to be administered and 
skilled in pediatric advanced life support must be in the 
procedure room and is responsible for the procedural 
sedation–analgesia, including monitoring of the patient’s 
status. At least one clinician must be assigned to monitor 
and record the patient’s airway patency and cardiorespi-
ratory status and, in contrast to moderate sedation plan-
ning, should have no other responsibilities during 
induction of sedation, the procedure, and the early post-
procedure period when the patient is at greatest risk for 

respiratory depression, partial upper airway obstruction, 
and aspiration. If an experienced sedation provider has 
induced adequate sedation and will then perform the pro-
cedure, primary responsibility for monitoring the 
patient’s cardiopulmonary status may be designated to a 
second sedation-trained clinician, typically a registered 
nurse, if the responsible provider can easily interrupt per-
formance of the procedure to assist with or assume man-
agement of adverse events. It should not be planned that 
the clinician monitoring the patient would assist with the 
procedure as that may distract this clinician from moni-
toring the patient’s vital signs and clinical status or inter-
fere with rapid intervention [ 59 ,  68 ,  70 ,  102 ,  103 ]. Brief, 
interruptible assistance with the procedure may be pro-
vided by this person but with caution and with assured 
concurrent attention to the patient’s vital functions. Safe 
use of deep sedation is dependent upon this clinician’s 
meticulous attention to the patient’s airway and breath-
ing and anticipation and early recognition of adverse 
events. Threats to ventilation and oxygenation usually 
are easily managed when rapidly recognized and inter-
ventions immediately implemented. Experience with 
deep sedation has shown that some patients (~5–25 %) 
will develop oxygen desaturation of <90 % and partial 
upper airway obstruction, both of which are usually eas-
ily managed when rapidly recognized. 

 Since deeper-than-intended sedation may occur or be 
necessary in any patient, it is recommended that all but 
the lightest sedations (e.g., use of nitrous oxide) be 
staffed and monitored as if deep sedation may occur, par-
ticularly when gaining initial experience with sedation 
protocols or using agents with narrow therapeutic indices 
(e.g., propofol, midazolam + fentanyl, or etomidate). 
This usually means a third provider is needed if assis-
tance will be necessary in performing the procedure. 
In addition, at least one provider should be present who 
is intimately familiar with location of resuscitation and 
other necessary medical equipment. 

 In most hospitals, physician sedation providers 
and nurses must be credentialed to administer 
PSA. Credentialing typically includes didactic ses-
sions on use of specific PSA medications, demon-
stration of safe and effective administration of PSA, 
and competency in skills needed for rescue from 
adverse events [ 95 ].   

   (c)    Monitoring and equipment 
  Direct patient observation : In addition to electrophysio-
logical monitoring, airway patency, rate and depth of res-
piration, and the child’s color (nail beds, mucosa) should 
be checked frequently by vigilant direct observation, 
especially after each medication administration and in the 
early postprocedure period when painful procedural stimuli 
have ended. This enables essential immediate interventions 
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for adverse events such as marked  respiratory depression, 
positional obstruction of the upper airway as muscle 
relaxation occurs (snoring, paradoxical chest wall motion 
without exhaled breaths may be noted), or vomiting. 
Opening of the airway by realignment or jaw thrust, 
applying painful stimulation to awaken and induce 
breathing, administering supplemental oxygen, or turning 
and suctioning to clear vomit often are usually all that is 
needed to correct problems that can otherwise rapidly 
deteriorate to life-threatening situations. 

 Direct monitoring during recovery should continue by 
a designated healthcare provider until the patient emerges 
to a level of moderate sedation; thereafter direct monitor-
ing can be designated to the child’s parent or another 
responsible adult with the healthcare provider immedi-
ately available until the patient returns to the pre-sedation 
level of responsiveness [ 59 ,  68 ,  102 ,  103 ]. 

 Patients undergoing sedation should wear a loose- 
fi tting top or hospital gown to ensure easy direct observa-
tion of the chest. The patient’s mouth and nose should 
not be obscured and skin should be visible for monitor-
ing of color. A stethoscope should be immediately 
available. 

 For  moderate sedation , in addition to direct observa-
tion, measurement of oxygen saturation by pulse oxime-
try is strongly recommended [ 59 ,  68 ,  102 ,  103 ]. 
Additional continuous electrophysiological monitoring 
throughout sedation and recovery of ECG-based heart 
rates, respiratory rates, and noninvasive automated blood 
pressures measured after each medication bolus and/or 
every 5 min add further measures of safety. 

 For  deep sedation , in addition to direct observation, 
routine use of noninvasive physiologic monitoring should 
include continuously measured oxygen saturation, heart 
rate, and respiratory rate, and, in addition, noninvasive 
automated blood pressure measurements after each med-
ication bolus and/or every 5 min throughout sedation and 
recovery [ 59 ,  68 ,  102 ,  103 ]. 

  Pulse oximetry  has been demonstrated to detect hypox-
emia well before cyanosis occurs and is therefore critical 
for monitoring for respiratory compromise. In one study 
of infants, O 2  saturations were ≤83 % before perioral cya-
nosis was detected by experienced emergency pediatri-
cians [ 104 ]. Monitoring of oxygen saturation with pulse 
oximetry has been suggested as the most important means 
of reducing sedation-related injury and should be used for 
all but minimal sedations [ 59 ,  68 ,  70 ,  100 ,  102 ,  103 ]. The 
 pulse oximeter audible tone should be activated  to alert 
providers to changes without the need to frequently read 
the monitor instead of observing the patient. 

  End - tidal CO   2    capnography  provides breath-to-breath 
information on the effectiveness of ventilation and is 
increasingly being investigated in patients undergoing 

ED PSA. Assessment of ventilation by continuous 
 end-tidal CO 2  capnography has been found more sensi-
tive than either direct observation or decreases in oxygen 
saturation in detecting respiratory depression or airway 
obstruction. Changes in capnographic waveform and/or 
changes in end-tidal CO 2  are frequently noted well before 
changes in oxygen saturation, including in patients’ 
breathing room air [ 105 – 111 ]. Of note, no changes in 
end-tidal CO 2  were found in children sedated with ket-
amine alone [ 112 ,  113 ]. Changes in end-tidal CO 2  cap-
nography can aid in early recognition of respiratory 
depression and/or airway obstruction and allow initial 
interventions that may avert the need to administer posi-
tive-pressure ventilations, e.g., limitation of further 
administration of sedative medications or opening of the 
airway. Assisted ventilation during oxygen desaturation 
due to apnea or periods of respiratory depression should 
be administered as needed. However, positive-pressure 
ventilation increases gastric pressures due to insuffl ation 
of air into the stomach. At a depth of sedation that induces 
apnea or signifi cant respiratory depression, there is likely 
concurrent relaxation of esophageal muscle tone and sig-
nifi cant blunting of protective airway refl exes. Thus, 
there is likely increased risk of pulmonary aspiration 
associated with positive-pressure ventilation due to gas-
troesophageal refl ux into the oropharynx. 

  Routine administration of supplemental oxygen  has 
been recommended to prevent hypoxemia during deep 
and moderate sedation [ 103 ]. However, sedation provid-
ers should recognize that administration of supplemental 
oxygen may delay oxygen desaturation for several min-
utes during respiratory depression or apnea [ 114 ]. 
Therefore, use of supplemental oxygen may delay recog-
nition of these adverse events with their likely concurrent 
depression of protective airway refl exes, unless the 
patient is also monitored by end-tidal CO 2  with capnog-
raphy [ 115 ]. Similarly, recognition of airway obstruction 
is likely delayed [ 105 – 109 ,  112 ,  116 ]. When capnogra-
phy is unavailable, consideration should be given to 
monitoring patients by pulse oximetry as they breathe 
room air. Although an indirect and less-sensitive measure 
of ventilation than capnography, decreases in oxygen 
saturation alert the clinician to decreases in ventilation 
and facilitate interventions before hypoxemia and a need 
for positive-pressure ventilation occurs. With this strat-
egy, administration of supplemental oxygen may be 
reserved for patients whose oxygen saturations drop 
below 90 % without rapid rise in response to airway 
maneuvers such as head tilt/jaw thrust and/or stimula-
tion. Respiratory depression is suffi ciently commonplace 
during sedation with propofol that many providers rec-
ommend as routine administration of supplemental oxy-
gen during propofol PSA [ 107 ,  108 ,  117 ].     
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   Equipment 
  Resuscitation equipment  must be immediately available. 
A self-infl ating (Ambu-type) bag–mask positive-pressure 
device with a PEEP attachment and appropriately sized 
mask, continuous oxygen supply, and an airway suctioning 
device with a large rigid suction tip should be prepared for 
each sedation. Anesthesia-style CPAP bags, endotracheal 
intubation equipment, and resuscitation medications, with a 
dosing guide, including reversal agents such as naloxone and 
fl umazenil, a paralytic agent such as succinylcholine, and 
antiepileptic and antiarrhythmic medications for drug- 
induced seizures and dysrhythmias should be immediately 
available for all sedations [ 59 ,  68 ,  70 ,  102 ,  103 ]. 

 No suction apparatus can clear the oropharynx during 
active vomiting. The patient must be helped to turn or roll to 
the side or to sit upright to clear his airway. The suction 
device is used to clear residual emesis from the mouth after 
active vomiting has stopped. If the patient is unresponsive 
and emesis is noticed in the posterior pharynx or mouth, the 
patient should be rapidly rolled to the side to allow emesis to 
passively fl ow out as suctioning of the posterior pharynx is 
performed; there is signifi cant risk for pulmonary aspiration 
in this situation. 

  Intravenous access  adds an additional invasive procedure 
to the patient’s treatment, but it enables easily controlled and 
rapid titration of medications and provides an increased mar-
gin of safety by enabling rapid administration of reversal and 
resuscitation agents, if needed. When medications are 
administered intravenously, the intravenous access should be 
maintained throughout sedation and recovery. When medica-
tions are administered by a non-intravenous route (e.g., by 
intramuscular injection), whether to establish intravenous 
access should be decided on an individual basis. If vascular 
access is not established, the ability to immediately accom-
plish such must exist for all sedations, especially when a 
multiple drug sedation regimen is used. For agents that fre-
quently cause hypotension (e.g., propofol), it is recom-
mended that intravenous access be established with an 
indwelling catheter and maintained with a resuscitation fl uid 
(lactated Ringer’s solution or normal saline). Patients who 
have been NPO for an extended period may benefi t from an 
infusion of 10–20 mL/kg of LR or NS to counter any hypo-
tensive effects of sedation medications. A stopcock near the 
hub of the IV catheter (e.g., on the tail of a T-connector 
inserted into the hub of the catheter and in-line with the IV 
fl uids) facilitates controlled and complete administration of 
sedation medications. This setup allows a syringe containing 
the sedative to be connected to the stopcock and the medica-
tion injected near the hub as the IV fl uids infuse. This reduces 
the possibility of uncertain medication infusion amount and 
rate that might occur if the medication is added considerably 
upstream of the catheter hub. For agents such as ketamine 

that do not frequently cause hypotension, an indwelling 
“saline lock” is typically suffi cient; the ketamine can be 
fl ushed into the bloodstream with 5–10 mL boluses of saline 
following ketamine administration. 

 A mnemonic some fi nd helpful in preparing equipment is 
MS MAID: Machine  S uction –  M onitors  A irway (oral airway, 
bag-mask, ETT, blade)  I V  D rugs.     

   Preparation for and Management 
of Adverse Events 

   Anticipation 

 The rarity of serious adverse events in ED PSA can lull the 
provider into complacency [ 118 ,  119 ]. It is suggested that 
the possibility of a life-threatening event during PSA should 
be thought of as inevitable, as a matter of “when” rather than 
“if.” Since these events are so infrequent and variations in 
individuals’ responses to a medication are not always pre-
dictable, the provider must always be prepared. 

 Effective management of adverse events begins fi rst and 
foremost with preparation for the planned sedation. 
Thorough pre-sedation evaluation to identify patients at 
increased risk for adverse events or diffi cult airway manage-
ment, monitoring and staffi ng based upon intended sedation 
depth, and immediate availability of resuscitation equip-
ment and medications are critical. Factors associated with 
serious adverse outcomes include late recognition of hypox-
emia and inadequate resuscitation, thus emphasizing the 
importance of preparation and continual monitoring during 
the sedation and recovery periods [ 100 ]. If recognized early, 
most adverse effects can be addressed effectively with rela-
tively minor interventions. Stimulation, airway realignment, 
jaw thrust, and supplemental oxygen are usually all that is 
needed to avoid further deterioration to life-threatening 
events [ 119 ].  

   Management of Respiratory Depression 
and Apnea 

 Respiratory depression is one of the most common poten-
tially serious effects of pediatric PSA [ 67 ,  118 ,  119 ]. A criti-
cal incident analysis of serious adverse outcomes in pediatric 
sedation found 80 % initially presented with respiratory 
depression [ 100 ]. Widespread use of pulse oximetry has 
since dramatically improved early recognition of respira-
tory depression. Agents commonly associated with 
 respiratory depression include the sedative–hypnotics (bar-
biturates, benzodiazepines, chloral hydrate, propofol), par-
ticularly when used in conjunction with opioids [ 101 ,  120 ]. 
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Apnea has also been rarely reported with administration 
of ketamine [ 121 – 123 ]. 

  Avoiding respiratory depression  (see also Basic Pharmaco-
kinetics): Most sedative medications variably blunt brain-
stem receptor response to increases in plasma levels of CO 2 . 
Since response to rising levels of CO 2  determines breathing 
rate and depth, signifi cant increases in sedative concentra-
tions in the brainstem quickly lead to respiratory depression 
or apnea. The more rapidly a sedative drug is infused, the 
higher its initial brainstem concentration and the greater the 
respiratory depression. A primary strategy for reducing 
respiratory depression and maintaining adequate ventilation 
(and, in association, oxygenation) is slow administration of 
PSA drugs, often achieved by repeatedly infusing half or less 
of the total expected dose until the desired effect is achieved 
(titration). Ketamine can be an exception to the recom-
mended slow administration approach because of its unique 
relative lack of respiratory depression. Taking advantage of 
fi rst-pass kinetics, experienced sedators may choose to 
administer smaller doses rapidly for very brief procedures 
(see “Ketamine” section). 

  At-risk periods : Patients may experience respiratory depres-
sion at any time during the sedation, but the greatest risks are 
immediately after medication administration and again after 
cessation of painful procedural stimuli [ 124 ]. 

  Recognition of ineffective ventilation : As detailed previously, 
direction observation of the patient including general color 
and chest wall movement continues to be one of the most 
important means of recognizing respiratory depression and/
or airway obstruction. The patient’s oropharynx and chest 
wall should be directly visible at all times to facilitate obser-
vation for lack of respiratory effort or respiratory effort with-
out air exchange. In addition,  pulse oximetry with audible 
tone  and  end - tidal capnography  facilitate detection of venti-
latory changes before they are clinically apparent.  

   Airway and Ventilation Maintenance 

 Initial management of hypoventilation may simply require 
 verbal encouragement  to the patient  to breathe  as their sen-
sitivity to rising CO 2  has been blunted by the sedation medi-
cations. Patients who have received opioids such as fentanyl 
may be awake but “forget” to breathe.  Stimulation , painful if 
necessary, to arouse the patient may improve muscle tone 
and prompt breathing. If oxygen saturations are falling 
despite these maneuvers, supplemental oxygen administra-
tion and airway-opening maneuvers and/or positive-pressure 
ventilation may be necessary. See section below for manage-
ment of “Upper Airway Obstruction.”   

   Treatment: Respiratory Depression 
and Apnea 

 When monitors alarm (e.g., indicating dropping oxygen sat-
uration), ASSESS THE PATIENT   . DO NOT presume the 
pulse oximeter probe has slipped off, monitor malfunction, 
etc. Evaluate equipment later! 

   First Line (in Rapid Succession, if Needed) 

     1.    Verbally encourage or    stimulate patient to breathe deeply 
(patients may require intensely painful stimuli, e.g., 
squeezing the fracture site or a hard sternal rub with 
knuckles); if insuffi cient, then do number 2.   

   2.    Support airway (chin    lift/jaw thrust); if insuffi cient, then 
do number 3.   

   3.    Administer supplemental oxygen.   
   4.    If spontaneous ventilation continues to be inadequate, 

administer positive-pressure ventilation via bag–mask.   
   5.    If patient is    on a continuous infusion (e.g., propofol)—

slow down or stop medication infusion, and then do num-
ber 6.   

   6.    Call for help, if needed.      

   Second Line: Reversal Medications 
for Opioids and Benzodiazepines 

 If respiratory depression occurs after administration of an 
opioid or benzodiazepine and does not readily resolve after 
the above supportive measures, or requires continued 
positive- pressure ventilation, consider use of reversal agents. 
 Slow ,  titrated reversal  is preferred if positive-pressure venti-
lation is effective. The desired endpoint is lessening of the 
respiratory depression with slightly lighter sedation. Rapid, 
full reversal may lead to severe pain, hypertension, and agi-
tation or seizure [ 125 ]. Reversal agents are rarely needed by 
experienced sedation providers. 

   Naloxone (Narcan ® ) 
  Indications : opioid-induced apnea, respiratory depression, 
or “wooden/rigid chest syndrome” not responding to stimu-
lation, airway-opening maneuvers, supplemental oxygen, 
and/or positive-pressure ventilations. 

  Dose : 1–2 mg/kg (0.001–0.002 mg/kg)  IV push  repeated 
every 1–3 min until the patient begins to have spontaneous 
respirations. Doses of 1–2 mg/kg are recommended to “gen-
tly” reverse opioid-induced respiratory depression yet main-
tain analgesia. Larger doses, such as 10–100 mg/kg, may 
awaken the patient and reverse the analgesic effects resulting 
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in signifi cant pain, hypertension, pulmonary edema, vomit-
ing, or seizures [ 125 ]. 

 During the interval of apnea, the patient is supported 
with assisted ventilations until adequate spontaneous respi-
rations are restored. Thereafter, the patient is observed 
closely as the reversal effects of naloxone may be briefer 
than the opioid- induced respiratory depression. For 
“wooden chest syndrome,” if the patient cannot be venti-
lated and oxygen saturations are dropping rapidly, naloxone 
may be given in 1 or 2 mg boluses for convenience. 
Alternatively, succinylcholine 1–2 mg/kg may be used to 
paralyze the patient. 

  Caution : Opioid-induced respiratory effects may outlast the 
duration of naloxone, and patients must be closely monitored 
for recurrence of respiratory depression, typically at least 2 h 
after naloxone administration [ 126 ].  

   Flumazenil (Romazicon ® ) 
  Indications : Benzodiazepine (e.g., midazolam)-induced 
apnea or respiratory depression not responding to stimula-
tion, airway-opening maneuvers, supplemental oxygen, and/
or positive-pressure ventilation. 

  Dose : 0.01–0.04 mg/kg (maximum 0.5 mg) IV over 30 s. 
Repeat every 60 s to desired response. A cumulative dose of 
3 mg may be necessary. Flumazenil may reverse midazolam- 
induced hypnotic and amnestic effects but may not reverse 
ventilatory depression [ 127 ]. When appropriate, naloxone 
should be used as the fi rst line in reversal therapy. Drug ther-
apy does not obviate the need to protect the airway and sup-
port ventilation. 

  Caution : Flumazenil may cause seizures in patients chroni-
cally on benzodiazepine medications and should be used 
cautiously in patients on medications that can lower seizure 
threshold. Also, benzodiazepine-induced respiratory effects 
may outlast the duration of fl umazenil, and patients must be 
closely monitored for recurrence of respiratory depression, 
typically at least 2 h after fl umazenil administration [ 128 , 
 129 ]. Recurrence of sedation has been reported in up to 7 % 
of cases, most commonly in children under 5 years of age 
[ 128 ] (Table  19.5 ).

        Upper Airway Obstruction 

 The pediatric airway is particularly prone to dynamic obstruc-
tion due to the relatively large size of the tongue and tonsillar 
tissues. As sedation depth increases, the muscles of the tongue, 
jaw, and oropharynx lose tone in a manner similar to deep 
sleep. Sedation-induced “obstructive sleep apnea” may result 
in partial or complete airway obstruction, exacerbated by the 
supine position and nasal passage obstruction. A history of 
snoring or obstructive sleep apnea alerts the clinician to the 
increased likelihood of this occurrence. Placement of a shoul-
der roll in infants and a head roll in older children and adoles-
cents to align the oropharynx, posterior pharynx, and trachea 
may help align the patient’s airway and relieve this obstruc-
tion. Markedly, obese patients also may benefi t from a large 
head or shoulder roll to compensate for their large trunk. 

 A jaw thrust or chin lift may be necessary to open the 
upper airway by pulling the tongue and related muscles away 
from the posterior pharynx. Patients who are very deeply 
sedated or have inadvertently reached the depth of general 
anesthesia may benefi t from placement of an oro- or naso-
pharyngeal airway, but because oropharyngeal airways may 
induce a gag refl ex and vomiting, these devices should be 
used with caution. Laryngospasm is a special type of upper 
airway obstruction and is addressed later in this chapter. 

  At-risk periods : Positional airway obstruction may occur at 
any time during sedation but, in association with respiratory 
depression, it may more likely be shortly after medication 
administration or after the painful procedural stimulus has 
ended. Ketamine-related laryngospasm may occur in settings 
of current URI, unsuctioned secretions/vomitus, or stimula-
tion of the hyperactive gag refl ex during a procedure. 

  Recognition of upper airway obstruction : Signs of partial 
upper airway obstruction include stridor or noisy breathing. 
Paradoxical chest wall movement (sucking in of the chest 
and distention of the abdomen with inspiration) may be seen 
with partial or complete obstruction. Hypoxemia is a late 
sign. An obstructive pattern is seen on capnography well 
before changes in oxygen saturation and allows early detec-
tion of airway obstruction (or apnea). 

   Table 19.5    Naloxone and fl umazenil for reversal of respiratory depression [ 129 ]   

 Agent  Route  Dose  Frequency  Maximum dose (mg)  Onset  Duration (min) 

 Naloxone  IV, IM, 
or SC 

 1–2 μg/kg for respiratory depression  Q 2–3 min as 
needed 

 2  1–2 min (IV)  30–60 
 100 μg/kg (0.1 mg/kg) if unable to 
ventilate or  wooden chest  

 15 min (IM/SC) 

 Flumazenil  IV  10 μg/kg (0.01 mg/kg)  Q 1 min as needed  1 a   1–2 min, maximum 
effect 6–10 min 

 20–60 

   a If resedation after response to fl umazenil, additional doses of up to 1 mg/dose may be given Q 20 min to a maximum total dose of 3 mg  
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   Treatment 

     1.    Align airway and open with chin lift or jaw thrust;  provide 
supplemental oxygen as needed.   

   2.    Suction airway if excessive secretions are present.   
   3.    If not responding to repositioning, consider continuous 

positive airway pressure (CPAP) with bag–mask (CPAP 
or anesthesia-type bag is preferable to self-infl ating-type 
bag as CPAP can be delivered more effectively to open 
the airway by distending the posterior pharynx).   

   4.    If having diffi culty maintaining an open airway, consider 
an oral airway (unconscious patient) or nasal airway.   

   5.    If unable to ventilate with CPAP, rapidly consider treat-
ment for laryngospasm with  succinylcholine .       

   Laryngospasm 

 Laryngospasm is an uncommon but  potentially life - 
threatening     sedation-related adverse event. It is a partial or 
complete upper airway obstruction, with oxygen desatura-
tion, caused by involuntary and sustained closure of the 
vocal cords and is not relieved by routine airway reposition-
ing maneuvers, suctioning, or insertion of a nasal or oral air-
way. Laryngospasm may be intermittent or sustained and 
brief or prolonged [ 130 ,  131 ]. 

 The incidence of laryngospasm during pediatric ED PSA 
is diffi cult to determine as it is a rare event and large sedation 
databases are not available for estimation. Relative preserva-
tion of upper airway protective refl exes during ketamine- 
based sedation reduces the risk of pulmonary aspiration and 
thus makes ketamine one of the safest agents for ED PSA in 
unfasted children, yet, paradoxically, ketamine PSA may 
have increased risk for laryngospasm [ 132 – 134 ]. A meta- 
analysis of pediatric ketamine-based ED PSA found an inci-
dence of laryngospasm of 0.3 %; the only identifi able 
association with increased risk of laryngospasm was an ini-
tial intravenous dose of greater than 2.5 mg/kg, but data was 
unable to be analyzed for associations with URI, wheezing, 
or other risk factors found to be associated with increased 
risk during general anesthesia [ 135 ]. Of particular interest, 
young age and oropharyngeal procedures (excluding endos-
copy) were not associated with increased risk, but prospec-
tive larger data sets are needed to better clarify these risks. 

 Laryngospasm in almost 50,000 non-intubated children 
undergoing elective propofol sedation/anesthesia was noted 
to occur at a rate of 21/10,000 (0.2 %) [ 88 ]. Laryngospasm 
associated with general anesthesia has been estimated as 
high as 14 % in younger children and as low as 0.1 %, with 
lower likelihood reported in non-intubated children [ 136 , 
 137 ]. The wide variability may be due to differences in defi -
nition and study design, patient populations, anesthetic tech-
niques, and airway manipulation [ 138 ]. However, consistently 
noted risk factors for laryngospasm include young age, upper 

respiratory infection, asthma, manipulation of the airway, 
and exposure to smoking in the home [ 139 ,  140 ]. 

 It is unclear whether prophylactic administration of atro-
pine or glycopyrrolate with ketamine to reduce hypersaliva-
tion reduces the risk of laryngospasm [ 141 ,  142 ]. The 
meta-analysis of pediatric ketamine-based ED PSA, noted 
earlier, found that overall airway and respiratory adverse 
events (but not laryngospasm) were actually increased in 
children who received concurrent anticholinergics [ 135 ]; this 
unexpected association needs further investigation. 

  At-risk periods : Laryngospasm may occur at any time during 
sedation, including recovery. In one report of non- intubated 
children undergoing sedation/general anesthesia, laryngospasm 
occurred most frequently during emergence (48 %) but was also 
seen during induction (29 %) and maintenance (24 %) phases 
[ 137 ]. Increased risk for ketamine- related laryngospasm may 
occur in children with current URI, especially if febrile, if secre-
tions/emeses pool in the posterior pharynx, or if a procedure 
such as endoscopy stimulates the gag refl ex [ 140 ,  143 ,  144 ]. 

  Recognition of laryngospasm : Early signs of laryngospasm may 
include coughing. A characteristic stridulous noise can be heard 
with partial laryngospasm. Chest wall movement is noted, but 
there is a mismatch between the patients’ respiratory effort and 
the small amount of air exchange. If complete laryngospasm 
occurs, no stridulous noise will be heard and no air exchange or 
breath sounds will be noted despite chest wall movement. No 
ventilation with a bag–mask device will be possible. 

 Oxygen saturations will drop rapidly if the patient is 
breathing room air, typically within 30–60 s. If the patient 
has been preoxygenated, saturations may remain above 90 % 
for 1–5+ min, dropping more rapidly in younger children 
and infants [ 114 ]. Capnographic changes are a very sensitive 
means of diagnosing laryngospasm. During partial laryngo-
spasm, turbulence affects expiratory fl ow, but the amplitude 
of the capnogram will correlate with the extent of hypoventi-
lation. During complete laryngospasm the CO 2  waveform 
will be lost despite chest wall movement [ 110 ]. 

   Treatment (Fig.  19.2 ) [ 134 ] 

    If the patient develops stridor during sedation:
    1.     Remove stimulus  to posterior oropharynx; consider gentle 

suction of excessive secretions and emesis.   
   2.     Reposition airway  with jaw thrust; vigorous, painful intru-

sion of the thumbs in the  laryngospasm notch  2  may help.   

2   The laryngospasm notch is behind the lobule of each ear, between the 
ascending ramus of the mandible and the mastoid process and the base of 
the skull. Painful pressure at this point over the styloid process is thought 
to cause afferent input that causes relaxation of the cords by a poorly 
defi ned mechanism. This maneuver may also be a modifi ed jaw thrust. 
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   3.     Apply CPAP  (continuous positive airway pressure) with 
 100  %  O   2   with anesthesia-type bag–mask; CPAP may 
reduce partial obstruction by distending the posterior 
pharynx, which exerts pull to open the partially closed 
larynx and vocal cords.   

   4.     Assess air movement , if unable to oxygenate with CPAP.   
   5.    Rapidly consider  atropine 0.02 mg / kg IV followed by low - 

dose   succinylcholine  ( 0.1 – 0.25 mg / kg IV ) with ventilatory 
support as needed [ 146 ]; consider an additional dose of 
 propofol  if propofol sedation is underway.   

   6.    If still unable to oxygenate, administer  full - dose succinyl-
choline  ( 1 – 2 mg / kg IV or 3 – 4 mg / kg IM ) followed by 
intubation.     
 Attempts to provide intermittent positive-pressure venti-

lation with a face mask may distend the stomach and make 
subsequent ventilation more diffi cult. In complete laryngo-
spasm CPAP may worsen the obstruction by forcing the area 
just above the false cords closed. Therefore, if complete 

spasm cannot be broken, early IV agents should be consid-
ered [ 134 ]. 

 When laryngospasm occurs in the midst of propofol PSA, 
deepening the sedation with administration of an additional 
0.5 mg/kg of propofol has been shown to be an effective 
treatment for laryngospasm [ 147 ]. Transient apnea with this 
technique should be anticipated. 

  Low - dose succinylcholine  (0.1 mg/kg IV) may be effective 
in relaxing laryngospasm [ 146 ]. Onset of neuromuscular 
blockade is generally more rapid at the larynx compared 
with the peripheral muscles [ 148 ]. Relaxation of the larynx 
induced with this small dose will be brief but may allow the 
patient to be oxygenated by CPAP and intubation avoided. 
Alternatively, administration of a fully paralyzing dose 
(1–3 mg/kg IV) followed by intubation should be considered 
if the patient is rapidly becoming severely hypoxic [ 134 ]. 
The intravenous route is preferred for administration of 

  Fig. 19.2    Laryngospasm treatment algorithm (Modifi ed for sedation from Hompson-Evans et al. [ 145 ])       
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 succinylcholine, but if there is no vascular access, it can be 
administered intramuscularly at a dose of 3–4 mg/kg. 
Although full effect may take about 4 min, onset of relax-
ation of the larynx occurs earlier than maximum suppression 
of the muscle twitch response and enables ventilation [ 149 ]. 

 Succinylcholine administration following hypoxia may 
be associated with severe bradycardia and even cardiac 
arrest.  Atropine 0.02 mg / kg IV  administered prior to succi-
nylcholine is recommended [ 150 ].   

   Emesis 

 Nausea and vomiting occur in 5–25 % of children during or 
after ED PSA. Use of opioids before or during sedation 
increases the likelihood of vomiting [ 90 ,  151 ], whereas con-
current use of midazolam with an opioid [ 9 ], ketamine [ 89 ], 
or nitrous oxide [ 10 ] reduces the incidence of PSA-related 
vomiting. Propofol appears to be less emetogenic and may 
not benefi t from addition of midazolam to the regimen. 
Coadministration of ondansetron (Zofran ® ) with ketamine 
reduces vomiting both in the ED and after discharge [ 94 ]. 
Children with a history of prior postoperative nausea and 
vomiting or with a history of motion sickness are at increased 
risk for vomiting [ 152 ]. Further investigations are needed to 
better predict sedation-associated nausea and vomiting and 
to determine strategies to signifi cantly reduce this relatively 
minor but very undesirable adverse effect. 

  At-risk periods : Emesis may occur at any point during proce-
dural sedation but most commonly is seen during the postpro-
cedure recovery period [ 9 ,  10 ,  90 ]. Since emesis can occur at 
any point and with every systemic agent used for procedural 
sedation, the provider responsible for monitoring the patient’s 
airway should always be vigilant for signs of impending 
retching and prepared to turn the patient to the side to clear 
the airway. Suction equipment should be prepared and imme-
diately available during and after all sedations. This equip-
ment is used to fi nish clearing the emesis from the mouth 
after the patient stops vomiting. It is also advisable to have a 
large emesis basin at the bedside during each ED PSA. 

   Treatment: Emesis During Procedural Sedation 

•     Position patient’s head to side, allow patient to clear own 
mouth during active vomiting, and suction oropharynx 
with rigid large bore Yankauer-type suction tip.  

•   If using nitrous oxide, immediately remove the mask to 
allow clearing of emesis and discontinue nitrous use, at least 
temporarily. It is preferred to allow the patient to hold the 
face mask during sedation with nitrous oxide so that they can 
immediately remove the mask if they feel nauseated.    

   Ondansetron (Zofran ® ) 
 An anti-serotonin agent, ondansetron is not routinely 
 administered to prevent emesis during ED PSA. However, 
one study of children receiving ketamine for ED PSA showed 
that vomiting in the ED or after discharge was less frequent 
with ondansetron coadministration: 8 % versus 19 %, with 9 
patients needing to be treated to prevent one episode of vom-
iting [ 94 ]. Ondansetron also may be considered in a child 
with signifi cant prior history of postoperative nausea and 
vomiting. Further evaluation of the effectiveness of this anti-
emetic agent during ED PSA is needed. Other antiemetic 
agents such as prochlorperazine (Compazine ® ) and prometh-
azine (Phenergan ® ) usually are not used because of sedating 
effects and increased risk for causing dystonic reactions. 

  Dose : IV, PO; 0.1–0.15 mg/kg, maximum dose 4 mg. Rapidly 
dissolving 4 mg oral tabs (ODT) are available and can be 
split in half for easy administration to young children. Dosing 
can be simplifi ed by administering ondansetron ODT 2 mg 
to children 3 years of age and younger and 4 mg to children 
4 years of age and older. 

  Cautions : may rarely cause bronchospasm, tachycardia, 
headaches, and lightheadedness. 

  Not requiring patients to drink fl uids prior to discharge also 
may reduce vomiting . Historically, assuring patients can 
drink prior to discharge has been done to prevent postopera-
tive “dehydration.” Given shortened fasting times and the 
common practice of administration of IV fl uids during seda-
tion, the risk of dehydration is low compared to the risk of 
inducing vomiting [ 151 ].    

   Pulmonary Aspiration 

 Clinically signifi cant or life-threatening pulmonary aspira-
tion of gastric contents during pediatric procedural sedation 
is extremely rare. Aspiration occurs in approximately 0.1 % 
of cases under general anesthesia and was noted to have 
occurred in 4 of 49,836 children undergoing elective propo-
fol sedation/anesthesia, but it has not been reported in asso-
ciation with ED PSA [ 73 ,  74 ,  80 ,  88 ]. Patients with ASA 
physical status Class III or higher and those requiring intuba-
tion are likely at higher risk. Risk for aspiration is likely 
greater, too, in patients who experience brief periods of 
apnea or signifi cant respiratory depression as esophageal 
tone and protective airway refl exes may be absent during 
these periods and gastric contents may refl ux into the trachea 
with little or no initial patient response. Because of the 
potential gravity of this adverse event, it is suggested clini-
cians consider using ketamine or nitrous oxide that better 
preserves protective airway refl exes or, when possible, 
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lighter sedation combined with local anesthesia for 
 non- fasted emergency patients [ 153 ]. 

  Recognition : Clinical symptoms of pulmonary aspiration 
may include cough, crackles/rales, decreased breath sounds, 
tachypnea, wheeze, rhonchi, and respiratory distress that 
were not present before the sedation and present before the 
end of the ED recovery phase. These are usually accompa-
nied by a decrease in oxygen saturation from baseline, 
requiring supplemental oxygen, and, if obtained, focal infi l-
trate, consolidation, or atelectasis on chest radiograph [ 80 , 
 130 ]. As noted previously, clinically signifi cant pulmonary 
aspiration may more likely occur in the unresponsive patient 
when gastric contents passively fl ow out of the stomach to 
the larynx. As the aspiration occurs, there may be little or no 
immediate signs due to the depth of sedation/anesthesia. The 
aspiration may become evident as the patient emerges from 
sedation. 

  Treatment : If emesis is seen, turn patient to side, allow to 
retch, and suction posterior pharynx as needed. Administer 
supplemental oxygen by nasal cannula or mask as needed. 
Many cases of transient hypoxia will resolve with this simple 
maneuver. CPAP may improve oxygenation in cases of 
severe aspiration with alveolar collapse. The majority of 
children who experience pulmonary aspiration require only 
close observation and simple supportive care with supple-
mental oxygen with or without CPAP and recover without 
sequelae [ 73 ,  74 ,  84 ,  88 ]. Endotracheal intubation should be 
considered if defi nitive protection of the airway or tracheal 
suctioning is required; RSI (rapid sequence induction) may 
be necessary. Uncommonly, severely symptomatic patients 
may need to be taken to the OR for emergent bronchoscopy 
with bronchial lavage of particulate matter. Arrange for 
appropriate continued monitoring, support, and work-up as 
needed including chest radiograph. For symptomatic 
patients, this usually means inpatient admission to an inten-
sive care unit.  

   Medications 

   Basic Pharmacokinetics: Simplifi ed 

 Parenteral drugs effective for PSA are small, hydrophobic 
lipophilic compounds that rapidly diffuse out of the blood-
stream into the lipophilic tissues of the brain and spinal cord 
where they cause sedation/anesthesia. 

 Since the brain receives a disproportionately high per-
centage of the cardiac output (15–25 %) [ 154 ], a large por-
tion of a sedative drug injected into the bloodstream circulates 
on fi rst-pass out of the heart into the brain’s circulation and 

quickly crosses the blood–brain barrier to exert its clinical 
effects within a single circulation time (fi rst-pass or 
“one arm–brain” kinetics). As the drug circulates throughout 
the body and diffuses into muscle, bone, and, at a slower rate, 
into poorly perfused fat, the blood plasma concentration 
falls. The concentration gradient between the brain and the 
blood then favors drug diffusion out of the brain. As the 
brain’s drug concentration falls, the drug effect lessens. This 
secondary reequilibration (“biphasic redistribution”) causes 
the patient to awaken or respiratory depression to lessen. 
These effects are relatively independent of metabolic clear-
ance of the drug from the body. PSA drugs’ metabolic half- 
lives tend to be on the order of hours, whereas their sedative 
effect half-lives or “wake-up times” are on the order of 
 minutes [ 155 ]. 

 The duration of action of a single intravenous dose is sim-
ilar for all these anesthetic/hypnotic drugs and is determined 
by redistribution of the drugs out of the brain. However, after 
repeated doses or prolonged infusions, a drug’s duration of 
action is determined by complex interactions between the 
rate of redistribution of the drug, the amount of drug accu-
mulated in fat, and the drug’s metabolic clearance. The 
wake-up time of some drugs such as etomidate, propofol, 
and ketamine increases only modestly with prolonged infu-
sions while others such as diazepam and thiopental increase 
dramatically and midazolam less so [ 155 ]. 

 A rapidly injected drug travels as a more concentrated 
bolus on the fi rst-pass out of the heart into the brain circula-
tion than a slowly injected drug that is diluted by the passing 
blood. Thus, with rapid infusion, the initial concentration 
gradient between the plasma and the brain is greater. 
Consequently, the brain’s concentration of the drug rises 
more rapidly and a greater portion of the administered dose 
enters the brain with resultant deeper sedation than when the 
same drug dose is slowly infused. 

 Thus, small doses of medications can have signifi cant 
clinical effect if administered rapidly. Since the blood–brain 
concentration gradient also reverses more rapidly with these 
smaller doses, “wake-up” time may be shorter, making this 
strategy benefi cial for brief procedures. Importantly, how-
ever, clinicians must be aware that rapid changes in the 
brainstem’s concentration of opioid and sedative drugs 
markedly increase the potential for respiratory depression 
and apnea. As a practical point, this technique can be used 
only for ketamine administration because it causes mark-
edly less respiratory depression than opioid and GABAergic 
drugs. This technique needs further study to delineate its 
safety and effectiveness and is suggested for consideration 
only by clinicians with extensive experience in ED PSA 
(Fig.  19.3 ).

   A drug’s  therapeutic window  is used to describe the dif-
ference between the dose of that drug that results in the 
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desired sedative or analgesic effect and the dose that results 
in adverse effects. A drug with a wide therapeutic window 
has a greater margin of safety for use for ED PSA. 
For  example, accidental administration of a tenfold 
 greater-than- intended dose of ketamine will likely result in 
prolonged recovery but relatively little cardiopulmonary 
depression [ 156 ], whereas the same error with propofol will 
result in apnea and hypotension [ 157 ]. 

 Many reasonable medication options exist for ED PSA 
[ 78 ,  158 ]. Use of analgesic medication when pain is the pri-
mary cause of distress is the key, and balancing analgesia 
with anxiolysis makes sedations more pleasant for patients. 
For nonpainful procedures when immobility is the primary 
objective, sedative–hypnotic medications may be chosen. It 
is recommended that the clinician initially become familiar 
with a few specifi c agents or combination of agents that pro-
vide the desired effects of analgesia, sedation, and/or anx-
iolysis. Limiting one’s experience to a few agents better 
enables one to anticipate and manage adverse effects and 
events associated with those agents. One’s pharmacologic 
armamentarium then can be gradually increased and refi ned 
with tailoring of regimens to a specifi c patient’s characteris-
tics. The following section summarizes medication effects 
and pharmacology in healthy children. Abnormalities in 
renal and hepatic function can signifi cantly alter these 
parameters, particularly the duration of effects. In addition, 
signifi cant variability in effect may occur between individu-
als due to genetically determined factors such as differences 
in drug receptor sites, metabolic activation, or clearance. 
Patients with ASA physical status Class III and higher also 
have less physiological reserves and therefore are more 
likely to have adverse effects with smaller doses.   

   Dosing Details 

   Titration to Desired Effect 

 Careful intravenous “titration” of medications using repeat-
edly administered small doses to achieve the desired clinical 
effect enables the practitioner to use the smallest effective 
dose and reduce the peril of oversedation with its increasing 
risks of respiratory depression and aspiration, and, further-
more, hasten recovery [ 70 ,  98 ,  103 ,  159 ]. Individual varia-
tion in sensitivity to the medication can also be detected; thus 
a smaller-than-expected dose may be found adequate for a 
given individual. 

 Knowledge of the time to peak effect of the specifi c medi-
cation is necessary to avoid “stacking” of doses when fi rst 
gaining experience with titration. That is, if, to achieve 
deeper sedation, a subsequent dose is administered before 
the peak effect of the preceding dose has occurred, deeper-
than- intended sedation can easily occur. For example, mor-
phine has a peak effect of approximately 10 min. If an 
additional dose of morphine is administered after 5 min 
because the patient is still in signifi cant pain, by 15 min after 
the original dose, when both the fi rst and second doses are 
near peak effects, the patient may have signifi cant respira-
tory depression due to an excessive accumulative dose. For 
this reason, titration is diffi cult with drugs that have longer 
than 1–3 min to peak effect time. 

 When a “typical” total dose for a specifi c procedure is 
known, that total dose may be divided and the increments 
administered at intervals shorter than “the time to peak 
effect” without likely overshoot. This strategy of repeated 

  Fig. 19.3    Plasma drug 
concentration and CNS 
drug concentrations and 
effects after a single IV 
dose       
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administration of fractional doses for fi xed dose protocols—
e.g., half of the anticipated total dose administered twice 
with administration separated by a short interval—reduces 
the risk for signifi cant respiratory depression induced by 
some agents such as the combined technique using fentanyl 
and midazolam. This approach is suggested for providers 
who have less experience with a specifi c medication.  

   Intravenous Administration at the Hub 

 Injecting medications at or near the hub of the indwelling 
venous catheter allows one to know more precisely when the 
drug enters circulation and when the entire dose has been 
administered. This can avoid unintended continued infusion 
of residual drug in the intravenous tubing when adverse 
effects are occurring.  

   Intramuscular Administration 

 While IM administration avoids the need for placement of an 
IV catheter, it still requires a feared needlestick and makes 
titration to effect diffi cult. More importantly, if a serious 
adverse event occurs (e.g., severe laryngospasm), an emergent 
IV for resuscitation medications or fl uids may be diffi cult to 
place. Specifi cally, ketamine-administered IM has been shown 
to be effective in achieving sedation. However, the IM route 
requires either use of a dose large enough to sedate all 
 children—e.g., 4 mg/kg, which will oversedate some and 
result in greater frequency of adverse events [ 135 ]—or painful 
repeat administration of a smaller dose if the original dose is 
insuffi cient. Since the onset of IM ketamine is 5–15 min, titra-
tion without oversedation is diffi cult. Due to the large dose 
typically administered IM, recovery is prolonged [ 160 ].   

   Sedative–Hypnotic Agents 

 Commonly used sedative–hypnotic medications for proce-
dural sedation include barbiturates, chloral hydrate, propo-
fol, and etomidate. These drugs induce general depression of 
the central nervous system (CNS) by stimulation of inhibi-
tory gamma-aminobutyric acid (GABA) receptors or other 
mechanisms that are not yet fully elucidated. None of these 
drugs have an analgesic effect. While deeply induced seda-
tion (e.g., with propofol) may enable painful procedures to 
be accomplished, lighter sedation with less respiratory 
depression may be facilitated by the addition of an analgesic 
agent as described in subsequent sections. This chapter will 
review the common sedatives used in the ED with particular 
focus on their clinical applications and supporting literature 
from the speciality. (Refer to Chap.   9    .)  

   Chloral Hydrate [ 78 ] 

  Indications : Chloral hydrate may be used to provide effective 
ED PSA in children less than 2 years of age, including those 
with congenital cardiac anomalies, who are undergoing painless 
diagnostic studies such as CT and MRI scans. Sedation is 
achieved in >80 % of young children. Chloral hydrate should 
not be considered a fi rst-line agent in children older than 48 
months because of decreased effi cacy as compared with younger 
children. The drug may be administered orally or rectally. The 
oral preparation has a bitter taste that frequently requires admin-
istration in a fl avored vehicle to disguise its taste; approximately 
a third of children may vomit soon after oral administration. 

  Contraindications / cautions / adverse effects : Children receiv-
ing chloral hydrate should be properly monitored and man-
aged by appropriately trained personnel due to the risk of 
respiratory depression and hypoxia. Chloral hydrate should 
not be used in children with neurodevelopmental disorders 
due to an increased incidence of adverse effects and decreased 
effi cacy as compared with healthy children. Chloral hydrate 
has the potential for resedation and may produce residual 
effects up to 24 h after administration. The elimination half-
life is age dependent, with much longer effects in infants. 
These effects may occur long after the procedure is fi nished; 
reports describe infant deaths due to slumping in car seats with 
obstruction of the airway after discharge. Many infants may 
have unsteady gait, hyperactivity, or irritability the day after 
sedation. Other adverse effects include respiratory depression, 
hypotension, paradoxical excitement (0–15 %), vomiting 
 (10–30 %), and, rarely, hepatic failure, arefl exia, jaundice, 
gastrointestinal hemorrhage, and esophageal stricture [ 78 , 
 161 ,  162 ]. These disadvantages along with its highly variable 
effects on older children and inherent diffi culty with titration 
of oral medications make this agent less than ideal for children 
older than 1–2 years of age. Interestingly, children who have 
been fasted may have increased PSA failure rates. See Mace 
et al. for further details on dosing and adverse effects [ 78 ].

  Pregnancy Category C 
   Dose : PO or PR; 50–125 mg/kg; typical initial dose 75 mg/

kg. A second dose may be given, if needed, to a maximum 
of 2 g or 100–125 mg/kg total dose.  

   Onset / duration : sedation within 30–60 min, recovery by 
60–120 min.  

   Mechanism of action : halogenated hydrocarbon with seda-
tive–hypnotic but no analgesic effects.  

   Metabolization : rapidly metabolized by hepatic alcohol 
dehydrogenase to its active compound trichloroethanol 
and subsequently excreted in the urine [ 155 ]. The elimi-
nation half-life is age dependent: 40 h in preterm infant, 
28 h in term infant, and 6–8 h in toddler.     
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   Barbiturates 

 Barbiturates are pure sedatives with no analgesic effect. 
They potentiate the effect of GABA, the principal inhibitory 
neurotransmitter in the CNS, by binding to the GABA A  
receptor and prolonging the open time of the membrane 
chloride ion channel. In addition, barbiturates block the 
excitatory AMPA receptor [ 155 ]. 

   Methohexital (Brevital ® ) 

  Indications : Methohexital administered by either the intrave-
nous, intramuscular, or rectal route can provide effective 
sedation for children undergoing painless diagnostic studies 
such as CT or MRI scans. However, because of the readily 
induced respiratory depression associated with this medica-
tion, methohexital has not been used or studied extensively 
for procedural sedation in children, and thus its use should 
be considered only by experienced and knowledgeable 
clinicians. 

  Adverse effects : Respiratory depression and apnea are 
dose- and infusion rate dependent and are readily induced 
with intravenous administration but may occur with any 
route of administration. Hangover-like residual effects may 
last for 24 h.

  Pregnancy Category B  
  Dosages : 1 mg/kg IV, 10 mg/kg IM, 25 mg/kg P.R.  
   Onset / duration : IV, sedation within 30 s; recovery by 

20–30 min [ 163 ]  
   PR : sedation within 6–9 min, recovery by 40–60 min [ 164 ,  165 ]  
   Mechanism of action : ultrashort-acting, highly lipid-soluble 

barbiturate with rapid CNS uptake and redistribution. It 
has marked sedative–hypnotic but no analgesic effects.  

   Metabolization : Hepatic degradation with renal excretion 
results in an elimination half-life of 3.5 h and less accu-
mulation of drug in body tissues compared to other 
barbiturates.     

   Pentobarbital (Nembutal ® ) 

  Indications : Pentobarbital is a short-acting barbiturate that 
induces relative immobility and can be safely used to sedate 
children to facilitate nonpainful diagnostic studies such as 
CT and MRI scans; redundant but supportive measures 
may include head positioning, supplemental oxygen, and 
occasional bag–valve–mask ventilatory support [ 158 ]. 
Pentobarbital successfully sedates >97 % of children for CT 
or MRI scans with higher success rates in children younger 
than 8 years of age [ 166 – 168 ]. Pentobarbital is more  effective 
in providing sedation than midazolam [ 169 ] or etomidate 

[ 170 ] and causes fewer adverse respiratory events than pro-
pofol [ 171 ]. The addition of midazolam with pentobarbital 
does not appear to increase success rates and prolongs time 
to discharge [ 167 ]. 

 Oral pentobarbital (4 mg/kg) has been found similar to 
oral chloral hydrate (50 mg/kg) in time to sedation and length 
of sedation; overall adverse event rate, including oxygen 
desaturation, was slightly lower with pentobarbital (0.5 %) 
than with chloral hydrate (2.7 %) [ 172 ,  173 ]. Of note, a data-
base review found infants younger than 12 months of age 
sedated for elective CT or MRI with PO pentobarbital 
(4–8 mg/kg) had comparable effectiveness and fewer respi-
ratory complications compared with IV pentobarbital 
(2–6 mg/kg); time to sedation was slightly longer with PO 
than with IV pentobarbital (18 versus 7 min), but time to dis-
charge (~1 h 45 min) was similar. Total adverse event rate 
was similar (0.8 % [PO] versus 1.3 % [IV]), but oxygen 
desaturation was slightly more frequent for IV (0.2 % [PO] 
versus 0.9 % [IV]). Sedation effectiveness was comparable 
(99.5 % [PO] versus 99.7 % [IV]), leading the authors to 
recommend consideration of PO administration for this age 
group, even when an IV is in place [ 174 ]. In a randomized 
comparison of IV pentobarbital (maximum 5 mg/kg in incre-
mental doses) or oral chloral hydrate (75 mg/kg) prior to 
MRI, children who received pentobarbital had a higher inci-
dence of paradoxical reaction (14 % versus 9 %) and pro-
longed recovery with a similar failure rate [ 173 ]. 

  Adverse effects : Respiratory depression is dose- and infusion 
rate dependent and is generally less than that seen with 
equivalently sedating doses of opioids or chloral hydrate 
[ 172 ,  173 ,  175 ]. Mild respiratory depression is usually seen 
at doses required for hypnotic effect. The following adverse 
events and frequencies have been reported: transient respira-
tory depression with oxygen desaturation of ≥10 % below 
the baseline in 1–8 %; vomiting in ≤1 % [ 167 ,  176 ,  177 ]; 
increased airway secretions, airway obstruction, coughing, 
and bronchospasm [ 166 – 168 ,  172 ,  176 – 178 ]; emergence 
reactions (hyperactivity in 5–7 %) [ 176 ,  178 ] of  8.4 % in 
children older than 8 years [ 178 ]; and paradoxical reaction 
(sustained inconsolability and severe irritability and combat-
iveness for more than 30 min) in 0.01 % with oral pentobar-
bital [ 172 ] and in 1.5 % with intravenous pentobarbital [ 167 ]. 
Up to 35 % of children will have increased sleeping or 
hangover- like effects in the 24 h following pentobarbital 
sedation [ 172 ,  178 ]. Pentobarbital should be avoided in chil-
dren with porphyria.

  Pregnancy Category D 
   Dosages :  IV  (protocol used by author)—fi rst dose, 2.5 mg/

kg; if needed, subsequent doses, 1.25 mg/kg, may 
repeat × 3 to maximum of 7.5 mg/kg or 200 mg 
maximum.  

   IM : 2–6 mg/kg, to a maximum of 100 mg.  
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   PO or PR  (< 4 years ): 3–6 mg/kg, to a maximum of 100 mg.  
   PO or PR  (> 4 years ): 1.5–3 mg/kg, to a maximum of 100 mg.  
   Onset / duration : The onset of action is related to the route of 

administration and subsequent absorption. The duration 
of hypnotic effect is dependent upon redistribution with 
recovery occurring within 50–75 min after IV or IM 
administration, even though the biologic half-life in 
plasma is 15–20 h [ 175 ].  

  After IV administration: sedation by 1–10 min (peak by 
5–10 min), recovery by 1–4 h; most patients awakening 
within 30–60 min. [ 167 ,  169 ]  

  After IM administration: sedation by 10–30 min, recovery 
by 2–4 h.  

  After PO administration: sedation by 15–60 min, recovery 
by 2–4 h.  

   Mechanism of action : short-acting barbiturate with sedative–
hypnotic but no analgesic effects; it induces relative 
immobility through nonselective depression of the CNS 
via facilitation of GABA receptors.  

   Metabolization : hepatic degradation with elimination half- 
life 15–20 h [ 175 ]. This may explain why many parents 
note it may take their children up to a day to return to 
normal behavior.      

   Anxiolytic–Amnestic–Sedative Agents 

   Benzodiazepines 

 Benzodiazepines produce a range of hypnotic (sedative), 
anxiolytic, amnestic, anticonvulsant, and muscle relaxant 
effects via modulation of the GABA A  receptor, the most 
common inhibitory receptor within the brain. The GABA A  
receptor is composed of fi ve subunits, each of which has 
multiple subtypes. The varying combinations of subunit sub-
types result in different pharmacological and clinical effects 
(Table  19.6 ). When benzodiazepine binds to its site on the 
GABA receptor, it causes the receptor to have a much higher 
affi nity for the GABA neurotransmitter. This results in the 
associated chloride ion channel opening more frequently, 
causing the neuronal membrane to become hyperpolarized 
[ 155 ]. Benzodiazepines have no analgesic effect. 
Benzodiazepines administered without other medications 
rarely cause severe adverse effects [ 179 ]. However, when 
benzodiazepines are combined with other drugs such as 

 opiates, marked respiratory depression and apnea can readily 
occur [ 98 ]. Midazolam (Versed ® ) and diazepam (Valium ® ) 
are commonly used benzodiazepines for procedural sedation 
because of their shorter duration and potent anxiolytic and 
amnestic effects.

      Paradoxical Reactions 

 Severe behavioral changes, typically during recovery, result-
ing from benzodiazepines as well as barbiturates have been 
reported including mania, anger, and impulsivity. Individuals 
with borderline personality disorder appear to have a greater 
risk of experiencing severe behavioral or psychiatric distur-
bances from benzodiazepines. Paradoxical rage reactions 
from benzodiazepines are thought to be due to partial 
 deterioration from consciousness, generating automatic 
behaviors, fi xation amnesia, and aggressiveness from disin-
hibition with a possible serotonergic mechanism playing a 
role [ 180 ,  181 ]. In the context of ED PSA, parents should be 
forewarned about the possibility of excitability, increased 
anxiety, and agitation in response to midazolam. 
Recommendations for management of this adverse effect 
include protecting patients from self-harm while allowing 
further recovery, deepening sedation with fentanyl or diphen-
hydramine or administration of caffeine [ 180 ,  182 ].  

   Midazolam (Versed ® ) 

  Indications : Midazolam is a water-soluble benzodiazepine 
that induces anxiolysis and mild sedation. Most children will 
not fall asleep with midazolam alone, even at higher doses. 
Consider another agent or combine with another agent (e.g., 
pentobarbital) if procedure requires patient to remain motion-
less (e.g., MRI scan). Midazolam has more potent amnestic 
effects, quicker onset, and shorter duration of action com-
pared to diazepam [ 183 – 186 ]. Since it is water soluble, mid-
azolam can be administered intramuscularly, as well as PO, 
IV, or intranasally (IN). Midazolam may be used for seizure 
control but longer-lasting agents such as lorazepam are 
 typically used. Midazolam also has antiemetic effects, an 
additional benefi t when coadministered with opioids or ket-
amine [ 187 ]. 

  Contraindications / cautions / adverse effects : Midazolam 
causes minimal hemodynamic effects (mild hypotension 
with compensatory tachycardia) but dose- and infusion rate- 
dependent respiratory depression and apnea occur when 
midazolam is administered in concert with opioids [ 98 ]. An 
important adverse reaction to benzodiazepines in children is 
the disinhibitory reaction, possibly mediated by central 
 cholinergic mechanisms [ 180 ]. Paradoxical excitement or 

   Table 19.6    Comparison of benzodiazepines   

 Drug 
 Dose 
(mg/kg) 

 Onset 
(min) 

 Peak 
effect (min)  Duration (h) 

 Midazolam  0.05–0.15  1–3  3–5  0.5–1 
 Diazepam  0.1–0.2  1.5–3  1–2  2–6 

 Lorazepam  0.03–0.05  1–5  3–4 
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dysphoria during recovery may be increased in older chil-
dren when midazolam is coadministered with ketamine [ 89 ].

  Pregnancy Category D 
   Dosages : IV/IM, anxiolysis, 0.05 mg/kg IV with maximum 

of 2 mg; sedation, 0.1 mg/kg IV with maximum of 
5–10 mg. If titrating to effect, administer doses at 3 min 
or greater intervals to avoid stacking effects. However, the 
anticipated dose (e.g., 0.1 mg/kg) may be divided and 
administered at 1–2 min intervals to reduce respiratory 
depression.  

  PO: 0.2–0.75 mg/kg.  
  IN: 0.2–0.4 mg/kg (use 5 mg/mL IV solution to reduce vol-

ume, use atomizer, or drip slowly); more rapid onset and 
shorter duration than oral. When administered with an 
atomizer device, this technique is well tolerated and effec-
tive to achieve mild to moderate sedation [ 188 ]. If the 
intravenous solution is dripped into the nares without 
atomization, most children complain of a burning sensa-
tion [ 189 – 191 ].  

  PR: 0.3–0.5 mg/kg may not be preferred by older children 
[ 192 ,  193 ].  

   Onset / duration :
   IV: sedation within 1 min, peak effect by 2–6 min, recovery 

by 30–60 min. [ 194 ]  
  IM: sedation within 5–15 min, peaks by 30 min, recovery by 

30–60 min. [ 195 ]  
  PO: anxiolysis and mild sedation peak within 15–20 min, 

recovery by 60–90 min. [ 189 ]  
  IN: effect within 5–10 min, duration 45–60 min. Use of 

atomizer results in faster onset.  
  PR: sedation within 5–10 min, recovery 60 min. [ 192 ,  193 ]     
   Mechanism of action : See benzodiazepine introduction.  
   Metabolization : Midazolam is degraded almost completely 

by cytochrome P450-3A4 in the liver and excreted in the 
urine. Midazolam metabolites have little CNS activity, 
unlike those of diazepam.  

   Reversal : Midazolam-induced apnea or respiratory depres-
sion may be counteracted by administration of  fl umazenil 
0.01 – 0.04 mg / kg  ( maximum 0.5 mg )  IV over 30 s  and 
repeated every 60 s to desired response. A cumulative 
dose of 3 mg may be necessary. Flumazenil may reverse 
midazolam-induced hypnotic and amnestic effects but not 
ventilatory depression [ 127 ]. The patient must be closely 
monitored, typically for 2 h after fl umazenil administra-
tion, for resedation and respiratory depression. Recurrence 
of sedation has been reported in up to 7 % of cases, most 
commonly in children under 5 years of age [ 128 ]. 
Flumazenil may cause seizures in patients chronically on 
benzodiazepine medications and should be used cau-
tiously in patients on medications that can lower seizure 
threshold.     

   Diazepam (Valium ® ) 

  Indications : Diazepam has excellent antianxiety, skeletal 
muscle relaxation, and amnestic properties, but because its 
duration of effect is longer than that of midazolam, diazepam 
is seldom used for ED PSA or preprocedure anxiolysis. It is 
considered 2–4 times less potent than midazolam. 

  Contraindications / cautions / adverse effects : Drowsiness may 
last 2–6 h with resedation occurring at 6–8 h due to entero-
hepatic recirculation and formation of active metabolites. 
Like other benzodiazepines, diazepam readily causes respi-
ratory depression with rapid administration. 

 Diazepam’s propylene glycol carrier causes burning sensa-
tions on intramuscular and intravenous injection and erratic 
absorption with intramuscular administration. Administer with 
caution in patients with liver and kidney dysfunction.

  Pregnancy Category D 
      Dosages : IV, 0.04–0.2 mg/kg/dose q 2–4 h. PR: 0.5 mg/kg/

dose.  
  PO: 0.12–0.8 mg/kg.  
   Onset / duration : IV, within 1.5–3 min. PR: 7–15 min.  
  PO: 30–60 min.  
   Mechanism of action : See benzodiazepine introduction.  
   Metabolization : Diazepam undergoes hepatic microsomal 

oxidation with renal excretion. Liver and kidney dysfunc-
tion, as well as active metabolites including desmethyldi-
azepam and oxazepam, may prolong effects.      

   Other Non-analgesic Sedative Agents 

   Propofol (Diprivan ® ) 

 Propofol is a sedative hypnotic agent with no analgesic prop-
erties [ 155 ]. It is the most commonly used parenteral agent 
for induction and maintenance of general anesthesia in the 
United States, due in large part to rapid and pleasant recov-
ery from anesthesia induced by this potent agent [ 155 ]. Little 
or no nausea is associated with propofol and its amnestic 
effect is similar to that from midazolam [ 196 ]. Many adults 
and older children remark on awakening that they feel as if 
they have just had a good nap. These characteristics have 
resulted in propofol’s rapid increase in popularity as an agent 
for scheduled [ 88 ,  197 ] and ED PSA for children [ 158 ,  198 ]. 

 Propofol, however, has a narrow therapeutic window, 
which makes PSA titration to desired effect without overse-
dation more diffi cult than with many other agents. Signifi cant 
respiratory depression and hypotension are relatively com-
mon (see “Adverse Effects” section) [ 88 ,  199 ]. Propofol can 
be used alone for painless procedures such as MRI or CT 
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scans, or, at greater doses, for painful procedures. However, 
because signifi cant respiratory depression or apnea is associ-
ated with doses necessary for painful procedures, smaller 
doses of propofol have been combined with analgesic opi-
ates or ketamine for ED PSA [ 199 – 201 ]. Although combin-
ing ketamine with propofol may have theoretical benefi t by 
using lower doses of each agent to reduce the undesirable 
adverse effects of both agents, a 2007 review of published 
studies in adults and children found the combination had not 
demonstrated superior clinical effi cacy compared with pro-
pofol alone. Studies confl icted regarding reduced hemody-
namic and respiratory adverse effects with the combination 
compared with propofol monotherapy [ 202 ]. A comparison 
of propofol + ketamine to propofol + fentanyl for PSA in tod-
dlers undergoing burn dressing changes found similar mini-
mal impact on blood pressure and respiratory rate but less 
restlessness with the addition of ketamine [ 203 ]. 

 Use of propofol for ED PSA should be preceded by spe-
cifi c training and supervised experience. It is recommended 
that when propofol is administered, an experienced provider 
with advanced airway skills be dedicated to administering 
the sedation and managing the airway and cardiorespiratory 
status of the patient. In-depth knowledge of adverse 
effects and advanced airway skills are essential for safe use 
of this drug. 

   Pharmacology 
 The exact mechanism(s) by which propofol exerts global 
CNS depression has not been fully elucidated. However, 
there is evidence that propofol potentiates GABA A  receptor 
activity by slowing the channel-closing time, with lesser 
effects on GABA B  receptors, modestly inhibits the  N -methyl- 
d    -aspartate (NMDA) receptor, modulates calcium infl ux 
through slow calcium-ion channels, and locks sodium chan-
nels [ 204 ].  

   Pharmacokinetics [ 157 ] 
 Propofol is highly lipophilic and rapidly diffuses from plasma 
into body tissues, particularly the highly perfused brain. The 
onset of action of propofol as determined by time to uncon-
sciousness (i.e., loss of response to voice command) is within 
1 arm–brain circulation time (the time required for the drug 
to travel from the site of injection to the site of action in the 
brain) and can be as brief as 15–30 s, but is more typically 
40–60 s, dependent upon the rate of administration. Since 
propofol is rapidly distributed from CNS to inactive storage 
sites such as muscle and fat, recovery from anesthesia is 
rapid with duration of action about 5–10 min. The short dura-
tion of sedation after repeated doses can be explained by 
rapid metabolic clearance from blood and slow redistribution 
of the drug from the peripheral tissues. Thus, the pharmaco-
kinetics of propofol after IV administration are best described 
by a 3-compartment model with rapid distribution of the drug 

from blood into the brain and other tissues, rapid  metabolic 
clearance from blood, and slow redistribution of the drug 
from the peripheral compartment back into the blood stream, 
resulting in sub-hypnotic plasma levels of drug. 

 Propofol is rapidly and extensively metabolized in the 
liver to less active conjugates, which are excreted mainly in 
the urine. Since plasma clearance exceeds hepatic blood 
fl ow, it appears that the drug also is metabolized at extrahe-
patic sites. Mean total body clearance of propofol appears to 
be proportional to body weight; obese patients have a sub-
stantially higher body clearance than leaner individuals. 

  Indications : Propofol sedation of children in the ED has been 
reported primarily for fracture reduction with fentanyl, mor-
phine, or ketamine coadministered [ 199 – 201 ,  205 ]. Sedation 
or distress scores were low during fracture reduction with 
propofol + morphine or fentanyl and similar to ket-
amine + midazolam or morphine + midazolam [ 200 ,  201 ]. 
Mean recovery times after propofol for these studies were 
15–23 min. Unlike other PSA techniques, with the exception 
of nitrous oxide, repeated or continuous dosing of propofol 
causes little prolongation of recovery when administered for 
less than 1–2 h. Thus, after longer procedures, such as com-
plex laceration repair or emergent MRI scans during which 
either repeated doses or continuous infusion of propofol is 
required, recovery typically is still within 15–30 min. [ 206 ] 

  Contraindications / Cautions / Adverse Effects : Transient 
respiratory depression, apnea, upper airway obstruction, or 
laryngospasm may occur in many patients, especially during 
induction of sedation [ 88 ,  199 ,  207 ]. A recent study suggests 
that the administration of induction dosages of propofol 
slowly over 3 min decreases the incidence of respiratory 
depression [ 208 ]. Increasing upper airway narrowing due to 
muscle relaxation, especially at the level of the epiglottis, has 
been shown with increasing depth of propofol sedation/anes-
thesia [ 209 ]. Loss of protective airway refl exes during apneic 
periods may place patients at increased risk of pulmonary 
aspiration as the ensuing bag–mask positive-pressure venti-
lation increases gastric pressure and risk of passive regurgi-
tation [ 88 ]. Therefore, candidates for propofol sedation must 
be carefully screened for risks of “full stomachs,” URIs, and 
diffi cult airways [ 210 ]. These events are frequent enough 
when sedating with propofol that many providers routinely 
administer supplemental oxygen and monitor with end-tidal 
capnography, in addition to having a functioning anesthesia 
or CPAP ventilation bag at the bedside [ 107 ,  108 ,  117 ]. 

 The main adverse cardiovascular effect of propofol is 
hypotension, in part related to decreases in peripheral vascu-
lar resistance [ 157 ,  211 ]. In spontaneously breathing patients, 
as much as a 30 % decrease in blood pressure may be seen 
with little or no changes in heart rate [ 205 ,  212 ]. The decrease 
in blood pressure is dose- and infusion rate dependent and is 
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potentiated by coadministration of opioids such as fentanyl 
[ 211 ,  213 ]. Propofol may rarely induce profound bradycar-
dia and cardiac arrest in hypovolemic patients or in those at 
risk for hypotension or with cardiac dysfunction [ 88 ,  214 ]. 
Administration of additional fl uids and a cautious rate of IV 
infusion may help reduce the risk of propofol-induced 
hypotension. 

 Because of the increased risk of apnea and hypotension 
compared to other agents for PSA, many providers avoid use 
of propofol in ED patients determined to have diffi cult air-
ways, cardiac dysfunction, brief fasting, or ASA physical 
status Class 3, 4, or 5 [ 117 ,  199 ]. 

 Propofol is formulated as an emulsion in soybean oil, 
glycerol, and purifi ed egg products because it is essentially 
insoluble in aqueous solutions. Propofol therefore cannot be 
administered to patients with allergies to eggs or soy. In addi-
tion, to inhibit bacterial growth, some preparations contain 
sodium metabisulfi te, which may cause allergic-type reac-
tions in susceptible individuals, including anaphylaxis and 
life-threatening or less severe asthmatic episodes [ 157 ]. 

 Despite the addition of disodium EDTA or sodium 
metabisulfi te to inhibit bacterial growth, signifi cant bacterial 
contamination of open containers has been associated with 
serious patient infection. Using aseptic technique, propofol 
should be administered shortly after removal from sterile 
packaging [ 155 ]. 

 Injection site pain is common with propofol but often may 
not be recalled due to propofol’s amnestic effects. In ED 
PSA, coadministration of morphine or fentanyl for proce-
dural analgesia may reduce this effect [ 117 ]. Lidocaine 
0.5 mg/kg administered intravenously immediately prior to 
propofol infusion and use of large antecubital veins also may 
help ameliorate this minor adverse effect [ 157 ,  200 ]. 

 Involuntary movement (myoclonus) has been reported in 
15–20 % of pediatric patients undergoing propofol anesthe-
sia, typically during induction [ 157 ]. Myoclonus signifi cant 
enough to interrupt the procedure, the majority of which 
were radiological, however, occurred only at a rate of 
2/10,000 in elective sedations with propofol [ 88 ].

  Pregnancy Category B 
      Dosages : Propofol can be administered intravenously in 

doses of 1–2 mg/kg to achieve sedation. Note, however, 
administration of 2–3.5 mg/kg followed by continuous 
infusion of 100–300 mg/kg/min is commonly used for 
induction of general anesthesia [ 117 ,  199 – 201 ,  205 ,  215 , 
 216 ].  

  Published studies of pediatric ED PSA for fracture reduction 
used an initial bolus of 1 mg/kg propofol administered 
over 1–2 min followed by additional doses of 0.5 mg/kg 
every 1–3 min based on patient response [ 199 ,  201 ,  205 ]. 
Mean total propofol doses in these studies were 2.5–
4.5 mg/kg. Alternatively, one study followed the initial 

1 mg/kg bolus immediately with a propofol infusion at 
67–100 mg/kg/min until cast completion; most children 
required an additional bolus of propofol during the infu-
sion to achieve the desired level of sedation [ 200 ]. In each 
of these studies, propofol was administered shortly after 
morphine or fentanyl administration.  

   Administration  [ 157 ]: Commercially available 1 % propofol 
injectable emulsion (10 mg/mL) may be used without 
dilution. If dilution is necessary, the drug may be diluted 
with 5 % dextrose injection to a concentration of not less 
than 0.2 % (2 mg/mL) in order to maintain the emulsion. 
Propofol should be discarded if there is evidence of sepa-
ration of the emulsion. The emulsion should be shaken 
well just prior to administration.  

  Using aseptic technique, contents of a vial may be trans-
ferred into a sterile, single-use syringe and administered 
shortly after removal from sterile packaging. The manu-
facturers state that propofol is compatible with several IV 
fl uids (e.g., 5 % dextrose, 5 % dextrose and lactated 
Ringer’s, 5 % dextrose, and 0.2 or 0.45 % sodium chlo-
ride) when a Y-type administration set is used.      

   Etomidate 

  Indications : Etomidate has potent hypnotic (sedative) and 
amnestic but no analgesic effects. It is in an aqueous solution 
of propylene glycol; therefore, burning on injection is a com-
mon complaint. Since etomidate rapidly induces uncon-
sciousness with little hemodynamic effect and clinical 
recovery occurs within minutes, it is frequently used in the 
emergency setting to induce unconsciousness prior to 
 neuromuscular blockade during endotracheal intubation 
[ 217 – 219 ]. 

 Recent reports suggest etomidate may be safe and effec-
tive for brief nonpainful procedures such as CT scans and 
can be combined with fentanyl for fracture reductions. Early 
reports were inconclusive about the safety and effectiveness 
of etomidate for ED PSA in children [ 158 ,  220 – 223 ]. 
However, a small study of ED pediatric patients sedated for 
head and neck CT found successful completion of the CT in 
57 % with etomidate doses up to 0.3 mg/kg and 76 % with 
doses up to 0.4 mg/kg, in contrast to a success rate of 97 % 
for pentobarbital [ 170 ]. Etomidate 0.2 mg/kg IV was infused 
over 30 s, with additional doses, if needed, of 0.1 mg/kg IV 
over 30 s at 1 min intervals, to a maximum total dose of 
0.4 mg/kg. Duration of sedation was 13 min and parents felt 
their children returned to normal behavior much earlier than 
with pentobarbital. A more rapid infusion technique in 
another study reported a 99 % successful completion of CT 
scans with etomidate in 446 fasted ASA-PS Class I and II 
children; duration of sedation was 34 min [ 224 ]. With a 
proximal tourniquet in place, 0.5 mg/kg lidocaine  (maximum 
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dose 25 mg) was fi rst administered through the intravenous 
catheter to mitigate burning from the subsequent etomidate 
infusion, a “mini-Bier block” technique. After 1 min, the 
tourniquet was removed and etomidate 0.3 mg/kg was 
infused over 2–3 s. If sedation was not adequate, an addi-
tional 0.15 mg/kg bolus was administered within 1 min of 
the initial dose. If needed, an additional 0.15 mg/kg bolus 
was given during scans requiring multiple views or reposi-
tioning. Median total etomidate dose was 3.3 mg/kg. With 
this technique, 1 patient had apnea and the CT scan was not 
completed; otherwise signifi cant respiratory depression did 
not occur. Although most of these children were not ED 
patients, it suggests this agent may be used successfully for 
this purpose. 

 For fracture reduction, etomidate 0.2 mg/kg infused intra-
venously over 60–90 s resulted in effective sedation in 92 % 
of children compared to 36 % with midazolam 0.1 mg/kg IV 
[ 225 ]. Both were combined with fentanyl 1 mg/kg IV. Median 
recovery time in those reaching adequate sedation was 
12 min with etomidate and 24 min with midazolam. 
Desaturation occurred in 22 % of children in both groups; all 
responded quickly to free fl ow oxygen administration or 
head repositioning; no patient experienced apnea or required 
positive-pressure ventilation. Myoclonus occurred in 22 % 
of patients who received etomidate, but it was described as 
mild and brief and did not interfere with the fracture reduc-
tion. Pain on injection of etomidate was noted in 46 % of 
children. Further studies of etomidate are needed to defi ne 
better safety and effi cacy parameters for PSA, particularly in 
unfasted emergency patients. 

  Contraindications / cautions / adverse effects : Similar to mid-
azolam, transient apnea with rapid infusion may rarely occur 
when etomidate is administered alone [ 224 ], but respiratory 
depression may occur in 20 % or more of children receiving 
etomidate coadministered with fentanyl or morphine [ 225 ]. 
Pain with injection in 2–20 % and myoclonus in 8–40 % of 
patients are associated with etomidate infusion [ 221 ,  226 , 
 227 ]. When present, myoclonus that can resemble seizures 
usually lasts less than 1 min and can be decreased by the 
coadministration redundant of other drugs. These tremors 
are benign and not epileptiform activity [ 226 ,  228 ]. 

 Although trials investigating etomidate-induced adrenal 
suppression associated with PSA in noncritically ill children 
are not available, studies in adults and children have demon-
strated cortisol depression for up to 24 h with as little as a 
single dose of etomidate. This suppression may be clinically 
signifi cant in patients with hemorrhagic or septic shock, 
leading some to suggest consideration of alternative agents 
or to combine etomidate with glucocorticoids for induction 
of unconsciousness for tracheal intubation or PSA in these 
patients [ 229 – 232 ].

  Pregnancy Category D 
   Dosages : 0.2–0.3 mg/kg IV.  
   Onset / duration : onset of sedation within 30–60 s, with dura-

tion of deep sedation 3–12 min when using a dose of 
0.2–0.3 mg/kg [ 71 ]. Suffi cient recovery for discharge 
may take 30–45 min. [ 224 ]  

   Mechanism of action : Etomidate, like propofol, is structur-
ally unrelated to other anesthetics. It is an imidazole 
derivative that is thought to induce sedation through 
enhanced gamma-aminobutyric acid (GABA) neurotrans-
mission [ 155 ].  

   Metabolization : Etomidate is highly protein bound in blood 
and is degraded by hepatic and plasma esterases to inac-
tive products. It exhibits a bi-exponential decline, with a 
redistribution half-life of 2–5 min and an elimination 
half-life of 68–75 min [ 155 ].      

   Sedative–Analgesic Agents 

 The following are primary analgesic agents. Sedation gener-
ally requires higher doses of opioids or addition of sedative–
hypnotic agents, both of which signifi cantly increase 
respiratory depression. Ketamine induces sedation and 
amnesia but opioid agents cause little amnesia. 

   Opiates (Narcotics) (Table  19.7 ): Fentanyl 
(Sublimaze ® ) 

     Indications : Fentanyl is a high-potency synthetic opiate with 
minimal hemodynamic effects. Due to its lipophilic nature 
and rapid biphasic redistribution, onset of analgesia and 
sedation occur rapidly with intravenous administration but 
are of short duration, making it a favorable agent for ED 
PSA. Fentanyl, by weight, is 80–100 times more potent than 
morphine. It provides signifi cant analgesia and mild seda-
tion for painful procedures but is not recommended for anxi-
ety control or for control of spontaneous movement. Since 
fentanyl, unlike morphine, does not cause clinically signifi -
cant histamine release, it is the opiate of choice in patients 
who have increased potential for hypotension, e.g., trauma 
or sepsis [ 233 ]. 

   Table 19.7    Comparison of opioid medications   

 Opioid     IV dose (mg/kg)  Peak  Duration 

 Fentanyl  0.001–0.002 
(1–2 μg/kg) 

 30–60 s  30 min 

 Morphine  0.1  10 min  4–5 h 
 Meperidine  1  10 min  2–4 h 
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 Fentanyl has been administered in oral lozenges (oral 
transmucosal fentanyl citrate (OTFC)) for ED PSA for lac-
eration repair. However, titration to effect is diffi cult with 
this technique and it has been associated with frequent nau-
sea, vomiting (20–50 %), and pruritus [ 234 – 237 ]. OTFC has 
also been used for rapid (30 min) analgesia in children with 
fractures [ 238 ]. 

 Of note, atomized intranasal administration of fentanyl in 
children in acute pain in the ED has been shown to provide 
signifi cant pain relief by 5–10 min [ 239 ,  240 ]. One small 
study of children 1–4 years old undergoing suturing in the 
ED found intranasal sufentanil, a more potent analog of fen-
tanyl, plus midazolam provided sedation by 20 min without 
vomiting or other signifi cant adverse events [ 241 ]. Further 
study is needed to clarify safety and effi cacy of atomized 
intranasal techniques for ED PSA. 

  Fentanyl plus midazolam : A primary goal with most painful 
ED PSA is attenuated or blocked unpleasant recall of the pro-
cedure. Since fentanyl induces minimal amnesia and cannot 
completely block procedure-related pain without extreme 
respiratory depression, it is typically combined with mid-
azolam to induce amnesia for residual procedural pain. 
Although the combination of fentanyl and midazolam can 
cause signifi cant respiratory depression [ 98 ], both agents have 
competitive antagonists that readily reverse undesirable effects. 
If titrated carefully, a small dose of naloxone of 1 mg/kg will 
reverse respiratory depression but retain much of the analgesia 
effect. This reversibility makes this combined technique an 
optimum and frequently used approach for ED PSA [ 158 ]. 

 The dose of midazolam that maximizes amnestic effect is 
not well established. Furthermore, while the onset of peak 
amnestic effect is indistinct, the duration of action appears to 
be fairly long, hence a broad window within which to admin-
ister the analgesic agent, fentanyl. Thus, it is recommended 
to maximize the capability to administer suffi cient amnestic 
agent by infusing the midazolam before the fentanyl is given, 
since the synergistic respiratory depressant effects of the two 
medications may limit the ability to administer suffi cient 
amnestic agent if it is given after the fentanyl. 

 Adequate analgesia for painful procedures always 
requires suffi cient narcotic to cause some degree of respira-
tory depression (assuming narcotic naive patients). Use of 
local anesthesia for the procedure (e.g., a hematoma block 
for fracture reduction) can signifi cantly reduce the amount of 
systemic analgesic agent needed and thus reduce respiratory 
depression. It is important to time the “peak analgesia effect” 
(peak brain concentration) with “maximal analgesia need” 
(at time of the maximally painful part of the procedure); 
hence the analgesic agent is administered after the amnestic 
agent. The respiratory depression is typically counteracted 
by the pain of the procedure. Particular attention to ventila-
tory suffi ciency should occur after the painful procedural 
stimulus ends, since respiratory depressant effects will 

 persist for minutes to hours after the last dose of medication 
[ 124 ]. This adverse effect may be exacerbated by oral or par-
enteral opioid analgesics administered prior to the PSA. 

  Contraindications / cautions / adverse effects : Fentanyl, like 
other opioid analgesics, causes dose- and infusion rate- 
dependent respiratory depression characterized by decreases 
in respiratory rate, tidal volume, minute ventilation, and ven-
tilatory response to carbon dioxide. Hypotension and brady-
cardia may also occur with rapid infusion or larger doses. 
Although return to relative alertness typically occurs within 
20–30 min after IV administration, respiratory depressant 
effects may last several hours. Patients may be awake but 
need to be reminded to breathe due to the drug’s depression of 
the brainstem response to rising plasma CO [ 120 ,  124 ,  242 ]. 

 Respiratory depression can be lessened by administering 
the expected total dose in divided amounts, e.g., 0.5 mg/kg/
dose, and infusing each dose over 30–60 s at 1–2 min inter-
vals. Respiratory depression is markedly increased by coad-
ministration of sedative–hypnotic medications such as 
midazolam or barbiturates [ 9 ,  98 ]. At the level of deep seda-
tion, many children will have respiratory depression or par-
tial upper airway obstruction due to muscle relaxation and 
may require airway-opening maneuvers, supplemental oxy-
gen, or painful stimulation [ 9 ]. 

 Respiratory depression is readily reversed by the competi-
tive antagonist naloxone. Titration of naloxone in small doses 
of 1 μg/kg stopping at the endpoint of reversal of respiratory 
depression will retain much of the analgesia effect. Repeated 
doses may be necessary as respiratory effects may outlast the 
reversal effects of naloxone. Administration of a “full” dose 
of naloxone may cause signifi cant pain, hypertension, tachy-
cardia, vomiting, and other undesirable adverse effects. 

 Chest wall rigidity may occur with rapid infusion of 
large doses (usually >5 mg/kg), especially in infants. This 
life- threatening adverse effect will manifest by lack of 
spontaneous chest wall movement, dropping oxygen satura-
tions, and an inability to ventilate the patient with positive 
pressure by bag and mask. Reversal with naloxone or paral-
ysis with succinylcholine may be needed to manage this 
adverse event.

  Pregnancy Category C 
   Dosages :  for analgesia ; 1–2 μg/kg, intravenously. Titrate to 

effect by administering doses of 0.5 μg/kg over 15–30 s, 
repeated every 1–2 min. A total dose of 1–2 μg/kg usually 
can be administered without causing signifi cant respira-
tory depression, unless coadministered with midazolam. 
For signifi cantly painful injuries, an initial dose of 1 μg/
kg usually may be administered safely over 30 s.  

   For ED PSA :  fentanyl  +  midazolam ; midazolam, 0.05–
0.1 mg/kg intravenously over 1–2 min, is administered 
fi rst, titrated to an endpoint of drooping eyelids and 
slurred speech. A total dose of 10 mg likely is suffi cient 
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for amnesia in large adolescents. Then fentanyl, 0.5 μg/kg    
intravenously over 30 s, is repeated to an endpoint of 
decreased patient responsiveness to a relevant painful 
stimulus such as squeezing the fracture site or palpating 
the abscess. If local anesthesia is used for the procedure, 
approximately 1 μg/kg fentanyl may be suffi cient. For 
intensely painful procedures, such as fracture reduction 
without a hematoma block, up to 2 μg/kg may be neces-
sary [ 9 ]. Respiratory depression is likely at this dose; 
therefore, time the end titration of fentanyl as the painful 
part of the procedure is begun; the procedure-related pain 
will stimulate the patient and counteract some of the 
respiratory depression. Additional doses of fentanyl may 
be administered after about 10 min if the patient becomes 
agitated or manifests signifi cant pain during longer 
procedures.  

  Fentanyl comes in 2 mL vials of 50 μg/mL. Titration is easier 
and safer if the concentrated fentanyl is diluted to 10 μg/
mL by adding 2 mL of fentanyl to 8 mL of normal saline, 
resulting in 10 mL of 10 μg/mL.  

   Onset / duration : Analgesia with mild sedation after IV admin-
istration of fentanyl is within 30–60 s, with greatest seda-
tive–analgesic effects lasting 5–10 min. Although return to 
relative alertness typically occurs within 20–30 min after 
IV administration, respiratory depressant effects may last 
several hours. Patients may be awake but “forget to 
breathe” due to the drug’s depression of the brainstem 
response to rising plasma CO 2  [ 120 ,  124 ,  242 ].  

   Mechanism of action : Fentanyl is a high-potency mu agonist 
opiate 50–100 times more potent than morphine [ 233 ].  

   Metabolization : Fentanyl is metabolized in the liver and 
excreted in the urine. There are no active metabolites [ 233 ].     

   Morphine 

  Indications : While the “standard” for analgesia, morphine is 
typically not used for procedural sedation because its slow 
onset of peak analgesic effect (~10 min) makes titration diffi -
cult. Repeating a dose before 10 min leads to “stacking”; i.e., 
administering a second dose before the peak effect of the fi rst 
dose results in unnecessary excess medication administration, 
overshooting the intended level of analgesia, and is associated 
with excess adverse effects such as respiratory depression. 
Morphine is commonly administered to provide baseline anal-
gesia if the patient is in pain from an injury, abscess, etc. 
Additional analgesia, typically with a different agent such as 
fentanyl or ketamine, is then administered for the procedure. 

  Contraindications / cautions / adverse effects : Additional admin-
istration of a benzodiazepine for anxiolysis increases the respi-

ratory depression associated with morphine administration. 
Morphine induces histamine release and may result in hypo-
tension, nausea/vomiting, dizziness, and pruritus; histamine 
release may exacerbate asthma. Pruritus can be treated with 
diphenhydramine.

  Pregnancy Category C     
  Dosages : IV; 0.05–0.1 mg/kg, titrated to the effect of pain 

relief. Opioid naive patients may experience less nausea if 
the expected dose is divided. For example, an 80 kg teen-
ager will likely better tolerate two 4 mg doses adminis-
tered 10–15 min apart.  

   Onset / duration : 1–3 min, peak 10–20 min; duration of sig-
nifi cant analgesia 1–2 h.  

   Mechanism of action : mu agonist (analgesia) and weak 
kappa agonist (respiratory depression).  

   Metabolization : glucuronidated in the liver and excreted 
in the urine; 10 % metabolized to active metabolite, which 
can accumulate in children with renal failure.     

   Meperidine (Demerol ® ) 

  Indications : Although a potent opioid, meperidine, like mor-
phine, is seldom used for procedural sedation because its 
long time to peak effect (~10 min) makes it diffi cult to titrate 
without overshooting (stacking) the intended level of analge-
sia and sedation. In addition, meperidine causes histamine 
release at a greater frequency than do other opioids and its 
atropine-like effects may cause tachycardia and euphoria. 

  Contraindications / cautions / adverse effects : Interaction with 
MAO inhibitors may be catastrophic resulting in hyperten-
sion, excitation, tachycardia, seizure, and hyperpyrexia. 
Biodegradation to the active metabolite normeperidine 
(elimination half-life of 15–40 h) results in prolongation of 
effects. With large or repeated doses, accumulation of norme-
peridine may cause nervous system excitation with tremors, 
muscle twitches, and seizures.

  Pregnancy Category C     
  Dosages : IV/IM; 1 mg/kg.  
   Onset / duration : IV; 1–5 min, peak by 10 min; duration of 

1–2 h.  
  IM: peak effect by 10 min, duration 1–2 h.  
   Mechanism of action : a phenylpiperidine opioid with potent 

analgesic effects.  
   Metabolization : Hepatic degradation forms active metabolite 

normeperidine (elimination half-life of 15–40 h), which 
results in prolongation of effects and has adverse effects 
as noted earlier.     
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   Codeine 

 Codeine is well absorbed after oral administration, but the 
drug must be metabolized by the liver to morphine to have an 
analgesic effect. Since up to 35 % or more of people are slow 
or non-metabolizers, codeine is an ineffective analgesic 
agent for many [ 243 ,  244 ]. Conversely, ultrarapid metaboliz-
ers may experience reduced analgesic effect but increased 
adverse effects from relatively small doses [ 245 ]. For these 
reasons, oxycodone is the oral analgesic of choice in the 
author’s ED.  

   Oxycodone 

  Indications : Oxycodone, an opioid analgesic medication 
originally synthesized from opium-derived compounds, is 
readily absorbed by oral route and is often administered for 
painful conditions when no IV access is established, e.g., at 
triage for possible fractures or burns [ 246 ]. It can also be 
used to augment sedation for painful procedures, e.g., with 
nitrous oxide for abscess I&D or fracture reduction [ 90 ]. 
Oxycodone is preferred because, unlike codeine, it does not 
require metabolism to an active form. Oxycodone may cause 
less nausea than codeine [ 2 ], but one comparison found no 
difference in vomiting or other adverse effects at analgesi-
cally similar doses [ 246 ]. 

  Contraindications / cautions / adverse effects : Oxycodone, as 
do other opiates, signifi cantly increases frequency of vomit-
ing when combined with other analgesic regimens, e.g., with 
ketamine or nitrous oxide. Vomiting prior to ED discharge 
after PSA increased from approximately 10 % with ket-
amine + midazolam [ 9 ] or nitrous oxide [ 10 ] to 25 % when 
oxycodone had been administered in triage [ 90 ]. Oxycodone 
also causes dose-dependent respiratory depression by blunt-
ing the brainstem response to increasing levels of carbon 
dioxide. A dose of 0.2 mg/kg administered to children with 
painful injuries caused tiredness but no clinically apparent 
changes in ventilation or oxygenation [ 246 ]. At a dose of 
0.3 mg/kg administered to young children in preparation for 
painful abscess I&D, we have observed many patients become 
sleepy but are easily aroused with verbal stimuli and oxygen 
saturations usually remain within normal ranges as they 
breathe room air; however, these children should routinely be 
monitored for respiratory depression after this larger dose.

  Pregnancy Category B (D for Prolonged Use)    
   Dosages : 0.05–0.15 mg/kg for out of hospital analgesia;  for 

procedural analgesia ,  0.2 – 0.3 mg / kg , with the larger end 
of the range for younger children for fracture reduction, 
burn debridement, or abscess management. Since absorp-
tion after gastric administration has large interindividual 

variation in the rate and extent of absorption [ 247 ], the 
higher dose is not recommended for home use due to the 
potential for oversedation. Similarly, oxycodone should 
be used with caution in infants younger than 6 months of 
age due to marked variation in clearance [ 248 ].  

   Onset / duration : Analgesia begins within 30 min and peaks at 
~1 h; duration 2–3 h.  

   Mechanism of action : mu agonist (analgesia) and weak 
kappa agonist (respiratory depression).  

   Metabolization : Oxycodone is metabolized by the cyto-
chrome P450 enzyme system in the liver with up to 20 % 
excreted unchanged in the urine. Thus, patients with poor 
renal function may accumulate higher plasma levels.      

   NMDA Antagonists 

   Ketamine (Ketalar ® ) 

 Ketamine is a phencyclidine-derived lipophilic dissociative 
agent with rapid biphasic redistribution. Potent analgesic 
and amnestic effects with relative lack of cardiopulmonary 
depression make ketamine quite likely the most widely used 
and appropriate agent for ED PSA [ 158 ,  249 ]. The American 
College of Emergency Physicians (ACEP) has recently pub-
lished a Clinical Practice Guideline for Emergency 
Department Ketamine Dissociative Sedation: 2011 Update 
[ 250 ]. The major changes in these guidelines as compared 
to the former of 2004 are summarized in Table  19.8  [ 81 ,  250 ]. 
During fracture reduction, children receiving ketamine 
demonstrated signifi cantly less distress and less respiratory 
depression than those receiving fentanyl or propofol coad-
ministered with midazolam [ 9 ,  201 ]. Ketamine also induces 
signifi cant amnesia and effective PSA for other intensely 

   Table 19.8    Major changes in the American College of Emergency 
Physicians (ACEP) Clinical Practice Guideline for Emergency 
Department Ketamine Dissociative Sedation: 2011 Update (modifi ed 
from [ 250 ])   

 General changes 
  •  Expansion of guideline to include adults 
 No longer contraindications 
  •  Administration for ages 3–12 months 
  •  Minor oropharyngeal procedures 
  •  Head trauma 
 Route of administration 
  •  Emphasis on IV over IM route when feasible 
 Coadministered medications 
  •  Route prophylactic anticholinergics no longer recommended 
  •  Route prophylactic benzodiazepines may benefi t adults, but not 

children 
  •  Prophylactic ondansetron can slightly reduce vomiting 
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painful ED procedures such as burn debridement and 
abscess incision and drainage, as well as relative immobility 
for procedures during which occasional spontaneous move-
ment is tolerated, such as complex laceration repair, and 
brief radiological procedures such as CT scans or joint aspi-
ration [ 81 ,  158 ].

   Ketamine has unique and diverse mechanisms of action 
with benefi cial and potentially adverse effects. Ketamine 
interacts with multiple binding sites including NMDA and 
non-NMDA glutamate receptors, nicotinic and muscarinic 
cholinergic and opioid receptors, and less so, peripheral neu-
ronal sodium channels [ 251 ]. Ketamine’s primary site of 
anesthetic action is in the CNS in thalamocortical pathways 
and the limbic system where it binds to a site on postsynaptic 
NMDA channels that regulate transmembrane calcium, 
sodium, and potassium fl ux. This binding inhibits glutamate 
activation of the channel in a noncompetitive manner and is 
time and concentration dependent [ 121 ,  251 ,  252 ].  

   Circulatory Effects 

 In contrast to other sedative and analgesic agents, cardiac 
output, including heart rate and blood pressure, is usually 
well maintained with ketamine administration, even at 
deeper levels of sedation or anesthesia. Ketamine causes 
10–30 % increases in blood pressure and heart rate by block-
ing reuptake of catecholaminergic hormones norepineph-
rine, epinephrine, dopamine, and serotonin. These effects 
may increase intracranial pressure, and caution has been sug-
gested with its use in patients with known intracranial pathol-
ogy causing increased intracranial pressure. However, use of 
ketamine in ventilated patients with head trauma has been 
shown safe and not to impact intracranial pressure differ-
ently from opioids [ 253 ,  254 ]. Use of ketamine in the ED for 
rapid sequence intubation of patients with head trauma has 
also been advocated as safe [ 255 ]. Of note, ketamine also has 
a direct negative inotropic effect on the heart that is usually 
clinically inapparent due to the sympathetic stimulation 
[ 256 ]. In critically ill patients whose catecholamines are 
depleted due to maximal compensation for hypovolemia, 
hypoxemia, fl uid–electrolyte, acid–base, and other physio-
logic insults, administration of ketamine may cause marked 
hypotension and bradycardia [ 257 ].  

   Ventilatory Effects 

 In marked contradistinction to other sedative–analgesic 
agents, doses of ketamine typically used for ED PSA rarely 
cause depression of pulmonary gas exchange or relaxation of 
upper airway muscles [ 258 ]. Intravenous infusion of 2 mg/kg 
of ketamine over 1 min characteristically causes no signifi cant 

effect on respiratory rate, tidal volume, minute  ventilation, or 
end-tidal CO 2 , thus maintaining adequate gas exchange dur-
ing unobstructed spontaneous room air breathing [ 259 ]. 
Furthermore, ketamine does not signifi cantly decrease tho-
racic or airway muscle activity [ 258 ,  260 ,  261 ], or impair lung 
ventilation distribution, functional residual capacity, or min-
ute ventilation with intravenous doses of 2 or 4 mg/kg [ 132 ]. 
These effects and maintenance of positive end-expiratory 
pressure (PEEP) [ 262 ] result in lack of peripheral alveolar 
collapse and regional hypoventilation seen with propofol and 
opioid agents. Interestingly, relatively low-dose ketamine 
(1 mg/kg administered intravenously over 5 min, i.e., 0.2 mg/
kg/min) to adults caused respiratory stimulant effects with 
three distinct phases: Increased tidal volumes (deep breath-
ing) were followed by increased respiratory rates and then 
large tidal volumes with low respiratory rates and occasional 
brief apnea, possibly compensating for hypocarbia due to the 
preceding hyperventilation [ 263 ]. These fi ndings are consis-
tent with the mild increase in respiratory rate with mainte-
nance of normal oxygen saturation and end-tidal CO 2  noted in 
children receiving intravenous ketamine 1.5 mg/kg over 1 min 
for ED PSA [ 113 ]. 

 Reduced responsiveness to increased CO 2  and hypox-
emia, however, have been demonstrated during the initial 
period after a bolus of ketamine when plasma levels are high 
and resolving as levels decrease [ 259 ,  264 ,  265 ]. This sug-
gests the possibility of apnea in sensitive individuals or a 
delayed response to hypercarbia if airway obstruction occurs 
during induction of sedation and may explain the case reports 
of brief respiratory arrest after administration of intramuscu-
lar ketamine for ED PSA [ 122 ,  266 ,  267 ]. A case series of 18 
children who inadvertently received 5–100-fold larger-than- 
intended doses of ketamine described respiratory depression 
and prolonged recovery but no residual effects except for one 
critically ill infant who died [ 156 ]. A meta-analysis of more 
than 8,000 children who received ketamine for ED PSA 
found that the overall incidence of airway and respiratory 
adverse events (upper airway obstruction, apnea, oxygen 
desaturation ≤90 %, or laryngospasm) was 4 %. Increased 
risk was found in younger children and teenagers, those 
receiving more than 2.5 mg/kg initial or 5 mg/kg total doses, 
and those receiving coadministered anticholinergic or ben-
zodiazepine medications [ 135 ]. Airway and respiratory 
adverse events occurred at twice the overall rate in children 
younger than 2 years, except for laryngospasm or apnea, 
which were not increased. The overall frequency of airway 
and respiratory adverse events in adolescents 13 years or 
older was almost 3 times greater with more apnea but less 
laryngospasm. The overall frequency of apnea was 0.8 % in 
this series. Coadministration of other sedative–analgesic 
agents such as midazolam or morphine and young age also 
have been found by others to be associated with greater 
respiratory depression [ 89 ,  268 ].  
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   Protective Airway Refl exes 

 Preservation of upper airway protective refl exes, even at 
deeper levels of sedation or anesthesia, reduces the risk of pul-
monary aspiration and thus makes ketamine one of the safest 
agents for ED PSA in unfasted children, yet, paradoxically, it 
may increase the risk for one of the most signifi cant life-
threatening sedation-related adverse events: laryngospasm 
[ 132 – 134 ]. The incidence of laryngospasm in ketamine- based 
pediatric ED PSA is diffi cult to determine as it is a rare event 
and large sedation databases are not available for estimation. 
The meta-analysis of pediatric ketamine- based ED PSA found 
an incidence of laryngospasm of 0.3 %; the only identifi able 
association with greater risk was an initial intravenous dose of 
greater than 2.5 mg/kg, but data was unable to be analyzed for 
URI, wheezing, or other risk factors noted with general anes-
thesia. Young age and oropharyngeal procedures (excluding 
endoscopy) were not associated with increased risk [ 135 ]. 
Although in the past, the prophylactic administration of anti-
cholinergics was believed to reduce the incidence of secre-
tions, laryngospasm, and respiratory complication, this is no 
longer held true. Rather, a recent matched case–control analy-
sis of 8,282 ketamine procedures in the emergency depart-
ment revealed no association between age, dose, procedure, 
medical status, route of delivery, and the administration of 
anticholinergics with the occurrence of laryngospasm [ 269 ]. 
This data is important because it identifi es the occurrence of 
laryngospasm as an unpredictable and idiosyncratic reaction. 
All practitioners, thus, who administer ketamine should be 
prepared to identify and treat laryngospasm. 

 Initial management of laryngospasm should include 
airway- opening maneuvers (straightening, jaw thrust) and 
administration of supplemental oxygen, preferably by 
CPAP. If these are insuffi cient to maintain oxygenation, low- 
dose succinylcholine should be considered (~0.1–0.2 mg/kg 
IV); if this low dose does not improve oxygenation, a full 
paralytic dose of 1–3 mg/kg succinylcholine should be 
administered. Laryngospasm induced by ketamine may be 
brief or it may be recurrent and it may occur during emer-
gence as well as induction or mid-procedure [ 131 ]. Please 
see section on “Management of Laryngospasm.”  

   Sedative–Analgesic Effects 

 Sedation and dissociation induced by ketamine likely occur 
primarily from blockade of the excitatory effects of gluta-
mate, the most prevalent CNS excitatory neurotransmitter. 
By binding to the neuronal membrane’s NMDA glutamate 
receptor complex associated with transmembrane calcium 
channels, ketamine prevents or reduces neurotransmission of 
pain and other stimuli by interfering with the calcium infl ux 
necessary for electrical propagation [ 251 ].  

   Dissociative Effects 

 Ketamine is classifi ed as a dissociative general anesthetic 
agent because EEG and functional MRI (fMRI) recordings 
demonstrate electrical activity of the thalamus that is no lon-
ger synchronized with or is “dissociated” from the limbic 
system after ketamine administration [ 270 ]. The thalamus is 
believed to process and relay sensory information selectively 
to specifi c areas of the cerebral cortex and plays a major role 
in regulating arousal, the level of awareness, and activity as 
well as processing auditory, somatic, visceral, and visual 
sensory input [ 133 ]. It is thought this dissociative effect is 
the primary mechanism for preventing patients’ response to 
pain or other sensory stimuli after ketamine administration. 
More precise understandings of the mechanisms are under 
investigation. The patient who has received ketamine with-
out an adjunctive sedative agent may have his/her    eyes open 
but be unresponsive to the environment, described by some 
as if “the lights are on but nobody’s home.” This catatonic 
stare may be frightening to unprepared observers such as 
family members.  

   Prolonged Analgesic Effects 

 A relatively unexplored potential analgesic benefi t of ket-
amine use for ED PSA is reduction of windup and central 
sensitization [ 271 ]. Brief noxious stimulation of peripheral 
tissue receptors initiates rapid neural transmission along 
myelinated and unmyelinated axons to the nerve’s central 
terminus located within the dorsal horn of the spinal cord 
and induces release of excitatory neurotransmitters, primar-
ily glutamate, into the dorsal horn synapse. The glutamate 
initiates rapid fi ring of postsynaptic AMPA and kainate 
receptors, resulting in sharp “fi rst” pain and refl ex  withdrawal 
from the stimulus, soon followed by dull, aching, burning, 
and poorly localized “second” pain. Persistent noxious stim-
ulation of these peripheral nerves induces pre- and postsyn-
aptic neurons in the dorsal horn to undergo changes in 
function, chemical profi le, and structure that result in propa-
gation of neural impulses at lower-than-normal thresholds, 
prolonged discharge, and widening of receptive fi elds. These 
changes have been termed “windup” and “central sensitiza-
tion” hyperalgesia wherein successive similar stimuli cause 
increasing pain or normally subthreshold stimuli, such as 
light touch, produce intense pain at and adjacent to the site of 
original injury. Windup and central sensitization occur pri-
marily by greater and more prolonged opening of postsynap-
tic NMDA channels to allow Ca 2+  infl ux, which reduces 
transmembrane potential and facilitates postsynaptic depo-
larization [ 272 ]. This central facilitation manifests within 
seconds of a nociceptive stimulus and can outlast the stimu-
lus for hours, days, or longer if the stimulus is maintained, 
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even at low levels [ 273 ,  274 ]. Experimental and clinical stud-
ies in adults have demonstrated that a single small dose of 
ketamine reduces the magnitude of hyperalgesia and windup- 
like pain [ 275 – 278 ]. Adults undergoing elective orthopedic 
or abdominal operations, for example, had reduced postop-
erative pain and marked reduction of opiate medication use 
for hours to days when as little as 50 mg of ketamine was 
added to their general anesthetic regimen [ 133 ,  279 ,  280 ]. 
Continued low-dose infusion of ketamine has also been 
shown to markedly augment morphine for analgesia after 
musculoskeletal injury in adults [ 281 ]. 

 Paradoxically, opiates have been found to induce short- 
lasting analgesia and long-lasting hyperalgesia [ 282 ]. This 
opiate-induced hyperalgesia is also under the infl uence of 
excitatory neurotransmission and is similarly reduced by ket-
amine blockade of the NMDA glutamate receptor [ 283 – 285 ]. 
Whether these prolonged benefi cial effects occur with ket-
amine administration for ED PSA after an acute traumatic 
injury has yet to be explored.  

   Neurotoxicity 

 Concern has been raised about use of ketamine in children 
due to evidence of neurotoxicity in animals after high doses. 
Toxicity manifested as neuronal vacuolization has been 
found within specifi c areas of the midbrain of rats after 
administration of 40 mg/kg ketamine, but not after doses of 
5, 10, or 20 mg/kg [ 286 ]. Other investigators found no evi-
dence of neuronal injury (apoptosis) in 7-day-old rat pups 
after single doses of 25, 50, or 75 mg/kg; only with repeated 
injections of ketamine 25 mg/kg every 90 min for 9 h was 
any evidence of toxicity noted [ 287 ]. Of possible pediatric 
relevance, neuronal vacuolization was not found even with 
large doses of a potent ketamine-like drug (MK-801) in ani-
mals prior to puberty [ 288 ]. In addition, GABAergic drugs 
(e.g., diazepam) and alpha agonists (e.g., clonidine) mark-
edly reduce the excitotoxic effects of ketamine-like drugs; it 
has been suggested these should be coadministered with ket-
amine as a neuroprotective strategy [ 289 ]. 

 A marked increase in normal CNS apoptosis or pro-
grammed cell death and some evidence of subsequent 
learning disabilities in association with administration of 
ketamine, ethanol, benzodiazepines, propofol, and volatile 
anesthetics also has been found in rodent animal models 
[ 290 – 292 ]. Of potential importance, the brain area most 
affected may vary by species. In rodents, key regions for 
learning are targeted, whereas in the monkey perhaps less- 
essential cortical redundant cells are more affected [ 293 ]. 
While it is diffi cult to compare the effect of specifi c dos-
ages across species, doses that achieve similar clinical 
effects as PSA have been shown to increase CNS apoptosis 
in infant mice [ 294 ]. Although ketamine has been used 

extensively in children without apparent ill effect, these 
studies raise serious concerns that are the targets of ongo-
ing investigations.  

   Psychotomimetic Effects 

 Transient ketamine-induced schizophrenia-like symptoms 
including hallucinations, delusions, illogical thinking, pov-
erty of speech and thought, agitation, disturbances of emotion 
and affect, withdrawal, decreased motivation, decreases in 
memory, and dissociation are well described in adults and a 
major constraint to use of the drug [ 295 – 298 ]. These symp-
toms occur when plasma levels of ketamine are relatively low 
and thus are seen during recovery from sedation. Similar to 
onset of schizophrenia, these symptoms are thought to be 
more common in adults and adolescents than in prepubertal 
children, but this has not been confi rmed in children or in 
association with ED PSA [ 89 ,  252 ,  256 ,  299 – 301 ]. Dependent 
upon defi nitions, overall emergence phenomena are well tol-
erated and occur in approximately 5–25 % of children recov-
ering from ED PSA with ketamine, as well as with other drug 
regimens, and in similar frequency at home within days of 
discharge [ 9 ,  89 ,  300 ,  302 ]. However, signifi cantly unpleasant 
and disturbing phenomena (i.e., nightmares, hallucinations, 
and severe agitation) occur unpredictably in approximately 
5 % or fewer children and are also seen with other drug regi-
mens such as fentanyl plus midazolam [ 9 ,  89 ]. Midazolam 
routinely administered after ketamine or mixed within the 
same syringe does not appear to reduce signifi cant recovery 
dysphoria and may increase agitation in postpubertal children 
[ 89 ,  303 ]. Of interest, preinduction anxiety and agitation have 
been correlated with emergence delirium for both ED PSA 
and general anesthesia [ 303 ,  304 ]. Whether pre-sedation mid-
azolam for anxiolysis may reduce recovery dysphoria in sig-
nifi cantly anxious children undergoing ED PSA, as has been 
shown with general anesthesia, is unclear [ 302 ,  305 ]. 

 A potentially effective strategy to reduce emergence 
delirium, and one regularly employed by the author and oth-
ers, is to inform the patient to expect transient funny dreams, 
diplopia, blindness, etc., and to have pleasant thoughts dur-
ing induction of sedation [ 306 ].  

   Other Adverse Effects 

 Ketamine administration occasionally causes an evanescent 
erythematous rash shortly after infusion, and more com-
monly, double vision and dizziness during emergence from 
sedation; hypersalivation, typically with repeated or larger 
doses; and vomiting [ 9 ]. Vomiting in children who receive 
ketamine without adjunctive medications for ED PSA has 
been reported in 10–20 % of children [ 89 ,  94 ]. Fortunately, 
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vomiting almost always occurs during the recovery period 
and after discharge from the ED [ 9 ,  307 ]. 

 Coadministration of opioids such as morphine or oxyco-
done increases emesis whereas coadministration of mid-
azolam with ketamine signifi cantly reduces the likelihood of 
vomiting (19 % versus 10 %) [ 89 ] as does ondansetron (13 % 
versus 5 %) [ 94 ]. Since vomiting may be more likely to 
occur in older children, ondansetron should be especially 
considered in children older than 5 years [ 94 ]. Vomiting does 
not appear to be linked to the length of pre-sedation fasting 
or the dose of ketamine administered [ 63 ,  92 ,  308 ]. 

 Ketamine-associated hypersalivation is thought to be 
mediated via cholinergic effects [ 133 ]. Because of concern 
that excess saliva may trigger laryngospasm and other 
adverse airway events, anticholinergic antisialagogues such 
as atropine or glycopyrrolate have traditionally been coad-
ministered with ketamine [ 121 ,  252 ]. However, an unblinded 
observational study of approximately 1,000 children receiv-
ing intravenous ketamine without an antisialagogue for ED 
PSA, mean dose 2 mg/kg, found no signifi cant hypersaliva-
tion or adverse airway effects [ 142 ]. In contrast, a random-
ized blinded trial of intramuscular ketamine, 4 mg/kg, with 
or without atropine, found increased salivation but no adverse 
airway events in those receiving ketamine [ 141 ]. These stud-
ies suggest hypersalivation may be dose related. Importantly, 
a meta-analysis found an increased occurrence of respiratory 
adverse events associated with antisialagogues [ 135 ]. 
Because of these studies and that “dry mouth” is a common 
complaint after atropine or glycopyrrolate, the author no lon-
ger routinely administers an antisialagogue when a single 
intravenous ketamine dose or total doses of 2 mg/kg or less 
are used for ED PSA. 

  Contraindications / cautions / adverse effects : Please see spe-
cifi c effects. 

 While much less common than with other ED PSA regi-
mens, respiratory depression, apnea, and upper airway obstruc-
tion may occur with ketamine administration [ 267 ]. When 
identifi ed by close monitoring and direct observation, these 
adverse effects are usually easily managed with simple maneu-
vers such as jaw thrust and airway straightening [ 307 ]. 
Ketamine preserves cardiac output in healthy patients but 
should be used with caution in patients manifesting shock as it 
may cause cardiac depression and profound hypotension [ 257 ]. 

 Psychotomimetic effects—e.g., hallucinations, paranoia, 
and other schizophrenia-like symptoms—occur unpredict-
ably and usually become manifested as dysphoria during 
recovery. Some believe these symptoms may occur more fre-
quently in postpubertal children and in children with psychi-
atric disorders. Since the pathologic mechanisms of 
schizophrenia appear to be similar to ketamine-induced 
effects, it is recommended to avoid use of ketamine in 
patients with psychiatric disorders and those whose close 

relatives carry these disorders. Although not well studied, 
children with attention defi cit and hyperactivity disorders 
(ADHD) do not appear to have increased susceptibility to 
psychotomimetic effects. Ketamine is used routinely with 
and without midazolam in the author’s ED for intensely pain-
ful procedures in adolescents; all verbal children are informed 
prior to sedation of what they might experience during recov-
ery and given the suggestion to think of pleasant circum-
stances as sedation is induced. Midazolam routinely 
administered after ketamine or mixed within the same syringe 
does not appear to reduce dysphoria during recovery from 
ketamine sedation and may increase dysphoria in teenagers 
[ 89 ,  303 ]. Highly anxious children may benefi t from receiv-
ing anxiolytic doses of midazolam well before ketamine, as 
has been shown with general anesthesia [ 305 ,  309 ,  310 ]. 

 Ketamine is available in concentrations of 10, 50, or 
100 mg/mL. For intravenous sedation, it is recommended 
only the 10 mg/mL concentration be used in order to reduce 
the risk of overdose and to facilitate titration to desired effect. 
It is also recommended that only one concentration be rou-
tinely available in the ED to reduce the likelihood that a more 
concentrated solution and thus, larger dose than intended, be 
inadvertently administered.  

   Pharmacokinetics 

 In unpremedicated children and adults, approximate ket-
amine distribution half-life is 24 s, redistribution half-life 
4.7 min, and elimination half-life 2.2 h [ 311 ,  312 ]. The redis-
tribution half-life of 5 min is consistent with the typical 
deepest sedation period of 5–10 min observed with single- 
dose ketamine for ED PSA. Midazolam or diazepam coad-
ministration with ketamine may delay hepatic metabolism, 
yet it does not seem to prolong recovery although the mid-
azolam sedative effects may prolong discharge [ 89 ,  313 ]. 

 To reliably achieve the dissociated state for ED PSA, a 
minimum dose of ketamine 1.5–2 mg/kg administered intra-
venously over 30–60 s or 4–5 mg/kg administered intramus-
cularly is generally recommended [ 81 ,  250 ]. However, 
studies have found smaller intravenous or intramuscular 
doses to be effective, particularly when coadministered with 
midazolam [ 9 ,  90 ,  160 ,  314 ,  315 ]. Recent pharmacokinetic 
studies of ketamine ED PSA in children have helped eluci-
date why these different dosing strategies can be effective. 

 Age-specifi c ketamine pharmacokinetic profi les based 
upon measurement of plasma concentrations of ketamine in 
children 1.5–14 years of age who were undergoing ketamine 
ED PSA have been determined [ 316 ]. These profi les were 
then used to simulate several dosing strategies and recovery 
periods designed to achieve 15 min of very deep sedation/
anesthesia (unresponsive or arouses, but not to conscious-
ness, with painful stimulus) [ 159 ]. They predict a typical 
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6-year-old child would recover (drowsy, eyes open or closed 
but easily arouses to consciousness with verbal stimulus) by 
70 min after a 2 mg/kg infusion over 30–60 s. An alternative 
strategy of an initial bolus of 1.25 mg/kg with a subsequent 
half dose (0.625 mg/kg) “top-up” at 8 min would achieve 
recovery by 30 min. Finally, an initial dose of 0.3 mg/kg fol-
lowed by an infusion of 3 mg/kg/h for 15 min would result in 
recovery by 20 min after the infusion was stopped. These and 
doses for other ages are listed in Table  19.9 .

   As with most drugs, between-subject variability has been 
found in ketamine effect and clearance. The mean target ket-
amine plasma concentration of 0.65 mg/L would only be 
effective in 50 % of children; a concentration of 1.59 mg/L 
would be required to achieve a similar effect, with longer 
recovery, in 95 % of children [ 159 ]. The rate of plasma clear-
ance in children is similar to that in adults and correlates with 
hepatic blood fl ow. Clearance increases in a nonlinear func-
tion with decreasing age and is refl ected by higher dose 
requirements (mg/kg) to maintain the desired effect in 
younger children. Size accounts for only about half of the 
clearance variability; it is unknown what impact pharma-
cogenomics add. In an individual child, titration to the 
desired depth of sedation must be gauged clinically. 

 Concern has been raised that very rapid intravenous 
administration of ketamine may increase the risk for apnea 
or marked respiratory depression, presumably due to rapid 
changes in brain ketamine concentrations [ 81 ,  250 ]. 
However, in the author’s practice, small intravenous doses of 
0.25–0.5 mg/kg administered over less than 5 s have not 
been associated with adverse respiratory effects and can pro-
vide effective PSA for procedures lasting for less than 5 min, 
such as simple fracture reductions or abscess incision and 
drainage (I&D). 

  Indications : Ketamine is particularly effective as PSA for 
intensely painful procedures such as fracture reduction, dis-
located joint reduction, burn debridement, or abscess I&D 
[ 9 ,  158 ]. Ketamine is also an effective PSA technique for 
brief painful radiological procedures such as guided joint 
aspiration or nonpainful CT scans and repair of complex lac-
erations. Procedures that involve the oropharynx, such as 
peritonsillar abscess I&D or endoscopy, may be performed 
with light ketamine sedation (see case examples), but the 

sedating physicians must be prepared for an increased risk of 
laryngospasm [ 144 ,  317 ,  318 ].

  Pregnancy Category B    
   Dosages : When administered in doses greater than 2 mg/kg, 

ketamine readily induces general anesthesia with unre-
sponsiveness to painful stimuli yet with continued 
 spontaneous respirations and good cardiac output. 
However, initial intravenous doses ≥2.5 mg/kg or total 
dose ≥5.0 mg/kg after repeated dosing have been associ-
ated with increased risk of adverse respiratory events 
[ 135 ]. It is recommended that ketamine be titrated to 
the desired degree of blunted response to intense pain. 
Complete lack of responsiveness to painful stimuli is 
unnecessary with ketamine as it is a potent amnestic agent 
[ 9 ,  81 ]. Providers and parents can be reassured (but not 
guaranteed) that most patients will have little or no mem-
ory of the painful procedure, even if moans occur during 
the most pain ful parts. It helps parents if providers confi rm 
procedural amnesia by asking the patient what is remem-
bered after recovery, especially when the parents have 
remained in the room during the procedure.  

  IV: Total dose 1–2 mg/kg when used alone is suffi cient for 
the most intensely painful procedures lasting less than 
5–15 min (see “Pharmacokinetics” section). If coadminis-
tered with midazolam, 1–1.5 mg/kg is often suffi cient. 
The total dose can safely be administered as a single dose 
over 30–60 s, but many sedators begin with an initial dose 
of 0.5 mg/kg administered over 15–30 s and repeated 
every minute until the desired blunted response to pain is 
achieved. For prolonged procedures, additional doses of 
0.25–0.5 mg/kg may be administered as needed (about 
every 5–10 min), depending on individual patient response 
to stimulus [ 9 ,  314 ]. The smaller initial dose with addi-
tional doses as needed may shorten time for recovery 
[ 159 ]. Use of local anesthetics, when applicable, is highly 
encouraged to decrease the amount of ketamine needed. 
For an intensely painful but very brief procedure in which 
patient movement can be tolerated—e.g., moving a 
patient with a femur fracture off the spine board onto 
the ED bed—a small dose (0.2–0.3 mg/kg) administered 
rapidly by IV (over less than 5 s) can enable the patient 
to tolerate the procedure without losing consciousness; 

   Table 19.9    Ketamine dosing schedules to maintain very deep sedation levels for 15 min [ 159 ]   

 Age 
 Single dose 
(recovery ~70 min)  Intermittent dosing (recovery ~30 min) 

 Initial dose with 15 min 
infusion (recovery ~20 min) 

 Adult  1.5 mg/kg  1 mg/kg + 0.5 mg/kg at 10 min  0.25 mg/kg + 2.5 mg/kg/h 
 12 years  1.75 mg/kg  1 mg/kg + 0.5 mg/kg at 8 min  0.275 mg/kg + 2.75 mg/kg/h 
 6 years  2 mg/kg  1.25 mg/kg + 0.625 mg/kg at 8 min  0.3 mg/kg + 3 mg/kg/h 
 2 years  2.125 mg/kg  1.5 mg/kg + 0.75 mg/kg at 8 min  0.35 mg/kg + 3.5 mg/kg/h 

 or 
 1 mg/kg + 0.5 mg/kg at 6 min + 0.5 mg/kg 
at 10 min 
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patients should be warned of feeling “weird” and moni-
tored for possible sedation with this technique.  

  IM: 2–4 mg/kg, with smaller dose used for brief procedures 
in which local anesthesia is also used, e.g., laceration 
repair [ 315 ,  319 ].  

   Onset / duration :
   IV: sedation–analgesia within 15–30 s with initial deeper 

effects lasting 5–10 min and recovery by 60 min, depend-
ing upon dose administered.  

  IM: sedation–analgesia within 5–15 min, duration 
30–150 min, depending upon dose administered.     

   Metabolization : Hepatic degradation of ketamine within the 
cytochrome systems results in norketamine, which has 
one-third the analgesic potency of ketamine. Norketamine 
has a shorter elimination half-life (1.13 h) than ketamine 
(2.1 h) [ 320 ].     

   Adjuncts: Glycopyrrolate (Robinul ® ) 

  Indication : Antisialagogue is used by some clinicians before ini-
tial dose of ketamine. Preferred by some over atropine because it 
does not cross the blood–brain barrier, thus not causing possible 
undesirable CNS effects. Antisialagogues prior to single doses of 
1–2 mg/kg of ketamine are likely unnecessary [ 135 ,  141 ,  142 , 
 250 ]. It is unclear whether use of antisialagogues is benefi cial in 
children with active URIs. Many children complain of “cotton-
mouth” for 6–8 h after glycopyrrolate administration [ 9 ]. 

  Concentration : 200 μg/mL. 

  Dose : 5 μg/kg IV. Maximum dose is 200 mg. Administer at 
least 5–15 min before the initial dose of ketamine.  

   Atropine 

  Indication : Antisialagogue used by some clinicians in con-
junction with initial dose of ketamine (instead of glycopyr-
rolate). Concern has been raised about potential CNS adverse 
effects with atropine (e.g., excitation), but this appears 
uncommon [ 141 ]. Antisialagogues prior to single doses of 
1–2 mg/kg of ketamine are likely unnecessary [ 135 ,  141 , 
 142 ,  250 ]. It is unclear whether the use of antisialagogues is 
benefi cial in children with active URIs. 

  Dose : 0.01 mg/kg (minimum 0.1 mg, maximum 0.5 mg).  

   Ketamine plus Propofol (Ketofol) 

 Coadministering ketamine and propofol (ketofol) intrave-
nously has been shown to be an effective and effi cient tech-
nique for ED PSA with fewer adverse effects than when 

both drugs are used as single agents [ 321 ,  322 ]. Of note, the 
decreased respiratory depression with ketofol may be due to 
the smaller doses of propofol needed to achieve sedation 
when coadministered with ketamine [ 323 ]. Moreover, use of 
ketamine for analgesia reduces the need for opioid coadmin-
istration with propofol, a combination that potentiates respi-
ratory depression. Less frequent vomiting is also reported in 
patients receiving ketofol, when compared to use of ket-
amine alone, an effect similar to ondansetron [ 323 ]. Three 
studies of children receiving ketofol for ED PSA, primarily 
for fracture reductions, have been published to date [ 324 –
 326 ]. The optimum relative doses of ketamine and propofol 
are unclear. 

 A well-designed double-blinded randomized controlled 
trial compared ketofol to ketamine alone [ 324 ]. Children 
received either (1) an initial dose of ketamine followed by 
propofol (“ketofol”), 0.5 mg/kg each, and then propofol 
0.5 mg/kg every 2 min as needed to achieve deep sedation or 
(2) an initial 1.0 mg/kg of ketamine followed by 0.25 mg/kg 
of ketamine every 2 min, as needed. Each agent was admin-
istered intravenously over 30 s. 

 One hundred and thirty-six children, median age 11 
years, were studied. The median total doses of propofol and 
ketamine were 0.5 mg/kg for those receiving ketofol and 
1.0 mg/kg of ketamine for those receiving ketamine alone. 
In the ketofol group, total sedation time was shorter by 
3 min (13 versus 16 min), and fewer patients experienced 
vomiting (2 % versus 12 %). Unpleasant recovery (agita-
tion, hallucinations, delirium) occurred in 8 % with ketofol 
and 13 % with ketamine alone. Other adverse events were 
similar between the two groups; no patients in either group 
required any airway intervention other than repositioning or 
increased oxygen. 

 A case series described use of intravenous ketofol (ket-
amine–propofol mixed 1:1 in a single syringe) titrated to deep 
sedation for ED PSA [ 324 ]. Two hundred nineteen children, 
median age 13 years, were studied. The median dose was 
0.8 mg⁄kg each of ketamine and propofol. Median recovery 
time was 14 min. Two patients required brief vigorous stimu-
lation for central apnea, and positive-pressure ventilation was 
needed to manage laryngospasm in an infant with croup who 
had undergone laryngoscopy to look for a foreign body. 

 An earlier small case series evaluated ketamine 0.5 mg/
kg followed 1 min later by propofol 1 mg/kg, both adminis-
tered over 30 s [ 326 ]. Second doses of ketamine, 0.25 mg/
kg, and/or propofol, 0.5 mg/kg, were permitted if the level 
of sedation was deemed inadequate. Twenty patients were 
evaluated, average age 9.6 years. The median time from 
injection of ketamine to the fi rst purposeful response was 
10 min and to suitability for discharge was 38 min. Transient 
mild oxygen desaturation occurred in three patients (15 %) 
and responded easily to airway repositioning. No assisted 
ventilation or supplemental oxygen was needed. One patient 
vomited. 
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 A blinded randomized trial compared ketofol to propofol 
for ED PSA in children and adults (median ages 20 and 22 
years) [ 327 ]. All patients received 0.5–1 μg/kg fentanyl 5 min 
prior to sedation. Then either 0.5 mg/kg of ketamine or saline 
was infused over 1 min followed by propofol 1 mg/kg over 
2 min. Repeated doses of propofol 0.5 mg/kg were then admin-
istered as needed to attain or maintain deep sedation. Of note, 
respiratory depression was similar between the groups (22 % 
versus 28 %). They found the combination of ketamine and 
propofol resulted in greater provider satisfaction and perhaps 
better sedation quality. Time to recovery was not reported. 

 These studies found similar results to trials in adults. A 
blinded trial randomized 284 adults to receive either ketofol 
or propofol alone, primarily for fracture reduction in the ED 
[ 328 ]. To achieve deep sedation, patients received either (1) 
propofol or (2) 0.375 mg/kg each of ketamine and propofol, 
with additional doses of each as needed. Adverse respiratory 
events were similar in both groups (30 % with ketofol versus 
32 % with propofol). Three patients received bag–valve–
mask ventilation with ketofol and 1 with propofol. Recovery 
agitation was seen in 6 with ketofol. Other secondary out-
comes were similar between the groups. Patients and staff 
were highly satisfi ed with both agents. 

 A comparison of 0.3 mg/kg ketamine followed by propo-
fol titrated to deep sedation was found to be more effective 
than 1.5 μg⁄kg fentanyl followed by propofol [ 329 ]. Patients 
receiving fentanyl required less additional propofol but had 5 
times more serious intra-sedation events than patients receiv-
ing ketamine. Time to discharge readiness was 28 min for the 
ketamine group versus 37 min for the fentanyl group. 

 Finally, a comparison of ketofol to midazolam and ket-
amine for fracture reductions in adults found both provided 
satisfactory ED PSA, but perceived pain was greater in the 
midazolam–fentanyl group [ 330 ]. Adverse effects were sim-
ilar except for emergence reaction (29 % with ketamine–pro-
pofol versus none with midazolam–fentanyl). 

 Although coadministration of ketamine with propofol 
enables use of smaller doses of both propofol and ketamine 
to achieve effective sedation, it is unclear that the slightly 
faster recovery with this more complex technique in children 
is clinically signifi cant and needs further evaluation.  

   Ketamine plus Dexmedetomidine (Ketadex) 

 Coadministration of ketamine and dexmedetomidine has 
been found to reduce or prevent the tachycardia, hyperten-
sion, salivation, and emergence phenomena seen with ket-
amine and the bradycardia and hypotension/hypertension 
seen with dexmedetomidine in children undergoing cardiac 
procedures and lithotripsy [ 331 ]. However, no studies have 
been conducted to date evaluating this combination for ED 
PSA in children.  

   Nitrous Oxide (N 2 O) 

 Nitrous oxide (N 2 O) is a colorless, odorless, and tasteless gas 
that, in a linear dose–response pattern, induces dissociative 
euphoria, drowsiness, anxiolysis, and mild to moderate 
amnesia and analgesia with onset and offset of effects within 
2–5 min [ 332 ,  333 ]. N 2 O is blended with oxygen (N 2 O/O 2 ) 
and typically is described by the N 2 O component: “70 % 
N 2 O” is 70 % N 2 O = 30 % O 2  [ 334 ]. At a specifi c concentra-
tion of N 2 O, however, depth of sedation can vary consider-
ably. One study of N 2 O for ED PSA found 90 % of children 
receiving 50–70 % N 2 O were mildly sedated (drowsy, eyes 
open or closed, but easily aroused to consciousness with ver-
bal stimulus), whereas moderate or deep sedation occurred 
in 3 % receiving 70 % N 2 O and in none receiving 50 % [ 335 ]. 
Others report 2–10 % of children may be poorly sedated 
 during ED PSA with N2O [ 10 ,  335 ,  336 ]. 

 Since N 2 O sedation and analgesia are usually mild to 
moderate, children are partially aware and strategies to 
enhance the gas’s anxiolytic, dissociative, and euphoric 
effects are vital to successful use for PSA. Guided imagery 
signifi cantly augments N 2 O’s effi cacy and helps allay anxi-
ety [ 333 ,  337 ]. Children naive to intoxication are frequently 
frightened by the fl oating or tingling sensations caused by 
the gas, but they readily accept these effects when incorpo-
rated into non-frightening scenarios. The author often 
encourages preschool and school-aged children to imagine 
fl ying to a favorite or imaginary place, “soaring with eagles, 
past clouds and stars to check out the moon,” guiding the 
child during the sedation by detailed descriptions of what 
might be “seen” along the way. Alternatively, some children 
like describing their own imaginings, allowing the author to 
fi guratively “tag along,” as with a 5-year-old girl who por-
trayed in great detail her “chocolate ponies” as her radius 
fracture was being reduced. Finally, some older children and 
teenagers prefer the partial awareness with N 2 O sedation as 
they, like many adults, fear loss of vigilance or control asso-
ciated with potent sedation or anesthesia. 

 Effective pain reduction by concurrent use of local anes-
thesia and/or systemic analgesia for painful procedures is 
also crucial for successful N 2 O ED PSA [ 338 ]. For exam-
ples, forearm fractures can be reduced with minimal distress 
when N 2 O sedation is augmented by a lidocaine hematoma 
block [ 90 ,  339 ,  340 ] or lacerations repaired calmly in young 
children when they have also received topical anesthetic 
[ 10 ]. The lack of painful administration or need for venous 
access and the rapid onset and offset of effects make N 2 O ED 
PSA an attractive option for many clinical situations. 

 N 2 O can safely be administered by specially trained 
nurses to healthy children for ED PSA [ 62 ,  341 ,  342 ]. 

  Indications : N 2 O, along with local anesthesia and/or oral 
analgesics, primarily is used for anxiolysis, mild analgesia, 
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and amnesia during brief (<5–10 min) procedures, such as 
laceration repair, abscess incision and drainage, lumbar 
puncture, IV placement, and some fracture reductions. Use 
of 60–70 % N 2 O or coadministration of opioids or sedatives 
may deepen sedation and improve effi cacy [ 343 – 345 ]. The 
author frequently administers oxycodone 0.2–0.3 mg/kg 
orally 30–60 min prior to N 2 O sedation for I&D of an abscess 
in toddler and preschool children. Although seldom seen, 
these children are monitored for respiratory depression 
before, during, and after the sedation. 

 Many fi nd the gas more effective in children old enough 
to cooperate and use imagination, but signifi cant reduction 
of procedure-related distress has been observed in 2-year-old 
and younger children [ 10 ]. In the author’s ED, N 2 O sedation 
is regularly used effectively in infants of 3 months of age and 
older by administering with a continuous-fl ow system, 
described later. 

 Suturing-related distress in children can be reduced by 
N 2 O [ 10 ,  336 ,  346 – 348 ]. We found 2- to 6-year-old children 
who had received topical anesthetic and were viewing car-
toons with a parent at the bedside had less distress during 
wound cleaning, supplemental lidocaine injection, and sutur-
ing if receiving 50 % N 2 O instead of oral midazolam. 
Children who received N 2 O alone recovered rapidly without 
ataxia or dizziness, but did have more vomiting (10 %) [ 10 ]. 
Of note, 30 % N 2 O was found insuffi cient in children younger 
than 8 years old in another study [ 346 ]. 

 Mid to distal forearm fracture reduction can be effectively 
performed with N 2 O sedation, particularly when combined 
with a local anesthetic hematoma block [ 90 ,  339 ,  340 ,  349 –
 351 ]. We found N 2 O plus 1 % lidocaine hematoma block 
(2.5 mg/kg, maximum 100 mg) as effective as intravenous 
ketamine in reducing distress during fracture reductions in 
children aged 5–17 years. This technique is often most effec-
tive in displaced mid to distal forearm fractures that have 
large fracture site hematomas that enable effective hema-
toma blocks, whereas torus or greenstick fractures that 
require reduction likely have small or no fracture hematomas 
making the lidocaine block less effective; an effective frac-
ture hematoma block is the key for maximum success. For 
these incomplete fractures, hematoma blocks may provide 
partial pain relief and, combined with 70 % nitrous oxide 
along with prior oral oxycodone or another potent analgesic, 
enable many children to tolerate fracture reduction with 
acceptable distress. The child usually recalls less pain related 
to the fracture reduction performed with N 2 O sedation than 
an observer would expect based upon the child’s response 
during the procedure [ 339 ]. It is usually reassuring to ask the 
child after recovery, with the parent(s) present, what he or 
she recalls of the procedure, especially when the parent was 
present during the reduction and the child had manifested 
some distress. Recovery is markedly faster from N 2 O com-
pared to ketamine-based sedation for fracture reduction (16 

versus 83 min) [ 90 ]. If the N 2 O is turned off as soon as any 
painful molding of the cast at the fracture site after reduction 
is completed, the patient is typically recovered to near base-
line before the casting or splinting is fi nished. 

 Children’s distress during other painful ED and outpatient 
procedures such as lumbar puncture, abscess drainage, dress-
ing change, and intravenous catheter placement likewise can 
be reduced by N 2 O [ 335 ,  348 ,  352 – 357 ]. Recovery from N 2 O 
sedation typically is very rapid, with the child able to sit alone 
within 5 min and ready for discharge within 15 min [ 78 ]. 

  Technique : As described previously, successful N 2 O sedators 
engage the child in imaginative stories throughout the proce-
dure. Distraction, imagery, and storytelling signifi cantly 
enhance desired effects by giving the child a nonthreatening 
construct in which to place the sensations caused by the gas. 
While breathing N 2 O, children are able to follow commands, 
describe sensations of fl oating, frequently laugh, and occa-
sionally chew or lick masks that have been scented with 
 bubblegum spray or fl avored lip-balm to enhance acceptance 
of the mask. Adolescent and school-aged children often begin 
giggling if it is suggested to them that this is expected, and 
their parents typically also begin laughing when this occurs, 
presumably easing their own anxiety. Coaxing children as 
young as 2 years of age to hold the mask on their face adds a 
measure of safety by allowing them to remove the mask 
quickly if vomiting occurs. Their ability to hold the mask also 
indicates their depth of sedation and may reduce anxiety 
related to the mask covering their mouth/nose. When the 
mask is held in place by a sedator, that person must be vigi-
lant for evidence of vomiting and quickly remove the mask to 
allow the child to clear the emesis. 

 Titration of the gas beginning at 30 %, the anxiolytic 
dose, and increasing the concentration to 50–70 % over 
2 min may reduce children’s fear during induction. Others 
fi nd when children have been prepared with explanations 
about what effects they are likely to feel, they tolerate begin-
ning at 50–70 %. With either technique, the child should 
breathe the maximum concentration desired for 1–2 min, 
allowing full effect, before beginning the procedure. 

 Administration of 100 % oxygen after cessation of N 2 O to 
prevent “diffusion hypoxia” is unnecessary unless the patient 
is emerging from deep sedation or general anesthesia. N 2 O 
diffusing from the bloodstream into the alveoli and displac-
ing oxygen is readily exhaled without causing hypoxia in 
patients recovering from sedation with N 2 O alone [ 358 – 360 ]. 
As with any sedation technique, children should be moni-
tored with pulse oximetry until alert, usually less than 
3–5 min after ending N 2 O administration. 

  Delivery system : Until recently, delivery of N 2 O (fi xed at 
50 %) in the ED has been by demand-valve systems designed 
for adult use (Nitronox/Entonox ® ). Children have diffi culty 
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generating the negative inspiratory pressure required to initi-
ate gas fl ow with these devices. Continuous-fl ow systems, 
such as those used by dentists, oral surgeons, and anesthesi-
ologists, in contrast, provide free fl ow of gases with the abil-
ity to deliver up to 70 % N 2 O. These systems allow normal 
respirations and are easily used by patients of all ages [ 334 , 
 361 ]. Dental systems with nasal hoods can be adapted for use 
with a full face mask by adding into the expiratory limb an 
open gas interface designed for anesthesia machines. N 2 O 
concentration is limited to a maximum of 70–75 % as con-
centrations exceeding 79 % (+21 % O 2 ) would cause hypoxia. 
Accidental administration of 100 % N 2 O due to machine or 
system failure can be rapidly lethal [ 153 ,  362 ,  363 ]. Providers 
must be very familiar with the mechanisms of the N 2 O deliv-
ery system used. A machine or systems check should be per-
formed before each use of N 2 O to assure proper function of 
the machine and monitors. 

 A scavenging device should be an integral part of the 
delivery system to minimize ambient levels of N 2 O gas expo-
sure to healthcare workers since chronic and repeated expo-
sure to N 2 O may cause abnormalities in hematologic, 
neurologic, and reproductive systems (see cautions). The 
N 2 O delivery device and the treatment area in which it is 
used should be in compliance with National Institute of 
Occupational Safety and Health Standards and state safety 
guidelines and regulations [ 364 ]. It is benefi cial to have room 
air exchanges of at least 10–20/h in treatment rooms to 
remove any N 2 O that has escaped the scavenging process. 

  Monitoring : An in-line oxygen analyzer should be used to 
assure proper equipment functioning/adequate oxygen deliv-
ery during N 2 O administration [ 153 ]. A gas analyzer that 
measures inspiratory and expiratory N 2 O and end-tidal CO 2  
concentrations adds additional assurance of patient safety 
and equipment function. 

 Administration of ≤50 % N 2 O, without any other seda-
tive, narcotic, or other respiratory depressant drug, to chil-
dren ASA-PS Class I or II is considered minimal sedation, 
and the patient may be monitored by direct visualization and 
intermittent assessment of their level of sedation [ 153 ]. The 
child should be able to be verbally interactive throughout the 
sedation. If >50 % N 2 O is administered or if the patient 
receives concurrent narcotic or other sedative drugs, the 
patient should be observed for moderate sedation and moni-
toring escalated accordingly if that should occur.    Since oxy-
gen is blended with N 2 O, even mild hypoxemia is very 
unlikely and should cause immediate investigation to deter-
mine the cause. 

  Contraindications / cautions : At normal atmospheric pressure, 
N 2 O cannot induce general anesthesia, unless combined with 
other agents. N 2 O at 30–70 % has been safely used widely for 
more than a century to reduce distress in children during dental 

procedures [ 365 ]. Review of nearly 36,000 administrations of 
50 % N 2 O for nondental procedures, 82 % of which were in 
children, found 9 (0.03 %) serious adverse events (somno-
lence, vomiting, bradycardia, vertigo, headache, nightmares, 
sweating) that may have been attributed to the N 2 O [ 366 ]. In 
healthy patients (ASA-PS I, II), N 2 O has minimal cardiovascu-
lar or respiratory effects [ 78 ,  344 ,  359 ]. N 2 O, however, may 
enhance the depressed response to hypoxia and hypercarbia 
induced by other agents [ 335 ,  343 – 345 ,  367 ]. 

 N 2 O diffuses rapidly into air-fi lled cavities causing vol-
ume and/or pressure increases proportional to concentration 
and duration of N 2 O inhaled. Therefore, N 2 O should not be 
administered to patients with areas of trapped gas such as 
pneumothorax, obstructive pulmonary disease, or bowel 
obstruction. Albeit seemingly rare, patients with acute otitis 
media may experience painful increase in middle ear pres-
sure. Other relative contraindications include signifi cant 
head injury (N 2 O mildly increases intracranial blood fl ow), 
altered mental status, and psychiatric disorder (N 2 O may 
cause dysphoric effects similar to ketamine). 

 Bone marrow suppression, liver, CNS, and testicular dys-
function, decreased fertility and increased spontaneous fetal 
loss, and peripheral neuropathy may possibly occur with 
repeated and chronic exposure [ 78 ,  334 ]. None of these 
adverse effects have been found when scavenging devices 
are integrated into the system. Therefore, use of a scavenging 
device is essential to minimize ambient levels of gas and 
exposure to healthcare workers. 

 Deaths associated with N 2 O use have been due to inadver-
tent administration of 100 % nitrous oxide, with subsequent 
hypoxia [ 362 ,  363 ]. These occurrences primarily were in 
patients already sedated with other drugs as part of anes-
thetic regimens. These tragedies point out the essential need 
for clinicians to understand all aspects, including mechani-
cal, of the gas delivery device being used.

  Pregnancy Category C  
  Adverse effects : Vomiting occurs in approximately 10 % of 

children receiving 50 % N 2 O, along with transient dizzi-
ness and headache in some [ 78 ]. These effects usually 
resolve within 5 min of cessation of N 2 O administration. 
Vomiting frequency increases with opiate and decreases 
with midazolam coadministration [ 10 ,  90 ]. Some providers 
believe the risk of vomiting increases when the duration of 
administration exceeds 5–10 min, especially with greater 
than 50 % concentrations, but this is yet to be substantiated. 
Whether antiemetics such as ondansetron reduce N 2 O-
induced nausea and vomiting is unclear. Protective airway 
refl exes are largely intact when N 2 O is used alone [ 368 –
 370 ]. Whether combining N 2 O with other sedatives or anal-
gesics increases risk for aspiration and other adverse events 
is unknown, but the risk likely correlates with the patient’s 
depth of sedation and effects of the coadministered drug.  
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   Dosages : Concentrations of 30–50 %, blended with oxygen, 
achieve minimal to light moderate sedation in most chil-
dren without adverse cardiopulmonary effects [ 78 ]. More 
recently, routine use of 60–70 % has been recommended 
and found safe in children undergoing sedation in the ED 
[ 335 ]. In the author’s ED, 50–70 % concentrations are 
typically used with initial higher concentrations and then 
reduced as the most painful part of the procedure is 
accomplished.  

   Onset / duration : Patients experience the effects of N 2 O within 
1 min, but for optimum effect, they should inhale the gas 
for 2–3 min before beginning a procedure to allow brain 
concentrations to equilibrate with the delivered concen-
tration of gas. Recovery occurs rapidly with children 
being able to sit alone by 3–5 min after cessation, but ini-
tially they should be assisted with walking as ataxia may 
occur for a bit longer.  

   Mechanism of action : N 2 O has NMDA glutamate receptor 
antagonist, opioid agonist, and GABAergic effects 
[ 371 – 373 ].  

   Metabolization : N 2 O is excreted unchanged by exhalation.      

   Ketamine + Midazolam 
or Fentanyl + Midazolam Techniques 
for Deep Sedation 

 Providers utilizing these regimens should be thoroughly 
familiar with these medications and sedation guidelines out-
lined in text. Sedation should be performed in an area fully 
equipped for resuscitation. 

   Pre-sedation Assessment and Preparation 

     1.    Initial assessment: Determine patient’s ASA classifi ca-
tion, airway risks, and time of last oral intake, and obtain 
informed consent.   

   2.    Establish indwelling venous access maintained with nor-
mal saline or Ringer’s lactate.   

   3.    Attach patient monitors to continuously measure patient’s 
oxygen saturation (with variable pitch indicator), heart 
rate, and respiratory rate and intermittently measure blood 
pressure. Consider preoxygenation and supplemental 
oxygen delivery during the sedation if capnography is 
available and staff trained in use.   

   4.    Prepare positive-pressure ventilation bag and mask; 
assure ability to deliver supplemental oxygen.   

   5.    Prepare oral suctioning device with rigid tip.      

   During Sedation 

      1. Assign a provider whose sole responsibility is to monitor 
patient safety. 

     2.    Continuously monitor patient by direct observation, oxy-
gen saturation (with variable pitch indicator), HR, and 
RR, and monitor blood pressure after each medication 
infusion and at 5 min intervals. Patient monitoring and 
direct observation at increasing intervals is continued dur-
ing recovery until discharge criteria are met.   

   3.    Infuse medications near the hub of the catheter over 
10–20 s, in small incremental doses to titrate to desired 
endpoint of analgesia, sedation. Use of dilute solutions 
and precalculated dosage tables based upon patient weight 
is recommended.   

   4.    Administer medications    when supportive staff is present 
and prepared to render support if necessary and provider 
prepared to begin and perform the procedure.     

   Fentanyl Technique 

     (a)    Midazolam: 0.05–0.1 mg/kg (0.05–0.1 mL/kg) at 
2–3 min intervals; endpoint (decreased patient anxiety, 
mildly slurred speech, drooping eyelids); typically 
effective dose, not more than 0.1 mg/kg to induce 
marked amnesia along with sedation.   

   (b)    Fentanyl (10 mg/mL): 0.5 mg/kg (0.05 mL/kg) at 
2–3 min intervals; endpoint, decreased patient respon-
siveness to painful stimulus or decreasing oxygen satu-
rations; typically effective dose, 1–1.5 mg/kg.      

   Ketamine Technique 

     (a)    Midazolam may be reserved for anxious patients under-
going ketamine sedation. For anxiolysis, dose, 0.05 mg/
kg; maximum dose, 2 mg; single administration, 
5–15 min prior to initiation of sedation.   

   (b)    Ketamine (10 mg/mL): dose, 0.5–1 mg/kg (0.05–0.1 mL/
kg) at 1 min intervals; end-point, decreased patient 
responsiveness to painful stimulus; typically effective 
dose, 1–2 mg/kg. Supplemental doses of 0.5 mg/kg may 
be administered as indicated by patient distress.     

 Consider using an antisialagogue (e.g., glycopyrrolate 
5 mg/kg or atropine 0.01–0.02 mg/kg) prior to ketamine 
administration if it is an anticipated procedure that will 
require multiple supplemental doses of ketamine. 
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  Caution : Suggested doses may readily result in oxygen 
saturation falling below 90 % in patient’s breathing room 
air, particularly when fentanyl is used. Providers must be 
prepared to immediately turn the patient to his side if vom-
iting, reposition or suction patient’s airway, and provide 
supplemental oxygen or positive-pressure ventilation until 
patient has returned to baseline physiologic status and 
recovered from sedation.   

   Conclusion: Final Thoughts 

 This chapter has presented the sedation provider with a range 
of sedation techniques and options for painful and nonpain-
ful procedures that may need to be performed on an urgent 
basis. There is no doubt that sedation and analgesia are 
important components of the emergency department care 
and should be an integral component of the emergency medi-
cine physician’s practice. The training and credentialing pro-
cess for sedation is an area of recent interest from the 
American College of Emergency Physicians. In July 2011, 
the American College of Emergency Physicians released a 
policy statement entitled  Procedural Sedation and Analgesia 
in the Emergency Department: Recommendations for 
Physician Credentialing, Privileging, and Practice  [ 374 ]. 
This policy iterated that the chief of the emergency medicine 
service at each institution will be responsible for establishing 
criteria for credentialing and recommending emergency phy-
sicians for sedation privileges. Sedation training should 
“focus on the unique ED environment.” This policy is impor-
tant, because it empowers the chief of emergency medicine 
with the responsibility of establishing sedation training and 
credentialing requirements for the emergency medicine spe-
cialty. Furthermore, the policy expands the role of the emer-
gency physicians as well as emergency medicine nurses by 
condoning the capability of qualifi ed ED nurses to “adminis-
ter propofol, ketamine, and other sedatives under the direct 
supervision of a privileged emergency physician.” The pol-
icy also recognizes that there may be occasions whereby the 
emergency medicine environment may not lend itself to hav-
ing a separate physician administer the sedative and another 
to perform the procedure: For these situations, the policy 
states “Deep sedation may be accomplished…by the same 
emergency physician both administering sedation and per-
forming the procedure.” 

 As the practice of sedation evolves, one can anticipate 
that the American College of Emergency Physicians will 
continue to survey the landscape, evaluate the literature, and 
recommend policies and guidelines to promote the safe and 
effi cacious delivery of sedation in the emergency medicine 
environment.      

  Case Studies 

           Case 1 

 A 12-year-old boy has closed  displaced metaphyseal 
fractures of his distal right radius and ulna  and numb-
ness in his 3rd and 4th fi ngers. He fell 30 min ago run-
ning in gym class and has no other injury. He takes 
methylphenidate for attention defi cit hyperactivity dis-
order (ADHD). He otherwise is healthy and has never 
received sedation or anesthesia. He ate lunch 2 h prior 
to arrival and was given ibuprofen by his mother on the 
way to the hospital. He is anxious and crying in triage. 

  Issues : pain relief now and during radiographs and 
exams; PSA for fracture reduction with consideration 
of his fasting status, anxiety, ADHD, and neurovascu-
lar status of his injury:
    1.     Pain relief  will facilitate imaging of the fractures, 

accurate assessment of the injury, and preparation 
of the patient for PSA for fracture reduction. 
Options include:
    (a)     Splinting  the injured area to prevent movement 

of the fractured bones provides signifi cant pain 
relief.   

   (b)     Systemic analgesia : Administer before radio-
graphs, even if the child indicates less pain 
after splinting. Repositioning of the injured 
limb for radiographs and subsequent exams 
will be quite painful. Options include:
•     Oxycodone orally : In our ED, nurses follow 

standing orders to administer a fi rst dose of 
oxycodone 0.2 mg/kg orally (maximum 
dose 10 mg) in triage to children with a 
potential isolated extremity fracture or 
another painful injury. This allows rapid 
and effective attention to the reduction of 
pain and high patient, family, and staff sat-
isfaction. Noticeable analgesia occurs by 
20–45 min with peak effect by an hour and 
with duration of 2–4 h. This dose is unlikely 
to cause sedation in children with painful 
injuries. Doses for home use are 0.05–
0.15 mg/kg. Oxycodone is preferred over 
codeine because it does not require meta-
bolic conversion for analgesic effect. 
Codeine is slowly or poorly converted to 
morphine in 2–40 % of patients and thus 
provides poor or no pain relief to such 

(continued)
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 children. If codeine previously has been 
effective for a specifi c child, a fi rst dose of 
codeine 2 mg/kg orally is effective for these 
painful injuries with subsequent or home 
doses of 1 mg/kg.  

•    Fentanyl intranasally , 1.5–2 mg/kg, 
achieves signifi cant pain relief within 
5–10 min with duration of 30–90 min. Use 
atomizer to spray small volumes of concen-
trated intravenous fentanyl solution (50 mg/
mL) to improve absorption. Divide total 
dose into repeated sprays of ~0.1–0.2 mL/
nostril. Use of small volumes reduces drain-
age of drug into posterior pharynx where it 
is less absorbed. If a wide margin of safety is 
determined after more extensive use of this 
technique, it might be performed by nurses 
in triage, but currently it is performed by a 
physician in a treatment room with patient 
monitoring for respiratory depression.  

•    Opioids intravenously  titrated to effect will 
provide the greatest pain relief. Fentanyl 
1–2 mg/kg IV will provide analgesia within 
1–2 min, lasting 30–60 min, whereas mor-
phine 0.1 mg/kg IV will provide initial anal-
gesia within 5–10 min with peak effect at 
10–20 min and lasting 2–3 h. This strategy 
requires IV insertion, typically in a treat-
ment room after physician assessment and 
orders. Anxiety and pain associated with 
catheter insertion are signifi cant for many 
children and are greatly reduced by use of 
local anesthesia such as buffered lidocaine 
injected subcutaneously via a 30-gauge 
needle at the site of insertion.  

•    Nitrous oxide 50 – 70  % provides rapid pain 
relief. However, because continued analge-
sia requires ongoing administration and 
N 2 O scavenging systems are not mobile, a 
longer-acting systemic analgesic usually is 
needed. One strategy is to use N 2 O to reduce 
the patient’s pain and distress while an IV 
catheter is inserted for subsequent opioid 
administration. This strategy typically 
requires physician assessment and orders, 
access to N 2 O, and IV catheter insertion in a 
treatment room.       

      2.     Fasting status : This child ate lunch 2 h prior to his 
arrival. Pain from injury and opioid analgesics 
unpredictably slow intestinal motility. It is uncer-
tain if delaying sedation for 2–4 h in these patients 
will allow signifi cant additional gastric emptying. 

Vomiting with PSA does not correlate with the 
length of fasting. Furthermore, ED PSA does not 
involve tracheal intubation, a procedure that signifi -
cantly increases risk of pulmonary aspiration dur-
ing general anesthesia. Of note, pulmonary 
aspiration has not been reported in children under-
going ED PSA, despite most being incompletely 
fasted. As with general anesthesia, no studies have 
determined if pulmonary aspiration risk is reduced 
in non-fasted patients by pre-sedation administra-
tion of medications to enhance gastric emptying, 
inhibit gastric acid production, or decrease pH of 
gastric contents, and such strategies are not recom-
mended. The author’s practice is to use PSA tech-
niques that preserve airway refl exes as described 
herein, to be prepared for vomiting in all patients, 
and to perform PSA when the full complement of 
providers is available to perform the procedure and 
monitor the patient.   

   3.     PSA techniques : Since this non-fasted patient has 
potentially increased risk of pulmonary aspiration of 
gastric contents, a sedation technique that better pre-
serves protective airway refl exes may increase 
patient safety. Ketamine and N 2 O are NMDA recep-
tor antagonists that blunt protective airway refl exes 
less than the opioid and GABAergic agents such as 
fentanyl, midazolam, and propofol:
    (a)     Nitrous oxide  ( 50 – 70  %)  plus lidocaine frac-

ture hematoma block , along with oxycodone 
administered at triage, is as effective in reduc-
ing distress associated with fracture reduction 
as intravenous ketamine, provided an effective 
hematoma block is placed. To reduce risk of 
nerve and vascular injury from injection, 
hematoma blocks are typically reserved for 
mid to distal forearm, and, occasionally, ankle 
fractures. We administer 50 % N 2 O to the child 
as the orthopedic surgeon, using sterile tech-
nique and a dorsal approach, injects 1 % buff-
ered lidocaine (2.5 mg/kg or 0.25 mL/kg, 
maximum dose 100 mg or 10 mL) into the 
fracture hematoma. N 2 O 70 % is usually 
administered for the subsequent fracture reduc-
tion. Aspiration of hematoma blood into the 
lidocaine-containing syringe confi rms proper 
location of the needle for injection. Perhaps 
counterintuitively, the worse the fracture, the 
more effective is fracture site anesthesia due to 
larger hematomas. The provider must be pre-
pared for as yet unreported but potential sei-
zure or dysrhythmia due to rapid intraosseous 
absorption of lidocaine. This theoretical risk is 
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low since the injected lidocaine is within the 
drug’s therapeutic dose range. Some orthope-
dic surgeons prefer not to use this technique if 
the fracture and swelling cause numbness in 
the hand, typically median nerve distribution, 
because of inability to reassess nerve function 
immediately postreduction. Use of lidocaine 
instead of longer-acting local anesthetics such 
as bupivacaine enables postreduction neuro-
logic assessment within 1–2 h. Variable patient 
awareness is present with N 2 O PSA; thus dis-
traction and guided imagery are crucial to 
improve effi cacy of this technique. Some older 
children and teenagers, as many adults, prefer 
not to be unconscious during a procedure if 
pain is suffi ciently reduced.   

   (b)     Ketamine IV with or without midazolam  more 
effectively reduces patient distress during 
intensely painful procedures and causes less 
respiratory depression than fentanyl- or propo-
fol-based techniques. Intravenous administra-
tion is preferred because multiple attempts 
likely will be needed to align both the radius 
and ulna, thus increasing potential need for 
additional doses of ketamine. Time of recovery 
is reduced by administering a smaller initial 
dose followed by a half dose. For a child of this 
age, an  initial ketamine dose 1 mg / kg followed 
by 0.5 mg / kg at 8 min  likely results in approxi-
mately 15 min of very deep sedation with 
recovery to drowsiness and easy arousal by 
verbal stimulation by about 30 min. If longer 
deep sedation is needed for repeated reduction 
attempts, additional dose of 0.5 mg/kg can be 
given as needed. Alternatively, an initial ket-
amine dose of 1.75 mg/kg will result in 15 min 
of deep sedation, but recovery likely will take 
60–70 min.
    Intramuscular ketamine  4 mg/kg provides effec-

tive PSA without vascular access, but addi-
tional doses, if necessary, will require 4–5 min 
to determine if suffi cient. Recovery is signifi -
cantly longer than with intravenous ketamine 
and vomiting is more frequent (26 % versus 
12 %). Ability to obtain vascular access emer-
gently (intraosseous, if necessary) must be 
present to manage life-threatening adverse 
events should they occur.  

   Midazolam  2 mg total dose may reduce the 
child’s anxiety as preparations are made for 
PSA. Although yet unconfi rmed with PSA, 

reduced anxiety at induction correlates with 
reduced dysphoria during recovery from 
general anesthesia. This small dose is not 
likely to cause respiratory depression or 
prolong recovery. Midazolam administered 
in the same syringe or immediately after 
ketamine does not appear to reduce recov-
ery dysphoria.  

   Glycopyrrolate or atropine  to reduce ketamine-
associated increased salivation is recom-
mended by some to reduce the low risk of 
laryngospasm. Hypersalivation is usually 
not signifi cant with these doses of ketamine 
but may occur with repeated doses for pro-
longed procedures. The author no longer 
routinely administers an antisialagogue 
because these agents have been associated 
with increased likelihood of adverse respira-
tory events, and patients complain of dry 
mouth after recovery.  

   Vomiting : Administration of opioids such as 
morphine or oxycodone with ketamine 
increases emesis (10 % versus 25 %), 
whereas administration of midazolam 
decreases vomiting (19 % versus 10 %) as 
does ondansetron (13 % versus 5 %).  
   Cautions : Although unlikely to occur, pro-
viders must be prepared for hypoventilation, 
apnea, or laryngospasm with ketamine. As 
with all deep sedations, this child must be 
monitored for adverse effects by an experi-
enced dedicated provider  during induction, 
sedation, and recovery. If vomiting occurs, 
the procedure immediately is interrupted 
and the child turned to his side to assist his 
clearing emesis. Observers (e.g., parents) 
should be forewarned about nystagmus and 
catatonic stare during sedation and possi-
ble dysphoria during recovery. Similarly, 
patients should be  prepared for possible dip-
lopia, dizziness, hallucinations, and a brief 
period of blindness during recovery. Getting 
the child to focus on pleasant thoughts dur-
ing induction and recovery may reduce 
some of these psychotomimetic effects. 
Most patients will have no memory of even 
intensely painful procedures, even if they 
occasionally moan, but some will have par-
tial recall, usually quite vague. It may help 
reassure observers if the child indicates no 
recall when asked after recovery.      

(continued)
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   (c)     Fentanyl  +  midazolam or propofol  provides 
effective PSA but blunts protective airway 
refl exes more than ketamine. This child’s 
recent food intake makes these techniques less 
desirable. It is unknown whether delaying PSA 
will improve gastric emptying. Please see 
 Fasting Status  mentioned previously.   

   (d)     Reduction under general anesthesia  may be 
considered. However, reduction should not be 
delayed long because of the apparent median 
nerve impingement. Of interest, general anes-
thesia with endotracheal intubation in non- 
fasted children may have greater risk of 
pulmonary aspiration than ED PSA.    

            Case 2 

 A 5-year-old girl has a closed  distal radius fracture , 
dorsally angulated 30° but hinged at the cortex. She 
gets “car sick” and had multiple episodes of vomiting 
after an operation last year. 

  Issues : pain management, history of motion sickness, 
and postanesthesia vomiting and optimum technique 
for a painful but brief fracture reduction. Of note, in 
young children, some orthopedic surgeons do not 
reduce metaphyseal fractures “minimally displaced” in 
the primary plane of motion because they will remodel 
to normal over the coming months. Standardized deter-
mination of how much displacement will successfully 
remodel remains to be developed:
    1.     Pain relief : Please see  Case 1 . Splinting and oral 

oxycodone likely are suffi cient.   
   2.     PSA technique options : Since this fracture reduction 

will take “one brief but painful push,” effective local 
anesthesia or brief deep sedation with rapid recov-
ery is desirable:
    (a)     Nitrous oxide  ( 50 – 70  %)  plus fracture hema-

toma lidocaine block : This fracture may not 
have a signifi cant hematoma, thus reducing the 
effectiveness of a hematoma block. Combining 
70 % N 2 O with oxycodone, 0.2 mg/kg orally 
without the hematoma block, may provide suf-
fi cient analgesia and partial amnesia for remain-
ing pain. N 2 O should be administered for at 
least 2 min prior to reduction to maximize the 
gas’s effects. Balancing potentially incomplete 
PSA against the benefi ts of not needing vascular 
access and rapid recovery should be discussed 

with the parents. A downside to this technique is 
the 25 % likelihood of vomiting when N 2 O is 
coadministered with an opioid. Coadministration 
of oral midazolam with N 2 O (without oxyco-
done) reduces vomiting but prolongs recovery. 
It is unknown if oral ondansetron signifi cantly 
reduces vomiting with N 2 O and oxycodone.   

   (b)     Ketamine with or without midazolam intrave-
nously : Since this fracture reduction will likely 
be very brief, experienced providers may 
 consider  rapid administration  of  ketamine 
0.5 – 0.75 mg / kg  (pushed over 3–5 s) to induce 
about 5 min of deep sedation, with additional 
ketamine given if necessary. The performer of 
the fracture reduction should be ready as the 
ketamine is infused. With the single small 
rapid dose, deep sedation will occur within 
1 min and recovery to being drowsy but 
responsive to verbal stimulation will occur by 
10–15 min, often as casting is completed. 
Alternatively, administered over 30–60 s, ket-
amine 1.25 mg/kg provides deep sedation for 
10–15 min with recovery by about 30 min or 
ketamine 2 mg/kg provides deep sedation for 
15 min with recovery by an hour.  Vomiting  fre-
quency after small dose ketamine is unknown. 
See  Case 1  for additional information.  
  Intramuscular  ketamine 4 mg/kg provides 

effective PSA but recovery is signifi cantly 
longer than with intravenous ketamine. See 
 Case 1  for additional information.   

   (c)     Fentanyl with propofol or midazolam  intrave-
nously provides effective PSA for fracture 
reduction but with more respiratory depression 
than ketamine techniques (desaturation to less 
than 90 % in approximately 25 % FM versus 
20 % FP versus 5 % KM). Since respiratory 
depression/apnea occur frequently, providers 
should be experienced with this technique and 
well prepared to provide ventilatory support. 
Vomiting is less frequent with propofol- than 
ketamine-based techniques. Recovery is faster 
with propofol/fentanyl- than with ketamine/
midazolam-based PSA (23 versus 33 min in 
one study), especially if repeated doses are 
needed. Recovery is described as more pleas-
ant after propofol sedation compared to ket-
amine. Time to discharge after fentanyl/
midazolam is similar to that of ketamine/
midazolam.    
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         Case 3 

 A 3-year-old boy has blistering  hot water burns  to his 
right face and much of his anterior chest and abdomen, 
sustained when he pulled a pot with boiled water off 
the stove top. He was transported to the ED by EMS 
who was unable to insert an IV catheter, in part due to 
the child’s obesity (weight 23 kg). The child has a his-
tory of mild asthma without hospitalization, controlled 
with albuterol MDI as needed. He has had a runny nose 
and cough without fever for 1–2 days; his usual snor-
ing while sleeping has worsened with the URI. The 
child is crying loudly and coughing as he is placed in a 
treatment room. Good air exchange with expiratory 
wheezes bilaterally is noted on auscultation. 

  Issues : rapid pain relief, diffi cult vascular access, obe-
sity, history of snoring, asthma with current wheezing, 
and upper respiratory infection:
    1.    Rapid pain relief options:

    (a)     Fentanyl intranasally  1.5–2 mg/kg achieves 
signifi cant pain relief within 5–10 min. See 
 Case 1  for additional information. Base dose 
on estimated lean body weight (~15 kg for 3 
year old); initial 2 mg/kg dose for this child is 
30 mg or 0.6 mL. Divide the 0.6 mL total dose 
into four sprays of ~0.15 mL/nostril. The 
impact of an acute URI upon transmucosal 
absorption is unclear.   

   (b)     Nitrous oxide 50 – 70  % will provide rapid pain 
relief, but its analgesic effect is lost within 
minutes when the gas is stopped. N 2 O can be 
administered while IV catheter insertion is 
attempted. Use of a continuous circuit or N 2 O 
delivery system easily activated by a young 
child is necessary.   

   (c)     Oxycodone orally , or other potent oral analge-
sic, will provide pain relief, but onset is 
20–40 min. For this young patient with a very 
painful injury, an initial oxycodone dose of 
0.3 mg/kg is given orally; based on estimated 
lean body weight of 15 kg, it is 4–4.5 mg. This 
dose may result in mild sedation as pain relief 
is achieved. See  Case 1  for additional 
information.   

   (d)     Opioids intravenously  titrated to effect will pro-
vide the greatest pain relief, if vascular access 
can be achieved. Fentanyl 1–2 mg/kg will pro-
vide analgesia within 1–2 min, lasting 
30–60 min, whereas morphine 0.1 mg/kg will 
provide initial analgesia within 5–10 min with 
peak effect at 10–20 min and lasting 2–3 h.   

   (e)     Intramuscular ketamine  4 mg/kg provides 
rapid and marked pain relief and PSA without 
vascular access. Please see  Case 1(b)  for fur-
ther information. If providers are available to 
monitor the patient and begin debridement, 
this may be a reasonable option. The greatest 
risk with this technique is that emergent 
 vascular access to manage a life-threatening 
adverse event such as laryngospasm would be 
diffi cult, but an intraosseous needle could be 
placed, if necessary. IV catheter insertion for 
ongoing care can be attempted concurrently 
with the burn debridement.       

   2.     Diffi cult vascular access :  Buffered lidocaine 
injected subcutaneously  with a 30-gauge needle 
provides nearly painless rapid local anesthesia for 
IV insertion. Use of this or other local anesthetic 
technique in this obese child will be especially 
important because multiple attempts likely will be 
needed. Because of the prolonged onset, topical 
anesthetic creams are not an optimum choice for 
local anesthesia. If available,  N   2   O 50 – 70  % will 
reduce IV insertion-related distress as well as pro-
vide systemic  analgesia as described in (b).   

   3.     Obesity ,  snoring : As noted earlier, determine medi-
cation doses upon estimated lean body weight. 
Since fat is less perfused than brain and muscle, 
doses based upon total weight will result in higher 
initial plasma and brain concentrations and greater 
risk of adverse effects and prolonged recovery. 
Obesity also reduces lung functional residual capac-
ity, increasing his risk of hypoxia with respiratory 
depression, and increases likelihood of upper air-
way obstruction as indicated by his history of snor-
ing. Use of supplemental oxygen during sedation of 
this patient will provide a greater margin of safety 
by prolonging the time to hypoxia if decreased ven-
tilation occurs. Monitoring with end-tidal capnog-
raphy, in addition to pulse oximetry, will facilitate 
early detection of ventilatory insuffi ciency and 
allow supportive interventions before adverse con-
sequences occur.   

   4.     History of asthma ,  currently wheezing ,  acute URI : 
If the patient’s wheezing clears readily with a single 
albuterol nebulization treatment, the increased risk 
of sedation- related adverse respiratory events likely 
is low, but providers should be prepared to adminis-
ter additional asthma care if needed. The acute URI 
may increase the risk of laryngospasm, especially if 
the patient is febrile. It is unclear whether adminis-
tration of a drying agent such as glycopyrrolate or 
atropine reduces this risk.    
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    PSA Technique Options 
     (a)     Ketamine with or without midazolam : If vascular 

access is successful, the intravenous route is pre-
ferred as it allows titration to effect and use of the 
smallest effective dose, with repeat small doses as 
needed, thus decreasing length of recovery. Please 
see  Case 1  for further information on ketamine 
dosing. It is likely this patient will need multiple 
subsequent painful burn debridements. Therefore, 
effective analgesia and amnesia for this initial 
burn care are especially important to establish the 
patient’s future expectations. A sedating dose of 
midazolam, 0.1 mg/kg, prior to ketamine infusion, 
may increase the probability of complete proce-
dural  amnesia. A potential additional benefi t for 
this patient is ketamine-induced reduction of cen-
tral sensitization and windup from continued burn 
pain. While the risk of laryngospasm associated 
with ketamine is quite low, the presence of an 
active URI may increase this risk, and the sedation 
providers should be prepared to manage this 
potentially life-threatening adverse event.  
  Intramuscular  ketamine 4 mg/kg: Please see  Case 

1  for  additional information.   
   (b)     Fentanyl  +  midazolam or propofol  provides effec-

tive PSA but requires vascular access. Please see 
 Case 2  for additional information.   

   (c)     Nitrous oxide 50 – 70  % is unlikely to provide suf-
fi cient PSA for vigorous burn debridement in this 
young child unless it is coadministered with a 
potent systemic analgesic such as fentanyl or ket-
amine. These combinations can readily induce 
deep sedation and general anesthesia and should 
be considered only by providers experienced in 
such techniques.       

   Case 4 

 A 2-year-old boy has a  complex forehead laceration  
that requires suturing. Topical anesthetic gel was 
applied in  triage. Despite best efforts to calm him as he 
sits in his mother’s lap, he continues to cry and vigor-
ously resists exam. His mother predicts he will not 
calm and indicates this is typical behavior during inter-
actions with healthcare providers. 

  Issues : The laceration repair requires the patient’s fore-
head to be still; physical restraint will likely reinforce 
similar behavior during future healthcare; there are 
other ED patients waiting more than 4 h to be seen. 

   PSA Options 
     (a)     Nitrous oxide 50 – 70  % provides effective calming 

for laceration repair in young children. A continu-
ous circuit or another N 2 O delivery system with a 
standard mask that covers the patient’s mouth and 
nose and is designed for use by children is neces-
sary for effective PSA with N 2 O. Dental-type nose 
masks are less effective since they allow mouth 
breathing that bypasses the N 2 O. If the laceration 
is on the chin or in an area covered by the standard 
mask, a neonatal size mask may be used as a nose 
mask and the child’s mouth gently held closed. 
If the mother is amenable, this technique can be 
enhanced by administering the N 2 O and suturing 
as the child sits in her lap with his head rested on 
her chest and her singing favorite songs or telling 
stories for distraction. A helper will need to help 
steady the child’s head and gently hold the mask in 
place over the patient’s mouth and nose. All must 
be vigilant for vomiting, often forewarned by 
abdominal or chest heaving. The N 2 O should be 
administered for about 2 min before attempting to 
provide additional anesthesia (buffered lidocaine 
injected with a half-inch 30-gauge needle recom-
mended) or suturing.   

   (b)     Midazolam intranasally  0.2–0.4 mg/kg adminis-
tered with atomizer to spray small volumes of 
concentrated intravenous solution (5 mg/mL) to 
improve absorption. Suggested dose for this 12 kg 
child is 5 mg or 1 mL. Divide the 1 mL total dose 
into four sprays of ~0.25 mL; alternate nostrils 
allow about a minute between repeat sprays into a 
given nostril. Use of small volumes improves effi -
cacy by reducing drainage of drug into posterior 
pharynx from which it is less well absorbed and 
causes an unpleasant taste. Onset of sedation 
occurs by 3–5 min with  duration of 20–40 min. As 
with other routes of midazolam administration, 
some children become dysphoric instead of 
sedated. When administered with an atomizer, 
intranasal midazolam is well tolerated and 
achieves anxiolysis with mild sedation. If the 
intravenous solution is dripped into the nares 
without atomization, most children complain of a 
burning sensation.   

   (c)     Ketamine intramuscularly  2–3 mg/kg provides 
effective PSA for suturing when local anesthesia 
is also used. Minor restraint may be needed in a 
few children with this dose. Onset of sedation 
usually occurs by 5 min and recovery by 
60–80 min.   

(continued)
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   (d)     Propofol ,  ketamine ,  or fentanyl / midazolam intrave-
nously : Titration of any of these techniques will pro-
vide maximum effectiveness but intravenous access 
is required. Placement of an IV catheter in this resis-
tant child certainly will require physical restraint 
unless it is inserted after sedation with N 2 O, intrana-
sal midazolam, or IM ketamine. Such strategy might 
be logical for a very complex laceration repair 
expected to last more than 20–30 min or involve a 
critical step that requires the patient to be motionless, 
such as approximating a lacerated eyelid margin.       

   Case 5 

 An otherwise healthy febrile 10-month-old infant 
needs  incision and drainage of a large buttock abscess . 

   PSA Options 
     1.    Ketamine IV or IM: See  Case 2  for additional 

information.   
   2.    Fentanyl + propofol or midazolam: See  Case 2  for 

additional information.   
   3.    Nitrous oxide + oxycodone can provide acceptable 

PSA if effective local anesthesia of the abscess can 
be achieved. Field blocks with buffered lidocaine 
are variably effective for smaller abscesses but usu-
ally unsuccessful for large abscesses. For larger and 
deeper abscesses, the author has occasional success 
by partially draining the abscess through a small 
(~1 cm) incision through skin well anesthetized 
with subcutaneous lidocaine. The abscess cavity 
then is gently refi lled with the topical anesthetic 
solution commonly used for anesthetizing lacera-
tions (4 % lidocaine, 1:100,000 epinephrine, and 
0.5 % tetracaine [L.E.T.]). After 30 min, the entire 
abscess cavity often is well anesthetized, and the 
patient tolerates widening the incision and debride-
ment of the cavity under N 2 O sedation.       

   Case 6 

 You are asked to provide sedation for  incision and 
drainage of a peritonsillar abscess  in a very anxious 
5-year-old boy who vigorously resists oropharyngeal 
exams. He has had a runny nose and cough with low-
grade fever for 2–3 days. 

  Issues : Mild to light moderate PSA can safely be 
administered for I&D of peritonsillar abscesses in 
older children and teens who will cooperate with the 

procedure in the emergency department. However, this 
child will require deep sedation to overcome his resis-
tance. Deep sedation by any technique carries increased 
risk of pulmonary aspiration due to variable blunting 
of protective airway refl exes. This patient will have 
blood and pus draining upon his larynx during the pro-
cedure. This patient should be considered for abscess 
drainage in the OR under general anesthesia, likely 
with endotracheal intubation. 

 For light PSA for peritonsillar abscess I&D in coop-
erative children, 30–45 min prior to the procedure, we 
administer morphine for baseline pain management 
and glycopyrrolate to dry secretions. Five to ten min-
utes prior to the procedure, we administer 2 mg of mid-
azolam for anxiolysis. If the patient has diffi culty 
tolerating the mucosal injection of buffered lidocaine 
with epinephrine at the site of the abscess, we may 
infuse 0.1–0.2 mg/kg of ketamine immediately prior to 
the surgeon’s incision, i.e., a small dose. The patient is 
able to follow commands but appears a bit dazed after 
the ketamine and usually is better able to tolerate the 
procedural pain. Laryngospasm has been found to 
occur more frequently during endoscopy with ket-
amine sedation, presumably due to direct stimulation 
of the larynx. Whether laryngospasm risk correlates 
directly with the dose of ketamine is unclear. Likewise, 
it is unclear whether risk of laryngospasm is increased 
with laryngeal stimulation by drainage from a periton-
sillar abscess. Using this approach, none of our patients 
have developed laryngospasm during peritonsillar 
I&D in our ED.  

   Case 7 

 A 15-month-old boy has fallen through stair railings an 
hour ago and has a large hematoma on his left parietal 
area. He is irritable and restless. An emergent head CT 
scan to evaluate for intracranial injury has been 
ordered. The CT tech calls to state they cannot get the 
patient to lie still for the brief period of the scan and 
asks that the patient be sedated. 

  Issues : need for emergent CT scan that requires 
motionless patient for about 1 min to conduct scan, 
potentially increased intracranial pressure from 
hemorrhage. 

   PSA Options 
     1.    Pentobarbital intravenously will sedate patient but a 

full dose may cause mild reduction in blood pres-
sure, which impacts brain perfusion. The prolonged 
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    Abstract  

  The challenges of sedating a child for dental procedures are multifactorial: The patient’s 
age, health, temperament and emotional status, parental concerns, clinician philosophy on 
patient management, extent and quality of clinician training and experiences with sedation, 
state dental board regulation of sedation, issues of third-party coverage or parental reim-
bursement, knowledge of and adherence by clinicians to sedation guidelines, facility pre-
paredness, and support staff experiences are but a few of many important considerations. To 
overcome these challenges, a pediatric dentist has to be at the hub of the preventive, opera-
tive and behavioral treatment plan. 

 The fi rst section of this chapter is devoted to sedation practices performed primarily in 
the United States. The second section of this chapter describes sedation practices associated 
with the United Kingdom and Europe. The closing section will provide an overview of the 
state of sedation for pediatric dental procedures in South America, as an example of differ-
ent solutions to sedation management in underdeveloped/developing countries.  

  Keywords  
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•   Nitrous oxide   •   Local anesthesia   •   Chloral hydrate   •   Meperidine   •   Midazolam   •   American 
Dental Association (ADA)   •   American Academy of Pediatric Dentistry (AAPD)   •   Basic life 
support (BLS)   •   Pediatric advanced life support (PALS)   •   Fentanyl   •   Etomidate   •   Frankl 
Scale   •   American Academy of Pediatrics   •   Commission of Dental Accreditation   •   Cochrane 
review   •   European Union   •   United Kingdom   •   International Association of Pediatric 
Dentistry (IAPD)   •   European Academy of Pediatric Dentistry (EAPD)   •   General Dental 
Council   •   British Society of Pediatric Dentistry (BSPD)   •   National Institute for Clinical 
Excellence (NICE)   •   Minimal sedation   •   Moderate sedation   •   Deep sedation   •   Modifi ed 
Child Dental Anxiety Scale (MCDAS)   •   Facial Image Scale   •   Propofol   •   Target-controlled 
infusion (TCI)   •   Children’s Fear Survey Schedule-Dental Subscale (CFSS-DS)  
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        Introduction 

 The challenges of sedating a child for dental procedures are 
multifactorial [ 1 ]: The patient’s age, health, temperament and 
emotional status, parental concerns, clinician philosophy on 
patient management, extent and quality of clinician training and 
experiences with sedation, state dental board regulation of seda-
tion, issues of third-party coverage or parental reimbursement, 
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knowledge of and adherence by clinicians to sedation guide-
lines, facility preparedness, and support staff experiences are 
but a few of many important considerations. To overcome these 
challenges, a pediatric dentist has to be at the hub of the preven-
tive, operative and behavioral treatment plan. 

 The extent of the dental disease, the absolute need for 
complete patient cooperation, good manual dexterity on 
behalf of the dentist, and the choice of dental materials that 
will best perform in the circumstances (e.g., salivary con-
tamination versus tooth longevity) are paramount. Probably 
the most disconcerting issue is that dental disease, more spe-
cifi cally dental caries or cavities, is the single most common 
chronic disease of childhood and it is preventable [ 2 ]. 

 The fi rst section of this chapter is devoted to sedation 
practices performed primarily in the United States. Other 
countries perform sedation for dentistry on children and vary 
in respect to settings, sedative routes, personnel, guidelines 
and regulations from those performing similar procedures in 
the United States. The second section of this chapter, authored 
by Professor Hosey, describes sedation practices associated 
with the United Kingdom and Europe. The closing section, 
authored by Luciane Costa, will provide an overview of the 
state of sedation for pediatric dental procedures in South 
America, as an example of different solutions to sedation 
management in underdeveloped/developing countries.  

    Extent and Treatment of Dental Caries 

 Dental caries is the result of a process involving a bacterial 
infection wherein the metabolic, acidic by-products of cer-
tain bacteria over time slowly dissolve the mineralized por-
tion of the enamel and dentin. The bacterial infection is 
usually transmitted by the mother, father, or others to the 
infant and bacteria may begin colonization as primary teeth 
begin erupting [ 3 ,  4 ]. Possible consequences of the destruc-
tion of enamel and dentin are pain and swelling due to pulpal 
involvement. A dental lesion or cavity may be isolated to a 
small portion of one tooth or affect all erupted teeth in an 
individual (see Fig.  20.1 ). Dental caries affecting the primary 
dentition may often continue with the same degree and sever-
ity when the permanent dentition erupts.

   Defi nitive treatment of dental caries depends on the extent 
of destruction of the crown of a tooth. Small lesions can 
often be treated with tooth-colored composite materials. 
Dental treatment can require restorations or crowns as the 
carious lesions increase in size. Sometimes the extent of car-
ies is suffi cient to involve the pulp chamber that houses the 
nerve and blood supply to the tooth resulting in the need for 
pulpotomies, root canal therapy, or extraction. 

 When tooth decay involves the dentine, treatment usually 
requires local anesthetics for pain control associated with the 
operative tooth preparation (i.e., instrumentation) or tooth 
 conditioning (e.g., etching and bonding). Administration of 

local anesthetics involves needles and syringes, which in and of 
themselves may cause patient anxiety and discomfort. This 
“intrusion” of the patient’s personal space by a dentist during 
this procedure has been suggested as possibly the most diffi cult 
part of the patient–doctor relationship involving children [ 5 ]. 

 Nerve blocks and infi ltration with local anesthetics may 
not always result in profound anesthesia especially when the 
extent of caries has impacted the nerve chamber of the tooth 
or anesthesia administration (i.e., technique and/or amount) 
is inadequate. Simple classical conditioning that involves the 
pairing of dental instrumentation and pain including trans-
mitted sounds and other sensations often result in patient dis-
comfort, anxiety, and fear [ 6 ]. 

 Children can learn to be dental phobics. They are suscep-
tible at almost any age to such conditioning and may have 
limited psychological, emotional, and social resources to 
cope with its effects. Avoiding procedural pain in almost any 
situation or setting can have a strong element of positive 
reinforcement of the avoidance process. Pharmacological 
management of the patient’s behaviors during dental treat-
ment may then become necessary. 

 The number of children who require sedation for dental 
treatment is unknown. One can estimate, based on informa-
tion in a report [ 7 ], that pediatric dentists who use sedative 
agents other than nitrous oxide alone may sedate at least 
300,000 children per year. This rate apparently has been 
slowly increasing over a 15-year period. In reality this is 
probably a signifi cant underestimate of children who are 
sedated as the report involved a sample survey of pediatric 
dentists focusing primarily on orally administered sedation; 
and there are signifi cantly fewer pediatric dentists in the 
country compared to the number of general practitioners 
who may also be administering sedatives to children. 
Furthermore, another survey report involving approximately 
the same magnitude of respondents as the previous study [ 7 ] 

  Fig. 20.1    Extensive dental caries       
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indicated that the majority of pediatric dentists use nitrous 
oxide inhalation sedation on a routine basis [ 8 ].  

    Guidelines, Training, and Protocols 

 In 2007, the American Dental Association (ADA) published 
Guidelines for Teaching Pain Control and Sedation to 
Dentists and Dental Students along with a separate set of 
Guidelines for the Use of Sedation and General Anesthesia 
by Dentists [ 9 ,  10 ]. The ADA guidelines for Teaching Pain 
Control and Sedation to Dentists and Dental Students encour-
age psychological and pharmacological modalities [ 9 ]. Local 
anesthesia is stressed as the foundation of dental analgesia. 
The administration of local anesthesia, mild and moderate 
sedation are considered as skills that should be acquired in 
predoctoral or continuing education programs. 

 The curriculum for minimal sedation, a 16 h minimum 
course, should include nitrous oxide and enteral techniques. 
Intravenous (IV) and intramuscular techniques, in addition 
to the enteral and inhalation component, are taught with the 
moderate sedation curriculum. The Moderate Enteral 
Sedation Course is a minimum of 24 h didactics with ten 
adult cases (includes a mandatory three live adult cases). 
This course is not intended for the sedation of anyone under 
the age of 12. The Moderate Parenteral Sedation Course is a 
minimum of 60 h didactics and requires the management of 
a minimum of 20 patients via parenteral route of administra-
tion. This also is not directed for the sedation of patients 
<12 years of age. The sedation of <12 years of age requires 
additional supervised clinical experience and should follow 
the American Academy of Pediatrics (AAP)/American 
Academy of Pediatric Dentists (AAPD) Guidelines for 
Monitoring and Management of Pediatric Patients During 
and After Sedation for Diagnostic and Therapeutic 
Procedures [ 10 ,  11 ]. The administration of deep sedation 
and/or General Anesthesia (GA) requires separate, directed 
education as approved by the ADA Commission on Dental 
Accreditation (CODA) as well as current Basic Life Support 
(BLS) and Advanced Cardiac Life Support (ACLS). The 
accompanying clinical staff(s) of the dentist(s) who provide 
deep sedation and/or GA all require current BLS certifi ca-
tion [ 10 ]. The dentist providing the deep sedation or GA is 
permitted to perform the dental procedures as long as there 
are two BLS trained individuals present—one of which is 
designated to monitor the patient. All deep sedation or gen-
eral anesthetics require a minimum of three individuals, 
including the dentist providing the sedation/anesthetic [ 10 ]. 
All deep sedation/GA requires IV access prior to initiating 
the sedation with the exception of brief procedures or the 
poorly cooperative child. In the latter case, the IV may be 
initiated after deep sedation/GA is initiated [ 10 ]. 

 Many state dental boards issue permits that are necessary 
before a dentist can perform sedation during dental proce-

dures. The training requisite for permits varies according to 
individual state board rules and regulations and the permit-
ting process often may involve a system that is dependent on 
practitioner training and route of administration of the seda-
tive. For example, a practitioner may be issued a permit lim-
iting his/her sedations to oral administration only. A 
practitioner who is issued a parenteral IV permit can use any 
route of administration but not progress to a depth of 
GA. Only an individual who has a GA permit can administer 
any agent via any route of administration. These sedation 
providers are usually dental anesthesiologists or oral and 
maxillofacial surgeons. 

 The breadth and status of teaching received by dental stu-
dents about pediatric sedation is minimal [ 12 ,  13 ]. 
Furthermore, it is likely that such experiences vary widely 
and are probably dependent primarily on faculty training, 
support services, and resources at each dental institution. It is 
no longer possible, since the introduction of sedation per-
mits, to sedate a patient without prior experience or training. 

 Specialty training in pediatric dentistry requires a mini-
mum of 2 years and includes required didactic and clinical 
experiences in pharmacological management of children, 
according to the CODA. The extent of those experiences in 
clinical context, quality, and quantity has varied in the past 
from program to program; and standardization of experi-
ences among the 70 plus advanced training programs was 
relatively unregulated and minimal. However, as a result of a 
report from a taskforce commissioned by the American 
Academy of Pediatric Dentistry (AAPD), CODA changed its 
accreditation standards specifi cally related to sedation train-
ing. Now the CODA standard for all advanced training pro-
grams in Pediatric Dentistry indicates that every resident in 
every program must participate in 50 sedation experiences. 
Furthermore, they must be the operator in 25 of the 50 cases. 
This new standard should impact all programs and bring 
more consistency and standardization to training of pediatric 
dentists. The overwhelming majority of programs primarily 
teach the use of the oral route of sedation. Rarely, IV seda-
tion is taught and if so, a dental anesthesiologist or oral and 
maxillofacial surgeon provides that aspect of care. 

 In the private practice setting of pediatric dentistry, typi-
cally a single dentist or small group utilizes an offi ce remote 
from a hospital or surgical center to provide oral health care 
including sedation procedures. Local resources of dental/
medical anesthesiologists or other personnel trained in IV 
sedation are relatively rare, but growing in popularity in cer-
tain regions of the US. Otherwise, the practitioner is left with 
little option but to provide minimal or moderate depths of 
sedation via the oral route, consistent with his/her training. 

 Five years ago, directors of pediatric dentistry training pro-
grams indicated that as compared to a decade prior, there was 
an increase in the volume of sedations as well as more didac-
tic hours devoted to sedation, and the management of seda-
tion-related emergencies [ 14 ]. More recently, the directors of 
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these programs have the impression that there is a greater 
emphasis on sedation, likely refl ective of the current infl uence 
of state board regulations, professional societies, litigation, 
and in particular, guidelines. Similar tendencies have been 
addressed in the medical community [ 15 ].  

    Children’s Behavior 

 In 1991, the AAPD fi rst published a Guideline on Behavior 
Guidance for the Pediatric Dental Patients. These guidelines 
have been updated six times, as recently as 2011 [ 16 ]. These 
guidelines are important because they refl ect the role of the entire 
Sedation Team, inclusive of the parents, in caring for the dental 
patient. The guidelines present and reinforce the role of the par-
ents in assessing and predicting how their child will respond to 
the procedure, taking into account past experiences with medical 
procedures (see Table  20.1 ) [ 17 ]. Tools at patient assessment are 
reviewed and detailed (see Table  20.2 ) [ 16 ]. It also provides spe-
cifi c recommendations on different approaches to communicat-
ing with and interacting with a child and parents: Tell-show-do, 
voice control, non-verbal communication, positive reinforce-
ment, distraction, and parental presence/absence. Techniques of 
Advanced Behavior Guidance are described, which include pro-
tective stabilization, sedation, and general anesthesia.

    Dental anxiety and fear are thought to affect 8–20 % of chil-
dren. Some have emphasized that patients with dental anxiety 
and fear do not necessarily display disruptive behaviors. 
Furthermore, some patients who do react negatively in the den-
tal setting may not have signifi cant fear and/or anxiety toward 
dental procedures [ 18 ]. Older children generally can success-
fully cope with the experience of sitting cooperatively for 
 routine dental procedures (including injections) and those who 
cannot tend to be preschoolers and toddlers. However, there 
are notable subsets of older children who tend to have greater 
fear and anxiety over dental treatment [ 19 ]. Age, cognitive and 
emotional development, maturational aspects of coping with 
challenging situations, and other characteristics of the child are 
well recognized as important discriminators for the clinician in 
recommending certain management techniques to the parent. 

 Another characteristic that has shown promise in discrim-
inating how children may react to novel clinical situations is 
temperament. The temperament of a child may infl uence the 
outcome of sedations and other techniques used by pediatric 
dentists in managing child patients [ 20 – 22 ]. Generally, the 
more approachable a child, the more likely the clinician can 
effectively interact and deliver care. Also, children who score 
differently on temperamental dimensions than their peers 
and have higher dental fears tend to have more negative emo-
tionality, shyness, and higher degrees of impulsivity [ 19 ]. 

 Several scales have been used to describe children’s behav-
iors during dental sedation procedures [ 23 ]. The Frankl scale 

   Table 20.1    Parent assessment of child behavior [ 17 ]   

 How do you think your child has reacted to past medical procedures? 
 1. Very poor 
 2. Moderately poor 
 3. Moderately good 
 4. Very good 
 How would you rate your child’s anxiety (fear, nervousness) at this 
moment? 
 1. Very high 
 2. Moderately high 
 3. Moderately low 
 4. Low 
 How do you think your child will react to this procedure? 
 1. Very poor 
 2. Moderately poor 
 3. Moderately good 
 4. Very good 
 In the past 2 years my child experienced actual physical pain in 
connection with medical procedures: 
 1. Quite often (three or more times) 
 2. Occasionally (one or two times) 
 3. Never 
 How do you feel about the previous sedation experience? 
 1. Very poor 
 2. Moderately poor 
 3. Moderately good 
 4. Very good 

   Table 20.2    Patient assessment tools (American Academy of Pediatric Dentistry, 1990)   

 Tool  Format  Application 

 Toddler temperament scale  Parent questionnaire  Behavior of 12- to 36-month-old child 
 Behavioral style questionnaire (BSQ)  Parent questionnaire  Temperament of child 3–7 years old 
 Eyberg Child Behavior Inventory (ECBI)  Parent questionnaire  Frequency and intensity of 36 common 

behavioral problems 
 Facial Image Scale (FIS)  Drawings of faces, child chooses  Anxiety indicator suitable for preliterate children 
 Children’s Dental Fear Picture Test (CDFP)  Three picture subtests, child chooses  Dental fear assessment for children >5 years old 
 Child Fear Survey Schedule-Dental 
Subscale (CFSS-DS) 

 Parent questionnaire  Dental fear assessment 

 Parent–child Relationship Inventory (PCRI)  Parent questionnaire  Parent attitudes and behaviors that may result in 
behavior problems in their child 

 Corah’s Dental Anxiety Scale (DAS)  Parent questionnaire  Dental anxiety of parent 

  Modifi ed from [ 16 ]  
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is one of the more popular and widely used scales for catego-
rizing children who may require sedation (Table  20.3 ) [ 16 ].

   Probably the most popular scale for rating sedated chil-
dren during dental procedures is the Houpt-modifi ed scale, 
which relies on a categorical feature for a portion of the pro-
cedure (e.g., local anesthesia) or all portions of the entire 
procedure (e.g., “Fair” sedation) (see Table  20.4 ) [ 24 ].

       Sedation Appointment Protocols 

 Typically, a sedation appointment in a dental offi ce or clinic 
involves multiple steps, all of which follow a protocol. The 
protocol encompasses all the steps: the informed consent 
process, preoperative instructions, presedation history and 
physical examination including airway assessment, weigh-
ing the child, administering the agent orally, waiting for a 
latency period wherein the effects of sedation become notice-
able, placement of the child in the dental chair and the nitrous 
oxide (N 2 O) hood over the patient’s nose, attaching moni-
tors, proceeding with dental treatment, recovery, postopera-
tive instructions, and discharge when appropriate criteria are 
attained (Fig.  20.2 ).

   Sedative protocols used by pediatric dentists can be gen-
erally characterized as follows. The children selected for 
sedation are usually healthy ((American Society of 
Anesthesiologists) ASA I). Children who have medical con-
ditions whose risk is more moderate to severe (greater than 
ASA II) are very likely to be sedated only in hospital-based 
settings. Most children are preschoolers although signifi cant 
numbers of older children may be anxious or fearful and 
require sedation. Sedatives are administered almost exclu-
sively in pediatric and general dentistry offi ces via the oral 
route consistent with the predominant type of training cur-
rently occurring in programs [ 14 ], and the behavior and 
physiology are recorded while the child receives routine 
restorative care [ 22 ,  25 – 37 ]. Usually, the behavior and physi-
ology are documented on a time-based record by a dental 
assistant who performs interruptible tasks while working 
with the dentist. A standardized sedation recording sheet has 
been developed by the AAPD, Committee on Sedation and 
Anesthesia that conforms to the protocol portion of the 
AAPAAPD sedation guidelines (see Fig.  20.3 ).

    Table 20.3    Frankl Behavioral Rating Scale (American Academy of 
Pediatric Dentistry, 1990) [ 16 ]   

 Rating  Behavior 

 1  Defi nitely negative: 
 • Refusal of treatment 
 • Forceful crying 
 • Fearfulness 
 • Or any other overt evidence of extreme negativism 

 2  Negative: 
 • Reluctance to accept treatment 
 • Uncooperative 
 • Some evidence of negative attitude but not pronounced 

(sullen, withdrawn) 
 3  Positive: 

 • Acceptance of treatment 
 • Cautious behavior at times 
 • Willingness to comply with the dentist, at times with 

reservation, but patient follows the dentist’s directions 
cooperatively 

 4  Defi nitely positive: 
 • Good rapport with the dentist 
 • Interest in the dental procedures 
 • Laughter and enjoyment 

  Fig. 20.2    Sedated dental patient with monitors       

   Table 20.4    Houpt Sedation Rating Scale   

 Sleep  Score 

 Fully awake, alert  1 
 Drowsy, disoriented  2 
 Asleep  3 
 M ovement  

 Violent movement interrupting treatment  1 
 Continuous movement making treatment diffi cult  2 
 Controllable movement that does not interfere with 
treatment 

 3 

 No movement  4 
  Crying  
 Hysterical crying that demands attention  1 
 Continuous, persistent crying that makes treatment diffi cult  2 
 Intermittent, mild crying that does not interfere with 
treatment 

 3 

 No crying  4 
  Overall behavior    
 Aborted  1 
 Poor—treatment interrupted, only partially completed  2 
 Fair—treatment interrupted, but eventually all completed  3 
 Good—diffi cult, but all treatment performed  4 
 Very good—some limited crying or movement  5 
 Excellent—no crying or movement  6 
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  Fig. 20.3    ( a ,  b ) Sedation record consistent with American Academy of Pediatrics and American Academy of Pediatric Dentistry guidelines            
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   Other incidental protocol events often include patient immo-
bilization or stabilization (i.e., Papoose board ® ) [ 25 ,  37 – 47 ]. 
Pediatric dentistry views the use of restraint not as punishment 
but as an intervention to improve the outcome or success of the 
sedation and procedure [ 48 ]. Pulse oximeters, blood pressure 
cuffs, and pretracheal or precordial stethoscopes are standard. 

Occasionally, side stream capnography is used but electrocardi-
ography is rarely followed. 

 The choice of monitors is somewhat dependent on the 
behaviors exhibited by sedated children, the depth of seda-
tion, and sedation guidelines. Behaviors and physiological 
parameters are fl uid during the sedation, affected by the 

Fig. 20.3 (continued)
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child’s reaction to the stimulation, the timing of the more 
intense procedural stimulation, and the dentist’s talents in 
calming or distracting the patient (rarely a part of study 
designs). For instance, heart rate typically increases most 
signifi cantly and predictably during the injection of local 
anesthetics compared to other times of the procedure [ 36 ]. 
Generally, pediatric dentists target minimal or moderate 
sedation. Older children who require adult molar extractions, 
especially those that are bony impacted, the uncovering of 
impacted teeth, and other orthognathic surgeries are usually 
seen by oral and maxillofacial surgeons. Typically, they use 
intravenous sedation and general anesthesia in performing 
the aforementioned procedures. 

 In most practices, a parent and child arrive at least 30 min 
prior to the sedation procedure for preoperative assessment, 
consent, and further review of the medical history. The time 
between oral administration of sedative(s) and initiation of 
treatment may vary from 10 min to an hour depending on the 
drug or drug combination used (e.g., midazolam versus chlo-
ral hydrate [CH], respectively). The length of time involved 
with dental treatment ranges from 20 min to 2 h, according to 
the patient’s dental needs. Recovery is usually done in the 
dental chair or a quiet room of the dental offi ce under direct 
parent and dental staff observation and monitoring. Discharge 
is consistent with the guidelines of the AAP and AAPD [ 49 ]. 

 The oral route of administration remains the most popular 
route used by pediatric (and general) dentists in the US [ 7 , 
 12 – 14 ,  50 – 53 ]. The most probable reason for this route of 
administration is historical and related to individual training 
and experience. The IV route of sedation is the most popular 
for oral surgeons, although their procedural need (e.g., fre-
nectomies) to sedate preschoolers is probably much less than 
that of pediatric dentists. Some studies exist in which the IV 
route is used and managed by dental or medical anesthesiol-
ogists while the pediatric dentist performs restorative procedures 
in the offi ce or outpatient care facility [ 54 – 58 ]. Essentially 
these usually involve general anesthesia administered by an 
individual with a GA permit or training. Various agents have 
been used including methohexital [ 58 ], propofol [ 56 ,  57 ,  59 ], 
and ketamine [ 59 – 61 ]. This type of care is generally limited 
across the US, but many pockets of the country use this pro-
tocol on a fairly frequent basis. This type of protocol seems 
more popular in countries outside of the US. The advantages 
and disadvantages of the oral route of  administration com-
pared to other routes are widely appreciated and understood 
even by parents. 

 The submucosal route is another fairly popular route of 
administration used by many pediatric dentists [ 22 ,  62 – 65 ]. 
This route of administration may limit the range and number 
of sedative agents that can be used (e.g., CH cannot be 
administered via this route), but affords a clinical onset time 
and sedative impact more closely resembling IV compared 
to the oral route in children. The clinical effects happen rela-

tively rapidly because children usually have excellent blood 
supply in and around the maxillary vestibules. Caution is 
advised because inadvertent and rapid injection of sedatives 
directly into blood vessels or a venous plexus can result in a 
more profound effect than anticipated. The submucosal tech-
nique is relatively easy to perform, and similar to administer-
ing local anesthesia for dental procedures, hence its relative 
popularity among pediatric dentists.  

    Sedatives 

 Most of the pediatric dental studies reported in the literature 
focus on drugs or drug combinations involving CH, meperi-
dine, and midazolam used in conjunction with other agents 
such as hydroxyzine [ 14 ,  21 ,  22 ,  24 – 34 ,  36 ,  37 ,  40 ,  42 – 44 , 
 46 ,  63 – 114 ]. Occasional reports involve other benzodiaze-
pines [ 41 ,  43 ,  108 ,  115 – 117 ] but their widespread use is not 
common. Rarely and usually in collaboration with a dental 
or medical anesthesiologist, other drugs such as ketamine are 
used and compared to other drugs or combinations [ 71 ,  73 , 
 109 ,  118 – 125 ]. Other studies involve the IV or intramuscular 
routes usually done by or in collaboration with oral and 
 maxillofacial surgeons or dental anesthesiologists for school- 
aged children [ 35 ,  42 ,  73 ,  89 ,  92 ,  126 – 135 ]. 

 CH was once the most popular sedative agent in pediatric 
dentistry. It still remains very popular. Its dosage range 
when used in combination with hydroxyzine, a relatively 
popular regimen, is 30–50 mg/kg CH and 1–2 mg/kg of 
hydroxyzine. A truly effective regimen is CH, meperidine, 
and hydroxyzine. The dosage range in this combination var-
ies from a “low” dose combination (15–30 mg/kg CH, 
1–2 mg/kg each of meperidine and hydroxyzine) to a “high” 
dose combination wherein the CH is relatively high but the 
meperidine and hydroxyzine are low (50 mg/kg CH, 1 mg/
kg meperidine, and 25 mg of hydroxyzine). There seems to 
be a slightly higher incidence of true desaturations and 
apnea episodes in the “high” compared to the “low” dose 
combination but further study is needed. Studies have 
shown this “triple combination” technique to be relatively 
effective and safe [ 26 ,  44 ,  79 ,  80 ,  84 ,  91 ]. Yet, some postop-
erative events may raise some concern, even if discharge 
criteria are met [ 30 ]. 

 The concept behind this triple combination is that all 
three agents induce variable degrees of drowsiness in a 
dosage- dependent fashion. Meperidine also provides eupho-
ria and analgesia, reducing the amount of local anesthetic 
needed. Hydroxyzine provides some protection against 
mucosal irritation and vomiting. The effective onset time is 
usually 45 min and provides procedural sedation for 
60–90 min, suffi cient time for signifi cant restorative den-
tistry. Most patients meet discharge criteria within 30–60 min 
following the dental procedure [ 26 ,  44 ,  79 ,  80 ,  84 ,  91 ]. 
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 Midazolam in recent years has surpassed CH in popularity 
as the most often used sedative agent among pediatric  dentists. 
It is most often administered orally, but the intranasal (IN) 
route is also used frequently [ 39 ,  75 ,  96 ,  97 ,  136 – 139 ]. One 
of the shortcomings of orally administered midazolam is its 
short working time that is limited to approximately 20 min of 
restorative care. Its advantage is that its onset of action when 
given by this route is 10 min or less. It is the sedative drug of 
choice for short restorative or extraction cases for children 
who require sedation. Midazolam frequently is combined 
with other sedatives and analgesics [ 31 ,  46 ,  67 ,  128 ,  140 ]. 
One of the primary purposes of combining these agents is to 
increase the restorative working time, take advantage of the 
properties of individual drugs (e.g., meperidine’s analgesic 
property when used with midazolam, which has no analgesic 
properties) and utilizing additive or potentiation effects of 
multiple agents, each of which may be used in lower doses. 
The dose of orally administered midazolam when used alone 
varies from 0.3 to 1.0 mg/kg. When combined with other 
agents, the dose usually decreases to 0.3–0.5 mg/kg. Likewise, 
in combination therapy the dose of meperidine is reduced 
from 2 to 1 mg/kg. The oral dosages of drugs, patient fi ndings 
and characteristics, and concerns of these sedative agents are 
shown in Table  20.5 . Drugs such as etomidate are not fre-
quently utilized in the private practice community.

   A recent paper reviewed the effi cacy and adverse event 
profi le of midazolam with and without narcotics, both 
administered via different routes [ 141 ]. All patients received 
local anesthesia of lidocaine with epinephrine infi ltrated into 
the gingiva. This was an important study because it evalu-

ated the effi cacy and safety of midazolam via the oral (PO) 
and the intranasal (IN) route and then examined the outcome 
when combined with oral transmucosal fentanyl citrate 
(OTFC) or IN sufentanil. There were four groups: PO mid-
azolam (1 mg/kg), IN midazolam (0.7 mg/kg), IN mid-
azolam (0.5 mg/kg) + OTFC (10–15 μ[mu]g/kg), IN 
midazolam (0.3 mg/kg) + IN sufentanil (1 μg/kg). IN mid-
azolam had shortest time to onset (17 min) and similar effi -
cacy to all the other groups. All groups were similarly 
effi cacious (27 % of sedations were graded as ineffective). 
The OTFC was the poorest performer with a 37 min time to 
onset and 39 min recovery (other groups 26.5–30 min). This 
study suggests that IN midazolam may be an effi cacious 
method of delivery, eliminating need for parenteral adminis-
tration and supplemental narcotics [ 141 ]. Still, controversy 
over the best route remains, as some have shown better 
results with the intranasal route [ 142 ] while others favor the 
oral [ 143 ] or intramuscular route [ 42 ]. 

 Nitrous oxide (N 2 O) is the most frequently used anxio-
lytic and analgesic agent used in pediatric dentistry. Typically, 
a nasal hood delivers nitrous oxide in an open system, thus 
entraining a signifi cant amount of room air (see Fig.  20.2 ). In 
fact, adults and some children can decrease the proportion of 
nitrous oxide entering the lungs by breathing through their 
mouth (e.g., purposeful behavior or crying). The amount of 
N 2 O entering into the lungs of patients is 30–50 % less than 
the amount leaving the regulator portion of the dental N 2 O 
delivery system. Thus, if the dentist sets the N 2 O fl ow to 
50 % at the regulator, only 25–35 % of N 2 O actually enters 
into the patient’s lung [ 144 ]. 

   Table 20.5    Most commonly used sedative agents in pediatric dentistry a    

 Drug  Dose  Characteristics  Warnings 
 Sedation considerations 
(timing)  Reversibility 

 Chloral hydrate  20–50 mg/kg, max: 1 g  Oily  Airway blockage  Onset: 30–45 min  No 
 Not-palatable  Mucosal irritant  Separation time: 45 min 
 Irritability  Laryngospasms  Work: 1–1.5 h b  
 Sleep/drowsiness  Respiratory depressant 

 Cardiac arrhythmias 
 Meperidine  1–2 mg/kg, max: 

50 mg (pethidine) 
 Clear  Respiratory depression  Onset: 30 min  Yes (narcan) 
 Non-palatable  Hypotension  Separation time: 30 min 
 Analgesia  Work: 1 h b  
 Euphoria 
 Dysphoria 

 Midazolam  0.3–1.0 mg/kg, max:  Clear  Angry child syndrome  Onset: 10 min  Yes (fl umazenil) 
 15 mg (young child)  Non-palatable  Paradoxical reduction  Separation time: 10 min 
 20 mg (older child)  Relaxation  Respiratory depression  Work: 20 min b  

 Anterograde 
amnesia 

 Loss of head righting 
refl ex 

   a This table refl ects common dosing, warnings, and sedation considerations but must be interpreted and applied with caution. The table refl ects the 
views of the author 
  b Work: the procedure duration usually tolerated following sedative effect  
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 Nitrous oxide at concentrations of 30–50 % can be an 
excellent anxiolytic as well as a mild analgesic, via a mecha-
nism that appears related to endogenous opioid systems [ 145 ]. 
For these reasons, N 2 O is very frequently and effectively used 
with oral sedatives, primarily as the “titrating” agent for man-
aging behavior. Another advantage to the nitrous oxide deliv-
ery system is that it provides supplemental oxygen. 
Nonetheless, caution must be used to consider that N 2 O has 
been shown to inhibit the swallowing refl ex [ 146 ]. There are 
limited studies that investigate an association between vomit-
ing and N 2 O during operative treatment in children and most 
suggest that vomiting is infrequent [ 147 – 149 ].  

    Morbidity and Mortality: Dental Sedation 

 The true number of adverse events that occur during sedation 
of children for dental treatment is unknown. Most “adverse” 
events that are reported in the literature do not involve car-
diopulmonary stabilization nor unplanned admission to a 
hospital [ 25 ,  28 ,  74 ,  85 ,  87 ,  88 ,  100 ]. The adverse events 
usually include desaturations or apnea, usually associated 
with patient crying and behavioral posturing, vomiting, or 
paradoxical excitement. More signifi cant adverse events 
such as laryngospasm, seizures, or coma are less common 
but have been reported [ 150 ,  151 ]. 

 In 2000, the incidence of signifi cant sedation-related 
adverse events in pediatric patients was reviewed and pub-
lished [ 152 ]. One hundred-and-eighteen case reports were 
reviewed. Sixty resulted in death or permanent neurological 
injury. Twenty-nine of these critical events occurred in chil-
dren sedated for dental procedures. The occurrence of death 
and permanent neurological injury was more likely with the 
administration of three or more sedatives. Nitrous oxide in 
combination with other sedatives was also associated with 
the negative outcome [ 93 ]. It is important to realize, how-
ever, that at the time this study was published, pulse oxime-
try was not being used routinely and capnography was not a 
Standard of Care for sedation. Today, these statistics and out-
comes would most likely be different. 

 Recent studies specifi cally address morbidities and mor-
talities associated with dental treatment of children [ 153 ,  154 ]. 
One study was based on closed claims cases involving two 
dental insurance companies and another involved media 
reports identifi ed in the LexisNexis® Academia search engine 
and a private foundation formed after the death of a young 
child (i.e., Raven Maria Blanco Foundation). A selection bias 
may have weakened the strength and objectivity of the reports 
[ 154 ]. The studies may have some overlap with the reports 
previously published in 2000 [ 93 ]. These studies indicated that 
the majority of children who received dental treatment were 
less than 6 years of age and cared for by general dentists. No 
single sedative was consistently implicated, and some cases 

involved excessive/overdose amounts of local anesthetics. 
This data raises many issues such as whether there was appro-
priate clinical judgment, knowledge of or compliance with 
applicable clinical guidelines, and training and skills in rescue 
skills. Since the number of sedations actually performed annu-
ally is unknown but estimated in the hundreds of thousands, it 
is likely these cases represent outliers in the provision of qual-
ity sedation for oral health care.  

    Reimbursement for Dental Sedation 
and Anesthesia 

 Financial considerations of sedation for dental care are note-
worthy. Most insurance plans do not cover the cost of seda-
tion (including nitrous oxide) or anesthesia for dental 
procedures. Therefore, the parent is left with the fi nancial 
decision of whether to pay “out of pocket” for sedation dur-
ing restorative care or exodontia. However, 32 of the states 
have mandatory general anesthesia (GA) legislation that will 
cover some costs associated with the medical fees incurred 
during a GA for pediatric dental care (see Fig.  20.4 ).

   The fees for sedation procedures vary considerably among 
dentists but may range from $100 to several hundred dollars 
per sedation appointment. Some states have implemented leg-
islation requiring some third-party payors to reimburse fees 
associated with GA for dental restorative care. Nonetheless, 
often stipulations such as the patient’s age or mental or emo-
tional status may preclude some patients from receiving care.  

    Alternatives to Sedation 

 The alternatives to pharmacological interventions (i.e., seda-
tion and GA) in managing fearful or uncooperative children 
during dental restorative or exodontia appointments may 
include, among others, psychological distraction techniques, 

  Fig. 20.4    States with general anesthesia coverage ( blue ) and those 
with negotiated regulatory coverage ( gray )       
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hypnosis, protective stabilization (i.e., restraints such as 
Papoose Boards ® ) or no treatment. No study has assessed the 
cumulative outcome of these non-pharmacological tech-
niques and often the degree of success is subject to interpre-
tation [ 48 ]. Anecdotally, there are many concurrent factors 
that have an unknown impact and interaction: the family’s 
cultural background, child rearing techniques, the child’s 
coping abilities in defending against potential physical and 
emotional trauma, and the quality of the work provided. 
Some dentists and parents perceive that if the needed treat-
ment was completed, it was a successful outcome, regardless 
of the non-pharmacological techniques applied and the 
child’s response. This perception may be biased by the fi nan-
cial burden that would be incurred should pharmacological 
therapy be administered. Others refuse or reject these alter-
native means of treatment and elect not to seek care. This 
failure to seek treatment can have signifi cant and event fatal 
consequences. Untreated dental disease does not regress and 
may progress to a localized abscessed condition or cellulitis. 
Cellulitis may be life threatening if it spreads to other organs 
(e.g., brain) and death may result.  

    Sedation Guidelines in the United States 

 Sedation guidelines for children have been followed by most 
pediatric dentists since they fi rst were published in the United 
States in 1985 [ 155 – 157 ]. The fi rst guidelines of the AAP 
were created as a response to deaths in dental patients who 
received meperidine [ 157 – 159 ]. The most recent joint guide-
lines of the AAP and AAPD emphasize, among other con-
cepts, patient safety and rescue as well as practitioner 
education and training [ 49 ]. The impact of these latest guide-
lines (in terms of access to care, the number and types of 
sedations performed by pediatric dentists) remains to be seen. 
State dental boards regulate sedation performed by dentists. 
Most states require a licensed dentist also to have a special 
sedation permit. There are different classifi cations of sedation 
permits, such as permits for enteral versus parenteral routes 
of administration. Documentation of training, performance of 
sedation in the presence of a board consultant, and on-site 
inspection of offi ces are usually required for all permits. 

    Future of Sedation for Dental Procedures 
in the United States 

 In the future, sedation of children for dental procedures will 
continue to be infl uenced by societal demands, regulatory 
agencies, guidelines, fi nancial implications, alternative 
options, and practitioner training. It has been proposed that 
pediatric patients will be assessed and then classifi ed into 
one of three groups, depending on their ability to cope with 

dental procedures. The fi rst group represents those who 
 easily accept and adapt to dental procedures and thus would 
not require any pharmacological intervention. Those in the 
second group may be slightly anxious and benefi t from mild 
sedation or pharmacological adjuncts (e.g., nitrous oxide or 
a benzodiazepine). The last group would constitute those 
who exhibit highly anxious or fearful behaviors and cannot 
cope with the routine dental environment. This group would 
benefi t from deep sedation or general anesthesia. The fi rst 
two groups could easily be managed by most pediatric den-
tists, even in an offi ce-based setting. The latter group poses a 
challenge for many reasons, largely based on the limited 
resources (e.g., fi nancial) in all geographic regions of the 
country. 

 Deep sedation and general anesthesia for dental proce-
dures may best be offered by a team involving a dentist and 
another professional with advanced training in these tech-
niques (e.g., dental anesthesiologist), along with other sup-
port personnel. Depending on the state dental board 
regulations, which vary from state to state, the location for 
the provision of services by such a team may be in-offi ce, at 
a surgical center, or hospital. One of the advantages of in- 
offi ce sedation is the elimination of expensive hospital fees 
associated with the operating room and recovery [ 160 ]. 
Other proposed advantages to an offi ce-based setting are 
improved effi ciency, effi cacy, and safety [ 54 ,  161 ]. How this 
approach to sedation delivery progresses in the future 
remains to be seen. 

 The progression and evolution of safety in pediatric den-
tal sedation must involve a change in the entire training pro-
cess. Oral routes of sedation for mild and moderate levels 
are no longer considered as effi cacious as other routes. New 
sedatives, different delivery routes and evolving techniques 
can only, however, be applied with careful training (didactic 
and clinical). Changes in training, with pediatric-focused 
specialty training programs are the most critical fi rst step. 
Conceptually, more intense, prolonged periods of training 
with partial or full standardization of experiences across all 
training programs would be desirable. The extent and con-
text of training would exceed that which currently occurs 
and must include well-defi ned and measurable competence. 
To this end, in 2013 the Commission of Dental Accreditation, 
the accrediting body of all dental school institutions and 
training programs in the US, increased the accreditation 
requirements: Each graduate student or resident in any 
advanced training programs in pediatric dentistry must 
complete 20 cases as the primary operator in which nitrous 
oxide is administered. Additionally, each graduate student 
or resident must have experiences in a minimum of 50 seda-
tion cases with 25 as the primary operator and the remain-
der in a supportive role in various possible settings (e.g., 
dental trauma case involving IV sedation in the Emergency 
Department). 
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 There are signifi cant logistical and political hurdles to 
achieving the goal of seamless comprehensive training in 
sedation in educational institutions. Intense scrutiny, innova-
tive approaches, funding considerations, and administrative 
support are needed to achieve success. A simple example 
would be a method to train or retrain a cadre of faculty that 
can be disseminated to training programs in order to institute 
mechanisms for standardizing sedation protocols. Who will 
do the training? Are special “centers” required initially? 
How many and where? How long will it take? What are the 
funding mechanisms? 

 Focused communication, collaboration, exchange of 
innovative ideas, remodeling of current training programs or 
creation of novel training centers are desirable and necessary 
to initiate a comprehensive and humane plan for oral health 
care of children. Many regulatory issues will remain as 
obstacles to be addressed. The fi rst steps in staging such an 
initiative require the broad-based recognition and acceptance 
of change in sedation training and philosophy. This step must 
subsequently be followed by the identifi cation of dedicated 
individuals from different disciplines who collaboratively 
desire to improve the treatment options for pediatric dental 
care in the future.   

    Sedation for Pediatric Dental Patients 
in the United Kingdom and Europe 

 Nitrous oxide inhalation sedation is the commonest method 
for pharmacological management of the child for dental 
treatment in the United Kingdom (UK). The technique and 
training and the suitability for usage in general dental prac-
tice was affi rmed by a Directive of the European Council of 
Dentists in May 2012 [ 162 ]. 

 The European Union (EU) is a culturally diverse group of 
countries and cultures, each with discrete laws, recommenda-
tions, and frameworks for delivery of dental services. Despite 
this, each member state is subject to EU law. One such law 
relates to specialty training: it has to be 3 years. Whilst each 
member state does not necessarily recognize pediatric den-
tistry as a specialty per se, they are surprisingly unanimous in 
their agreement on pediatric dental sedation and recognition of 
guidelines. Key in this has been the role of the International 
Association of Paediatric Dentistry (IAPD), and the European 
Academy of Paediatric Dentistry (EAPD). In a nutshell, seda-
tion for pediatric dentistry is “conscious.” This means the 
child remains in verbal contact with the clinician throughout 
the procedure. Popularity of method and sedative varies. In 
Greece, oral sedatives, especially chloral hydrate have been 
popular; in Scandinavia rectal benzodiazepines are used; and 
inhalation sedation was fi rst used in the UK in 1889 for dental 
cavity preparation in the Liverpool Dental School. Many 
countries have environmental concerns about nitrous oxide 

pollution; in fact, in Scandinavia amalgam fi lling materials are 
no  longer used for this same reason. This is why the Directive 
confi rming the safety and effi cacy of the titrated nitrous oxide 
inhalation sedation technique from the Directive from the 
European Council of Dentists was so important. All countries 
have tackled the issue of the dental operator-sedationist in dif-
ferent ways but are generally agreed that nitrous oxide inhala-
tion sedation, titrated to effect using dedicated dental machines, 
is well within a dentist’s remit and is suitable for use in high 
street general practice settings. 

 The British Commonwealth countries largely follow the 
UK practice and ethos relating to pediatric dental sedation; 
and now Middle Eastern countries are recognizing the value 
of titrated nitrous oxide inhalation sedation. 

    The Evidence for Conscious Sedation 
in Pediatric Dentistry: Cochrane 

 In the UK in particular, evidence-based practice is important. 
The importance of literature critique and meta-analysis has 
come to the fore nowadays in all aspects of medical and den-
tal practice. This strength of evidence is critiqued and evalu-
ated and informs guidelines. To summarize the Cochrane 
review relating to pediatric dental sedation: the method of 
randomization in studies was unclear; there were inappropri-
ate statistical tests; cross-over type studies did not consider 
the carry-over effect; only 32 % of studies reported baseline 
anxiety—even fewer reported anxiety at the end and there 
was little information regarding the actual treatment; repeat-
ability was not mentioned, especially when there was multi-
ple operators or assessors; interpretation of outcome data 
relating to behavior was diffi cult; over 50 % of studies used 
scales that recorded behavior in different ways and many 
relied on bodily movement even when sometimes the 
 subjects were papoosed. Finally, for many studies, all 
 participants—even the controls—complete treatment! [ 163 ]. 
It isn’t easy to carry out pediatric dental sedation research, 
and one could argue that placebo-controlled randomized tri-
als are unethical. Therefore, the value of the review is to 
serve as a reminder that caution should be applied in the 
interpretation of sedation studies. 

 A series of useful papers was published after the review 
that merits a mention here. These studies compared mid-
azolam given intravenously (IV), orally and transmucosally 
(buccal) against nitrous oxide inhalation sedation. They are 
fl awed in that the IV paper mainly focuses on children under-
going orthodontic premolar extraction, so the participants 
were older and this was not necessarily an “anxious” sample; 
also, overall the carry-over effect was ignored. The researcher 
is a community dentist in a community dental clinic and was 
a keen supporter of midazolam. The results can be summa-
rized as follows: all midazolam routes appeared to have 

S. Wilson et al.



435

 minimal effect on the patients’ vital signs; the IV route  produced 
the fastest onset of sedation and therefore may be the most effi -
cient; there were more withdrawals from the buccal route owing 
to the diffi culty with the taste. However, these studies are of 
interest because they confi rmed the effi cacy of nitrous oxide 
IS—this provided the fastest onset of sedation and the fastest 
recovery—compared to midazolam [ 35 ,  164 ,  165 ].  

    UK Pediatric Dentistry 

    Background 
 All dentists must be registered with the General Dental 
Council (GDC). It is the GDC that investigates and disci-
plines malpractice. Only dentists can legally perform dental 
procedures. Children’s dentistry is free of charge in the 
UK. The families pay nothing; irrespective of the level, com-
plexity, or extent of dental and sedation/anesthesia service 
provided. There are only a handful of private practices (not 
part of the public health care system—practices that operate 
for profi t) and the majority of care is delivered by general 
dental practitioners. The general dentists refer anxious chil-
dren or complex cases into the community or hospital pedi-
atric specialty services. The community dental services are 
at non-hospital sites and usually provide nitrous oxide inha-
lation sedation but refer into hospital units for oral and intra-
venous sedation and for general anesthesia. Therefore, whilst 
UK pediatric dentists have to sometimes “make a case” for 
their services, they are unfettered and unburdened by private 
insurance or a family’s inability to pay. Treatment is based 
on evidence, clinical judgment, and hospital service delivery 
capability. The Department of Health sets targets for waiting 
times and activity and penalizes poor performance. 

 Over 40 % of 5-year-olds have tooth decay into dentin 
[ 166 ,  167 ]. Caries management is similar to the USA but has 
had a greater emphasis on stabilization of the caries lesion 
rather than complete removal. In other words: a “biological” 
rather than a “surgical” approach [ 168 ,  169 ]. The advantage 
of this approach is that it is non-invasive; and so, local anes-
thetic injection, or even the use of a drill is not required. So, 
it is less traumatizing for the child. In this way, sedation and 
general anesthesia can be avoided altogether in some cases. 
Therefore, general anesthesia is seen as a treatment of last 
resort. There are approximately 240 pediatric dental special-
ists registered with the GDC; the majority are 5-year-trained, 
hospital-based “consultants” (pediatric dentists who have 
trained for 5 years) at the Children’s Hospital and Dental 
School. The designation of being on an “acute site” is impor-
tant; it indicates that there are pediatric emergency care ser-
vices available on the premises, i.e., pediatric medical 
intensive care. General anesthetic services are located on 
acute care sites; those few that are not have an emergency 
transfer protocol. Therefore, the settings in which oral and 

intravenous sedation are delivered to children generally 
 follow the same pattern. As such, if a sedation emergency 
occurs, medical support and “crash team” services and pedi-
atric life support are very close at hand.   

    UK: Local Anesthesia 

 The UK standard of measurement is metric, e.g., Kilograms 
(kg) and milliliters (mL) not imperial. This is common 
throughout the EU. The most common local anesthetic 
agent is usually 2 % lignocaine (xylocaine) with 1:80,000 
adrenaline and is usually delivered in 2.2 mL cartridges. 
Maximum dosage can be calculated easily by a rough rule 
of thumb as “a tenth of a cartridge per kg body weight.” 
Infi ltration injections usually suffi ce, though once the fi rst 
permanent molars are in occlusion a dental block is gener-
ally used in the mandible—especially for extractions and 
permanent tooth restoration. In some instances (e.g., patients 
with clotting disorders) intraligamentary techniques are 
used in preference to a block and the use of Articaine may 
be of special benefi t in this regard. The anesthetic injection 
is coupled to behavioral management skill and technique, 
and topical anesthetics such as benzocaine are also utilized. 
New delivery systems such as the “Wand” are also gaining 
in popularity; though excellent behavioral management 
techniques and experience are still key to success. Readers 
are referred to the many pediatric dentistry textbooks for 
further advice and information.  

    United Kingdom Pediatric Dental Sedation 
Training 

 The GDC is the authority that registers all dentists, dental 
nurses, therapists, and technicians in the UK; it requires that 
all dentists undertake continued professional development. 
BLS, safe-guarding, and handling of medical emergencies 
are mandatory annual requirements. 

 The GDC does not set specifi c standards; instead, it takes 
the view that any dentist has to be able to prove themselves 
“competent” to provide the treatment that they offer. This 
test of competency is based on national training standards, 
knowledge, training, audit, and continued experience, and is 
subject to employee appraisal and peer review. 

 Therefore, whatever the type of conscious sedation training 
that is undertaken, proof of continued development and prac-
tice is essential. Specialties such as pediatric dentistry are rec-
ognized but the role of a sedationist is not. Instead, sedation is 
seen as part of the armamentarium that a dentist might provide 
for their patients; in the same way that they provide local anes-
thesia and other techniques such as hypnosis. Therefore, there 
is no nationally agreed upon training standard. 
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 UK pediatric dentistry consultants train for 5 years and 
the scope of practice is broader than the US, and many parts 
of the EU, and includes inpatient and outpatient hospital care 
and minor oral surgery. The training is excusive to 
government- regulated and salaried trainees, and competition 
for these posts is fi erce. Self-funding is almost impossible. 
Training is provided largely in hospital units and the exami-
nations—set at year 3 for specialist and year 5 for consultant—
are via the Royal Colleges of Surgeons. UK pediatric dentists 
perform their own surgery, e.g., on impacted teeth and expo-
sure and bonding of orthodontic brackets for misplaced 
unerupted teeth, as well as permanent tooth extractions. 
They also perform any endodontic and aesthetic restorative 
procedures so long as these are in children aged below 16–18 
years. Therefore, the training focus is not high street practice 
orientated but directed instead toward hospital practice and 
multi-disciplinary team working, e.g., cleft cases or hypodon-
tia. Therefore, many units offer intravenous sedation to ado-
lescents and do not need to refer to oral surgery. UK pediatric 
dentists work alongside oral and maxillofacial surgeons but 
only refer to them in diffi cult cases, e.g., an impacted canine 
in the fl oor of the nose or a large cyst or tumor. The complex-
ity of these case means that general anesthesia is the man-
agement of choice. 

 The titrated nitrous oxide inhalation sedation technique is 
part of the UK dental undergraduate curriculum and this is 
further augmented, documented, and examined within pedi-
atric dentistry specialist training. Intravenous sedation train-
ing is also within specialist’s training but is usually 
augmented by further courses should the dentist require 
these to reach or to maintain “competency.” The basic expo-
sure to intravenous techniques has been recommended as: 
fi ve assessments, fi ve observations, and fi ve sedations, but 
this is then followed by a period of mentoring before fully 
independent practice [ 170 ,  171 ].  

    Pediatric Dental Sedation and General 
Anesthesia in the United Kingdom 

 Today, general anesthesia for dentistry is the most common 
reason for day surgery and inpatient admissions; approxi-
mately 60,000–100,000 a year. It is a last resort treatment, 
usually confi ned to high caries risk children. Typically, 5- to 
6-year-olds, needing extractions in three quadrants or more, 
an average of seven teeth are removed. This is also the method 
of choice for 8- to 10-year-olds who require removal of all 
four fi rst permanent molars. These are quick general anes-
thetic procedures, usually lasting only 15 min or so. No endo-
tracheal intubation is performed; inhalation/volatile anesthetic 
induction via a mask is common and a nasal or laryngeal 
mask is used; pediatric anesthetists work hand in hand with 
the dental surgeon to maintain “the shared airway” [ 172 ]. The 
author requests an endotracheal tube for removal of fi rst 

 permanent molars since these can be more diffi cult, especially 
when access is limited. She normally operates on 10 children 
during an “afternoon” session: 1:30 to 5:30 PM in theatre; 
then the last children remain until approximately 6:30 PM in 
the day surgery ward before discharge. A child requiring 
removal of all four fi rst permanent molars will take up a 
 “double slot” to enable time for endotracheal intubation.  

    Link Between “Conscious Sedation” 
and General Anesthesia 

 In the past, general anesthesia was commonly and widely 
practiced in general dental practices (in high streets) but this 
ceased in the 1990s following safety concerns. Department 
of Health recommendations and national guidelines led to 
general aesthetic services moving into acute care sites. At the 
same time, “conscious sedation” was recommended in favor 
of general anesthesia (GA) whenever clinically appropriate 
[ 173 ,  174 ]. In the United Kingdom and some of the European 
countries, the term “conscious sedation” is still utilized to 
indicate care that does not fall under the defi nition of anes-
thesia. In the United States and many other countries, “con-
scious sedation” is a term that is no longer utilized because it 
is felt that sedation is a continuum, and thereby patients can-
not be “conscious” [ 175 ]. This led to various cohort studies 
seeking to defi ne the suitable patient groups [ 176 – 179 ]. At 
that time many private GA services in general dental prac-
tices (non-acute—“high street” sites) lost income, so they 
switched to polypharmacy sedation, with the anesthetist pro-
viding the “deep” sedation and the general dentist providing 
the operative care. The UK pediatric dentists were against 
this and were united in their view that this polypharmacy 
deep sedation in high street settings was no safer than GA 
and that, equally importantly, the general dentist was under-
qualifi ed to provide the standard of treatment planning and 
dental operative care needed for these children. This was the 
background to the production of the British Society of 
Paediatric Dentistry (BSPD) sedation guideline [ 180 ]. The 
guideline pre-dated the Cochrane Review and errs on the 
side of safety against a background of poor evidence and dif-
fi culties in the changes surrounding the move of GA services 
into acute hospital sites at that time, but it is still relevant 
today since a few “rogue” practices remain. BSPD guide-
lines are reviewed and updated as necessary every 5 years.  

    Premedication (Sedation) Prior to General 
Anesthesia 

 Children who need general anesthesia for dentistry usually 
require treatment in multiple teeth and in different parts of 
the mouth. For those who are already dentally anxious, they 
show increased distress at anesthetic induction and increased 
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postoperative morbidity [ 181 ]. Indeed, psychological mor-
bidity such as attention-seeking, tantrums, bed-wetting, sep-
aration anxiety, crying, and nightmares is well reported in 
those who are younger, have pre-existing behavioral prob-
lems, or dental anxiety [ 182 – 186 ]. 

 Psychological preparation of children for GA is highly 
effective in reducing pre- and postoperative distress and 
complications [ 187 ]. This might be better than premedica-
tion. Indeed, facilitating the development of coping skills, 
modeling, play therapy, operating room tour, and parental 
involvement may be best [ 188 ,  189 ]. Interestingly, a recent 
Cochrane review suggested that the presence of parents dur-
ing induction of GA does not reduce the child’s anxiety and 
that parental acupuncture, clown doctors, hypnotherapy, low 
sensory simulation, and handheld video games need to be 
investigated further [ 190 ]. Surprisingly, even the use of a 
premedication such as midazolam has met with limited 
 success by comparison [ 191 ]. 

 Midazolam is a common premedicant at anesthetic induc-
tion and it has been suggested that post-anesthesia behavior 
disturbance is reduced. The drug is not registered for pediat-
ric usage—few drugs are—and it has been common for the 
IV preparation to be used for oral usage, though this has a 
bitter taste. To overcome the taste, the preparation can be 
mixed with fruit-fl avored cordials, sometimes including an 
analgesic such as paracetamol. However, the evidence for 
effi cacy varies and there is a balance between optimal thera-
peutic effect, the need for fasting before general anesthesia, 
and delayed recovery even when doses as small as 0.2 mg/kg 
are used [ 192 – 194 ].  

    The UK Defi nition of Conscious Sedation 

 The National Institute for Clinical Excellence (NICE) guide-
line sets the UK defi nition of conscious sedation for den-
tistry. This is covered later in this chapter under guidelines. 

 There is no “deep sedation” defi nition for dentistry in the 
UK. If it is not “conscious” it is considered to be general 
anesthesia; as such, regulations relating to the site, facilities, 
and level of staff training apply. In summary, a drug or drugs 
can be used, the patient should be awake and communicating 
at all times, and IV is confi ned to emotionally mature adoles-
cents. Importantly, the dentist is responsible for compliance 
of the anesthetist if they are working together on a sedated 
patient to ensure consciousness is maintained.  

    Titrated Nitrous Oxide Inhalation Sedation 

 Only dedicated dental machines are used (Fig.  20.5 ) and 
active scavenging is recommended. The typical child patient 
is moderately anxious and willing to co-operate by breathing 
in and out through the nose. There is no defi ned age limit, but 

a child is typically around 7 years old and needs only three or 
four visits to complete treatment. The treatment is usually for 
fi llings or one or two extractions at any one appointment. 
Using a rubber dam to isolate the tooth for a fi lling helps the 
sedation by reminding the child to nose breath whilst limiting 
operator and environmental exposure. The operator gradually 
increases the concentration of nitrous oxide delivered to the 
patient in 5 % increments every few minutes, observes the 
effect, and as appropriate, increases (or sometimes decreases) 
the concentration to obtain optimum sedation in each indi-
vidual patient. Although it is effective, it is important that it is 
used in combination with behavioral therapy and incorporated 
into the treatment plan. Nitrous oxide sedation should not be 
used as a “one-off.” Local anesthesia is still required for den-
tal procedures. Only a dedicated dental delivery system should 
be used since only this will allow titration of the dose. A 
nitrous oxide scavenging system is also needed to combat 
chronic environmental exposure to dental staff [ 195 ,  196 ].

       Intravenous Sedation 

 Intravenous midazolam sedation is considered to be suitable 
only for “emotionally mature” adolescents. Sedation training 
ranges from a few days “intensive” to Diploma courses, but 
all practitioners should keep a portfolio to show continued 
practice and experience in both the assessment and delivery. 

  Fig. 20.5    Example of a portable dedicated titratable nitrous oxide 
machine ( note : Oxygen cylinders are black in the UK and blue in the 
United States)       
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The patient is expected to maintain their own airway and to 
engage verbally; therefore, the use of a mouth prop is 
frowned upon. The operating pediatric dental sedationist 
generally uses titrated midazolam as the single sedative. The 
maximum dose is usually 7–10 mg but delivered in 1 mg 
then 0.5 mg increments. The term “emotionally mature ado-
lescent” is diffi cult to defi ne but fi ts in with the understand-
ing of the UK law of the right and competency of adolescents. 
The parents still sign the consent, but the patient has to be 
clearly engaged with the treatment plan.  

    Oral Sedation 

 Oral sedation is not in common usage in the UK and is con-
fi ned to midazolam, usually 0.5 mg/kg. The author’s unit at 
King’s College Hospital—an acute care site—is one of the 
largest UK providers of this service. The children need to be 
30 kg or less in weight to be eligible so that the dose does not 
exceed 15 mg. A heavier child has more unpredictable onset 
of sedation and longer recovery. The treatment is confi ned to 
relatively quick procedures—commonly, extraction of a few 
traumatized primary incisors in a toddler. Paradoxical reac-
tions are not uncommon, and although, theoretically the 
child has amnesia, it can be upsetting for the parent, who is 
present in the operatory, to witness. Pulse oximetry is used 
throughout and a dedicated recovery area is close-by. The 
pediatric dentists all have diplomas in sedation in addition to 
their specialty training, and the supporting dental nurse has 
an additional sedation qualifi cation.   

    Sedation and Dental-Specifi c Guidelines 
of the United Kingdom and European Union  

    British Society of Paediatric Dentistry 

 The BSPD guideline supports the use on nitrous oxide inha-
lation sedation in non-acute sites and without monitors or 
fasting. Other types of sedation require monitoring and lev-
els of staff training and facilities closer to those available on 
hospital departments. Therefore, it does not rule out the 
usage or research into other sedatives provided these are deliv-
ered by suitably trained staff and in appropriate facilities—for 
poorly evidence-based sedatives this means an acute care 
facility [ 180 ].  

    European Association of Paediatric Dentistry 

 The EAPD guideline encompasses diverse practice but its 
recommendations not only confi rm the role of inhalation 
sedation but also maintain the defi nition of sedation.  

    National Institute for Clinical Excellence 

 The NICE guidelines were developed to guide pediatric 
sedation practice for those in the National Health Service in 
England and Wales. This clinical guideline does not just 
cover dentistry but all sedation carried out for all medical or 
dental procedures for children aged up to 18 years. The 
guideline recommends that nitrous oxide inhalation sedation 
is the most common and also the safest sedative agent for use 
in children’s dentistry and that this is considered to be the 
“standard technique” [ 197 ]. 

 It states that sedation may be considered when a proce-
dure is too frightening, too painful, or needs to be carried out 
in a child who is ill, in pain or who has behavioral problems. 
The recommendations include the following:
•    Children and young people undergoing sedation and their 

parents and caregivers should have the opportunity to 
make informed decisions.  

•   Treatment and care and information should be culturally 
appropriate and pre-sedation assessment and documenta-
tion is required.  

•   The levels of expertise in sedation techniques as well as 
drug choice, fasting requirements, and level of life sup-
port training and monitoring are set out.  

•   The importance of psychological preparation is 
acknowledged.    
 An example of how the NICE guideline can be used is 

shown in Table  20.6 .

      NICE Levels of Sedation Defi nitions 
•      Minimal sedation : A drug-induced state during which 

patients are awake and calm and respond normally to ver-
bal commands. Although cognitive function and coordi-
nation may be impaired, ventilatory and cardiovascular 
functions are unaffected.  

•    Moderate sedation : Drug-induced depression of con-
sciousness during which patients are sleepy but respond 
purposefully to verbal commands (known as conscious 
sedation in dentistry) or light tactile stimulation. No inter-
ventions are required to maintain a patent airway. 
Spontaneous ventilation is adequate. Cardiovascular 
function is usually maintained.  

•    Conscious sedation : Drug-induced depression of con-
sciousness, similar to moderate sedation, except that 

   Table 20.6    An example of the implementation of the NICE guideline 
for pediatric dentistry inhalation sedation in respect to emergency life 
support training and fasting   

 Moderate sedation  Conscious sedation  Deep sedation 

 Intermediate Life 
Support required 

 Intermediate Life 
Support required 

 Advanced Life 
Support required 

 No fasting if verbal 
contact is maintained 

 ILS = no fasting  Apply 2-4-6 rule 
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 verbal contact is always maintained.  This term is used 
commonly in dentistry .  

•    Deep sedation : Drug-induced depression of conscious-
ness during which patients are asleep and cannot be easily 
aroused but do respond purposefully to repeated or pain-
ful stimulation. The ability to maintain ventilatory func-
tion independently may be impaired. Patients may require 
assistance to maintain a patent airway. Spontaneous ven-
tilation may be inadequate. Cardiovascular function is 
usually maintained.       

    Measuring the Effectiveness of Sedation 
in Children 

 Children may not have suffi cient maturity, capability, or 
reading ability to report the physiological and cognitive 
manifestations of anxiety. Therefore, dental anxiety scales 
used for them tend to concentrate on the behavioral compo-
nent of anxiety and seldom follow the questionnaire format 
commonly used for adults. Methods of administration of the 
scales vary but can be broadly summarized as: (1) parental 
reporting of child’s anxiety, (2) child (self)-reporting, and (3) 
dental operator or observer reporting. To improve validity, 
multiple scales and methods are usually recommended to 
report research outcomes. 

 There are many different scales. A selection of those most 
commonly found in the literature are as follows: Children’s Fear 
Survey Schedule-Dental Subscale (CFSS-DS) [ 198 ]; Modifi ed 
Child Dental Anxiety Scale (MCDAS) [ 199 ]; Visual Analogue 
Scale (VAS) [ 200 ]; Frankl Scale [ 201 ]; Venham Picture Scale 
[ 202 ]; Venham Anxiety and Behavior Rating Scales [ 203 ]; 
Behavior Profi le Rating Scale [ 204 ]; Children’s Dental Fear 
Picture Test [ 205 ]; Facial Image Scale (FIS) [ 206 ,  207 ]; and the 
Global Rating Scale [ 79 ]. It is this lack of standardization of 
scales that has led to  diffi culty in reporting high quality evi-
dence in pediatric sedation studies, though the challenge actu-
ally lies in the diffi culty in reporting a child’s thoughts, 
comprehension, and feelings in an age-specifi c and clinically 
meaningful way that is sensitive, valid and reproducible. 

 The Frankl scale is a common tool used for rating the 
behavior and patient selection in pediatric sedation studies 
(see Table  20.3 ). However, it is not suffi ciently sensitive to 
use as a research tool; instead it is a useful as a screening tool 
to select participants and as an adjunct to the clinical record 
[ 79 ,  201 ,  208 ]. Aartman et al., 1998, reported that the 
CFSS-DS covered more aspects of the dental situation, mea-
sured dental fear more precisely, produced normative data, 
and had slightly superior psychometric properties compared 
to other scales. It consists of 15 items rated on a fi ve-point 
scale, ranging from 1 (not afraid) to 5 (very afraid). The total 
score is calculated by summing item scores; giving a possi-
ble range of 15–75. Scores above 38 indicate signifi cant 

 dental fear. Scores from 32 to 38 indicate moderate dental 
anxiety and scores below 32 are considered to be low fearful 
[ 209 ]. Through a series of amendments to the original 
“Corah” scale (Table  20.7 ) [ 210 ], the MCDAS (Fig.  20.6 ) has 
been produced and has published UK norms [ 199 ,  211 ,  212 ]. 
It has eight dental anxiety items: the score in each question is 
from 1 (relaxed) to 5 (extremely worried), giving a total of 
5–40. Scores more than 19 are considered to indicate a child 
is anxious and scores of more than 31 are considered to indi-
cate a child is highly fearful. The sensitivity of the VAS has 
been previously confi rmed for use as a measurement of state-
anxiety in children and lends itself well to statistical analyses 
[ 200 ,  208 ]. Many of the other scales using pictures, such as 
Venham, are mainly used for very young children. However, 
the Venham picture scale looks very old fashioned to the eye 
of a modern child; the most-up-to-date and best validated 
scale nowadays is probably the FIS (Fig.  20.7 ). This is basi-
cally a fi ve-point Likert type scale with faces rather than 
numbers. It is sometimes used in combination with the 
MCDAS [ 202 ,  205 ,  206 ].

   Table 20.7    Corah’s Dental Anxiety Scale [ 210 ]   

 1. If you had to go to the dentist tomorrow for a check-up, how would 
you feel about it? 
 (a) I would look forward to it as a reasonably enjoyable experience 
 (b) I would not care one way or the other 
 (c) I would be a little uneasy about it 
 (d) I would be afraid that it would be unpleasant and painful 
 (e) I would be very frightened of what the dentist might do 

 2. When you are waiting in the dentist’s offi ce for your turn in the 
chair, how do you feel? 
 (a) Relaxed 
 (b) A little uneasy 
 (c) Tense 
 (d) Anxious 
 (e) So anxious that I sometimes break out in a sweat or almost feel 

physically ill 
 3. When you are in the dentist’s chair waiting while the dentist gets 

the drill ready to begin working on your teeth, how do you feel? 
 (a) Relaxed 
 (b) A little uneasy 
 (c) Tense 
 (d) Anxious 
 (e) So anxious that I sometimes break out in a sweat or almost feel 

physically ill 
 4. Imagine you are in the dentist’s chair about to have your teeth 

cleaned. While you are waiting and the dentist or hygienist is 
getting out the instruments which will be used to scrape your teeth 
around the gums, how do you feel? 
 (a) Relaxed 
 (b) A little uneasy 
 (c) Tense 
 (d) Anxious 
 (e) So anxious that I sometimes break out in a sweat or almost feel 

physically ill 
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  Fig. 20.6    Modifi ed Child Dental Anxiety Scale (MCDAS)       

  Fig. 20.7    Facial Image Scale       
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         Off the Beaten Track—Ideas for the Future 
Sedation of Adolescents 

    Propofol 

 Propofol is a sedative hypnotic agent, used to induce and 
maintain general anesthesia but it can be used for conscious 
sedation when used in sub-anesthetic dosages. When propo-
fol is administered in the UK and European Union, it is 
 usually with a Target-Controlled Infusion (TCI) delivery 
 system (for further information, see Chap.   31    ). TCI applies a 
pharmacokinetic model to predict and deliver the initial 
bolus dose and infusion rates of propofol in order to achieve 
and maintain a targeted sedation level. The “target” is gener-
ally a steady-state serum concentration of the sedative at the 
level of the brain [ 213 – 215 ]. 

 Propofol (diprivan: 2,6 di-isopropophenol) is a lipid- 
based oil-in-water emulsion of egg lecithin, glycerol, and 
soybean oil. It is generally avoided when there is a history of 
allergy to these and is best avoided in epileptics as there is a 
theoretical epileptogenic effect (see Chap.   9    , for further 
information). 

 The therapeutic margin between general anesthesia and 
sedation is small; as little as 2–10 μg/mL [ 216 ]. Therefore, 
the sedationist is usually an anesthetist and, in the UK, usage 
is recommended to be confi ned to pediatric dentistry units 
located on hospital sites. Moreover, intravenous sedation is 
only recommended for “emotionally mature” adolescents 
irrespective of drug choice [ 180 ]. 

 A benefi t of propofol conscious sedation is that dental 
treatment can usually be performed very soon after the onset 
of the infusion [ 217 ,  218 ] and the predicted concentration 
can be easily adjusted as clinically required during the proce-
dure. Recovery is also very quick with full wakefulness 
occurring within minutes of discontinuation. 

 Pediatric dentists commonly undertake “quadrant den-
tistry,” this means they give a local anesthetic injection in 
one area of the mouth (quadrant) then treat all the teeth in the 
anesthetized fi eld, whatever treatment each tooth might need. 
Restorations (fi llings) usually need to be placed in a dry 
fi eld, this means that extractions are best performed at the 
end of the treatment visit; but this timing is at odds with the 
properties of other sedative agents that start to “wear off” toward 
the end of the visit. Thus more sedative is needed toward the 
end of the visit to facilitate extractions but this can then lead 
to a lengthier time in recovery. As such, propofol conscious 
sedation is ideal for those dental phobic, high caries risk ado-
lescents who need multiple restorations as well as extraction 
of permanent teeth. The reader is reminded that, in the UK, 
pediatric dentists perform all restorations, root canal thera-
pies and minor oral surgery procedures, including permanent 
tooth extraction, sometime beyond 16 years of age. So, it is 
not inconceivable for a dentally phobic British adolescent to 

have each of these treatments  performed at the same seda-
tive visit, but treatment is in a hospital setting with an anes-
thetist present. 

 Hosey et al. reported a mean infusion rate (maintenance 
rate) of 2.5 mg/kg/h (range 0.2–5.4 mg/kg) in their report of 
propofol IV sedation in dentally anxious adolescents in a 
hospital-based pediatric dental unit [ 219 ]. The children were 
awake and responsive throughout and neither mouth props 
nor laryngeal or pharyngeal airways were used. The patients 
also remembered aspects of the treatment and this lack of 
amnesia might even benefi t them by facilitating coping skills 
for future visits [ 219 ]. 

 Interestingly, in a case-controlled study of dentally anx-
ious children comparing 36 undergoing inhalation sedation 
(mean age 11 years, range 6–16 years) with 40 undergoing 
propofol intravenous sedation (mean age 14 years, range 
10–16 years), both sedative methods were found to be simi-
larly effi cacious at anxiety reduction. The propofol TCI was 
administered via an Alaris 2700 pump using the adult 
“Marsh” model. Blood levels are used as a guide and titrated 
to clinical endpoints. The two cohorts were closely matched 
in respect to preoperative anxiety as measured by the 
MCDAS and CFSS-DS scales and there were signifi cant 
anxiety reductions afterwards within each cohort. Subjects 
undergoing propofol IVS were older than those undergoing 
IS, refl ecting the adherence to the UK BSPD guideline 
regarding the use of intravenous sedation for mature adoles-
cents only [ 219 ,  220 ]. 

 Minor side effects of propofol include: pain on injection; 
a raised libido, “itchy nose,” and increased “talkativeness.” 
The increased talkativeness is of benefi t since it assists the 
operator in ensuring that the sedation level has remained 
within the defi nition of “conscious”; it is for this reason that 
mouth props are discouraged. It is believed that it is the drug 
itself that causes the injection pain rather than other ingredi-
ents in the formulation. It has been suggested that lidocaine 
should be given intravenously with a rubber tourniquet 
before the propofol injection or mixed with the propofol 
sedative [ 134 ,  221 – 227 ]. 

 “Propofol infusion syndrome” is characterized by acido-
sis, bradyarrhythmia, and rhabdomyolysis. This complica-
tion is rare but frequently fatal and has been reported in some 
21 children and 14 adults sedated for more than 48 h. There 
are cases of metabolic acidosis, hyperlipidemia, and hepato-
megaly in children in intensive care units sedated with pro-
pofol for prolonged time periods [ 228 ,  229 ] (for further 
information, see Chap.   9    ). 

 Propofol has no reversal agent. In cases of overdose, the 
patient has to be stabilized and ventilated until spontaneous 
respiration is regained. Some studies have reported 
 respiratory depression, hypotension, bradycardia, and 
hypoxia [ 135 ,  219 ,  230 ]. This is why conscious sedation 
with propofol is considered safe only when administered by 
an anesthetist and in a hospital setting [ 180 ].   
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    Pediatric Dental Sedation in South America 

 The use of sedation for dental procedures by pediatric den-
tists in South America is not common. Although children 
have signifi cant dental treatment needs, most of the need is 
related to dental caries, and the management of their behav-
ior has been primarily achieved via non-pharmacological 
techniques, including physical restraint. 

 Recent surveys of South American populations have shown 
encouraging outcomes regarding parental perception of phar-
macological techniques. For instance, in Colombia, parental 
acceptance of nitrous oxide sedation is 89.1, 35.9 % general 
anesthesia, 53.5 % physical restraint by individuals, and 38.7 % 
using physical restraint involving a device (e.g., papoose board) 
[ 231 ]. Also, Colombian parents believe that 92.0 % of children 
aged 4–12 years liked nitrous oxide sedation [ 232 ]. 

 Some South American countries have rules that guide the 
practice of sedation by dentists. In pediatric dentistry, a few 
reports about sedation suggest that dentists have been respon-
sible for administering inhalation sedation with nitrous 
oxide, while other forms of sedation have been used in dental 
offi ces in conjunction with anesthesiologists. 

 There is little information on the offer of sedation in pub-
lic services, but it is clear that private practices have sought 
to meet the demand of parents for more comfortable dental 
consultations involving children. 

 So, the aim of this section is to answer the following 
questions:
    1.    What are the ethical and legal aspects of performing den-

tal sedation in the pediatric dental offi ce?   

   2.    What sedation guidelines do pediatric dentists follow?   
   3.    What sedation regimens have being used and/or 

investigated?    

      What is the Regulatory Language Related to 
Performing Dental Sedation in the Pediatric 
Dental Offi ce? 

 In South America, physicians and dentists can prescribe and 
administer medicaments. There are regulations in some 
countries stating the conditions for a dentist to provide dental 
sedation (Table  20.8 ). Usually, dentists are not required to 
have formal training before providing oral sedation to dental 
patients according to the institutions that regulate the prac-
tice of dentistry in South American (i.e.,  Salon Dental Chile  
in Chile,  Círculo Argentino de Odontología  in Argentina, 
and  Conselho Federal de Odontologia  in Brazil).

   Even with the regulation of training to perform inhalation 
sedation with nitrous oxide, Brazilian dentists do not rou-
tinely use the technique. One reason for little use of sedation 
among Brazilian dentists is the controversy of sedation inter-
acting with dentistry and medicine [ 233 ]. In one study, 
Brazilian dentists certifi ed in nitrous oxide sedation were 
surveyed for their use of nitrous oxide. The majority of 
respondents were female (64.6 %). Of the 136 respondents, 
most of whom were located in the south and southeastern 
portion of Brazil, 77.0 % used this sedation method in clini-
cal practice; however, most reported using the method 
“sometimes” (53.5 %), and focused more on adult patients 
[ 234 ]. Some evidence suggests Brazilian dentists do not use 

   Table 20.8    Examples of regulations regarding the use of sedatives by South American dentists   

 Country  Legal document  Recommendations 

 Brazil  Federal Law 5081, on August 24, 1966  Article 6. It is up to the dentist: (..) VI—to employ analgesia and hypnosis 
when they constitute effective methods for dental treatment 

 College of Dental Surgeons, Resolution 
51, on April 30, 2004 

 Establishes standards for enabling the dentist in the application of relative 
analgesia or conscious sedation with nitrous oxide. Dentists should 
complete a 96-h course about the topic 

 Chile  Ministry of Health, Guidelines for the 
management of anxiety in dental care 2005 
(fi rst edition) and 2007 (second edition) 

 Regulates nitrous oxide inhalation sedation in dentistry 

 Colombia  Ministry of Health, Resolution 1441 of 
May 6, 2013 

 Dentists can do minimal (level I) and moderate (level II) sedation in the 
dental offi ce if s/he is not the same doing the dental procedure, is certifi ed 
in Basic Life Support (BLS, renewed every 2 years) and in sedation; nurses 
can help in monitoring the patient 
 Deep (level III) sedation requires more sophisticated training and 
apparatus, including advanced life support courses, SpO 2 , PANI, EKG and 
EtCO 2  sometimes 
 Level IV (general anesthesia) can be administered by anesthesiologists only 
 Dentists should have theoretical and clinical training to use nitrous oxide in 
the dental offi ce 

 Peru  Dental Ethics Code, December 2009  Dentists can prescribe medications containing narcotic substances, 
psychotropic drugs or other controlled substances. General anesthesia for 
dental treatment must be performed by an anesthesiologist 
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sedation in pediatric dentistry because little formal education 
and training on the subject occurs in dental schools [ 233 ]. 

 In Peru, the use of oral sedation for dental purposes is 
restricted, as there are not many dentists who use these pro-
cedures. Most are done in hospital centers that have the 
resources necessary to perform and overcome any complica-
tions that arise, but most of them have not published their 
results [ 235 ].   

     What Sedation Guidelines do Pediatric 
Dentists Follow in South America? 

 As there have been relatively few guidelines created in South 
America to focus on pediatric behavior management in the 
dental offi ce, pediatric dental sedation protocols are rou-
tinely based on recommendations from American and/or 
European institutions such as the AAPD, AAP, ASA, ADA, 
and NICE (for further information, see Chap.   2    ). 

 However, there are cultural differences affecting the 
application of these guidelines with regard to the indication 
of pharmacological methods for dental treatment. The para-
digm that prevails in South America, when it comes to the 
management of child behavior in the dental chair, is based on 
the idea that sedation or general anesthesia would be indi-
cated only if and when all other non- pharmacological tech-
niques fail [ 236 ]. In another survey it was reported that South 
America favors non- pharmacological techniques [ 237 ]. 

 The Brazilian Ministry of Health, Oral Health Department, 
recommends that children who do not cooperate with dental 
treatment in primary care services should be categorized as 
“special needs patients.” Under this designation they should 
be referred to specialized public centers where they receive 
dental treatment in an outpatient level or under general anes-
thesia in the hospital. However, very few specialized dental 
public services in Brazil offer nitrous oxide sedation and 
none of them provide other methods of sedation. 

 In Chile, the recommendations of the Ministry of Health 
in controlling anxiety during dental care, aimed at adults and 
children, should include non-pharmacological and pharma-
cological features. Under those guidelines, children who 
need dental treatment and cannot cooperate due to cognitive 
impairment, anxiety and fear, or require extensive treatment 
are indicated for sedation during dental visits. On an outpa-
tient basis, nitrous oxide and oxygen is recommended for 
children ASA 1 or 2. For other cases, sedation is indicated in 
specialized environments of critical care [ 238 ]. 

 In Colombia, a multi-institutional work group 1  coordinated 
by the Colombian Society of Anesthesiology and Reanimation 

1   Sociedad Colombiana de Anestesiología y Reanimación (SCARE), 
Sociedade Colombiana de Pediatría, Asociación Colombiana de 
Gastroenterología, Asociación Colombiana de Endoscopia Digestiva, 
Secretaría Distrital de Salud, Colegio Colombiano de Odontólogos, 
Academia Colombiana de Odontología Pediátrica. 

published two consensus statements related to pediatric seda-
tion and analgesia by dentists and non- anesthesiologist physi-
cians: one focused on children up to 12 years of age and the 
other on children older than 12 years. 

 Accordingly, children under 12 years old can have anx-
iolysis or minimal sedation outside the operating room if they 
need elective procedures as long as they are painless or cause 
minimal pain. Also, the children should be older than 2 years 
of age, ASA 1 or 2, have parental consent for the procedure, 
no history of the upper airway infection in the last week, are 
seen by the same sedationist professional in a pre-anesthetic 
consultation, and have proper fasting time. In this case, com-
petent dentists would be able to administer nitrous oxide 
sedation in enabled certifi ed dental offi ce. They also recom-
mended the use of only one sedative by oral route [ 239 ]. 

 For children older than 12 years, sedation should always 
be performed by a trained physician, dentist, or a certifi ed 
registered nurse or nurse assistant, provided that another per-
son different from the sedationist perform the dental proce-
dure. For minimal or moderate sedation, the recommended 
medications are midazolam, nitrous oxide, or propofol. They 
warned that “as propofol can produce general anesthesia, it 
can only be used by non- anesthesiologists when there is peri-
odical certifi cation of training and deep sedation and general 
anesthesia is avoided.” These guidelines also consider that 
certain types of patients (e.g., non-cooperative patients or the 
very young) should be sedated by anesthesiologists to mini-
mize the risk of preventable morbidity [ 240 ].   

     What Sedation Regimens are Being Used 
and/or Investigated in South America? 

 Reports of sedation regimens, albeit rare, have varied in the 
last 10 years (see Table  20.9  [ 101 ,  105 ,  235 ,  241 – 248 ]). 
Alternative medicines—substances such as  Melissa offi cina-
lis  (lemon balm) that have some sedative action have been 
used with apparent good results during less invasive dental 
procedures in children—are also being investigated [ 249 ].

   The Dental Sedation Center (in Portuguese: Núcleo de 
Estudos em Sedação Odontológica or NESO) at the Federal 
University of Goias, in Brazil, has an extension developed in 
1998 that aims to provide dental treatment under sedation or 
general anesthesia for children and adults. NESO is run by a 
multi-professional team, involving pediatric dentists, den-
tists from other specialties, pediatricians, anesthesiologists, 
psychologists, oral therapists, that follow most of the AAPD, 
AAP and ASA guidelines for outpatient sedation. Several 
protocols have been investigated in NESO, and in 2007 
members of the NESO team published the book (in 
Portuguese): “Sedation in dentistry: Demythologizing its 
practice” [ 244 ]. Today NESO recommends oral midazolam 
with or without ketamine for pediatric dental sedation, which 
are provided by the anesthesiologist. Nitrous oxide sedation 
is provided by certifi ed dentists. 
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 In summary, sedation for dental procedures involving 
children in South America occurs on a less frequent basis 
than that of North America and primarily in centers where 
certifi ed dentists and other medical personnel are available.    

     Closing Thoughts on Sedation in South 
America 

 In South America, pediatric dental sedation is moving at a 
slow pace. In general, although dentists are authorized to 
practice inhalation sedation with nitrous oxide/oxygen, they 
rarely apply that technique because their skills and comfort 
level are limited: Their training and formal education are 

focused on the use of non-pharmacological methods and not 
pharmacological delivery. Sedation with parenteral agents 
and inhalational anesthetics (not including nitrous oxide) is 
even more rarely practiced in pediatric dental care and lim-
ited to delivery by an anesthesiologist. Because of the lim-
ited skills, training and sedative availability offered to the 
pediatric dentists, many younger children would benefi t 
from a general anesthetic for extensive, painful procedures. 
As South America moves into twenty-fi rst century, both the 
dentists and the patients are seeking and demanding that the 
sedation care progress in parallel with the developed nations. 
In the future it is hoped that the South American dentist will 
be better prepared to offer, when appropriate, the use of phar-
macological agents to improve sedation care of the child.   

   Table 20.9    Publications about pediatric dental sedation regimens investigated in South American institutions, 2003–2013   

 Citation  Institution  Sedative regimen 

 [ 105 ]  Dental Sedation Center (“Núcleo de Estudos 
em Sedação Odontológica,” NESO), Federal 
University of Goias, Goiania, Brazil 

 Oral midazolam 1.0 mg/kg: 77.0 % effective 
 Oral midazolam 0.75 mg/kg associated with hydroxyzine 2.0 mg/kg: 
30.8 % effective 

 [ 241 ]  Dental School, Peruvian University 
Cayetano Heredia, Lima, Peru 

 Oral midazolam (0.5 mg/kg) as effective as intranasal midazolam 
(0.2 mg/kg) administered with syringe without atomizer 

 [ 242 ]  NESO   Dental Sedation Center, Federal 
University of Goias, Goiania, Brazil 

 81.0 % of moderate sedation appointments needed physical restraint 
(active or passive) for dental treatment completion. Sedatives were oral 
midazolam or chloral hydrate associated or not with hydroxyzine 

 [ 243 ]  Dental School, Federal University of Santa 
Catarina, Florianopolis, Brazil 

 Oral midazolam in three distinct doses (0.2–0.25; 0.3–0.35 and 0.4 mg/
kg) better than placebo 

 [ 244 ]  NESO Dental Sedation Center, Federal 
University of Goias, Goiania, Brazil 

 Oral chloral hydrate (75 mg/kg): 62.5 % effectiveness 
 Oral chloral hydrate 50 mg/kg plus hydroxyzine 2.0 mg/kg: 61.5 % 
effectiveness 

 [ 101 ]  Dental School, University of Campinas, São 
Paulo, Brazil 

 Oral diazepam 5 mg better or oral chloral hydrate 40 mg/kg were 
ineffective 

 [ 235 ]  Pediatric Dentistry Department, Naval 
Medical Center, Lima, Peru 

 Oral midazolam (0.75 mg/kg): effectiveness 58.3 % very good to 
excellent, 33.3 % good to regular and 8.3 % poor 
 Oral midazolam (0.75 mg/kg) associated with hydroxyzine (1.0 mg/kg): 
91.7 % very good to excellent, 8.3 % good to regular 

 [ 245 ]  NESO Dental Sedation Center, Federal 
University of Goias, Goiania, Brazil 

 Case report: Oral chloral hydrate (100 mg/kg) caused extreme 
excitement and struggling in a young child 

 [ 246 ]  Dental Clinic, University of Valparaiso, 
Chile 

 Nitrous oxide (average 30 %)/oxygen: effective in 62.0 % of 129 visits, 
8.8 % crying, 12 % restlessness; no adverse reactions 

 [ 247 ]  NESO Dental Sedation Center, Federal 
University of Goias, Goiania, Brazil 

 Oral midazolam (1.0–1.5 mg/kg) or chloral hydrate (70.0–100.0 mg/kg) 
 The most common intraoperative and post-discharge adverse events 
were hallucination (3.9 %) and excessive sleep (41.9 %), respectively 
 The chance of the occurrence of an adverse event following oral 
pediatric sedation was lesser among the children who received 
midazolam than those who received chloral hydrate (OR: 0.09; 95 % 
CI: 0.01–0.88) 

 [ 248 ]  NESO Dental Sedation Center, Federal 
University of Goias, Goiania, Brazil 

 Oral midazolam (0.5 mg/kg) and ketamine (3 mg/kg): more cooperative 
behavior and longer sessions 
 Oral midazolam (1.0 mg/kg) 
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body was loosely wrapped in a sheet stabilized with 
tape; his mother sat with the child’s legs over hers. A 
pulse oximeter probe was adapted on the child’s toe. 
The child was quiet when positioned in the dental chair 
and remained that way during the use of topical anes-
thetic (Fig.  20.8 ).

   The treatment planned was a composite restoration 
for the lower left primary fi rst molar. When the pedi-
atric dentist inserted the mouth prop and started 
injecting the local anesthetic for the inferior alveolar 
block (2 % lidocaine with 1:100,000 epinephrine, one 
carpule), the child started crying and moving, and 
struggled until the end of the dental treatment. Beside 
the protective stabilization with a sheet, the mother 
had to hold the child’s legs to avoid movement, and 
the dental assistant had to hold the child’s head to 
avoid injury during the performance of dental proce-
dures. Non- pharmacological techniques were also 
used (e.g., distraction). The dentist used high and low 
speed hand pieces, rubber dam isolation and restored 
the tooth as planned, but with a child struggling. The 
child’s vital signs (heart rate and oxygen saturation) 
did not change beyond accepted limits (Fig.  20.9 ).

   During the dental treatment, as the child was unco-
operative, the mother was asked if she preferred to 
have the session aborted or the restoration completion, 
and she chose the second option. The dental session 
was fi nished after 32 min. The child was taken to a 
recovery room, where he was monitored with pulse 
oximeter by a trained observer. The child slept for 
40 min while in the recovery; discharge criteria were 
met after 55 min with no adverse events reported. 

    Conclusion 

    The Future 

 The authors of this chapter fi rmly believe that pediatric den-
tal sedation is a tool that can only be successfully used in the 
hands of a dentist. It is only in this way that the operative 
treatment planning, behavioral management expertise, pain- 
free procedure, and sedation can be encapsulated. Pain-free 
and stress-free dental care is the right of every child. The 
diversity of views and techniques refl ect not only the paucity 
of evidence but also cultural diversity and expectation. This 
diversity in techniques, sedatives, and facilities will benefi t 
the child population that is served and will fuel thought, 
exchange of ideas, and future study.         Fig. 20.8    Child during the beginning of the dental treatment. 

He is quiet, wrapped in a sheet stabilized with tape. His mother 
sits together in the dental chair. Pediatric dentist is using the 
topical anesthetic, a dental assistant is helping, and a trained 
observer is monitoring       

   Case Studies 

    Case 1 (from South America) 

 Child is a healthy boy (ASA 1), aged 3 years old and 7 
months, 15.7 kg weight, 98 cm height, Mallampati II, 
showing the following vital signs in the medical assess-
ment: 120 beats per minute (heart rate), 99 % (oxygen 
saturation), 20 breaths per minute (respiratory rate), 
and 80 × 50 (blood pressure). He was referred to NESO 
to have a dental treatment done under sedation, because 
he did not cooperate with two attempts of conventional 
treatment without a sedative. During the dental exam, 
he remained calm, no restraint was needed, and asymp-
tomatic carious lesions were detected in the four upper 
incisors and the two lower fi rst primary molars. The 
pediatric dentist, pediatrician and anesthesiologist con-
sidered giving him an oral sedation with midazolam. 
His mother was informed about the whole sedation pro-
cedure and consented. Next, the mother was instructed 
about the NPO requirements and asked to bring a sheet 
from home for wrapping this child during dental treat-
ment. The sedation session was scheduled for the next 
week. During the sedation session, the child’s health 
status was reassessed to confi rm no respiratory infec-
tions and he received oral midazolam (1.0 mg/kg). In 
Brazil, midazolam is available in oral syrup containing 
2 mg of midazolam per mL; so the child received 
7.5 mL using a needleless syringe. The child and 
mother stayed in a quiet room continuously observed 
by a trained professional for 20 min. Then, the child 
was taken to the dental offi ce together with his mother. 
In the dental chair, the child was placed supine and his 

(continued)
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    Case 2 (from South America) 

 The child is a healthy girl with controlled asthma 
(ASA 2), aged 8.5 years old, 24.1 kg weight, 117 cm 
height, Mallampati II, showing the following vital 
signs in the medical assessment: 105 beats per minute 
(heart rate), 100 % (oxygen saturation), 18 breaths per 
minute (respiratory rate), and 80 × 50 (blood pressure). 
She was referred to NESO to have an oral biopsy under 
sedation, because she and her parents were very anx-
ious about the procedure. The pediatric dentist sug-
gested nitrous oxide/oxygen as the elective sedation 
method, as the child was pre-cooperative. The child 
and parent agreed. In that fi rst consultation, the pediat-
ric dentist performed a briefi ng session so the child 
would be familiarized with that kind of sedation; this 
potentially would diminish her anxiety toward the 
sedation method. The child felt good with 30 % of 
nitrous oxide in the mixture, and a pediatric size small 
mask was selected. The surgical procedure was sched-
uled for another week. The child was instructed to 
have a light breakfast in the morning before the seda-
tion. At the day of the sedation, the child and her father 
entered the dental clinic. The child sat down in the 
dental chair without any restraint and the father also 
sat with the child’s legs over his. Initially, the child 
received 100 % oxygen for 3 min (Fig.  20.11 ), while 
the dentist properly adapted the nitrous oxide nasal 
hood on her nose and the pulse oximeter probe on her 
toe (Fig.  20.12 ).

    Then the level of nitrous oxide was set to 50 % so 
that the child could receive local anesthesia infi ltration 
in the sublingual area with no pain, using 2 % lido-
caine with 100,000 epinephrine without previous topi-

The sedation team (pediatric dentist, pediatrician, and 
anesthesiologist) asked the mother if she would like 
her son to have another sedation session with a differ-
ent medication— ketamine would be added to reduce 
the chance of pain during the anesthesia. Other options 
would be: no sedation, midazolam sedation, or general 
anesthesia. Mother chose the ketamine/midazolam 
regimen for the next session. The next day, a member 
of the NESO team called the mother to ask about any 
postoperative adverse events at home, and mother 
answered that her child was fi ne, slept a lot after arriv-
ing home, but did not remember the dental treatment. 

 The second sedation session occurred 1 week later. 
A composite restoration for the other fi rst primary 
molar was planned. The child entered quietly into the 
dental clinic holding his mother’s hand. Medical and 
dental procedures were the same as before, during and 
after the dental treatment. After the routine preopera-
tive assessment, the child orally received the mixture 
of oral midazolam (0.5 mg/kg) and ketamine (3 mg/
kg) via a needleless syringe (Fig.  20.10 ).

   Ketamine intravenous solution was mixed with the 
oral syrup of midazolam, which the child accepted 
well. After 20 min, the child was placed in the dental 
chair the same way as the other session. He was quiet 
and drowsy, a little bit dissociated from the context, 
but vital signs were normal. Dental procedures were 
the same as in the previous appointment, and the child 
did not complain. The tooth was restored and the whole 
dental procedure lasted 28 min. The child slept for 
33 min in the recovery area; discharge criteria were 
met after 40 min with no adverse events reported, 
except episodes of hallucinations. The mother did not 
report adverse reactions at home in the next 24 h after 
the sedation session.  

  Fig. 20.10    Ketamine ampoule ( left ) and midazolam oral syrup 
( right )       

  Fig. 20.9    Pulse oximeter showing normal heart rate and oxygen 
saturation       

(continued)
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 When the child fi rst saw the dentist, he demon-
strated shy, withdrawn behaviors and sought comfort 
from his mother. Oral examination was diffi cult as the 
child was uncooperative, crying, and required the 
mother of the child to stabilize and hold the arms and 
legs in a knee-to-knee examination position with the 
dentist (Fig.  20.13 ).

   Dental radiographs were not possible to attain due to 
behavior. A discussion of the child’s oral condition and 
the scope of treatment modalities occurred with the 
mother. The mother does not have dental insurance that 
will cover sedation or GA and has to pay out of pocket 
should she elect to consent to sedation or GA. GA costs 
are too expensive for the family and she elects to pay for 
sedation using a payment plan. The child is scheduled 
for two sedation appointments; however, the mother is 
advised that depending on the child’s response to the 
drugs selected, including local anesthesia, the number 
of appointments may be altered. The parent consents. 

cal anesthetic. After anesthetic infi ltration, nitrous 
oxide was set to 30 % and the lesion was removed. The 
wound was sutured and the child had 100 % oxygen at 
the end of the session, for 5 min, to wash out the nitrous 
oxide. Vital signs were stable during the procedure. 
The child stayed calm throughout the procedure. As 
she was feeling well as soon as the dental session was 
over, she did not need a recovery room and was imme-
diately dismissed.  

    Case 3 

 Patient is a healthy (ASA I) 3-year-old boy with no 
known allergies and parent seeks care for the child 
because of cavities noticed on the front teeth (chief 
complaint). The cavities recently have been causing 
odontogenic pain during eating and occasionally 
wake the patient at night. Examination reveals 20 pri-
mary teeth, normal anatomy, and no soft tissue 
pathology. Of the 20 primary teeth, 13 involve frank 
carious lesions (four maxillary incisors, two maxil-
lary canines, and seven molars). It is questionable as 
to whether the incisors can be saved. This presenta-
tion is referred to as early childhood caries, which is 
currently defi ned by the AAPD as “the presence of 
one or more decayed (non-cavitated or cavitated 
lesions), missing (due to caries), or tooth-fi lled sur-
faces in any primary tooth in a child 71 months of age 
or younger” [ 250 ]. The tonsils at the time occupied 
approximately 30 % of the airway and the parent 
denied the child snored. The head and neck were 
symmetrical in shape and the jaws and occlusion 
were normal in development for a child of his age. 
The child weighed 16 kg. 

  Fig. 20.12    Child is monitored with a portable pulse oximeter, 
which is placed on the toe       

  Fig. 20.11    After positioned with her father in the dental chair, 
child receives 100 % oxygen until nitrous oxide nasal hood is 
properly adapted to her nose       

  Fig. 20.13    Photo showing knee-to-knee position often used in 
pediatric dentistry       
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 On the day of sedation, another oral examination 
including airway assessment is completed. The child 
has been NPO for 9 h. The dentist decides, based on 
the number and type of procedures to be completed, to 
use a combination of sedatives that have been shown 
in the literature to be effective. CH (20 mg/kg), meper-
idine (2 mg/kg), and hydroxyzine (1 mg/kg) will be 
administered orally with a latency period of 45 min. 
Should the child spit out the medication or vomit 
before any dentistry is done, no further administration 
of sedative agents occurs. This combination of agents 
and doses is based on the expected amount of dentistry 
to be completed and the child’s temperament and per-
sonality (i.e., clinically shy, uncooperative, and diffi -
cult). Latency period refers to the time from 
administration of the oral agents to when the child is 
taken to the dental operatory to begin delivery of care. 
Local anesthesia is limited to 64 mg (4 mg/kg), which 
is slightly less than two carpules. A carpule is the unit 
of local anesthesia that fi ts into a standard dental 
syringe, which is typically 1.7 mL of 2 % lidocaine 
with 1:100,000 epinephrine. This amount of local 
anesthetic can be distributed over two quadrants and 
includes an inferior alveolar block and buccal infi ltra-
tion involving approximately half of the care needed to 
be fi nished. 

 At the end of a latency period of 45 min, the child is 
placed supine in the dental chair. The child is awake, but 
drowsy and slightly less apprehensive of the doctor. An 
oxisensor of a pulse oximeter is attached to the second 
toe, a blood pressure cuff to the upper left extremity, a 
pretrachial stethoscope is placed over the upper airway 
above the manubrum, and plastic tubing from a capnog-
raphy is readied should the child go into deeper levels 
of sedation. Nitrous oxide is initially administered using 
a nasal hood with the initial setting of 50 % concentra-
tion; however, the child begins to fuss, struggle, and cry. 
The concentration of nitrous is raised to 70 % (the max-
imum concentration attainable by a dental nitrous deliv-
ery system) and the hood held slightly above and over 
the nose and mouth of the patient. Within 5 min of dis-
tracting the child and administering the nitrous oxide, 
the child settles down and demonstrates slight ptosis of 
the eyelids. The nitrous concentration is immediately 
lowered to 50 % and the hood placed lightly over the 
nose. This process of using the nitrous to calm the child 
is called “settling.” (If settling does not work within 
10 min of nitrous administration, two options are avail-
able and presented to the parent for consent. One option 
is that the nitrous is no longer used—i.e., the hood is 
aggravating the child and interferes with the process—

and a simple and relatively fast procedure, if available, 
is completed using local anesthesia and a papoose 
board; e.g., extraction of a tooth that has been causing 
odontogenic pain and brought the patient to the offi ce. 
The second option is to reschedule the patient for 
another appointment during which a slightly different 
drug regimen is used or altering the dose of the current 
regimen. The child is kept in the dental clinic until they 
have recovered enough to meet discharge criteria.) The 
child is now comfortable and cooperative. 

 A small dollop of topical anesthetic (20 % benzo-
caine) is applied to the soft tissues where the injection 
will occur. The local anesthetic is slowly administered 
using an aspirating dental syringe and this elicits cry-
ing and new struggling on the part of the child. Once 
again, the “settling” procedure is done after the anes-
thetic has been administered. The child settles. A rub-
ber dam is applied to prevent aerosol spray, tooth 
debris, and water from the dental hand piece from 
going into the child’s airway. High speed suction to 
remove the debris and water is also done by the dental 
assistant. The child is reactive and has low intensity 
crying, minor movements, and no tears. Toward the 
end of the procedure the child becomes quiet and the 
eyes close. Besides the auscultation of the airway 
sounds, the plastic tubing from the capnography is 
taped under nostril orifi ce of the child and the side-
stream end-tital CO 2  excursions monitored by the den-
tist and assistant. The dentist asks the child if they are 
“doing OK” and the child responds with a slight nod-
ding of the head to which the dentist replies that we are 
“almost done.” The work is completed. Seven teeth are 
restored with the restorations involving stainless steel 
crowns and white composite restorations. The child is 
stimulated by the dentist lightly tapping the child on 
the shoulders and declaring that “we are all fi nished.” 
The child is slowly raised to a sitting position and 
reunited with the parent. The parent is informed of the 
procedures that were completed, how much remains, 
and the patient’s responsiveness during the procedure. 
It turns out that this child exhibited “quiet” behaviors 
(no crying, but either eyes open or eyes temporarily 
closed) approximately 70 % of the time with the 
remainder of the operative time involving crying and 
mild struggling behaviors. This is “typical” of this par-
ticular regimen and younger children. The child is kept 
until discharge criteria is met (usually this occurs 
within 30 min after the dental procedure is completed). 
Another sedation appointment is booked and the plans 
are to use the same drugs and dosages as this 
appointment.  
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    Case 4 

 Patient is healthy (ASA I) and 2.5 years of age with no 
known allergies. The parent seeks care for the child 
because of cavities noticed on the front teeth by the 
parent and the child is complaining of sensitivity to 
cold (chief complaint). Examination reveals 20 pri-
mary teeth, normal anatomy, and no soft tissue pathol-
ogy. Of the 20 primary teeth, the four maxillary 
incisors are grossly carious and a draining fi stula is 
noted above the right central maxillary incisor. The 
indicated treatment is extraction of these four incisors 
due to non- restorability and periapical abscess. The 
tonsils are approximately 60 % of the airway and the 
parent indicated the child snored occasionally during 
sleep. The head and neck were symmetrical in shape 
and the jaws and occlusion were normal in develop-
ment for a child of this age. The child weighed 14 kg. 
Vital signs are within normal limits. The patient has 
been NPO since 10 PM the previous evening. 

 The patient had an approachable temperament and 
interacted with the dentist but was age-specifi c hesitant 
and exhibited facial expressions suggestive of mild 
apprehension and anxiety for his age. He is classifi ed 
temperamentally as “slow to warm up” and typical of a 
patient of his age. It was possible to obtain a maxillary 
dental radiograph confi rming the abscess as well as 
caries encroaching on the pulp chamber of the remain-
ing incisors. The sedation plan is to use midazolam 
(0.75 mg/kg) administered orally. 

 The midazolam is drawn up, fl avored with 
FlavoRx ® , and administered by cup. Due to the rapid 
onset and short duration of working time, it is planned 
to begin the procedure at 10 min after administration. 
The child is brought to the dental chair 10 min after 
drug administration and is placed on 50 % nitrous 
oxide using a nasal hood. The patient is loosely 
wrapped in a papoose board (with parental consent 
gained previously along with that for the sedation). 
The patient is somewhat uncooperative initially but 
fi nally accepts the mask after the dentist explained 
that it is a “pilot’s mask.” A pulse oximeter and blood 
pressure cuff are applied with a precordial handy on 
the assistant tray. 

 A small dollop of topical anesthetic (20 % benzo-
caine) in the form of a gel is swabbed over the mucosa 
in the maxillary vestibule overlying the four incisors, 
which had been thoroughly dried with a 2 × 2 gauze. 
The gel is left in place for 2 min as is the nitrous oxide. 
Stories are told to distract the patient. The patient is 
interactive and makes appropriate comments or ques-
tions in response to the stories. Next, a carpule (1.7 mL 

of 2 % lidocaine with epinephrine 1:100,000) is slowly 
administered by way of a dental syringe. This causes 
some minor movement with vocalization, especially 
when the palatal tissues are anesthetized. The child is 
consoled and distracted. A period of 10 min passes. 
The heart rate and oxygen saturation are monitored 
and recorded. The child’s behavior is generally one of 
quietness but cries intermittently; nonetheless, distrac-
tion techniques are effective. 

 The four maxillary incisors are extracted using a 
curette and forceps without incident. The heart rate 
rose slightly, the child was interactive and struggled 
mildly, but expressed little discomfort indicating that 
the local anesthetic was  effective. Pressure and gel-
foam were used to obtain hemostasis. The child is los-
ing tolerance for the procedure and is becoming more 
vocal with his crying and movement and expressing a 
desire to see his mother. 

 The mother is reunited with the child and postopera-
tive instructions are given. The child initially begins to 
settle down. The parent and patient are kept in the den-
tal room but now the child is becoming agitated, non-
consolable, and crying intensely. The child rips the 
oxisensor off the toe. The child, although relaxed, tries 
to escape from the parent’s grasp. The child is now 
exhibiting the “angry child syndrome” that is often 
seen (20 % of the time) during dental procedures in 
which midazolam is used as the primary sedative agent. 
The parent had been forewarned of the possibility. A 
decision of whether to reverse the emotional condition 
with fl umazenil is considered, but its shorter duration 
of action compared to the midazolam is a potential 
problem as explained to the parent. The patient is kept 
another 30 min and can now ambulate with assistance 
but continues to be disruptive and angry. After 15 more 
minutes, the child is discharged into the care of the two 
parents as they are becoming tired of the dental setting 
and feel they can better manage the child’s behavior at 
home. The family is called 2 h later and the child has 
now settled down, is consuming clear liquids and soup.  

    Case 5 

 A 10-year-old female is referred to the offi ce by a gen-
eral practitioner who was unable to talk the child into 
receiving local anesthesia due to extreme apprehension 
and needle phobia for the extraction of a carious, non-
restorable fi rst permanent molar and three other resto-
rations. The patient is fearful and guarded but is 
complaining that the pain from the molar increases and 
ibuprofen is not helping anymore. 
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 A clinical examination is done with a great deal of 
 tell-show- do, distraction, and coaxing necessary. The 
dentist and assistant attempted to behaviorally walk 
the child through intra-dental radiographs, but failed. 
Extra-oral radiographs are obtained with diffi culty and 
confi rm the molar is non- restorable. Vital signs and an 
airway examination are completed. They are within 
normal limits. The patient has not eaten since 7 PM the 
previous night. She weighs 37 kg. 

 The dentist decides to use diazepam (7 mg) and 
meperidine (2 mg/kg, but limits the dose to 50 mg). 
The patient reluctantly drinks the fl avored medications 
in a vehicle of ibuprofen (100 mg) elixir. The patient 
becomes more relaxed 30 min after drug administra-
tion but still guarded. At 45 min after drug administra-
tion, the patient is introduced to the nitrous oxide hood 
but refuses to accept it and becomes more anxious with 
inconsolable crying. Attempts are made to calm the 
patient with some success. Topical anesthesia adminis-
tration (20 % benzocaine) is done but the patient limits 
mouth opening despite encouragement. A mouth prop 
is inserted and this agitates the patient. Although the 
usual distraction and “out of sight” passing of the 
syringe is done, the patient’s eyes follows the hand 
exchanges between dental assistant and dentist. The 
patient begins to scream and makes concerted efforts 
to escape from the chair despite being uncoordinated. 
The syringe is replaced on the dental tray and efforts 
are made to calm the patient again. The sequence of 
events is repeated but is not successful in overcoming 
the patient’s will and lack of cooperation. The child is 
inconsolable and wants to go home. It is decided to 
cancel the session and perform the dentistry under gen-
eral anesthesia (GA) in an outpatient care setting. The 
patient is duly monitored with a pulse oximeter until 
discharge criteria are met almost 1.5 h after the drug 
administration. 

 The parent’s insurance does not cover sedation or 
GA for dental procedures. The parent wishes to wait 
and research possible fi nancial resources. Two weeks 
pass and the patient returns to the offi ce in chronic, 
moderate to severe pain, moderate trismus, and some 
localized swelling, which is affecting daily home func-
tions. The patient is referred to an oral surgeon who 
reluctantly accepts a payment plan with the parents, 
uses intramuscular ketamine injection to achieve deep 
sedation, uses appropriate monitors, and starts an IV 
prior to removing the offending molar. The patient 
never returns to the offi ce for follow-up on the three 
remaining carious lesions.  

    Case 6 

 A 5-year-old female was seen in the dental offi ce with 
a chief complaint of a “dark spot” on her back molar. A 
review of the medical history indicates that the patient 
is healthy, was a full-term baby, has no allergies to 
medications or environmental factors, and has been 
developing normally. During the dental examination 
the patient was noted to be interactive but was nervous 
and talked incessantly in an effort to delay oral exami-
nation procedures. When it was time for a dental pro-
phylaxis (cleaning up the teeth), the patient responded 
by occasionally raising her hands toward the dentist’s 
arms but responded to “please place your hands on 
your belly button.” The patient had 20 primary teeth. 
Three molars had incipient decay and a normally 
developing occlusal plane. The mother of the child 
indicated that she does very well during a physicians 
well patient visit but she does tend to be “a nervous 
kid.” After discussing with the parent various options 
of approach in terms of behavior management for this 
child, it was decided with the parents’ consent, to 
schedule a restorative dental visit and use a combina-
tion of nitrous oxide and liquid hydroxyzine sedation. 

 The mother and patient arrived at the offi ce on time 
for the sedation appointment. A visit with the parent 
indicated that there had been no changes in the health 
history of the child and she has been healthy since the 
last visit. No new allergies have developed. A dental 
examination to confi rm some curious lesions was done 
along with an oral airway assessment. The tonsils were 
noted to occupy approximately 30 % of the width of 
the posterior pharyngeal opening. The patient was 
again noted to be slightly nervous during the examina-
tion. The patient had been NPO for 10 h. The patient 
weighed 18 kg. The parent consented to oral sedation 
as a means of managing the patient’s behavior. 

 An elixir containing 36 mg of hydroxyzine in a fl a-
voring solution was prepared. The solution was brought 
to the operatory and the patient was asked to drink the 
solution. She complied and readily consumed the fl uid. 
She was given some crayons and a coloring book. A 
latency period of 30 min occurred before the dentist 
returned to begin the procedure. During the latency 
period the patient was continually clinically monitored 
by the dental assistant. The child who was sitting in the 
dental chair was exhibiting more relaxation than when 
she had entered into the dental setting. She was told 
that the chair was going to recline and that she would 
receive some “happy gas” through a “pilot’s mask.” 
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child had chicken pox at age 3 years and this has led to 
defects in the enamel formation and mineralization. 
The teeth are vulnerable to tooth decay, wear, and acid 
erosion. Typically, the child is more dentally anxious, 
probably because their general dentist has attempted to 
seal over the enamel defects, but these teeth are exqui-
sitely sensitive so that the least puff of air is painful. 
Therefore, the general dentist referred this boy due to 
caries and dental anxiety. 

 During the fi rst examination, the child was happy to 
jump into the dental chair and to comply with the 
examination. He was chatty but clearly worried that 
the three-in-one “puffer” was going to be used. He 
asked for reassurance that “nothing will be done 
today—will it?” Clinical and radiographic examina-
tion confi rmed that there was erosion of his retained 
primary incisors; caries in the lower right fi rst perma-
nent molar and both lower second primary molars; and 
radiographically, the lower left second primary molar 
had a radiolucency in the furcation extending down 
part of the root indicating it was non-vital (Fig.  20.14 ).

   The various treatment options of (1) local anesthesia 
combined with behavior management; (2) augmenting 
these with inhalation sedation, and (3) general anesthesia 
were discussed with the parent and child. All agreed that 
use of inhalation sedation was the best option and written 
informed consent was obtained. The family was given an 
information sheet that repeated the verbal advice they 
had been given about the procedure, the sedation, and 
need for an escort. They were advised that there was no 
need to fast, but that a light meal only should be con-
sumed in advice of the sedation appointment. 

 Three 1-h appointments were booked: (1) introduc-
tion to the inhalation technique and to apply fi ssure 
sealant to the three non-carious but sensitive fi rst per-
manent molars; (2) restoration of the lower right fi rst 
permanent molar and the second primary molar under 

  Fig. 20.14    Radiographically, the lower left second primary 
molar shows a radiolucency in the furcation extending down part 
of the root indicating it was non-vital       

Once reclined the nitrous hood was placed over her 
nose, which she received without incident. The nitrous 
oxide was titrated in steps over 2 min to a concentra-
tion of 40 % nitrous oxide with 60 % oxygen. The 
patient was relaxed, appropriately communicative, and 
exhibited appropriate signs of nitrous oxide analgesia 
(e.g., open, warm palms, slight smile, and distant 
stare). An oxisensor probe was placed on the child’s 
middle fi nger to monitor oxygen saturation and heart 
rate. 

 The patient was asked to open her mouth and was 
told that the dentist was placing a tooth chair (mouth 
prop) in her mouth to help keep her mouth open. Topical 
anesthesia was applied to the mucosa adjacent to the 
teeth to be restored. Local anesthesia consisting of 
1.8 mL of 2 % lidocaine with epinephrine 1:100,000 was 
administered by way of a syringe and needle. During the 
administration of the local anesthesia, the patient at one 
time localized a quiet “ooh” but was otherwise quiet and 
did not move. The patient was told that she did a very 
good job of helping during the little “pinch.” The dentist 
distracted the patient and carried on a two-way conver-
sation with the patient over the next 10 min while the 
local anesthetic was producing profound anesthesia. 
Next, a rubber dam was placed on the teeth to be restored 
and white composite restorations were completed with-
out incident. The heart rate remained at a normal and 
regular rhythm for the patient’s age and there were no 
incidences of oxygen desaturation. Following the proce-
dure the nitrous oxide was decreased to 0 % and the 
patient was given 100 % oxygen for the next 5 min. 
Then the hood was removed from the patient’s nose and 
the patient was returned to the upright position; the 
patient was asked to sit still for a few minutes. 
Postoperative instructions were given to the mother of 
the patient. Finally, the patient was asked to get out of 
the chair and walk a few paces down the hallway on her 
own. She was able to ambulate without incident. The 
patient was released into the care of the mother.  

    Case 7 

 A 9-year-old boy was diagnosed with caries, erosion, 
and molar incisor hypomineralization (MIH), moderate 
anxiety and delayed dental development. He is ASA 1. 
He had received no previous dental treatment. He was 
currently asymptomatic but mentioned that there had 
been a “gum boil” in the lower left quadrant. 

 The enamel in the fi rst permanent molars and inci-
sors forms from birth up to around 4 years of age. This 
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rubber dam and using local anesthesia: 2.2 mL of 2 % 
xylocaine with 1:80,000 adrenaline (epinephrine) as in 
inferior dental block; (3) extraction of the non-vital 
and previously abscessed lower left second primary 
molar: 2.2 mL of 2 % xylocaine with 1:80,000 adrena-
line (epinephrine) as an inferior dental block. 

 The retained primary incisors were monitored and 
seemed close to exfoliation; had the parent and child 
felt that he was too anxious to tolerate dental treatment 
under inhalation sedation, these teeth would have been 
removed at the time of the GA operation. 

 At each appointment only alert clinical monitoring 
was used. The nitrous oxide was titrated to effect; 
using 5 % increments every 3–5 min (Fig.  20.15 ).

   Only 30–35 % nitrous oxide was required. Hypnotic 
suggestion was used throughout. The parent was pres-
ent in the room and the dental nurse had undergone 
additional sedation training and qualifi cation. She 
remained in the surgery at all times. A dedicated dental 
system was used; in this case an MDM Quantifl ex 
head for gas delivery, installed on a hospital piped 
medical gas supply with active scavenging via a Porter-
Brown scavenging nasal hood. 

 For many children with MIH, the fi rst permanent 
molars are deemed to be of poor “lifelong” prognosis. 

Dependent on their orthodontic assessment, removal 
of these teeth, correctly timed to allow the second per-
manent molars to come into the space, is the treatment 
of choice. Therefore, some children between the ages 
of 8 and 10 years of age undergo removal of all four 
fi rst permanent molar teeth. These children are other-
wise similar to the case presented but in this circum-
stance, whilst the same treatment options are presented, 
general anesthesia is more forcefully recommended.  

    Case 8 

 A 14-year-old girl was referred by her general dentist 
due to her severe dental anxiety and high caries rate. 
She is ASA1, 60 kg, and accompanied by her mother. 

 She complained of recurrent pain and abscess in the 
lower right area and has had several courses of antibiot-
ics. She does not like the appearance of a carious and 
discolored upper central incisor. She reported that she 
is a needle phobic. She was keen to have a nice smile 
and requests “to be put to sleep.” 

 She is an irregular attender, presenting on an emer-
gency basis only. The referring dentist has written that 
he placed a temporary dressing of antibiotic/steroid 
paste in a lower right second permanent molar and that 
this had deep caries through to the pulp. 

 Clinical and radiographic examination confi rmed 
there is caries present in multiple permanent teeth; one 
or two of the molars need extraction and an upper inci-
sor needs root canal treatment. Throughout the examina-
tion she is jumpy and does not look the dentist in the eye. 

 The treatment options were discussed kindly and 
with care but delivered fi rmly and honestly, they 
included: (1) local anesthesia and behavior manage-
ment, (2) LA with inhalation sedation, and (3) LA with 
IV sedation. She is informed that general anesthetic is 
not an option—it is really only for medically compro-
mised or learning disability patients at this age. 
Furthermore, the procedures that she needs are too 
lengthy for one GA event and that root canal therapy 
may need more than one visit to complete. She was 
shown that she has a role in her care and that preven-
tion, excellent tooth brushing at the very least, needs to 
be in place to facilitate the operative treatment and pre-
vent repeat visits due to new disease. 

 Treatment was predicted to take four or fi ve appoint-
ments; at each visit a quadrant would be treated and so 
fi llings and possibly extractions would be performed. 
However, these sedation visits were scheduled to occur 
after prevention visits to the dental therapist. 

  Fig. 20.15    Titrated nitrous oxide inhalation sedation—the fi rst 
visit. (Acknowledgement to Mr. Sanjeev Sood)       
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    Abstract  

  With 53 countries and as many national histories, Europe can hardly be considered as a 
solid set of common elements. Despite the increasing political, fi nancial, economic, and 
administrative integration of a growing number of countries within the European Union 
(EU), European health-care systems remain highly diverse. In the last few years, European 
experts on pediatric sedation are increasingly exchanging insights and experiences, and a 
growing number of local and national initiatives intended to improve procedural sedation 
and analgesia (PSA) practice may be noticed. 

 This chapter avoids reiteration of what is commonly known in the United States and 
instead describes and contrasts what is different or new in Europe. In doing so, we have 
drawn upon our personal knowledge and experience in the Netherlands and United 
Kingdom, researched the European literature, and gathered some of our own data to describe 
what we believe to be the important and interesting European problems and perspectives 
with pediatric sedation.  
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           Introduction 

 With 53 countries and as many national histories, Europe can 
hardly be considered as a solid set of common elements. 
Despite the increasing political, fi nancial, economic, and 
administrative integration of a growing number of countries 
within the European Union (EU), European health-care sys-
tems remain highly diverse. Each country organizes its health 
care in a different way and medical practice and standards 
are mainly determined by national policies and infl uenced by 
regional, historical, and cultural backgrounds. Although 
many European medical academies and societies have been 
set up recently, their impact on practice is unknown. 

 Within Europe the economical wealth of countries in gen-
eral and health-care budgets differs substantially, leading to 
widely divergent resources and funding. An additional and 
relatively recent challenge within the European health-care 
settings is to sustain comprehensive public health systems 
while facing deindustrialization and, in some cases, eco-
nomic decline. This challenge is exacerbated by a global 
fi nancial crisis and demographic changes, including falling 
birth rates, increasing life expectancy, and migration. The 
pattern of diseases is changing and health and social services 
need to change to respond successfully [ 1 ]. 

 For the management of children having diagnostic and 
therapeutic procedures, there remains considerable variation 
in practice. Nevertheless, health-care providers in Europe 
have been infl uenced by recommendations from within 
Europe and the United States, and this has led, and will con-
tinue to lead, to a general improvement in the quality of ser-
vices available. In the last few years, European experts on 
pediatric sedation are increasingly exchanging insights and 
experiences, and a growing number of local and national ini-
tiatives intended to improve procedural sedation and analge-
sia (PSA) practice may be noticed. 

 This chapter avoids reiteration of what is commonly 
known in the United States and instead describes and con-
trasts what is different or new in Europe. In doing so, we have 
drawn upon our personal knowledge and experience in the 
Netherlands and United Kingdom, researched the European 
literature, and gathered some of our own data to describe 
what we believe to be the important and interesting European 
problems and perspectives with pediatric sedation.  

    General Problems and Challenges 

    Growing Demand for Optimal Procedural 
Sedation and Analgesia 

 The demand for PSA outside the operating room continues 
to increase. The absence of suffi cient anesthetic support or 
availability has fuelled a need for untrained “non- anesthetists” 

to organize their own PSA practice. Five services are prominent 
and each is discussed in detail hereafter. Until recently seda-
tionists had focused on patient comfort [ 2 – 4 ], but now more 
practitioners are learning the importance of professional 
competence and safety. 

 It is reasonable to state that, because of the characteristics 
of the procedures, each service requires a different sedation 
strategy and a set of techniques. Nevertheless, there are obvi-
ous similarities in terms of the facilities they need. In addi-
tion, a list of objectives that apply generally to a hospital may 
be useful to assess the standards of care. A basic but invalu-
able list of standards was created by the United Kingdom 
Children’s National Service Framework. 1  Six essential com-
ponents of a comprehensive high-quality service were 
identifi ed:
•    Early recognition and treatment of pain  
•   Procedural sedation/analgesia  
•   Rescue anesthesia  
•   Behavioral management (play therapy)  
•   Long-term venous access  
•   Symptom control    

 While there is debate around the pros and cons of sedation 
versus anesthesia, there is a growing consensus that safe and 
effective PSA is essential in modern medical care for chil-
dren; it has become in fact a  condition sine qua non  [ 5 ]. The 
most important remaining questions follow the problem of 
“what happens when anesthesiologists are not available?”
    1.    What drugs are safe enough for non-anesthesiologists to use?   
   2.    What minimal competencies and skills should non- 

anesthesiologists possess to ensure an optimal level of 
both safety and effectiveness?   

   3.    How should PSA effectiveness be defi ned? Sedation 
effectiveness endpoints should focus on procedural suc-
cess, time-effectiveness, optimal patient comfort, and 
adequate analgesia.    

      Cultural Aspects, Diversities, 
and Inconsistencies Within Europe 

 There are major cultural aspects affecting the demand for 
and the practice of sedation. A survey of practice in the 
United States and Europe highlighted major differences in 
the use of sedation and analgesia for oncology procedures 
[ 6 ] and although the replies may no longer apply, they could 
be taken as evidence of an acceptance by children, caregiv-
ers, and medical professionals in the United States that seda-
tion and analgesia were not necessary for bone marrow 
aspiration and lumbar puncture. It is our impression that few 
children wish to remain conscious during painful or distress-
ing procedures. That for these cases anesthesia cannot be 

1   http://www.ich.ucl.ac.uk/cypph/cnsf_audit_tool.pdf . 
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achieved or that this is not desirable is the essential driver to 
discuss PSA. 

 Cultural and religious variability throughout Europe, in 
patients as well as among health-care professionals, may 
have a huge impact on the assessment as well as the therapy 
of pain [ 7 ]. It has also been shown that personal expertise 
modulates the perception of pain in others [ 8 ]. Both observa-
tions may explain partially the wide variability in indications 
for and application of PSA, as well as individual determina-
tions of optimal sedation end points. 

 Physical restraint is a taboo subject, although its applica-
tion probably forms part of day-to-day pediatric care [ 9 ]. The 
literature suggests that the application of “straps” in pre- 
cooperative small children was acceptable in some hospitals 
or situations in the United States [ 10 – 12 ]. However, the 
Scottish (2004) and Dutch (2012) guidelines on PSA in chil-
dren both declare that restraint is unacceptable during a pro-
cedure that is not life-saving [ 13 ,  14 ]. A recent United 
Kingdom Royal College of Nursing guideline for nurses 
states that restraint must only be used to prevent serious 
injury to the child or to bystanders. According to this guide-
line, restraint must meet a number of basic principles, includ-
ing the prevention of unnecessary procedures, setting a low 
threshold for using PSA, determining in advance the maxi-
mum number of attempts to perform the procedure, access to 
a training course and protocols, full informed consent from 
parents/caregivers, rigorous documentation of the procedure, 
and a subsequent evaluation of how the child, parents, and 
staff experienced it [ 15 ]. As far as we can ascertain, the 
British Society of Paediatric Dentistry is the only medical 
group to have published a policy document on the use of 
restraint. Based on ethical and legal considerations, the docu-
ment recommends extreme reticence in applying restraint 
[ 16 ]. Several European authors have even postulated that pro-
cedural restraint is contrary to the Human Rights Act and the 
United Nations Convention on The Rights of the Child [ 17 , 
 18 ]. The European Association for Children in Hospital states 
in their charter that the avoidance of restraint should be a fun-
damental part of any “comfort” policy. 2  Nevertheless, we 
believe restraint is still common practice within Europe. 
A recent survey among Danish emergency departments 
reported that physical restraint (or “Brutacaine” in the 
authors’ words) was routinely applied during painful proce-
dures in children by 80 % of the departments; PSA was avail-
able in only 33 %. A total of 73 % of the respondents believed 
that there was a need for better pain management and/or seda-
tion of children in their emergency department (ED) [ 19 ]. 

 Behavioral management embodies a holistic approach to 
optimize a child-friendly environment, reduce fear, and min-
imize the distress of a procedure [ 20 ,  21 ]. Behavioral man-
agement skills should be embedded in the training of 

2   http://www.each-for-sick-children.org . 

everyone on the sedation team—not just play specialists and 
psychologists. This is already occurring in many training 
schemes and curricula within Europe. Behavioral manage-
ment can reduce anxiety and the need for sedation drugs. 
Self-hypnosis and other coping strategies are useful for 
cooperative children [ 22 ,  23 ]. 

 The early insertion of central venous catheters (CVC) 
avoids many painful peripheral intravenous “needles.” In the 
major centers across Europe, interventional radiology and 
anesthesia services have radically reduced the time to achieve 
CVC access and therefore improved the quality of care. 
There is a wide and strong belief that if children undergo 
their fi rst procedure without distress, subsequent procedures 
will be more easily managed and suffering reduced. The 
authors support this idea. 

 Parental presence or involvement during invasive proce-
dures is another matter of debate. At many European institu-
tions, parents are not consistently allowed to accompany 
their child during the induction of elective anesthesia for 
invasive procedures or surgery. There is no consistent 
approach to “parental presence” throughout Europe. A 
review of published literature demonstrated that parents also 
want to have the choice about whether they remain at their 
child’s side during complex invasive procedures, even resus-
citation, but they also revealed apprehensions and contro-
versy abound among clinicians regarding this practice [ 24 ]. 
A recent Spanish multicenter study of pediatric emergency 
departments (PED) showed that the staff tends to prefer par-
ents not to be present during invasive procedures. Parental 
presence is not common in Spanish PEDs [ 25 ]. In other 
countries, parents are encouraged to be present in many situ-
ations including resuscitation [ 26 ]. 

 There are large variations in the choice of sedation drugs 
and PSA regimens within Europe: Chloral hydrate is used 
widely in the Netherlands and the United Kingdom because 
it is considered to have a high safety profi le and success rate 
[ 27 ]. In France, however, it has been banned because of the 
suspicion of carcinogenicity [ 28 ]. In most Belgian hospitals, 
chloral hydrate has been replaced by general anesthesia 
because of dissatisfaction with its non-titratable and long- 
acting characteristics. 

 Nitrous oxide (N 2 O) use and delivery is also inconsistent 
over Europe. For example, in France, many painful proce-
dures are undertaken with nitrous oxide mixtures (50 % 
N 2 O/O 2 ) alone [ 29 ,  30 ], and it is surprising that this practice 
has been transferred rather sparsely to other countries; prob-
ably it is not transferable because patients and parents 
expect and prefer anesthesia. Nitrous oxide is given without 
the need for special facilities or fasting—a clear advantage 
over anesthesia. Furthermore, there exists excellent evi-
dence for the effectiveness and safety of nurse-administered 
N 2 O/O 2 ,  making this technique readily available at any time 
[ 31 ]. In the Netherlands, a group of midwives working with 
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N 2 O have birthed infants with major congenital defects. 
Nitrous oxide was blamed and therefore banned from many 
hospitals. A Dutch working group on pediatric procedural 
sedation has recently succeeded in reintroducing nitrous 
oxide for procedural sedation but there is still strong opposi-
tion to its use. 

 In some European countries any use of nitrous oxide 
remains an anesthesiologist’s prerogative. The (theoretically 
based) recognition of potential problems of occupational 
exposure of N 2 O has led internationally to the introduction of 
occupational exposure limits (OEL), expressed as 8-h time- 
weighted averages (in parts per million [ppm]). Strikingly, 
there is no clear consensus on which is an appropriate OEL 
for N 2 O, resulting in time-weighted averages limits ranging 
from 25 ppm (e.g., New Zealand, Australia, the United 
States) to more than 50 ppm (Belgium, Norway, Denmark, 
Spain), 80 ppm (the Netherlands), and 100 ppm (Finland, 
Sweden, the United Kingdom, Switzerland). Canada has 
three different OELs    (25 ppm (Ontario), 50 ppm (Quebec), 
and 100 ppm (Alberta)), whereas France has no specifi cally 
defi ned OELs. None of these limits have any scientifi c basis. 
At generally accepted OEL, there is no conclusive evidence 
for reproductive, genetic, hematologic, or neurologic toxic-
ity from nitrous oxide exposure [ 32 ]. We believe that in 
many European institutions nitrous oxide inhalation is cur-
rently applied without meeting the statutory OEL. Limited 
fi nancial resources may be the explanation for the absence of 
adequate scavenging systems. 

 There is inconsistent practice and beliefs regarding the 
delivery of ketamine, propofol, and dexmedetomidine. 
Ketamine (and in some European countries especially the 
 S -ketamine enantiomer) is probably increasingly used for 
PSA in PEDs, mostly by non-anesthetists. Despite the 
growing evidence from recent European studies [ 33 ] that 
propofol can be safely used by appropriately trained non- 
anesthesiologists for PSA in selected children, its use still 
remains generally restricted to anesthesiologists in most 
European countries. The debate on this topic, however, 
continues [ 34 – 36 ]. We believe that non-anesthesiologist- 
administered propofol PSA will become a standard prac-
tice for European PSA-trained professionals in the future. 
The use of dexmedetomidine for PSA is still sparse but 
may increase as the drug only recently became available 
in Europe. 

 Finally, within Europe there are different attitudes 
among medical professionals and decision makers regard-
ing professional behavior and self-criticism, multidisci-
plinary communication and collaboration, importance of 
professional title and hierarchy, credentialing, transpar-
ency, and the way medical errors and adverse effects are 
assessed and reported. There exist a wide variation of the 
extent in which nonmedical professionals—such as spe-
cialized nurses, nurse practitioners, or physician assis-

tants—are involved in medical caring and acting. In a few 
countries, nurses have acquired competencies and respon-
sibilities in organizing and performing pain control, proce-
dural comfort, and PSA.  

    Anesthesia Services Are Limited in Europe 

 The delivery of anesthesia services in remote locations (i.e., 
outside the operating “theater”) has been limited, but is now 
approximately 1/3 of the anesthesiologists’ workload. 
Several reasons may explain this. In France, preoperative 
assessment by an anesthesiologist is compulsory, by law, at a 
minimum of 24 h before any routine procedure. This has 
restricted the involvement of anesthesia services and pro-
moted alternative PSA techniques—especially the use of 
nitrous oxide. The demand for theater time has increased and 
therefore any procedure that can be transferred out of operat-
ing theaters is an advantage. In a recent Italian survey of 54 
pediatric hemato-oncology departments comparing general 
anesthesia and PSA, it was concluded that PSA outside the 
operating room was preferred by patients because it entailed 
an earlier discharge and a more familiar environment and it 
allowed the parents to stay close to the child [ 37 ]. As hospi-
tals grow in size, so has the availability of anesthesia delivery 
sites outside of/distant to the operating theater. 

 There has been a belief that once a sedation service was 
“given” to pediatricians, it would lead to a considerable 
increase in demand that would not be possible to satisfy. This 
perception is changing. With reports of unsafe or ineffective 
sedation practice, anesthesia services outside the operating 
theaters have fl ourished. Nevertheless, there are issues that 
retard this transition. We outline them below. 

 Mortality studies of surgery and anesthesia in the United 
Kingdom and elsewhere have identifi ed that the sedation of 
the very young and the very old pose a high risk [ 38 ]. 
Consequently, this led to specialization and transfer of 
infants and small children to specialist centers. Some rural 
and suburban emergency departments have continued to 
accept pediatric trauma and medical problems that may need 
specialty anesthesia and intensive care services. This remains 
a common scenario around Europe. Fortunately, the links to 
larger centers are usually well established and transfer is not 
diffi cult, although there will be an inevitable delay in treat-
ment. To avoid the need for transfer, some hospitals have 
developed sedation protocols, mainly ketamine, to help chil-
dren with minor injuries. This is especially likely in remote 
rural towns. 

 The European Working Time Directive has limited the 
hours that doctors can work. This directive is a statute devel-
oped in the European Union to prevent excessive working 
hours and to encourage more equitable employment. For 
example, it may be fairer to employ two doctors to work 36 h 
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per week rather than one for 72; night duty, even if the doctor 
is in-hospital and asleep, counts as work. Although this 
directive is not applied uniformly across the continent, in the 
United Kingdom it has severely limited the training experi-
ence for trainees. Since August 2009, this limit has been set 
to 48 h per week.  

    Non-anesthesia Practitioners in Europe 

 In the United Kingdom and much of Europe, anesthesia is a 
physician-led service. In Scandinavian countries and the 
Netherlands, nurses are employed to assist physicians; they look 
after patients during surgery but they are supervised by anesthe-
siologists and not by surgeons. This system has not developed in 
the United Kingdom probably because there are suffi cient num-
bers of trained anesthesiologists. Almost all pediatric sedation 
services throughout Europe are physician led. 

 Because of the scarcity of pediatric anesthesiologists, sev-
eral specialty groups have emerged with sedation practices. 
Dentists, emergency physicians, and intensivists have been 
prominent in this regard. Their journey, from inexperienced 
sedationist to skilled sedationist, has not reached its end. It is 
inevitable that they must continue in the venture to provide 
effective and safe services for their patients. Rigorous com-
petencies, skills, and safety precautions have been devel-
oped, fulfi llment of which has enabled some 
non-anesthesiologists in Europe to gain access to potent 
sedatives (e.g., propofol) [ 33 ,  39 ,  40 ]. However, this practice 
of sedation delivery by non-anesthesiologists remains con-
troversial [ 34 – 36 ,  41 ].  

    Challenges and Setbacks in Europe 

 Safety issues, adherence to guidelines, and the training and 
skills of the sedation provider have been of recent concern in 
Europe. Three cases with disastrous outcomes have attracted 
widespread notoriety and press in Europe:
•    A child’s brain was damaged by 100 % nitrous oxide 

given from an anesthetic machine that did not have a 
hypoxic mixture alarm. The practitioner was untrained in 
its use.  

•   A child died after being suffocated by a team trying to use 
a breathing system to deliver a nitrous oxide/oxygen mix-
ture because they failed to turn the gas fl ow on. They were 
untrained.  

•   A combination of midazolam, alfentanil, and ketamine 
was given to sedate a boy for dental extractions. He 
became apneic soon after arrival to the recovery area and 
neither the nurse nor the doctor reacted quickly enough to 
prevent permanent hypoxic brain damage [ 42 ].    
 Lack of suffi cient training was the prominent issue with 

all of these cases. It is important to accept that every profes-

sional is vulnerable to human error. The doctor in the dental 
sedation disaster was an anesthesiologist. Strikingly, the out-
comes of sedation delivery by non-anesthesiologists have 
been researched and presented by a very limited number of 
researchers [ 2 ,  43 ]. Despite recent publication of European 
sedation guidelines, the authors believe that unsafe practice 
is still prevalent. 

 In the Netherlands, there have been at least fi ve severe 
accidents (between 1998 and 2008, two with a fatal outcome 
and one with permanent neurological damage) in children 
sedated for magnetic resonance imaging (MRI) scanning. 
In all cases, sedation was provided by non-anesthesiologists, 
using combinations of long-acting sedatives. Health 
Inspectorate’s investigation clearly showed that the 1998 
national safety PSA safety guidelines had not been imple-
mented. Subsequently, adherence to the national guidelines 
was investigated in all hospitals in the Netherlands. 
Pediatricians from 88 of the 97 Dutch hospitals responded. 
Less than 25 % of respondents followed the guidelines [ 4 ]. 

 In a pilot survey among European pediatric anesthesiolo-
gists, we have found that similar accidents have happened 
elsewhere although none have been published. A survey of 
50 randomly selected Dutch pediatric residents revealed a 
high prevalence of unsafe practices, near accidents, and inef-
fective PSA (Table  21.1 ) [ 44 ]. There is hope, however, that 
the current nationwide project that supports the implementa-
tion of a new evidence-based guideline will improve PSA 
practices in Dutch pediatrics substantially.

       Monitoring Practices in Europe 
Are Inconsistent 

    Capnography 
 Capnography is becoming more frequently used for PSA in 
specialist centers [ 45 ]. The United Kingdom National Audit 
Project 4 3  was a survey of individual reports of major com-
plications of airway management related to anesthesia, 
intensive care, and emergency medicine. The project found 
many examples of airway complications that could have 
been avoided or better managed if capnography had been 
used. This fi nding, albeit a professional opinion (rather than 
clear evidence of benefi t), supports the widespread use of 
capnography in the management of intubated patients. It is 
logical to extend the use of capnography to monitor all 
patients who are either unconscious or at risk of becoming 
unconscious. A study from Turkey promotes its value in 
maintaining safety [ 46 ], and also elsewhere in Europe cap-
nography is increasingly considered as an essential tool dur-
ing PSA [ 47 ]. The Dutch guidelines on pediatric PSA (2012) 
recommend that capnography should be considered when-
ever PSA is performed with a (possibility of) moderate or 

3   http://www.rcoa.ac.uk/nap4 . 
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deep sedation but that it is mandatory for any PSA during 
which continuous visual and auditory observation is impos-
sible or unreliable (e.g., during an MRI investigation or dur-
ing radiotherapy) [ 14 ]. Limited fi nancial resources, however, 
have prevented widespread adoption of capnography.  

    Processed EEG 
 A recent advisory from the United Kingdom National 
Institute for Clinical Excellence (NICE) has stated that an 
EEG monitor should be considered for monitoring patients 
under anesthesia [ 48 ]. EEG monitoring is more common for 
total intravenous anesthesia because there are no monitors to 
follow the blood concentration of intravenous sedatives/
anesthetics. Expired propofol measurement is possible, but 
not accurate enough to be a reliable tool [ 49 ,  50 ]. Although 
blood propofol assay machines are becoming available, they 
are not practical for standard short propofol PSA [ 51 ]. 
   Bispectral index (BIS) monitoring and other electroencepha-
logram (EEG) monitors remain uncommon in European 
operating rooms.   

    Recommendations, Policy Statements, 
and Guidelines in Europe 

 Anesthesiologists throughout the world have been concerned 
about sedation by the  untrained  and have published guide-
lines to prevent patient harm. (Refer to Chap.   2    .) Excluding 

dentistry, United Kingdom guidelines for doctors focused 
fi rst on the radiology setting [ 52 ]. In 2001 the Academy of 
Medical Colleges responded to reports of unacceptable mor-
tality in adult patients having esophagogastroscopy [ 53 ]. 
They stated clearly that “organizations should ensure that 
staff receives sedation training.” To date, there are no univer-
sal guidelines to encompass all of Europe. 

 The Scottish Intercollegiate Guidelines Network (SIGN) 
[ 54 ] gathered a body of opinion from across many specialties 
and developed a clinical guideline that has been quoted and 
used widely. The SIGN guideline was limited to moderate 
sedation. In 2010 NICE issued a comprehensive guideline 
specifi cally for children and young people, and it incorpo-
rated guidance for all forms of sedation including deep seda-
tion [ 55 ]. In Italy, a review and guideline was produced for 
pediatric neuroradiology [ 56 ]. A European guideline for 
PSA in adults has been published [ 57 ]. Evidence-based 
national guidelines are now available in the United Kingdom, 
the Netherlands, Germany, and France. 

 In a survey we recently performed among about 100 par-
ticipants of symposia on procedural sedation during two 
recent European conferences (PREM, Ghent May 2013; 
ISSP, Stockholm June 2013), the vast majority was not aware 
of any national or European guidelines. The lack of an appro-
priate, well-tailored program for guideline awareness and 
implementation is likely to be an important factor in this 
ignorance. The European Society of Anesthesiology (ESA), 
the European Society for Pediatric Anesthesiology (ESPA), 

   Table 21.1    Selection of PSA experiences commonly reported by Dutch pediatric residents [ 44 ]   

 Reported practices  Associated potentially serious consequences 

 • Unmonitored PSA during magnetic resonance 
imaging (MRI) 

 • Not discovering in time potentially dangerous side effects 
(respiratory depression, hypoxia or bradycardia) 

 • No formal monitoring, observation, or assessment 
during recovery following the procedure 

 • Not discovering in time potentially dangerous late side effects. 
Immediately after the procedure, procedural stress falls away while 
sedative effect is still present. This may cause suddenly and 
unexpectedly deep sedation and loss of control on vital functions 

 • Deeply sedated patients not accompanied by a 
professional competent in airway management 

 • Not discovering and/or managing in time potentially dangerous side 
effects 

 • Waking up or moving during MRI  • Incomplete and/or low-quality results, limiting diagnostic accuracy 
 • Being called for additional intravenous sedation 

in a child sedated with chloral hydrate for MRI 
 • Procedural delay 
 • Risk of oversedation and undesirable deep sedation, associated with 

loss of control on vital functions 
 • Combination of preprocedural feeding, swaddling, 

and sedative drugs in infants undergoing MRI 
 • Risk of vomiting and aspiration 

 • Absence of age-specifi c resuscitation tools and drugs  • Not being able to start rescue interventions instantly 
 • Forced restraint during endoscopy procedures or oncology 

procedures (e.g., bone marrow puncture) because of 
ineffective PSA (mostly midazolam only) 

 • Extreme patient discomfort 
 • Preprocedural anxiety for new procedure 
 • Ineffective procedure 

 • Incomplete endoscopy procedures because 
of ineffective PSA 

 • Ineffective procedure leading to incomplete diagnosis and/or need 
for repeated endoscopy 

 • Nonapplication of topical anesthesia (e.g., EMLA ® ) 
in nonurgent vascular access 

 • Patient discomfort 
 • Preprocedural anxiety for new procedure 
 • Ineffective procedure 

   PSA  procedural sedation and/or analgesia  
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the Association of Paediatric Anaesthetists (APA), the Royal 
College of Paediatrics and Child Health, the European 
Academy of Pediatric Societies (EAPS), the European 
Pediatric Association (EPA), and the European Society for 
Pediatric Research (ESPR) are not involved in setting up, 
training, or implementing appropriate training for PSA by 
non-anesthesiologists. 

 We believe that had any of the available guidelines been 
applied, the aforementioned disasters would not have hap-
pened [ 58 ]. Although these guidelines may have already pre-
vented many catastrophes, in the authors’ opinion they would 
benefi t from endorsement and dissemination by the national 
and European specialty organizations.  

    Ethical and Legal Aspects of Sedation 
Care in Europe 

 Ethical and legal considerations become increasingly impor-
tant in European pediatric health care. In children undergo-
ing a medical procedure, professionals must weigh the need 
to perform that procedure against the child’s wishes to be left 
untouched. Most importantly, if the knowledge and technol-
ogy to perform sedation/analgesia for this procedure easily 
and painlessly exists, one cannot justify merely restraining a 
terrifi ed child for a painful procedure because of the cost or 
extra efforts involved. 

 Current European legislations usually hold that a young 
child (defi ned as <12 years in Dutch legislation; defi ned as 
below the developmental age of reasonable comprehension 
in most other European countries) is not autonomous—that 
is, he/she is not at liberty to refuse needed treatment, as long 
as informed consent is obtained from parents or caregivers. 
This reasoning is probably unhelpful and may be a misread-
ing of the law. It has been postulated that only if society ulti-
mately considers physical restraint to accomplish a medical 
procedure a violation of a child’s civil liberty—which is, for 
example, the case in Scotland—we will all become more 
committed to alternative solutions such as PSA [ 59 ]. Medical 
professionals should help parents and children understand 
the nature of a given procedure and the possible options for 
altering perception of that procedure—be they emotional 
support, hypnosis, distraction techniques, anxiolytic/analge-
sic medications, or general anesthesia. Perhaps most impor-
tantly, the consideration of these ethical principles requires 
providers to reconsider alternative plans for sedation of each 
child: Physical immobilization or restraint cannot be a sur-
rogate to sedation. Fear of potentially unsafe deep sedation is 
important but must be counterbalanced with the risk of 
unwanted emotional and psychological injury. Horrifi c 
accounts of painful procedures without effective PSA have 
been linked to post-traumatic stress disorder [ 6 ,  59 – 61 ]. 

 Recent jurisprudence in the Netherlands shows that a care 
provider who does not allow suffi cient time and effort to 

adopt a suitable approach to a resisting child may have to 
face negative consequences: Courts may rule that a defensive 
(panic) response from children resulting in injuries to the 
care provider is not unlawful. In these cases, any claim for 
damages against the parent(s) would fail [ 62 ]. Seen from the 
child’s perspective, it could furthermore be argued that the 
child has a right to oppose a medical treatment, at least 
within certain specifi c boundaries. 

 Alternatively, the ethical principle “fi rst do no harm” and 
the basic right for optimal care require the PSA practice to be 
optimally safe at all occasions. The potential toxicity of PSA 
drugs needs to be excluded. To this end, the recent concerns 
on the possible neurotoxicity of anesthetics on the develop-
ing brain may be relevant [ 63 ]. Although clinical relevance 
has not been substantiated, results to date indicate that expo-
sure of animals to general anesthesia during active synapto-
genesis is most detrimental [ 64 ]. Given the recent trend to 
administer ketamine and propofol for PSA, these observa-
tions may be relevant. Currently it is not known whether the 
experimental fi ndings in animals can be simply extrapolated 
to human beings  in general  and to PSA in children  in par-
ticular . Furthermore, the eventual (neuro)toxicity of non- 
anesthetics such as barbiturates, benzodiazepines, and 
chloral hydrate has never been subject of systematic research. 
The potential toxicity of potent PSA drugs must be counter-
balanced with the potential biological and psychological 
consequences of ineffective sedation and repeatedly painful 
or distressing experiences during childhood [ 65 ]. Additional 
research is needed and in progress in order to clarify this 
dilemma.  

    Defi nitions Particular to Europe 

  Conscious sedation  was an accepted endpoint or landmark in 
the continuum of conscious level.  Conscious , meaning “able 
to respond to the spoken word,” has been replaced by the 
term  moderate sedation  in the current literature because it 
does not assume consciousness but rather that the patient is 
easily roused—usually by communication but also by other 
similar appropriate light stimulus [ 66 ]. Nevertheless, con-
scious sedation remains a common term in Europe [ 52 ,  67 ]. 
In the United Kingdom, dentists prefer the term conscious 
sedation, referring to a level of sedation at which the patient 
responds easily to commands. 

 The term  deep sedation  is not approved [ 52 ] in some 
European professional groups, because it is possibly indis-
tinguishable from anesthesia. This has led to the recommen-
dation that both deep sedation and anesthesia should be 
managed with the same standard of care with respect to 
m onitoring, equipment, facilities—and trained personnel. 
The defi nition therefore is more a description of the intended 
level of consciousness rather than a threshold identifying 
resources or risk. In a similar desire, two other descriptions 

21 Pediatric Sedation: The European Experience and Approach



468

of deep sedation/anesthesia have been used:  Light anesthesia  
[ 68 ] and  minimal anesthesia  [ 69 ] are terms that describe a 
patient who is arousable with any appreciable stimulation. 
Techniques involving minimal anesthesia with propofol or 
sevofl urane have been used [ 70 ] for painless imaging. 

  Dissociative sedation  is not a term in common use, but it 
is understood. Ketamine sedation or anesthesia is preferred 
generally. 

  Relative analgesia  (RA) is a term intended to describe the 
analgesia and mild euphoria and calming properties of 30 % 
nitrous oxide. Dentists have become expert in its use [ 71 ]. 

 The more relevant question is whether these defi nitions 
are useful. Although they may help identify sedation depths 
with drugs that are titratable, what is their value for non- 
titratable drugs? Motas et al. showed that common drugs 
(e.g., chloral hydrate, midazolam, pentobarbital) in average 
doses cause wide variations in depth of sedation [ 72 ]. The 
goal of achieving conscious or deep sedation was unable to 
be achieved in a signifi cant number of children. With these 
fi ndings in mind, the Dutch working group on procedural 
sedation decided to recommend the same safety precautions 
for all levels beyond light sedation.  

    Training and Credentialing Is Inconsistent 
in Europe 

 With the exception of dental sedation, there are no European 
training programs or specifi c qualifi cations for administering 
sedation. An Italian multicenter research group has reported 
the successful outcome of a strict training program for non- 
anesthesiologists who deliver propofol sedation to children 
[ 33 ,  39 ]. In the Netherlands, a national multidisciplinary 
training program (including the involvement of pediatric 
anesthesiologists) is currently being set up as to implement 
the PSA guidelines. In a fi rst phase, participants will learn to 
 perform  light sedation (transmucosal midazolam, 50 % 
nitrous oxide inhalation), topical anesthesia, and hypnosis- 
like techniques. They will then progress to organize or man-
age procedures that require deep sedation (e.g., by setting up 
centralization or referral to anesthetists). The second phase is 
intended to give sedation providers suffi cient exposure to 
become fully trained in deep sedation. 

 In the United Kingdom, an independent expert group has 
made recommendations on the training for pediatric dental 
sedation [ 73 ]. A challenge, however, is how to provide train-
ees with suffi cient exposure to different, rarely used sedation 
techniques. 

 It is diffi cult to design a universal training curriculum for 
the many different types of sedation, some of which will not 
be relevant for all specialists. Strategies for credentialing 
have been clearly identifi ed by Krauss and Green [ 74 ]. The 
authors of this chapter favor the option of creating a safe and 
effective sedation service that is controlled by the institution 

under direction from national and professional guidelines. 
Such a system will develop effi cient training programs that 
may evolve into national training curricula. 

 All sedationists should have skills in airway management 
and resuscitation. Access to live patients is a limiting factor 
and the development of life-like manikins is a potential solu-
tion. (Refer to Chap.   35    .) European resuscitation courses are 
widespread but do not aim to teach the monitoring and pro-
active airway skills that are critical for sedation providers. 
These skills should be an integral component of specialty- 
specifi c sedation training courses.  

    Implementation of Practice Standards 
in Europe 

 European standards of practice are mainly enforced by pro-
fessionals themselves, and, unlike the United States, there 
are no fi nancial penalties imposed by insurance companies. 
In the United Kingdom, clinical governance is a term 
applied in the National Health Service (NHS) to force indi-
viduals to bear responsibility and accountability for their 
actions. This governance has helped to improve quality and 
safety. In the United Kingdom and in the Netherlands, com-
pulsory annual appraisal, and revalidation every 5 years, 
should motivate doctors and dentists to maintain their prac-
tice, skills, and knowledge. Failure to revalidate removes 
their license to practice. 

 Guidelines are designed to improve professional perfor-
mance, health-care process, outcomes, and costs. However, 
the designing, publishing, and dissemination of guidelines 
do not necessarily imply the intended positive change in daily 
practice [ 75 ]. Guideline recommendations can be directed at 
a heterogeneous population of professionals with different 
backgrounds, experience, knowledge, skills, opinions, and 
motivational beliefs (i.e., positive and negative perceptions, 
evaluations, and expectations). This bewildering heteroge-
neity of factors must be reconciled, as illustrated in a recent 
study [ 76 ]. Since all these factors separately may act as both 
facilitators and barriers for guideline implementation, a thor-
ough assessment of their interactive effects is critical in the 
design and implementation strategy. In the Netherlands, and 
elsewhere, the implementation of guidelines on PSA has 
been encouraged by raising public awareness through media 
and charities.  

    Financial Aspects of Sedation Delivery 
in Europe 

 How willing are society, health-care authorities, and insur-
ance companies to invest in improving PSA? Given the cur-
rent global fi nancial crisis, it will be essential to demonstrate 
that implementing a guideline saves money. Probably, the 
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“burden” of necessary investments to achieve more effective 
PSA services (e.g., training, new professionals, accessibil-
ity of propofol and nitrous oxide, appropriate monitoring 
and recovery, timely availability on a 24-h basis) can be 
quite easily calculated and will create immediately strong 
barriers for change. Calculating the economic aspects of 
the benefi ts will be much harder, balancing the costs of the 
improvements against the costs of unsafe practice and 
ineffectiveness. 

 A few studies on pediatric PSA have identifi ed economi-
cal costs as an outcome measure. In the 1990s, Kain et al. 
compared propofol-based procedural sedation with intrave-
nous thiopental/pentobarbital sedation for children undergo-
ing MRI. A preliminary cost analysis was applied to the 
clinical data obtained and to a theoretical model of a pediat-
ric MRI center. Cost analysis of the propofol-based services 
revealed an added drug cost ($1,600.76 per year for the pro-
pofol group) but a signifi cant savings in post-sedation care 
unit (PACU) nursing time ($5,086.67 per year) [ 77 ]. Ekbom 
et al. published a randomized controlled study in children 
with diffi culties in establishing venous access or anxious 
children in need for an IV access. The patients were random-
ized to conventional treatment—i.e., cutaneous application 
of Eutectic Mixture of Local Anesthetics (EMLA)—or 
nitrous oxide treatment. They concluded “the pre-treatment 
with nitrous oxide is a time effective and safe method to 
reduce pain, facilitate venous cannulation, and thereby 
reduce the number of costly cancellations of planned proce-
dures” [ 78 ]. 

 In 2013 the Dutch Association of Hospitals ordered a 
business-impact analysis and cost calculation on the 
implementation of the new Dutch PSA guideline. Their 
study showed that the implementation of deep sedation 
services for children undergoing major procedures (e.g., 
MRI, endoscopy, extensive wound care) in each of the 98 
Dutch hospitals (on a total population of 16 million inhab-
itants) would not be fi nancially effective. Centralization 
of these services to about 20 institutions would be fi nan-
cially more prudent. However, the same study demon-
strated that setting up a 24-h sedation service to provide 
“light sedation” (e.g., application of nitrous oxide) for 
minor painful procedures would be cost-effective in all of 
the 98 Dutch hospitals. 

 The United Kingdom NICE guideline compared the costs 
of various sedation techniques and approaches [ 55 ]. (Refer 
to Chap.   2    .) The most signifi cant cost involved the salary for 
staff. This evaluation, however, was limited in its scope and 
applicability. For example, the comparison was based on a 
single procedure and did not consider the advantages of 
improved effi ciency if, indeed, anesthesiologists were able to 
create “turnover” time.   

    Common European Sedation Practice 
for Selected Procedures 

    Painless Imaging 

 Both continents have tried to maximize the use of sedation 
for painless imaging. Nurse-led services for example were 
promoted as a practical alternative to anesthesia [ 79 ,  80 ]. 
Chloral hydrate [ 81 ] and Triclofos (Triclonam, Tricloryl, 
Nucloryl, Pedicloryl) [ 82 ] have been the mainstay for chil-
dren under 15 kg and have very good safety and success 
records (safety depends upon the user more than the drug); 
95 % of children fall asleep within 1 h and remain asleep for 
approximately 45 min. In older children, few drugs are as 
effective, leading most hospitals to abandon sedation in this 
group [ 83 ]. Pentobarbital was withdrawn in the United 
Kingdom in the 1960s due to its potential for abuse. 
Secobarbital has been used but causes paradoxical reactions 
(as in pentobarbital). Dexmedetomidine has recently become 
available but it is too early to know whether it will be widely 
used. It has been trialed extensively in Turkey [ 84 ,  85 ]. 

 The unreliable nature of sedation has caused many, if not 
most, hospitals to develop anesthesia-led services [ 86 ] 
because there is a general belief that anesthesia is more effi -
cient [ 87 ] and may be safer [ 88 ]. Certainly propofol [ 89 ] and 
sevofl urane [ 70 ] are standard    drugs that are compatible with 
rapid recovery to street fi tness. Propofol may need to be 
combined with other drugs to maintain immobility, and 
recently a combination of midazolam, nalbuphine, and low- 
dose propofol has been found to be reliable [ 90 ]. The central-
ization of nonurgent imaging in (mainly academic) pediatric 
anesthesia-led services has resulted, however, in progres-
sively expanding waiting lists, making the need for non- 
anesthesiology involvement more prominent [ 91 ].  

    Interventional Radiology and Cardiology 

 Many intravenous lines can be inserted with a combination 
of local/topical anesthesia, moderate sedation, and behav-
ioral techniques. There remain a large number of children 
who cannot remain immobile enough with deep sedation or 
anesthesia. Ketamine may be an alternative    drugs but we 
believe that interventional radiology is more readily man-
aged by an anesthesia service because of its fl exibility and 
the ability to overcome almost any problem. For cardiology 
some countries have managed to maintain an effective seda-
tion service using a range of techniques involving combina-
tions of propofol [ 92 ], ketamine [ 93 ], and remifentanil [ 94 ], 
but our view is that the practice of controlled ventilation 
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using tracheal intubation and standard anesthesia techniques 
is more reliable and creates optimal conditions for imaging 
and measurements [ 95 ,  96 ].  

    Gastroenterology 

 We believe that many hospitals in Europe use sedation for 
endoscopy with midazolam alone or a combination of ben-
zodiazepines and opioids [ 97 ]. If there have been few prob-
lems, this is a credit to the judgment of gastroenterologists 
because the literature suggests that sedation is diffi cult 
especially for esophagoscopy [ 98 ]. Nevertheless, it is likely 
that most practitioners prefer anesthesia [ 99 ] and that 
propofol- based techniques are becoming more widespread. 
Propofol can cause suffi cient sedation and suppression of 
gag refl ex to allow insertion of an endoscope without the 
need for tracheal intubation or respiratory support [ 83 ]. 
Many anesthesiologists are confi dent that this is a safe 
approach [ 39 ,  83 ,  100 ,  101 ]. Colonoscopy needs much less 
propofol except when the ascending colon, the cecum, and 
the terminal ileum are entered (a small dose of opioid may 
be useful at these times). Not only is this technique a reli-
able and safe alternative to benzodiazepine-based sedation, 
but it radically increases the patient comfort as well as 
throughput [ 102 ]. In fi nancial terms, there may be appre-
ciable savings with effi ciency. 

 Target-controlled infusion (TCI) of propofol has an appli-
cation during endoscopy [ 103 ]. (Refer to Chap.   31    .) The 
author (Sury), from personal experience, recommends a tar-
get of 6 μg/mL. It is important to appreciate that the effect 
site concentration is unknown and may take a few minutes to 
“catch up” with the blood concentration. A background infu-
sion of remifentanil counters the discomfort of the procedure 
(usually less than 0.1 μg/kg/h). Nasal prongs delivering oxy-
gen and monitoring breathing by capnography are essential 
to safety: Capnography is as important as pulse oximetry in 
this scenario. Respiratory depression and airway obstruction 
are uncommon complications, usually managed easily and 
not needing tracheal intubation.  

    Oncology 

 Many techniques are possible for children who need repeated 
painful oncology procedures. With practice, nitrous oxide 
combined with optimal topical/local anesthesia is potentially 
useful. In most countries we believe that intravenous anesthe-
sia or deep sedation is preferred [ 104 ]. Without anesthesia 
services, ketamine is a reliable technique. The addition of a 
short-acting opioid to propofol is probably a common tech-
nique because it reduces the dose of propofol. In the 
Maastricht sedation unit, we recently found that children 

who had experienced both ketamine and propofol-based PSA 
for oncology procedures always select propofol-based 
PSA when they are given the choice. Unpleasant 
 psychological experiences during recovery, double vision, 
the longer recovery time, and the relatively high incidence of 
nausea are the most important arguments for refusing ket-
amine. Propofol with remifentanil has the potential to pro-
vide the most rapid technique. It almost always causes apnea 
and assisted ventilation will be necessary; that it does cause 
apnea indicates that the child will remain immobile during 
the procedure [ 105 ]. The doses usually required to cause 
sleep and immobility for a 3-min-long painful procedure are 
propofol 2–3 mg/kg and remifentanil    1 mg/kg. TCI propofol 
may have an application for longer procedures.  

    Emergency Medical Care 

 There seems to be a gradual but steady progress by emer-
gency physicians to develop their own standards and proto-
cols, such that in Europe and in the United States hospitals 
support the use of ketamine [ 106 ], opioids, and propofol to 
manage children for minor procedures. There may be a trend 
for emergency departments (ED) becoming focused on qual-
ity and safety. However, PSA is currently not incorporated in 
European training programs. A recent European study 
showed that in most PEDs, PSA is practiced to the level of 
mild to moderate sedation. In about 20 % of the PEDs deep 
sedation is not provided by the staff, while 7.5 % of depart-
ments had no PSA available [ 107 ]. As a consequence, unnec-
essary or avoidable procedural pain and distress seems to be 
common [ 19 ,  108 ,  109 ]. 

 Within most European countries, pediatric emergency 
care is not yet considered as a separate specialty and is per-
formed by a mixed group of professionals from diverse dis-
ciplines. We hope that further professionalization and 
training will lead to the implementation of safe and effective 
PSA services in the ED. Some hospitals have made extra 
efforts to provide anesthesia services, usually at fi xed times 
of the day, to meet maximum demand [ 110 ]. 

 In the United Kingdom, a ketamine protocol has been 
produced by the College of Emergency Physicians. 4  It is a 
clear and explicit guideline that seems to have provided a 
good safety record. It is generally appreciated that ketamine 
alone is a more effective reliable and safer technique than the 
combination of midazolam and fentanyl [ 111 ].  

4   http://www.collemergencymed.ac.uk/CEC/cec_ketamine.pdf . 
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    Dentistry 

 Dentists have been pioneers of sedation and many are expert. 
They know that during conscious sedation the patient should 
be rousable by verbal command and, in addition, they have 
observed that the mouth closes during deeper sedation. 

 Nitrous oxide relative analgesia (RA) has been popular 
because it is remarkably safe and surprisingly well tolerated 
by children [ 112 ]. In children who tolerate nitrous oxide, gas 
mixtures with less than 30 % nitrous oxide are almost always 
effective. More than this causes dysphoria, dizziness, and 
nausea [ 37 ]. Hypoxia is so unlikely that pulse oximetry and 
fasting are considered unnecessary (large meals beforehand 
are discouraged however) [ 113 ]. Nitrous oxide given in a 1:1 
mix with oxygen has been used in many children for a vari-
ety of procedures [ 21 ]. Hypoxia was rare, as was any airway 
obstruction, and these problems only occurred when the 
patient had a cerebral disorder or was having another seda-
tive drug [ 22 ]. 

 Standard sedation for children is limited to nitrous oxide 
relative analgesia (RA) in most parts of Europe [ 114 ]. When 
nitrous oxide is insuffi cient to calm a patient, other drugs 
have been added. These may  tip  the patient into deep seda-
tion, which is an obvious hazard, even though the risk may 
be small. In a study comparing RA with a combination of 
RA and 0.1–0.3 % sevofl urane, the dental treatment was 
completed in 52 % and 89 %, respectively. The same team, in 
another study, found that sevofl urane (0.3 %) added to nitrous 
oxide (40 %) and intravenous midazolam was effective in 
93 % (249/267) of anxious children who would have been 
given general anesthesia otherwise [ 115 ]. All children 
remained rousable and none required airway management or 
oxygen—nevertheless, all children were fasted and moni-
tored and these techniques were delivered by trained anes-
thesia personnel in a specialist dental clinic. 

 Other dentists have tried oral drugs. Oral and rectal ben-
zodiazepines are commonplace in Sweden [ 116 ]. 
Midazolam is often useful to calm children [ 117 ] but treat-
ment may have to be limited to minor restorations only 
[ 118 ]. In uncooperative toddlers (2–4 years old) an oral 
mixture of chloral hydrate, meperidine, and hydroxyzine 
was effective in only 72 %, and adverse conditions includ-
ing vomiting, desaturation, prolonged sedation, and an 
apneic event occurred in 3 % of all sedations [ 119 ]. Nasal 
midazolam also has a place [ 120 ]. 

 Intravenous midazolam alone is recommended in the 
United Kingdom for anxiolysis in children over 16 [ 114 ] and 
may be appropriate and effective in younger adolescents 
[ 121 ]. Propofol has been used alone as a sedation technique 
but lacks the analgesic component to enable insertion of 
local anesthesia [ 122 ]. Consequently, intravenous oral mix-
tures containing midazolam, alfentanil, ketamine, and pro-
pofol are being explored [ 123 ,  124 ]. A recent review of 

experience in 1,000 cases shows that these drugs can be com-
bined safely [ 125 ]; loss of verbal contact occurred in approx-
imately 0.05 % and nausea was a problem in 5 %. Whether 
this “alternative” technique can be called sedation is debat-
able if it is unknown whether it will cause accidental anes-
thesia. Some practitioners have become very experienced 
with combinations of drugs with ketamine [ 126 ,  127 ]. The 
danger of potent opioids causing apnea when the pain of 
dental treatment has subsided is a concern [ 42 ]. 

 Many of these specialist techniques may not be applicable 
outside specialist centers, and there is some evidence to sup-
port the view that most dentists and anesthetists believe that 
uncooperative children should be managed with short-acting 
anesthesia in a hospital setting [ 128 ,  129 ].   

    Conclusion 

    New and Future Developments 

 The NICE guideline— Sedation for diagnostic and thera-
peutic procedures in children and young people —has been 
developed in the United Kingdom and published by NICE 
in December 2010 [ 55 ,  130 ] incorporates evidence of 
safety and effi cacy of selected sedation drugs, consensus 
statements about patient management, and cost-effective-
ness considerations. Important deviations in these guide-
lines from those of the United States are the recognition of 
propofol and sevofl urane as potentially useful techniques 
for pediatric sedation [ 130 ]. The crucial statement is that 
“healthcare professionals trained in the delivery of anes-
thesia may administer sevofl urane, propofol, or a combi-
nation of opioids with ketamine” [ 130 ]. A treatment 
pathway and sedation algorithm is detailed in Fig.  21.1 . 
(Refer to Chap.   2    .)

      In the Netherlands, the Dutch Institute for Healthcare 
Improvement (CBO) commissioned pediatric guidelines for 
PSA at locations outside the operating theater from the 
Netherlands Society of Anesthesiologists and the Dutch 
Society of Pediatrics [ 14 ]. (Refer to Chap.   2    .) Recently pub-
lished in 2012, the guidelines were meant to represent fi ve 
important cornerstones, notably including the optimal use of 
local or topical anesthesia, non-pharmacological techniques, 
and the prohibition of forced securing and restraint [ 14 ] 
(Table  21.2 ). These guidelines were noteworthy because they 
distinguished deep sedation from dissociative sedation [ 14 ] 
(Table  21.3 ). However, for the sake of achieving consistent 
safety standards, only two sedation levels were retained in 
the fi nal implementation plan: Regarding monitoring, fasting 
status, and professional competences, the same safety pre-
cautions apply for all levels beyond light sedation/anxiolysis. 
Basically the safety standards for any PSA regimen that 
(potentially) causes deep sedation should be similar.
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  Fig. 21.1    Sedation algorithm and pathway (Reproduced from Sury M, Bullock I, Rabar S, Demott K. Sedation for diagnostic and therapeutic 
procedures in children and young people: summary of NICE guidelines. BMJ. 2010;341:c6819 with permission from BJM Publishing Group Ltd.)       

   Table 21.2    Cornerstones of a comprehensive policy toward optimal procedural comfort and the avoidance of forced immobilization (restraint) in 
children, Dutch Institute for Healthcare Improvement [ 14 ]   

 Strategy  Examples 

 Preventive measures  Avoid superfl uous procedures 
 Only allow an experienced professional to carry out procedures 
 Agree on a maximum number of attempts at the procedure in advance 
 Early insertion of a central venous line under general anesthesia (e.g., during long-term 
treatment with intravenous antibiotics) 

 Optimal local and topical anesthesia  Allow suffi cient time for topical anesthesia to become effective (e.g., at least 60 min for EMLA ® ) 
 Apply topical anesthesia to the correct location 
 Implementation of new topical anesthetic techniques [ 14 ] 
 For infi ltration with lidocaine: buffer lidocaine with bicarbonate and use the smallest possible 
needle to signifi cantly reduce the pain upon infi ltration [ 15 ] 

 Non-pharmacological techniques  Optimal positioning of the child [ 16 ] 
 Presence of the parent(s) or guardian(s) 
 Preparation, game therapy 
 Distraction techniques and hypnosis 

 Ready availability of effective procedural 
sedation and/or analgesia (PSA) 

 Light sedation for “small” procedures (e.g., blends of nitrous oxide and oxygen) 
 Deep, titratable sedation for very painful procedures (e.g., propofol) 
 Professionals trained in PSA 

 Rescue anesthesia  Availability of anesthesia if other techniques appear or turn out to be ineffective or unsafe 

    These Dutch guidelines discourage the delivery of seda-
tion by non-anesthesiologists to American Society of 
Anesthesiologists (ASA) class III and IV patients. If per-
formed, it should be after consultation with an anesthesiolo-
gist and delivered by a specially trained and credentialed 
practitioner. The fasting recommendation deviates from 
guidelines of other specialty societies in that light sedation 

does not need any special fasting. However, an emergency 
with a child who does not have an empty stomach is not an 
absolute contradiction for PSA [ 14 ] (Table  21.4 ).

   Propofol, in the Dutch guidelines, although preferably 
administered by an anesthesiologist, may be delivered by an 
experienced non-anesthesiologist to ASA class I and II 
patients. Patients of ASA class III status and higher can only 
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   Table 21.3    Defi nitions of different levels of sedation, Dutch Institute for Healthcare Improvement   

 1. Light sedation/anxiolysis  Two states that are diffi cult to tell apart, in which the anxiety and stress level of the patient have been 
lowered while the patient remains basically fully conscious. The patient responds adequately and 
consistently to verbal stimuli, and verbal communication therefore remains possible. This state is 
associated with few risks in patients without signifi cant comorbidity. Although cognitive functions and 
coordination are reduced, ventilatory and cardiovascular functions remain unaffected. Light sedation/
anxiolysis is typically a state of mind that occurs after one standard dose of midazolam (0.1 mg/kg 
intravenously  or  0.2–0.5 mg/kg transmucosally) and with nitrous oxide sedation (inhalation concentration 
up to 50 %). Higher doses, other medicines, and combinations with other analgesics will virtually always 
lead to a deeper sedation level 

 2. Moderate sedation  Pharmaceutically induced reduction in awareness, during which the patient still responds purposefully 
when spoken to, or to light tactile stimuli. In this stage, no interventions are needed to keep the airway 
open, airway refl exes are intact, and ventilation is adequate. If the response is not clearly adequate and 
purposeful but more of a withdrawal refl ex, we speak of deep sedation 

 3. Deep sedation  This is a pharmaceutically induced decline in awareness, during which the patient does not respond to 
being spoken to, but reacts purposefully to repeated or painful stimuli. Airway refl exes and ventilation 
may be reduced and it may be necessary to keep the airway open. The concept of “deep sedation” is a 
contested term because the distinction with anesthesia becomes less clear. A typical example is the deep 
sedation caused by propofol, during which it is possible, with the necessary expertise, to keep 
spontaneous respiration going and the airway open. The risk of reduced breathing is more or less a linear 
function of the dose and depth of sedation 

 4. Dissociative sedation     Also called a trance-like cataleptic sedation, it is typically the result of sedation with ketamine. As far as 
the depth of sedation, analgesia, and response level is concerned, ketamine causes a state that primarily 
corresponds to anesthesia. However, contrary to anesthesia, the airway refl exes, respiration, and 
hemodynamics largely remain intact, even at comparatively high doses. It makes ketamine attractive for 
use in PSA, particularly for painful procedures 

 5. General anesthesia  A pharmaceutically induced state of unconsciousness, in which the patient is unresponsive, even to 
painful stimuli. The ability to keep the airway open will often be reduced or absent, and ventilation will 
frequently be depressed, consequently requiring support. Cardiovascular functions may also be impaired. 
Can only be applied under the personal supervision of an anesthesiologist 

  Reproduced with permission from Leroy P, Schipper D, Knape J. Summary of the Dutch evidence-based guideline on procedural sedation and/or 
analgesia (PSA) in children at locations outside the operating theater. Dutch Institute for Health Care Improvement (Chapter 5 in Improving 
Procedural Sedation and/or Analgesia in Children. 2012; ISBN 978-94-6159-120-3.   http://arno.unimaas.nl/show.cgi?fi d=24183    ) 
  PSA  procedural sedation and/or analgesia  

   Table 21.4    NPO fasting recommendations, Dutch Institute for Healthcare Improvement   

 1. Fasting is not needed for children undergoing light sedation 
 2. A child must  preferably have an empty stomach  for any (elective) PSA with moderate or deep sedation, in accordance with the same 

guidelines that apply to interventions taking place under general anesthesia (2 h for clear liquids, 4 h for breastfeeding, and 6 h for other 
meals) 

 3. A child in an acute condition without an empty stomach is in itself  no absolute contraindication  for PSA. This is important if postponing the 
procedure would pose health risks and/or discomfort. However, in that case the choking risks must always be carefully considered, taking 
into account the choice of sedative, the depth of sedation, and any protection of the airway. In practice, this amounts to the following 
recommendations: 
 (a) With PSA in an acute situation (without an empty stomach), deep sedation must be avoided as much as possible, since the protective 

airway refl exes may be disturbed or there is a high risk of respiratory impairment 
 (b) If a procedure requires a form of  deep  sedation, the patient must have an empty stomach 
 (c) If a procedure requiring a form of deep sedation is urgently needed and an empty stomach can therefore not be guaranteed, deep sedation 

must be performed under the supervision of an anesthesiologist in order to ensure optimal protection of the airway 
 4. Not having an empty stomach must be no reason or excuse for performing a procedure with an ineffective form of light or moderate sedation 

  Reproduced with permission from Leroy P, Schipper D, Knape J. Summary of the Dutch evidence-based guideline on procedural sedation and/or 
analgesia (PSA) in children at locations outside the operating theater. Dutch Institute for Health Care Improvement (Chapter 5 in Improving 
Procedural Sedation and/or Analgesia in Children. 2012; ISBN 978-94-6159-120-3.   http://arno.unimaas.nl/show.cgi?fi d=24183    ) 
  PSA  procedural sedation and/or analgesia  
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receive propofol from an anesthesiologist [ 14 ] (Table  21.5 ). 
These guidelines are unique in that they have specifi c rec-
ommendations that are procedure based: Gastrointestinal 
procedures in particular should favor propofol, if necessary 
in combination with midazolam or an opioid [ 14 ] 
(Table  21.6 ).

    Finally, the Dutch guideline contains a chapter with 
evidence- based recommendations on essential competences 
for PSA providers. Essential competences and skills depend 
on the intended sedation level (light versus deeper). These 
recommendations, which have been published separately, 
may become the foundation for future training development 
and accreditation [ 131 ]. 

 It is hoped both the United Kingdom NICE and Dutch 
initiatives will encourage an improvement in the services 
available to children in Europe and beyond. 

 In the last decade a growing attention for PSA can be seen 
in European health-care providers, as demonstrated by a 
modest but increasing number of publications, symposia, 
and guidelines. However, a clear policy-driven European 
strategy toward full professionalization, supported by the 
relevant specialties and their professional bodies, is still 
missing. The vast majority of recent progresses are still the 
result of the work of a limited (but also growing!) number of 
“local heroes.” 

 Training and accreditation will be the most important 
objectives for sedation providers around the world. Ideally, 
in Europe, these skills need to focus on the type of sedation 
needed and protocols to ensure safety. We believe that  airway 
management and monitoring skills will become a  crucial 
component to future sedation training and development in 
Europe.       

   Table 21.5    Propofol recommendations, Dutch Institute for Healthcare Improvement   

 Propofol is suitable for application in (urgent) painful procedures in children. Propofol causes deep sedation to anesthesia. The preconditions on 
patient selection, skills, competencies, monitoring, and the other preconditions set out in part I of this guideline must therefore be complied with. 
Since propofol is a fast-acting, very potent medicine that can quickly lead to oversedation and respiratory depression in untrained hands, the 
working group also has the following recommendations: 
 1. The person who performs the PSA must never be the same person as the one carrying out the procedure or intervention 
 2. The PSA is preferably carried out by an anesthesiologist 
 3. If the PSA with propofol is carried out by a non-anesthesiologist, it must be performed by a physician who has already been working with 

the medicine for a longer period of time and who is able to assess and deal with any respiratory complications 
 4. PSA with propofol in patients of ASA class III or higher must be performed by an anesthesiologist 
 5. Preoxygenation and monitoring through capnography with PSA using propofol is strongly encouraged in order to restrict the comparatively 

high risk of respiratory complications 

  Reproduced with permission from Leroy P, Schipper D, Knape J. Summary of the Dutch evidence-based guideline on procedural sedation and/or 
analgesia (PSA) in children at locations outside the operating theater. Dutch Institute for Health Care Improvement (Chapter 5 in Improving 
Procedural Sedation and/or Analgesia in Children. 2012; ISBN 978-94-6159-120-3.   http://arno.unimaas.nl/show.cgi?fi d=24183    ) 
  PSA  procedural sedation and/or analgesia  

   Table 21.6    Sedation recommendations for GI procedures, Dutch Institute for Healthcare Improvement   

 1. A gastrointestinal (GI) endoscopic examination in a child must be carried out in principle under general anesthesia or deep sedation. If it is 
decided to opt for deep sedation, then titratable medicines must be used that are certain to lead to an effective level of deep sedation. Of all 
the medicines studied, propofol is the most effective—if necessary in combination with midazolam or an opiate 

 2. The working group advises against the following forms of PSA for GI endoscopic examinations: 
 • Using ketamine for endoscopic examinations of the esophagus, stomach, and duodenum, since there is an increased risk of laryngospasm 
 • Using a benzodiazepine on its own or the combination of benzodiazepine with an opiate. Both forms of PSA are substantially less 

effective than anesthesia or deep sedation with propofol 
 • Benzodiazepines must not be considered as suitable medicines to generate a reliable level of amnesia for endoscopic procedures 

 3. As far as rectoscopies are concerned, it is worth contemplating whether the investigation could be carried out without PSA insofar as 
informed consent has been obtained and provided the child is not scared or opposed to the examination 

 4. If general anesthesia or the support of an anesthesiologist is not feasible, an endoscopic department must have access to the logistic 
possibilities as well as trained professionals in order to provide safe and effective deep sedation that fulfi lls the preconditions of these 
guidelines 

 5. Premedication with midazolam taken orally can be considered prior to deep sedation. It reduces stress levels for inserting the drip at the start 
of the procedure and may therefore result in a smaller dose of propofol being required 

  Reproduced with permission from Leroy P, Schipper D, Knape J. Summary of the Dutch evidence-based guideline on procedural sedation and/or 
analgesia (PSA) in children at locations outside the operating theater. Dutch Institute for Health Care Improvement (Chapter 5 in Improving 
Procedural Sedation and/or Analgesia in Children. 2012; ISBN 978-94-6159-120-3.   http://arno.unimaas.nl/show.cgi?fi d=24183    ) 
  PSA  procedural sedation and/or analgesia  
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   Case Studies 

 The fi rst three cases were managed by the sedation 
team of the Pediatric Procedural Sedation Unit of the 
Maastricht University Medical Centre (the Netherlands). 
Sedation strategy is based on an evidence-based proto-
col. The last three cases (Cases 4–6) were developed at 
Great Ormond Street Hospital, London, England. 

    Case 1 (the Netherlands) 

 A 6-year-old girl, previously healthy, ASA 1, weight 
25 kg, presented with a right-sided distal forearm frac-
ture 5 weeks ago. The fracture was corrected surgically 
under general anesthesia with 2K-wires. She presents 
for removal of the wires, which are in her forearm. She 
is not NPO. 

    The Sedation 
 The sedation goal for this child who has not been 
fasted is to achieve light sedation and analgesia. 
The stepwise approach to her sedation is outlined 
below: 

 Please note: The negative (−) minutes indicate the 
time course prior to start (time 0) of the procedure.
    1.     Preparation phase : During a 15-min play-therapy 

session, the child gets instructions on facemask and 
nitrous oxide inhalation. An individual distraction 
technique is determined. In addition, play therapy is 
used to achieve optimal facemask sealing and to 
minimize ambient N 2 O pollution.   

   2.     Time schedule and drug regimen :
•     T  = −10 min: Fentanyl 2 μg/kg nasally adminis-

tered divided in two doses, one for each nostril. 
Administration via the Mucosal Atomization 
Device (MAD ® ).  

•    T  = −5 min: Start inhalation of 50 % N 2 O/O 2  equi-
molar mixture (Livopan ® , Linde Healthcare), by 
anesthetic facemask (QuadraLite, Intersurgical), 
on-demand valve, and mobile scavenging and 
destruction unit (Excidio ® , Linde Healthcare).  

•    T  = 0: Start procedure. During the procedure, 
light and noise are tempered. The sedationist and 
parents are at the left side of the child, keeping 
the child in a hypnosis- based distraction. The 
surgeon enters the room after full nitrous oxide 
sedation is achieved, by approaching the patient 
from the right side and without entering the “dis-
traction zone.” The procedure is performed in 
silence.  

•   Continuous visual and verbal contact is maintained 
with the child throughout the sedation until the 
child meets    discharge criteria in the recovery room.         

    Summary Points 
•     Comfortable light sedation; eyes opened.  
•   Minor painful reaction at the time of K-wire 

removal, but no obvious emotions. No resistance; 
no restraint needed.  

•   Procedure time: 3 min; at the end of the procedure 
N 2 O mixture is replaced by 100 % oxygen, while 
scavenging of exhaled air is continued for another 
5 min.  

•   Recovery time: 7 min.  
•   No memory of procedural pain; no adverse events.      

    Case 2 (the Netherlands) 

    A 23-month-old girl, recently diagnosed with 
neurodevelopmental delay, ASA 1, weight 9 kg, is 
scheduled for a venous puncture and lumbar puncture 
for extensive metabolic and genetic testing on blood 
and cerebrospinal fl uid. A previous attempt was 
unsuccessful due to heavy resistance by the child. The 
child is not NPO and has not been fasted. 

    The Sedation 
 The sedation goal for this child is light sedation and 
local/topical analgesia. The stepwise approach to her 
sedation is outlined as follows:
    1.     Preparation phase : 90 min before procedure: appli-

cation of EMLA ®  (Eutectic Mixture of Local 
Anesthetics Prilocaine and Lidocaine; AstraZeneca), 
covered with transparent fi lm dressing (Tegaderm ® , 
3M) on three different visible vein sites and one on 
the lumbar puncture site.   

   2.     Time schedule and drug regimen :
•     T  = −15 min: Topical anesthesia of the nasal mucosa 

with lidocaine 2 %, 0.3 mL nasally administered in 
each nostril. Administration via the MAD ® .  

•    T  = −10 min: Midazolam 0.2 mg/kg nasally 
administered in each nostril. Administration via 
the MAD ® . Total midazolam dose = 0.4 mg/
kg = 3.6 mg = 0.72 mL of a 5 mg/mL solution for 
IV use.  

•    T  = 0: Start procedure. During the procedure 
light and noise are tempered. The sedationist and 
parents are at the left side of the child, keeping 
the child in a hypnosis- based distraction. The 
procedure-performing professional and material
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enter the room after adequate light sedation is 
achieved, by approaching the patient without 
entering the “distraction zone.” The procedure is 
performed in silence.  

•   Pulse oximetry and continuous visual and verbal 
 contact are maintained throughout the sedation 
until discharge criteria in the recovery room is 
met.         

    Summary Points 
•        Child becomes mildly agitated but is well con-

trolled by tempering ambient stimuli. Child is smil-
ing during the puncture and is behaving in a 
drunken-like manner. The sedationist follows 
slowly the child’s waving behavior without chal-
lenging any reaction.  

•   No painful reaction at the time of both punctures. 
No resistance; no restraint needed. During lumbar 
punctures, the child’s head is kept in a mild exten-
sion in order to prevent airway obstruction.  

•   Procedure time: 16 min.  
•   Recovery time: 35 min.  
•   No obvious procedural distress, no desaturations, 

no adverse events.      

    Case 3 (the Netherlands) 

    A 7-year-old girl is hospitalized for long-term IV 
antibiotic therapy for acute osteomyelitis (ASA 1; 
weight 29 kg; antibiotic therapy, fl ucloxacillin). She is 
scheduled for ultrasonography-aided insertion of a 
peripherally inserted central catheter (PICC) in the 
right elbow. The child is fully fasted according to ASA 
guidelines. 

    The Sedation 
 The sedation goal is deep sedation and local/topical 
analgesia. The stepwise approach is detailed as follows:
    1.     Preparation phase : 90 min before procedure: appli-

cation of EMLA ®  (Eutectic Mixture of Local 
Anesthetics Prilocaine and Lidocaine; AstraZeneca), 
covered with transparent fi lm dressing (Tegaderm ® , 
3M) on multiple, ultrasonographically determined 
puncture sites.   

   2.     Time schedule and drug regimen :
•     T  = −10 min: Fentanyl 1 μg/kg slowly 

intravenously.  
•    T  = −5 min: Prevention of propofol infusion 

pain: lidocaine 1 % 1 mL slowly intravenously 
for local anesthesia of the vein; during lidocaine 

infusion the vein is compressed proximally of 
the infusion site.  

•    T  = 0: Start propofol induction: 1 mg/kg slow 
bolus (120 s). At the same time a propofol perfu-
sion is started at a dose of 6 mg/kg/h. During 
induction, light and noise are tempered. The 
sedationist and parents are at the left side of the 
child. Capnography signal is used to optimize 
head position and to maintain an open airway. 
The procedure-performing professional and 
material enter the room after deep sedation is 
achieved. The procedure is performed in silence.  

•   Based on the patient’s reactions on stimuli, the 
propofol dose is adjusted up to 9 mg/kg/h. After 
successful catheter insertion, the propofol dose 
is immediately lowered to 3 mg/kg/h. Propofol is 
stopped once the procedure is fully terminated.  

•      Capnography (combined with 2 L/min O 2 ; 
FilterLine ®  etCO 2  sampling line; Covidien), 
pulse oximetry, ECG, and blood pressure are 
documented every 5 min until discharge criteria 
from recovery room are met.         

    Summary Points 
•     During induction the child becomes mildly agitated 

(smiling, talking inconsistently), but is well con-
trolled by tempering ambient stimuli. Sedation pro-
vider acknowledges and follows slowly the child’s 
behavior without challenges or reaction. Deep seda-
tion is achieved within 3 min.  

•   Diffi cult procedure. No painful reaction on multiple 
punctures. No resistance; no restraint needed.  

•   Procedure time: 47 min.  
•   Recovery time: 27 min  
•   No obvious procedural distress; no desaturations; 

no adverse events. Minimal blood pressure immedi-
ately after induction is 75/35 mmHg.      

    Case 4 (the United Kingdom) [ 81 ] 

    Magnetic Response Imaging (MRI) 
in a 10-Month-Old 
 An infant of 10 months of age, body weight 9 kg, 
needed an MRI scan of the brain for investigation of 
recurrent febrile convulsions and mild hypotonia. She 
had no other medical problems. Her grandmother had 
died recently during major surgery. The parents were 
offered the choice between anesthesia and sedation. 
They were told that sedation was probably as safe as 
anesthesia and that it would be supervised by a team 
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of specially trained nurses. They were also told that 
sedation occasionally failed to keep infants sleeping 
throughout the scan (success rate over 95 %). The 
alternative was anesthesia, which was almost always 
successful. The parents requested sedation. 

   The Sedation 
 The patient was admitted direct to the MRI department. 
The radiographers and nurses met for a team brief. All 
members of the team were reminded of metallic safety. 
The radiographer performed a metal check on the 
patient and the mother. Nurses assessed the patient, 
performed all “medical” processes, and prescribed and 
administered 100 mg/kg oral chloral hydrate. Chloral 
hydrate has been in use for a long time. Triclofos (a 
phosphorylated version of chloral) would be better tol-
erated, but it is no longer manufactured. 

 The patient was cuddled by the mother in a quiet 
darkened room under the supervision of a nurse. The 
child fell asleep in 10 min and a pulse oximeter was 
applied. In 10 more minutes the patient was taken to 
the scanner and positioned. She stirred a little but 
remained asleep. Electrocardiogram,  noninvasive 
blood pressure cuff, and nasal capnography were 
applied. A nurse and the mother remained in the scan-
ning room. The patient was put into the center of the 
scanner. The nurse could not see the patient but could 
watch the patient monitor. The scan took 30 min. 

 At the end of the scan the infant was removed. She 
stirred a little but did not rouse. She was taken to the 
recovery room where she awoke spontaneously 50 min 
later. She remained sleepy for another 2 h and thereaf-
ter she was fed and remained awake without interven-
tion. She was discharged with the advice that if there 
was sleepiness or inability to take fl uids orally, she 
should return to the hospital.    

    Case 5 (the United Kingdom) 

    A 13-Year-Old Boy with Down Syndrome 
and Leukemia 
 Michael, a 13-year-old boy with Down syndrome, 
developed leukemia and needed a series of intrathecal 
chemotherapy injections. He was uncooperative and 
would not tolerate any procedure awake. (Only a few 
patients with leukemia request their procedures to be 
performed awake or under sedation. Virtually all par-
ents in the authors unit request anesthesia for their 
children.) A CVC was inserted by the interventional 
radiology team under anesthesia. (The early insertion 
of a CVC is one of the most important factors in the 

delivery of high-quality care in children.) He was 
scheduled to receive intrathecal methotrexate and 
intravenous vincristine under sedation. 

   The Sedation 
 On the day of treatment, Michael was admitted direct 
to a “day admission” oncology unit. He had been fasted 
for 6 h. Like all such patients, he was fasted before 
anesthesia. However, ensuring that patients are not 
excessively fasted (e.g., fasted from the previous day) 
remains a challenge. Simple, consistent instructions 
and good communication will help. Fasting for fi xed 
procedure times may help but will reduce fl exibility of 
the procedure list order. Fasting in uncooperative chil-
dren is an important problem on the day of treatment; 
nevertheless, the safety of the anesthetic and the deliv-
ery of chemotherapy are higher priorities. 

 He was planned to be fi rst in a list of patients having 
procedures that morning. He was accompanied by his 
adoptive parents. (Parents are almost always helpful 
and should be encouraged to help their child remain 
calm.) Nurses “checked him in” and weighed him. A 
trainee doctor performed a clerking and physical 
examination. The report of an echocardiogram, per-
formed the previous week, was checked, and cardiac 
function was within normal limits. Blood was sampled 
from the central venous line and sent for standard pre-
lumbar puncture tests (Hb, platelet, white cell counts, 
and clotting function). 

 The oncologist met Michael and his parents and 
reviewed the results and treatment plan. The parents 
were told that Michael would receive only the metho-
trexate by lumbar puncture that day. The intravenous 
vincristine would be administered via the central 
venous line at his local hospital on another day. The 
parents signed the consent form. An anesthetist met 
Michael, reviewed the notes, and explained what the 
anesthesia entailed. 

 Throughout this process, Michael was occupied 
with toys and kept amused by a play specialist. (It is 
useful to have a team member dedicated only to deliv-
ering a calm caring approach. A play specialist will 
know what patients need; some want explanations and 
reassurance, and others need distraction. These things 
can be achieved by nurses if they have time.) Michael 
was passed to the procedure team, but the play special-
ist remained with him throughout. 

 Before the procedure list began, the sedation and 
procedure team met for a team brief. (A “minimum” 
procedure team consists of the “proceduralists” [a spe-
cialist doctor and a nurse] and the “anesthetists” 
[a specialist doctor and a nurse/technician]. A play

(continued)

21 Pediatric Sedation: The European Experience and Approach



478

specialist, pharmacist, and coordinator may also be part 
of the team.) All patients were discussed. The metho-
trexate for Michael was checked by a pharmacist. 

 Michael was thought to be manageable without any 
preprocedure sedation or anxiolysis. He walked into 
the procedure room with his parents and play special-
ist. His clinical record, methotrexate prescription, and 
consent form were all checked against his identifi ca-
tion bracelet. (In some areas of the authors hospital, 
the “sign-in” and the “surgical pause” parts of the 
World Health Organization [WHO] Surgical Safety list 
are combined for short procedures where all members 
of the procedure team are present.) He refused to sit on 
the bed. Usually, a patient of his size and age would 
accept the application of monitoring and lie on their 
side ready for the lumbar puncture to begin as soon as 
anesthesia was induced. The team sensed that this was 
not achievable for Michael that day. 

 The anesthetist prepared the central venous line 
with antiseptic.    Propofol 3 mg/kg 5  was injected by 
hand and followed by remifentanil 1 μg/kg, 6  and the 
line was fl ushed with 20 mL normal saline. (Later on 
the ward the oncology nurses fl ush the CVC line with 
heparinized saline before the patient is discharged as 
an extra precaution against residual anesthesia drugs.) 
As Michael became sleepy, the team positioned him to 
lie on his side ready for the lumbar puncture. A pillow 
was placed under his head. An anesthesia nurse/techni-
cian was ready at the “head end” to apply an anesthesia 
face mask to Michael. His breathing stopped and his 
lungs were infl ated. 7   

5   For most patients the following formula is used: 5 mg/kg of 
propofol is prepared in a 20 mL syringe and diluted to a total 
volume of 20 mL. The fi rst bolus will always, therefore, be 
12 mL (=3 mg/kg). If the procedure lasts longer than the anes-
thesia time given by this bolus, second or third boluses (each of 
1 mg/kg = 4 mL) can be given. If the procedure lasts longer than 
the anesthesia by these doses, the technique is converted to inha-
lation of sevofl urane. 
6   For most patients the following formula can be used: 2 μg/kg of 
remifentanil is prepared in a 20 mL syringe and diluted to a total 
volume of 20 mL. The fi rst bolus will always, therefore, be 
10 mL (=1 μg/kg). If the procedure lasts longer than the analge-
sia time given by this bolus, second or third boluses (each of 
0.5 μg/kg = 5 mL) can be given. If the procedure outlasts these 
doses, the technique is converted to inhalation of sevofl urane. 
7   Apnea is intended with this technique. Apnea is evidence of 
opioid effect and means that movement in response to lumbar 
puncture is extremely unlikely. The lumbar puncture has to be 
performed promptly for this technique to be advantageous. 
Longer procedures should be managed by an infusion or inhala-
tion technique. 

 The doctor assigned to the procedure list was 
already prepared to perform the lumbar puncture (the 
methotrexate was also ready). Michael’s back was 
prepped and curved as much as possible. (Lumbar 
puncture in large or obese children can be diffi cult.) 
The lumbar puncture was successful, the methotrexate 
was injected, and the adhesive skin dressing was 
applied. Within 60 s Michael began to breathe. 8  A sim-
ple oxygen mask was applied and he was sent to the 
recovery room next door. His oxygen saturations, heart 
rate, and blood pressure (one measurement only) had 
remained normal throughout. He was awake, talking, 
and ready to eat and drink 10 min later (see Glaisyer 
and Sury [ 105 ]). Therefore, he was discharged 2 h 
later. His parents were given advice about headache.  

   Key Points 
     1.    Interventional radiology is a growing specialty in the 

United Kingdom and, in the authors hospital, the 
interventional radiology team is responsible for the 
insertion of almost all long-term CVCs. Anesthesia 
ensures immobility and therefore optimal conditions 
for safe and accurate venipuncture in children.   

   2.    Cardiac defects are common in Down syndrome 
patients. Chemotherapy can cause cardiomyopathy.   

   3.    Intrathecal vincristine is lethal. This distressing 
mistake has happened too frequently. The design 
and distribution of lumbar puncture needles that 
have special connectors to make the accidental 
injection of intravenous drugs impossible has yet to 
be achieved. The current strategy is to separate the 
administration of intravenous (IV) vincristine and 
intrathecal (IT) methotrexate to separate “place,” 
“time,” and “person,” i.e., different hospital, day, 
and team. The procedure team never administers 
vincristine in the authors hospital. Occasionally, IV 
vincristine is administered on the ward to “in-
patients” but only with a patient-specifi c request by 
an oncologist.   

   4.    The WHO Surgical Safety list process should be 
applied to all procedures under anesthesia or seda-
tion. The brief is an opportunity for the team to hear 
and discuss the details of the patients and procedure 
“once.” This is a time-effi cient method of commu-
nication that can improve safety and effi ciency and 

8   The half-life of remifentanil is approximately 5–10 min and is 
not context dependent. If postoperative pain is expected, another 
analgesic is necessary. Almost no patients complain of backache 
or headache within the fi rst hour after lumbar puncture under 
this technique. Postoperative nausea is rare. 

(continued)
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an also aid teaching and morale. The “busy” lists 
may need more than one team brief as the condi-
tions and details of the patients change. A team 
leader or coordinator may need to be elected.   

   5.    The management of CVCs by anesthetists should 
follow an agreed protocol. In the authors hospital 
this includes preparation of drugs in a clean plastic 
tray by gloved hands. The CVC should be prepared 
with 2 % alcoholic chlorhexidine for 30 s and 
allowed to dry before injecting of the drug. The 
CVC is fl ushed with 20 mL normal saline after-
wards. Later on the ward, the oncology nurses fl ush 
the CVC line with heparinized saline before the 
patient is discharged as an extra precaution against 
residual anesthesia drugs.        

    Case 6 (the United Kingdom) 

    Gastrointestinal Endoscopy in an Anxious 
15-Year-Old Girl 
 The patient has a 2-year history of constipation, diar-
rhea, and abdominal pain. Her weight is 35 kg; she has 
lost weight steadily over the past year. She is quiet and 
does not speak to health-care professionals much. 
This behavior could be related to being unwell from 
gastrointestinal disease but may also be related to 
physical or mental abuse. Child protection problems 
are common in this patient group. Her parents are with 
her and her mother does most of the talking. The 
patient has taken bowel preparation. 9  An intravenous 
cannula has been inserted and intravenous fl uids are 
being administered to maintain her hydration. (Siting 
an intravenous cannula outside the endoscopy suite 
and by nurses may be better for anxious children. 
Experienced nurses can spend time reassuring the 
child—time that may not be available during an 
endoscopy session.) 

 At the  team brief , 10  the anesthesia plan is made for 
her to receive anesthesia by an intravenous propofol 
infusion and for her to breathe spontaneously without 

9   Bowel preparation should achieve a clean colon and evidence 
of its effect will be the passing of watery stools. Dehydration is 
a common problem and therefore intravenous fl uid replacement 
will be necessary in some children. 
10   The team brief should involve all members of the team. 
Communication of the details of the procedures and the expected 
problems can be discussed in order to minimize problems and 
delays. Essential safety and quality checks can be carried out at 
this stage. 

an airway device or support. 11  The endoscopy staff 
   perceives that she is anxious and that she should be 
fi rst on the list of patients for that session. (This is a 
common scenario. The order of the patients may have 
to change and the team brief will enable full discussion 
and safe planning.) She is sent for but refuses to enter 
the endoscopy room; persuasion fails. She is persuaded 
however to accept buccal midazolam (10 mg). Fifteen 
minutes later, she is less anxious and is wheeled into 
the endoscopy suite on a trolley. She is in tears. Her 
parents are with her and try to calm her. 

 The notes and consent form are checked (these 
checks are important to avoid mistakes). She refuses 
to allow monitoring to be placed. The IV fl uids are 
disconnected and 20 mg of lidocaine are injected 
slowly into the cannula. 12  A propofol TCI has been 
prepared (50 mL 10 % propofol) and the syringe 
driver is programmed using the Paedfusor algorithm. 
(This TCI model/algorithm is in common use in the 
UK and Europe. It delivers propofol to achieve a tar-
get blood level. The dose delivered follows the algo-
rithm based on published data collected in children. 
Refer to Chaps.   11     and   31    .) The target level is set at 
6 μg/mL. The patient is not fully cooperative but will 
allow her parents to hold her hands while the propofol 
infusion line is connected to the cannula. She is 
crying. 

 The infusion begins. She is asleep within 60 s and 
the parents leave the room. The endoscopy team (anes-
thetists, endoscopist, and nurses) help to turn her on 
her side and apply the monitoring. Nasal cannulae 
incorporating an oxygen delivery portal and a capnog-
raphy sampling tube is applied fi rst. The breathing is 
continuously monitored by capnography. The pulse 
oximeter is applied next followed by the blood pres-
sure cuff and ECG. 

 The patient’s position and comfort is checked. A 
bite block is inserted into the mouth (the bite block pro-
tects the endoscope and prolongs its useful life). Five 
minutes after the start of the TCI a suction catheter

11   This method will not be appropriate for all children. Small 
children and those with cardiorespiratory problems may be more 
safely managed by tracheal intubation. Propofol infusion pro-
vides a recovery profi le that has minimal side effects. 
Occasionally this method is not successful because of airway 
obstruction—prompt airway rescue/support including tracheal 
intubation will be necessary in some children. 
12   The lidocaine injection is for two reasons: to test the patency of 
the cannula and to help reduce any pain from the propofol. 

(continued)
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is inserted into the pharynx to aspirate secretions. 13  
She moves and gags on the suction catheter. Another 
minute passes and the suction is applied again. There is 
little if any movement. The breathing is steady at 
approximately 20 breaths per minute. The capnograph 
number is low and the waveform is not “full,” but it is 
suffi cient to prove that she is breathing and that the 
airway is not obstructed. 

 The esophagus is intubated with the endoscope. 
Secretions in the pharynx are aspirated by the anesthe-
tist who remains at the head of the patient throughout. 
(Secretions can cause laryngospasm. The lateral posi-
tion and continuous suction may reduce this problem.) 
From this position the anesthetist can see the capno-
graph and support the airway by whatever is needed 
(suction, chin lift, jaw thrust, or other airway device). 
The endoscopy proceeds uneventfully until the duode-
num is intubated. There is some retching and more 
secretions are aspirated. (Retching and other auto-
nomic refl exes [bradycardia] can be triggered by duo-
denal intubation.) 

 The upper endoscopy ends and she (on the trolley) 
is turned around to receive the colonoscopy. The TCI is 
turned down to 3 μg/mL. 14  The colonoscopy proceeds 
uneventfully until the cecum is reached. The patient 
moves and the heart rate and breathing rate increase. 
The TCI is increased to 6 μg/mL and 1 min is awaited 
before the endoscopy proceeds. The ileum is biopsied 
and the colonoscope is gradually removed while biop-
sying all the parts of the colon. The TCI is reduced to 
3 μg/mL. As the rectum is biopsied, the TCI is set to 
0 μg/mL. (Setting the target to 0, rather than turning 
the infusion off, allows the possibility of restarting the 
infusion of anesthesia if it needs to be prolonged for 
any reason.) 

 The procedure ends. The infusion is disconnected. 
The staff checks that they have completed all the 
intended tasks. The cannula is fl ushed with saline and 

13   The suction catheter stimulates the gag refl ex and tests the 
“depth” of anesthesia to help predict whether or not the endo-
scope will be tolerated. If the patient does not tolerate the endo-
scope, the anesthetist needs to decide if the target propofol blood 
level should be increased or not. Often the patient will settle if 
extra time is allowed and this may be because the mechanism of 
action of propofol (i.e., its pharmacodynamics) takes more time 
than expected. 
14   Insertion of the colonoscope is not very stimulating. The fi rst 
part of the colonoscopy is not stimulating until the colon is 
stretched by looping of the colonoscope. Some patients show 
signs of discomfort. A background infusion of remifentanil (0.1–
0.5 μg/kg/min) is effective and, provided it is adjusted to the 
respiratory rate, appreciable respiratory depression is unlikely. 

the patient is wheeled into the recovery area. She 
begins to rouse within 10 min and is sitting up, talking, 
and drinking water with 30 min. She is able to walk 
and is ready for discharge from the hospital 2 h later. 

   Key Points 
     1.    Several anxiolytics are effective but buccal mid-

azolam is one of the quickest and often the most 
easily tolerated. Some of the midazolam is likely to 
be spit out or swallowed in uncooperative patients.   

   2.    Parents are generally helpful in reducing anxiety 
and helping to achieve cooperation.   

   3.    The anesthetists and endoscopist must be prepared 
to abandon the procedure and remove the endo-
scope if airway obstruction cannot be resolved. An 
absent capnograph signal is a serious warning of 
impending hypoxia. The patient will look cyanosed 
before the pulse oximeter registers desaturation.   

   4.    In the authors experience with this sedation tech-
nique, almost no children needed analgesia or 
antiemetics.        
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    Abstract  

  South America is comprised of 13 countries and a population of approximately 350 million 
people. It has an area of 6,890,000 mile 2  (17,840,000 km 2 ) and in 2005 its population was 
estimated at around 371,090,000. The languages of South America are mainly Castilian 
Spanish and Portuguese. A variety of social, political, and economic factors make this 
region very heterogeneous. In the medical fi eld, specifi cally in the area of sedation, the 
heterogeneity continues. The diverse development of the varied region makes it possible to 
fi nd profound backwardness adjacent to technological developments that are at the 
forefront of medicine. This incongruity is especially apparent in Brazil, Venezuela, 
Colombia, and Peru. 

 This chapter will explore the sedation practices within the various regions of South 
America.  
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        Introduction 

 South America is comprised of 13 countries and a population 
of approximately 350 million people. It has an area of 
6,890,000 mile 2  (17,840,000 km 2 ) and in 2005 its population 
was estimated at around 371,090,000. The languages of 
South America are mainly Castilian Spanish and Portuguese. 
A variety of social, political, and economic factors make this 
region very heterogeneous [ 1 ]. 

 In the medical fi eld, specifi cally in the area of sedation, 
the heterogeneity continues. The diverse development of the 
varied region makes it possible to fi nd profound backwardness 
adjacent to technological developments that are at the 
forefront of medicine. This incongruity is especially appar-
ent in Brazil, Venezuela, Colombia, and Peru. 

 This chapter will explore the sedation practices within the 
various regions of South America.  

    Pediatric Sedation in South America: 
A General Overview 

 In South America, a signifi cant proportion of sedation is deliv-
ered by anesthesiologists. The anesthesia specialty in South 
America has evolved under the consolidation of the Con-
federation of Latin American Societies of Anesthesiologists 
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(CLASA). 1  CLASA was established in 1963 following two 
decades of political and economic stability. CLASA has 
many working committees, including a Committee for 
Pediatric Anesthesia and Safety. Moreover, CLASA sponsors 
books that have been translated into Spanish, including 
 Understanding Pediatric Anesthesia  [ 2 ] as well as educa-
tional videos such as  Total Intravenous Anesthesia  ( TIVA )  in 
Pediatric Anesthesia  [ 3 ]. The CLASA Committee on 
Pediatric Anesthesia has developed rules and guidelines that 
specifi cally address sedation outside the operating room: 
“Given the special characteristics of pediatric patients, which 
should be handled in most circumstances by deep sedation 
and/or anesthesia, operations outside the surgical area will 
have the same requirements for general equipment as the 
operating room, always under the supervision of the 
anesthesiologist.” 

 The most signifi cant difference between sedation practice 
in South America and North America is that in the South, it 
is rare for nurses to deliver sedation, even in isolated regions. 
Rather, sedation is delivered by physicians under the guide-
lines of their specialty societies. In general, the Ministries of 
Health in South America support this anesthesia delivery 
model, despite the paucity of anesthesiologists in some 
regions. As in many developing countries, the overwhelming 
proportion of anesthesiologists in South America is concen-
trated in large cities, fostering economic activity in the 
private sector. In spite of the irregular distribution of anes-
thesiologists, morbidity and mortality related to anesthesia 
are estimated to be very low. 

 The decrease in the acquisition costs of physiological 
monitors has enabled sedation services to meet the interna-
tional standards. Today there is an almost universal imple-
mentation of hemodynamic and respiratory monitoring, 
which includes pulse oximetry and capnography. 

 There remain specifi c venues of sedation delivery in 
South America that need improvement: gastrointestinal 
endoscopy, dentistry, radiology, oncology, and urology. A 
lingering challenge is access to sedation in the remote forests 
and mountains where the indigenous peoples still live. 

 It is remarkable that in South America, the target- 
controlled infusion (TCI) delivery systems are available for 
anesthesiologists (TCI is not currently available in the United 
States). TCI is a computerized intravenous infusion device 
that delivers medication using pharmacokinetic (PK) models 
of propofol, remifentanil, and sufentanil. Currently, most 
TCI systems in South America include pediatric PK models, 
which were created in Chile (Ezfusor, Fig.  22.1 ). TCI intends 
to maintain a steady drug plasma concentration, prevent drug 
over accumulation, and achieve a targeted plasma serum 
concentration. TCI delivery systems are intended to replace 
the fi xed-rate infusion delivery model, thereby avoiding the 

1   www.clasa-anestesia.org 

peaks and troughs in plasma levels. Avoiding these inconsis-
tencies should reduce the risk of cardiorespiratory depres-
sion and episodes of awakening during sedation.

       Argentina 

 In Argentina tight control is exercised by the Federation of 
the Associations of Anesthesiology of Argentina 2  over the 
reimbursement for and practice of anesthesiology. This fed-
eration has a pediatric anesthesia subgroup, which follows 
the American Society of Anesthesiologists (ASA) guidelines 
and policies.  

    Brazil 

 In Brazil, there are approximately 9,000 anesthesiologists 
for a population of about 196 million people (estimated in 
2011). There is a concentration of anesthesiologists in large 
urban areas and a paucity in the northern areas (which 
includes the Amazon rain forest). The Brazilian College of 
Physicians (Resolution 1670/2003) supports that deep seda-
tion should only be performed by qualifi ed doctors under 
conditions in which the procedure is performed by a second, 
separate professional (physician, dentist). The following 
should be immediately available: supplies to maintain a 
patient’s airway, administer oxygen, resuscitate cardiovascular 
and respiratory complications, and document the sedation 
(medications, doses, effects, and the criteria for discharge). 

2   http://www.anestesia.org.ar/ 

  Figure 22.1     Left :    Ezfusor.  Right : Anestfusor. Both control infusion 
pumps (DPS, Fresenius Kabi)       
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Clear verbal and written instructions should be given to the 
patient and guardians upon discharge to detail the medica-
tions received, anticipated side effects, and procedure in the 
event of an emergency. 

 Brazilian law supports dentists to perform analgesia, 
sedation, and hypnosis. The Brazilian College of Dentists 
regulates the delivery of nitrous oxide: Dentists can adminis-
ter nitrous oxide/oxygen inhalational sedation after attending 
an approved 96-h course. A recent survey of Brazilian anes-
thesiologists revealed that 92.8 % do not support the Brazilian 
College of Dentists statement that “dentists can administer 
sedation in the dental offi ce” [ 4 ]. Rather, although 85.6 % of 
the anesthesia respondents had rarely or never provided 
sedation or anesthesia in the dental offi ce, most were not 
favorable in their support of dentists providing sedation. 
Ironically, it was those anesthesiologists who had experience 
with dental sedation and anesthetics that were the most 
unsupportive of the dentist as a sedation provider [ 4 ]. A follow-
 up survey in 2012 revealed that 77 % of certifi ed dentists in 
Brazil administer nitrous oxide. Adult patients with physical 
or mental disabilities were more likely to receive nitrous 
oxide [ 5 ]. To date, the surveys of dental sedation practice in 
Brazil are not specifi cally targeted to evaluate the pediatric pop-
ulation. Rather, they are directed to the adult patient popula-
tion. It is diffi cult to thus fully ascertain the pediatric dental 
sedation practice in Brazil. A 2011 survey of pediatric den-
tists worldwide, however, supported the global popularity of 
nitrous oxide administration amongst pediatric dentists. 
Pediatric dentists cited general anesthesia, nitrous oxide, and 
oral sedation administration with a frequency of 52, 46, and 
44 % consecutively [ 6 ]. These surveys suggest that the con-
troversy of who is qualifi ed and competent to administer 
dental sedation spans between countries and continents 
worldwide [ 7 ]. 

 Physicians and dentists who perform outpatient sedation 
in Brazil usually follow the international guidelines of the 
American Academy of Pediatrics (AAP) and the American 
Academy of Pediatric Dentistry (AAPD). There are, how-
ever, documents from the Anesthesiology Societies of Rio de 
Janeiro and São Paulo (Table  22.1 ) that guide sedation [ 8 ,  9 ].

   One limitation to the practice of safe dental sedation in 
Brazil is the lack of regulations regarding training, creden-
tialing, and emergency resuscitation skills: Dentists and 
nurses are not required to have systematic training in medical 
emergencies (Basic Life Support, BLS; Advanced 
Cardiovascular Life Support, ACLS; Pediatric Advanced 
Life Support, PALS) during their formal education or con-
tinuing education. Ironically, certifi cation courses for 
Advanced Life Support in Brazil are directed exclusively to 
doctors and nurses, forbidding enrollment of dentists.  

    Chile 

 In Chile, there are 1,100 anesthesiologists for 17 million 
people; the biggest challenge is their concentration in large 
cities. The current accreditation process for anesthesiolo-
gists in Chile mirrors those of the Joint International 
Commission. Pediatric anesthesia is a subspecialty, regu-
lated by the well- established Chilean scientifi c society, 3  
which includes clinical guidelines for sedation outside the 
operating room [ 10 ] with the strong recommendation that 
sedation in children be delivered by anesthesiologists. An 
exception to this model would be for dentists to administer 
oral midazolam and nitrous oxide and for radiologists to 
administer rectal chloral hydrate. The Chilean Dental 
Society has a pediatric branch that provides regular courses 
for sedation with nitrous oxide. 

 The University of Chile has also developed software 
(Anestfusor;   www.smb.cl    ) to simulate and control the 
infusion of propofol using pharmacokinetic models 
(Paedfusor and Kataria), which have been validated in 
children [ 11 ,  12 ]. (Refer to Chaps.   11     and   31    .) In 2011, a 
study performed in Chile examined the performance of 
eight propofol pharmacokinetic models in children (3–26 
months of age). There was a tendency to underestimate 
propofol concentration 1 min after the bolus dose, suggest-
ing that there is a risk of delivering a larger initial bolus 
than intended. Six models were validated in children: 
Short, Rigby-Jones, Coppens, Kataria, Paedfusor, and 
Saint-Maurice (Fig.  22.2 ). Details on TCI and the models 
are available in Chap.   31    .

   The Paedfusor (Glasgow, UK; pump: Arcomed ag—
Swiss—Syramed uSP6000 premium) was developed in the 
early 1990s as a means to deliver propofol to children using 
pharmacokinetic models. Today the Paedfusor model is 
available in the Ezfusor (Anestfusor Serie II Pro software—
Facultad de Medicina, Universidad de Chile;   http://www.
smb.cl/en/anestfusor_serie2_proen.html     (Figure  22.1  and 
Figure  22.2 ), which has touch screen technology, capable 
of simultaneously controlling three different drugs in the 
TCI delivery system. This device is available in more than 
20 pediatric hospitals in Chile. 

 In Chile, the diffi culty lies in the complex, remote geog-
raphy and the need to refer patients to tertiary centers from 
islands or isolated mountain villages. In many cases, the gov-
ernment supports transport costs in order to ensure the safety 
of the procedure.  

3   www.sachile.cl 
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    Other Countries 

 In Bolivia there are no clinical guidelines. In general, the fi rst 
line plan for sedation is oral midazolam administered by a 
non-physician (radiology technologist). If the child fails to 
sedate with that protocol, the child is rescheduled for general 
anesthesia with halothane to be administered by an anesthe-
siologist. Propofol is not yet reimbursed by the government 
and is, thus, less favored to thiopental. 

 In Colombia, there are published guidelines for the seda-
tion of children over 12 years of age by non- anesthesiologists 
[ 13 ]. These guidelines specify that the sedation must be 
delivered by a separate provider who performs the surgical 
procedure. Only one sedative is allowed. 

 In Peru there are no published sedation guidelines. There 
is some literature describing the Peruvian experience of 
administering intravenous midazolam, fentanyl, ketamine, 
and morphine for procedural sedation [ 14 ,  15 ]. There is also 
a published review describing the most common drugs used 
in pediatric dental sedation in Peru: midazolam, diazepam, 
and chloral hydrate [ 16 ].  

    Common Sedation Techniques 
and Strategies in South America 

 As a general rule, it is preferred that children (<than 8 years 
old) undergo procedures with general anesthesia. In all cases 
the informed consent, preoperative assessment, monitoring, 

Recommendations AAP/AAPD [44] São Paulo, Brazil [8] Rio de Janeiro, Brazil [9] Chile [10] Colombia [13]

HEALTH CARE PROFESSIONAL

Minimal sedation Sufficiently skilled Medical personnel Sufficiently skilled Anesthesiologist 
(strongly recommended)

Able to provide BLS

Moderate sedation As above, plus 
personal to monitor

Medical personnel 
with PALS

Sufficiently skilled Anesthesiologist 
(strongly recommended)

Basic airway 
competences

Deep sedation As above, but 
training in PALS

Anesthesiologist Sufficiently skilled Anesthesiologist 
(strongly recommended)

Expert airway 
management skills

(almost exclusively 
anesthesiologist)

FOODS BEFORE ELECTIVE SEDATION (HOURS)

Water – – – 1 (75 mL) –

Clear liquids 2 3 – 2 –

Breast milk 4 2 (premature)

3 (0–6 mo)

4 (6–36 mo)

– 4 –

Infant formula 6 3 (premature)

4 (0–6 mo)

6 (6–36 mo)

– 6 –

Nonhuman milk 6 As above – 6 –

Light meals 6 6 – 6 –

Heavy meals 8 – – 8 –

MONITORING RECOMMENDATIONS

SpO2 Continuous Continuous Continuous Continuous Continuous

Respiratory rate Intermittent Continuous Continuous Continuous Intermittent

Heart rate Continuous Continuous Continuous Continuous Continuous

Blood pressure Intermittent Intermittent Continuous Continuous Intermittent

Capnography Encouraged Encouraged Encouraged Encouraged Encouraged

    Table 22.1       Comparison of different guidelines (AAP/AAPD + South America) related to pediatric sedation          
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and documentation mirror that of an anesthetic for a surgical 
procedure. 

 In children over 8 years of age, it is possible to use an 
intravenous sedative technique, ideally after applying a 
eutectic mixture of local anesthetic cream, which is limited 
in availability. 

 Premedications with oral or nasal <0.5 mg/kg midazolam 
are usually administered 30 min prior to the procedure. The 
child is then accompanied by a parent or a relative into the 
procedure room. The sedation may be supplemented with 
titrated doses of 1 mg/kg subcutaneous or intravenous ket-
amine and/or propofol TCI. Propofol is usually administered 
with a Paedfusor target model (1.5–3 μ[mu]g/mL) in pro-
gressive steps until the targeted depth of sedation is achieved. 
Supplemental oxygen is always with standard noninvasive 
monitoring that meets the ASA guidelines [ 17 ]. 

 For painful procedures (lumbar puncture, bone marrow 
biopsy, fracture mobilization, local anesthetic injection for 
dental extraction, endoscopy), intravenous alfentanil 
(6–10 μg/kg) is often titrated at 1-min intervals prior to the 
stimulus. For colonoscopy and procedures in the emergency 
department, intravenous fentanyl (1 μg/kg) is preferred at 
15-min intervals as required. 

 In South America there are few established protocols for 
pediatric sedation. The AAP and AAPD guidelines tend to 
be followed. The South American protocols are diverging 
slightly with respect to the qualifi cations for sedation provid-
ers and nil per os (NPO) recommendations (Table  22.1 ). For 
example, in the Chilean guidelines, there is a reference spe-
cifi cally to water: 75 mL of water is allowed for children 
(150 mL for adults) 1 h before sedation [ 10 ].  

    Review of Published Sedation Literature 
from South America 

 Over the past 20 years, a variety of sedation literature has 
been published in South America (Table  22.2 ) [ 18 – 43 ]. Most 
of the published studies used midazolam (24; 70.4 %). In 13 
of those papers presented in Table  22.2  (68.4 %) midazolam 
was used as a single drug and its effi cacy varied in different 
scenarios from 66.6 to 89.0 %. Dexmedetomidine, a more 
recently released drug, was only used in a single study. The 
most common indication for sedation was procedural seda-
tion (nine papers), followed by its use in dental sedation 
(seven studies). It is important to highlight that the dental 

  Figure 22.2    Display of Anestfusor simulator (Anestfusor Serie II Pro 
software—Facultad de Medicina, Universidad de Chile), which com-
pares manual ( top ) versus target-controlled infusion (TCI) effect site of 
propofol delivery ( bottom ). Note that the proposed target maintains TCI 

infusion ( bottom ) despite the requirement for constant adjustment for 
stability. It is impossible to achieve these end points with manual titra-
tion ( top ). TCI uses specifi c parametric models with covariates of the 
treated population       
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     Table 22.2    Data published (PubMed and Scielo) referring to pediatric sedation in South America (1993–2013)           

Author Country Study design Subjects Sedative Outcome Scenario

Gallardo et al.
1994 [18]

Chile Prospective
Double-blind

32 
uncooperative 
children

Midazolam (7.5 mg PO) 
× placebo

Midazolam provides fast
and adequate
sedation (p < 0.001)

Dental treatment

López et al.
1995 [19]

Chile Prospective 92 children 
(0–4 y)

Midazolam (1mg/kg
PO) × chloral hydrate 
(50mg/kg PO)  (both 
rectal)

100% chloral hydrate fall 
asleep × 66.6% midazolam
(p < 0.01) 

Electroencephalography
(EEG)

Riva et al.
1997 [20]

Uruguay Prospective
Double-blind
Randomized

107 children 
(3–10 y)

Midazolam (0.75 mg/kg 
PO) × placebo

Midazolam showed a better 
level of sedation than placebo 
(p < 0.05)

Preoperative 
medication

Brunow de 
Carvalho et al. 

1999 [21]

Brazil Prospective 
(comparison 
of 2 sedating 
scales)

18 children
(0–6 y)

Midazolam  or fentanyl
(IV doses, not reported)

There was no statistical 
difference in comparison of 
Comfort and Hartwig scales

ICU sedation

Ronco et al.
2003 [22]

Chile Prospective 51 children
(3mo–16 y)

Propofol 2–6 mg/kg IV 
alone (30) or in 
association (21) 
(midazolam, morphine, 
ketamine, or fentanyl)

There were no differences (p
= 0.4) in comparison of 
propofol alone or in 
association

Procedures (endoscopy, 
bronchoscopy, biopsies, 
others)

Lima et al.
2003 [23]

Brazil Prospective
Double-blind
Randomized

11 children
(0–5 y;
37 dental 
sessions)

Midazolam (1 mg/kg
PO) × midazolam (0.75 
mg/kg PO) plus 
hydroxyzine (2.0 mg/kg
PO) × placebo

Success rate was 7.7% 
placebo, 30.8% midazolam 
plus hydroxyzine, and 77.0% 
midazolam alone

Dental treatment

Saitua et al.
2003 [24]

Chile Prospective 81 children
(1 mo–12 y)

Midazolam 0.2 mg/kg
IV plus fentanyl 2 µg/kg
IV or General
Anesthesia

No differences regarding 
sedation or general 
anesthesia. GA may be 
avoided in simple procedures

Percutaneous 
endoscopic gastrostomy

Matínez and
Sossa

2003 [25]

Colombia Retrospective 65 children
(1 mo–18 y)

General anesthesia 
(halothane – 64 patients) 
and midazolam plus 
ketamine (IV, 1 patient)

The possibility of performing 
the procedure under sedation 
should be considered

Bronchoscopy

Sfoggia et al. 
2003 [26]

Brazil Prospective 124 children
(1 mo–15 y)

Midazolam, ketamine,
fentanyl and morphine 
(various doses IV 
continuous)

Sedative infusions in children 
submitted to mechanical 
ventilation were used to an 
average  of 1.7 
drugs/patient/day

ICU sedation 
(mechanical 
ventilation)

Gana et al.
2006 [27]

Chile Prospective 123 children
(2–10 y)

Midazolam and Dolantin 
(IV various doses)

No patient needed any 
antagonist or resuscitation 
maneuvers

Colonoscopy

Claro et al.
2006 [28]

Argentina Retrospective 75 patients
(6 mo–15 y; 
150 
procedures)

Midazolam 0.1 mg/kg 
IV and ketamine 1
mg/kg IV

A suitable level of sedation 
and pain relief was achieved 
in 80% of patients

Procedures (lumbar and 
bone marrow puncture, 
biopsy etc.)

Muñoz et al.
2006 [29]

Chile Prospective 20 children
(3–11 y) and 
20 adults

Propofol (TCI) mean
ECe50 3.65 mg/ml

During propofol 
administration, the 
correlation between BIS and 
clinical sedation is similar in 
children and adults

Preoperative 
medication

da Silva et al.
2007 [30]

Brazil Prospective
Randomized

57 children
(3 mo–14 y)

Midazolam (0.15–0.5
mg/kg IV) and fentanyl  

The M/K sedation regimen 
was associated with a higher 

Procedures (central 
venous catheter)

(continued)
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(1–3 µ[mu]/kg IV) or
midazolam (0.15-0.5 
mg/kg IV) and ketamine 
(0.5–5 mg/kg IV)

rate of minor complications 
(excessive secretion and 
desaturation)

Schmidt et al.
2007 [31]

Brazil Prospective
Randomized

60 children
(7–12 y)

Midazolam (0.5 mg/kg
PO) or clonidine (4
µ[mu]g/kg PO) or
dexmedetomidine 
transmucosal
(1µ[mu]g/kg)

Children receiving clonidine 
or DEX preop have similar 
levels of anxiety as those 
receiving midazolam

Preoperative 
medication

Kantovitz et al.
2007 [32]

Brazil Prospective
Double-blind
Randomized

20 children
(3 –7 y;
40 dental 
sessions)

Chloral hydrate (40  
mg/kg PO) or diazepam 
(5 mg PO) or placebo

Diazepam or CH alone had 
no influence on behavior 
management during dental 
treatment

Dental treatment

Costa et al.
2007 [33]

Brazil Prospective
Double-blind
Randomized

12 children
(0–5 y;
35 dental 
sessions)

Chloral hydrate (75 
mg/kg PO) or chloral 
hydrate (50 mg/kg PO) 
plus hydroxyzine (2.0 
mg/kg PO) or placebo

CH, CH plus hydroxyzine 
and placebo were effective in 
62.5%, 61.5%, and 11.1% of 
cases, respectively

Dental treatment

Martinbiancho
et al. 2009 [34]

Brazil Prospective 343 children
(0–18 y)

Chloral hydrate (median 
dose prescribed was 130 
mg/kg/day, rectal)

CH may be an alternative 
during prolonged sedation in 
PICU

ICU sedation

Riera et al.
2010 [35]

Chile Prospective 190 children
(4–12 y)

Midazolam (0.13 mg/kg
IV average) or Dolantin 
(0.82 mg/kg IV average)

Ambulatory endoscopic 
procedures can be performed 
safely on children, with 
moderate sedation

Endoscopy

Capp et al.
2010 [36]

Brazil Prospective 40 children
(0–5 y;
45 dental 
sessions)

Midazolam 0.2–0.3
mg/kg IM or 0.1mg/kg
IV

Midazolam was effective in 
89% of this sample for dental 
procedures in patients with 
neurological and behavioral 
disturbances

Dental treatment

Oliveira et al.
2011 [37]

Brazil Case Report 1 child
(7 y)

N2O sedation Dental procedure under N2O
sedation preferred in a 
cerebral palsy child 
considering short duration 
and safety

Dental treatment

da Silva et al.
2011 [38]

Brazil Prospective 20 children
(4–12 y)

Ketofol (1.25 mg/kg IV
each of propofol and 
ketamine)

Ketofol provided effective 
sedation and analgesia for 
bone marrow aspiration

Procedures (bone 
marrow aspiration)

Sepulveda et al.
2011 [12]

Chile Prospective 41 children
(3–36 mo)

Propofol 2.5 mg/kg 
followed by 8 mg/kg/h 
IV (TCI)

Validation of the PK models;
use for TCI might result in 
the administration of larger 
bolus doses than necessary in
small child

Preoperative 
medication and GA

Costa et al.
2012 [39]

Brazil Prospective 42 children
(1–8 y)

Midazolam 1.0–1.5 
mg/kg PO (max 20.0 
mg) or chloral hydrate 
70–100 mg/kg PO (max 
2.0 g)

High oral doses of CH were 
more related to minor adverse
events than was midazolam 
as the sole agent for moderate
sedation

Dental treatment

Agudelo et al.
2012 [40]

Colombia Retrospective 71 children
(7 mo–6 y)

Propofol (2.1 ±1.3
mg/kg/h IV)

Propofol at a dose of 1–4
mg/kg/h is a safe alternative 
for sustained sedation in 
critically ill children

ICU sedation

Moreira et al.
2013 [41]

Brazil Prospective
Double-blind

41 children
(0–36 mo)

Midazolam (0.5 mg⁄kg
PO) and ketamine (3 
mg⁄kg PO) or midazolam 

The combination of oral 
midazolam and ketamine is 
efficacious for guiding the 

Dental treatment

Table 22.2 (continued)
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sedation studies used only oral or inhaled routes. In the 
intensive care units, intravenous sedatives are preferred (one 
study cites rectal chloral hydrate).

       Summary 

 In South America, there is an enormous variability in sedation 
practice. The majority of sedation still continues to be admin-
istered by anesthesiologists with dentists limited only to 
nitrous oxide administration and emergency medicine physi-
cians restricted to midazolam, ketamine, and narcotics. There 
is a huge variability in the culture of research and data collec-
tion between countries and regions, and grants for research 
vary between academic institutions. Although outcome data 
is scarce, there is now emerging literature on the use of TCI 
with propofol. With limited fi nancial resources, TCI delivery 
devices have been created and adapted from existing equip-
ment. Some data published in the literature over the past 20 
years (PubMed and Scielo, 1993–2013) on issues associated 
with pediatric sedation in South America are shown in 
Table  22.2  and Figure  22.3 . Although there is lack of uniform 
guidelines and recommendations, sedation guidelines for 
delivery and monitoring tend to follow ASA guidelines.    

Randomized (1.0 mg⁄kg PO) or 
placebo

behavior of children under 3 
years old

Godoy et al.
2013 [42]

Chile Prospective (1 mo–5 y) Midazolam IV plus 
ketamine IV, propofol 
IV plus lidocaine SC, or 
midazolam IV plus 
propofol IV plus 
lidocaine (SC) (doses not 
shown)

Adequate deep sedation was 
obtained in 98% of cases, and 
that an adequate analgesia 
was achieved in 92% of 
patients; no differences in
groups

Procedures 
(bronchoscopy, 
endoscopy, etc.)

Gómez et al.
2013 [43]

Colombia Prospective 216 children
(6 mo–8 y)

Midazolam (0.5 mg/kg
PO) plus acetaminophen
(12 mg/kg PO);
named: “midazofén”

Premedication reduces
anxiety and allows a good 
acceptance (92%) of GA

Preoperative 
medication

Table 22.2 (continued)

   Case Studies 

    Case 1 

 IBS (2 years and 3 months old) was referred for dental 
treatment under sedation for the completion of three 
restorations. The patient’s weight and height were on 
the 25th to 50th percentiles (National Center for Health 
Statistics; NCHS) and the vital signs were within nor-
mal limits. Then 1 mg/kg midazolam was administered 
orally and treatment started 15 min after drug adminis-

tration. The patient struggled and showed a complete 
lack of cooperation. She was discharged without com-
plications. In the next session, according to the local 
protocol [ 41 ], the patient received a combination of 
midazolam 0.5 and 3 mg/kg ketamine, both orally. 
After 15 min, the patient cooperated and was treated 
successfully (Ohio State University Behavior Rating 
Scale; OSUBRS Scale 2:  little crying ) and completed 
the proposed treatment. Only transient post-nystagmus 
was observed, with no other adverse events in the next 
24 h after sedation. 

    Comments 
 Sedation without routine venous access is performed 
with several different medications alone or in associa-
tion. In  dental procedures this is a relatively common 
scenario. Options for this include oral (as used in 
association in this case), intranasal, transmucosal, and 
inhaled (mainly nitrous oxide) medications. Vein 
puncture is reserved for rare and severe adverse 
events.   

    Case 2 

 JBC (7 years old) was indicated for dental (endodontic) 
treatment. The patient was anxious and the parents 
refused to treat him without sedation. After discussion 
with the dentist and anesthesiologist, it was proposed to 
use a target model (Paedfusor) to infuse propofol 
(2.6 μg/mL) and alfentanil (8 μg/kg). These drugs were 
started before local anesthesia (Figure  22.4 ), which was 
performed without stress or even minor movements. 
The endodontic treatment was also fi nished success-
fully and no adverse events were observed. The patient 
was fully awake 2 min after the end of the infusion.

(continued)
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  Figure 22.3    Publications related to sedation in children (27 papers) in the last 20 years (PubMed and Scielo) from South America: ( a ) number of 
papers published per country (1993–2013); ( b ) indications for sedation       

  Figure 22.4    Sedation for oral surgery       

      Comments 
 Sedation with a target model allows the fi ne control of 
the drug plasma concentration, preventing deep seda-
tion and cardiorespiratory depression on the one hand 
and arousal on the other. However, only trained anes-
thesiologists can use the target model.   

    Case 3 

 AOC (a 5-month-old boy) was burned (17 % of body 
surface) with hot liquids. Surgery for the healing pro-
cedure was proposed with a presumed duration of 
75 min. Then it was decided to perform the healing 
process under sedation (Figure  22.5 ). A bolus of fen-
tanyl 2 μg/kg was used, and a continuous propofol

(continued)
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infusion of 3 mg/kg/h. There was no desaturation 
(SpO 2  > 95 % throughout the time) under room air and 
no other adverse events were reported.

      Comments 
 The association of propofol and fentanyl is common in 
sedation and is generally safe when used by qualifi ed 
personnel. Even in infants, as in this case, it is a rea-
sonable alternative to general anesthesia.   

    Conclusions 

 In summary, the subcontinent is a mosaic of complexities, 
with delayed progress in some areas, which contrasts with 
good innovations in others, but in general there is a broad use 
of technology and the emergence of more homogeneous pro-
cesses. A lot of effort is needed to evaluate sedation out-
comes in South America, but there appears to be low 
morbidity, as the majority of sedation is delivered by anes-
thesiologists and other medical specialists (pediatricians 
and, less frequently, dentists). There remains a critical need 
for sedation coverage in remote areas from which patients 
must be evacuated to urban centers for medical care.     

   References 

    1.    Lester T. Putting America on the map. Smithsonian. 2009;40(9):
78–96.  

    2.   Jacob R, Coté CJ, Thirlwell J, editors. Entendiendo la anestesia 
pediatrica. 2nd ed. New Delhi: B.I. publications. 2010. Available at: 
  http://www.clasa-anestesia.org/site/version/index.php?pagina=
libro.php      

    3.   Campos G. Actualizando TIVA con expertos—TIVA en pediatria. 
Available at:   http://www.ararosario.com.ar/ver.php?xlg=1&
publicacion=292      

     4.    Costa PS, Valadao Jr WJ, Costa LR. Dental sedation by dentists: a 
view from anesthesiologists working in central Western Brazil. 
Anesth Analg. 2010;110(1):110–4.  

    5.    Daher A, Hanna RP, Costa LR, Leles CR. Practices and opinions on 
nitrous oxide/oxygen sedation from dentists licensed to perform 
relative analgesia in Brazil. BMC Oral Health. 2012;12:21.  

    6.    Wilson S, Alcaino EA. Survey on sedation in paediatric dentistry: a 
global perspective. Int J Paediatr Dent. 2011;21(5):321–32.  

    7.    Herlich A. How do we bridge the gap? Anesth Analg. 2010;110(1):
11–2.  

    8.   Bastos Neto AS. [Policy for sedation by non-medical anesthesiolo-
gists]. Hospital Israelita Albert Einstein. 2009. Avaiable at:   http://
medsv1.einstein.br/diretrizes/anestesia/sedacao-para-nao- 
anestesiologistas.pdf      

    9.    Silva MAD. Pediatric anesthesia—the outpatient limits—children 
are different. In: Cavalcanti IL, Cunha LBP, Abrão MA, Sarmento 
RFO, editors. Topics on anaesthesia and pain. Rio de Janeiro, 
Brazil: SAERJ—Society of Anesthesia; 2011. p. 492.  

     10.   Anestesia fuera de pabellón: recomendaciones de la Sociedad de 
Anestesiología de Chile. Available at:   http://www.sachile.cl/medi-
cos/recomendaciones/fuera_pabellon/presentacion.php      

    11.    Cortínez LI, Anderson BJ, Penna A, Olivares L, Muñoz HR, 
Holford NH, Struys MM, Sepulveda P. Infl uence of obesity on pro-
pofol pharmacokinetics: derivation of a pharmacokinetic model. Br 
J Anaesth. 2010;105(4):448–56.  

    12.    Sepúlveda P, Cortínez LI, Sáez C, Penna A, Solari S, Guerra I, 
Absalom AR. Performance evaluation of paediatric propofol phar-
macokinetic models in healthy young children. Br J Anaesth. 
2011;107(4):593–600.  

    13.    Ibarra P, Galindo M, Molano A, et al. Sedation and analgesia rec-
ommendations for non-anesthesiologist physicians and dentists in 
patients over 12 years old. Colomb J Anesth. 2012;40(1):67–74.  

    14.    Navarro A, Llanos JP, Mendoza C, et al. Experience in fl exible 
bronchoscopy in pediatric patients in two hospitals from  Lima- Peru. 
Eur Respir J. 2005;26 Suppl 49:629s.  

    15.    Navarro AAR. Bronchoscopy in children in South America. 
Paediatr Respir Rev. 2006;7(4):288–92.  

    16.    Vargas-Machuca MV, Urbina SR. [Conscious sedation in pediatric 
dentistry]. Rev Estomatol Herediana. 2002;12(1–2):49–52.  

    17.   Granting privileges for deep sedation to non-anesthesiologist seda-
tion practitioners. (Approved by the ASA House of Delegates on 20 
October 2010).   http://www.asahq.org/For-Members/Standards-
Guidelines- and-Statements.aspx      

    18.    Gallardo F, Cornejo G, Borie R. Oral midazolam as premedication 
for the apprehensive child before dental treatment. J Clin Pediatr 
Dent. 1994;18(2):123–7.  

   19.    Lopez MEB, Lopez IS, Troncoso LA, et al. [Chloral hydrate or 
midazolam to induce sleep for electroencephalographic records]. 
Rev Chil Pediatr. 1995;66(4):204–8.  

   20.    Riva J, Lejbusiewicz G, Papa M, Lauber C, Kohn W, Da Fonte M, 
Burgstaller H, Comellas C, Ayala W. Oral premedication with mid-
azolam in paediatric anaesthesia. Effects on sedation and gastric 
contents. Paediatr Anaesth. 1997;7(3):191–6.  

   21.    Brunow de Carvalho W, Lucas da Silva PS, Paulo CS, Fonseca 
MM, Belli LA. Comparison between the Comfort and Hartwig 
sedation scales in pediatric patients undergoing mechanical lung 
ventilation. Sao Paulo Med J. 1999;117(5):192–6.  

   22.    Ronco RM, Castillo AM, Carrasco J, et al. [Sedation and analgesia 
during procedures affecting children outside the operating room]. 
Rev Chil Pediatr. 2003;74(2):171–8.  

   23.    Lima AR, Costa LR, Costa PS. A randomized, controlled, crossover 
trial of oral midazolam and hydroxyzine for pediatric dental seda-
tion. Pesqui Odontol Bras. 2003;17(3):206–11.  

  Figure 22.5    Sedation of a 5-month infant       

 

P.S.S.da Costa and P.S. Voullième

http://www.clasa-anestesia.org/site/version/index.php?pagina=libro.php
http://www.clasa-anestesia.org/site/version/index.php?pagina=libro.php
http://www.ararosario.com.ar/ver.php?xlg=1&publicacion=292
http://www.ararosario.com.ar/ver.php?xlg=1&publicacion=292
http://medsv1.einstein.br/diretrizes/anestesia/sedacao-para-nao-anestesiologistas.pdf
http://medsv1.einstein.br/diretrizes/anestesia/sedacao-para-nao-anestesiologistas.pdf
http://medsv1.einstein.br/diretrizes/anestesia/sedacao-para-nao-anestesiologistas.pdf
http://www.sachile.cl/medicos/recomendaciones/fuera_pabellon/presentacion.php
http://www.sachile.cl/medicos/recomendaciones/fuera_pabellon/presentacion.php
http://www.asahq.org/For-Members/Standards-Guidelines-and-Statements.aspx
http://www.asahq.org/For-Members/Standards-Guidelines-and-Statements.aspx


495

   24.    Saitua F, Acuña R, Herrera P. Percutaneous endoscopic gastrostomy: 
the technique of choice? J Pediatr Surg. 2003;38(10):1512–5.  

   25.    Martínez CR, Sossa MP. [Factors associated with complications 
caused by bronchoscopy in pediatric patients]. Arch Bronconeumol. 
2003;39(11):501–6.  

   26.    Sfoggia A, Fontela PS, Moraes A, da Silva F, Sober RB, Noer RB, 
Bruno F, Einloft P, Garcia PC, Piva JP. Sedation and analgesia in 
children submitted to mechanical ventilation could be overesti-
mated? J Pediatr (Rio J). 2003;79(4):343–8.  

   27.    Gana AJC, Glenz AC, Marchant AP, Vaca ZC, García RX, Larraín 
BF, Harris DP. Prospective evaluation of the safety and tolerance of 
colonoscopy in children. Rev Med Chil. 2006;134(5):613–22.  

   28.    Claro MC, Podestá MC, Rosales A. [Sedation and analgesia for 
diagnostic and therapeutic procedures in the pediatric patient]. Arch 
Argent Pediatr. 2006;104(6):512–9.  

   29.    Muñoz HR, Cortínez LI, Ibacache ME, León PJ. Effect site concen-
trations of propofol producing hypnosis in children and adults: 
comparison using the bispectral index. Acta Anaesthesiol Scand. 
2006;50(7):882–7.  

   30.    da Silva LPS, Iglesias OSB, Leão FV, Aguiar VE, Brunow de 
Carvalho W. Procedural sedation for insertion of central venous 
catheters in children: comparison of midazolam/fentanyl with mid-
azolam/ketamine. Paediatr Anaesth. 2007;17(4):358–63.  

   31.    Schmidt AP, Valinetti EA, Bandeira D, Bertacchi MF, Simões CM, 
Auler Jr JO. Effects of preanesthetic administration of midazolam, 
clonidine, or dexmedetomidine on postoperative pain and anxiety 
in children. Paediatr Anaesth. 2007;17(7):667–74.  

   32.    Kantovitz KR, Puppin-Rontani RM, Gaviao MB. Sedative effect of 
oral diazepam and chloral hydrate in the dental treatment of chil-
dren. J Indian Soc Pedod Prev Dent. 2007;25(2):69–75.  

   33.    Costa LR, Costa PS, Lima AR. A randomized double-blinded trial 
of chloral hydrate with or without hydroxyzine versus placebo for 
pediatric dental sedation. Braz Dent J. 2007;18(4):334–40.  

   34.    Martinbiancho JK, Carvalho PR, Trotta Ede A, Schweiger AP, Rau 
R, Moreira LB. Evidence of safety of chloral hydrate for prolonged 

sedation in PICU in a tertiary teaching hospital in southern Brazil. 
Eur J Clin Pharmacol. 2009;65(12):1253–8.  

   35.    Riera FC, González CCF, Vaca CZ, et al. [Sedation, safety and use-
fulness of upper gastrointestinal endoscopy in pediatrics]. Rev Chil 
Pediatr. 2010;81(1):37–45.  

   36.    Capp PL, de Faria ME, Siqueira SR, Cillo MT, Prado EG, de Siqueira 
JT. Special care dentistry: midazolam conscious sedation for patients 
with neurological diseases. Eur J Paediatr Dent. 2010;11(4):162–4.  

   37.    Oliveira CA, de Paula VA, Portela MB, Primo LS, Castro 
GF. Bruxism control in a child with cerebral palsy. ISRN Dent. 
2011;2011:146915.  

   38.    da Silva PS, de Aguiar VE, Waisberg DR, Passos RM, Park MV. Use 
of ketofol for procedural sedation and analgesia in children with 
hematological diseases. Pediatr Int. 2011;53(1):62–7.  

   39.    Costa LR, Costa PS, Brasileiro SV, Bendo CB, Viegas CM, Paiva 
SM. Post-discharge adverse events following pediatric sedation with 
high doses of oral medication. J Pediatr. 2012;160(5):807–13.  

   40.    Agudelo SC, Mencía S, Faro A, Escudero V, Sanavia E, López- 
Herce J. Continuous propofol perfusion in critically ill children. 
Med Intensiva. 2012;36(6):410–5.  

    41.    Moreira TA, Costa PS, Costa LR, Jesus-França CM, Antunes DE, 
Gomes HS, Neto OA. Combined oral midazolam-ketamine better 
than midazolam alone for sedation of young children: a randomized 
controlled trial. Int J Paediatr Dent. 2013;23(3):207–15.  

   42.    Godoy LM, Pino PA, Córdova GL, et al. Sedation and analgesia in 
children undergoing invasive procedures. Arch Argent Pediatr. 
2013;111(1):22–8.  

    43.    Gómez LMB, Ocampo FA, Orozco JAA. Effi cacy of anesthetic pre-
medication in pediatric patients using oral midazolam and acet-
aminophen. Rev Colomb Anestesiol. 2013;41(1):4–9.  

   44.   Coté CJ, Wilson S; American Academy of Pediatrics; American 
Academy of Pediatric Dentistry; Work Group on Sedation. 
Guidelines for monitoring and management of pediatric patients 
during and after sedation for diagnostic and therapeutic procedures: 
an update. Pediatrics. 2006;118(6):2587–602.    

22 Pediatric Sedation: The South American Approach



497K.P. Mason (ed.), Pediatric Sedation Outside of the Operating Room: A Multispecialty International Collaboration,
DOI 10.1007/978-1-4939-1390-9_23, © Springer Science+Business Media New York 2015

    Abstract  

  In China, the need for sedation and analgesia for both diagnostic and therapeutic procedures 
performed outside the operating room has increased dramatically in recent years. In China 
there are currently no national guidelines on providing sedation to either children or adults. 
Hong Kong, although a Special Administrative Region of the Peoples Republic of China 
(PRC), has its own independent Academy of Medicine, which does issue guidelines. For the 
purpose of this chapter, the authors will consider Hong Kong as separate from China, since 
currently the two regions approach sedation in a vastly different manner. In order to under-
stand the current state of pediatric sedation, a survey was sent to 41 hospitals, all members 
of the Pediatric Anesthesia Association in China. The size of hospitals ranged from 500 to 
4,200 beds and the number of pediatric operations performed in these hospitals ranged from 
3,000 to 60,000 in 2012. The response rate was 53.6 %. Of the 22 completed surveys, fi ve 
hospitals responded that they had no sedation service (their surveys were not returned) and 
two indicated that anesthesiologists are not involved in their sedation services.  
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        Introduction 

 In China, the need for sedation and analgesia for both diagnos-
tic and therapeutic procedures performed outside the operating 
room has increased dramatically in recent years. In China there 
are currently no national guidelines on providing sedation to 
either children or adults. Hong Kong, although a Special 
Administrative Region of the Peoples Republic of China (PRC), 
has its own independent Academy of Medicine, which does 
issue guidelines. For the purpose of this chapter, the authors will 
consider Hong Kong as separate from China, since currently the 
two regions approach sedation in a vastly different manner.  

    Survey 

 In order to understand the current state of pediatric sedation, 
a survey was sent to 41 hospitals—all members of the 
Pediatric Anesthesia Association in China. The size of 

 hospitals ranged from 500 to 4,200 beds and the number of 
pediatric operations performed in these hospitals ranged 
from 3,000 to 30,000 in 2012. The response rate was 53.6 %. 
Of the 22 completed surveys, fi ve hospitals responded that 
they had no sedation service (their surveys were not returned) 
and two indicated that anesthesiologists are not involved in 
their sedation services. The distribution of hospitals involved 
in this survey is shown in Fig.  23.1 .

   In China, anesthesiologists are often involved in sedation 
for invasive and painful procedures, which include tracheo- 
bronchoscopy, gastrointestinal endoscopies, cardiac cathe-
terization and interventional procedures. Anesthesiologists 
provide sedation to children undergoing trachea- 
bronchoscopy in seven of the responding hospitals. At hospi-
tals that perform these procedures without anesthesiologists, 
sedation is usually provided by pediatricians and nurses. 
Benzodiazepines (diazepam or midazolam) are the most 
common pharmacologic agents used in conjunction with 
local anesthetics. However, the sedative effect is reported as 
often unsatisfactory, necessitating restraint with parental 

  Fig. 23.1    Distribution of hospitals in the survey on sedation outside operating theater in China (number in  blue box  corresponds to the hospitals). 
Publications in sedation outside operating theater in children from China in year 2007–2013: number of papers published per province       
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assistance. Anesthesiologists staff a pediatric sedation ser-
vice for gastroscopy and colonoscopy at 15, esophagoscopy 
at 5, and cardiac catheterization and intervention at 17 of the 
22 respondent hospitals. In a few hospitals, anesthesiologists 
are also responsible for sedation for other invasive and pain-
ful procedures including cerebral angiography, bone marrow 
aspiration, lumbar puncture, liver biopsy, renal biopsy, 
enema reduction of intussusception, central line or dialysis 
catheter insertion, and suture removal. 

 A dedicated sedation service for children undergoing 
non-painful diagnostic procedures including computed 
tomography (CT), magnetic resonance imaging (MRI), and 
ultrasound is less common. Most commonly, the attending/
staff emergency medicine physicians, pediatricians, inten-
sive care medicine physicians or radiologists prescribe seda-
tives, which are administered by nursing staff. Oral or rectal 
chloral hydrate is commonly used. Children are commonly 
transported to recovery by their parents and recovered with-
out monitoring. Anesthesiologists lead the sedation services 
for CT/MRI in fi ve hospitals and ultrasound in eight hospi-
tals. In one of these hospitals, anesthesiologists also lead the 
sedation service for auditory brainstem response (ABR), 
visual evoked potential (VEP) and minor surgery including 
tongue tie excision, oral mucoid cyst excision, circumcision, 
and dental extraction. 

 China is still evolving its allocation of resources to pro-
vide safe sedation: Only fi ve out of the 22 hospitals are suit-
ably equipped with physiological monitoring and seven 
hospitals identifi ed their existing monitors as inadequate. 
Only ten hospitals, less than half of the respondents, feel that 
they have adequate resuscitation facilities. Seventeen hospi-
tals have dedicated post-sedation recovery room facilities. 

 The Children’s Hospital of Chongqing Medical University 
and the Guangzhou Women and Children’s Hospital are two 
large centers in China that have an established sedation ser-
vice for pediatric patients. Details of these renowned, orga-
nized sedation services will be reviewed in depth below.  

    Sedation Service in Chongqing 
Medical University 

 The Children’s Hospital of Chongqing Medical University 
has approximately 1,400 beds and performs more than 
30,000 operations annually. It is considered to be one of the 
top three childrens’ hospitals in China and the largest center 
in southwest China. Anesthesiologists lead the sedation ser-
vices for invasive procedures, which include bronchoscopy, 
gastroscopy, ultrasound-guided biopsies, renal, liver, cardiac 
catheterization and intervention, change of burn dressings, 

and other minor surgeries. Attending pediatricians, radiolo-
gists, and intensive care medicine physicians are responsible 
for sedation for non-painful procedures (CT/MRI, ultra-
sound, and echocardiography). There is an institutional 
guideline for providing sedation to children. These guide-
lines specify that only attending anesthesiologists (trained 
anesthesiologists who can work independently) who are 
trained in pediatric sedation have privileges to perform seda-
tion outside the operating theater. All children must have 
pre-sedation assessment and evaluation. Patients with sig-
nifi cant comorbidities and at high risk for sedation are identi-
fi ed, informed consent obtained from the legal guardian, and 
patients fasted (nil per os, NPO). Physiologic monitoring, 
resuscitation equipment and emergency medications, rever-
sal agents for sedatives, and analgesia are available. 
Discharge criteria and recovery facilities are adopted to facil-
itate safe discharge. Commonly used sedatives by non- 
anesthesiologists include oral chloral hydrate and 
intramuscular phenobarbital. Anesthesiologists often use 
intravenous drugs, which include propofol, midazolam, suf-
entanil and remifentanil. 

 There are many challenges to providing a high standard 
of pediatric sedation. In the Children’s Hospital of 
Chongqing Medical University, anesthesiologists provide 
sedation at four sedation centers. These centers are often 
remote and distant from the operating theater. Often, only 
one anesthesiologist is available for providing the sedation 
service in each center. The sedation volume is extremely 
high and it is, therefore, not unusual for one anesthesiolo-
gist to be responsible for 30 endoscopy sedations in a 2–3 h 
period: His responsibilities would include pre-sedation 
evaluation, sedative preparation and administration, physi-
ological monitoring, and documentation. The specialty 
nurses are responsible for recovery and discharge. With 
such a large sedation volume in such a short time frame, 
the anesthesiologist may not have adequate time to perform 
or document a detailed pre- sedation evaluation, particu-
larly on complicated inpatients, many of whom have sig-
nifi cant comorbidities. This busy environment creates a 
signifi cant potential for risk and errors as the workload and 
demand is high. This is especially hazardous when work-
ing alone in remote areas. With this high patient volume, 
there is signifi cant potential should one wish to review 
sedation practice, outcomes, and clinical research. 
Unfortunately, however, data collection and review is vir-
tually impossible due to insuffi cient manpower. Training 
provided to non-anesthesiologists who practice sedation is 
often inadequate. There is, in general, no formal training of 
these practitioners on emergency identifi cation, manage-
ment, and airway resuscitation skills.  
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    Sedation Service in Guangzhou Women 
and Children’s Medical Center 

 Guangzhou Women and Children’s Medical Center is the 
largest pediatric hospital in south China. An anesthesiologist- 
led pediatric sedation service for moderate to deep sedation 
was established here in January 2012, following a recom-
mendation by the Joint Commission International (JCI), 
which subsequently accredited them in 2013. This hospital 
has approximately 1,300 beds and 60,000 operations per-
formed annually. More than 20,000 sedations were provided 
by the anesthesiology department in 2012. The sedation ser-
vice includes sedation for CT, MRI, ultrasound, echocardio-
graph, ABR, VEP, endoscopies, interventional procedures, 
dental procedures, biopsies, and minor surgeries. There are a 
number of sedation units within the hospital that are respon-
sible for providing sedation for different procedures. Each 
unit is led by one anesthesiologist and one nurse, both of 
whom are credentialed by the hospital to provide sedation. 
There is a comprehensive institutional guideline available for 
providing moderate to deep sedation. The guideline adopts 
recommendations that are similar to that of the American 
Academy of Pediatrics and includes pre-sedation evaluation, 
informed consent, fasting and preparation, monitoring and 
documentation, as well as equipment and drugs for both 
sedation and resuscitation. Similar to the Children’s Hospital 
of Chongqing Medical University, the patient volume is very 
high and each anesthesiologist delivers sedation care for up 
to 50 patients per day. For invasive and painful procedures, 
intravenous analgesics and sedatives include sufentanil and 
propofol. For non-painful procedures, chloral hydrate is still 
the most commonly used sedative. 

 Even though a dedicated team and anesthesiologist-led 
sedation service is available in this center, the very high 
patient-to-anesthesiologist ratio makes it diffi cult to admin-
ister intravenous sedation to each patient for all non-painful 
procedures. Recently, dexmedetomidine has been introduced 
via the intranasal route in order to supplement or provide 
anxiolysis or sedation. Oral chloral hydrate with intranasal 
dexmedetomidine has been associated with a success rate of 
greater than 90 %, a combination that has become the pri-
mary mode of sedation [ 1 ]. After pre-sedation evaluation and 
informed consent, sedative(s) are prescribed by the attend-
ing/staff anesthesiologist. When the depth of sedation is 
assessed by the anesthesiologist to be adequate, the parent 
carries the child to the waiting area and waits with him until 
the procedure is ready to be performed. The success rate of 
chloral hydrate at 50 mg/kg is approximately 77–86 % for 
non-painful procedures in this center. Since chloral hydrate 
has an unpleasant taste, often children are encouraged to 
ingest it with other fl uids such as fruit juice or a dairy drink. 
Therefore, children are, in fact, not fasted (not NPO) when 

chloral hydrate is used as the primary sedative. Subjectively, 
the author (Yuen) and anesthesiologists from this center 
observe that ingestion of chloral hydrate with a dairy drink 
tends to decrease irritability and hasten the onset of sedation. 
Nevertheless, this is only anecdotal experience and there are 
no such published reports to substantiate this. In this center, 
the anesthesiologist-led pediatric sedation service has been 
in operation for 2 years and to date there have been no cases 
of clinical aspiration nor aspiration-related events. In cases 
of failed chloral hydrate sedation after a fi rst dosage, a repeat 
dose of 25 mg/kg is administered. The success rate after this 
repeat dose is 89–93 %. Only after a “failed” (unsuccessful 
at achieving adequate sedation conditions) oral sedation is 
intravenous sedation with propofol used for non-painful pro-
cedures. However, since these patients have consumed an 
oral drink with chloral hydrate, they are not meeting NPO 
guidelines for intravenous sedation, and the procedure is 
subsequently rescheduled or delayed until suffi cient fasting 
time is achieved. 

 All sedated children are recovered in a post-sedation 
recovery room. Parents are encouraged to stimulate and 
wake up their children after sedation. Vital signs—which 
include SpO 2 , blood pressure and respiratory rate—are mon-
itored and recorded every 10 min. When the Aldrete score is 
greater than or equal to 9, the children would be discharged 
after parents are given post-discharge instruction (Table  23.1 ). 
(Refer to Chap.   5    .) Inpatient and critically ill patients are 
often discharged to the inpatient ward or intensive care unit 
directly after the procedures with physiologic monitors for 
transport and escort by their attending medical offi cer.

   Recently there has been an increasing interest in using 
intranasal dexmedetomidine as either a rescue sedative for 
failed chloral hydrate sedation or as a primary sedative for 
non-painful procedures. Intranasal dexmedetomidine is 
given by direct administration with a 1 mL tuberculin 
syringe. Atomizers are not yet available in China. The dose 
used for rescue ranges from 1 to 2 μg/kg. In a cohort of 194 
children at Guangzhou Women and Children’s Medical 
Center who had failed chloral hydrate sedation, the author 
[ 1 ] demonstrated that intranasal dexmedetomidine was suc-
cessful for rescue in 83.6–96.8 %. The doses of intranasal 
dexmedetomidine used were 1, 1.5, and 2 μg/kg. By univari-
ate logistic regression, higher rescue dosage was associated 
with an increased success rate with odds ratio of 4.116 (95 % 
CI 1.131–14.982), i.e., the estimated odds of success were 
increased by 4.116 with each 1 μg/kg increase in intranasal 
dexmedetomidine dose. The author (Yuen) believes that 
intranasal dexmedetomidine is often preferable to a second 
“rescue” dose of chloral hydrate because it avoids chloral 
hydrate’s unpalatable fl avor with accompanying negative 
response. Intranasal dexmedetomidine is also used as a pri-
mary sedative for non-painful procedures. The dose ranges 
from 2 to 3 μg/kg. The success rate with 2 and 3 μg/kg is 
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about 90 % and 93 % respectively [ 2 ]. Chloral hydrate still 
remains the most popular primary sedative because it is inex-
pensive and, in general, produces consistent depths of mod-
erate sedation with minimal signifi cant adverse effects when 
dosed and monitored appropriately. In China, clinical 
research continues to evaluate whether intranasal dexme-
detomidine is a feasible and cost-effective alternative to oral 
chloral hydrate for pediatric sedation, particularly in the 

challenging patients who tend not to be favorable candidates 
for chloral hydrate (older, autistic, or critically ill).  

    Recent Publications on Pediatric 
Sedation in China 

 Between 2007 and April 2014, there were 40 publications 
[ 1 – 40 ] from China, at least 36 of which were published in 
Chinese and in Chinese medical journals (Figs.  23.1  and 
 23.2 ). The search engines used were   http://oldweb.cqvip.
com     and   http://www.wanfangdata.com    . There were no 
double- blind investigations. One study was a single-blind 
randomized trial. Most studies were prospective observa-
tional studies and meta-analyses without a comparison 
group. Methodology of most investigations was unclear and 
without a clearly defi ned statistical analysis to determine 
sample size and data evaluation.

   Approximately 50 % of the studies involved oral or rectal 
chloral hydrate (Fig.  23.2 ), a refl ection of chloral hydrate as 
the most commonly used pediatric sedative in China. 
Propofol is the second most commonly studied drug, and is 
often described for endoscopic, dental and other invasive 
procedures. Only available in China for approximately 5 
years, dexmedetomidine is emerging as the third most popu-
lar sedative under study. Early 2014 has shown emerging lit-
erature on dexmedetomidine from China [ 35 – 40 ]. 

 The distribution of procedures that receive pediatric seda-
tion in China is graphically presented in Fig.  23.3 . Procedures 
currently involved in sedation investigations and publica-
tions include diagnostic imaging studies, endoscopies, other 
invasive procedures, and non-painful procedures such as 

   Table 23.1    The modifi ed Aldrete scale   

 Domain  Response  Points 

 Activity  Able to move four extremities voluntarily 
or on command 

 2 

 Able to move two extremities voluntarily 
or on command 

 1 

 Unable to move extremities voluntarily 
or on command 

 0 

 Respiration  Able to breathe deeply and cough freely  2 
 Dyspnea or limited breathing  1 
 Apneic  0 

 Circulation  BP ± 20 % of pre-anesthetic level  2 
 BP ± 20–49 % of pre-anesthetic level  1 
 BP ± 50 % of pre-anesthetic level  0 

 Consciousness  Fully awake  2 
 Arousable on calling  1 
 Not responding  0 

 O 2  saturation  Able to maintain SpO 2  > 92 % on room air  2 
 Needs O 2  inhalation to maintain SpO 2  > 90 %  1 
 SpO 2  < 90 % even with O 2  supplement  0 

 Total 

   Source : Aldrete JA. The post-anesthesia recovery score revisited. J Clin 
Anesth. 1995;7:89–91  

  Fig. 23.2    Publications in sedation outside operating theater in children from China in year 2007–2013: sedative studied in these publications       
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hearing tests. Many of these publications are published in 
nursing journals or journals of other medical specialties. 
Until 2013, there were few publications in anesthesia jour-
nals. This tendency to publish in non-anesthesia journals 
may refl ect the common practice of sedation delivery by 
nurses and the physician performing the procedure.

       Conclusion 

 China is a country of great contrasts. There is an overwhelm-
ing volume of pediatric sedation delivered, with limited 
resources to trained sedation care providers, sedatives, phys-
iological monitors and sedation guidelines. With rare excep-
tion, there are no organized sedation services. Acupuncture 
is still being used as an adjunct or alternative to sedation in 
some of the rural and remote areas. The authors are not as 
familiar with this in their urban practice, and refer the reader 
to Chap.   32    . This disparity between patient need and seda-
tion provision is the current challenge for China. The next 
decade will, hopefully, improve the delivery of sedation in 
China with the organization of sedation services, develop-
ment of sedation protocols, training of sedation providers, 
introduction of new sedatives and performance of well- 
designed, prospective, randomized, blinded clinical trials. 
Careful organization and harvesting of the impressive 
resources of patients, providers and intellectual capacity in 
China will surely lead the way for the country to become a 
sedation “powerhouse.” This “powerhouse” contribution 
would be both in the fi eld of sedation delivery and sedation 
research contributions in internationally recognized 

 peer- reviewed journals, which can be shared with providers 
worldwide.  

  Fig. 23.3    Publications in sedation outside operating theater in children from China in year 2007–2013: indications for sedation       

   Case Studies 

    Case 1 

 This is a case from the Guangzhou Women and 
Children’s Medical Center. A 3-year-old boy with 
autism presented for CT imaging with sedation. 
During pre-sedation evaluation, the boy was upset, 
crying, and agitated. The patient refused oral chloral 
hydrate, the most commonly used sedative for CT 
imaging. Intravenous sedation is not routinely admin-
istered and, subsequently, 3 μg/kg intranasal dexme-
detomidine was administered. Adequate sedation 
conditions were achieved within 40 min with a seda-
tion score (University of Michigan Sedation Scale, 
UMSS) of 2. (Refer to Chap.   5    .) The CT study was 
completed uneventfully. At completion of the study, 
the child aroused as he was being lifted from the CT 
scanner table. Three minutes following completion of 
the study, he had achieved an Aldrete score of 9 and 
met discharge criteria. 

 It is often challenging to sedate children with 
autism. These children are frequently incompliant, 
may be aggressive, and non-amenable to common 
sedation delivery techniques (the oral route, in China). 
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he was transferred to the procedural room. Under 
the care of an anesthesiologist, he received intrave-
nous propofol at 2 mg/kg and sufentanil at 0.1 μg/
kg. Sedation was maintained with inhalation of 
sevofl urane, a general anesthetic, via a facemask at 
3 % (Figs.  23.4  and  23.5 ). The child remained 
motionless throughout the 8-min procedure. He met 
discharge criteria 20 min after cessation of sevofl u-
rane with an Aldrete score of 10. This case is an 
example of combining intranasal and intravenous 
sedatives with an inhalational anesthetic. In almost 
all areas of the world, sevofl urane administration is 
restricted to anesthesiologists for delivery.     

Dexmedetomidine offers an alternative route of deliv-
ery, which tends to be predictable, safe and effective 
for non-painful procedures. The success rate of using 
intranasal dexmedetomidine in these children is over 
85 % in this center [ 35 ].  

    Case 2 

 A 7-year-old boy with hearing impairment was sched-
uled to undergo a sedated brainstem auditory evoked 
potential study. He was administered a single dose of 
50 mg/kg oral chloral with no success: 30 min follow-
ing administration he remained alert with a University 
of Michigan Sedation Score (UMSS) of 0; 2 μg/kg 
intranasal dexmedetomidine was administered as “res-
cue” and achieved successful sedation conditions 
within 10 min. The child’s UMSS was 3 during the 
procedure. He was awake and meeting discharge crite-
ria 55 min following completion of the procedure. (For 
the defi nition of UMSS refer to Chap.   5    .)  

    Case 3 

 A 7-month-old boy presented with a parotid cystic 
lymphangioma and was to receive sedation for a 
needle aspiration and percutaneous sclerotherapy 
under fl uoroscopic guidance in the interventional 
radiology suite. His UMSS was 2 at 18 min after 
3 μg/kg intranasal dexmedetomidine (Figs.  23.4 , 
 23.5 , and  23.6 ). When he was adequately sedated, 

  Fig. 23.4    The infant was induced after 3 μg/kg intranasal dex-
medetomidine and followed by intravenous propofol and 
sufentanil       

  Fig. 23.5    A facemask was strapped to infant’s face with elastic 
band and sedation was maintained with sevofl urane       

  Fig. 23.6    The infant was satisfactorily sedated for needle aspi-
ration of cystic fl uid and percutaneous sclerotherapy of parotid 
cystic lymphangioma       
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        Introduction 

 While two different countries in the Southern Hemisphere 
separated by a slice of the Pacifi c Ocean, sedation practice 
in Australia and New Zealand is similar and will be consid-
ered in a joint chapter. The two countries share related medi-
cal histories, practices, and conventions. Although medical 
registration bodies and medical regulatory agencies for 
drugs and devices are country-specifi c, many professional 
bodies cover both countries including key sedation relevant 
colleges such as College of Anaesthetists (ANZCA), the 
Royal Australasian College of Surgeons (RACS), the 
Australasian College of Emergency Medicine (ACEM), and 
the Royal Australasian College of Physicians (RACP). The 
term Australasia is often used as a substitute for Australia 
and New Zealand, though other regions of Southeast Asia 
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are also often included in this term. Where topics differ 
between countries, we will address this in relevant 
subsections. 

 Both Australia and New Zealand are large compared to 
the size of the population. In Australia, the majority of the 
population is concentrated in fi ve large coastal metropolitan 
centers, often with only one or two major tertiary pediatric 
and academic centers in these major cities. New Zealand has 
one major tertiary pediatric hospital providing national ser-
vices, with further extensive pediatric services found in fi ve 
regional tertiary mixed pediatric and adult hospitals. In both 
countries, outside the major urban referral centers, pediatric 
services are provided in suburban and smaller regional cen-
ters with some specialist support, while vast remote areas 
that are thinly populated have limited access to specialist 
services and long transport times to defi nitive care. Thus for 
the region, transport over long distances through retrieval 
services is a fact of life. Distance from pediatric specialist 
services with access to pediatric anesthesiologists and other 
providers of pediatric sedation has an impact on the type of 
sedation care used remotely and during retrieval. While 
both countries have central government-funded national 
health- care services providing largely free health care to all 
citizens, health care in Australia is the responsibility of 
individual states. This has an impact on how health-care 
resources such as pain and sedation services are distributed 
and organized. 

 Sedation in children is provided by a range of providers 
including anesthesiologists, pediatricians, surgeons, den-
tists, emergency physicians, and accredited nursing staff. 
The key documents providing guidance for sedation in chil-
dren are those developed by the ANZCA and the RACP. The 
 ANZCA Guidelines on Sedation and / or Analgesia for 
Diagnostic and Interventional Medical ,  Dental or Surgical 
Procedures  [ 1 ] has been endorsed by a number of addi-
tional key colleges and specialty societies, while the RACP 
guideline statements [ 2 ,  3 ] have not. However, neither 
country is providing mandatory national standards for seda-
tion and anesthesia care such as the de facto national stan-
dard set by the Joint Commission (TJC), (formerly the Joint 
Commission on Accreditation of Healthcare Organizations 
[JCAHO]) in the United States [ 4 ]. The Australian Council 
on Healthcare Standards (ACHS) National Safety and 
Quality Health Service (NSQHS) Standards, and similar 
New Zealand equivalents, do not include management stan-
dards for the provision of sedation or anesthesia care. It is of 
note that the registration body for Australian medical and 
dental practitioners, the Australian Health Practitioner 
Regulation Agency (AHPRA), only provides formal 
endorsement rules for dentists wanting to practice “con-
scious sedation” through the Dental Board of Australia 
(DBA) [ 5 ,  6 ].  

    The Key Guiding Documents 

    The Australian and New Zealand College 
of Anaesthetists Guideline 

 The ANZCA  Guidelines on Sedation and / or Analgesia for 
Diagnostic and Interventional Medical ,  Dental or Surgical 
Procedures  [ 1 ] is intended to apply wherever procedural 
sedation and/or analgesia for diagnostic and interventional 
medical, dental, and surgical procedures is administered. 
The guidelines were initially developed by the ANZCA in 
1984 and have had multiple reviews since. The latest revi-
sion in 2010 has been endorsed by the Faculty of Pain 
Medicine, the ANZCA, the Gastroenterological Society of 
Australia, the RACS, the Australasian College for Emergency 
Medicine, the College of Intensive Care Medicine of 
Australia and New Zealand, the Royal Australasian College 
of Dental Surgeons, and the Royal Australian and New 
Zealand College of Radiologists (RANZCR) [ 1 ]. Guidelines in 
this context are defi ned by ANZCA as “a document offering 
advice.” 

 The ANZCA guideline    sets out defi nitions, patient selec-
tion and preparation, staffi ng and equipment, monitoring and 
documentation, medication, discharge, and recovery and 
training recommendations. 

 The ANZCA defi nition of levels of sedation largely follows 
the defi nition of sedation depth set out by the American 
Society of Anesthesiologists (ASA) [ 7 ]. It uses the term  con-
scious sedation  rather than  moderate sedation . It emphasizes 
that transition from complete consciousness through the vari-
ous depths of sedation to general anesthesia is a continuum and 
not a set of discrete, well-defi ned stages. 

 In the text and an appendix, the ANZCA guideline sets 
out staffi ng requirements based on the depth of sedation tar-
geted, the agents used, and the ASA classifi cation of physi-
cal status (see Fig.  24.1 ). In any type of sedation, a medical 
or dental practitioner with airway and resuscitation skills 
must be available. For the majority of procedures, the guide-
lines state that there must be a minimum of three appropri-
ately trained staff present: the proceduralist, the medical or 
dental practitioner administering sedation and monitoring 
the patient, and at least one additional staff member to pro-
vide assistance to the proceduralist and/or the practitioner 
providing sedation as required. Exceptions to the above 
staffi ng requirements are very light conscious sedation, 
and/or analgesic techniques such as inhaled nitrous oxide 
or low- dose oral sedation, where the proceduralist also pro-
vides the sedation and an assistant with training in monitor-
ing sedation is also recommended. Techniques intended to 
produce deep sedation or general anesthesia must not be 
used unless an anesthesiologist or another appropriately 
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  Fig. 24.1    Staffi ng requirements for procedural sedation and analgesia 
in Australia and New Zealand. Reprinted with permission from 
Australian and New Zealand College of Anaesthetists. Guidelines on 

Sedation and/or Analgesia for Diagnostic and Interventional Medical, 
Dental or Surgical Procedures. PS9. ANZCA (2010)       
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trained and credentialed medical specialist within his/her 
scope of practice is available.

   Procedures must be performed in a location that is staffed 
and equipped to deal with cardiovascular and respiratory 
emergencies. This includes equipment for suctioning, equip-
ment for advanced airway management, emergency drugs 
including reversal agents and adrenaline, equipment for 
monitoring including electrocardiogram (EKG) and pulse 
oximetry, and a defi brillator. Within the facility there should 
be access to devices for measuring expired carbon dioxide. 
When nitrous oxide or methoxyfl urane is used, appropriate 
scavenging must be used to decrease chronic staff exposure. 
There must be the capacity to administer 100 % oxygen, and 
a low gas fl ow alarm must be established. For nitrous oxide 
delivery, a minimum of 3 L/min oxygen fl ow and a maxi-
mum of 10 L/min total fl ow are specifi ed unless the device is 
designed to deliver a minimum of 30 % oxygen. 

 Reliable intravenous access should be in place for all pro-
cedures under procedural sedation, yet it is acknowledged 
that this may not be practical in those receiving non- 
intravenous sedation. Patients undergoing procedural seda-
tion must be continuously monitored with pulse oximetry 
and pulse rate, with oxygen saturation and blood pressure 
regularly recorded. Oxygen administration is recommended 
for as much of the procedure as possible. Depending on 
clinical status, EKG monitoring and capnography may be 
required. 

 A variety of drugs and techniques are available for proce-
dural sedation. The guidelines identify benzodiazepines 
(such as midazolam) and opioids (such as fentanyl) as the 
most commonly used intravenous agents. Because of the risk 
of unintentional loss of consciousness/respiratory effort, 
intravenous anesthetic agents such as propofol must not be 
administered by the proceduralist and may only be used by a 
second trained medical or dental practitioner. 

 The guidelines also include training recommendations for 
non-anesthesiologist medical or dental practitioners who pro-
vide procedural sedation and analgesia. They recommend a 
minimum of 3 months (full-time equivalent) supervised train-
ing in procedural sedation and/or analgesia and anesthesia or 
similar approved course, in addition to In-Training and 
Competency Assessment. Training should include completion 
of a crisis resource management simulation center course. 
Long-standing clinical experience may be deemed equivalent 
to a formal period of training. Credentialing, training, and 
clinical support of non-anesthesia sedation providers can be 
achieved with nominated local anesthesiologists. Rural prac-
titioners, or those practicing in remote areas, may train with 
anesthesiologists in a major center, particularly when learn-
ing the skills of intravenous or intramuscular sedation. 
Maintenance of certifi cation in cardiopulmonary resuscitation 
and evidence of relevant continuing professional development 
are required for credentialing. 

 A number of other ANZCA guidelines and statements are 
relevant to the provision of safe procedural sedation and 
analgesia; all are available via the ANZCA website. 1  They 
include:
•    PS2 Statement on Credentialling and Defi ning the Scope 

of Clinical Practice in Anaesthesia  
•   PS4 Recommendations for the Post-Anaesthesia Recovery 

Room  
•   PS6 The Anaesthesia Record. Recommendations on the 

Recording of an Episode of Anaesthesia Care  
•   PS7 Recommendations for the Pre-Anaesthesia Consultation  
•   PS8 Recommendations on the Assistant for the 

Anaesthetist  
•   PS15 Recommendations for the Perioperative Care of 

Patients Selected for Day Care Surgery  
•   PS18 Recommendations on Monitoring During 

Anaesthesia  
•   PS26 Guidelines on Consent for Anaesthesia or Sedation  
•   T1 Recommendations on Minimum Facilities for Safe 

Administration of Anaesthesia in Operating Suites and 
Other Anaesthetising Locations  

•   TE3 Policy on Supervision of Clinical Experience for 
Vocational Trainees in Anaesthesia    
 While they are an excellent foundation for safe proce-

dural sedation care, there are a number of issues with the 
ANZCA guideline. We will detail the limitations and omis-
sions of the ANZCA guideline as follows: 

    Limitation of the ANZCA Guideline 
 The guideline’s staffi ng requirements for the presence of at 
least one medical or dental practitioner during the sedation 
do not take into account the widespread use of nurse-led 
sedations using nitrous oxide in major centers and elsewhere 
in Australia and New Zealand. In multiple large Australian 
series [ 8 – 10 ], nitrous oxide has been provided safely by 
sedation-trained nurses when embedded into comprehensive 
sedation education and credentialing programs. 

 An agent frequently used by non-anesthesiologists for par-
enteral sedation is ketamine. Even though it is one of the most 
frequently used agents in some settings in Australia and New 
Zealand, particularly in emergency departments [ 11 ], the 
agent is not addressed in the ANZCA guideline. Ketamine, 
while technically a general anesthetic, provides dissociative 
sedation and profound analgesia with a very different profi le 
of effect on the cardiovascular and respiratory systems as well 
as maintenance of muscle tone compared with other general 
anesthetic agents. Standard defi nitions of sedation depth such 
as used in the ANZCA guideline do not apply to ketamine 
sedation [ 12 ]. Furthermore, it has been shown to be a very safe 
agent in the hands of non- anesthesiologists [ 13 ,  14 ]. 

1   www.anzca.edu.au/resources 
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 Nitrous oxide in the guideline is listed as a method for 
providing “very light conscious sedation.” This is very true of 
nitrous oxide titrated slowly from minimum concentrations, 
maintaining patient cooperation, as is done for minor proce-
dures, especially dental procedures, commonly in association 
with local anesthesia. It is important to note that, based on the 
minimum oxygen concentration of 30 % noted in the ANZCA 
guideline, up to 70 % nitrous oxide can be administered. While 
generally very safe, nitrous oxide, especially at 70 %, can lead 
to deep sedation, and providers need to be aware of and be 
prepared for this [ 8 ,  15 ]. Combining other systemic sedatives 
or analgesics can be clinically useful but increases the likeli-
hood of deeper sedation and some complications. Recently, 
nitrous oxide has been combined with intranasal fentanyl, 
improving the analgesic effi cacy of nitrous oxide for non-
parenteral sedation in painful procedures. This combination, 
while now widely used in some settings in Australia and 
New Zealand for painful procedures such as fracture reduc-
tions [ 16 ], may be associated with a much higher rate of 
emesis and a deeper level of sedation [ 17 ]. 

 The ANZCA  Joint Guideline  recommends that medical 
and dental practitioners receive 3 months of anesthetic 
training in order to provide sedation. While there are no 
statistics available for non-anesthesiologists who fulfi ll 
these criteria, non-anesthesia colleges for dentistry, radiol-
ogy, surgery, emergency medicine, and pediatrics do not 
require such training. Anecdotally, only a minority of train-
ees from colleges that endorse these guidelines will fulfi ll 
this recommendation.   

    The Royal Australasian College of Physicians 
Guideline Statements 

 The RACP has published two evidence-based guidelines on 
the management of procedure-related pain in neonates [ 3 ] 
and in children and adolescents [ 2 ]. 

 The RACP guideline statement  Management of 
Procedure - Related Pain in Neonates  addresses the following 
issues: consequences of newborn pain, responses of infants 
to pain, general principles for the prevention and manage-
ment of pain in newborns, assessment of pain in neonates, 
and evidence and suggested techniques. The intent of the 
guideline was to encourage increased use of analgesia for 
newborn infants undergoing procedures, including those in 
neonatal intensive care units. While the guideline does not 
address procedural sedation in detail, procedural sedation/
anesthesia is recommended for endotracheal intubation and 
for consideration in infants undergoing chest tube insertion 
and laser therapy for retinopathy of prematurity [ 3 ]. 

 The RACP guideline statement  Management of 
Procedure - Related Pain in Children and Adolescents  [ 2 ] 
includes sections on sedation for procedures but provides a 

broader—where possible evidence-based—canvas to 
improve procedural care in an integrated approach of phar-
macological and non-pharmacological techniques to address 
the problems of procedural pain, anxiety, and behavioral 
distress in children. An executive summary provides a list of 
key principles to minimize pain and suffering in procedures 
as listed in Table  24.1 .

   After a brief background, defi nitions and methodology 
for the literature review are undertaken. The RACP guideline    
addresses the following issues: pre-procedural preparation 
with evaluation of the patient, informed consent, and role of 
the parent; resources required including environment, per-
sonnel, equipment, monitoring, and documentation; and 
procedure, including suggested techniques for commonly 
performed procedures. Children with communication and 
behavior problems and those who require repeat procedures 
are addressed in separate sections. A unique section presents 
a consumer’s perspective, such as from a mother of a 4-year- 
old girl who had undergone repeated painful procedures. 
Appendices address non-pharmacological techniques for 
procedural pain management, use of local anesthetics, and 
three sedatives: nitrous oxide, midazolam, and ketamine. 

 The defi nition of sedation lists three different defi nitions by 
the American Academy of Pediatrics [ 18 ,  19 ], the ASA [ 20 ], 

    Table 24.1    Minimizing pain and suffering in procedures   

 • Adopt a child-centered approach (listening to the needs of the 
child and family) rather than a procedure-focused “get-it-over-with” 
approach 

 • Make the child and their family active participants and members 
of the team, rather than passive recipients 

 • Use parents for positive assistance, not negative restraint 
 • Ensure that all procedures undertaken are necessary; that is, the 

benefi t outweighs any negative impact caused by the procedure 
 • Ensure that all procedures are carried out in order to maximize 

safety for the child 
 • Perform procedures in a child-friendly environment, away from 

the bed 
 • Use pain assessment routinely 
 • Use the least invasive equipment where possible 
 • Ensure that the person performing the procedure has appropriate 

technical expertise or is closely supervised by someone who does 
 • Use appropriate combinations of non-pharmacological and 

pharmacological interventions to manage pain and anxiety. 
Sedation alone does not provide pain relief 

 • Optimize waiting time: too little time increases distress but too 
much time increases anticipatory anxiety. Time required for 
preparation is child-specifi c 

 • Ensure that the development of anticipatory anxiety is prevented 
as far as possible by maximizing the intervention to alleviate pain 
and distress for the fi rst procedure (e.g., general anesthetic for 
bone marrow aspirate) 

  Reprinted with permission from Royal Australasian College of 
Physicians. Guideline statement: management of procedure-related 
pain in children and adolescents. J Paediatr Child Health. 2006 Feb;42 
Suppl 1:S1-29  
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and the American College of Emergency Physicians [ 21 ]. 
The ASA classifi cation system is used as part of pre- 
procedural risk assessment. Pre-procedural fasting is dis-
cussed critically with a consideration of risk and benefi t by 
weighing up the risk of vomiting and aspiration with the 
urgency of the procedure. No specifi c fasting times are rec-
ommended. The guideline recommends that informed con-
sent is obtained and documented in the medical record. 
Without clear evidence regarding the appropriate number of 
staff required to perform safe procedural sedation, the guide-
lines make recommendations on staffi ng based on consensus 
opinion: “a number of international and local protocols rec-
ommend one medical staff member…” should be responsi-
ble for monitoring the airway and the patient’s clinical status 
(the “sedationist”) with an additional staff member perform-
ing the procedure. The guideline cites that similar to the 
ANZCA guideline, it is recognized that some situations may 
warrant additional staff members. While the RACP guideline 
does not recommend training or specialty of staff members 
undertaking sedation, it recommends that those undertaking 
sedation have knowledge and experience in the use of the 
techniques being utilized: an ability to monitor clinical effec-
tiveness and possible deterioration, ability to manage adverse 
events, and to be skilled in advanced airway management. 

 Resuscitation equipment is recommended to be available 
where the sedation and procedure are occurring. Non- 
pharmacological techniques are also recommended to mini-
mize pain and distress. Monitoring should include pulse 
oximetry (recognizing the limits of this modality to detect 
hypoventilation and hypercarbia) and capnography (particu-
larly when the patient’s respiratory efforts are not able to be 
visualized). When administering nitrous oxide, ketamine, 
and midazolam, it is recommended that the sedationist 

should be separate from the proceduralist. For nitrous oxide 
administration, an anesthesiologist is recommended for chil-
dren under 12 months of age, in cases of preexisting airway 
problems, or for patients who have received adjuvant seda-
tives. As with the ANZCA guideline, when using nitrous 
oxide, a separate means of delivering 100 % oxygen and a 
system for scavenging of expired gas are recommended. For 
ketamine and midazolam, practitioners are recommended to 
be specifi cally trained in their administration and possess 
advanced airway management skills. 

 The RACP guideline emphasizes consideration of the 
total procedure process including non-pharmacological pain 
management at all stages of the procedure (Table  24.2 ) and 
the provision of a psychologically supportive environment 
including the use of appropriate language.

   The guidelines are unique in that they present evidence 
and suggested techniques for 23 commonly undertaken 
procedures: capillary sampling, intramuscular injections, 
 suprapubic aspiration, central venous port access, venepunc-
ture, intravenous cannulation, arterial puncture, intra-arterial 
cannulation, central venous line insertion, nasogastric tube 
insertion, orogastric tube insertion, endotracheal intubation, 
endotracheal suction, chest tube insertion or removal, urethral 
catheterization, laceration repair, fracture manipulation, for-
eign body removal, burns and other wound dressing, lumbar 
puncture, bone marrow aspiration, joint aspiration and/or 
injection, renal biopsy, and radiological imaging. 

 For a number of procedures (bone marrow aspiration, 
joint aspiration, and renal biopsy) conscious sedation or 
general anesthesia is recommended as fi rst choice in chil-
dren less than 12 years of age and for adolescents, based on 
their psychological coping skills, preparation level, and 
patient/family choice. Nitrous oxide is suggested as a safe 

    Table 24.2    The total procedural process   

 Before  During  After 

 Non-pharmacological 
 • Assessment of child’s previous experience  • Distraction  • Correct any misconceptions 
 • Assessment of child’s expectations  • Breathing techniques  • Reinforce coping behavior 
 • Find out child’s likes and interests  • Other coping-promoting behavior and techniques  • Focus on positive 
 • Enlist parent’s help  • Instill sense of achievement 
 • Start distraction immediately prior to procedure 
 Pharmacological 
 • Consent  • Appropriate technique used for procedure  • Post-procedure assessment 
 • Fasting  • Ongoing analgesia 
 • Pre-procedure assessment 
 General 
 • Personnel  • Monitoring: pain and safety  • Discharge advice 
 • Equipment  • Documentation  •  Preparation for next time 

nearer the time  • Management of complications 

  Reprinted with permission from Royal Australasian College of Physicians. Guideline statement: management of procedure-related pain in children 
and adolescents. J Paediatr Child Health. 2006 Feb;42 Suppl 1:S1-29  

F.E. Babl et al.



511

and effi cacious technique for peripheral and central vascular 
access procedures, urethral catheterization, laceration repair, 
burn dressings, lumbar punctures, bone marrow aspiration 
and joint aspiration, and renal biopsy. Chloral hydrate is 
suggested for sedation for computed tomography (CT) and 
magnetic resonance imaging (MRI) scans in infants 
>3 months and toddlers. Sedation with midazolam or ket-
amine is recommended for consideration for central venous 
line insertion, complex laceration repair, fracture reduction, 
bone marrow and joint aspiration, and renal biopsy. Sedation 
or general anesthesia is recommended for consideration for 
CT or MRI scans in children with preexisting behavior prob-
lems, for procedures with breath-holding requirements, and 
in children unable to lie still or who are anxious. The guide-
line emphasizes that fracture manipulation is highly painful 
and in many settings manipulation is performed under anes-
thesia in the operating room. However, in centers with 
expertise in procedural sedation and analgesia, fracture 
manipulation is often performed outside the operating room. 
In such instances the RACP guideline recommends ket-
amine and ketamine/midazolam. Propofol/fentanyl is not 
recommended due to the much higher incidence of airway 
complications. In cooperative older children, with special-
ized equipment and experienced staff, intravenous regional 
anesthesia (Bier’s block) is also recommended. Nitrous 
oxide is recommended for consideration in fracture manipu-
lation in children with minimally displaced fractures. 

 The RACP guideline addresses the needs of children who 
require repeat procedures and for those with communication 
or behavior problems. The guideline groups the latter chil-
dren into four categories and provides specifi c suggestions 
and recommendations for procedural interventions. For chil-
dren with impaired cognition and inability to communicate, 
the key recommendations are to explore their means of com-
munication, err on the side of over-treating, and integrate 
pharmacological and non-pharmacological techniques. The 
guideline recognizes that comorbidities may contraindicate 
conscious sedation by the non-anesthesiologist. For children 
with physical disability and preserved cognition, the key rec-
ommendation is to establish how best to communicate with 
the child. For children with behavioral problems related to 
preexisting disorders of inattention and hyperactivity, the 
recommendation is to have a low threshold for pharmaco-
logical intervention. For children with procedure-related 
behavior problems, the recommendations include systematic 
desensitization, cognitive behavioral therapy, and coping 
strategies. 

 The appendices of the RACP guideline include more 
detailed information on three sedative agents: nitrous oxide, 
midazolam, and ketamine. The use of demand valve fi xed 
50 % nitrous oxide and 50 % oxygen as well as continuous 
fl ow nitrous oxide up to 70 % is discussed, requiring a circuit 
for both to scavenge exhaled gas. A minimum 2 h NPO is 

recommended as a prerequisite if nitrous oxide above 50 % 
is used. After discontinuing nitrous oxide, 100 % oxygen is 
recommended for 2–3 min to avoid diffusion hypoxia. For 
those patients at risk of B 12  inactivation (preexisting vitamin 
B 12  or folate defi ciency, preexisting bone marrow suppres-
sion, severe sepsis, and extensive tissue damage) who receive 
nitrous oxide frequently for 2 weeks or more, two protocols 
to minimize vitamin B 12  defi ciency due to the metabolic 
effects of nitrous oxide are recommended. 

 In summary, there is little overlap between the RACP 
guideline and the ANZCA guideline, although there are 
shared members of each college. Application of the RACP 
guidelines suggests appropriate use of non-pharmacological 
techniques and local analgesia for children. The ANZCA 
guideline addresses sedation in relation to procedures at any 
age group. There is no specifi c consideration of pediatric 
issues nor of overall procedural management. The ANZCA 
guideline focuses on the delivery of sedation compared to the 
RACP guidelines, which attempt to take a more holistic 
approach. A limitation of the RACP guidelines is that since 
2006, when the guideline was published, a number of over-
seas guidelines referenced have been revised or updated and 
new evidence has become available.   

    Development of a Sedation Program 

 While major Australian and New Zealand procedural seda-
tion guidelines [ 1 ,  2 ] are available, and key overseas guide-
lines are in use as well, there is limited knowledge in how far 
these guidelines and recommendations are used “on the shop 
fl oor.” A review in 2004 of the spectrum and the quality of 
procedural sedation performed by non-anesthesiologist staff 
outside the intensive care unit at Royal Children’s Hospital 
in Melbourne, a large Australian tertiary pediatric hospital, 
indicated some problematic practices [ 22 ]. Sedations were 
tracked prospectively twice daily through hospital walk- 
through by the authors. One hundred and twenty sedations 
took place over a 3-week period, for 24 indications, utilizing 
eight agents in 26 different locations. Neither medical nor 
nursing staff were present during 7 % of the sedation and 
during 23 % of the recovery periods. Formal monitoring of 
vital signs occurred in only 72 %. Fasting practice was highly 
variable, few sedations used non-pharmacological tech-
niques, and some children were restrained. 

 A good overview of the challenges involved in minimiz-
ing pain and distress in children across initially a ward and 
then an entire hospital is well described in two papers out-
lining the experience of a single pediatric service in the 
United States [ 23 ,  24 ]. The 1997 paper describes the initial 
few years of a program designed for a pediatric ward in a 
general hospital. The key principles were to bring unifor-
mity to pain management, sedation, and pain assessment 
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(by the introduction of guidelines/protocols), with particular 
emphasis on the importance of appropriate topical anesthe-
sia for procedures involving “needle sticks” and the need to 
involve the child’s parents. The second paper, from 2008, 
reviews the progress of the program, which was then applied 
to an entire children’s hospital and not confi ned to ward 
activities. The importance of ensuring that all areas of the 
hospital minimize distress and pain was clearly identifi ed as 
the program was named “Comfort Central.” The aims 
addressed the culture of the organization: the physical envi-
ronment, education, governance, audit and quality pro-
cesses, matching clinical services to need, collaborating 
across departments, and involving the patients and families 
in the process. These principles mirror the concepts sum-
marized in the RACP 2006 Guidelines [ 2 ]. 

 At Royal Children’s Hospital, Melbourne, the fi ndings 
of the audit described earlier in this chapter [ 22 ] have led 
to profound hospital-wide changes in sedation practice: 
the abolishment of unmonitored or technician-only seda-
tion and the concentration of sedation in a few central 
locations away from low frequency or remote locations. 
Hospital-wide sedation guidelines, sedation education, 
and sedation documentation were implemented across the 
whole hospital. 

 Departmental and hospital-wide sedation guidelines have 
been implemented across many Australian and New Zealand 
institutions. Sedation care is still often highly variable 
between hospitals and between departments within the same 
institution. Regulatory authorities do not mandate a standard 
accreditation or training process for sedation providers. 
There is no requirement to standardize sedation care through-
out an institution as has been mandated in the United States 
by the Joint Commission [ 4 ]. 

 A number of relatively large series from Australia and 
New Zealand have shown that pediatric sedation by non- 
anesthesiologists can be performed safely when embedded 
in local sedation education programs [ 9 ,  10 ]. However, 
even among tertiary pediatric institutions, few have hospi-
tal-wide sedation education programs. While there are no 
national sedation education programs nor education con-
ferences that exist in the United States, departments at 
larger pediatric tertiary hospitals often provide education or 
education materials for non-tertiary institutions who con-
duct pediatric sedation. For example, a validated sedation 
education program from Royal Children’s Hospital and 
Sunshine Hospital in Melbourne [ 25 ,  26 ] has been adopted 
by the state health department and rolled out statewide in 
the state of Victoria [ 27 ]. This program includes central 
education sessions, sedation education materials, and a 
standardized sedation record. 

 Only one tertiary children’s hospital in Australia provides 
a formal “sedation service” run by anesthesiology staff. At a few 

centers, nurse-led sedation with nitrous oxide is provided 
hospital-wide. At most centers, sedation is delivered by anes-
thesiologists, except for some subspecialties such as den-
tistry or emergency medicine.  

    Specifi c Locations and Services 

    Inpatient Wards 

 A wide range of interventions are carried out at inpatient 
wards. The role of sedation is important, but optimizing the 
use of other techniques to minimize distress is likely to 
decrease the number of patients who require sedation. 

 At the Royal Children’s Hospital, Melbourne, Australia 
[ 28 ], the sedation guidelines for procedures on the wards 
(and outpatient areas) provide an example in Australia. 
These guidelines consider non-pharmacological techniques 
and non-sedative agents such as sucrose and topical local anes-
thetic. The Royal Children’s Hospital guidelines assume that 
there is a continuous pediatric intensive care-based emer-
gency response team available at all times, which may not be 
the case in all pediatric institutions. 

 At Royal Children’s Hospital, according to the local 
guidelines, junior ward medical staff can prescribe oral 
midazolam for a child due to have a procedure, and the 
“sedationist” and “proceduralist” (who may both be nursing 
staff) can manage the patient on the ward according to the 
guidelines. If nitrous oxide or intravenous midazolam is to 
be used, the staff member performing the sedation and moni-
toring the patient must have been appropriately accredited 
(and may be nursing or medical staff). If the patient is found 
to have risk factors in the pre-procedure assessment process, 
consultation with more senior anesthesia staff is required to 
formulate an appropriate plan. In some specialized areas, 
such as the cardiac surgery ward (not an intensive care ward), 
local procedures have been developed that acknowledge spe-
cifi c scope of practice of specialized staff in that area. A key 
component of the guideline is that a “record of sedation” 
form be used to document all sedations. 

 These guidelines require that deep sedation be adminis-
tered by a member of the critical care medical staff (anesthe-
tist, intensivist, or ED physician). 

 A contentious issue for procedures on the ward is: “Is it 
best to preserve a child’s hospital room as a ‘safe place’ and 
conduct procedures in a separate area, such as a treatment 
room?” “Pros” for not using the patient’s bed/room include: 
the sense of security the child has about their “usual place” in 
the hospital, minimizing of impact on other patients in shared 
rooms, ensuring an appropriate specialized area with resusci-
tation and monitoring, and providing distraction equipment 
(audiovisual or age-appropriate toys) to optimize care. 
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“Cons” include having to move the patient, the potential 
impact on staffi ng, and the potential for child distrust if there 
is distress and pain in the treatment room.  

    Sedation in the Pediatric Intensive Care Units 

 A pediatric intensive care unit (PICU) provides a complex 
environment for minimization of pain and distress relating 
to procedures. In general, in Australia and New Zealand, 
PICU staff does not provide a “sedation service” for patients 
who are not in an intensive care unit setting. The central role 
of sedation and analgesia in PICU management is addressed 
in two of the eight items on the PICU “KIDS SAFE” check-
list [ 29 ] recently developed at the Royal Children’s Hospital 
in Brisbane. PICU management has evolved. In the 1980s 
there was recognition that the adverse effects of inade-
quately treated pain and anxiety could create short-term 
complications [ 30 ] such as marked sympathoadrenal activa-
tion and subsequently longer term complications such as 
allodynia and hyperalgesia and post-traumatic stress syn-
drome. More recently, there has been a focus on balancing 
analgesia and sedation with the risk of prolonged ventilation 
and withdrawal. 

 PICU patients in Australia and New Zealand require anal-
gesia and sedation for a variety of procedures. Examples are 
listed below with common management techniques and 
strategies:
•     The presenting condition , such as major surgery or 

trauma; treated with established acute pain management 
regimens.  

•   “Minor”  brief  but potentially very distressing interven-
tions, such as tracheal intubation, suctioning of an endo-
tracheal tube, vascular cannulation, insertion of chest 
drains or peritoneal dialysis catheters, and removal of 
drains; managed with intravenous boluses of systemic 
medications, which may be escalated to general anesthesia 
as appropriate. Local anesthesia may provide profound 
analgesia and minimize the need for systemic medications 
where it is applicable. Inhaled nitrous oxide is being used 
for brief “minor” procedures, in the absence of contraindi-
cations, in minimally sedated patients.  

•    Formal surgical interventions  that may be performed 
urgently or planned to be done in the PICU. In many of 
these situations, anesthesia consultation is often sought. 
Most PICU units in this region will use intravenous agents 
and not integrate volatile anesthesia delivery. Pediatric 
intensivists and anesthetists will often collaborate in the 
care of these children.  

•    Ongoing management  such as tolerating endotracheal 
tubes or intravenous cannulation for extracorporeal 

cardiovascular or respiratory support. The main pharma-
cological interventions for these scenarios remain opi-
oid analgesia with benzodiazepine supplementation. 
The role of centrally acting alpha2-adrenergic agonists 
such as clonidine and dexmedetomidine is increasing in 
PICUs, to treat and minimize the side effects (tolerance 
and withdrawal) of benzodiazepines. The cardiovascular 
effects of dexmedetomidine, particularly bradycardia, 
and its expense on the Australian market have limited its 
widespread use.    
 The ongoing evolution of methods for synchronizing 

mechanical ventilation with patient effort and the use of less 
invasive respiratory support (without endotracheal intuba-
tion) have improved patient tolerance of ventilator support 
with less systemic sedation. 

 Although there are well-established sedation protocols 
for management, they must be tailored to the patient’s cir-
cumstances. Examples of common issues that arise in PICU 
include:
•    Patients with severe loss of cardiovascular reserve who 

may not tolerate “usual” acute boluses of analgesia or 
sedation drugs without compromising their circulation.  

•   Patients who have required long-term management 
who develop tolerance to standard dosing, who may 
require escalation of dose or changes of medication or 
combinations to provide adequate analgesia and 
sedation.  

•   Patients who develop symptoms of withdrawal when 
doses are decreased. Monitoring with assessment tools 
such as the Withdrawal Assessment Tool 1 (WAT-1) [ 31 ] 
and tailoring management accordingly is now standard in 
many Australian units.  

•   Other special circumstances such as development of 
opioid- induced hyperalgesia, which may require 
decreased dose, change of opioid, and alternative non- 
opioid agents.  

•   Recognition of the special needs of patients who require 
cardiorespiratory support with extracorporeal membrane 
oxygenation (ECMO) or ventricular assist devices (VAD). 
Protocols specifi c to this for different age groups have 
been developed (guidelines on RCH Melbourne intranet, 
for information:   http://www.rch.org.au/picu/contact_us/
Contact_ICU/#ECLS_contacts    ).  

•   Recent concerns regarding the potential adverse effects 
of drugs affecting the central nervous system on the 
developing brain, especially in the fi rst months to years 
of life.    
 A “Procedural Pain Management Decision Tree” to assist 

PICU staff at Royal Children’s Hospital, Melbourne, has 
recently been developed to supplement the hospital-wide 
Procedural Pain Management Guideline [ 28 ,  32 ].  
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    Neonatal Intensive Care Units 

 In Australia, the majority of neonatal intensive care units are 
colocated with obstetric units. The non-tertiary care centers 
tend to have limited pediatric surgical services. These units 
focus on prematurity and conditions managed medically. 

 Inadequate procedural pain management in the neonatal 
period may be associated with profound physiological 
responses to procedural pain, such as tachycardia, hyperten-
sion, apnea, and hypoxia, with the potential to create signifi cant 
adverse outcomes. Overall, appropriate care to avoid excessive 
or gratuitous use of centrally acting analgesics, anxiolytics, 
sedatives, and anesthesia in neonates has been adopted. The 
apparent lack of induction of apoptosis by the centrally acting 
alpha2-adrenergic agonists, clonidine and dexmedetomidine, 
has increased interest in their use, but the associated bradycar-
dia is problematic in this age group [ 33 ]. For patients requiring 
long-term intensive care in the region, the alpha2- adrenergic 
agonists are already part of protocols for preventing and man-
aging withdrawal syndromes for neonates. These patients are 
protected from the cardiovascular adverse effects by their 
underlying increased sympathetic drive. 

 Non-pharmacological management has become a key part 
of protocols in neonatal units. Non-pharmacological 
approaches include comforting, swaddling, the use of sooth-
ing speech and music, feeding, non-nutritive sucking, as well 
as the manipulation of lighting, sound, and other environ-
mental factors [ 34 ]. 

 For minor procedures, local anesthesia can minimize the 
need for adjuvant medications, which may act directly on the 
central nervous system. Care must be taken with total dosage 
and administration of local anesthesia due to the risk of high 
systemic levels especially from high concentrations injected 
in smaller patients. Prilocaine, a component of a proprietary 
eutectic mixture, EMLA cream, can cause methemoglobin-
emia in the newborn [ 35 ], and care with use or alternatives 
are recommended [ 36 ]. 

 Sucrose for modifying the response to procedural inter-
ventions is now well established [ 37 ,  38 ]. Protocols for its 
use are virtually universal in NICUs in the region. There is 
good quality data supporting its effi cacy and safety, includ-
ing with repeated use. Although there may remain some con-
cerns that the neurophysiological “fast” pain    remains 
activated [ 39 ], the effi cacy of sucrose in decreasing dis-
tressed behavioral overrides these concerns. 

 For premature NICU patients who require a surgical pro-
cedure, the risk benefi t assessment of transport to an operat-
ing theater versus operating in situ in the NICU is complex. 
An individual risk assessment of the circumstances of the 
individual patient is required. Results of audits in this region 
support the strategy of operating on the sicker and smaller 
NICU patients in the NICU [ 40 ]. The anesthesia is usually 

based on muscle relaxation and high-dose fentanyl. This 
should certainly provide adequate analgesia and has been 
demonstrated to be associated with benefi cial effects on the 
stress response. NICUs at obstetric hospitals have even 
brought in specifi ed pediatric surgical teams from outside 
centers to perform interventions (ligation of a patent ductus 
arteriosus) that are not offered by their own staff. 

 Paracetamol, morphine, and fentanyl are the most com-
monly used analgesics in this region, with increasing use of 
tramadol [ 41 ,  42 ]. 

 Assessment of pain management in NICUs is performed 
using a range of tools. The “PAT” (pain assesment tool) 
has been develped and is most commonly used in this 
region [ 43 ].  

    Emergency Departments 

 Over the last two decades, alongside the development of 
emergency medicine and pediatric emergency medicine as 
recognized medical specialties within both countries, pediat-
ric sedation within emergency departments has become the 
expected standard. In smaller urban and rural settings, lack 
of trained, experienced sedation staff may result in transfer 
of the child to larger centers for defi nitive care [ 44 ]. Given 
the vast distances involved, this transfer can be inconvenient 
for children and families, as well as an expensive burden on 
the health-care system. 

 In both countries, procedural sedation within emergency 
departments commonly occurs for fracture manipulation, 
joint relocation, laceration repair, foreign body removal, ure-
thral catheterization, lumbar puncture, abscess drainage, and 
neuroimaging [ 11 ]. A survey of pediatric emergency medi-
cine specialists, mainly at the tertiary sites, indicates that 
agents commonly used include continuous nitrous oxide 
(100 % report some use), ketamine (96 %), benzodiazepines 
(91 %), and fentanyl (64 %), with limited use of propofol 
(24 %) and other agents (37 %) [ 11 ]. While the agents used 
tend to be consistent across the region, the use of specifi c 
agents for given indications shows considerable heterogene-
ity and is in part refl ective of the practice of individual insti-
tutions [ 11 ]. 

 Emergency medicine within Australia and New Zealand 
operates as a hybrid of North American and UK models. 
Senior staffi ng levels (consultants) are generally higher than 
those seen in the United Kingdom; however, the majority of 
service provision is still by physicians in training. “Time tar-
gets” (4 or 6 h) for provision of care within emergency 
departments have emerged. Both these issues, to some extent, 
affect agent choice and provision of procedural sedation 
within individual departments, although formal comparisons 
to other regions are lacking. 
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 Issues for emergency department pediatric sedation in the 
region mirror those described in other parts of the world: 
lack of a recognized standard regarding staffi ng, lack of 
consensus regarding documentation and consent, lack of 
consensus regarding fasting, and lack of consistency regard-
ing training and credentialing. For example, just over 50 % 
of clinicians use formal sedation records, and only one-third 
of sites have a formal staff education and competency pro-
gram [ 11 ]. Although these issues are not unique to the region, 
they refl ect the inherent problems with the two local guide-
lines: the ANZCA guideline is predominantly written as a 
guide for anesthesiologists and is not pediatric specifi c; the 
older RACP guideline lacks recent evidence. Both are guide-
lines rather than consensus standards of care. 

 As in North America, emergency departments in Australia 
and New Zealand have widely adopted the use of ketamine 
for procedural sedation [ 12 – 14 ], and, to a lesser degree, 
consensus- based recommendations for the reporting of 
intervention- based adverse events [ 45 ,  46 ]. 

 Nitrous oxide (up to 70 %) is consistently widely used 
across the region for procedural sedation. A survey of pedi-
atric emergency medicine specialists indicates that most 
would consider nitrous oxide as a possible agent for wound/
burn management, fracture manipulation/plaster proce-
dures, intravenous cannula insertion, and laceration repair 
[ 11 ,  16 ]. Single-center registries have reported that continu-
ous nitrous oxide is relatively safe [ 8 ], with few serious 
adverse events [ 9 ]. 

 The use of intranasal fentanyl (1.5 μg/kg) has emerged 
from Perth, Western Australia [ 47 ,  48 ], and has become wide-
spread throughout the region, both in emergency department 
[ 11 ] and pre-hospital settings [ 49 ]. The combination of intra-
nasal fentanyl with nitrous oxide is frequently used for proce-
dural sedations that anticipate moderate rather than severe 
pain. For example, when surveyed, 42 % of pediatric emer-
gency medicine specialists stated they would use a combina-
tion of intranasal fentanyl with nitrous oxide for a 10-year-old 
requiring manipulation of a distal forearm fracture with minor 
angulation. Only 1 % would consider this combination in the 
same patient with 100 % displacement of fracture fragments 
[ 16 ]. In this same survey, a small percentage (8 %) reported 
use of a Bier’s block instead of procedural sedation.  

    Dental Sedation 

 The main document setting the clinical parameters for seda-
tion in dentistry in Australia and New Zealand is the ANZCA 
guideline [ 1 ]. Pediatric dentists are also guided by overseas 
documents of the European Academy of Paediatric Dentistry 
[ 50 ], the American Academy of Pediatric Dentistry (AAPD), 
the Scottish Dental Clinical Effectiveness Programme [ 51 ], 
and the United Kingdom National Clinical Guidelines in 

Paediatric Dentistry [ 52 ], as well as the clinical guidelines on 
sedation of children and young people by the National 
Institute for Health and Clinical Excellence [ 53 ]. 

 The DBA, a dental section of the AHPRA, has published 
a registration standard for sedation by dentists, setting a con-
sistent set of requirements [ 5 ] and guidelines [ 6 ]. Sedation is 
defi ned in the documents as a drug-induced depression of 
consciousness during which patients respond purposefully to 
verbal commands. No interventions should be required to 
maintain respiratory and cardiovascular function. Dentists 
who seek endorsement for “conscious sedation” are required 
to have a minimum of 2 years of general dental experience. 
The minimum standard for endorsement is a graduate 
diploma in conscious sedation from the Westmead Hospital, 
University of Sydney, or training from an institution that is 
acceptable to the Dental Board. The dentist undertaking the 
sedation is to be assisted by a registered nurse trained in 
intensive care or anesthesia or by a registered dentist or 
medical practitioner who is trained in monitoring and 
resuscitation. The DBA guideline stipulates ongoing annual 
education with either a course at the Centre for Resuscitation 
Education and Simulation Training (Incorporated) (CREST) 
or the Medical Emergencies and the Sedated Dental Patient 
course offered by the Australian Society of Dental 
Anaesthesiology. The assistant to the endorsed dentist is rec-
ommended to attend and successfully participate in an advanced 
life support course in each 12-month period. The DBA seda-
tion standard and guideline does not include the use of single- 
dose oral agents or nitrous oxide, neither of which requires 
endorsement under the standard. 

 The dental sedation course at the University of Sydney 
offers a graduate diploma on conscious sedation and pain 
control in clinical dentistry. This is the only such course 
offered in Australia and New Zealand. This course focuses 
mostly on intravenous sedation in adults but includes a pedi-
atric section. It offers study in the practice of sedation and 
the recognition and management of crisis. To date, there is 
no course specifi cally intended for pediatric sedation. 

 The agents most frequently used for sedation in anxious 
or uncooperative pediatric patients in Australia and New 
Zealand are continuous fl ow nitrous oxide and oral mid-
azolam [ 54 ]. In centers that treat more complex pediatric 
patients, there is ongoing debate as to whether dentists 
should use sedation or refer to anesthesia for management. 
A tool has been developed to assess if people with disabili-
ties can be effectively allocated for treatment under sedation 
or general anesthesia [ 55 ], accounting for the medical, 
behavioral, and social factors as well as the complexity of 
the dental treatment. A limitation of this tool is that it was 
devised from a wide range of patients (age 4–75 years). In 
young children and those with developmental disability or 
complex medical needs, general anesthesia is generally 
applied, in part because of limited access to other options. 

24 Pediatric Sedation: The Approach in Australia and New Zealand



516

There are, however, publicly funded hospitals that offer 
sedation by anesthesiologists for dental care. There are also 
a small number of private dental clinics that provide IV 
sedation for children staffed by pediatric dentists and 
anesthesiologists.  

    Sedation for Medical Imaging 

 In general, specialized sedation services within pediatric 
teaching hospitals do not exist within Australia and New 
Zealand. The provision of analgesia and sedation is 
mainly led by emergency physicians for acute presenta-
tions, radiologists for simple analgesia and sedation, and 
anesthesiologists for complicated or prolonged sedation. 
In general pediatric imaging in Australia and New 
Zealand attempts to balance the sometimes competing 
interests of image quality, radiation exposure, and seda-
tion need and risk. 

 The majority of children undergoing radiologic proce-
dures in Australia and New Zealand are covered for non- 
pediatric hospitals in units attached to adult radiology 
departments. This situation has been recognized by the 
RANZCR who have produced recommendations for imag-
ing of children in non-dedicated pediatric centers [ 56 ]. These 
guidelines provide clear recommendations for the use of 
anesthesia and sedation for various image modalities. In 
addition, the guidelines recognize a number of key princi-
ples, including: the need to gain the required information 
from pediatric imaging using the fewest images and the least 
radiation; that some movement artefact may be acceptable 
for the clinical question the study is addressing; if a child is 
not cooperating, the study should be quickly terminated 
rather than continuing with further distress and radiation 
exposure. Intravenous contrast should be administered only 
when absolutely necessary. 

 For CTs, the RANZCR prefers utilizing intravenous con-
trast if appropriate to both limit sedation need and radiation 
exposure. For contrast CT scans, the use of general anesthe-
sia for children less than 3 years is recommended and should 
be considered in all other ages. Other recommendations are 
intended to minimize the need for sedation: the use of topical 
anesthetic creams prior to cannulation, use of a mock CT 
scanner to encourage non-sedation, use of explanation pam-
phlets and videos, tour of imaging facilities, and listening to 
favorite music during imaging. For non-contrast CT scans, 
immobilization and the aforementioned non- pharmacological 
techniques are encouraged. Individual units often “feed and 
wrap” infants aged 3 months or less. Chloral hydrate or oral 
midazolam is administered to those children with prolonged 
scan times or in children unable/unlikely to remain static 
enough for suitable image quality. 

 For MRI, the RANZCR recommends immobilization for 
infants less than 3 months, often using “feed and wrap” if 
possible. For children between 4 and 6 years of age, 
RANZCR recommends a general anesthetic. For older chil-
dren, prior preparation and non-pharmacological techniques 
are encouraged. Furthermore, when performing MRIs, the 
RANZCR recommends that the most important sequences 
should be obtained fi rst, so that if the scan is interrupted, 
enough images may be available to answer the clinical indi-
cation, minimizing the need for adjuvant sedation. Some 
hospitals have mock MRI scanners to introduce anxious chil-
dren to the imaging setup and reduce sedation needs (see 
“Non-pharmacology” section below). 

 Over the last decade, the use of micturating cystourethro-
grams (MCUs) for diagnosis and management of vesicoure-
teric refl ux following urinary tract infections has reduced 
dramatically within Australia and New Zealand. The RANZCR 
guidelines recognize this and recommend that radiologists 
discuss referrals with referring physicians to determine if a 
positive fi nding of vesicoureteric refl ux on MCU will alter 
management, thus potentially avoiding a painful procedure and 
unnecessary radiation exposure. Individual units often use oral 
midazolam for infants older than 12 months [ 57 ]. 

 Plain fi lm X-rays for acute trauma are usually ordered via 
emergency departments with analgesia and sedation ordered 
by emergency clinicians, as detailed in the previous section. 
The RANZCR guidelines do not address these patients’ 
sedation and analgesic concerns. 

 The RANZCR have a second position statement on the 
use of sedation and anesthesia for pediatric imaging in both 
pediatric and non-pediatric hospitals [ 58 ]. This statement 
reinforces the principle that whenever possible the use of 
sedation and anesthesia should be avoided. The statement 
recommends that Fellows follow the ANZCA guideline for 
sedation and anesthesia, and apply non-pharmacological tech-
niques when possible. RANZCR principles cover the small 
number of specialized imaging procedures that occur within 
dedicated pediatric hospitals (angiograms, arthrograms, and 
solid organ biopsies).  

    Sedation of Children with Burns 

 Burn management in children in this region is focused on a 
small number of referral units based in major cities within 
each region, with only very minor pediatric burn injuries 
being managed outside these facilities. 

 The majority of burns represent scalding in younger 
children, but a small number of children have major burns 
over signifi cant proportions of their body, which require pro-
longed management and repeat grafting, debridement, dress-
ing changes, and cleansing. Compared with developing 
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nations, there are few burn injuries related to heating and 
lighting sources in this region [ 59 – 61 ]. 

 Scald injuries are commonest in “toddlers” and mostly 
involve small areas, so the management is usually straight-
forward with dressings, assessment and, if required, a single 
grafting procedure under anesthesia. Nitrous oxide inhala-
tion has become a key supplement to non-pharmacological 
therapy for these patients. 

 Major burns require complex intensive care with multi-
system disease and complications such as sepsis and respira-
tory infections. Areas of partial thickness skin damage are 
particularly painful, and analgesic requirements are often 
signifi cant. Recurrent grafting and debridement is done 
under anesthesia. The period after the initial acute phase is 
particularly challenging for ward management. Repeated 
major dressing changes, often with “burn baths” in a ward 
treatment area, as well as physiotherapy mobilization require 
frequent and potentially very painful procedural interven-
tions. This is often emotionally stressful with the potential 
for signifi cant pre-procedural anxiety, especially if previous 
experiences have been unpleasant. 

 Children with major burns have signifi cant issues with 
being moved and pressure care. Sophisticated pneumatic bed 
systems have greatly helped the pressure issues, but simple 
movement, whether active or passive, is frequently painful 
and a common part of daily management. Experienced 
staff to provide pharmacological and non-pharmacological 
support are key to minimizing such distress. 

 Most centers have evolved specialized responses to the 
aforementioned scenarios. Children’s Hospital Westmead in 
Sydney has a separately funded “Burns Anaesthesia Fellow” 
to support these patients, while at Royal Children’s Hospital, 
Melbourne, a mobile specialist anesthesia team anesthetizes 
these patients in a ward treatment room to allow baths and 
dressing changes during the early phase of burn management 
on the ward. They are the only elective patients in the hospi-
tal anesthetized outside of critical care areas. As the burn and 
donor sites heal and the dressings and cleansing become less 
painful, the patient is “weaned” from general anesthesia to 
conscious sedation to the point where ward staff can manage 
the dressings with oral agents, nitrous oxide, and non- 
pharmacological techniques.  

    Sedation for Oncologic Procedures 

 Similar to intensive care services, oncology services within 
Australia and New Zealand are centered on 14 units attached 
to pediatric or tertiary (mixed pediatric and adult) hospitals. 
Patients undergoing initial and intensive therapy tend to be 
based at these oncology units, often for many months. 
However, those undergoing maintenance treatment, who may 

reside a long distance from the oncology units, often receive 
shared care at regional pediatric units. The management of 
procedural sedation within oncology units is particularly 
focused on the repetitive painful procedures, specifi cally 
lumbar puncture and bone marrow aspirates. Procedural 
sedation management strategies for medical imaging, dis-
cussed previously, are also utilized within the radiology 
departments of these hospitals. 

 The importance of procedural sedation for oncologic 
patients has been well recognized within Australia and New 
Zealand for some time. In the early 2000s, sedation practices 
at 14 pediatric oncology units were surveyed [ 62 ]. Three- 
quarters of lumbar punctures and bone marrow aspirates 
were performed under general anesthesia with the remaining 
receiving sedation predominantly with benzodiazepines, 
opiates, nitrous oxide, and chloral hydrate. While sedation 
was being performed in the presence of a medical staff mem-
ber in all cases, the adherence to monitoring, documentation, 
and staffi ng guidelines was inconsistent. 

 In oncology, there has been increased focus on the mul-
tidisciplinary nature of procedural pain management, con-
sistent use of simple analgesic techniques (local anesthetic 
creams), and non-pharmacological cognitive behavioral 
techniques. This has resulted in formal multidisciplinary 
pain management strategies such as the Comfort First 
Program, used within the Children’s Cancer Centre, Royal 
Children’s Hospital, Melbourne [ 63 ]. The Comfort First 
Program aims to provide children and their caregivers with 
early support in procedural pain management via educa-
tion and enhancement of existing coping strategies. Child 
life/occupational therapists meet with families within a 
month of diagnosis to assess the child’s pain experiences 
and provide individualized strategies for managing painful 
procedures. These strategies are formally incorporated 
within the child’s medical record for use by all members of 
the multidisciplinary team. Audit of this program has 
shown good adherence to current RACP procedural pain 
guidelines with >90 % of children receiving non-pharma-
cological strategies alongside pharmacological manage-
ment [ 63 ].   

    Non-pharmacological Management  

 The principles of non-pharmacological management are 
highlighted in the introductory section of this chapter. 
Tables  24.1  and  24.2  provide an overview. Pediatric institu-
tions in this region have recently introduced non- 
pharmacologic programs, which refl ect the RACP guideline 
on procedural management in children:
•    The importance of “procedural management” for every 

clinical interaction with a child has been recognized. 

24 Pediatric Sedation: The Approach in Australia and New Zealand



518

Even completely painless interactions, such as clinical 
examination, temperature measurement, or simple 
medical imaging, can distress a child. Children can 
rapidly develop fear of interacting with hospital staff if 
any interaction has been distressing. Procedures with 
local or systemic analgesia can be distressing if non-
pharmacological management is inadequate. Thus, 
procedural management must include appropriate 
“non-pharmacological” management in every clinical 
interaction.  

•   All clinical interactions with the child should be aimed to 
minimize distress. Every clinical staff member (and prob-
ably other staff in a pediatric institution) should have 
training in developmentally appropriate techniques for 
minimizing distress during interactions with children.    
 Programs to improve the use of non-pharmacological 

techniques for procedural pain management require educa-
tion of staff, children, and their families. The program 
should ensure that age-appropriate devices to engage a 
child (such as toys, screen-based devices, or bubble blow-
ing) are available and that staff know how to appropriately 
use them. In this region, the role of educational play thera-
pists has evolved and continues to evolve. The role is con-
verging on that of the “child life specialist” in North 
America. The potential for this allied health group to have 
an increasing role in procedural management is clear. This 
includes being the support person for the child and apply-
ing specifi c techniques that will be appropriate to the child 
and the procedure. Tools such as the Child-Adult Medical 
Procedure Interaction Scale (CAMPIS) [ 64 ] and 
CAMPIS-R [ 65 ] (CAMPIS [ages 5–13], CAMPIS-R21 
[ages 4–7]) and CAMPIS-SF (short form [ 66 ]) summarize 
the likelihood of various behaviors and language to have a 
positive effect. 

 The “Comfort Kids” section of the RCH Melbourne 
website has much material for both families and health 
professionals [ 67 ]. The concept of “Positioning for 
Comfort” where care to position the child in an appropri-
ate way, often involving the parent, can provide reassur-
ance, comfort, and appropriate ergonomics for the conduct 
of a procedure. Some suggestions for such positions are 
available on the Web at a number of sites including posi-
tions for infants [ 68 ] and older children [ 69 ]. Suggestions 
for age-appropriate distraction are also available [ 70 ] 
(Table  24.3 ). Other pediatric institutions in the region have 
also produced fl ow diagrams for procedural pain manage-
ment in children [ 71 ].

   The incorporation of non-pharmacological techniques 
into all clinical interactions with children and their families 
can lessen the distress of children, families, and staff. 
Education in these techniques should involve all these groups 
and be incorporated into routine daily practice. (Refer to 
Chap.   34    .)      

   Table 24.3    Distraction ideas for children (Royal Children’s Hospital, 
Melbourne [ 71 ])   

 Distraction ideas for infants under 6 months 
 • Rocking and stroking face 
 • Gentle patting and family present 
 • Rattles and/or other baby toys 
 • Singing 
 • Swaddle—expose areas of body for procedure; keep baby 

wrapped up and warm 
 • Sucrose and breastfeeding 
 Distraction ideas for toddlers 6 months to 2 years 
 • Bubbles or blowing windmill 
 • Sitting up when possible, hug-like hold 
 • Toys and books that make noise when pushed or with buttons 
 • Singing child’s favorite song 
 • Light-up toys 
 • Reading a book 
 Distraction ideas for children 
 • Big belly breathing, blowing away scary feelings, or blowing 

away hurt. Hint: cue by saying breathe in through your nose and 
blow out of your toes 

 • Blowing bubbles and windmills 
 • Counting games 
 • Reading a book: noise book, counting, or search-and-fi nd book 
 • Playing a favorite DVD, iPod, or electronic game 
 • Mind pictures; e.g., think about a favorite sport, family vacation, 

school game, or activity. Let child tell a story or answer questions 
about what is pictured in their mind 

 • Ask your child if they want to know what’s happening or if they 
prefer to focus on an activity instead 

 Distraction ideas for adolescents 
 • Listen to music, iPod 
 • Choice: parental presence—handheld 
 • Mind pictures; e.g., think about a favorite sport, family vacation, 

school game or activity. Let child tell a story or answer questions 
about what is pictured in their mind 

 • Relaxation and breathing—with or without cues 
 • Use humor or non-procedure talk 
 • Play a favorite DVD, iPod, or electronic game 

   Case Studies 

    Case 1 

 An 8-year-old boy ran across a road and was stuck by 
a car. He was thrown 15 ft and was found crying and 
complaining of leg pain. He had no loss of conscious-
ness. When paramedics arrived they found a distressed 
boy lying on the sidewalk with an obviously angulated 
and swollen thigh with normal pedal pulses. His 
mother was in attendance. The rest of his examination 
was normal except for abrasions on his arms and chin. 
The paramedics assessed the child’s pain as 10 out of 
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10 on a verbal numerical scale. After coaching the 
patient, the paramedics administered inhaled methoxy-
fl urane via the Penthrox inhaler with rapid relief of 
pain. They splinted the leg and transported the patient 
to hospital; the patient continued to use methoxyfl u-
rane as needed with pain scores of 2–4. 

 In the emergency department, the patient was 
administered intranasal fentanyl 1.5 μ(mu)g/kg on 
arrival. Five minutes after fentanyl, his pain was 
assessed at 0. He was assessed according to Advanced 
Trauma Life Support protocol and was found to have 
an isolated lower limb injury. He was then adminis-
tered nitrous oxide sedation at 70 % by continuous 
fl ow to administer an ultrasound-guided femoral nerve 
block. After orthopaedic review he was placed in trac-
tion while receiving nurse-administered nitrous oxide. 

    Key Points of Management 
•     Inhaled methoxyfl urane, where licensed, such as in 

Australia and New Zealand, provides powerful 
analgesia and can be self-administered by children 
and adolescents. It can also be used to perform brief 
painful procedures in awake patients. It should only 
be administered once or twice in sequence to avoid 
dose-related renal problems.  

•   Intranasal fentanyl is a powerful analgesic that can 
be used in isolation or in combination with nitrous 
oxide. The combination is useful for relatively pain-
ful brief procedures.  

•   Nitrous oxide at 70 % (30 % oxygen) provides 
moderate sedation. The likelihood of deep sedation 
increases when combined with other agents.  

•   Nitrous oxide can be safely administered by creden-
tialed nurses when embedded into a comprehensive 
sedation program.  

•   Nerve blocks provide long-lasting, profound 
regional anesthesia and can be supplemented with 
nitrous oxide sedation.      

    Case 2 

 A 10-year-old girl was admitted to the hospital with 
recent- onset ataxia and scheduled for a relatively 
urgent MRI. With worsening symptoms, both parents 
were anxious about the possible underlying diagnosis, 
and the patient was terrifi ed of the MRI. The child was 
referred to the anesthesia team for assessment. The 
anesthetist noted the circumstances and referred the 
patient to the play therapy and medical imaging mock 
MRI team. The patient was familiarized with the pro-

cess in the mock MRI scanner. Distraction and video 
goggles to watch a movie in the MRI scanner were dis-
cussed, and a successful mock scan was conducted. A 
plan was also made for intravenous access for admin-
istration of contrast during the scan. This involved use 
of local anesthesia cream and specifi c distraction. 
Subsequently, the actual MRI scan was conducted 
without sedation. 

    Key Points of Management 
•     MRIs often require sedation or anesthesia in young 

or anxious and uncooperative children. Non-
pharmacological interventions such as distraction 
or desensitization in mock MRI scanners utilizing 
play therapists or other expert staff can reduce or 
eliminate the need for sedation. The sedation team 
should be in close cooperation with play therapy 
staff to achieve this.      

    Case 3 

 A 2-year-old sustained a partial thickness scald burn to 
a 30 % body surface area (chest, abdomen, and ante-
rior thighs) when he pulled a large saucepan off the 
stove top. After initial pain control in the emergency 
department with intranasal fentanyl and oral oxyco-
done, he received ongoing pain control with IV mor-
phine. In the emergency department, he was 
administered nitrous oxide to debride large blisters and 
apply burn dressings. While admitted to the hospital, 
he had initial debridements, skin grafting, and dressing 
changes under anesthesia in the operating theater. 
Dressing changes and cleansing were performed on 
the hospital ward with anesthesia- delivered intrave-
nous agents (including ketamine) and weaned over 
several weeks to a combination of oral agents and 
inhaled nitrous oxide. Eventually a tailored sedation 
program supervised by ward medical and nursing staff 
was used for subsequent dressing changes and baths in 
the ward treatment room. 

    Key Points of Management 
•     Ketamine is frequently used for burn-dressing 

changes due to its powerful analgesic effect.  
•   Sedation completed anywhere outside the operat-

ing room should follow the same safety criteria 
as in the operating room. All safety and emer-
gency equipment should be available, and a 
means to summon additional help quickly should 
be preestablished.  

(continued)
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    Abstract  

  Pediatric sedation remains a controversial issue, especially when combinations of drugs are 
used. The choice of using anesthetists or non-anesthetic personnel as sedation providers is 
an issue that is deliberated worldwide. In Sub-Saharan Africa, however, there is an acute 
shortage of sedation providers and other health care providers, which makes the provision 
of sedation services extremely diffi cult. Reasons for this shortage are discussed. Structured 
sedation training to train sedation providers in the provision of sedation services is unfortu-
nately available only in a few centers. In this chapter, the challenges facing Sub-Saharan 
Africa as far as the provision of sedation services is concerned are discussed. Sedation 
models are presented, as well as protocols for drug administration. Case reports of typical 
cases that present for sedation are also presented.  

  Keywords  

  Sub-Saharan Africa   •   Sedation providers   •   Protocols   •   Challenges   •   Training   •   Drugs   • 
  Ketamine   •   Mobile sedation   •   South African Society of Anaesthesiologists (SASA)   •   South 
African Society of Sedation Practitioners (SOSPOSA)   •   National Institute of Health in the 
United Kingdom (NICE) Guidelines   •   International Liaison Committee on Resuscitation 
(ILCOR)  

        Introduction 

 Pediatric sedation for diagnostic and surgical procedures 
outside the operating room remains a controversial issue 
worldwide. There remains disquiet about safety and quality 
standards in the provision of sedation, especially the use of 
combinations of drugs and who should be the sedation providers. 

Health care centers are, however, experiencing an increasing 
demand for safe sedation. We may have reached the situation 
where the number of children requiring sedation outside the 
operating room exceeds the number of children requiring gen-
eral anesthesia. Pediatric sedation is one of the fastest growing 
areas in patient care as it, in appropriate situations, offers a safe 
and cost-effective alternative to the limited capacity of gen-
eral anesthesia in operating rooms. One of the challenges is 
that children probably represent a population with the high-
est risk/lowest error tolerance. 

 Pediatric sedation services can be defi ned as the formal 
allocation of identifi able resources and providers with the aim 
of providing scheduled sedation for children at various loca-
tions outside the operating room [ 1 ]. A wide variety of spe-
cialties and subspecialties, including non- anesthesiologists, 
are involved in pediatric sedation, utilizing a variety of 
different drugs, often administered by different routes. 
There is little agreement as to who should provide sedation, 

mailto:jar@sun.ac.za
mailto:jaroelofse@uwc.ac.za
mailto:Graeme.wilson@uct.ac.za


524

which drugs be administered, or the sedation techniques 
employed. Practice settings and the use of support staff 
involved in pediatric sedation also remain contentious. 
Unfortunately, only a few institutions have dedicated and 
structured pediatric sedation services despite recommenda-
tions from a variety of organizations in this regard. A survey of 
North American hospitals confi rms that structured programs 
are not common [ 2 ]. 

 Sub-Saharan Africa is a densely populated and resource poor 
subcontinent that provides unique challenges in patient care. 
These challenges include a lack of facilities and staff for the 
performance of operative as well as non-operative procedures. 

 In a survey on anesthesia services in developing coun-
tries, the authors used a questionnaire to delineate the diffi -
culties in providing anesthesia services in Uganda [ 3 ]. This 
survey provides us with insight of the availability of anesthe-
sia services in other developing countries in Africa. The sur-
vey results show that 23 % of anesthetists have the facilities 
to deliver safe anesthesia to adults but only 13 % have facili-
ties to deliver safe anesthesia to children. The questionnaire 
identifi ed shortages of personnel, drugs, equipment, and 
training as major factors infl uencing service delivery. These 
factors had neither been quantifi ed nor accurately described 
before. Training was also highlighted as problematic, with 
few physician anesthetists amongst the anesthesia providers. 
Most of the non-physician anesthetists had previously 
attended a training course or were currently in training. 
Anesthesia for children according to the results of the survey 
appears to be largely ketamine-based, mainly due to a “lack 
of disposable airway equipment such as tracheal tubes, face-
masks and breathing circuits.” 

 Ketamine is available in the majority of countries in 
Sub- Saharan Africa. It is an extremely important agent as it 
can provide anesthesia, sedation, and analgesia. Ketamine’s 
inherent safety profi le allows it to be used safely for proce-
dures outside the operating room, provided that standard 
safety requirements are adhered to. Ketamine, used intra-
muscularly and intravenously, is regarded by many as the 
standard of care for the sedation of children in many devel-
oping countries, furthermore it is used by both anesthesiolo-
gists as well as “untrained personnel” for induction and 
maintenance of anesthesia. The authors in this chapter quan-
tify and describe the problems and challenges faced by health 
care professionals in developing countries [ 3 ]. Their propos-
als could be used as guidance by health care professionals to 
improve, manage, and plan anesthesia and sedation services 
in developing countries. 

 Sedation can be considered a reasonable alternative to 
general anesthesia for certain surgical procedures in the 
Third World. Bearing in mind the common surgical conditions 
of childhood in developing countries in Africa, it becomes 
clear that there is a large potential market for sedation 
services [ 4 ]. Common surgical conditions encountered are 
fractures, burns, congenital abnormalities, infections, and 

dental problems, whereas hernia repairs form the bulk of the 
emergency surgical work. Widespread provision of safe 
sedation services would result in increased effi ciency, 
reduced costs and personnel requirements, and a reduction in 
the pressure on the provision of general anesthesia. 

 Africa has a critical shortage of health care workers [ 5 ]. 
This remains one of the biggest challenges to Third World 
health facilities. The reasons for a lack of qualifi ed personnel 
are multifactorial. The inability to train enough health care 
providers, training requirements, internal mal-distribution, 
and emigration of trained and skilled health care providers due 
to unacceptable working conditions contribute to the shortage 
of health care provision. Despite this, demand for sedation ser-
vices for procedures outside the operating room exists and it 
will continue to increase, especially in rural areas. The ability 
to deliver pediatric sedation services will play an important 
role in providing sustainable, affordable health care in these 
settings. Training in pediatric sedation services remains a 
major obstacle and very few centers in Africa provide struc-
tured pediatric sedation training, let alone structures for the 
retention of competencies at all levels. A system is needed 
that can accredit individual sedation practitioners and further-
more training must be expanded to include other health care 
professionals in order to meet the growing demand for seda-
tion services. The shortage of resources and the vast traveling 
distances in order to receive training and to maintain their 
clinical competence makes this no simple process. 

 The shortage of health care professionals to provide 
sedation services outside the operating room needs to be 
addressed. It is clear that there are simply not enough trained 
health care professionals available to meet these demands 
and, with an ever-growing population and the attending eco-
nomic realities, this is unlikely to change in the near future. 
A lack of knowledge on sedation techniques and a lack of 
understanding that pediatric sedation can be a safe alterna-
tive to general anesthesia for certain procedures hampers the 
development of structured sedation services in many coun-
tries around the world. Dissemination of information on the 
value of sedation to help inform health care personnel on a 
safe alternative to general anesthesia is needed. In addition, 
more training opportunities for sedation practitioners must 
be created. This will only be possible by enthusiastic col-
laboration between the discipline of anesthesiology and 
other relevant health care disciplines or sub-disciplines, 
especially in undeveloped rural Africa with its unique prob-
lems. More research is necessary to assess the use of drugs 
and drug combinations that can be used for safe pediatric 
sedation outside the operating room in these circumstances. 

 The demand for sedation for procedures on children out-
side the operating room already seems to exceed the capacity 
for offering anesthetic services in the operating room. This is 
a serious problem that needs to be addressed to ensure that 
suffi cient sedation providers are available to provide sedation 
services, and suffi cient anesthesiologists to provide anesthetic 
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services, especially in resource-poor settings. The shortage 
of providers and lack of training is probably the most com-
mon barrier to the development of universal pediatric seda-
tion services. In an effort to address the problem, this author 
has spent the last decade and more in developing training 
programs for sedation practitioners and in developing proto-
cols for safe sedation services. The results of these endeavors 
are outlined as follows.  

    Sedation Training 

 Certifi cation of sedation training is a new concept in Africa. 
Structured sedation training in Africa was non-existent before 
the year 2000. Subsequently a postgraduate diploma in 
Sedation and Pain Control in the principles and techniques of 
both pediatric and adult sedation has been offered in South 
Africa to both anesthesiologists and non-anesthesiologists, fi rst 
at Stellenbosch University and later at the University of the 
Western Cape. Both qualifi ed anesthesiologists and dentists are 
tutors in this part-time modular program, presented over 2 
years. The fi rst year of training consists of three contact ses-
sions lasting 3 days and incorporates both theoretical and prac-
tical training; this module includes both medical and dental 
clinical scenarios for sedation. Certifi cation of appropriate air-
way skills—i.e., an Advanced Adult Life Support and Advanced 
Pediatric Life Support—is a prerequisite for all sedation 
students and certifi cation must be updated regularly. 

 During their second year, students must write a 5,000 
word referenced dissertation on a topic related to sedation 
and pain control. Students are encouraged to visit the 
University of the Western Cape at regular intervals for practi-
cal training and to develop their skills in sedation and pain 
control. After qualifying, students in possession of the 
diploma in sedation and pain control may then proceed to a 
master’s degree. As few structured sedation-training pro-
grams are available elsewhere, the diploma and master’s pro-
grams attract students from the whole of Africa and beyond. 
The majority of the students are non-anesthesiologists—usu-
ally medical practitioners with a special interest in sedation 
practice. Subsequently, other similar sedation programs have 
been developed in other areas of Africa. The author has since 
initiated sedation training at universities in Nairobi, Kenya, 
and at institutions in other African states. Health care provid-
ers across Africa are now recognizing that sedation for a 
variety of diverse procedures offers an acceptable viable 
alternative to general anesthesia. 

 To support the training of dental practitioners as operator/
sedation practitioners, the Dental College of South Africa 
has approved an application for a diploma in Sedation and 
Pain Control (Dip Dent) through the College of Dentistry of 
South Africa. This will provide dentists with an opportunity 
to be involved as sedation providers in areas of need. 

 The South African Society of Sedation Practitioners 
(SOSPOSA), a special interest group of the South African 
Society of Anesthesiologists (SASA), is committed to uplift-
ing sedation training in Africa. Annual sedation workshops 
are held to provide theoretical and practical training. 
SOSPOSA presents sedation symposia and workshops at the 
annual congress of the South African Society of 
Anesthesiologists (SASA). Further progress is being made in 
sedation training in southern Africa. A pediatric sedation 
training workshop, with national and international speakers, 
was presented as part of the Pediatric Anesthesia Congress 
of South Africa (PACSA) in 2012 and it is hoped that this too 
will become a permanent fi xture. 

 As interest in the creation of formal sedation training pro-
grams grows, centers in developed countries are initiating 
sedation-training programs. A collaboration with University 
College London in the United Kingdom has been established, 
directed and taught by Dr. James Roelofse, the founder of the 
South African Postgraduate Diploma in Sedation. A postgrad-
uate Certifi cate in Sedation and Pain Control is now offered in 
London. Lecturers from the University of Oslo, Norway have 
also become involved in sedation training at University of the 
Western Cape since 2011. 

 The chronic shortage of anesthesiologists in Africa results 
in a situation where supply of anesthesiologists cannot meet 
the demand for sedation providers. This begs an important 
and sometimes controversial question: Are non- 
anesthesiologists in the developing nations with limited 
resources capable of providing safe sedation to children? A 
review on sedation of children by non-anesthesiologists sug-
gests that non-anesthesiologists can safely sedate pediatric 
patients, provided that they are given appropriate training [ 6 ]. 
Health care practitioners from all disciplines would need to 
be trained as pediatric sedation providers to meet the growing 
need [ 2 ]. Consequently, non-anesthesiologists are accepted 
into the aforementioned training programs, as they can play a 
vital role in providing sedation services, particularly in rural 
areas. Almost all the non-specialist  anesthesiologists in our 
course have a diploma in anesthesia from the College of 
Medicine of South Africa. All candidates are required to have 
had some training in anesthesia. Non- anesthesiologists and 
anesthesiologists receive the same training for the diploma 
program. The diploma program provides didactic teaching on 
matters related to safe sedation practice. Emphasis is placed 
on patient safety and only American Society of 
Anesthesiologists (ASA) I and II patients qualify for sedation 
care outside of the operating room. The collaboration of anes-
thesiologists to train and educate non-anesthesia caregivers to 
safely sedate a clearly identifi ed pediatric population (ASA I 
and II) is an important fi rst step in Africa. By being involved 
in the training of non- anesthesiologists, the specialty of anes-
thesia will retain its infl uence on the quality and direction of 
patient care and sedation practice. 
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 All health care professionals involved in sedation must be 
trained in specifi c sedation techniques and must follow 
accepted guidelines and protocols. This view was endorsed 
in 2007 by the Royal College of Anesthetists and the Faculty 
of Dental Surgery of the Royal College of Surgeons of 
England: The Standing Dental Committee in the United 
Kingdom published their guidelines on the “Standards for 
Conscious Sedation in Dentistry: Alternative Techniques” 
[ 7 ]. The guidelines state that it is essential that there is “evi-
dence of training (even for anesthesiologists) in specifi c 
advanced sedation techniques, in an appropriate environ-
ment.” Children under 12 years of age are specifi cally men-
tioned as a group for whom sedation providers must receive 
formal training. The American Society of Anesthesiologists 
(ASA) has published guidelines for sedation services pro-
vided by non-anesthesiologists [ 8 ], and the guidelines have 
been endorsed by the American Academy of Pediatrics 
(AAP) and the Joint Commission [ 9 – 11 ]. 

 In 2010, the National Institute of Health in the United 
Kingdom (NICE) guidelines on “Sedation in children and 
young people” were published in the United Kingdom [ 12 , 
 13 ]. This guideline also suggests that health care profession-
als involved in pediatric sedation must undergo theoretical 
and supervised clinical training. Keeping a logbook and air-
way certifi cation are essential requirements for safe sedation 
practice.  

    Sedation Models 

 To fi nd an acceptable pediatric sedation model that suits 
all patients, sedation practitioners, and locations is virtu-
ally impossible. Children undergoing diagnostic or thera-
peutic procedures are often frightened and uncooperative. 
Anxiety and fear is exacerbated by many different factors; 
in particular, previous unpleasant experiences. The need to 
provide analgesia together with sedation for painful proce-
dures has resulted in the proliferation of multidrug seda-
tion techniques. Subsequently, use of these techniques, 
with a higher incidence of adverse events and complica-
tions, has become commonplace. Provision of sedation 
services outside the operating room has also grown in 
demand in facilities that meet all the requirements for safe 
sedation practice [ 2 ]. Various pediatric sedation models 
that have been established throughout Africa will be 
reviewed as follows. 

    The Sedation Unit Model Within the Hospital 

 This model allocates a designated area of the hospital as a 
sedation room and a recovery area, which together represent 
an area for sedation, the procedure, and recovery. Training in 

a designated sedation unit creates awareness and makes stu-
dents appreciative of the ideal environment for safe sedation 
practice. Designated sedation areas provide ideal conditions 
for sedation practitioners as they are not responsible for the 
supply of drugs and equipment. It however, remains the 
responsibility of the hospital to ensure that everything needed 
for safe sedation practice is provided. 

 This designated area should be adjacent to an operating 
room should failed sedation or surgical complication result 
in the need to progress to general anesthesia. Children usually 
receive oral or transmucosal sedation in the recovery area 
and are then transported to the procedure room, and back to 
the recovery area after the procedure. This area should also 
have a nitrous oxide/oxygen unit, with a sevofl urane vapor-
izer. Low concentrations of sevofl urane (0.3 %) can be 
added for very anxious children, delivered by the anesthesi-
ologists or trained sedation practitioner. Parents or escorts 
are allowed to accompany the child into the sedation room 
until the child is comfortable, but should leave once the pro-
cedure has commenced. 

 We have primarily embraced the pediatric dental model 
for training purposes—this is a unique model as the airway is 
shared by both the sedation practitioner and the surgeon. This 
creates an ideal scenario for training safe sedation techniques. 
Pediatric dental care provides a challenging problem in devel-
oping countries as extensively damaged teeth often need mul-
tiple extractions. Many of these procedures are performed 
under intravenous sedation and require extensive dental sur-
gery. Long periods of intravenous sedation using a variety of 
different agents are necessary to complete the work. In our 
sedation daycare unit, we provide intravenous sedation for 
more than 900 procedures a year. Only procedures on ASA I 
and II patients are performed outside the operating room. 
The sedation unit is staffed on a part-time basis by both anes-
thesiologists and non-anesthesiologists. Funding for the seda-
tion service is provided by the South African government and 
the University of the Western Cape. 

 The University of the Western Cape has the biggest 
dental faculty in Sub-Saharan Africa. To improve capacity, 
the University of the Western Cape approved a pediatric 
emergency sedation dental clinic for minor dental proce-
dures, such as extractions. Pre-school children under 6 
years of age form the bulk of the clinic’s patient load. 
These children are usually anxious, and to provide some 
form of anxiolysis we have recently been studying the use 
of intranasal midazolam. 

 Two doses of intranasal midazolam 0.3 and 0.5 mg/kg 
are being compared [ 14 ]. The drugs are administered intra- 
nasally 15 min before the procedure with a Mucosal 
Atomization Device (MAD ® , LMA North America, San 
Diego, CA). Before local anesthesia is administered, a 
topical anesthetic is applied to the mucosa in the mouth. 
The study has shown some interesting preliminary results. 
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More than 90 % of children are calm with controlled behav-
ior after the local anesthetic injection following intranasal 
administration of midazolam. All the children had oxygen 
saturation levels of above 95 %. More than 95 % of the chil-
dren were discharged within 15 min after the procedure, 
meeting the requirements for safe discharge. The behavior of 
children leaving the emergency clinic was remarkably differ-
ent than those who had no intranasal midazolam. No nausea, 
vomiting, and aspiration were reported in more than 150 cases. 
This single-drug technique is administered by an operator 
sedation practitioner and complies with the requirements of a 
simple or basic sedation technique as set out in the guidelines 
of the South African Society of Anesthesiologists [ 15 ].  

    The Mobile Sedation Model Within 
the Hospital 

 This model requires that sedation providers render a sedation 
service at a distant site within the hospital. This site is usually 
close to the inpatient hospital wards. Portable sedation equip-
ment and appropriate drugs for sedating children are used in 
various locations in the hospital, e.g., bone marrow biopsies in 
an oncology ward [ 16 ]. Children are sedated and recovered at 
the site of the procedure by the sedation provider and support 
staff. This approach avoids the need for transporting the sedated 
child between the ward and procedure area and is very popular.  

    A Combined Sedation Model Within 
the Hospital 

 A combination of the aforementioned two models allows 
that some children are sedated in the unit and transported to 
fi xed facilities, i.e., magnetic resonance imaging (MRI). The 
sedation unit is reserved for those procedures that may be 
performed onsite.  

    The Mobile Sedationist Model Outside 
the Hospital 

 A model that is growing in popularity in South Africa is 
administration of sedation in the offi ce or other ambulatory 
center by a “mobile or traveling sedation practitioner.” 
Mobile sedation practitioners are especially popular for 
pediatric dental procedures as well as minor plastic and der-
matological procedures. They provide the practitioner the 
opportunity of performing procedures in their own environ-
ment, equipped with their own equipment. This is a cost- 
effective approach as it avoids the add-on costs generated when 
such procedures are performed in hospital  operating rooms. 
This approach could potentially have substantial economic 
benefi ts for patients and their health insurance companies. 

As hospital-associated costs escalate, the demand for mobile 
sedation practitioners by different specialists, such as derma-
tologists and plastic surgeons, is increasing. 

 The increased demand for pediatric sedation services 
makes structured training in specifi c pediatric sedation tech-
niques even more crucial. One concern is at what age can 
one safely sedate a child in a remote setting, especially if 
the sedation providers are not trained? In South Africa, the 
mobile sedation practitioner model is reserved and supported 
only for ASA I and II children and delivered by health care 
professionals appropriately trained in all areas of safe pediat-
ric sedation practice.  

    The Operator-Sedationist Model 

 This model does not conform to guidelines and policies of 
some specialty societies outside Africa. However, it tends to 
be used for simple procedures with single drug administra-
tion. In this model, the sedation provider also performs the 
procedure. This model is practiced by dentists and other 
health care professionals, usually administering nitrous 
oxide/oxygen inhalation sedation, titrated doses of intrave-
nous midazolam or oral sedatives for dental procedures or 
other minor procedures (i.e., suturing of lacerations, appli-
cation of burn dressings, and cannulation of veins). 
According to the guidelines of the South African Society of 
Anesthesiologists [ 15 ], the activities of operator sedation 
practitioners should be confi ned to the use of single drugs, 
reserving combination drug therapy to the dedicated seda-
tion provider model. The usual techniques for pediatric 
sedation by operator sedation practitioners include standard 
or simple sedation techniques with nitrous oxide and oxy-
gen, oral/transmucosal benzodiazepines or titrated doses of 
intravenous midazolam but not a combination of the drugs. 
Intravenous routes of sedation delivery are not generally 
used by operator sedation practitioners for pediatric seda-
tion. This model clearly has its restrictions and tends to offer 
sedation for a small group of children undergoing a limited 
type of procedure.  

    The Dedicated Sedationist Model 

 More advanced techniques of sedation delivery, which include 
continuous infusion of drugs, target-controlled infusions, and 
multidrug therapy, should only be used by dedicated sedation 
practitioners according to recognized guidelines. Ideally 
members of a pediatric sedation team using such advanced 
techniques must include at least two suitably qualifi ed and 
experienced people. These techniques are especially valuable 
for sedation for painful and more complicated procedures, 
where single agent sedation is unsuitable.   
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    Guidelines for Safe Pediatric Sedation 
in the Third World 

 Provision of safe pediatric sedation requires that established 
guidelines be rigorously followed. Sedation practitioners are 
encouraged to follow the guidelines of the Standing Dental 
Advisory Committee, Royal College of Anesthetists, 
American Academy of Pediatrics (AAP), the American 
Society of Anesthesiologists (ASA), the Joint Commission 
[ 7 – 11 ,  15 ] or the pediatric sedation guidelines from the 
South African Society of Anesthesiologists (SASA) [ 15 ]. 
(Refer to Chap.   2    .) 

 These guidelines recognize that deep sedation is part of the 
spectrum of general anesthesia, and should only be adminis-
tered by trained sedation personnel with formal anesthetic train-
ing. Hoffman et al. [ 17 ] have shown that adherence to formal 
guidelines (ASA and AAP guidelines) by non-anesthesiologists 
can reduce the risk of pediatric procedural sedation. They 
showed that adequate pre-sedation assessment achieves a reduc-
tion in complications of deep sedation. They furthermore 
showed that repeated assessment of sedation score reduces the 
risk of inadvertent deep sedation and attendant complications. 

 Sedation providers should be adequately qualifi ed or 
trained. Education should include core training in both sim-
ple and advanced sedation techniques. Core competencies 
should include knowledge of anatomy, physiology, and phar-
macology, whilst clinical competency in monitoring, airway 
examination, and ability to rescue the oversedated child are 
essential [ 15 ]. The concept of a sedation team is important. 
The team must include either the operator sedation practitio-
ner (for basic sedation techniques) or a dedicated sedation 
practitioner, and support staff. Preferably two qualifi ed and 
trained people should be available to assist with monitoring 
of the patient and must be able to render active support if the 
need for rescue should arise. 

 Practically, the safe practice of pediatric sedation can be 
broken down to three components:
    1.    Selection, assessment, and preparation of patients   
   2.    Provision of sedation—here attention should be focused on 

safe practice, premises, equipment, and documentation   
   3.    Recovery and discharge     

    Selection, Assessment, and Preparation 
of Patients 

 Correct pre-sedation selection and assessment of patients is 
critical to identify high-risk patients or situations where 
sedation is contraindicated or should not be performed 

 outside the operating theater. Pre-sedation evaluation and 
assessment is mandatory as the history, clinical examination, 
and airway evaluation will direct triage decisions. Only ASA 
I and ASA II patients should be sedated outside the operating 
room and fasting guidelines must be adhered to (Table  25.1 ). 
Most guidelines emphasize that sedation for children less 
than 5 years of age should only to be performed by practitio-
ners with extensive experience. Patients with potentially dif-
fi cult airways (Table  25.2 ) should only be sedated in hospital 
by experienced personnel.

    Written informed consent must be obtained and verbal 
and written instructions for, before and after the sedation 
procedure must be conveyed to a responsible person.  

    Provision of Sedation 

 Facilities must comply with the standards required for safe 
pediatric sedation outside the operating room. Attention 
should be focused on the procedure room where the appro-
priate staff, drugs, and equipment must be available to moni-
tor and rescue a child. 

 Equipment for pediatric sedation should be appropriate 
for the intended procedure as well as the targeted depth of 
sedation. Monitoring equipment for all but the simple sin-
gle agent (oral or inhalation) technique should include elec-
trocardiogram (ECG), blood pressure, and pulse oximetry. 
If available, an end-tidal carbon dioxide monitor should be 
used. The precordial stethoscope remains an inexpensive 
and practical monitor, especially in under-resourced rural 
settings. The availability of a defi brillator is desirable 
wherever pediatric sedation performed, especially when 
combined drug techniques are employed [ 15 ]. (Refer to 
Chap.   3    .) 

 Documentation and protocols must comply with contem-
porary guidance [ 7 ,  9 ,  16 ]. This includes documentation 
before, during, and after sedation. All parameters that are 
monitored during sedation must be documented and any 
adverse events entered on a sedation chart.  

    Recovery and Discharge 

 Recovery facilities must meet all the requirements for safe 
recovery of the child after sedation. No child should be 
sedated without an escort being available to accompany the 
child home. A protocol for back-up emergency services must 
be available for all cases done outside the operating room 
and ready access to ambulance services is advised wherever 
pediatric sedation is performed.   
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   Table 25.1    Prudent limits of targeted depth of emergency department (ED) procedural sedation   

  

STANDARD RISK

ORAL INTAKE
IN THE PRIOR

 3 HOURS

ORAL INTAKE
IN THE PRIOR

 3 HOURS

Urgency of the Procedure

Emergent Urgent Semi-Urgent Non-Urgent 

Nothing

Nothing

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation

All levels of sedation All levels of sedation

All levels of sedation All levels of sedation All levels of sedation All levels of sedation

Clear liquids only

Clear liquids only

Up to and including
brief deep sedation

Up to and including
brief deep sedation

Up to and including
brief deep sedation

Up to and including
extended moderate

sedation

Up to and including
extended moderate

sedation

Up to and including
extended moderate

sedation

Light snack

Light snack

Up to and including
dissociative sedation;

non-extended
moderate sedation

Up to and including
dissociative sedation;

non-extended
moderate sedation

Minimal sedation only

Minimal sedation only Minimal sedation only

Minimal sedation only

Minimal sedation only Minimal sedation only

Heavy snack or
meal 

Heavy snack or
meal 

Emergent Procedure Urgent Procedure Semi-Urgent Procedure Non-Urgent Procedure

HIGHER RISK

Procedural Urgency

All levels of sedation

All levels of sedation

Up to and including
dissociative sedation;

non-extended
moderate sedation

Minimal sedation only

Minimal sedation only

Minimal sedation onlyAll levels of sedation

←
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Dissociative sedation;

brief or intermediate-length moderate sedation

Extended moderate sedation

Brief deep sedation

Intermediate or extended-length deep sedation

Procedural Sedation and Analgesia Targeted Depth and Duration

     

  Brief: <10 min 
 Intermediate: 10–20 min 
 Extended: >20 min 
 Adapted from Green SM, Roback MG, Miner JR, Burton JH, Krauss B. Fasting and Emergency Department Procedural Sedation and Analgesia: 
A Consensus-Based Clinical Practice Advisory. Ann Emerg Med. 2007; 49(4): 454–461  
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    Guidelines for Mobile Sedation Practitioners 

 Safe practice of mobile sedation requires that the sedation 
practitioner takes responsibility for all the requirements of 
safe sedation practice. These include the suitability of the 
premises, the pre-sedation assessment, intraoperative care, 
documentation, and postoperative discharge of the child. 
A not unreasonable assumption is that the premises will pro-
vide only suction and light. The sedation practitioner must 
provide all the drugs, disposables, equipment (including 
resuscitation equipment) that may be needed. The sedation 
practitioner is also responsible for ensuring that suitably 
qualifi ed health care professionals are available to assist with 
monitoring and rescue, if needed. 

 Routine equipment requirements should include: a stetho-
scope (preferably also a precordial stethoscope), blood pres-
sure monitor, glucometer, and pulse oximeter. Mobile 
sedation practitioners are encouraged to use an ECG monitor 
and capnography, particularly when pediatric advanced seda-
tion techniques are performed, or when deep sedation is 
intended. They are advised to carry a spare pulse oximeter. A 
thermometer is also advisable, especially as children often 
present with a runny nose and other respiratory symptoms for 
which an infectious process must be ruled out. It is also advis-
able to carry a glucometer. The mobile kit should also include 
items that improve patient comfort and safety, i.e., a blanket 
to keep the child warm, a cushion to put behind the shoulders 
to extend the neck, butterfl y sponges to protect the airway 
from water in pediatric dental cases, and a radio with ear-
phones to play music for the older child. 

 The kit should also contain emergency equipment such as 
oxygen, nasal cannulae, a self-infl ating resuscitator, airways 
(nasal and oral), pediatric laryngoscope and blades, a suction 
catheter, endotracheal tubes, laryngeal mask airways, 
Magill’s forceps, resuscitation drugs, and a defi brillator [ 15 ]. 
Mobile sedation practitioners usually operate in the private 
health care environment where the patients are responsible 
for the expenses and most carry medical insurance. 

 A mobile sedation practitioner must also have access to 
appropriate offi ce infrastructure. This includes secretarial 
services to take care of appointments, the preparation of 
paperwork that should be sent to the parents ahead of time in 
respect of preoperative and postoperative instructions, and to 
gather information regarding the health status of the child. 
A patient follow-up system should be in place to allow the 
guardian to give postoperative feedback. The questionnaire 
allows for feedback on patient satisfaction and possible side 
effects, such as postoperative nausea and vomiting, pain 
 during the procedure, double vision, and emotional distur-
bances. The form should also invite comment as to whether 
the parent and child would prefer sedation again; or rather 
opt for general anesthesia.  

    Behavioral Management of the Child 

 The single most important aspect of any successful seda-
tion is to gain the child’s trust. Earning a child’s trust is not 
always easy, particularly if there have been past traumatic 
experiences with general anesthesia or sedation. All seda-
tion techniques must include planning behavioral manage-
ment strategies, empathy, understanding, and a patient 
approach. (Refer to Chap.   34    .) The protocol for successful 
behavior management must incorporate two strategies: 
how to “read the mind” of the child [ 18 ] and how to use the 
specifi c practical guidelines. When trying to “read the 
mind” of the child, it is vital to try and establish a good 
personal relationship in order to gain their trust. This means 
placing yourself in the child’s shoes and establishing rap-
port. Five important points to remember when interacting 
with a child are: (1) imagine you are the same age as the 
child you are dealing with, (2) use words that a child can 
understand, (3) do not lie to the child (this does not mean 
that one needs to disclose all details), (4) offer encourage-
ment by telling him/her that he/she is good and brave to 
ensure that the child feels proud, and (4) use the informa-
tion you get from the child to play mind games [ 18 ]. Always 
speak to children slowly and gently and talk to them about 
pleasant things, i.e., the smell of their favorite food, the 
ocean, paintings, etc. A child who does not want to make 
eye contact is not interested in what you are saying and will 
ignore attempts to establish rapport. Such children are 

   Table 25.2    Patients with potentially diffi cult airways   

 Obstructive sleep apnea (OSA) 
 Large tonsils approaching the midline, or associated with loud snoring 
 Children who cannot lie fl at because of airway obstruction 
 Stridor 
 Retropharyngeal masses 
 Neck masses 
 Tracheal deviation 
 Mallampati class 3 or 4 
 Neck mobility: decreased range of movement, including 
hydrocephalus with a large head 
 Syndromic features (e.g., Pierre-Robin, Treacher-Collins): 
 • Enlarged tongue 
 • Micrognathia 
 • Abnormal ears 
 Hemangiomas 
 Beware of children with malignancies: multiple level airway 
obstruction is possible 

  Reprinted with permission from Reed A, Thomas J, Roelofse JA, Gray 
R, de Kock M, Piercy J. Paediatric Procedural Sedation and Analgesia 
(PSA) Guidelines; South African Society of Anaesthesiologists. 2011  
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 diffi cult to sedate and may need a different approach and 
deeper levels of sedation. 

 The following practical hints may be useful for sedation 
practitioners and the team to establish a rapport with a child:
•    The offi ce/surgery, where procedures are to be performed, 

is a threatening environment for most children. 
Communication should not take place in the operating 
room but in a friendlier environment where the child can 
be made comfortable. He/she should be encouraged to 
ask questions and his/her consent should be obtained for 
the proposed sedation where possible.  

•   Wear casual, non-operating room clothing—appearing 
too formal may create anxiety in children, especially if 
they had previous negative experiences during general 
anesthesia.  

•   What you say is less important than how you say it. The 
attitude of the sedation practitioner is an important deter-
minant of success. It is essential that the sedation practi-
tioner shows confi dence in what he or she is doing. The 
child and parent must be confi dent that the sedation pro-
vider knows exactly what is to be done, has the necessary 
experience, and can deliver safely on the promises. One 
should never afford the child or parent the opportunity to 
doubt one’s professional ability. Always have a positive 
attitude that, at times, may be quite diffi cult. Show the 
child that you are enthusiastic about what you do and that 
you are excited to be in a position to be able to help. 
Confi dence in one’s own success as a sedation practitio-
ner may convince the child that, even though his anxiety 
is valid, together the two of you can be successful. Never 
direct your conversation at the parent or escort; always 
involve the child irrespective of age. Always establish and 
maintain eye contact with the child—this simple gesture 
shows the child that you really care.  

•   Try to fi nd an “ice-breaker” (a means of eliciting the 
child’s trust and allaying his anxiety and fear) when fi rst 
meeting the child by making a friendly non-threatening 
statement to start the conversation—this may be all that is 
needed to settle the child down. It is always good to fi nd 
out about the interests of the child.  

•   Never look down at the child—if the child is seated or 
lying down, sit down beside him. It may even be advis-
able to sit on your haunches in front of the child. That 
way, your eyes are at the same level and it makes it much 
easier for the child to relate to the sedation practitioner.  

•   It is crucial that children never to be crowded—they need 
their personal space to feel respected.  

•   It is always wise to tell the child that you need his or her 
help and that sedation means a team effort.    
 Children are very susceptible to suggestion. Something 

like, “I cannot do this without your help” will go a long way 
toward making the child comfortable. In case of an intrave-

nous cannulation, tell the child that a butterfl y will come and 
sit on his/her hand. You are allowed to choose the color of the 
butterfl y. 

 A fi nal question: Do cultural factors play a role in the out-
come, success rate, and/or achievability of multidrug seda-
tion in children over the age of 5 years? A study of 354 
children from eight different cultural groups showed that 
cultural factors do not infl uence the outcome, success, or 
achievability of multidrug sedation in children. The study, 
however, validated the importance of preoperative selection 
and assessment and the use of behavior management tech-
niques [ 19 ].  

    Common Sedation Strategies 
in the Developing Nations 

    Oral Route: Single Agent 

 It is not routine practice to administer oral sedatives for 
surgical procedures. Children’s behavior patterns vary and it 
is essential to do a behavioral assessment prior to the proce-
dure. It is good practice to discuss this with the parent or 
guardian before sedation, as they usually can give the seda-
tion practitioner guidance as to whether the child needs an 
oral sedative before surgery. Some children are, however, 
just too frightened due to previous traumatic experiences, 
and may thus need a sedative. An oral sedative must never be 
given to the child at home but in the facility where the proce-
dure will be done. 

  Chloral hydrate  is a sedative hypnotic still being used in 
some hospitals for sedation for children under the age of 
3 years, especially for painless imaging [ 20 ]. The drug has 
no analgesic activities and the usual dose is 20–75 mg/kg, 
given orally. 

  Midazolam  is a short-acting, water-soluble benzodiaze-
pine with no analgesic properties. It is the most commonly 
used benzodiazepine for pediatric sedation and can be 
administered via various routes. The oral dose is 0.35 mg/kg, 
20–30 min before surgery [ 21 ]. To make it easier to remember, 
we advise sedation providers to administer 7.5 mg orally to 
those children above 8 years of age, and 5 mg to those less 
than 8 years of age. The child must be constantly supervised 
and monitored after administration of the oral sedative. 
Midazolam is not available in a syrup formulation in Africa, 
so instead the tablet is crushed and diluted with paracetamol 
syrup. Alternatively, the aqueous formulation for intravenous 
midazolam is administered orally. Midazolam is a useful 
sedative in combination with other oral drugs. 

  Oral ketamine  provides excellent sedation, analgesia, 
and amnesia and can also be used for painful procedures. 
In the developing world, it is usually combined with 
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 midazolam. Oral ketamine is useful for burn debridement in 
children at a dose of 10 mg/kg because of its excellent safety 
profi le [ 22 ]. Acceptable sedation for dental procedures was 
achieved in children, 2–7 years of age, by the use of 12.5 mg/
kg oral ketamine. The incidence of hallucinations was 
16.6 % [ 23 ]. 

 Ketamine administered orally is used extensively for 
analgesia and sedation during dressing changes in children 
suffering from burn injuries at the Red Cross War Memorial 
Children’s hospital in South Africa [ 24 ]. A recent study 
from this institution in children between 1 and 8 years of 
age suggests that oral ketamine 5–10 mg/kg via a nasogas-
tric tube with intravenous supplementation of 0.5–1 mg/kg 
provides reasonable sedation and analgesia for short dress-
ing changes. Furthermore, oral ketamine administration 
results in high norketamine concentrations due to fi rst-pass 
metabolism in turn contributing to good long-lasting post-
procedural analgesia. Oral ketamine may serve as a valuable 
premedicant, sedative, and analgesic for children suffering 
from burn injuries.  

    Nasal Route: Single Agent 

 Intranasal  midazolam  may be uncomfortable for children as 
it may cause a burning sensation. It is, however, useful in 
children who refuse to take medication by mouth, are vomit-
ing, or are developmentally delayed. Although a tuberculin 
syringe can be used to administer 0.2 mg/kg midazolam 
intranasally, a Mucosal Atomization Device (MAD®, LMA 
North America, San Diego, CA) is available and makes nasal 
administration easier and more acceptable.  

    Rectal Route: Single Agent 

 Rectal administration of  midazolam  is useful for providing 
sedation for younger children (Table  25.3 ). Acceptance is 
high, particularly in small children. In some of the countries 
in Sub-Saharan Africa some parents prefer the rectal route for 
administration of sedative drugs. The administration of mid-
azolam by this route may be indicated where children refuse 
to take oral drugs, are nauseous, vomiting, or very anxious. It 
can be used on its own for painless procedures or in combina-
tion with other drugs when analgesia is required. In a study, 
rectal midazolam administered at 1 mg/kg to children 30 min 
before dental surgery achieved satisfactory sedation and 
recovery whilst maintaining hemodynamic stability.

   Rectal  diazepam  is a useful and cost-effective alternative 
sedative for midazolam, especially in rural areas, where the 
latter drug is often not available. Rectal diazepam, at a dose 
of 0.70 mg/kg, provides acceptable levels of sedation, and 

patient acceptance, when administered 30 min before a pro-
cedure [ 25 ]. Rectal  ketamine  at a dose of 5 mg/kg has also 
successfully been used in dental surgery and may be a useful 
alternative for pediatric sedation [ 26 ].  

    Intravenous Route: Single Agent 

 Any sedation administered by the intravenous route, using 
bolus or infusion techniques should be considered an 
advanced sedation technique [ 15 ], and should be adminis-
tered by suitably trained and equipped personnel. 
Intravenous agents can be used as small boluses titrated to 
effect or as a continuous infusion. Unadjusted continuous 
infusion techniques may result in gradually rising plasma 
concentrations of sedative and necessitate constant intensive 
monitoring and airway vigilance. 

  Propofol  is a short-acting phenol derivative. Its use as a 
sedative hypnotic agent outside the operating room remains 
contentious. Propofol has a narrow therapeutic index and 
the sedation practitioner should anticipate that deep seda-
tion, airway obstruction, and apnea may occur rapidly and 
unpredictably. Although it is an effective sedative, it should 
be used only for brief procedures, as repeated doses or infu-
sions are more likely to be associated with adverse events. 
The usual sedative dose in children is 0.3–0.5 mg/kg titrated 
to effect with a titration interval of at least 1 min. Target 
Controlled Infusion (TCI) of propofol may overcome some 
of the limitations of continuous infusions [ 27 ,  28 ]. TCI is 
an infusion controlled by a real-time pharmacokinetic 
model that employs algorithms to construct a variable rate 
infusion. (Refer to Chap.   31    .) Two algorithms are available 
in South Africa: the Kataria and Paedfusor models. The 
Kataria model caters to children over the age of 3, whereas 
the Paedfusor model may be used in children over a year of 
age [ 29 ,  30 ]. As the effect site equilibration constant is not 
known in children, both models only allow use as plasma 
targeting. Usual plasma targets for sedation are between 0.5 
and 2 mcg/mL, but like bolus dosing should be titrated to 
effect. 

    Table 25.3    Dosing schedule for midazolam   

 Route  Dose (mg/kg) 
 Maximum 
dose 

 Time to peak 
effect (min) 

 Duration of 
action (min) 

 Oral  0.35  7.5 mg  10–30  60 
 Nasal  0.3–0.5  0.5 mg/kg  10–20  60 
 Rectal  0.5–1  1 mg/kg  10–15  60–90 
 Intravenous  0.025–0.1  1 mg  3–5  20–60 

  Reprinted with permission from Reed A, Thomas J, Roelofse JA, Gray 
R, de Kock M, Piercy J. Paediatric Procedural Sedation and Analgesia 
(PSA) Guidelines; South African Society of Anaesthesiologists. 2011  
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  Ketamine  is probably the most widely used single intrave-
nous sedative in the developing world. Ketamine induces a state 
of cortical dissociation with profound analgesia, sedation, and 
amnesia. At typical sedative doses, there is relative preservation 
of airway refl exes and tone. Emergence delirium is less com-
mon in children, and of a much smaller magnitude than adults 
and it correlates signifi cantly with the degree of pre-procedural 
agitation. See Table  25.4  for dosing recommendations.

    Midazolam  is a short-acting benzodiazepine with potent 
amnestic, sedative, and anxiolytic properties. Paradoxical 
agitation may occur in up to 1.4 % of children and may 
necessitate treatment with fl umazenil and use of an alterna-
tive agent. When given intravenously, most children should 
require no more than 1 mg [ 15 ]. See Table  25.3  for dosing 
recommendations. 

  Dexmedetomidine  is an alpha 2-receptor agonist that has 
the ability to provide sedation without causing respiratory 
depression. A biphasic dose–response effect on hemodynam-
ics has been described, characterized by decreases in arterial 
blood pressure and heart rate at low plasma concentrations 
and an increase in arterial blood pressure with further reduc-
tions in heart rate at higher plasma concentrations [ 31 ]. 
To minimize the hemodynamic effects of dexmedetomidine, 
the loading dose of 1 mcg/kg should be given as a slow intra-
venous injection over at least 10 min. This can be followed by 
a constant infusion of 0.2–0.7 mcg/kg/h.  

    Oral Route: Sedative and Analgesic 
Combination 

 No single drug is available that meets all the requirements 
of an ideal sedative. Drug combinations may therefore be 
necessary, particularly in the management of uncooperative 
children. Drug combinations do, however, increase the risk 
of complications and the sedation practitioner involved 
should be trained in advanced sedation techniques, and 

preferably have experience in general anesthesia. A combi-
nation of midazolam and ketamine is useful for sedation in 
short, painful procedures. Oral midazolam (0.35 mg/kg) 
combined with oral ketamine (5 mg/kg), in children has 
been shown to provide safe, effective, and practical seda-
tion for minor oral surgical procedures under local anesthe-
sia [ 32 ]. When oral ketamine and midazolam are used, in 
conjunction with an intravenous technique, the dose of oral 
ketamine should be reduced to 2 mg/kg. This dose of ket-
amine is also suitable for children under the age of 2 years 
[ 33 ] but they need to be monitored carefully for over 
sedation. 

 The safe and effective management of children for painful 
procedures outside the operating room remains a challenge. 
Dental procedures are common pediatric day-cases and are 
one of the commonly used research models used for studying 
the effi cacy of minor analgesic agents [ 34 ]. Severity of post-
operative pain is related to the number of teeth extracted, and 
an effective clinical research model has been established by 
studying children who have undergone six or more extrac-
tions [ 35 ]. This study gives valuable information regarding 
pain after pediatric dental procedures. Children aged 4–7 
years, undergoing six or more dental extractions, received 
tramadol (1.5 mg/kg) or placebo 30 min before surgery. Both 
groups furthermore received oral midazolam (0.5 mg/kg) up 
to a maximum of 7.5 mg 30 min before surgery. Postoperative 
rescue analgesia was required by 19.4 % of the tramadol 
group, compared with 82.8 % of the placebo group [ 35 ]. This 
showed that the use of effective analgesic drugs, before seda-
tion, minimized postoperative pain in children. Other studies 
have confi rmed tramadol’s analgesic effi cacy, lack of signifi -
cant respiratory depression and preservation of time to 
recovery when used in combination with other sedative 
agents [ 36 ,  37 ]. The combination of oral tramadol 1.5–3 mg/
kg with midazolam is a useful combination for sedation and 
analgesia for children undergoing painful procedures outside 
the operating room. Another useful oral combination is 
trimeprazine (6 mg/mL) and methadone linctus (0.4 mg/mL) 
in a syrup base [ 23 ,  32 ]. The usual oral dose is 0.5 mL/kg of 
the mixture up to a maximum of 10 mL. This can be used as 
sedation for small, painful surgical procedures where local 
anesthesia is to be used. It is also a useful sedative combina-
tion for painless procedures as profound sedation is achieved. 
Unfortunately methadone, an opioid and trimeprazine a phe-
nothiazine derivative have long elimination half-lives result-
ing in prolonged recovery. However, despite these limitations, 
the low cost of this combination makes it useful for oral 
pediatric sedation in the developing world. Deeper levels of 
sedation can be obtained by adding droperidol (0.1 mg/kg) to 
the mixture.  

   Table 25.4    Dosing schedule for ketamine   

 Route  Dose 
 Onset 
(min) 

 Time to peak 
effect (min) 

 Duration 
of action 

 Oral  2–5 mg/kg  5–10  20  4 h 
 Nasal  2–5 mg/kg  5–10  20  4 h 
 Rectal  2–5 mg/kg  5–10  20  4–6 h 
 Intravenous bolus  0.25–1 mg/kg  <1  3–5  10–15 min 
 Intravenous infusion  0.5–1 mg/kg/h  <1  3–5  10–15 min 

  Reprinted with permission from Reed A, Thomas J, Roelofse JA, Gray 
R, de Kock M, Piercy J. Paediatric Procedural Sedation and Analgesia 
(PSA) Guidelines; South African Society of Anaesthesiologists. 2011  
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    Nasal Route: Drug Combinations 

 Intranasal drug combinations have also been studied and 
show great promise, particularly in preschool children with 
separation anxiety in unfamiliar surroundings. Intranasal 
sufentanil (1.5–3 mg/kg) has been shown to facilitate separa-
tion of children from parents and provide effective postop-
erative analgesia [ 38 ]. 

 Another intranasal drug combination study compared the 
combination of sufentanil (1 mcg/kg) and midazolam 
(0.3 mg/kg) with the combination of ketamine (5 mg/kg) and 
midazolam (0.3 mg/kg) in children undergoing six or more 
dental extractions [ 39 ]. Rapid onset of effective sedation and 
satisfactory postoperative pain control was demonstrated in 
both groups, however the sufentanil group required less res-
cue analgesia when compared to the ketamine group (72 % 
vs. 52 %).  

    Multimodal Routes: Drug Combinations 

 Due to a chronic lack of staff and resources it is not unusual 
to fi nd advanced, neglected pathology in underdeveloped 
areas of the Third World. Multiple extractions and fi llings 
are commonplace in dentistry and this compounds the prob-
lem of long waiting lists for general anesthesia. The need for 
alternative treatment options encourages the development of 
multidrug sedative plans and this often necessitates the use 
of intravenous drug combinations.  

    Multimodal Analgesia with Opioids 

 Multimodal therapy usually begins with a benzodiazepine, 
e.g., midazolam for anxiolysis. Midazolam may be admin-
istered by oral, nasal, intravenous, or rectal routes and 
sedation may be augmented by the use of one of the ultra-
short-acting opioids [ 40 ,  41 ]. Phenylpiperidines are gener-
ally the drugs of choice, and, depending on the type of 
procedure, alfentanil or sufentanil are commonly used 
either by bolus administration or as part of an infusion 
technique. A study to establish the safe bolus dosages and 
infusion rates of alfentanil when combined with propofol, 
ketamine, and alfentanil was performed on 270 children 
under 8 years of age [ 42 ]. It is concluded that in children 
with stable vital signs and no respiratory depression, a 
titrated intravenous bolus dose of 1–2 mcg/kg alfentanil is 
a safe and effective technique. The bolus dose of alfentanil 
should be given 2 min before the expected painful stimulus 
and an intravenous infusion of 10–12 mcg/kg/h alfentanil is 
recommended (Table  25.5 ).

   The safety and effi cacy of combinations of sedative and 
analgesic drugs were studied in 254 children aged 5–9 years 
undergoing moderate sedation for dental procedures. All 
children received 0.5–1 mg of midazolam and alfentanil 
1 mcg/kg slowly intravenously. This was followed by 
titrated doses of ketamine not exceeding 0.3 mg/kg/h and 
propofol 0.3 mg/kg to achieve the desired sedation level. In 
83 % of the children, a workable environment was created 
for the dentist who was able to perform all dentistry as 
planned and showed that bolus administration of drugs is 
safe and effi cacious in children. This study shows that com-
binations of drugs can be used safely for pediatric sedation 
and analgesia when administered by sedation practitioners 
trained in specifi c sedation techniques [ 43 ]. With a bolus 
technique sophisticated infusion pumps are not necessary 
and this could be a viable option in rural and other under 
resourced areas. 

 Remifentanil was studied for procedural sedation and 
analgesia as a 0.05 mcg/kg/min infusion in 154 children, 
aged 3–10 years, for dental procedures within the hospital 
setting. In a separate 20 mL syringe, 200 mg of propofol was 
mixed with 20 mg of ketamine and titrated to effect. A drop 
in oxygen saturation levels of <92 % occurred in 9 % of chil-
dren. In children under the age of 5 years, desaturation 
occurred in 17 %, coincident with fl exion of the head, depres-
sion of the chin by the dentist, or excessive oral irrigation. 
In children >8 years of age, there were no incidences of 
desaturation <92 % [ 44 ]. Remifentanil has also been used 
for analgesia for dermatology cases and laser treatments of 
the face, situations that do not permit injection of local 
anesthetic. Guidelines from the South African Society of 
Anesthesiologists on procedural sedation and analgesia do 
not support the use of remifentanil for procedures outside 
of the operating room [ 15 ]. 

 Intravenous ketamine (0.1–0.5 mg/kg titrated) remains a 
valuable component of multidrug sedation regimes due to its 
unique sedative, analgesic, and amnestic properties. Ketofol, 
which consists of 50 mg ketamine mixed with 90 mg propofol 
in a 10-mL syringe, is a useful combination for sedation in 
shorter procedures [ 15 ]. The desired intravenous sedative dose 
is then titrated as necessary up to a maximum of 0.3 mg/kg of 
ketamine, which gives a maximum dose of 0.5 mg/kg of 

   Table 25.5    Dosing schedule for alfentanil   

 Bolus 
 Titration 
interval  Infusion 

 Duration 
of action 

 0.5–1 μ(mu)g/kg  5 min  10–12 μ(mu)g/kg/h  <10 min 

  Reprinted with permission from Reed A, Thomas J, Roelofse JA, Gray 
R, de Kock M, Piercy J. Paediatric Procedural Sedation and Analgesia 
(PSA) Guidelines; South African Society of Anaesthesiologists. 2011  
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propofol (Table  25.6 ). This combination is especially valuable 
and often used for short medical and dental procedures.

   We now have a better understanding of the pharmacoki-
netics and pharmacodynamics of sufentanil in pediatric 
practice [ 45 ]. Sufentanil can be used as part of a multidrug 
infusion technique and is particularly useful in children 
undergoing dental procedures lasting longer than 30 min. 
Propofol (100 mg), ketamine (25 mg), and sufentanil 
(2.5 μ[mu]g) are mixed in the same syringe and infused at 
a rate of 1–4 mg/kg/h (dose calculated according to the pro-
pofol concentration) titrated to response. In a study looking 
at 202 children who received this combination, no signifi -
cant adverse events were seen; 78.5 % of children were 
able to maintain their airway without any support from the 
sedation practitioner, 16 % of children needed support to 
keep the airway patent whilst the dentist depressed the 
lower jaw, 4 % of children needed occasional airway sup-
port, and 1.5 % of children needed airway support most of 
the time. Loss of airway patency was seen particularly at 
deeper levels of sedation, and in patients with tonsillar 
hypertrophy [ 46 ]. None of the children needed supplemen-
tal oxygen and vital signs remained stable throughout the 
procedure.  

    Multimodal Analgesia Without Opioids 

 The use of non-opioid analgesic combinations helps to 
relieve and attenuate discomfort following painful proce-
dures. Non-steroidal anti-infl ammatory drugs, alpha 
2- agonists, paracetamol, and ketamine can all provide bene-
fi cial analgesic effects when administered as part of a multi-
modal sedation regimen. For painful procedures, an 
intravenous infusion of 15 mg/kg paracetamol over 20 min is 
initiated 30 min before the procedure. Immediately before 
the procedure, ketorolac can be administered at a bolus dose 
of 0.5 mg/kg intravenously. For longer procedures, ketorolac 
can be administered as an infusion of 0.17 mg/kg/h and sup-
plemented with 0.5 mg/kg ketamine as needed [ 47 ]. Propofol 
is another option, administered as bolus or infusion.   

    Conclusion 

 In conclusion, the ideal approach to pediatric sedation in 
underdeveloped countries should be based on the concept of 
multimodal pain management [ 48 ]. This is unfortunately not 
always possible. For painful procedures performed under 
sedation outside the operating room, an aggressive periop-
erative analgesic and sedative approach that provides safe 
effective analgesia, patient comfort, and sedation while caus-
ing minimal side effects is needed. In addition, postoperative 
analgesia is crucial and can be achieved with a multimodal 
approach, which may incorporate the use of opioids. Opioids, 
used with discretion, play a crucial role in polypharmacy for 
painful procedures. It is anticipated that non-opioid analge-
sic drugs will assume a future key role as synergists for pain-
ful procedures outside the operating room. 

 Most importantly, as Africa and developing countries 
move forward in their evolution of sedation delivery, the 
training of sedation providers must come to the forefront. 
With a scarcity of physicians and skilled sedation providers, 
Africa and the developing nations must prioritize the impor-
tance of training non-physician providers. It has been estab-
lished that in developing countries, poor outcomes are a 
consequence of inadequate assessment, monitoring, treat-
ment and resuscitation skills [ 49 ,  50 ]. The International 
Liaison Committee on Resuscitation (ILCOR) performs reg-
ular reviews in order to present, validate, and support interna-
tional guidelines [ 51 ]. In 2010, the ILCOR specifi cally 
reviewed the outcomes of developing countries with respect 
to resuscitation training and outcomes [ 52 ]. The fi ndings 
revealed that although training (including human/manikins) 
and education in resuscitation skills (pediatric and adult) 
were deemed to be important and of value by the health care 
providers, their utility in terms of improving patient outcome 
has not been validated or demonstrated. Furthermore, the 
educational methodology and approach was inconsistent 
between facilities. Future efforts must be made to determine 
the best approach to educate and train sedation providers not 
only in sedation delivery, but also in resuscitation skills. By 
establishing this best approach, Africa and developing nations 
will be better equipped to demonstrate that these skills can 
directly translate into improved patient outcomes.  

    Case Studies 

 The following case studies are examples of didactic and 
practical material, which is part of problem-based learning 
for the Postgraduate Diploma in Sedation Diploma Course 
and Pain Control.  

   Table 25.6    Dosing schedule for “Ketofol”   

 Route  Dose  Onset 
 Duration 
of action  Repeat dose 

 Titration 
interval 

 IV  0.05 mL/kg a   30–90 s  5–10 min  0.05 mL/kg  1–5 min 

  Ketofol: 5 mg/mL Ketamine, 9 mg/mL Propofol 
 Reprinted with permission from Reed A, Thomas J, Roelofse JA, Gray 
R, de Kock M, Piercy J. Paediatric Procedural Sedation and Analgesia 
(PSA) Guidelines; South African Society of Anaesthesiologists. 2011 
  a 0.25 mg/kg ketamine and 0.045 mg/kg propofol  
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    Procedural Sedation and Analgesia 

 The infant is assessed the day before the operation. Special 
attention is paid to airway evaluation. 

 A lidocaine/prilocaine eutectic mixture (EMLA ® , 
AstraZeneca, NSW, Australia) is placed over a vein on the 
hand or foot for cannulation. The child is kept NPO, as 
advised in the guidelines of the South African Society of 

Anesthesiologists. A yellow 24-gauge cannula is placed in a 
vein on the hand. Glycopyrrolate 0.005 mg/kg is administered 
intravenously. Glycopyrrolate is an anti-cholinergic drug and 
can interfere with bladder voiding. Sedation by titration with 
ketamine 0.5 mg/kg intravenously is started. This is followed 
by propofol, which is slowly titrated via a diluted propofol 
bolus of 0.3 mg/kg. Induction time varies and so does 
response, so unhurried small doses are best given over 5 min, 
until achieving the desired effect. The infant is wrapped in a 
warm blanket and nasal drops are instilled to clear the nasal 
pathway; a portable suction is useful to clear the nose of 
secretions. The head and neck is slightly extended on a little 
pillow to keep the airway patent. Titrated ketamine doses of 
0.25 mg/kg are repeated at 10-min intervals as required for 
any painful stimulus. A low-dose propofol infusion is admin-
istered via an infusion pump at 2–4 mg/kg/h. 

 Pulse oximetry and an ECG for monitoring are essential; 
capnography is helpful and use should be encouraged. It is often 
necessary to transfer the child from the radiology suite to 
another room for the intravenous pyelogram. A transfer of all 
equipment thus also needs to be done. The child should be mon-
itored closely to detect any respiratory depression. Recovery 
may be longer in infants and the sedation practitioner must 
remain at the child’s side until discharge criteria are met.   

 Case 1 
 A 6-month-old child presented    for vesiculocystourethro-
gram and an intravenous pyelogram for recurrent cystitis. 
This child had a failed sedation on a previous attempt. 
Refl ux and congenital renal defects are suspected. The 
child weighs 10 kg and has a chronic runny nose. 

 Proposed procedure:
•    Procedural sedation to be done in the radiology suite 

with no anesthetic facilities or trained assistance 
available.  

•   Sedation practitioner needs to provide all drugs and 
materials needed for the sedation.  

•   The infant needs to have an intravenous line inserted.  
•   Urethral catheterization for administration of con-

trast via an infusion into the bladder is necessary.  
•   The patient needs to lie still enough over a half-hour 

period with repeated X-rays being taken.  
•   Then the catheter is then removed and the infant 

needs to void the bladder via a spontaneous spinal 
refl ex and be X-rayed in the process.    

 Problems facing the sedation practitioner:
•    Working in an unfamiliar environment with col-

leagues and staff who are unfamiliar with the 
sedation procedure and not trained in resuscita-
tion techniques.  

•   The need to have all regular and emergency equip-
ment available at the premises.  

•   The challenge of balancing a suffi cient level of 
sedation with drugs to overcome the pain of the pro-
cedure, while guarding against too deep a level of 
sedation.  

•   The need to place and protect monitoring equipment 
and intravenous lines on a moving surface while 
X-rays are being taken.  

•   Prevention of hypothermia in a hospital maintained 
air- conditioned unit, while exposing the perineum 
and legs, and infusing cold liquids.  

•   To maintain an adequate airway while the infant is 
some distance away from the sedation practitioner 
and placed under an X-ray unit.  

•   Possible anaphylaxis to contrast.    

 Case 2 
 A 5-year-old child weighing 20 kg with a diagnosis of 
attention- defi cit hyperactivity disorder (ADHD) pre-
sented to the dentist for dental treatment. 

 This is a question that sedation practitioners often 
face; can one sedate a child with ADHD as they are 
usually extremely diffi cult to handle? This is a contro-
versial issue. Maybe a qualifi ed yes if:
•    The child’s pediatrician is happy that the child is on 

optimum treatment for his disability.  
•   Instructions can be followed that no chronic medi-

cation be stopped or altered before the sedation.  
•   Parents receive documentation provided by the 

sedation practitioner; regarding time of sedation, 
time to be nil per mouth, time and instructions for 
the Emla ®  (AstraZeneca, NSW, Australia) patch, 
time to be at the surgery, information on sedation, 
and contact number of the sedation practitioner.  

•   The child is booked early in the morning as the fi rst 
appointment.    

 Problems facing the sedation practitioner:
•    It is going to be a challenge as no child has the same 

degree of ADHD. One can never predict the 
outcome.  

(continued)
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    Day of Treatment 

 The sedation practitioner must arrive at the surgery early and 
prepare for any possible need; including checking the equip-
ment of the dentist, i.e., suction that is in working order and 
possible excess water from the drill. The parents and child must 
arrive 30 min before the procedure. Plan to do the child fi rst in 
the morning when there are no other people in the waiting room.
  Recommendations on How to Proceed   

  Step  1: Always try to do a child with ADHD as the fi rst 
scheduled appointment of the morning. An unfamiliar envi-
ronment and a crowded space can upset a child with ADHD 
severely. Let him bring his toys and his own blanket with him. 

 Never let him undress or take him away from the person he 
is most comfortable with, i.e., the mother, father, caretaker or 
the person with whom he spends the most time. Check the 
position of the Emla ®  patch to ensure painless cannulation. 

  Step  2: Try to administer midazolam 5 mg orally as a 
sedative. A 7.5 mg midazolam tablet crushes easily between 
two teaspoons. Cover it with sugar in the spoon. A trick that 
works well is to take your fi nger and dip it in the sugar mix, 
taste it and ask the patient to do the same. Then he/she will 
not be too reluctant to swallow the whole spoon of “sugar.” 
It is advisable to administer a sedative as it gives a baseline 
sedation effect from where one can build on with the intrave-
nous sedation drugs. Always let the child go to the bathroom 
before you continue with the procedure. 

 Spend time to communicate with the family and the child. 
Check the name, weight, medical history (especially snoring), 

medication, adverse reactions to medication, previous 
anesthetics, consent, and aftercare. It is most important to 
make the family comfortable about the proposed sedation. 
Convince them that you will take care of their child with a 
caring and sympathetic attitude. Remember these parents 
have been through a lot of trauma with this child already. 
Many practitioners are just so busy that they do not take time 
with the patient and family, but when you do this you will be 
rewarded with a more relaxed patient. It must be remem-
bered, this is sedation and not a general anesthetic. 

 Inform the parents to expect a sleepy child for a few hours 
at home after the procedure, how to treat bleeding and pain, 
and what to eat or drink. 

  Step  3: Entering the procedure room. This can be very 
diffi cult. This child takes methylphenidate (Ritalin ® ) LA 
20 mg daily and sodium valproate (Epilim®) 300 mg daily. 
He refused to sit in the dental chair, only on his father’s lap 
in the corner of the room. Though he is 5 years old, he has 
the mental age of a child aged 3 years. 

 The only way forward is to get intravenous access. A small 
dose of ketamine 0.25 mg/kg is administered. Ketamine plus 
midazolam usually make children drowsy. The next step is to 
make the child comfortable. A hand towel is rolled and put 
under the shoulders to extend the neck. The child is covered 
with a blanket as the air conditioning in the room is usually set 
to suit the dentist’s needs. An ECG and a pulse oximeter are 
used to monitor the heart rate and oxygen saturation. A dose of 
1 mg of midazolam and 0.2 mg of glycopyrrolate is adminis-
tered intravenously. A mixture of 120 mg propofol, 20 mg 
ketamine, and 0.5 mg alfentanil is administered as a continu-
ous solution and titrated at a rate of 2–4 mg/kg/h. 

 The dentist was able to do a dental examination and inform 
the parents what to expect. Eight teeth had to be removed. 

 Local anesthesia was administered and the dentist asked 
to reduce the water fl owing from the drill. High volume 
suction was constantly used to prevent the child from having 
excess water in the mouth and pharynx. 

 The child was kept sedated with the propofol infusion at a 
fl ow rate between 2 and 4 mg/kg/h. He had an uneventful 
recovery after the procedure.   

  (continued)
• Children are usually very anxious trying to cope 

with a threatening environment that they possibly 
do not know well, and need to be treated with sym-
pathetic care and understanding. Be prepared and 
do not be unrealistic.  

•   Always have a plan B in case plan A fails.  
•   Take into consideration the circumstances of the 

family and support system: physical, emotional, 
and intellectual.  

•   Be especially careful as some of the children may 
suffer from epilepsy. Stay away from drugs that may 
trigger epilepsy and use drugs that are safe to use.  

•   Know the pharmacokinetics and pharmacodynamics 
of the common drugs used for ADHD and possible 
drug interactions with the sedatives you plan to use.  

•   If possible, postpone the operation for the following 
morning.  

•   If this is really an emergency, a general anesthetic 
should be considered as an alternative operation.    

 Case 3 
 A 3-year-old boy weighing 16 kg presented for an out-
patient abdominal MRI scan for a suspected Wilm’s 
tumor (nephroblastoma). There is no MRI-compatible 
anesthetic machine at the facility and a previous attempt 
to sedate the child with chloral hydrate has failed. 

 This is not an uncommon scenario in the developing 
world. Due to high outlay costs, the acquisition of an 

(continued)
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    Procedural Sedation 

•     The child is seen on admission and a eutectic mixture of 
lidocaine and prilocaine (Emla ® ) is applied over a vein 
on the hand or foot and an occlusive dressing applied. 
The dressing is left on for at least 60 min to achieve 

 adequate dermal analgesia. A 22- or 24-gauge intravenous 
cannula is inserted. Ideally, intravenous cannulation 
should take place in the admissions or holding area where 
adequate lighting and assistance are more likely to be 
available prior to transfer to the radiology suite.  

•   The child is transferred to the MRI suite. In the holding 
area, patency of the intravenous cannula is ascertained 
with a bolus of 0.9 % saline. An oximeter probe is placed 
on the child in the waiting area. Dexmedetomidine 1  mcg/
kg is manually infused over a period of 10 min whist the 
child is sitting on his parent’s lap. The child’s sedation 
level is monitored and when the child appears relaxed and 
calm the oximeter is removed and he is transferred into 
the MRI scanner.  

•   A fi ber-optic oximeter and protective earphones are 
placed on the child. A three-way stopcock and extension 
line for administration of gadolinium is attached to the 
intravenous cannula.  

•   Intravenous dexmedetomidine 0.5 mcg/kg/h is infused by 
an Alaris Asena syringe driver placed and kept outside 
the 10 Gauss line (approximately 3 m from the magnet in 
a 1.5 T machine), and attached to extension tubing of 
suitable length.  

•   The child is monitored by the sedationist who remains in 
the MRI room for the duration of the scan. The infusion 
of dexmedetomidine may be stopped at the start of the 
last MRI sequence and it is imperative that the sedation-
ist personally attends the recovery of the child until he is 
fi t for discharge.      

(continued)
MRI scanner without the purchase of a MRI-compatible 
anesthetic machine is commonplace. A typical MRI 
examination consists of two to six imaging sequences, 
each lasting up to 15 min. The whole procedure may take 
anywhere from 20 min to 2 h to be completed. Chloral 
hydrate is the drug most commonly used in South Africa 
for non-painful imaging, but has a small but signifi cant 
failure rate particularly during the longer scans. The long 
duration of MRI scans provides a signifi cant challenge to 
the sedationist, and often requires the use of innovative 
techniques to provide safe and effective sedation. 

 Proposed procedure—Respiratory gated MRI of the 
abdomen:
•    Whilst in the MRI scanner, the child will need to lie 

completely still for up to an hour and a half.  
•   Intravenous gadolinium will need to be given as a 

contrast agent.  
•   Respiratory gating of the MRI scanner improves 

image quality, but requires reasonable chest excur-
sion to trigger the phase encoding.    

 Problems facing the sedation practitioner:
•    Previously failed sedation with no option of induc-

ing general anesthesia.  
•   The MRI environment precludes the use of equip-

ment containing ferromagnetic metals. The sedation-
ist needs to be aware of the limitations and dangers of 
working in an MRI environment. The sedationist 
must be aware of local protocols for resuscitation and 
emergency evacuation of the patient from the scan-
ner, should the need arise.  

•   MRI facilities generally do not have sedation rooms, 
and auxiliary professional nurses are generally not 
trained in sedation and airway management.  

•   The child may have raised intra-abdominal pressure 
due to the abdominal mass, which may put him at 
risk of regurgitation—airway refl exes should pref-
erably be maintained.  

•   Prolonged sedation without respiratory depression 
is required.  

•   Rapid recovery would expedite discharge and is 
particularly important for outpatient procedures.    

 Case 4 
 A 4-year-old boy weighing 18 kg presents for a burns 
dressing change and removal of surgical clips. He was 
involved in a house fi re and sustained 23 % full thickness 
burns, which required excision and grafting. He has 
had a protracted hospital stay and is traumatized and 
anxious. The placement of a peripheral intravenous 
catheter is documented as being extremely diffi cult. 

 In South Africa, an estimated US$ 26 million is 
spent annually for care of burns from kerosene (paraf-
fi n) cooking stove incidents. This directly impacts the 
availability of health care resources, and resource 
requirements for burn victims often outstrip availabil-
ity. Whereas burns dressing changes in the developed 
world usually take place under general anesthesia in 
theater, patients in the developing countries are often 
not afforded that luxury. 

 Proposed procedure—Burns dressing change and 
removal of clips:
•    Procedural sedation to be performed in the ward 

with no anesthetic facilities.  

(continued)
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    Procedural Sedation and Analgesia 

•     The child is kept nil per mouth as per SASA guidelines 
[ 15 ]. (Refer to Chap.   2    .)  

•   The child is seen preoperatively, oral midazolam 7.5 mg 
and oral ketamine 180 mg (10 mg/kg) are prescribed to be 
given 1 h preoperatively. Oral atropine 0.15 mg is pre-
scribed as an anti-sialagogue. Oral paracetamol 360 mg 
(20 mg/kg) is also given to facilitate postoperative analge-
sia. A eutectic mixture of lidocaine and prilocaine is 
applied over a vein on an unburned hand or foot and an 
occlusive dressing applied. The dressing is left on for at 
least 60 min to achieve adequate dermal analgesia.  

•   Resuscitation drugs and equipment are prepared in the ward. 
Pulse oximetry and an ECG for monitoring are essential; 
capnography is helpful and its use should be encouraged.  

•   Intravenous access with a 22- or 24-gauge cannula is 
attempted. If venous cannulation is possible sedation may 
be supplemented with small intravenous aliquots of ket-
amine (0.5 mg/kg) as needed. If intravenous cannulation 
is impossible then sedation can be supplemented with 
either 50 % nitrous oxide in 50 % oxygen (Entonox) or 
additional ketamine intramuscularly (2–4 mg/kg).  

•   The sedation practitioner monitors the child closely 
throughout the procedure, paying special attention to the 
airway and respiratory adequacy whilst the head, neck 
and thorax are being dressed.  

•   Monitoring of the airway, respiratory rate and pattern, 
heart rate, oxygen saturation, and level of consciousness 
should continue in the recovery area. The sedation practi-
tioner should assume overall responsibility for the patient 
in the recovery area, and should not leave the premises 
until the discharge criteria are met.         
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• Dressing changes are painful and require intense 

procedural analgesia as well as good post-proce-
dural analgesia.    

 Problems facing the sedation practitioner:
•    Pediatric burns patients are often uncooperative as 

they frequently have protracted hospital stays and 
are invariably severely traumatized and anxious.  

•   Intravenous access is often challenging.  
•   Tolerance to analgesic and hypnotics is common.    
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        Introduction 

 In order for new medications to be marketed in the United 
States, they must be approved under the Food, Drug, and 
Cosmetic (FD&C) Act. The Food and Drug Administration 
(FDA) approves products based on an independent review 
of evidence obtained from chemistry and manufacturing 
data, toxicology and pharmacology studies, and clinical tri-
als. Sponsors submit data for approval of a drug to the FDA 

in a marketing application. 1  Under the FD&C Act, drug 
manufacturers must demonstrate effectiveness of their prod-
ucts through the conduct of adequate and well-controlled 
studies to obtain marketing approval [ 1 ]. During the review 
of the marketing application, the FDA must assess whether 
the drug is safe and effective in its proposed use(s), and 
whether the benefi ts of the drug outweigh the risks. The FDA 
must also determine whether the methods used in manufac-
turing the drug and the controls used to maintain the drug’s 
quality are adequate to preserve the drug’s identity, strength, 
quality, and purity. Finally, the FDA must determine whether 
the drug’s proposed labeling is appropriate and what it 
should contain. 

 Imaging, invasive diagnostics, and minor surgical proce-
dures on pediatric patients outside the operating room setting 
have increased, and there is a need for sedatives that have 

1   For the purposes of this chapter, future references to the term “drug” 
will include both drug and biologic products. 

      Pediatric Sedatives and the Food 
and Drug Administration (FDA): 
Challenges, Limitations, and Drugs 
in Development 

           Lisa     L.     Mathis       and     Lynne     P.     Yao     

 26

        L.  L.   Mathis ,  M.D.      (*) 
  Department of Global Regulatory Affairs and Safety, 
Maternal and Pediatric Safety and Regulatory ,  Amgen Inc. , 
  Thousand Oaks ,  CA ,  USA   
 e-mail: lmathis@amgen.com   

    L.  P.   Yao ,  M.D.      
  Offi ce of New Drugs ,  Center for Drug Evaluation and Research, 
US FDA ,   Silver Spring ,  MD ,  USA   
 e-mail: lynne.yao@fda.hhs.gov  

    Abstract  

  Imaging, invasive diagnostics, and minor surgical procedures on pediatric patients outside 
the operating room setting have increased, and there is a need for sedatives that have been 
properly assessed in the pediatric population for this indication. This chapter will review the 
process of obtaining Food and Drug Administration (FDA) approval of a drug or biologic 
for use in pediatric patients with a focus on sedation. The FDA approves products based 
on an independent review of evidence obtained from chemistry and manufacturing data, 
toxicology and pharmacology studies, and clinical trials. During the review of the marking 
application, the FDA must assess whether the drug is safe and effective in its proposed 
use(s), and whether the benefi ts of the drug outweigh the risks.  

  Keywords  

  Pediatric sedatives   •   Food and Drug Administration (FDA)   •   Pharmacokinetics (PK)   •   “Off- 
label” use   •   Food and Drug Modernization Act of 1997 (FDAMA)   •   Pediatric exclusivity   • 
  Best Pharmaceuticals for Children Act (BPCA)   •   Pediatric Research Equity Act (PREA)   • 
  Pharmacokinetics   •   Pharmacodynamics   •   Food   •   Food, Drug, and Cosmetic (FD&C) Act   • 
  Investigational New Drug (IND) Application   •   New Drug Application (NDA)  

mailto:lmathis@amgen.com
mailto:lynne.yao@fda.hhs.gov


544

been properly assessed in the pediatric population for this 
indication. This chapter will review the process of obtaining 
the FDA approval of a drug or biologic for use in pediatric 
patients with a focus on sedation.  

    General Drug Development 

 Under current US regulations, any use of a drug or biologic 
not previously approved for marketing requires submission 
of an Investigational New Drug (IND) Application to the 
FDA. The data gathered during the IND phase (chemical 
analyses, animal studies, and human clinical trials) become 
part of the marketing application. The development of a 
medication for sedation is a stepwise process involving an 
evaluation of chemistry, nonclinical (i.e., animal), and clini-
cal information (i.e., dosing, effi cacy, and safety). While 
pediatric studies may begin during the IND phase for some 
products, for many products, including those used for seda-
tion, it is likely that most of the clinical trials would begin 
after adult effi cacy and safety have been established 
(Fig.  26.1 ).

   Initial studies in humans (Phase 1 trials) are the fi rst stage 
of testing in human subjects. Often, during this phase of 
development, a small number (e.g., 20–50 people) of healthy 
adult volunteers will be tested in trials designed to assess the 
fi rst time use in humans for safety, tolerability, proof of con-
cept for effi cacy, and pharmacokinetics. 

 Pharmacokinetic (PK) parameters are often assessed in 
Phase 2 studies. PK studies provide information on the sys-
temic exposure of a drug after administration. Important PK 
measurements include area under the curve (AUC) and maxi-
mum concentration ( C  max ), clearance ( C ), half-life ( T  1/2 ), and 
volume of distribution ( V  d ). These parameters are all used to 
characterize a drug’s absorption (A), distribution (D), metab-
olism (M), and elimination (E). The overall process (ADME) 
ultimately controls the systemic exposure to a drug and its 

metabolites after administration. Pharmacokinetic parameters 
must be considered when establishing the appropriate dose 
of a drug. 

 Once the fi rst human exposure has been completed, and 
some PK parameters assessed, additional studies (Phase 2 
studies) are performed on a larger number of participants 
(e.g., 20–300 patients) to assess the treatment effect size, 
provide safety assessments, and test the response to different 
doses in a larger group of volunteers and patients. The infor-
mation obtained from Phase 2 studies is critical in designing 
the defi nitive Phase 3 studies. 

 The Phase 3 studies should leverage the data from all 
other nonclinical and clinical trials to determine an 
 appropriate dose(s), and to estimate the number of patients 
required to demonstrate effi cacy based on the expected 
treatment effect size. The clinical trials must also include 
suffi cient numbers of patients with suffi cient length of expo-
sure to adequately assess the safety of the product for its 
intended use. Phase 3 studies are intended to provide sub-
stantial evidence of safety and effectiveness of the product 
and should therefore be designed as adequate and well-con-
trolled studies [ 2 ]. 

 A marketing application, or New Drug Application 
(NDA),    2  is submitted to the FDA once all required studies 
have been completed to support a new drug for marketing. A 
supplemental NDA (sNDA) may be submitted if the industry 
seeks to change the indication or population for a pharma-
ceutical product that has already been approved. The appli-
cation must contain all information necessary to market the 
product including:
•    A technical description of methods used in manufacturing 

(good manufacturing practice, GMP) and data on the 
drug’s quality (supporting the drug’s identity, strength, 
stability, and purity)  

2   Biologics Licensing Application (BLA) and supplement Biologics 
Licensing Application (sBLA) are submitted for biological products. 

  Fig. 26.1    Phases of drug 
development.  NDA  New Drug 
Application,  IND  Investigational 
New Drug Application       
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•   Complete data from preclinical and clinical studies to 
support the safety and effectiveness of the drug in its pro-
posed use(s)  

•   The drug’s proposed labeling (package insert)    
 The product labeling describes the conditions of study, to 

include the patient population(s) studied, the dose(s) used, 
and the end point(s) assessed. Use(s) of the product under 
the specifi c conditions described in the product labeling is 
known as “on-label use.” Uses of the product outside of 
these parameters, including any conditions or diseases, pop-
ulations, or dosages not found in labeling, are known as 
“off- label” use.  

    Pediatric Legislation 

 Historically, many drugs, including those used in sedation, 
were not studied in pediatrics, and thus, the majority of drugs 
used in pediatric practice were “off label.” Approximately 
75 % of medicines used in children did not include specifi c 
pediatric prescribing information prior to implementation of 
legislation encouraging and requiring the study of medica-
tion in the pediatric population [ 3 ]. While the number of 
drugs with specifi c pediatric labeling information has 
improved under this process, the majority of commonly used 
sedatives continue to lack specifi c pediatric labeling or 
robust effi cacy and safety data in children (Table  26.1 ).

   Prior to the passage of important pediatric legislation, 
many pharmaceutical manufacturers were reluctant to study 
drugs in children due to ethical and fi nancial constraints or 
trial design challenges [ 4 ]. However, the pediatric population 
accounts for 25 % of the US population and, therefore, rep-
resents a population that must be addressed during product 
development [ 5 ]. 

 Because of the historic lack of data from adequate and 
well-controlled clinical trials, medications were often admin-
istered to children empirically, assuming that they were “lit-
tle adults.” This simplistic and often erroneous assumption 
resulted in pediatric dosing recommendations derived solely 
as fractions of adult dosing rather than on intrinsic factors 
based on known differences in growth and development 
(e.g., volume of distribution and maturation of metabolic 
pathways). Safety and effi cacy were also simply assumed to 
be the same in the pediatric and the adult populations and did 
not take into account both known and potential safety and 
effi cacy differences that may be present in a growing and 
developing pediatric patient. 

 The Food and Drug Modernization Act of 1997 (FDAMA) 
created an incentive program known as pediatric exclusivity. 
This provision allowed the FDA to issue a formal request, 
known as a Written Request, outlining the studies needed 
on a specifi c drug for one or more conditions or indications. 
The Written Request includes details of study design, number 

of patients needed, and important safety and efficacy 
endpoints to be measured. The Written Request also includes 
a due date for submission of the study data to the FDA. 
The FDA can grant 6 months of marketing exclusivity to 
sponsors who complete the voluntary pediatric studies using 
good scientifi c principles, blocking the approval of generics 
for the entire product line and all indications already 
approved, resulting in fi nancial return for the sponsor who 
performed the studies [ 6 ]. Although FDAMA was to sunset 
on January 1, 2002, the incentive was reauthorized by the 
Best Pharmaceuticals for Children Act (BPCA) of 2002, 
2007, and again in 2012. The most recent reauthorization of 
BPCA was permanent and does not sunset. Additionally, the 
ability to obtain pediatric exclusivity was extended to bio-
logic products under the Patient Protection and Affordable 
Care Act of 2010. 

 After a patent expires for a drug, additional pediatric 
exclusivity provides no incentive for drug manufacturers to 
study the drug. Additionally, situations arise in which the 
FDA has issued a Written Request for a drug with existing 
patent protection but the sponsor declines the Written 
Request. In order to obtain important pediatric dosing, effi -
cacy, and safety information in these drugs, an important 
section of BPCA was included to address these situations. 
This section of BPCA allows for the FDA to issue a Written 
Request fi rst to the application holder(s), and then, if 
declined, forward it on to the National Institutes of Health 
(NIH), National Institute of Child Health and Human 
Development (NICHD). 

 Under these programs, almost one-third of the products 
studied had new, pediatric-specifi c safety information 
included in labeling. Among those safety fi ndings were rare 
cases of seizures reported in pediatric patients in association 
with sevofl urane use for induction/maintenance of general 
anesthesia. Most cases were in children and young adults, 
most of whom had no medical history of seizures [ 7 ]. 

 The Pediatric Research Equity Act (PREA), fi rst enacted 
in 2003, requires pediatric assessments of new drugs for all 
new active ingredients, indications, dosage forms, dosing 
regimens, and routes of administration. The pediatric assess-
ment must include data adequate to assess the dosing, safety, 
and effectiveness of the product for the claimed indications 
in all relevant pediatric subpopulations. PREA works in con-
junction with BPCA, but unlike BPCA, PREA applies only 
to those drugs developed for diseases and/or conditions that 
occur in both the adult and pediatric populations. Drugs that 
have been granted Orphan Designation (i.e., intended to treat 
rare diseases) are exempt from PREA. PREA, like BPCA, 
was also permanently reauthorized under the Food and Drug 
Administration Safety and Innovation Act of 2012. 

 Implementation of BPCA and PREA has led to the addi-
tion of specifi c pediatric information in more than 500 prod-
uct labels (1997–2013). Pediatric studies resulted in an 
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approved pediatric sedation indication for midazolam, and 
an induction and/or maintenance of anesthesia indication for 
propofol. A Written Request for lorazepam has been issued, 
and studies are pending. 

 Dexmedetomidine was initially approved in the adult 
population for intubated and mechanically ventilated patients 
during treatment in an intensive care setting, and for sedation 
of nonintubated patients prior to and/or during surgical and 
other procedures. Subsequent to the studies performed under 
the pediatric legislation, dexmedetomidine labeling states 
that safety and effi cacy have not been established for proce-
dural or ICU sedation in pediatric patients based on one 
assessor-blinded trial in pediatric patients and two open- 
label studies in neonates. These studies did not meet their 
primary effi cacy endpoints. 

 Both lorazepam and ketamine have been placed on a 
priority list by NIH to be studied under BPCA, and pediatric 
studies using lorazepam are currently underway. A random-
ized, double-blind, dose-controlled clinical trial of fospropo-
fol disodium injection in adolescent patients (12–18 years 
old) undergoing upper endoscopy and randomized, double- 
blind, dose-controlled clinical trial in infants and very young 
children (ages 1 month up to 3 years old) undergoing seda-
tion for procedures such as lumbar puncture and/or magnetic 
resonance imaging (MRI) are still pending as a PREA study 
requirement. The studies of the youngest patients will not be 
conducted until nonclinical studies in animals delineating 
risks of apoptosis are complete.  

    Drug Development for Pediatrics 

 Rational drug development depends on a thorough evalua-
tion of all available data, including both nonclinical and 
clinical studies, prior to initiation of pediatric studies. 
Evaluation of these data should be used to inform a study 
design in pediatric patients that will best support the dosing, 
safety, and effi cacy of the drug. 

 The timeframe for consideration of trials in the pediat-
ric population depends on what is known about the com-
pound and the circumstances surrounding clinical use of 
the product. Planning for pediatric studies should begin 
early and as soon as there is evidence that the product may 
provide benefi t to the pediatric population. Drug develop-
ment for the pediatric population requires a unique focus, 
and a full review must be performed of the chemistry, man-
ufacturing, nonclinical, and clinical data to assess the 
potential for effects unique to the pediatric population. 
Under the Food and Drug Administration Safety and 
Innovation Act signed into law in 2012, drug manufactur-
ers are required to submit their plans for pediatric drug 
development earlier in development. The goal of this law 
is to encourage drug developers to evaluate products for 

use in pediatric populations sooner when feasible, ultimately 
leading to faster incorporation of pediatric-specifi c use 
information in drug labeling. 

    Chemistry, Manufacturing, and Controls 

 While most chemistry, manufacturing, and control (CMC) 
issues are resolved once a product has been developed for 
adults, there are unique CMC aspects for pediatrics that must 
be addressed. Many medications that are administered by 
mouth are marketed initially as tablets or capsules. Not all 
children are capable of swallowing tablets or capsules, par-
ticularly young children or those with physical or cognitive 
impairment. Most children 6 years of age and older can swal-
low tablets or capsules, but even up to 10 % of patients aged 
6–12 years cannot swallow this dosage form. PREA requires 
the development of an age-appropriate formulation unless the 
sponsor can show reasonable attempts to produce a formula-
tion have failed. Examples of age-appropriate formulations 
include, but are not limited to, oral suspensions and solutions; 
sprinkles; dissolvable strips, tablets, and capsules; and 
intravenous/intramuscular solutions. Stratifi cation for a 
study of an oral agent may involve dividing patients into 
two groups: those capable of swallowing the tablet or capsule 
(e.g., patients >6 years of age) and those who cannot. 

 In addition to the need for development of specifi c for-
mulations for a given age group, the route of administration 
may also affect stratifi cation due to dosing issues as well as 
safety concerns. For example, absorption of oral medications 
in infants may be unpredictable due to erratic and delayed 
gastric emptying, alkaline gastric pH, and diminished intes-
tinal and biliary secretion [ 8 ]. Thus, drugs administered by 
mouth may require enrichment of patient enrollment in 
younger age groups. 

 Not only is appropriate formulation development important 
for pediatrics, so is the availability of a fl exible dosage form. 
Unlike adults, most pediatric patients are dosed on a milligram 
per kilogram basis; thus, dosage forms must be fl exible to 
allow for this. Additionally, formulations that appear ready to 
use in all populations (intravenous or oral solution) may 
contain excipients that may be harmful to specifi c pediatric 
populations. For example, benzyl alcohol, a preservative 
used in some products for intravenous administration, can 
cause gasping syndrome in preterm infants and thus render 
the product unsafe for use in this population [ 9 ].  

    Nonclinical Studies 

 Nonclinical studies are required for the approval of all drugs 
and biologics; however, additional toxicology testing may 
be needed before proceeding into the pediatric population. 
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The nonclinical safety evaluation of drugs intended for use in 
pediatrics should primarily focus on potential effects on 
growth and development that have not been studied or identi-
fi ed in previous nonclinical and/or clinical studies. Juvenile 
animal testing may be useful in assessing potential develop-
mental age-specifi c toxicities and differences in sensitivity 
between adult and juvenile animals. 

 The known pharmacological and toxicological properties 
of the drug relative to the proposed patient population should 
be considered. Juvenile animal studies are especially rele-
vant when known target organ toxicity occurs in adults in 
tissues that undergo signifi cant postnatal development, such 
as the nervous system. This is particularly relevant for the 
sedative class because the mechanism of action results from 
effects on the central nervous system. 

 Both rodent and primate studies have demonstrated a 
potential risk of apoptosis in the developing brain when anes-
thetics such as ketamine are administered [ 10 – 12 ]. Drugs that 
act as  N -methyl- D -aspartate (NMDA) receptor antagonists 
and those that act in an agonistic manner at the aminobutyric 
acid (GABA) receptor (aka GABA-mimetics) induce neuro-
nal injury and death in the brains of juvenile rodents [ 13 ]. 
Drugs that exert their effects at one or both of these receptors 
include benzodiazepines, inhaled anesthetics, chloral hydrate, 
etomidate, propofol, ketamine, and nitrous oxide. While evi-
dence of neuronal susceptibility to neurotoxic insult has come 
from recent studies, these data also demonstrate variability in 
susceptibility to toxicity based on development, dose, and 
duration of exposure. While these fi ndings have led to a rec-
ommendation to delay surgeries requiring sedation if possi-
ble, no specifi c changes in clinical practice guidelines have 
been recommended at this time [ 14 ]. The methodologies for 
assessing this type of toxicity in humans have not been 
developed, and while concerning, the clinical relevance of 
these fi ndings in humans remains unknown. It is even more 
diffi cult to determine how these data translate into the risk 
for pediatric patients requiring sedation for a necessary pro-
cedure outside of the operating room (e.g., lumbar puncture, 
bone marrow aspirate, orthopedic intervention, suturing, 
dental work, etc.). 

 During drug development, there is not only a need for the 
toxicological assessments to focus primarily on the active 
chemical ingredient, but testing the inactive ingredients in 
the clinical formulation can also be important, particularly 
when a drug’s ADME profi le is altered by the inactive ingre-
dients or when uncharacterized excipients are present.  

    Clinical Trials 

 Ultimately, in order to establish substantial evidence of 
effectiveness and safety of a product in a pediatric population, 
clinical trials must be performed. Both the appropriate timing 

of such studies and the types of studies to be conducted 
depend on the treatment and condition being studied. There 
are many important factors that must be considered in 
designing a successful pediatric clinical trial, including pro-
tection of pediatric study participants, determination of the 
correct dose(s) and study endpoints, extrapolation of effi -
cacy, recruitment and retention of an adequate number of 
patients, and choice of controls.  

    Ethics 

 Studies in pediatric patients have specifi c ethical consider-
ations that must be followed. These principals are described 
fully in 21CFR part 50, subpart D, “Additional Protections 
for Children Involved as Subjects in Research.” Children 
may be involved in biomedical research only after there is 
some evidence that the product may provide benefi t to the 
pediatric population, and this should be established in the 
adult population, if possible. The regulation also requires 
that for any treatment or procedure performed in pediatric 
investigations that constitutes more than a minor increase 
over minimal risk, there must be the potential for the enrolled 
child to benefi t from the treatment. Furthermore, a minor 
child cannot legally consent to participate in a study, and 
this, coupled with the fact that the child must have the poten-
tial for direct benefi t, means that generally, only children 
with the condition of interest can be enrolled in the clinical 
trials. This principle holds for pharmacokinetic and pharma-
codynamic studies as well as studies assessing safety and 
effi cacy. Therefore, studies that can be performed in healthy 
adults, such as bioavailability studies, cannot be performed 
in healthy children.  

    Pharmacokinetics and Pharmacodynamics 

 Pediatric pharmacokinetics can differ from adult pharmaco-
kinetics due to intrinsic factors, such as organ development, 
body weight, and body surface area. Growth and develop-
ment can also lead to changes in pharmacokinetic parame-
ters. In children, growth and development are rapid; therefore, 
adjustment in dose within a single patient over the treatment 
period may be important to maintain a stable systemic expo-
sure for both appropriate safety and effi cacy evaluations. 

 The pediatric population includes a broad range of ages, 
from newborns to teenagers—groups that are different in 
many ways. Generally, age groupings for pediatric studies 
are outlined as in Table  26.2 , but may differ based on charac-
teristics of the underlying condition, of the drug, or of the 
patient population.

   While traditional PK studies in the adult population may 
require intensive blood sampling, there are times when an 
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alternate approach in pediatrics is required because of their 
limited blood volume. One strategy for obtaining adequate 
PK information in pediatric populations is to perform a 
population PK study rather than a traditional PK study. 
This approach relies on infrequent (sparse) sampling of 
blood from a larger population than would be used in a stan-
dard pharmacokinetic study. Samples can be collected at 
various times of day and/or repeatedly over time in a given 
patient. Estimates of both population and individual means, 
as well as estimates of intra- and intersubject variability, can 
be obtained if the population PK study is properly designed. 
A large number of patients are generally needed, which can 
be a challenge in some pediatric diseases and conditions. 
Additionally, as mentioned previously, adult PK studies can 
often be performed in healthy volunteers, but this is not the 
case in pediatrics. Under most circumstances, only children 
with the condition of interest can be enrolled in the clinical 
trials because of special protections afforded to special popu-
lations under 21CFR part 50, subpart D. 

 Pharmacokinetic studies should be designed to identify a 
lowest  effective dose  for the drug (i.e., the lowest dose that 
demonstrates a clinically meaningful treatment effect) and a 
range of doses that can be used in the Phase 3 trials. Multiple 
doses should be evaluated for each age group; for example, the 
Written Request for rocuronium (for use during anesthesia) 
required three doses to be studied. The selection of the doses 
to be used in a pharmacokinetic study can be informed by lit-
erature, current medical practice, and/or dosing in adults. 

 The term pharmacodynamics (PD), or the response com-
ponent of the exposure–response measurement, refers to 
measurement of both the desired and the undesired effects of 
the drug. Pharmacodynamic endpoints should also be mea-
sured when collecting blood and/or urine samples to provide 
some understanding of concentration–response relationships 
for both effi cacy and safety. When possible, both PK and PD 
data in pediatric trials should be collected and analyzed to 
determine how the two are linked, i.e., the PK/PD (or expo-
sure–response) relationship. For studies evaluating drugs for 
pediatric sedation, age-appropriate sedation scale(s) must be 
used for Phase 2 and Phase 3 studies. Since the studies will 
likely be multicenter, the same age-appropriate instruments 
must be used at each study site. 

 Although additional validation is needed, several scales 
may be considered for use in nonverbal children, particularly 
the COMFORT/COMFORT-behavioral scale and the 

University of Michigan Sedation Scale (UMSS). The studies 
supported by the NIH/NICHD in response to a Written 
Request issued by the FDA for the use of lorazepam for seda-
tion used the COMFORT scale to measure sedation. In an 
objective measure    derived from electroencephalogram 
(EEG) recordings, the bispectral index (BIS) may also be 
useful for monitoring the depth of sedation. Additionally, 
capnography, along with pulse oximetry, should be used to 
monitor for hypoventilation. 

 The data from the Phase 2 studies should be carefully 
reviewed to inform the appropriate study design and statistical 
analysis plan for Phase 3 studies. In addition, data collected 
from Phase 2 studies can be used as additional support for 
extrapolation of effi cacy from adequate and well- controlled 
adult trials (see following section).  

    Extrapolation 

 Extrapolation from adult effi cacy data to the pediatric popu-
lation describes the reliance on adequate and well-controlled 
effi cacy studies in adults to support a fi nding of effi cacy in 
the pediatric population. When extrapolation is used, it is 
generally supplemented by additional studies in the pediatric 
population, usually pharmacokinetic and safety studies. 
Extrapolation is based on a prior conclusion that the course 
of the disease or condition and the effects of the drug are suf-
fi ciently similar in adults and pediatric patients to allow 
extrapolation. Additionally, extrapolation from one pediatric 
age group to another (e.g., older to younger or vice versa) 
may preclude the necessity for separate studies in each pedi-
atric age group. However, the safety profi le of any drug may 
be different in adults when compared to children, and thus, 
safety cannot be extrapolated. 

 In general, effi cacy of sedative medications cannot be 
extrapolated from adults or older pediatric patients to 
younger pediatric patients. However, there may be times 
when Phase 2 studies can serve as proof of concept that the 
product has the dose–response relationship that is similar to 
adults and thus can serve as a basis for utilizing extrapola-
tion. In this case, the Phase 2 study may provide both dosing 
information and support for effi cacy, leaving safety to be 
assessed. While safety studies can be diffi cult and large, the 
overall study burden is reduced with the introduction of 
extrapolation.  

    Phase 3 Safety and Effi cacy Studies 

 For approval of a new drug in adult and adolescent patients 
(aged 12 years and older), at least two adequate and well- 
controlled Phase 3 clinical trials are generally required to 
support either an indication for sedation in the intensive care 
unit or for procedural sedation. 

   Table 26.2    Age groups for pediatric studies   

 Age groups 

 ≥1 to <6 months 
 6 months to <2 years 
 2 to <6 years 
 6 to <12 years 
 12–18 years 
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 Phase 3 trials in the intensive care population are expected 
to be conducted in the same population that will use the med-
ication if it is approved. Thus, studies should be designed to 
enroll a representative range of patient demographics and 
disease likely to be encountered in clinical practice. Clinical 
trials evaluating procedural sedation should enroll patients 
for a specifi c procedure and include a representative range of 
pediatric patients. For example, studies of a product for 
suturing and fracture reduction would generally only include 
pediatric patients who are ambulatory, not chronically ill, 
hospitalized patients. Studies for lumbar puncture or imag-
ing should include pediatric patients down to the newborn 
period, not just patients 12 years of age and older. 

 For drugs used for sedation, many effi cacy-related out-
come measures in children are the same as for adults, includ-
ing time to sedation, time to reemergence and/or discharge, 
and the success of procedure (performance conditions). 
Assessing the depth of sedation in children is critical as an 
unintended level of deep sedation places children at higher 
risk for respiratory depression and other complications [ 15 ]. 
On the other hand, too little sedation may increase the inci-
dence of intraoperative awareness or prevent the procedure 
from being completed successfully [ 16 ]. Consensus regard-
ing a “gold standard” for assessing sedation in young chil-
dren has not been reached [ 17 ]. 

 Enrollment of an adequate number of patients to detect a 
statistically signifi cant, clinically meaningful treatment effect 
is a common challenge in pediatric drug development. 
Multiple centers must be utilized to recruit a suffi cient number 
of patients. Some strategies to improve enrollment include 
conducting multinational trials (other international regulatory 
authorities such as the European Medicines Agency also 
require development of products for children), opening enroll-
ment at centers where procedural sedation is common (a large 
children’s hospital with a busy emergency department, a high-
acuity neonatal intensive care unit, a large hematology/oncol-
ogy service), and/or utilizing expert networks. 

 The choice of a control group can also be a challenge for 
pediatric sedation trials. It would be diffi cult to justify the 
use of a placebo for sedation, as diffi cult to fi nd parents and 
guardians willing to enroll their children into a placebo- 
controlled trial. The use of an active comparator is also a 
challenge as most of the drugs commonly used for sedation 
in pediatrics, with the exception of midazolam, are not stud-
ied or approved by the FDA for this indication. It is diffi cult 
to assess the difference in treatment effect between the active 
control and drug under study if a treatment effect for the 
active control has not been clearly established. Concerns can 
be founded about use of an unlabeled product in the study 
even if that same product is the standard of care. 

 Important safety considerations for study protocols 
include monitoring of vital signs, in particular, airway, venti-
lation, oxygenation, and hemodynamic variables. Monitoring 
must be assessed by personnel who are able to safely rescue 

patients from oversedation. Laboratory assessments such as 
blood chemistries, liver function testing, and complete blood 
count are needed. Special pediatric subpopulations such as 
preterm infants need to be carefully monitored for the devel-
opment of comorbidities of prematurity, such as intraven-
tricular hemorrhage, necrotizing enterocolitis, sepsis, and 
persistent ductus arteriosus, and an adjudication of the rela-
tionship of any adverse event to the use of the study drug 
must be made. All patients participating in studies must be 
monitored in a postanesthetic care setting or equivalent by 
appropriately trained health-care providers until discharge 
criteria have been met. 

 Patient assessment and management of residual effects of 
study drugs after criteria for discharge must be incorporated 
into clinical protocols. For example, protocols must assess 
when the patient may again safely operate a motor vehicle 
(adolescents only) or perform cognitively intensive tasks. 
Some patients may require multiple procedures that require 
sedation. Pharmacokinetic and other laboratory data may be 
required to determine the interval when repeat sedation may 
be performed safely. Study protocols must indicate how 
adverse events will be appropriately categorized, adjudi-
cated, and followed until resolution. Additionally, whenever 
normal limits of safety laboratory studies have been exceeded 
or when reversal agents or other interventions are needed to 
prevent an adverse event or to sustain clinical vitality, these 
should be appropriately documented as adverse events. 

 Assessing the depth of sedation in pediatric patients is criti-
cal. Pediatric patients younger than 6 years of age and those 
who are developmentally delayed may require deep levels of 
sedation to achieve appropriate procedural sedation. In addi-
tion, this age group is especially vulnerable to the effects of 
the sedative medication on respiratory drive, airway patency, 
and protective refl exes [ 15 ]. Since a child’s ability to cooper-
ate with a procedure is dependent on the child’s chronological 
and developmental age, it is important to develop and validate 
assessment metrics that are appropriate for the patient’s age 
and state of development, to include verbal and nonverbal 
measures. As such, different metrics for younger pediatric 
subpopulations may be needed for comprehensive study of the 
entire age range of pediatric patients likely to be exposed to 
the drug in medical practice. The appropriateness of sedation 
scales or scores to be used in young patients or nonverbal 
patients must be assessed and validated. 

 Although extrapolation of effi cacy may be appropriate, 
safety cannot be extrapolated from older to younger patients. 
Since developing systems may respond differently from 
mature adult organs, some drug interactions and adverse 
events that occur in pediatric patients may not be identifi ed in 
adults or older pediatric patients. However, in general, the 
nature of the acute safety monitoring of clinical trials is 
expected to be similar to that required in adults. Evaluation of 
safety must account for physiologic variations related to mat-
uration and development. Pediatric patients may experience 
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novel adverse events or toxicities of higher severity compared 
with adults. Extended follow-up may be required to assess 
developmental progress in patients receiving sedation during 
periods of neuronal expansion and interconnection. Evidence of 
behavioral abnormalities may be a clinical fi nding resulting 
from accelerated neuronal apoptosis. Therefore, follow-up 
for such clinical fi ndings may be required after administration 
of medication in suspected drug classes.   

    Conclusion 

 With the passage of historic pediatric legislation, and 
increasing experience in conducting studies in the pediatric 
population, signifi cant advances have been made in obtain-
ing adequate and well-controlled studies of drugs in infants 
and children [ 18 ]. In addition, there have been advances in 
assessing both the short- and long-term safety of the seda-
tives in the developing child [ 19 ]. Despite this progress, most 
products used for pediatric sedation have not been approved 
for this use by the FDA. Thus, future clinical development 
programs should be focused on narrowing the knowledge 
gap between what is known about the use of these products 
in adults and children.     

  Disclaimer   The views expressed herein represent those of the authors 
and do not necessarily represent the views or practices of the authors’ 
employers or any other party. No offi cial support or endorsements by 
the US FDA is provided or should be inferred. No commercial interest or 
other confl ict of interest exists between L. Yao and the pharmaceutical 
companies. L. Mathis is employed by Amgen, Inc.  
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    Abstract  

  The potential neurotoxic effects of drugs used for anesthesia and sedation have captured 
the attention of pediatric care providers. As early as in 1953, personality changes have 
been documented in children receiving anesthetic and sedative drugs. Despite this early 
observation, the utilization of anesthetics and sedatives to facilitate painful and distressing 
procedures on infants and children has become the standard of care. However, the irrefut-
able laboratory reports documenting the neurotoxic effect of anesthetic and sedative drugs 
on the developing brain have sparked public awareness to this potential side effect. Given 
the public health implications of this phenomenon, this chapter will discuss relevance of 
these issues in the context of the management of sedation in pediatric patients undergoing 
diagnostic and painful procedures.  
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        Introduction 

 The potential neurotoxic effects of drugs used for anesthesia 
and sedation have captured the attention of pediatric care 
providers [ 1 ,  2 ]. As early as in 1953, personality changes 
have been documented in children receiving anesthetic and 
sedative drugs [ 3 ]. Despite this early observation, the utiliza-
tion of anesthetics and sedatives to facilitate painful and dis-
tressing procedures on infants and children has become the 
standard of care. However, the irrefutable laboratory reports 

documenting the neurotoxic effect of anesthetic and sedative 
drugs on the developing brain have sparked public awareness 
to this potential side effect. Two extensive reviews of the 
neurotoxic potential of sedation in neonatal and pediatric 
intensive care settings have been published [ 4 ,  5 ]. However, 
the relevance of neurotoxicity of the different classes of sed-
ative drugs for procedural sedation has not been fully 
reviewed. Given the public health implications of this phe-
nomenon, we will discuss relevance of these issues in the 
context of the management of sedation in pediatric patients 
undergoing diagnostic and painful procedures.  

    Sedative-Induced Developmental 
Neurotoxicity 

 Sedative drugs are potent modulators of the central nervous 
system but reversibly making patients unresponsive and 
insensate to diagnostic and therapeutic procedures [ 6 ]. 
Exposure to anesthetic and sedative drugs during the perinatal 
period leads to neuroapoptosis (cell death) and subsequent 
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neurocognitive defi cits in laboratory rodent and monkey 
models [ 7 ,  8 ]. It should be noted that high dose of the seda-
tive drug and prolonged duration of the exposure (4–6 h) 
mediate anesthetic-induced developmental neurotoxicity 
(AIDN) in laboratory models. Given the low doses adminis-
tered and brief exposure to the drugs, the relevance of AIDN 
in the setting of sedation may be superfl uous. Susceptibility 
to AIDN is not limited to the postnatal period, but to the fetus 
as well. Perinatal exposure to anesthetic and sedative drugs 
leads to neuroapoptosis and stunted dendritic growth [ 9 ,  10 ]. 
While administration of anesthetics to juvenile rats led to 
enhanced dendritic formation and synaptic density, the clini-
cal signifi cance for this fi nding is unknown [ 11 ,  12 ]. Similar 
dendritic morphology has been observed in psychiatric and 
neurological disorders [ 13 ]. 

 Sedative drugs are primarily  N -methyl- D -aspartate 
(NMDA) antagonists (ketamine) and γ(gamma)-amino-
butyric acid (GABA) agonists (midazolam, propofol, pento-
barbital, and chloral hydrate). Currently, dexmedetomidine 
has been the only drug that does not induce neuroapoptosis 
and have been also shown to attenuate isofl urane-induced 
neuroapoptosis (Table  27.1 ) [ 14 ]. It should be noted that 
most preclinical studies on AIDN utilized high doses and 
long exposure times. Furthermore, these experimental para-
digms were conducted in the absence of concurrent noxious 
stimulation, which does not account for the interaction of 
sedation and stressful/painful procedures. Recent reports of 
neonatal rats receiving ketamine during the application of 
noxious stimuli resulted in less neuronal cell death [ 15 ,  16 ]. 
These experimental paradigms do not refl ect clinical condi-
tions associated with procedural sedation in pediatric patients 
[ 17 ]. Subanesthetic doses of midazolam or propofol induces 
neuroapoptosis in neonatal mice [ 18 ,  19 ]. Multiple short 
(1 h) anesthetics with sevofl urane (an inhaled GABA ago-
nist) resulted in increased neuroapoptosis in neonatal rats, 
while a single exposure did not [ 20 ]. An enhanced environ-
ment mitigated the degree of neuroapoptosis in this rodent 
model [ 21 ]. Taken together, these preclinical observations 
demonstrate causality between anesthetic exposure during a 
vulnerable developmental period with synaptic modeling 
and plasticity.

       Mechanisms of Aberrant Neuronal 
Development from Sedative Drugs 

 Normal development of the immature brain undergoes 
 physiologic pruning mediated by neuronal apoptosis [ 22 ]. 
The developing central nervous system is exquisitely sensi-
tive in its internal milieu. Peak synaptogenesis occurs 
between the third and seventh postnatal weeks in rats [ 23 ]. 
This is equivalent to the period between 25 gestational week 
and 1 year of age in humans. However, neurogenesis and 
context- dependent modulation of neural plasticity contin-
ues throughout life from the perinatal period to adulthood. 
In fact, the rate of neurogenesis peaks in different brain 
regions in an age-dependent fashion, with a majority of this 
process occurring primarily during the perinatal period and 
less during adulthood. It appears that newly born neurons 
are most vulnerable to the neuroapoptotic effect of anes-
thetic and sedative drugs [ 24 ,  25 ]. Therefore, nonphysio-
logic exposure to various drugs and stressors (painful 
stimuli, maternal deprivation, hypoglycemia, hypoxia, and 
ischemia) during this critical window may induce neurode-
generation. These fi ndings beg the question of whether 
other confounding variables are involved in this process. 
The potential contribution of coexisting medical conditions 
and undiagnosed genetic syndromes to neurodevelopment 
has to be considered in light of the potential neurotoxic 
effects of drugs used for sedation. 

 The molecular mechanisms that produce immobility, 
analgesia, and amnesia are still unknown. This fundamental 
gap hinders the ability of investigators to identify the specifi c 
mechanisms that impact the developing central nervous 
 system. Although the anesthetic mechanisms of NMDA 
antagonists and GABA agonists are divergent, both clearly 
induce neurodegenerative and neurocognitive changes in ani-
mal models [ 26 ]. Transient pharmacological blockade of the 
NMDA receptor with the noncompetitive pharmacological 
antagonist MK801, phencyclidine, or ketamine induced 
developmental stage-dependent widespread apoptosis in the 
developing brain [ 27 ]. The initial response from the scientifi c 
community was that anesthetic and anticonvulsant drugs and 
ethanol accelerate this normal “pruning” or apoptotic pro-
cess. However, this notion was dismissed by a report that 
commonly used anesthetics (midazolam, isofl urane, and 
nitrous oxide) induced neuroapoptosis and subsequent 
derangements in long-term potentiation (an electrophysiolog-
ical correlate of learning) and neurobehavioral  performance 
[ 28 ]. A large number of experimental data from several 
research groups have confi rmed these results [ 7 ]. Of note, the 
proapoptotic effect depends on the developmental stage: 
being most pronounced at postnatal day 7 and inexistent in 
15-day-old rodents. Chloral hydrate has been shown to induce 
neuroapoptosis in neonatal rats, and lithium  protects against 

   Table 27.1    Known neurotoxicity of common sedatives   

 Drug 
 Neurotoxicity/
altered plasticity  Reference 

 Propofol  Yes  [ 10 ,  11 ,  19 ,  26 ,  40 ,  42 ] 
 Midazolam  Yes  [ 11 ,  18 ] 
 Pentobarbital  Yes  [ 26 ] 
 Chloral hydrate  Yes  [ 29 ,  54 ] 
 Ketamine  Yes  [ 8 ,  11 ,  27 ,  33 ,  38 ,  39 ] 
 Dexmedetomidine  No  [ 14 ] 
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this neurotoxic reaction [ 29 ]. These preclinical reports clearly 
demonstrate that drugs that are  routinely utilized to sedate 
pediatric patients have neurotoxic properties. 

 Several lines of investigation have implicated other neu-
ronal cell death mechanisms such as excitotoxicity, mito-
chondrial dysfunction, aberrant cell cycle reentry, trophic 
factor dysregulation, and disruption of cytoskeletal assembly 
[ 30 – 36 ]. A combination of these and other parallel neurode-
generative pathways likely mediate the neurotoxic effects of 
anesthetic drugs. 

 On the surface, the notion that sedative drugs can be exci-
totoxic can be a contradiction. However, GABA agonists stim-
ulate immature neurons due to a developmental variation of 
the chloride channels [ 37 ]. Subsequent reports on the mecha-
nism of GABAergic-induced seizures in newborn rats revealed 
that the NKCC1 chloride channel blocker, bumetanide, attenu-
ated the both neuroapoptosis and epileptiform activity [ 31 ]. 
Prolonged exposure to a NMDA antagonist such as ketamine 
leads to an upregulation of the NMDA receptor, leading to an 
increased accumulation of excitotoxic intracellular calcium 
[ 30 ]. Excitotoxic insults are also linked to mitochondrial dys-
function in neurons, and prolonged exposure to anesthetic 
drugs incites a comparable response [ 32 ]. 

 Sedative drugs induce neuronal apoptosis in fetal and 
neonatal rhesus monkeys in a dose- and duration-dependent 
fashion [ 38 – 40 ]. A 3-h-long exposure to ketamine did not 
seem to affect cell death, while a 5-h-long exposure has been 
shown to induce apoptosis both in the fetal and early postna-
tal brains. This experimental paradigm resulted in persistent 
cognitive defi cits assessed by an operant test battery [ 8 ]. 
Monkeys receiving a 24-h-long ketamine anesthesia at post-
natal day 5 showed impaired motivation and learning but no 
problems with short-term memory when tested up to 
3.5 years post-exposure. Propofol anesthesia for 5 h resulted 
in apoptosis of neurons and oligodendrocytes in fetal and 
neonatal nonhuman primates [ 40 ]. 

 Exposure to sedative drugs during brain development not 
only induces neuronal cell death but can also impair neuro-
genesis and synaptogenesis in an age-dependent manner. 
Postnatal rat pups had decreased neuronal progenitor prolif-
eration and persistent defi cits of hippocampal function, while 
older rats increased progenitor proliferation and neuronal 
differentiation, and this was correlated with improved mem-
ory function [ 41 ]. Propofol impairs the survival and matura-
tion of adult-born hippocampal neurons in a developmental 
stage-dependent manner by inducing a signifi cant decrease 
in dendritic maturation and survival of newly born neurons 
that were 17 days old but not at 11 days [ 25 ]. The develop-
mental stage-dependent effects of anesthesia exposure dur-
ing brain maturation are also true in the context of 
synaptogenesis. Exposure of 7-day-old pups to different 
kinds of anesthetics and sedatives consistently lead to a rapid 
and permanent decrease in the number of synapses in the 

hippocampus and the cerebral cortex. In contrast, when these 
drugs were administered at later stages of the brain growth 
spurt, neuronal viability is preserved with a signifi cant 
increase in synaptic density [ 11 ,  42 ]. 

 Taken together, three factors appear to induce AIDN in 
laboratory models:
    1.    Developmental susceptibility during synaptogenesis   
   2.    High dose of the anesthetic   
   3.    Prolonged duration of exposure      

    Clinical Evidence for Sedative-Induced 
Neurological Sequelae 

 Most of the clinical reports that examine the effect of anes-
thetic exposure on neurocognitive development are based on 
retrospective observations of pediatric patients undergoing 
surgery and presumably general anesthesia. These reports do 
not specifi cally identify the classes of anesthetic and sedative 
drugs administered. Furthermore, these reports do not con-
sider the direct effects of surgery and underlying comorbidi-
ties. Although most of the studies have attempted to control 
for obvious confounders, the retrospective nature of these 
investigations make it impossible to control for all the known 
and unknown confounders. Of note, there is no consensus 
from the published retrospective analyses of the behavioral 
sequelae after anesthesia and surgery during infancy and 
children. 

 Several retrospective reports demonstrate an association 
between surgery/anesthesia and learning and behavioral 
disorders. In a series of retrospective reports, the Mayo 
Clinic group examined a cohort born from 1976 to 1982 for 
learning disabilities. The patients who were exposed to sur-
gery and anesthesia before the age of four had increased 
incidence of learning disabilities at age 19 years [ 43 ]. Risk 
factors included more than one anesthetic exposure and 
general anesthesia lasting longer than 2 h. A similar study, 
using matched cohorts, revealed that children under the age 
of 2 who had more than one anesthetic were almost twice as 
likely to have speech and language disabilities than those 
who had a single or no anesthetic exposure [ 44 ]. In contrast, 
a cohort study from a birth registry from Australia reported 
that even a single exposure to general anesthesia before age 
3 years was related to decrease performance on receptive 
and expressive language and cognitive testing done at 10 
years [ 45 ]. A similar retrospective report derived from Iowa 
revealed a negative correlation between the duration of sur-
gery/anesthesia and scores on academic achievement tests 
[ 46 ]. Data analysis from the Medicaid database indicates 
that, even after adjustment for potential confounding fac-
tors, children who underwent hernia repair before the age of 
3 years were twice as likely as children in the comparison 
group to be subsequently diagnosed with a developmental 
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or behavioral disorder [ 47 ]. When this group was controlled 
for gender and birth weight, there was still a nearly twofold 
increase in these issues. A follow-up study that matched 
patients with non-anesthetic-exposed siblings found that the 
former had a 60 % greater association between exposure to 
anesthesia and later neurologic and developmental prob-
lems [ 48 ]. 

 Meanwhile other investigators report no evidence of an 
association between exposure to general anesthesia at a 
young age and later school problems. An analysis of a twin–
twin registry from the Netherlands comparing the educa-
tional achievements of identical twin pairs revealed that 
twin pairs exposed to general anesthesia had lower educa-
tional achievements than unexposed twin pairs [ 49 ]. 
However, when one twin was exposed and the other was 
not, there were no differences in educational achievements. 
These fi ndings imply that exposure to general anesthesia 
was not associated with impaired educational performance. 
A Danish birth cohort compared average test scores at ninth 
grade in infants who had inguinal hernia study and reported 
no statistically signifi cant differences from the naïve cohorts 
after adjusting for known confounders [ 50 ]. A similar anal-
ysis of infants undergoing pyloromyotomies revealed no 
difference in their educational performance to a surgery-
naïve cohort [ 51 ]. Since these retrospective reports are 
based on patients undergoing surgery and presumably gen-
eral anesthesia, they may not have been relevant in the set-
ting of procedural sedation. 

 Several reports have been published on the effect of seda-
tion on neurocognitive parameters in intensive care patients. 
In a review of premature neonates receiving sedation for 
mechanical ventilation, prolonged sedation was not associ-
ated with a poor neurological outcome [ 52 ]. A similar report 
examining the impact of perioperative administration of 
sedatives in pediatric cardiac surgery found no association 
between the dose and duration of these drugs and adverse 
neurodevelopmental outcome at 18–24 months [ 53 ]. 
A reevaluation of these children at kindergarten age demon-
strated that the number of days on chloral hydrate was asso-
ciated with lower-performance intelligence quotient, and the 
cumulative dose of benzodiazepines was associated with 
lower visual motor integration (VMI) scores [ 54 ]. The 
Beery-Buktenica VMI scores refl ect the ability to integrate 
visual and motor abilities and screen for possible learning, 
neuropsychological, and behavioral problems [ 55 ]. These 
sedation studies in the intensive care unit may reveal a mild 
association between GABA agonists and neurodevelopmen-
tal defi cits. However, the overwhelming impact of severe ill-
ness [ 56 ] and prolonged administration of the sedative drugs 
cannot be discounted. Dexmedetomidine is the only seda-
tive that does not have overt neurotoxic properties in pre-
clinical settings. Its use as a primary sedative for preterm 
and term neonates has been shown to be effective without 

major side effects [ 57 ]. A direct comparison between 
 dexmedetomidine and lorazepam on septic adults revealed a 
signifi cant reduction in brain dysfunction with the former [ 58 ]. 
Dexmedetomidine maintains cognitive function in adult 
intensive care patients requiring cooperative sedation [ 59 ]. 
The effect of dexmedetomidine on both short- and long-
term cognitive domains in pediatric patients remains to be 
investigated.  

    Conclusions from Preclinical and Clinical 
Investigations 

 Extrapolation of these preclinical and clinical studies to pro-
cedural sedation in pediatric patients is problematic. Since 
millions of young children undergo sedation every year 
worldwide, the public health impact of developmental anes-
thesia neurotoxicity, if it exists, could be a major issue in 
humans. These individual studies were conducted on rela-
tively homogenous populations in terms of ethnic and socio-
economic distribution and may not be applicable to the 
diverse group of pediatric patients undergoing sedation. 
Furthermore, the retrospective nature of these reports may 
have unaccounted confounders that may instigate neurologi-
cal defi cits. Furthermore, these studies cannot separate the 
effects of anesthesia from coexisting condition, surgery, or 
stress of hospitalization. Clearly, rigorous clinical research is 
needed to resolve this issue. 

 These concerns have led to a risk assessment by the Food 
and Drug Administration’s Life Support Advisory Committee 
in March of 2007, stating that the “existing and well- 
understood risks of anesthesia (hemodynamic and respira-
tory) continue to be the overwhelming considerations in 
designing an anesthetic (sedation), and the understood risks of 
delaying surgery (procedure) are the primary reasons to deter-
mine the timing” [ 60 ]. Although the risk is exceedingly low, 
respiratory and cardiac morbidities associated with the admin-
istration of sedatives should be seriously considered in the 
context of the “potential neurotoxicity” in these drugs [ 61 ]. 
Recently, the SmartTots initiative issued a statement acknowl-
edging these preclinical fi ndings: “Discuss with parents and 
other caretakers the risks and benefi ts of procedures requiring 
anesthetics or sedatives, as well as the known health risks of 
not treating certain conditions” [ 62 ,  63 ]. A recent international 
seminar confi rmed that evidence from laboratory investiga-
tions defi nitively demonstrate that anesthetic and sedative 
drugs lead to neuroapoptosis and subsequent neurocognitive 
defi cits at the extremes of age [ 64 ]. Furthermore, evidence 
from retrospective clinical reports in pediatric surgical popu-
lations is still inconclusive. Since the use of sedative drugs is 
standard practice and unavoidable in pediatric patients, the 
clinician should be aware of the evolving investigations and 
be up to date on best clinical practices.     
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        Background 

 A signifi cant and growing number of children receive sedation 
for procedures performed outside of the operating room each 
year [ 1 – 4 ]. For largely elective procedures, this increase has 
been estimated to be 10 % annually in a sedation research 
network of 38 centers [ 5 ] .  The range of procedures per-
formed and number of different providers of sedation have also 
expanded appreciably [ 6 ] .  While a large number of studies 

have reported on adverse events occurring in association 
with procedural sedation in many of these settings [ 1 – 18 ], 
benchmarks for sedation adverse event rates have not been 
formally established. 

 The intent of this chapter is to add some clarity to the 
concept that, unlike adverse outcomes (e.g., death, perma-
nent neurologic injury [ 19 ]) that are largely preventable and 
should not occur, the occurrence of adverse events is unavoid-
able, and acceptable rates of adverse events should exist. 
Once acceptable rates of sedation adverse events are estab-
lished, sedation providers and programs should be able to 
compare their individual outcomes to these national and 
international standards. This chapter will examine current 
sedation practice outside the operating room and associated 
adverse events. It will focus on important barriers that must 
be overcome before meaningful adverse event rates may be 
determined and best practice guidelines established.  
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    Abstract  

  A signifi cant and growing number of children receive sedation for procedures performed 
outside of the operating room each year. While a large number of studies have reported on 
adverse events occurring in association with procedural sedation in many of these settings, 
benchmarks for sedation adverse event rates have not been formally established. The intent of 
this chapter is to add some clarity to the concept that, unlike adverse outcomes (e.g., death, 
permanent neurologic injury) that are largely preventable and should not occur, the occurrence 
of adverse events is unavoidable, and acceptable rates of adverse events should exist. Once 
acceptable rates of sedation adverse events are established, sedation providers and programs 
should be able to compare their individual outcomes to these national and international stan-
dards. This chapter will examine current sedation practice outside the operating room and 
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    Introduction 

 Procedural sedation and analgesia, commonly referred to as 
“sedation,” is the use of anxiolytic, sedative, analgesic, or 
dissociative drugs to attenuate pain, anxiety, and motion to 
facilitate the performance of a necessary diagnostic or ther-
apeutic procedure, provide an appropriate degree of amne-
sia or decreased awareness, and ensure patient safety [ 20 ]. 
The American College of Emergency Physicians defi nes pro-
cedural sedation and analgesia as “a technique of administer-
ing sedatives or dissociative agents with or without analgesics 
to induce a state that allows the patient to tolerate unpleasant 
procedures while maintaining cardiorespiratory function” [ 21 ]. 
Comprehensively, we wish to successfully complete necessary 
procedures for children by providing them sedation, analgesia, 
and amnesia while maintaining safety. 

 The depth of sedation experienced by patients is a con-
tinuum, dependent on multiple factors including type of drug 
and dose administered, route and rate of administration, and 
characteristics of the child receiving the sedation [ 22 ,  23 ]. 
Children can easily move from one level of sedation to a 
deeper level [ 24 ,  25 ]. Regardless of the depth of sedation that 
is targeted, a subset of children will become more sedated than 
intended, and some will become unresponsive and experience 
loss of airway-protective refl exes (general anesthesia) for at 
least a brief period of time during sedation. Stratifi cation of 
risk for sedation-related adverse events, based on the depth of 
sedation continuum, is imperfect due to the subjective nature 
of the tools used to determine depth of sedation. A recent edi-
torial acknowledges the limitations of using responsiveness to 
verbal and/or tactile stimuli to determine depth of sedation and 
proposes the development of objective mechanisms to predict 
the ongoing risk of serious adverse events [ 26 ]. 

 Regardless of the mechanism for determining depth of 
sedation, the uncertainty of achieving targeted levels of 
sedation is one of the reasons for which we believe that chil-
dren represent a subgroup of patients at highest risk and 
with the lowest error tolerance [ 19 ,  27 ]. Importantly, serious 
adverse events associated with the sedation of children such 
as cardiopulmonary arrest, apnea, laryngospasm, and pulmo-
nary aspiration, although uncommon, have been reported by 
many providers, using an array of sedation drugs, in a variety 
of settings [ 12 – 15 ,  28 ,  29 ]. It is incumbent on sedation pro-
viders to recognize adverse events and make appropriate 
interventions—perform rescue—to prevent adverse out-
comes from occurring [ 19 ]. 

 Sedation services are provided for children by a range of 
providers in various settings including sedation units, emer-
gency departments, dental and gastroenterology offi ces, 
radiology/imaging suites, hospital wards, and in outpatient 
settings [ 1 – 4 ,  30 ,  31 ]. We should expect that sedation pro-
vided by anesthesiologists, pediatric intensivists, hospital 

medicine physicians, dentists, gastroenterologists, pediatri-
cians, emergency and pediatric emergency physicians, certi-
fi ed registered nurse anesthetists, advanced practice nurses, 
pediatric nurse practitioners, registered nurses, physicians’ 
assistants, pediatricians, and radiologists may have inherent 
differences [ 1 – 4 ,  32 – 39 ]. Sedation providers will differ in 
the types of patients for whom they provide sedation as well 
as the variety of procedures for which these patients receive 
sedation [ 1 ,  2 ]. The drugs administered and routes of admin-
istration used will also differ based on the depth of sedation 
targeted. Similarly, the procedures for which sedation is pro-
vided may also infl uence adverse event profi les. Sedation 
provided by a pediatric emergency physician in the emer-
gency department for a painful procedure will differ from 
sedation provided by the same individual in radiology for a 
magnetic resonance imaging (MRI) scan, which is not painful 
but requires children to be motionless. 

 When we propose rates of “acceptable” adverse events, 
we must consider not only the characteristics of the patient 
and provider but also the nature and setting of the procedure 
performed (i.e., elective, emergent, painful, motionless), as 
well as the choice of sedative, dose, and route of administra-
tion. Considerable controversy exists over whether the risk 
of sedation-related adverse events is related to the training of 
the provider [ 40 ]. However, in a study of more than 130,000 
pediatric procedural sedation cases performed in a large 
sedation consortium by a variety of pediatric specialists 
(14 % anesthesiologists), the rates of major complications 
were not found to differ by provider [ 5 ]. 

 As we present the existing current sedation literature in 
this chapter, we will examine specifi c characteristics of the 
sedation event that may be expected to infl uence adverse 
event rates. We must also recognize that different providers 
will defi ne and report adverse events differently based on 
their training and experience. Regardless of the variables 
involved in determining acceptable rates of adverse events, 
the end result of sedation services for children must always 
be the same: safe, effective sedation provided to facilitate 
the successful provision of necessary, oftentimes painful, 
procedures [ 22 ,  23 ].  

    Setting the Standards for Safety 

 Determining acceptable rates of adverse events associated 
with sedation is important due to the potential impact of 
adverse events on overall patient safety. Most of our knowl-
edge regarding safety of sedation provided to children out-
side of the operating room comes from small, single-center 
studies, which comment on adverse events but are under-
powered to draw defi nitive conclusions about safety or 
particular risk factors for adverse events [ 41 ]. As a result, 
current sedation practice guidelines are not evidence-based, 
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but rather are largely derived from incomplete data sets or are 
the products of consensus opinion [ 21 ,  42 – 51 ]. Additionally, 
specifi c specialty-based practice guidelines exist, which may 
provide divergent recommendations regarding similar sedation 
practice [ 22 ,  36 ,  39 ,  44 ,  52 ]. 

 Perhaps the most signifi cant improvements in patient 
safety have been achieved for patients who receive general 
anesthesia. Anesthesia-related mortality in patients undergo-
ing general anesthesia in operating rooms has been reduced 
from 1 in 20,000 in the 1950s to a current rate of approxi-
mately 1 in 200,000 [ 53 ]. The Closed Claims Project was 
established in 1984 by the American Society of 
Anesthesiologists (ASA) to identify anesthetic-related com-
plications and their mechanism of occurrence with the goal 
of improving patient safety [ 54 ]. This dramatic improvement 
in the safety of general anesthesia was found to be largely 
due to improvements in how patients were monitored [ 55 ]. 
A recent study of monitored anesthesia care found that 
appropriate use of monitoring, vigilance, and early resuscita-
tion could have prevented many of the adverse events seen 
[ 56 ]. However, to make further improvement in the safety of 
anesthesia, to defi nitely address the many issues pertaining 
to anesthesia risk, and to further develop best practice guide-
lines, prospective multicenter studies designed to examine 
large numbers of patients must be conducted [ 57 ]. 

 Anesthesiologists have developed strategies to improve the 
safety of general anesthesia by examining critical events. In 
2000, Coté and his colleagues published a critical incident 
analysis of adverse events associated with sedation provided 
to children outside the operating room identifi ed through 
retrospective evaluation of national reporting systems over 27 
years [ 19 ,  27 ]. This critical incident analysis attempted to 
identify factors that contribute to adverse sedation events asso-
ciated with sedation provided to children undergoing proce-
dures. Factors identifi ed to be associated with adverse 
outcomes (i.e., permanent neurologic injury and death) include 
sedation that occurred in a nonhospital-based facility, sedation 
performed with inadequate or inconsistent physiologic moni-
toring, sedation administered without adequate presedation 
medical evaluation, sedation performed in the absence of an 
independent observer with inadequate recovery procedures, 
and sedation performed with the occurrence of medication 
errors. Drug overdoses and drug interactions, particularly 
when three or more drugs were used, were commonly associ-
ated with adverse sedation events [ 27 ]. Importantly, all routes 
of administration and all classes of drugs used for sedation 
were associated with serious adverse events. 

 The authors of this critical incident analysis of sedation 
outside the OR concluded that adverse outcomes associated 
with sedation were most likely related to the  failure of 
healthcare providers to rescue patients  from sedation-
related adverse events like apnea and oxygen desaturations. 
They further postulate that individual patient characteristics 

were less important than failure to rescue patients from the 
progression of less serious adverse events to serious adverse 
outcomes. 

 This important work reinforces the belief that improve-
ments in patient safety related to sedation may be made and 
acceptable rates of adverse events determined. However, the 
Closed Claims Project critical incident analysis identifi ed 
characteristics of complications only. No information about 
the hundreds of thousands of cases that occurred without 
complication was gathered for comparison. Although the 
safety of general anesthesia and sedation outside the operat-
ing room has improved with strict adherence to monitoring 
guidelines and timely intervention or rescue from adverse 
events, most would agree that more work is needed for 
further progress to be made. Additional data describing the 
circumstances and conditions surrounding sedation events 
with and without complications is required to make critical 
comparisons. From these data, acceptable rates of adverse 
events may be determined, and the goal of developing best 
practice guidelines designed to eliminate poor outcomes 
will be realized. Ideally, by identifying the rates of adverse 
events and their predictors, it may be possible to design 
strategies to reduce the risks. Green and Mason proposed 
an Objective Risk Assessment Tool for Sedation (ORATS). 
(Refer to Chap.   38    ,   Table 38.1    .) The ORATS would suggest 
specifi c variables, physiologic parameters, and thresholds 
that predict the risk of serious adverse events at escalating 
depths of sedation.  

    Disparities in Adverse Event Rate Reporting 

 A wide range of rates of adverse events (2–26 %) associated 
with emergency department sedation has been reported in 
recent studies of children [ 4 ,  12 – 15 ]. The three largest pro-
spective studies of emergency department sedation in chil-
dren receiving a variety of sedation/analgesia drugs for the 
breadth of emergency procedures provide a good example of 
the variability in reported adverse event rates. Despite being 
conducted in three similar, large, urban children’s hospital 
emergency departments, these studies report distinctly dif-
ferent rates of common adverse events such as oxygen desat-
urations (8.6 % versus 13.9 % versus 0.8 %) and vomiting 
(7.2 % versus 1.1 % versus 0.3 %) as well as total adverse 
event rates (17.0 % versus 17.8 % versus 2.3 %) [ 4 ,  12 ,  13 ]. 
Closer scrutiny of these studies provides some insight into 
the disparity in adverse event rate reporting. Centers differed 
with respect to drugs administered, routes of administration 
employed, use of supplemental oxygen, and the defi nitions 
used for oxygen desaturations. Any or all of these factors 
may be postulated to affect reported adverse event rates. 
Additionally, the largest of these studies investigated only 
2,500 children [ 4 ]. Much larger studies are needed to develop 
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adverse event rates of less common potential complications of 
sedation such as apnea, laryngospasm, pulmonary aspiration, 
and cardiopulmonary arrest. 

 In another example, comparisons between like single- 
center studies, signifi cant disparities in adverse event report-
ing remain despite having similar settings (emergency 
departments), types of procedure performed (painful), and 
sedation drug (ketamine) administered. Only the route of 
administration differed (intravenous versus intramuscular) 
in these studies—yet reported adverse event rates such as 
vomiting still varied considerably from 3.8 to 18.7 % [ 4 ,  12 , 
 14 ,  58 – 63 ]. 

 Adverse event rates reported with sedation provided with 
propofol are a further example of disparities in adverse event 
reporting despite use of a common agent. With the adminis-
tration of propofol, the variability of reported adverse event 
rates such as oxygen desaturation (0–30 %) and apnea neces-
sitating the use of positive pressure ventilation (0–2.5 %) 
may be due to differences in providers (pediatric intensivists 
versus emergency physicians), setting (sedation unit versus 
emergency department versus radiology), type of procedure 
(painful versus not painful, emergent versus elective), and 
presence of co-administered analgesic such as fentanyl [ 3 ,  7 , 
 64 – 72 ]. In emergency department studies of sedation pro-
vided using propofol-based regimens, rates of adverse events 
varied from low 3.5 % [ 73 ] to highs of 31 % [ 62 ] and 33 % 
[ 5 ]. One study of sedation using propofol with fentanyl 
reported complications in an extremely high rate (84 %) of 
patients [ 74 ]. Given the high degree of variability of adverse 
event rates observed when current studies are compared, it is 
impossible to draw conclusions about the effectiveness of 
sedation and safety. 

 Clinically apparent pulmonary aspiration is an impor-
tant, although infrequently reported, complication of seda-
tion outside the operating room [ 1 – 3 ,  29 ,  30 ,  75 ]. As part 
of the assessment of patients about to receive sedation or 
anesthesia, careful history addressing recent oral intake is 
undertaken with the goal of minimizing the risk of pulmo-
nary aspiration by adhering to preprocedural fasting rec-
ommendations [ 76 ]. Clinically apparent pulmonary 
aspiration events have been reported to have occurred in 
association with sedation in settings where ASA preproce-
dural fasting guidelines are routinely followed such as 
dedicated sedation units [ 1 – 3 ] and for radiological proce-
dures and bronchoscopy [ 30 ,  31 ]. However, in emergency 
departments, where adherence to preprocedural fasting 
guidelines has not been shown to be rigorously applied 
[ 9 – 11 ], aspiration has never been reported to have occurred 
in a child [ 49 ,  77 ,  78 ]. 

 Examples of the range of rates of adverse events are 
presented in this section to emphasize that multiple factors 
contribute to the incidence of adverse events in any given 
setting. In order to begin to understand these interactions, we 
must ensure that comparisons are made that control for as 

many of these factors as possible. Reasons for differences in 
adverse event reporting may be obvious such as the rate of 
respiratory depression associated with propofol adminis-
tered intravenously as opposed to that observed with oral 
chloral hydrate. Further reasons for disparities in adverse 
event reporting may be as basic as how we defi ne and report 
adverse events of interest.  

    Defi nition of Adverse Events 
and Reporting Recommendations 

 In addition to the clinical parameters described in the previ-
ous section, some of the variability of reported rates of 
adverse events associated with sedation provided outside the 
operating room may be attributed to existing widespread dif-
ferences in defi nitions of adverse events and reporting prac-
tices. The rate of total adverse events is dependent on how 
these events are defi ned and which events individual provid-
ers and sedation services choose to report as signifi cant. For 
example, an anesthesiologist may consider sonorous breath-
ing resulting in a pulse oximeter reading of 87 % (relieved by 
a simple jaw thrust) as inherent to sedation with propofol and 
not report its occurrence as an adverse event. By contrast, a 
pediatric emergency physician may respond exactly the same 
way to an identical event with similar results yet report it as 
partial airway obstruction and oxygen desaturation. In another 
example, if oxygen desaturation is defi ned as an oximeter 
reading less than 90 % in room air for greater than 30 s, a 
child who experiences oxygen desaturation from 100 % at the 
beginning of sedation to 90 % during the procedure and who 
responds positively to an airway maneuver and the adminis-
tration of oxygen would not be reported as having experi-
enced an adverse event. 

 Efforts to develop evidence-based practice guidelines 
designed to prevent the occurrence of adverse events have 
been limited by an inability to aggregate adverse event 
results from existing studies. As described previously, seda-
tion practice varies widely, and the rate of adverse events is 
reported inconsistently. An important reason for this vari-
ability is that investigators do not have a standardized set of 
defi nitions and reporting guidelines to follow [ 9 ,  12 ,  13 ,  70 ,  79 ]. 
In order to facilitate comparisons between studies and the 
aggregation of data from multiple studies, defi nitions to 
describe sedation practices, interventions, and adverse events 
must be developed and routinely used. Only after clear defi -
nitions for adverse events and recommendations for report-
ing exist, and are consistently followed in studies of large 
numbers of patients receiving sedation, will meaningful 
adverse event rates be established. Once standard adverse 
event rates are established, sedation providers and programs 
may accurately and critically assess their work. 

 To address the wide disparities that exist in the reporting of 
adverse events, the Quebec Guidelines for sedation provided 
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to children in the emergency setting were devised by consen-
sus of an expert panel of pediatric emergency physicians and 
pediatric anesthesiologists [ 20 ]. Intervention- based defi ni-
tions for adverse events were chosen because the panel 
believed that this framework would yield the greatest possi-
bility of uniform data collection for clinically important 
events. Defi nitions using this approach require specifi c clini-
cal criteria to be present (e.g., decrease in oxygen saturation) 
 and  for one or more interventions (e.g., tactile stimulation 
and administration of blow-by oxygen) to be performed with 
the intention of treating or managing the event [ 20 ]. 
Table  28.1  provides a list of adverse events that should be 
documented and reported as recommended by the Quebec 
Guidelines, as well as examples of interventions that may be 
performed in response to these events. The Appendix provides 
complete Quebec Guidelines recommendations for defi nitions 
of adverse events within a template that may be used for data 
collection and documentation.

   The Quebec Guidelines were intended to provide 
researchers with a template on which adverse events may be 
consistently documented and reported with the purpose of 
consistently collecting data that will allow uniform data sets 
and meaningful comparisons of sedation studies. Although 
the guidelines were developed for use in children receiving 
sedation in the emergency department, an accompanying 

editorial states that the Quebec Guidelines are broadly appli-
cable to all forms of sedation research or adverse event mon-
itoring [ 80 ]. More directly, despite the pediatric intent, each 
defi nition and recommendation applies readily to adults. 
This approach and the principles put forth also extrapolate to 
any setting in which sedation is performed with appropriate 
personnel and monitoring [ 22 ,  23 ,  80 ]. 

 Once data is generated from multicenter studies of large 
populations of patients using standardized defi nitions and 
reporting schemes, meaningful adverse event rates may be 
established and defi nitive clinical care guidelines may be 
devised that will improve our ability to ensure the safety of 
sedation provided to children outside of the operating room.  

    Multicenter Investigations 

 Until just recently no studies of suffi ciently large numbers 
of children who received sedation outside the operating 
room existed to allow for evaluation of acceptable rates of 
adverse events. The Pediatric Sedation Research Consortium 
(PSRC) has published an observational study of more than 
30,000 children who received sedation at 26 institutions for 
mostly elective procedures (8 % emergency), performed by 
different providers (pediatric intensivists 28.4 %, emer-
gency physicians 27.9 %, and anesthesiologists 19.2 %) 
using mostly the following drugs singly or in combination: 
propofol (50.1 %), midazolam (27.1 %), ketamine (13.6 %), 
or chloral hydrate (11.7 %) [ 1 ]. In this large cohort of chil-
dren, they observed zero deaths, 1 cardiac arrest, 1 case of 
pulmonary aspiration, 13 episodes of laryngospasm, and 73 
patients experienced unexpected apnea. All patients were 
successfully rescued from potentially adverse outcomes, and 
1 in 1,500 sedation events resulted in unexpected admission 
to the hospital. 

 A subsequent study examined propofol administration 
under circumstances similar to their fi rst study in almost 
50,000 children [ 2 ]. Again, no deaths were observed; how-
ever, apnea or airway obstruction was common (5.75 %) and 
cardiac arrest ( n  = 2), pulmonary aspiration ( n  = 4), and laryn-
gospasm ( n  = 96) occurred. The authors emphasized that 
safety depends on the providers’ ability to identify poten-
tially serious adverse events, usually respiratory in nature, 
and provide appropriate rescue. Further data is needed to 
identify specifi c patients who may be at an increased risk for 
adverse events and to establish rates of adverse events in the 
emergency setting and in those receiving sedation drugs 
other than propofol. 

 In 2011, the PSRC published a comparison of major com-
plication rates by provider for 131,751 pediatric procedural 
sedation cases [ 5 ]. Aspiration, death, cardiac arrest, 
unplanned admission to the hospital, increase in patient’s 
level of care, and requirement for emergency anesthesia con-
sultation were considered major complications and occurred 

   Table 28.1    Intervention-based defi nitions for sedation-associated 
adverse events   

 Adverse events  Interventions performed in response 

 1. Oxygen desaturation  • Vigorous tactile stimulation 
 • Airway repositioning 
 • Suctioning 
 • Oral or nasal airway placement 

 2. Apnea: central versus 
obstructive (partial 
versus complete) 

 • Administration of reversal agents 
 • Supplementing/increasing oxygen 
 • Application of positive 

pressure ± ventilation with bag 
mask 

 • Tracheal Intubation 
 3. Clinically apparent 

pulmonary aspiration 
 • Extended observation or admission 

to hospital 
 4. Retching/vomiting  • Administration of antiemetic 
 5. Cardiovascular events  • Chest compressions 
  Bradycardia  • Administration of medications 
  Hypotension  • IV fl uid administration 

 6. Excitatory movements  • Procedure was delayed, 
interrupted, or not completed 

 7. Paradoxical response to 
sedation 

 • Administration of reversal agents 

 Unpleasant recovery 
reactions 

 • Administration of sedation drugs 
 • Allocation of additional personnel 

to care for the patient 
 • Delay in discharge or disposition 

 8. Permanent complications 
(neurologic injury or 
death) 
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between 7.6 and 12.4 per 10,000 for anesthesiologists, 
emergency physicians, intensivists, pediatricians, and other 
pediatric providers. Given the large sample size, these com-
plication rates may be considered benchmarks for large, 
elective sedation services staffed by highly trained sedation 
providers primarily administering propofol. 

 Ketamine has become the most commonly administered 
drug for the sedation of children in the emergency depart-
ment [ 22 ,  23 ,  45 ,  46 ,  48 ,  81 – 83 ]. A recent individual patient 
data meta-analysis of more than 8,000 ketamine administra-
tions to children in 32 emergency departments sheds some 
light on adverse event rates and risk factors for emergency 
sedation with ketamine. Green et al. reported an overall inci-
dence of airway and respiratory adverse events of 3.9 % [ 81 ]. 
Clinically apparent pulmonary aspiration did not occur in 
any of these patients. From this fact we can infer that the rate 
of aspiration associated with emergency department admin-
istered ketamine is very low, but we must consider what the 
risk actually may be. As illustrated in a  JAMA  article “If 
nothing goes wrong is everything alright?,” we need to be 
cautious about reporting rates of rare adverse events and con-
sider the maximum risk of occurrence [ 84 ]. Although this 
study represents the largest sample of children receiving 
emergency department ketamine sedation to date and pro-
vides important information, larger studies are required to 
defi nitively determine the maximal risk for rare adverse 
events such as aspiration. 

 Prospective studies of large cohorts of children, using 
standardized defi nitions and reporting structures for adverse 
events are required to generate the data needed to examine 
carefully the multitude of factors that contribute to adverse 
events before meaningful “acceptable” adverse event rates 
may be established.  

    Future Directions 

 As described previously, the work of the Pediatric Sedation 
Research Consortium and the ketamine individual patient data 
meta-analysis are important fi rst steps toward generating the 
data required to carefully assess sedation practice in children 
outside the OR [ 1 ,  2 ,  81 ]. Recently, the World Society of 
Intravenous Anesthesia (World SIVA) established an 
International Sedation Task Force (ISTF) represented by 25 
members from multispecialties, both adult and pediatric, from 
11 countries. In a recently published manuscript, the ISTF has 
proposed an Adverse Event Reporting Tool designed to stan-
dardize the collection of sedation outcome data worldwide 
(Table  28.2 ) [ 85 ]. This tool will be an open- access web-based 
tool, available to providers globally. 1  The data collected will 

1   www.AESedationReporting.com  or  www.InternationalSedationTask
Force.com 

be available to individual and institutional users and will, in 
addition, populate the global ISTF sedation database. The col-
lection of large data from multi-specialists globally will be an 
important fi rst step to identify and carefully evaluate the range 
of variables that affect sedation- related adverse event rates. 
Such studies must be broad reaching in scope yet fl exible 
enough to consider new developments in sedation techniques 
and monitoring as well as the use of the ever-emerging new 
sedation drugs that become available.

   Only through rigorous adherence to the use of standard-
ized adverse events defi nitions and reporting structures, such 
as described in the Quebec Guidelines and by the ISTF, will 
standardized data sets be compiled. This will allow for the 
aggregation of data and meaningful comparisons of sedation 
studies. National and international multispecialty collabora-
tions will be required to develop databases with suffi cient 
patient numbers and the clinical data required to develop and 
evaluate sedation practice based on patient populations and 
providers, procedures performed, and drugs administered. 
The feasibility of such a collaborative endeavor requires not 
only cooperation of multiple specialties using cutting-edge 
data collection technology but also a level of funding that to 
date has not been realized.  

    Conclusion 

 From the discussion presented here we can conclude that 
adverse event rates will vary depending on individual patient 
characteristics, procedures performed, sedation drugs and 
doses employed, and the setting in which patients receive 
care. In addition, the defi nitions used to identify adverse 
events and existing reporting structures will also impact on 
rates of adverse events observed. 

 A large sedation research consortium has provided us 
with initial data regarding expected rates of major complica-
tions of elective sedation performed by specialized sedation 
services [ 5 ]. As further studies of large numbers of children 
are performed using standardized defi nitions and reporting 
of adverse events, we will gain a clearer picture of what may 
be expected and acceptable adverse event rates for sedation 
performed outside the OR. Further multicenter, prospective 
research of international populations of children who receive 
sedation to identify risk factors for adverse events is needed 
so that true evidence-based sedation best practice guidelines 
may be established. 

 Standards of adverse event rates will vary based on the 
characteristics of the sedation experience as described 
previously. However, patient safety will ultimately be 
ensured by the careful assessment of risks and benefi ts of 
sedation that is performed in carefully monitored and con-
trolled settings by skilled providers prepared to provide 
cardiorespiratory rescue when needed.      
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   Table 28.2    International Sedation Task Force Adverse Event Sedation Reporting Tool (  www.AESedationReporting.com    )   

 World SIVA adverse sedation event recording tool confi gured for a web page or paper form 

  Step 1: Was there one or more adverse events associated with this sedation encounter?  
 • No, this form is now complete  • Yes, fi ll out remainder of form below 
  Step 2: Please DESCRIBE the adverse event(s). Check all that apply  
  Minimal risk descriptors    Minor risk descriptors    Sentinel risk descriptors      
 • Vomiting/retching  • Oxygen desaturation 

(75–90 %) for <60 s 
 • Oxygen desaturation, severe  • Other specify below   

 • Subclinical respiratory 
depression a  

 • Apnea, not prolonged  (<75 % at any time) or prolonged 

 • Muscle rigidity, 
myoclonus 

 • Airway obstruction  (<90 % for >60 s) 

 • Hypersalivation  • Failed sedation e   • Apnea, prolonged (>60 s) 
 • Paradoxical response b   • Allergic reaction 

without anaphylaxis 
 • Cardiovascular collapse/shock g  

 • Recovery agitation c   • Bradycardia f   • Cardiac arrest/absent pulse 
 • Prolonged recovery d   • Tachycardia f    

 • Hypotension  f    
   • Hypertension f    
   • Seizure   
  Step 3: Please note the INTERVENTIONS performed to treat the adverse events(s). Check all that apply  
  Minimal risk    Minor risk    Moderate risk    Sentinel intervention    
 • No intervention 

performed 
 • Airway repositioning  • Bag valve mask-assisted 

ventilation 
 • Chest compressions  • Other, specify 

below 
 Administration of:  • Tectile stimulation or 

the administration of: 
 • Laryngeal mask airway  • Tracheal intubation or the 

administration of: 
 • Additional sedative (s)  • Supplemental oxygen, 

new or increased 
 • Oral/nasal airway  • Neuromuscular blockade 

 • Antiemetic  • Antisialagogue  • CPAP or the administration of:  • Pressor/epinephrine 
 • Antihistamine    • Reversal agents  • Atropine to treat bradycardia 
     • Rapid IV fl uids   
     • Anti convulsant IV   
  Step 4: Please note the OUTCOME of the adverse event(s). Check all that apply  
  Minimal risk outcome    Moderate risk outcome    Sentinel outcome   • Other specify below   

 • No adverse outcome  • Unplanned 
hospitalization or 
escalation of care h  

 • Death   
 • Permanent neurological defi cit 
 • Pulmonary aspiration syndrome i  

  Step 5: Assign a SEVERITY rating to the adverse event(s) associated with this sedation encounter  
 • It there are any options checked in the Sentinel columns above, then this is a  Sentinel  j  adverse event 
 • If the most serious option(s) checked above are Moderate risk, then this is a  Moderate  k  risk adverse event 
 • If the most serious option(s) checked above are Minor risk, then this is a  Minor  l  risk adverse event 
 • If the most serious option(s) checked above are Minimal risk, then this is a  Minimal  m  risk adverse event 

  Additional details (including “other” entries): 
  a “Subclinical respiratory depression” is defi ned as capnographic abnormalities suggesting respiratory depression that do not manifest clinically 
  b “Paradoxical response” is defi ned as unanticipated restlessness or agitation in response to sedatives 
  c  “Recovery agitation” is defi ned as abnormal patient affect or behaviors during the recovery phase that can include crying, agitation, delirium, 
dysphoria, hallucinations, or nightmares 
  d “Prolonged recovery” is defi ned as failure to return to baseline clinical status within 2 h 
  e “Failed sedation” is defi ned as inability to attain suitable conditions to humanely perform the procedure 
  f Alteration in vital signs (bradycardia, tachycardia, hypotension, hypertension) is defi ned as a change of >25 % from baseline 
  g “Cardiovascular collapse/shock” is defi ned as clinical evidence of inadequate perfusion 
  h Examples of “Escalation of care” include transfer from ward to intensive care and prolonged hospitalization 
  i “Pulmonary aspiration syndrome” is defi ned as known or suspected inhalation of foreign material such as gastric contents into the respiratory tract 
associated with new or worsening respiratory signs 
  j “Sentinel” adverse events are those critical enough to represent real or serious imminent risk of serious and major patient injury. Once recognized, 
they warrant immediate and aggressive rescue interventions. Once clinically concluded, they warrant immediate reporting within sedation care 
systems and the highest level of peer scrutiny for continuous quality improvement 
  k “Moderate” adverse events are those that, while not sentinel, are serious enough to quickly endanger the patient if not promptly managed. Once 
clinically concluded, they warrant timely reporting within sedation care systems and periodic peer scrutiny for continuous quality improvement 
  l “Minor” adverse events are those encountered periodically in most sedation settings and those pose little threat given appropriate seditionist skills 
and monitoring 
  m “Minimal” adverse events are those that alone present no danger of permanent harm to the patient  

28 Incidence and Stratifi cation of Adverse Events Associated…
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    Appendix: Recommended Documentation for Sedation Research 
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        Introduction and Background 

 Most children who receive sedation outside the operating 
room have good outcomes and benefi t from efforts to reduce 
pain and anxiety during a procedure [ 1 – 3 ]. However, 
 administration of sedative and analgesic agents to children in 
the outpatient setting always carries some risk to the patient 
[ 1 – 5 ]. It is reported that 4 % of children who received ket-
amine in the emergency department have airway and respira-
tory adverse events and that up to 17 % of pediatric procedural 
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sedations result in some type of complication [ 3 ,  4 ]. Most 
adverse events are respiratory in nature and 1 in every 200 
requires interventions to maintain a patent airway and venti-
late the patient. One in every 1,500 sedations results in an 
event that requires unanticipated admission to the hospital 
[ 3 ]. If a child has an adverse outcome after sedation, and 
there is evidence of substandard care then there is the poten-
tial for a professional liability (“malpractice” 1 ) claim against 
the providers and/or the facility. It is diffi cult to track with 
any reliability the actual results of all such claims throughout 
the USA, in part because there is no uniform national system 
to report  jury verdicts  2  and judgments in state courts that are 
not appealed. 3  Further, if a malpractice case is settled prior to 
a jury verdict, the details of those settlements are often kept 
confi dential by the agreement of parties, typically at the 
request of the medical providers or their insurance carriers 
[ 6 ]. (Refer to Chap.   30    , section “Closed Claims Settlements 
for Cases Outside the Operating Room.”) A review of pub-
licly available reports has identifi ed several pediatric seda-
tion claims of alleged  negligence  4 . In each of these 
malpractice cases, the allegations were that the care pro-
vided by the professionals (and/or institution) was below an 
established  standard of care  5 , that there was a  breach  6  of 

1   Please refer to section “Glossary” at the end of chapter. 
2   Please refer to section “Glossary” at the end of chapter. 
3   Federal law requires all insurance companies to report the details of 
every medical malpractice payment to the Federal Government 42 
U.S.C. § 11131. This information however is not available to the public. 
Specifi cally the law requires the following: 
 §11131. Requiring reports on medical malpractice payments. 
 (a) In general. Each entity (including an insurance company) which 
makes payment under a policy of insurance, self-insurance, or other-
wise in settlement (or partial settlement) of, or in satisfaction of a judg-
ment in, a medical malpractice action or claim shall report, in 
accordance with section 424 [42 USCS § 11134], information respect-
ing the payment and circumstances thereof. 
 (b) Information to be reported. The information to be reported under 
subsection (a) includes: 
 (1) The name of any physician or licensed health care practitioner for 
whose benefi t the payment is made. 
 (2) The amount of the payment. 
 (3) The name (if known) of any hospital with which the physician or 
practitioner is affi liated or associated. 
 (4) A description of the acts or omissions and injuries or illnesses upon 
which the action or claim was based. 
 (5) Such other information as the Secretary determines is required for 
appropriate interpretation of information reported under this section. 
 (c) Sanctions for failure to report. Any entity that fails to report informa-
tion on a payment required to be reported under this section shall be 
subject to a civil money penalty of not more than $ 10,000 for each such 
payment involved. Such penalty shall be imposed and collected in the 
same manner as civil money penalties under subsection (a) of section 
1128A of the Social Security Act [42 USCS § 1320a-7a] are imposed 
and collected under that section. 
4   Please refer to section “Glossary” at the end of chapter. 
5   Please refer to section “Glossary” at the end of chapter. 
6   Please refer to section “Glossary” at the end of chapter. 

that standard and that the breach caused injury to the patient 
(see Case Studies 1–6 at end of chapter). Standard of care 
is defi ned as that care which a reasonable physician in a par-
ticular specialty would have given to a similar patient, under 
similar circumstances. Because most clinicians have similar 
access to information and knowledge, they are usually held 
to a national standard of care regardless of how remotely the 
individual may practice [ 7 ]. 

 Most malpractice lawsuits are resolved prior to trial. Less 
than 10 % reach a  jury verdict  [ 8 ,  9 ]. Still, these legal actions 
can be quite burdensome, expensive, and emotionally 
draining for both professionals, patients, and their families. 
On average, a medical malpractice claim costs a minimum 
of $23,000 to defend. Claims that go to trial are generally 
more costly [ 8 ]. The mean  indemnity payout  7  (money paid 
to the plaintiff) is about $275,000, a fi gure that almost dou-
bles for pediatricians [ 10 ]. 

 Adverse outcomes can occur in the absence of substan-
dard care. When litigation ensues, the hospital/facility along 
with the physicians and nurses may all be named in the law-
suit. Many states require that, prior to fi ling any professional 
negligence claim, the lawyer for the injured party fi le some 
type of  certifi cate of merit  8  to substantiate that a licensed 
professional has reviewed the claim and agrees that there is 
merit to the allegations of substandard care and causation 
[ 11 ]. Claims against medical facilities can be founded on 
the employer/employee relationship [ 12 ] or the institution’s 
direct negligence [ 13 ] and/or failure to establish adequate 
written policies and procedures as required under federal 
law and/or state licensing requirements [ 14 ]. A hospital or 
an outpatient facility may be sued for the conduct of an 
anesthesiologist practicing at the facility even though the 
physician is not a direct employee: because the anesthesi-
ologist provides care at the facility, it is implied that he is an 
employee [ 15 ].  

    Preventing Litigation 

 Professional negligence lawsuits are a risk of medical practice. 
A legitimate lawsuit is based on the breach of a recognized 
standard of care. Malpractice claims can be minimized, or at 
least reduced, if the medical staff and institution are commit-
ted to practicing “good” medicine, communicating well with 
family members and other hospital staff, and documenting 
the “good” care that is delivered [ 7 ]. Compliance with the 
standard of care and the establishment and strict compliance 
with established policies and procedures are the “best 
practices.”  

7   Please refer to section “Glossary” at the end of chapter. 
8   Please refer to section “Glossary” at the end of chapter. 
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    Practice “Good” Medicine 

 Malpractice claims arise from adverse outcomes. If there is 
no injury, there is no basis to bring a claim. Accordingly, 
the most effective way to prevent a malpractice lawsuit is to 
prevent an adverse outcome (see Table  29.1 ).

   Sedation providers must be qualifi ed, credentialed, and 
experienced [ 5 ,  16 ]. Qualifi cations and credentials may be 
verifi ed with background checks. Experience, however, is 
more ephemeral. For example, consider the situation of a 
nurse, caring for a child in sedation recovery, who is edu-
cated and qualifi ed to perform pediatric resuscitation but has 
no experience in actually resuscitating a baby. Should a 
child under her care suffer a catastrophic injury as a result 
of substandard care, one basis of a claim may be that this 
inexperienced nurse was left solely responsible and that her 
employers failed to establish, implement, and enforce poli-
cies and procedures to prevent this occurrence. 

 Hospitals and medical facilities are required to develop 
written policies and procedures to hire, train, and retain 
experienced, qualifi ed, and credentialed sedation providers. 
This responsibility is mandated under federal regulations 
and Joint Commission accreditation standards [ 17 ]. A hospi-
tal may even be liable for services it renders at a “free- 
standing” facility, which it does not own, if it retains overall 
responsibility and authority to provide these services 9  [ 18 ]. 
There is no universal rule on what the credentialing process 
must entail. For example, some facilities require the clinician 
to be certifi ed in Pediatric Advanced Life Support (PALS), 
Basic Life Support (BLS), and possibly take a course or 
complete an online sedation module. Other facilities recom-
mend simulation-based training of non-anesthesiologists to 
improve patient safety during pediatric sedation [ 19 ]. 
Although there are no international or national standards for 
credentialing, training, policies, and procedures, there are 
“assumed” competencies:
    1.    While training may vary at different institutions, the 

clinician must be thoroughly knowledgeable about the 
sedative agents, their use, and potential complications.   

   2.    The clinician must realize that along the sedation continuum, 
a deeper depth of sedation may occur.   

9   Under federal regulations that apply whenever a Hospital accepts 
Medicare and Medicaid funds, the governing body of a hospital must 
assure, where emergency services are provided outside the hospital, 
that the medical staff has written policies and procedures for appraisal 
of emergencies, initial treatment and referral when appropriate. 42 
C.F.R. § 482.12 (f)(2) Under the Joint Commission of Accredited 
Healthcare Organization standards, the hospital is required to ensure 
that services provided by contractual arrangements are provided safely 
and effectively. Pursuant to those standards, the hospital “retains overall 
responsibility and authority for services furnished under a contract.” 
Standard LD.3.50 (2007). 

   3.    The clinician and staff must have appropriate skills to 
rescue a sedation-related complication.   

   4.    The institutions are responsible for ensuring that policies, 
procedures, and staff are in place to support such a rescue.    
  Clinicians who work in a free-standing facility (such as a 

dental offi ce or a gastroenterology suite) must operate with 
caution and be prepared to activate emergency medical ser-
vices (EMS) when needed. They must have proper equip-
ment available and the necessary skill to use this equipment 
appropriately while awaiting help [ 20 ]. In the event of an 
adverse outcome, sedation providers at an offi ce setting 
remote from a hospital may be held to the same standards as 
those who operate in a hospital. 

 The practice of prescribing sedatives as a pre-anxiolytic 
to be taken at home, administered by a parent prior to arrival, 
should be avoided. This practice is associated with an 
increased risk for airway obstruction at home or during trans-
port [ 21 ]. Furthermore, the clinician must choose appropriate 
sedatives and dosing to achieve the intended depth of sedation 
[ 22 ]. For example, if a sedative achieves deep sedation in a 
case intended for anxiolysis, this may lead to litigation based 
on a breach of the standard of care [ 23 ].  

    The Sedation Process 

 The sedation of a child begins even before the child arrives. 
It involves a process that begins with the pre-screening of the 
patient, continues through the child’s arrival for sedation, and 
then follows the child through the sedation and through dis-
charge from the recovery room and follow-up with the family 
at 24 h post-discharge. This section will review the medicole-
gal implications and provide advice for the sedation provider 
at each step of the sedation process. 

    Pre-sedation Evaluation/Decisions 

 The sedation provider is responsible for the fi nal evaluation 
of the child prior to administration of sedation. Inadequate 

   Table 29.1    Preventing adverse outcomes   

 Provider must be qualifi ed and credentialed 
 Provider must have skills to rescue patient 
 Provider must have knowledge of medications and potential 
complications 
 Provider must prepare for a deeper level of sedation than anticipated 
 Perform a pre-sedation evaluation 
 Consult anesthesia for high-risk cases 
 Check medications and dosages prior to administration 
 Observe patients until back to baseline 
 Develop and follow hospital policies and procedures 

29 Medicolegal Risks and Outcomes of Sedation



574

evaluation prior to the sedation has been found to be a factor in 
many adverse events [ 21 ]. A pre-sedation health evaluation 
should at a minimum include the patient’s age, weight, aller-
gies, medications, vital signs, relevant family history, and past 
medical history (including physical abnormalities, history of 
snoring, and neurologic impairment that may increase poten-
tial for airway obstruction). A focused physical examination 
and assessment of the airway is crucial; large tonsils or ana-
tomic airway abnormalities should be noted as they may 
increase the risk for airway obstruction [ 20 ,  22 ]. 

 The non-anesthesia sedation provider should consult 
anesthesia for high-risk patients. In general, high-risk patients 
are those with snoring, stridor, craniofacial abnormalities, 
chronic lung disease, abnormal airway, vomiting, gastro-
esophageal refl ux, bowel obstruction, asthma exacerbation, 
active respiratory disease (pneumonia), complex medical 
problems (mediastinal mass, prematurity, cardiac disease), 
hypovolemia, or neuromuscular disorder. An anesthesia con-
sult is also suggested for children younger than 1 year of age 
or those with an American Society of Anesthesiologists (ASA) 
classifi cation of three or greater [ 20 ,  24 ]. 

 Medication dosages should be double-checked before 
administration and all resuscitation equipment and medica-
tions should be available. The SOAPME—Suction, 
Oxygen, Airway (appropriate-sized equipment), Pharmacy 
(drugs needed), Monitors, Equipment (perhaps a defi brilla-
tor)—checklist is a helpful and easy to remember pneu-
monic for sedation preparation [ 20 ,  22 ]. A “time out” must 
be performed before any medication is given in order to 
verify the correct patient, site, and medications [ 25 ]. It is 
important to anticipate and be prepared for complications, 
such as laryngospasm [ 26 ]. The Joint Commission and 
American Academy of Pediatrics (AAP) emphasize the 
concept of “sedation rescue,” which is essential to safe 
sedation [ 20 ,  25 ].  

    Medication Errors 

 Every time a sedative or analgesic is administered there is 
always a chance for error. Each year, 1.5 million preventable 
adverse drug events occur. As many as 7,000 people die as a 
result of avoidable medication errors. Although hospitals 
and pharmacies have adopted computerized prescriptions 
and bar-coding equipment to decrease the chance of a medi-
cation error, errors still occur [ 27 ]. One study found that 
there are 3.99 errors for every 1,000 medications ordered for 
inhospital patients. Many are potentially serious [ 28 ]. This is 
due in part to look-alike and sound-alike drugs. Hospitals 
and clinicians must be careful to keep these look-alike and 
sound-alike medications separated and clearly labeled. 

 Many medication errors are due to incorrect computation. 
Some of these errors may be preventable by computer-based 

order sets, which have prescribing limits that restrict drug 
doses. Serious medication errors with a misplaced decimal 
point can result in a tenfold error. It is thus recommended 
that a zero be placed before a decimal point to express any 
number less than one (e.g., 0.5 mL). Alternatively, one 
should never use a terminal zero (e.g., 5.0), since failure to 
note this decimal point may result in a tenfold overdose. 
Avoid abbreviations (cc, μ, mL, MSO 4 , N 2 O) because these 
are not universally understood and may be misinterpreted. 
Preventable errors occur when the health care provider fails 
to either obtain an adequate history of food or medication 
allergies, or to read the medical history that documents an 
allergy [ 29 ]. Furthermore, proper supervision of sedation 
trainees is important. Trainees often prescribe and adminis-
ter sedation to children. Lack of trainee supervision is a com-
mon factor in medical errors and resulting malpractice 
lawsuits [ 30 ].  

    Post-sedation/Discharge 

 Observation of the patient for an appropriate period of time 
following sedation and in the recovery period is critical. 
While it is important to establish written criteria for dis-
charge, it is also important as a matter of administration and 
policy to identify who will decide when discharge criteria 
have been met. For example, does a nurse make the discharge 
decision based solely on established written criteria? Should 
a physician perform a fi nal examination before discharge? 
Every child who receives sedation must be discharged follow-
ing criteria proposed by the AAP [ 5 ,  20 ]. Whether the criteria 
has been met, and how those protocols and procedures are 
implemented and enforced are left to the discretion of the 
practitioner and the facility. The proper exercise of this dis-
cretion can raise questions of Standard of Care. A minimum 
return to baseline medical and cognitive status is usually 
expected: Cardiovascular function, an intact gag refl ex, a pat-
ent airway, adequate hydration, and baseline respiratory sta-
tus are critical. The child should be easily aroused and as 
responsive to verbal and tactile stimuli as he was prior to 
sedation. Younger children or those with neurologic dysfunc-
tion should return to their pre-sedation level of function 
before discharge. Consider a prolonged recovery stay if the 
accompanying and responsible guardian is alone (driving 
the car) or if the child has a signifi cant underlying medical 
problem (neurologic impairment, respiratory disease, history 
of sedation-related complications) [ 20 ]. Failure to give ade-
quate instructions and advice concerning limitation of activ-
ity and appropriate dietary precautions and a premature 
discharge can have disastrous consequences. Each child 
should be provided with a 24-h phone number that parents 
can call with any questions about their child’s sedation or 
behavior [ 24 ].  
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    Policies and Protocols 

 Hospitals are required under federal law and Joint 
Commission standards to develop, publish, teach, enforce, and 
drill sedation policies and procedures. Written policies are 
defi ned in the Joint Commission standards as “the formal, 
approved description of how a governance, management or 
clinical process is defi ned, organized and carried out.” 
Simply stated, policies are mandatory and should be distin-
guished from advisory guidelines. Failure to have written 
policies in place is not only a violation of law but also a 
violation of the federal funding requirements under Medicare. 
This failure could lead to a claim of a violation of standard of 
care against a facility, institution, and responsible adminis-
tration. Although sedation providers at non-Joint Commission 
facilities may not be required to have such written policies 
and procedures, absence of or non-adherence to these pol-
icies/procedures can be evidence of a deviation from the 
standard of care. Hospital protocols and policies should be 
reasonable, so that clinicians understand and are able to 
adhere to them. For instance, capnography is “encouraged” 
for sedated children in AAP and ASA guidelines [ 20 ,  31 ]. 
However, if the hospital does not routinely use or provide 
end-tidal CO 2  monitoring for sedated patients, capnography 
should not be a requirement in the policy and procedure 
manual of the hospital. 

 The Joint Commission mandates that each institution 
develop its own specifi c protocols for any patient at risk of 
losing his protective airway refl ex during sedation [ 25 ]. The 
standard of care must be consistent throughout the hospital, 
regardless of the location at which the sedation is adminis-
tered (emergency department, clinic, radiology suite, etc.) 
[ 25 ]. The institution must standardize the documentation 
process in terms of history, physical exam, and events during 
the procedure and recovery period. Guidelines for  informed 
consent  10  for procedures must be consistent throughout the 
institution (see section “Informed Consent”). Monitoring 
guidelines and requisite skills of the sedation providers must 
be uniform within the institution [ 25 ]. Standards for how 
long a child must take nothing by mouth (NPO) prior to 
sedation must be consistent. Although NPO guidelines have 
been recently challenged due to lack of published validation 
pertaining to outcome, hospitals must establish, maintain, 
and update these policies. Even in the emergency depart-
ment, the administration of sedatives must be preceded by a 
thorough evaluation of food and fl uid intake. The hospital 
policy may provide for modifi cation of NPO guidelines in 
an emergency situation after careful consideration and doc-
umentation of the risk versus benefi ts of proceeding. This 
hospital policy should refl ect that in an emergency, when 
proper fasting cannot be ensured, the increased risk of 

10   Please refer to section “Glossary” at the end of chapter. 

sedation must be weighed against its benefi ts [ 5 ]. In general, 
the minimum needed depth of sedation should be targeted in 
these emergency situations [ 20 ]. 

 Hospital policy should define which clinicians can 
prescribe or administer specifi c sedative medications. For 
example, many hospitals permit non-anesthesiologists to 
administer agents such as propofol or ketamine after specifi c 
training. Others prohibit this. Such decisions are generally 
left to the discretion of the individual hospital, as the stan-
dard of care allows non-anesthesiologists to use such medi-
cations within appropriate guidelines [ 16 ]. The package 
insert information is important, but does not necessarily 
dictate clinical practice. Particularly for children in the USA, 
many medications are not approved by the Food and Drug 
Administration (FDA) and are administered “off label.” 
Accordingly, off-label use of some sedatives (propofol, for 
example) has been incorporated into specialty guidelines 
(American College of Emergency Physicians (ACEP) and 
American College of Gastroenterology). (Refer to Chaps.   2    , 
  18    , and   19    .) In the event of a malpractice lawsuit involving 
sedative agents, evidence-based research and clinical usage 
protocols are considered. If such evidence demonstrates safe 
and effective outcomes for the agents utilized, the clinician 
may offer that as evidence to defend the use and administra-
tion of agents, such as propofol. 

 Hospital policies should specify which medications can 
or cannot be administered by nursing staff. In many states, 
nurses are not permitted to administer certain sedative agents. 
Nurses must follow the state, local, and hospital regulations. 
In the event of an unintended adverse outcome with sedation, 
deviation from these rules will be closely scrutinized. 

 Finally, hospital policies should address the issue of pho-
tographs and video recording of patients during sedation. In 
general, images of a patient during his medical care become 
part of the patient’s permanent medical record. They are 
 subject to the same legal scrutiny as other parts of the medi-
cal record and may be used as evidence in the event of a 
malpractice lawsuit. An exception may be for images 
acquired by a treating physician for purposes other than 
medical care (such as for use in publications, lectures, or a 
clinical trial).  

    Clinical Guidelines 

 Several specialty organizations have published sedation 
guidelines to guide health care professionals. The AAP pub-
lished guidelines for sedation in 2006 [ 20 ], as did the ACEP 
in 2008 [ 32 ]. (Refer to Chap.   2    .) The Joint Commission 
defi nes practice guidelines as “tools that describe processes 
found by clinical trials or by consensus opinion of experts to 
be the most effective in evaluation and/or treating a patient 
who has a specifi c symptom, condition, or diagnosis, or 

29 Medicolegal Risks and Outcomes of Sedation

http://dx.doi.org/10.1007/978-1-4939-1390-9_2
http://dx.doi.org/10.1007/978-1-4939-1390-9_18
http://dx.doi.org/10.1007/978-1-4939-1390-9_19
http://dx.doi.org/10.1007/978-1-4939-1390-9_2


576

describe a specifi c procedure. Synonyms include practice 
parameter, protocol, preferred practice pattern and guide-
lines.” All who administer sedation should be familiar with 
published clinical care guidelines. This is especially true of 
the guidelines accepted by a specialty. It is important that a 
specialist adhere to his own specialty guidelines or docu-
ment his rational for deviation. Failure to follow them may 
well be the basis of the claim that there was a deviation from 
the standard of care [ 33 ]. Guidelines from major organiza-
tions such as the AAP have great impact in court. In general, 
a guideline supports a standard of care. It may well be 
viewed by the courts and juries as establishing the “rules of 
the road.” Surprisingly, a recent study showed that monitor-
ing guidelines suggested by ACEP, AAP, and ASA for non- 
anesthesiologists were followed in only about half the 
pediatric cases analyzed [ 34 ]. The failure to adhere may be 
the basis of a claim for a liability against the sedation 
provider. 

 Guidelines for fasting (NPO) prior to sedation are consen-
sus based rather than evidence based and thus they are debat-
able. Regardless, one should not disregard the fasting status 
of the patient [ 20 ,  22 ,  32 ,  35 – 37 ]. Documentation of the last 
oral intake is good practice and a Joint Commission require-
ment [ 25 ]. When NPO status is not adhering to guidelines 
and sedation proceeds regardless, documentation is critical. 
Consider and document the risk-to-benefi t ratio, weighing 
NPO status against the urgency of the procedure. This will 
help prevent an adverse event and will help defend the care 
provided.   

    Communicate Well 

 It is very important for those involved with sedation to com-
municate effectively with families and show compassion 
[ 38 ]. Clinicians should listen well and speak clearly. Advise 
the family on what to anticipate and keep them informed as 
the procedure and sedation evolves. Develop a sense of trust 
with the family. The clinician’s dress, posture, and manners 
can impact the ability to develop a sense of trust. 

 Failure to communicate is often a factor in malpractice 
lawsuits. As many as 70 % of lawsuits can involve patient 
and/or family concerns about a clinician’s communication 
style or attitude [ 39 ]. Patients who sued reported that the 
physicians inadequately explained the diagnosis or treat-
ment to the family, failed to communicate effectively, 
failed to understand their perspective, and often discounted 
or devalued their views. In many cases the family felt 
rushed. In this study, 13 % reported the doctor would not 
listen, 32 % reported the doctor did not talk openly, 48 % 
indicated the doctor attempted to mislead them, and 70 % 
said the doctor did not warn them about their baby’s out-
come [ 40 ]. 

    Informed Consent 

 Informed consent is more than just obtaining a parent’s signa-
ture on a piece of paper. The family of a child who receives 
sedation is entitled to receive and understand pertinent infor-
mation about the procedure and the medications to be used. 
Parents have the right to know about the risks and benefi ts of 
the treatment, and any available alternatives. Their consent 
normally must be obtained prior to administration of any 
sedatives. A general consent form signed upon arrival at an 
outpatient facility does not usually imply consent for seda-
tion. Separate consent for sedation is strongly advised. 
Whether consent should be in written or verbal form depends 
on local, state, and institutional requirements. In many states, 
verbal consent is adequate for most emergency procedures. 
However, the best evidence of consent in the event of a subse-
quent lawsuit is a signed consent form. Written consent forms 
educate the guardian with respect to the procedure and pro-
vide some protection to the caregiver by documenting the 
steps taken to inform the family. However, signing a form 
does not necessarily equate to an informed consent [ 41 ,  42 ]. 
The guardian may still claim that the risks and benefi ts were 
not adequately explained. In the event that a specifi c consent 
form was not used, the record should clearly document what 
the parents were told and their verbal agreement and under-
standing. In a true emergency, informed consent is not needed; 
it is implied and assumed that a reasonable parent would want 
immediate necessary care [ 42 ]. 

 For example, Pennsylvania law defi nes informed consent as 
providing the consenting person with a description of the pro-
cedure and the risks and alternatives such that a “reasonably 
prudent person” would be able to make an informed decision 
about whether to undergo the procedure. This patient-focused 
concept of informed consent is followed by most states. If they 
are not told of the risk of and alternative to the treatment, the 
parents could conceivably bring a lawsuit against a physician 
for failing to obtain informed consent. If the child suffers harm 
from the sedation, the parents would have to prove that reason-
able people, properly advised, and fully informed would not 
have consented to the procedure [ 7 ]. 

 Parents should be informed consumers. Information given 
should include objectives and alternatives to the medical pro-
cedure itself, as well as of the sedation and anticipated changes 
in behavior during and after the sedation. Parents should be 
informed of alternatives such as the use of local anesthesia, 
regional anesthesia, general anesthesia, and alternate routes of 
administration. One study identifi ed that parents most often 
wanted information regarding induction, adverse events, 
emergence reactions, and pain relief [ 43 ]. 

 Information should be given in a clear straightforward 
manner. The care provider should be sure that the guardian 
understands the information given. It may be useful to ask the 
parent to paraphrase what they have been told. If a serious 
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complication could result from treatment, then the caregiver 
should inform the family of all but the most remote risks. 
On the contrary, if the potential injury is minor, the family 
need only be informed of the risks that are common [ 20 ,  22 , 
 44 ,  45 ]. In general, no parent should be forced to make a 
specifi c treatment decision for a child. Most parents desire 
the opinion and advice of the experienced provider in order to 
make a reasonable determination of what is best for the child. 
Table  29.2  summarizes important features of the informed 
consent process.

       Communicate Well with Colleagues 

 Good communication among all staff members involved 
with sedation is essential. Do not demean other staff mem-
bers in front of parents. Instead, it is best to “manage up” and 
praise other staff in front of families. Avoid joking or stray 
comments as families may believe (misinterpret) that the 
staff is not concentrating on their child. Communication 
among colleagues with respect and support is as important as 
communication to ensure adequate transfer of pertinent 
patient information. Numerous medical malpractice errors 
relate to the poor transfer of medical information between 
the responsible staff. Change of shift can be particularly dan-
gerous, as pertinent medical information is not always com-
municated during handoffs [ 46 – 48 ].   

    Document Carefully 

 Careful documentation of the use of sedatives and analgesics 
is extremely important. In any medical negligence case, the 
child’s medical record will be reviewed by an attorney and 
consulting expert physicians in order to determine whether 
an injury was the result of negligence. The standard of care 
and statutes in the various states establish that the medical 
record must contain a minimum amount of suffi cient and 
accurate information. This information should identify the 
patient, support the diagnosis, justify the treatment, document 
the medical course and outcome, and promote continuity of 
care among health care providers. The medical record could 
either be your best defense or the plaintiff’s best evidence. 

If the medical care relied upon to defend the case is not 
described in the medical record, the patient/guardian, or their 
experts, may testify that “it didn’t happen.” Although a com-
plete and thorough medical record may not always prevent a 
lawsuit, it may help the health care provider to defend a 
claim. Often, there is an extended length of time between the 
patient encounter and a subsequent malpractice suit. A com-
plete, well-prepared record may be helpful when memory of 
the event has faded. The chart should refl ect a neat, profes-
sional appearance and it should be maintained as if it were a 
public document [ 7 ,  41 ]. 

 Adequate documentation is important. If an inpatient or 
outpatient chart already exists, there is no need to repeat the 
information previously documented. However, a brief note to 
indicate that the chart was reviewed before administration of 
sedative agents is recommended. Indicate the child’s pre- 
sedation status. Note that the patient’s condition has not changed 
since arrival or since the last exam in the record [ 20 ]. 

 Documented history should include the child’s age and 
abnormalities of the airway (snoring, sleep apnea) or other 
relevant diseases. A review of systems, previous hospital 
admissions, and relevant family history is noteworthy. 
The record should indicate any history of allergies or adverse 
drug reactions, medications used prior to sedation, and the 
patient’s last oral intake [ 20 ,  24 ]. 

 Document a careful physical exam with a focus on the 
patient’s airway and cardiovascular system. Record the 
patient’s correct weight,  in kg only . Of course, it is important 
to record vital signs and oxygen saturation at specifi c inter-
vals [ 20 ,  24 ]. 

 A well-designed, time-based record will make it easier to 
fi nd and record essential information. The patient’s weight and 
allergies should be placed in an obvious location in the record 
so they can be easily noticed when medications are ordered. 
Checklists in the record may serve to remind the caregiver to 
ask specifi c questions or perform a specifi c part of the physical 
examination [ 24 ]. A time-based record should include details 
of drug administration and the patient’s name (route, site, mili-
tary time of dosing, dosage, and effect). Any adverse effects 
should be recorded as well as necessary vital signs at regular 
intervals. Document the child’s level of consciousness during 
the procedure (how he/she responds to verbal commands or 
tactile stimulation) [ 20 ,  24 ]. 

 Careful documentation is important not only prior to and 
during the sedation process, but also during the recovery 
phase. Prior to the patient’s discharge from the sedation unit, 
document the child’s level of consciousness and oral intake. 
Discharge instructions may be preprinted and must be 
reviewed with the child’s guardian before the patient is 
allowed to go home. The discharge instructions should 
remind the parents that the child should not be involved in 
play that requires coordination such as bike riding or skate-
boarding for 24 h. Recommend adult supervision at home. 

   Table 29.2    Important items of informed consent   

 Provide a clear explanation 
 Describe risks and benefi ts of sedation 
 Review medication effects, anticipated change in behavior, possible 
emergence reactions, pain relief 
 List all potential serious complications 
 List potential common, minor complications 
 Discuss alternative treatments—local or general anesthesia 
 Make sure the family understands the information 
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Unsupervised bathing, use of electrical devices, or other 
dangerous items should not be permitted for at least 8 h. 
The family should be told who and when to call if there are 
questions or concerns. Provide and encourage that the parents 
use a 24-h telephone number to call with questions. Discuss 
safe transport home with the provided guardian [ 20 ,  24 ]. 

    Never Alter Medical Records 

 It is never wise to alter a patient’s medical record or to make 
a late entry after an adverse event has occurred. Altered, 
missing, or “misplaced” records create the appearance of a 
“cover-up” and can result in sanctions. It is the responsibility 
of all providers involved in a child’s care to maintain and 
secure the medical record. 

 With electronic medical records (EMR) all subsequent 
and non-sequential entries are obvious and apparent. Even 
handwritten notes can be analyzed by a forensic expert in 
order to uncover late entries. The authors advise that in 
order to correct a handwritten note, draw a single line 
through the error and initial and date it. Do not attempt to 
cover up the mistake by blacking out words or phrases. 
Should litigation ensue, it will be easier to explain missing 
facts or a poor record than it will be to defend a record that 
has been altered [ 49 ].   

    Managing Medical Errors in the Event 
of an Adverse Event 

 When a sedation-related complication occurs, a full investi-
gation is needed. In the event of hospital-related events, the 
hospital’s risk management offi ce should be contacted imme-
diately. This offi ce is the division of the hospital that manages 
adverse outcomes and aims to prevent them by careful moni-
toring of hospital “systems.” Risk managers will generally 
guide and support the hospital staff through documentation of 
the event and recommend any further action if applicable. 
Subsequent treatment rendered to the patient should be docu-
mented in the medical record. Some recommend that lengthy 
details of any possible medical errors not be discussed in the 
record, but rather should be documented in an incident report. 
The incident report should be written as soon after the adverse 
event as possible, and the hospital risk management offi ce 
should receive the only copy. The incident report should con-
tain a description of the incident: full names of all those who 
were involved, date, time of the event, clinical impact of the 
problem, and actions taken. Remember that incident reports 
may be discoverable. Never include a written apology or con-
clusion assigning blame to an individual. It is not advisable to 
make self-serving or defensive statements in the medical 
record [ 50 ]. 

 When an error has occurred, full disclosure to the family 
is recommended. Offering a sincere apology to the family 
may diffuse anger and prevent a malpractice lawsuit. Studies 
have shown families are more likely to sue if they believe the 
doctor concealed the truth. Disclosure can preserve a good 
doctor–patient relationship and thus reduces litigation risk. 
Families often retain an attorney in order to gain information 
and a better understanding of what happened to their child. 
Open communication following an error may prevent the 
need to retain an attorney [ 51 ,  52 ].  

    When to Contact an Attorney 

 Following an untoward event or outcome (even if no substan-
dard care is involved), it is advisable to alert the hospital risk 
management offi ce. In some cases, even when the physician 
is not expecting a lawsuit, he or she may receive written noti-
fi cation of legal action, known as a “Civil Action” or a 
“Complaint.” This should be taken seriously, even if you 
disagree with everything in the Complaint (charges may be 
exaggerated). Never ignore a Civil Action or Complaint. 
The Complaint may list statements that are demoralizing or 
insulting; remember that they are unchallenged allegations. 
The complaint may misstate or ignore facts. 

 As soon as the complaint is received, those named in the 
complaint should notify their hospital risk manager and the 
malpractice insurance company to confi rm that a  defense  11  
attorney will be assigned. The attorney, once assigned to the 
case, will discuss the matter with his assigned “client” and 
respond with an “Answer” to the Complaint (generally 
denying the allegations) within a certain timeframe [ 7 ,  53 ]. 
The clinician has a right to hire a “private” attorney to rep-
resent him or her, but this is usually at the clinician’s expense. 
Some situations may warrant a private attorney: for example, 
when the insurance company wishes to either settle or con-
tinue to defend the case, when the clinician disagrees with 
the malpractice carrier, or when the same defense lawyer 
represents multiple parties. A single attorney representing 
multiple providers may raise concern of Confl icts of Interest 
for the defense lawyer and when there may be insuffi cient 
insurance funds to cover any potential payout claim. There 
have been claims made by physicians against lawyers 
assigned by their malpractice insurance carrier to defend 
them. It is prudent for a physician to seek a second opinion 
from personal counsel if they do not agree with or are unsure 
of the course of action (such as a no settlement position) rec-
ommended by the insurance company’s attorney [ 53 ]. 

 Being named in a malpractice lawsuit does not mean that 
the physician is a “bad” clinician, or that the doctor even did 
anything wrong. Make some recommendations to your 

11   Please refer to section “Glossary” at the end of chapter. 
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 attorney for a possible expert witness for your defense. Do 
not discuss the facts of the case with colleagues. Do not call 
the patient’s family to discuss the matter [ 7 ,  53 ]. Tell your 
attorney all you know about the incident in order to help him/
her develop the case. In many instances, early in the litiga-
tion the medical negligence (or lack of such) has been 
acknowledged and cases are easily resolved. This early reso-
lution is only possible if the clinicians involved are able and 
willing to accept and acknowledge their own responsibility.  

    Quality Improvement 

 The Joint Commission requires each facility to perform qual-
ity improvement reviews of sedation practices. Each facility 
should track adverse events, which should include the need 
for airway intervention, apnea, oxygen desaturation, and 
prolonged or unsatisfactory sedation. These events should be 
examined to detect system fl aws, and to reduce risk in the 
future [ 5 ,  20 ,  24 ].  

    Family Member Presence for Procedures 

 No studies have been done to evaluate how the presence of 
family members affects litigation. However, studies do show 
that most family members who witness a procedure report 
favorable opinions of the process. This favorable opinion by 
families holds true for cardiopulmonary resuscitation, even in 
cases of patient death. In one study, 71 % of surveyed family 
members believed their presence at the resuscitation com-
forted their child, 67 % believed they adjusted better to the loss 
of the child by witnessing the resuscitation, and 63 % would 
recommend being present during cardiopulmonary resusci-
tation [ 54 ]. To date, there is no literature to support that fam-
ily member presence during sedation and procedures will 
increase legal risks for a clinician. Rather, a satisfi ed parent 
may decrease the likelihood of a lawsuit, as satisfi ed family 
members are generally less likely to fi le a lawsuit [ 54 ,  55 ].   

   Case Studies 

    Case 1 

 A young man presents to an Illinois emergency depart-
ment for treatment after he was hit in the head with a 
baseball bat during an altercation [ 56 ]. The patient had 
a markedly elevated blood alcohol level, was intoxi-
cated and combative. The emergency physicians were 
concerned about an intracranial injury and ordered a 

computerized tomography (CT) scan of his head. He 
was given midazolam for sedation for the CT scan. 
Two hours following the midazolam, he suffered a car-
diorespiratory arrest. The emergency medical staff 
attempted to resuscitate him. His trachea was intu-
bated, mechanically ventilated, then disconnected from 
the ventilator when declared irreversibly brain dead. 

 The family sued the hospital and contended that the 
cause of death was the respiratory depression from 
midazolam in combination with alcohol intoxication. 
They claimed that midazolam was contraindicated in 
an intoxicated patient, an excessive dose of midazolam 
administered, and that the  hospital failed to properly 
monitor the patient. The physicians argued that mid-
azolam is short acting and was not the cause of his 
respiratory arrest. They maintained that it was a rea-
sonable choice of sedative for a combative patient who 
required a CT scan to rule out an intracranial bleed. 

 The verdict was in favor of the physicians and the 
hospital. 

    Teaching Point 
 This case reminds us that physicians who order seda-
tives must understand their effects and side effects. They 
must be familiar with drug interactions when the patient 
has another medication (or substance such as alcohol) in 
his system. Midazolam should not be administered to 
patients with acute alcohol intoxication with depressed 
vital signs. Concomitant use of midazolam with alcohol 
may increase the risk of hypoventilation or apnea and 
may contribute to profound or prolonged drug effect. 
Clearly, all patients who receive sedation for a CT scan 
must be appropriately monitored.   

    Case 2 

 A 12-year-old patient with Crohn’s disease presents to 
a Minnesota clinic for an endoscopy [ 57 ]. The gastro-
enterologist and a nurse administered fentanyl and 
midazolam for sedation. After the very brief proce-
dure, after the gastroenterologist had left the room and 
the nurse was fi nishing up her paperwork in the proce-
dure room, the patient’s pulse oximeter alarm went off, 
the oxygen saturation was noted to be very low (90 %), 
and a nasal cannula was placed. The physician was 
summoned. Over the next several minutes, pharmaco-
logical reversal agents for midazolam and fentanyl 
were administered, but assisted breathing (ventilation) 
was not initiated. About 7–8 min into the event, the 
patient suffered a cardiac arrest. Chest compressions 
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were begun and a defi brillator established a viable car-
diac rhythm. An oral pharyngeal airway was eventu-
ally placed and breathing was assisted with a bag-valve 
mask device. The patient suffered an anoxic brain 
injury and allegedly will require assisted living in an 
institution for the rest of his life. 

 The patient and family sued the clinic and the physi-
cian for negligence. The clinic denied liability. A $3.1 
million settlement was reached during mediation. 

    Teaching Point 
 This clinic was not prepared for the rare, but serious 
complications of sedation. Although there were phys-
iologic monitors and pulse oximetry was being fol-
lowed, it appears that the oxygen desaturation was 
identifi ed after a delay. The most signifi cant fault is 
the failure to have a rescue plan in place. All person-
nel must know how to react in the event of an adverse 
event. The clinic and personnel should be trained and 
prepared to identify and manage an emergency. 
Simulations and/or mock drills can assist in the acqui-
sition of competence and familiarization of sedation 
and emergency protocols.   

    Case 3 

 A healthy 2-year-old child with no prior medical his-
tory presented to an Illinois emergency department 
(ED) after he suffered a generalized seizure at home 
[ 57 ]. The seizure lasted at least 20 min, until it was 
stopped with anticonvulsant medications. The child’s 
trachea was intubated, while he was stabilized in the 
emergency department. A decision was made to 
obtain a CT scan of the head before transferring the 
child to another hospital for additional monitoring 
and treatment. By emergency department protocol, 
the intubated child would have been transferred 
sedated to and from the CT scanner with physiologi-
cal monitors and manual hand ventilation. There was 
no specifi c entry in the medical records, however, to 
confi rm that such monitors were used. Two nurses, a 
respiratory therapist, and a medical student accompa-
nied the child to and from the CT scan. During the 
subsequent litigation, none of these individuals had 
a clear memory of monitors being used, alarms 
being set, or any vital signs being taken during the 
24-min transport. Upon return to the ED after the 
CT scan, he was discovered to be in cardiopulmo-
nary arrest. After almost an hour of unsuccessful 
resuscitation efforts, he was pronounced dead. 

 The family sued the ED and claimed that the endo-
tracheal tube became dislodged during the transport to 
the CT scan. They also claimed that because the child 
was not properly monitored, no one noticed that he 
was not breathing when he was removed from the CT 
scanner. They argued that he was in unrecognized car-
diac arrest for more than 5 min, making resuscitation 
impossible. The  defendants  (health care providers) 
claimed that the death was due to the onset of a sudden 
cardiac arrest upon his return to the ED and that this 
was a complication of status epilepticus. One of the 
nurses testifi ed that when she returned with the child to 
the ED, she switched the EKG leads from the portable 
monitor to the permanent monitor, “got nothing” and 
thought there was a malfunction with the electrocar-
diogram leads. When she replaced the leads, the moni-
tor showed ventricular fi brillation, which then quickly 
changed to asystole. 

 A jury ruled in favor of the family and awarded 
them $3,662,221. 

    Teaching Point 
 A sedated child must be carefully monitored by quali-
fi ed personnel who are trained and prepared to identify 
adverse events and initiate resuscitation. This case also 
reminds us of the importance of careful documentation. 
It is diffi cult to believe that an intubated patient went to 
the CT scanner without a physiologic monitor. However, 
there was no documentation of the presence of a car-
diac monitor and none of the caretakers could remem-
ber him being on a monitor. Although it is not known if 
his death was preventable, clearly, there should have 
been better observation and documentation.   

    Case 4 

 A 3-year-old child went to a dental offi ce with his 
mother to have a tooth fi lled. Prior to the appointment, 
the mother was given a bottle of chloral hydrate by the 
dentist’s offi ce to administer to her son prior to arrival 
in order to sedate him. After the dentist completed the 
procedure, the child began choking and vomiting. The 
child then stopped breathing and smelling salts were 
administered with no discernible effect. The dentist 
attempted to clear the child’s airway and used an ambu 
bag with a face mask to ventilate the patient. Paramedics 
were called. When the paramedics arrived the child was 
apneic and asystolic. The paramedics then intubated the 
child’s trachea and made unsuccessful attempts to 
resuscitate. The child died a short time thereafter. An 
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autopsy was performed and it was determined that the 
child died of acute trichloroethanol (a metabolite of 
chloral hydrate) intoxication. 

 The mother of the deceased child fi led a wrongful 
death suit against the dentist claiming that the 
defendant:
    1.    Negligently prescribed an excessive dose of chloral 

hydrate   
   2.    Negligently instructed the mother to administer 

the medication at home, rather than having him 
monitored continuously from the time the medica-
tion was fi rst given to him   

   3.    Negligently failed to properly monitor the child 
while he was in the offi ce   

   4.    Negligently failed to possess the necessary equip-
ment to properly monitor and resuscitate   

   5.    Negligently failed to timely initiate appropriate resus-
citation on the child     
 The case was settled after a mediation session for 

$350,000. 

    Teaching Point 
 Clinicians who work in a free-standing facility must 
be particularly cautious and they must have a well-
delineated plan to activate EMS in the event of an 
adverse event. They must have proper equipment avail-
able and the necessary skill to use this equipment 
appropriately while awaiting help. It is dangerous and 
unadvisable to have parents administer sedative medica-
tions at home. When administering and prescribing 
sedatives, the pharmacokinetics, pharmacodynamics, 
and dosing limits must be carefully followed. It is pref-
erable to have a health care professional administer the 
sedative before the procedure.   

    Case 5 

 A child underwent an elective upper endoscopy to 
determine if she was suffering from a blockage of gall-
stones or stenosis. The procedure was performed by a 
gastroenterologist who administered sedation for the 
procedure. During the procedure the patient began 
moving while the gastroenterologist inserted a papil-
lotome to open the ampulla in order to enable drainage 
of bile from the common bile duct. To minimize patient 
movement the gastroenterologist administered more 
sedation but was unsuccessful in stopping the move-
ment. As a result of these movements, the papillotome 
lacerated the bile duct. A subsequent surgery was 
required to repair the laceration. 

 As a result of the laceration, the patient sued the 
gastroenterologist on a theory that the doctor was neg-
ligent in not adequately sedating the patient. A jury 
returned a verdict in favor of the patient in the amount 
of $305,000. 

    Teaching Point 
 This case illustrates the importance of achieving the 
proper level of sedation in order to avoid adverse out-
comes. Inadequate sedation led to the patient’s move-
ment during the procedure. Care must be taken to 
suffi ciently sedate the patient for successful comple-
tion of the intended procedure while at the same time 
avoiding oversedation.   

    Case 6 

 A 4-year-old boy presented to a Michigan hospital for a 
magnetic resonance imaging (MRI) study to evaluate a 
leg mass. He was given midazolam, fentanyl, and pento-
barbital sedation for the MRI. The patient suffered a 
cardiopulmonary arrest during the MRI. He was left 
with permanent central nervous system damage, result-
ing in cerebral palsy and mental retardation. The family 
sued and alleged that inappropriate amounts of medica-
tion were utilized and that the hospital staff failed to not 
only monitor the patient but also to ensure appropriate 
oxygen delivery. They believed that the permanent and 
severe brain injuries were a result of the incident. The 
hospital contended that the child was appropriately 
monitored but was unusually sensitive to the medica-
tions. The case was settled for $2,950,000 [ 58 ]. 

    Teaching Point 
 While details are unavailable, one has to question 
whether the patient in this case was appropriately moni-
tored. One should also question the use of a multimodal 
sedative regimen that included fentanyl for a painless 
MRI procedure. Sedation may have been desirable, but 
a narcotic analgesic seems unnecessary and perhaps 
dangerous in this case. The clinician should have a 
clear understanding of the goals of sedation and then 
choose and dose the drugs wisely [ 22 ].   

    Case 7 

 An otherwise healthy 2-year-old boy was brought to a 
Texas emergency department (ED) for treatment of a 
tongue laceration. The boy was given midazolam and 
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morphine sedation to repair the laceration. Naloxone was 
administered following the procedure to reverse the som-
nolence and hasten discharge. The patient was discharged 
from the ED 8 h after the procedure, apparently still 
asleep. He never woke up at home, and was later pro-
nounced dead. The parents sued the hospital and the treat-
ing physician, claiming that the medication was given 
inappropriately and the child was not properly monitored. 
The hospital settled the case for $975,000 [ 59 ]. 

    Teaching Point 
 Premature discharge of a sedated patient from the ED 
can have disastrous consequences. Before discharge, 
this child should have returned to baseline neurologic 
state, had normal cardiovascular function, an intact 
gag refl ex, and a patent airway. He should meet estab-
lished criteria and guidelines for discharge. The child 
should have been able to sit and talk at discharge. 
Younger children or those with neurologic dysfunc-
tion should be close to their pre-sedation level of func-
tion before discharge [ 20 ].   

    Case 8 

 A 17-year-old boy arrived at a Minnesota hospital for 
his scheduled iron infusion. He required premedica-
tion to avoid a rash and hives from the iron transfusion. 
He was given 50 mg of diphenhydramine intravenously, 
100 mg of steroids, and 2 mg of lorazepam. Despite pre-
medication, he developed a reaction when iron was 
infused and subsequently received an additional 50 mg 
of diphenhydramine and 2 mg of lorazepam intrave-
nously. The patient was soon discharged, without a 
responsible adult to pick him up. Fifteen minutes after 
leaving the hospital, the car that the patient was driving 
rolled over at high speed in a single vehicle crash. He 
suffered catastrophic head injuries and died. The state 
trooper who investigated the crash concluded that the 
patient fell asleep while driving. 

 The family sued the hospital that administered the 
sedatives after it was revealed that the nurses who gave 
the medications were not familiar with the drugs nor 
their actions. The family believed the nurses were neg-
ligent for failing to make certain the patient was dis-
charged to a responsible adult. The case was settled 
before trial for $2.35 million [ 60 ]. 

    Teaching Point 
 Medical personnel caring for the sedated patient must 
be familiar with the drugs that are given and their 

actions. The patient must be carefully monitored until 
he or she meets established discharge criteria. A pedi-
atric patient (teenager) should not be permitted to drive 
home alone after receiving sedation for a procedure. 
Since it is diffi cult for a parent to care for her child 
while driving, one should consider prolonged observa-
tion at the medical center if the only adult present has 
to drive the car [ 20 ].   

    Case 9 

 A 15-year-old boy with obstructive sleep apnea and a 
home apnea monitor underwent sedation for a dental 
procedure (wisdom tooth extraction) at a hospital in 
Utah. He was administered 5 mg of intravenous mor-
phine during the procedure and an additional 50 mg of 
intravenous meperidine was administered while he 
was in the Recovery Room. The patient was still som-
nolent after 2 h in recovery but was discharged home in 
the care of his parents soon before the evening closure 
of the recovery room. The parents helped the patient to 
get dressed and he was awake long enough to get into 
their car. At home he fell asleep on the couch and later 
he was found with no pulse or respiration. Paramedics 
were called to the scene and the patient was trans-
ported by ambulance to a hospital where he was 
declared dead. 

 The family sued and claimed that the patient should 
not have been discharged, as he had been too somno-
lent to meet discharge criteria. They also claimed that 
with his history of sleep apnea and home apnea moni-
tor, he should have remained in the hospital overnight 
for observation and apnea monitoring. The coroner 
suggested that the postmortem level of meperidine in 
the patient’s blood suggested that he had taken more of 
this medication after discharge from the hospital. The 
parents denied this and claimed that the boy had 
refused an additional dose of the medication offered by 
a nurse before leaving the hospital. The family argued 
that the coroner failed to take into account postmortem 
redistribution of drug levels. 

 A confi dential settlement was reached [ 61 ]. 

    Teaching Point 
 This was a preventable death, and the case would have 
been diffi cult to defend in court. Despite the dosage of 
narcotics received, the hospital had a clearly defi ned 
overnight policy, requiring hospital admission for any 
patient on a home apnea monitor. The same day dis-
charge violated the hospital’s own policy. Even should 

(continued)
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    Conclusion 

 The majority of children who receive sedation and analgesia 
outside the operating room have a good outcome, and benefi t 
from efforts to reduce pain and anxiety during a procedure. 
Occasionally, there is a preventable complication that is the 
result of substandard care. Those providing care to sedated 
children must vigilantly assess, formulate a plan, and moni-
tor the child in order to minimize potential adverse outcomes. 
Develop and follow written policies and procedures to guide 
care. Act reasonably. Provide high quality care and be pre-
pared to rescue a patient if there is an adverse event. 
Communicate well with patients, families, and staff. Finally, 
careful documentation of the good care delivered will be 
important to defend any litigation (Table  29.3 ).

         Glossary 

     The following are general lay defi nitions of terms common 
to the practice of criminal and civil law. Some of the precise 
defi nitions vary from state to state according to that state’s 
laws and practice.   
  Breach    The violation of an obligation, engagement, or duty.   
  Certifi cate of merit    A certifi cate fi led in a medical malprac-

tice action. Under court rules, it is fi led by the plaintiff’s 
attorney with the complaint (the document that begins the 
lawsuit and contains the plaintiff’s allegations). In a cer-
tifi cate of merit, the plaintiff’s attorney certifi es that he/
she has reviewed the facts of the case, and has consulted 
with a medical expert and concluded that the plaintiff’s 
action has merits.   

  Civil lawsuit    A legal case brought on behalf of an individual 
(plaintiff) against another individual or entity (defendant) 
who acted negligently (below some standard of care) and 
thereby caused them harm. This case is brought for a 
monetary recovery for damages sustained by the plaintiff. 
The plaintiff’s burden of proof in a civil lawsuit is typi-
cally by a preponderance of the evidence, a lesser burden 
of proof than in a criminal  prosecution  12 . A successful 
civil lawsuit usually results in the payment of money for 
the losses sustained by the plaintiff.   

  Criminal Negligence    Acting in a grossly negligent man-
ner. Typically this involves the conscious disregard of a 
known risk of death or serious injury.   

  Defense    Those responsible for representing a defendant in 
a criminal case or a  civil lawsuit  13 . The defense does not 
have the burden of proving innocence or lack of fault.   

  Homicide    The unlawful taking of another’s life. Homicide 
ranges from fi rst degree murder, the taking of a life with 
specifi c intent to kill and with malice, to  involuntary man-
slaughter  14 , an accidental killing where the defendant 
acts unintentionally and without malice but with  criminal 
negligence  15 .   

  Indemnity    A contractual insurance agreement whereby 
the insurer agrees to pay for the insured’s loss or claims 
arising from some contemplated act, such as professional 
negligence.   

  Informed consent    The consent given by a patient to a doctor 
that allows the doctor to perform a certain procedure or 
render particular treatment. The consent is “informed” 
because the doctor has explained the specifi cs of the pro-
cedure or treatment to the patient, including the risks and 

12   Please refer to section “Glossary.” 
13   Please refer to section “Glossary.” 
14   Please refer to section “Glossary.” 
15   Please refer to section “Glossary.” 

   Table 29.3    Preventing malpractice lawsuits related to sedation   

  Practice  “ good medicine ” 
 • Take precautions to prevent adverse outcomes 
 • Ask for help when needed 
  Communicate well  
 • Listen to family members and keep them informed 
 • Speak in terms the family can understand 
 • Develop a sense of trust with the family 
 • Communicate carefully with other staff members 
 • Be cautious during patient handoffs 
  Document carefully  
 • Use a well-designed, time-based record 
 • Keep the medical record neat and professional in appearance 
 • Indicate that information previously obtained was reviewed 
 • Never alter the medical record after discharge of the patient 
 • Correct errors appropriately 
 • Provide written discharge instructions: 

 – Document that these were reviewed verbally 
  Manage errors appropriately  
 • Follow hospital policies 
 • Contact Risk Management Offi ce 
 • Do not attempt to cover up 
 • Investigate errors thoroughly 
 • Disclose errors to families 
 • Apologize when appropriate 

this patient not have had a history of sleep apnea and 
home monitoring, the closing of a Day Surgery 
Recovery Room (implied but not confi rmed in this 
case) does not justify early discharge of a patient who 
is recovering from sedation or anesthesia [ 61 ].   
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alternatives, who has then made a knowing, informed 
decision about whether they want to proceed.   

  Involuntary manslaughter    The unlawful taking of another’s 
life without intent to kill or to harm and without malice, 
but the act is committed with criminal negligence.   

  Jury verdict    The defi nitive answer(s) given by the Jury to 
the court concerning the issues or questions of fact com-
mitted to the jury for their deliberation and determination. 
Depending on the jurisdiction, verdicts in civil lawsuits 
may not require unanimity.   

  Malpractice    Professional negligence. This is an act of 
negligence committed by a professional such as a doc-
tor, a lawyer, an engineer, etc., while acting within their 
profession. The negligent conduct is measured by the 
standard of care in that profession and in that specialty in 
which the professional practices. A doctor who commits 
malpractice is said to have breached the standard of care 
in their area of specialty.   

  Negligence    Failing to act in a reasonably prudent manner.   
  Prosecution    Charging an individual (defendant) with 

a violation of criminal law, marshaling the evidence 
against that individual, presenting the evidence to a 
court or jury and, if a conviction is obtained, proceeding 
to sentencing against the individual. The prosecutor rep-
resents the people of the state where the crime occurred 
and technically not the victim of the crime, although 
the prosecutor often speaks on behalf of the victim. The 
prosecutor bears the burden of proving guilt beyond a rea-
sonable doubt. If a conviction is obtained, the defendant 
faces incarceration.   

  Standard of care    The standard according to which negli-
gence in a particular situation is determined. The care that 
an ordinary prudent person would exercise under similar 
circumstances.   
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        Introduction 

 Children undergoing health-care procedures have specifi c 
needs different to those of adults. Alleviating the pain and 
anxiety that comes with frightening or painful procedures is 
one important example. While parental presence, reassur-
ance, and other strategies are important, pharmacologic 
sedation is often required, and this comes with attendant 
risks. Furthermore, the number of children undergoing pro-
cedures with sedation alone is increasing, particularly 
in locations outside the operating room. This is attributable 
in large part to the increasing variety of available imaging 
and diagnostic technologies [ 1 ,  2 ]. 

 Initiatives to improve the safety of health care have gained 
momentum since the publication of the Institute of Medicine 
report in 2000, which called for a 50 % reduction in adverse 
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events across all health-care domains [ 3 ]. However, much of 
what we know about the rates of adverse events in health 
care comes from retrospective record reviews of hospitalized 
general-patient populations—fi ve large-scale landmark studies 
of this type, employing comparable methods, are summa-
rized in Table  30.1  [ 4 – 9 ]. An adverse event (AE) in these 
studies was defi ned as an injury caused by medical manage-
ment (rather than the underlying disease) and that prolonged 
hospitalization or produced a disability at the time of dis-
charge, or both [ 4 ,  5 ]. Rates of reported AEs varied from 3.7 
to 16.6 %. Findings from these studies relating to the adult 
population were widely reported, but analyzes on pediatric 
populations were not conducted [ 10 ]. Less is therefore 
known about the frequency with which things can go wrong 
during procedures on children, particularly under sedation in 
various locations. However, in a recent large-scale multina-
tional study involving 26 institutions, the incidence of com-
plications during sedation in pediatric patients conducted 
outside of the operating room was examined in 30,037 cases 
[ 1 ]. Participating clinicians were asked to submit data for 
each case, prospectively, using a structured Web-based tool. 
The most common type of procedure for which sedation was 
required was radiologic (62 %), and 98 % of these were mag-
netic resonance imaging (MRI) or computed tomography 
(CT) scans that were not painful, but potentially distressing. 
Overall, 5.3 % ( n  = 1,601) of children in the study were 
involved in some kind of undesirable event or complication. 
The most common event was a reduction in arterial oxygen 
saturation (SpO 2 ) to below 90 % ( n  = 470, 29 %). More con-
cerning complications included cardiac arrest ( n  = 1), aspira-
tion ( n  = 1), laryngospasm ( n  = 13), allergic reaction ( n  = 17), 
prolonged sedation ( n  = 41), prolonged recovery ( n  = 67), 
vomiting ( n  = 142), the requirement for bag-mask ventilation 
( n  = 192), and inability to complete the procedure because of 
inadequate sedation ( n  = 267). These data are not directly 
comparable with data from populations of hospitalized, adult 
general patients, in part because the latter patients would 
typically be undergoing more invasive procedures than those 
requiring only sedation (Table  30.1 ). Nevertheless, it is wor-

rying that children undergoing minor or noninvasive proce-
dures under sedation should experience complication rates 
higher than those seen in two previous estimates of the rate 
of adverse events in hospitalized adult patients—and this 
remains true even if events involving oxygen desaturation 
below 90 % are excluded. In adult patients in general hospi-
tals, at least 35 % of adverse events have been judged to be 
preventable (Table  30.1 ). A recent review of notes for 11,247 
discharged hospital patients suggests that a higher propor-
tion of adverse events are preventable in infants and adoles-
cents than in adult patients (78 % and 79 % versus 41 %, 
respectively). In the same study children were found to be 
1.35 times more likely than adults to experience preventable 
adverse events during diagnostic procedures (which are the 
commonest indication for sedating children outside the oper-
ating room [ 10 ]). These fi ndings suggest risk factors and 
complexities to the care of pediatric patients that are cur-
rently not being adequately addressed. Children have a low 
tolerance for errors. Furthermore, there are many challenges 
to providing sedation outside the operating room (Table  30.2 ). 
Even when following appropriate guidelines, diffi culties are 
common. A study of 1,140 children undergoing sedation in a 
unit in which the American Academy of Pediatrics  guidelines 
were in use found that 13 % received inadequate sedation 
while 5.3 % experienced a respiratory event associated with 
oversedation [ 11 ].

        The Need for a Paradigm Shift 

 The Institute of Medicine in the United States claimed in 
2000 that “health care is a decade or more behind other high- 
risk industries in its attention to ensuring basic safety” and 
called for a paradigm shift in the quality of patient care [ 3 ]. 
Responding to this call, the  100 , 000 Lives Campaign , intro-
duced by the Institute of Healthcare Improvement, reported 
in 2006 the saving of 122,300 lives over a period of 18 
months in American hospitals through the implementation of 
six evidence-based practices [ 12 ,  13 ]. Although this campaign 

     Table 30.1    Summaries of contemporary large-scale studies estimating the rates of adverse events during hospitalized care   

 Study  Sample  When sampled  AE rate  Percentage preventable 

 Harvard Medical Practice Study [ 4 ,  5 ]  30,121 records  1984  3.7 %  Majority 
 51 hospitals 

 Quality in Australian Health Care Study [ 6 ]  14,179 records  1992  16.6 %  48 % 
 28 hospitals 

 Utah and Colorado Study [ 7 ]  15,000 records  1992  2.9 %  – 
 13 hospitals 

 London Study [ 8 ]  500 records  1998  10.8 %  48 % 
 2 hospitals 

 New Zealand Study [ 9 ]  15,000 records  1998  12.9 %  35 % 
 13 hospitals 
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is highly commendable in terms of engaging health- care 
providers and has led to the further  5 Million Lives Campaign  
[ 14 ], it has also been criticized for being unable to demon-
strate what aspects of the intervention were actually effective 
in achieving the result, or that much of the observed reduc-
tion in mortality was not due to other infl uences [ 12 ,  15 ]. 
While systematic approaches to improving safety have 
recently been shown to produce benefi ts in some areas [ 16 – 19 ], 
the improvement of safety in health care has been uneven, 
and in many areas little or no improvement has occurred. We 
suggest that the sedation of children is one such area and that 
preventable adverse events still occur too often in this con-
text. Medication errors are a leading source of adverse events 
in pediatric patients [ 1 ,  20 – 23 ]. Among other things, these 
contribute to both inadequate sedation and excessive seda-
tion with consequent airway complications, cardiovascular 
instability, and prolonged recovery. In many settings the 
management of many of these complications may be almost 
routine, rendering the complications inconsequential (e.g., 
by the provision of supplemental oxygen and jaw thrust) 
[ 24 ]. However, this rapid and easy management highlights 
the importance of many of the system, monitoring, training, 
and perioperative communication issues that are critical for 
the safe sedation of children. 

 Efforts to improve pediatric sedation have focused on 
many of the issues in Table  30.2 , and proxy markers are often 
used as measures of safety or risk for this purpose. Proxy 
markers are indicators that are associated with, but occur 
more frequently than, rare outcomes of interest. They tend to 
focus on structures and processes rather than outcomes and 
so tend to be easier to measure [ 25 ]. Examples of markers of 
safety in sedation include the documentation of fasting for sol-
ids and liquids, the recording of weight, allergies, consent, 

risk assessment, and appropriate vital signs including depth 
of sedation, the presence of appropriate staff, written drug 
orders, and provision of a discharge handout [ 26 ].  

    Medication Errors 

 Medication errors (in any age group) may occur through 
commission or omission [ 27 ,  28 ]. The former involves the 
wrong drug, the right drug inadvertently repeated (so-called 
insertion errors), the wrong dose, the wrong route, or the 
wrong time. In addition, failure to correctly record adminis-
tered medications may also be considered an error because 
of the critical importance of an accurate record in planning 
ongoing patient care [ 22 ,  29 ]. In errors of commission, harm 
may occur through unintended effects of incorrect actions 
(e.g., sedation from dexmedetomidine instead of dexametha-
sone for nausea). In errors of omission, harm may occur 
through the absence of intended effects (e.g., awareness or 
unwanted movement during inadequate sedation). The “six 
rights” of medication administration have been promulgated 
in response to these known failure modes, namely, the right 
patient, dose, medication, time, route, and record of the 
administration [ 22 ]. 

 Experience from pediatric anesthesia suggests uninten-
tional additional medication doses are the most prevalent 
drug error, but wrong drug, wrong dose, and wrong route 
errors are also common; errors with analgesics and antibiot-
ics are particularly common [ 30 ,  31 ]. In intensive care or 
high dependency units, errors are frequent in both the admin-
istration and the prescribing of drugs [ 32 ]. In addition, 
adverse respiratory events arising from sedatives and analge-
sics often refl ect poor choices of drugs and inadequate under-
standing and application of pharmacology, particularly when 
using combinations of drugs [ 33 ]. For example, respiratory 
adverse events are more common with fentanyl/ketamine 
combinations than with ketamine alone [ 34 ]. 

 Dosage errors are also particularly common in children 
[ 5 ,  31 ,  35 ]. The patient’s growth, maturation, and size are 
critical determinants of dose. Clearance, the pharmacoki-
netic parameter dictating maintenance dose, is immature at 
birth and matures over the fi rst few years of life. Bupivacaine 
toxicity has occurred in infants receiving continuous regional 
neuronal blockade through failure to appreciate immature 
clearance [ 36 ]. Clearance has a nonlinear relationship to 
weight [ 37 ]: when clearance is expressed using a linear func-
tion (e.g., L h −1  kg −1 ), it is highest in the 1- to 2-year-old age 
band and decreases throughout childhood until adult rates 
are achieved in late adolescence. Drug doses scaled directly 
from an adult dose (in mg kg −1 ) will typically be inadequate. 
Consequently, propofol when used as an infusion for seda-
tion in children requires a proportionately higher dose rate to 
achieve the same target concentration as in adults [ 38 ]. 

     Table 30.2    Factors that may increase risk in children undergoing 
sedation, especially outside the operating room   

 • Weight-based and off-label use of drugs a  
 • Changing physiology and dose and drug effect with age a  
 • Sedation monitoring systems and scores that vary and change 

with age a  
 • Limited reserves to tolerate dose inaccuracies a  
 • Diffi culty in maintaining homeostasis because of small size and 

immature physiology a  
 • Congenital conditions and comorbidities a  
 • The increasing number and complexity of sedation cases 

conducted in children a  
 • Sedation performed under urgency 
 • Sedation performed in a variety of different locations with no 

standardized backup or safety equipment 
 • Sedation performed by a variety of staff, including 

anesthesiologists, emergency ward staff, cardiologists, nurses, 
and house offi cers 

 • Variability in target depth of sedation and in sedation training 

   a Those particularly applicable to pediatric patients  
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Similarly, the use of remifentanil parameters derived from 
adult studies for infusions in children results in lower con-
centrations than anticipated because clearance expressed per 
kilogram is higher in children [ 39 ]. 

 There is substantial between-subject variability of 
response to any given dose. Pharmacodynamics has been 
inadequately studied in children and especially in infants. It 
follows that reliance on dose is not enough to judge effect 
reliably, and sedation must be monitored. This is diffi cult in 
young children, partially because of a lack of objective mea-
sures of effect in this group (e.g., processed EEG); instead it 
is necessary to rely on observation and on measurement tools 
(such as sedation scores) based on observation. However, 
observation may be diffi cult when children are undergoing 
certain radiological procedures, such as MRIs, for example. 
This diffi culty in assessing sedation increases in children 
who have preexisting cerebral pathology [ 40 ] or behavior 
disorders [ 41 ] or who are very young [ 42 ]. 

 The paucity of integrated pharmacokinetic- 
pharmacodynamic (PK-PD) studies of intravenous sedation 
in children, particularly sedation involving multiple drugs, 
predisposes to inadequate or excessive dose. Drug interac-
tions may occur with mixtures used for sedation, but they 
may also be consequent to longer-term therapy with other 
drugs. For example, phenobarbital, used for seizure control, 
induces CYP3A4, an enzyme responsible for ketamine clear-
ance. Thus, the sedative effect of ketamine, which is metabo-
lized by CYP3A4, is reduced in children on long-term 
phenobarbital therapy [ 43 ,  44 ]. 

 Infants are unable to swallow pills, but pediatric oral for-
mulations are not available for the majority of commercially 
available medications. When no liquid oral formulation is 
available, intravenous preparations are often administered 
orally (e.g., of midazolam or ketamine) without adequate 
information about their absorption characteristics, hepatic 
extraction ratio, or the effect of any diluent used to improve 
palatability; this may lead to inappropriate dosing [ 45 ]. 

 Children generally require smaller doses than adults. 
Because medications are packaged for adult use, dilution is 
commonly required in pediatric anesthesia. This further pre-
disposes to dosage errors [ 5 ,  35 ], often in the form of tenfold 
overdoses because mistakes with the decimal place are easy 
to make [ 46 ]. Technique is particularly important in the 
administration of medications to small children and babies. 
Some of the intended dose of a medication may easily be 
retained in the dead space of any part of an intravenous 
administration set, or in a syringe, with the result that the 
desired effect may not be obtained. Subsequently, an unin-
tended dose of this medication may be given inadvertently, 
fl ushed from the dead space by the later injection of another 
medication. The effect then may be excessive, untimely and 
potentially lethal [ 47 ]. Apnea, bradycardia, hypotension, and 
hypotonia have been reported in a premature neonate weighing 

1.6 kg after an overdose of morphine, arising from medication 
unintentionally retained in a syringe [ 48 ]. 

 Although medications are usually prescribed on a weight 
basis (e.g., in mg kg −1 ), children are often not weighed. 
A survey of 100 children’s notes in a busy emergency depart-
ment revealed that only 2 % were weighed prior to the 
prescribing of medication [ 49 ]. Twenty-nine percent of phy-
sicians’ estimates, 40 % of nurses’ estimates, and 16 % of 
parents’ estimates differed from actual weight by more than 
15 % [ 50 ]. The accuracy of methods used to estimate weight 
also varies [ 51 ,  52 ]. 

 Given the many factors that predispose to medication 
error in small children (Table  30.2 ), the importance of moni-
toring (particularly the degree of sedation) is obvious. Stress 
should also be placed on protocols (e.g., for measuring 
weight) and training (e.g., in the differences of PK-PD phar-
macology between children and adults). Finally, guidelines, 
technology, and equipment need to be suitable for children 
rather than simply adapted from adult applications.  

    The Clinical Microsystem 
as a Unit of Analysis 

 A clinical microsystem is a group of “clinicians and staff 
working together with a shared clinical purpose to provide 
care for a population of patients” [ 53 ]. Understanding the 
operation of the clinical microsystem that delivers pediatric 
sedation is the key to identifying aspects for improvement. 
The elements of this microsystem include the patients, the 
clinicians, support staff, information technology, supplies, 
equipment, and care processes—and elements may be spread 
over various locations within the organization or beyond into 
the community. Certain roles, such as the person administer-
ing sedatives, may be held by individuals from different pro-
fessional groups from instance to instance. The training of 
these individuals, and the approaches and standards used by 
them, may differ. In addition, sedation occurs in a variety of 
locations, which contributes to the variation in the staff avail-
able to perform the sedation, the equipment used, and the 
available safety and backup systems. This variation in loca-
tion creates risks that do not apply to a team that performs in 
a fi xed location, such as an operating room. In an operating 
room, the team typically has a designated number of defi ned 
roles fi lled from specifi ed professional groups (such as 
nurses, anesthesiologists, and surgeons). Equipment tends to 
be reasonably standardized, and the way in which the mem-
bers of the team perform their duties and interact with each 
other is relatively formalized. 

 To understand the operation of a clinical microsystem, the 
fi rst step is to identify the personnel and other components 
that comprise the microsystem and then map the functional 
relationships of each to the others. Such a map can then be 
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used as a guide to collect information on the operation of 
the microsystem and to identify gaps between how the 
microsystem is intended to operate and how it actually does 
operate. Strengths should be identifi ed as well as weak-
nesses. The concept of “positive deviance” is that in any 
domain a few individuals facing risk will follow “uncom-
mon, benefi cial practices” and therefore experience better 
outcomes than their counterparts [ 54 ]. Once identifi ed, these 
positively deviant strengths can be formalized, shared, and 
promoted more widely. The ultimate goal is to fi nd ways to 
improve the connections between the elements of the micro-
system, enhance its performance, and promote better out-
comes [ 55 – 57 ]. 

 Although the clinical microsystem seems likely to be a 
useful unit of analysis for the purposes of improving clinical 
safety during pediatric sedation, it is also necessary to con-
sider the nature of its constituent parts, namely, humans and 
technology, and the way these interact. The complexity of 
technology used in health care today and the psychological 
determinants of human error remain important and underap-
preciated factors in the genesis of poor clinical outcomes.  

    People Versus Systems 

 Traditionally, safety in medicine has largely depended on the 
resolve and vigilance of individual clinicians to anticipate 
and avoid dangerous outcomes. Such an approach to safety 
has been called the person-centered approach, because all 
responsibility for safety rests on the shoulders of the indi-
viduals in the workplace [ 58 ,  59 ]. For the majority of the 
time, the person-centered approach works reasonably well in 
most organizations. Even in error-prone environments, 
skilled personnel can often perform adequately or even very 
well, fi nding inventive and creative ways to keep operational 
activities within desired limits despite defi ciencies in techni-
cal and organizational aspects of their environment [ 60 ]. 
People should not be expected to perform like machines, 
which execute the same tasks repeatedly without deviation. 
Indeed, recovery from an unexpected event or other depar-
ture from the routine is one of the strengths of human intel-
ligence (and a weakness of machines) and is a key feature of 
the avoidance of adverse events in complex endeavors. 
However, personal resolve to avoid bad outcomes is not suffi -
cient: simply deciding to avoid error is, on its own, doomed to 
failure. In work environments where perfect performance is 
required every time and where error may lead to devastating 
consequences, the person-centered approach is insuffi cient to 
guarantee the requisite levels of safety and performance in the 
long term. 

 An important consequence of the person-centered 
approach is that the search for the reasons that things go 
wrong is typically not expanded further than those individu-

als immediately involved in the accident. All clinicians, no 
matter how resolved, will sooner or later make errors—sim-
ply because they are human and error is a statistically inevi-
table concomitant of being human [ 58 ,  59 ,  61 ]. Under the 
person-centered approach, when clinicians make mistakes, 
as they inevitably will, they are typically blamed for their 
carelessness and told to try harder to avoid error. Typically, 
little or no effort is made to identify the features of the system 
that predisposed or contributed to the error. This leaves such 
features active in the environment to precipitate similar 
errors in the future. Reason has called these features “passive 
errors” [ 58 ] or “latent factors” [ 62 ]. In the ultimate person- 
centered response, eliminating (e.g., through dismissal) the 
person who made the error simply sets up the replacement 
person for the same error to happen again. All medical systems 
contain many features that can only be described as acci-
dents waiting to happen, and the relentless increase in the 
complexity of medical technology and treatment means that 
resolve and vigilance alone are increasingly inadequate to 
ensure the safety of patients [ 63 – 66 ].  

    Making Sense of Uncommon Adverse Events 

 Repeat even a safe activity often enough and eventually an 
accident will result—this phenomenon has been called the 
law of large numbers [ 67 ,  68 ]. The simple realization that the 
probability of an accident or failure can never be absolutely 
zero is one of the central ideas to come from the study of 
high-technology systems, including aviation, nuclear power, 
and space exploration [ 66 ,  69 ,  70 ]. Health care is a highly 
developed technological system, and the number and com-
plexity of patients continues to increase year on year. It fol-
lows that the number of patients harmed by their procedures 
must also increase (given a constant, or even slowly decreas-
ing underlying risk of harm). Thus, even though health care 
is almost certainly safer today than it has ever been in terms 
of relative risk (at least in high-income countries), it is caus-
ing harm to a record number of patients. However, relative 
risk estimates or Bayesian inference do not come intuitively 
to many people when they are required to interpret the occur-
rence of such adverse events [ 71 ]. Humans tend to focus on 
the total number of bad outcomes, regardless of the associ-
ated number of trouble-free outcomes [ 72 – 75 ]—on the 
numerator alone, rather than the ratio of numerator to 
denominator. We tend to have a fi xed idea of how many plane 
crashes or medical mishaps are tolerable each year, regard-
less of the total number of planes in the sky, or patients 
treated. The current alarm about the safety of health care 
suggests that the number of patients harmed each year may 
be approaching the fi xed level over which many people will 
cease to view health care as safe (Fig.  30.1 ). A further conse-
quence of the law of large numbers is the fact that an adverse 
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event of any particular type will not be seen often, or at all, 
by any particular clinician—thus, clinical impressions can be 
considerably biased in relation to the true rate and impor-
tance of the adverse event [ 76 ]. Such bias can lead either to 
an underestimate (if the adverse event has never been 
encountered—the clinician perhaps believing that this is 
because his or her practice is better than average) or to an 
overestimate (if the clinician has been unfortunate enough to 
have had perhaps two or three bad experiences with the 
adverse event). Quantifying the true rate of any infrequent 
adverse event requires a systematic approach. It is trivial to 
estimate statistically the sample size needed to gain a reason-
able estimate of any particular low incidence phenomenon: 
such studies often require data collection from thousands of 
patients, which can be prohibitive. Both these consequences 
of the law of large numbers, that is, not considering the 
denominator and the bias present in clinical impressions, 
impede the development of effective algorithms for dealing 
with uncommon adverse events and present a signifi cant 
challenge for evidence-based health care. To continue to be 
viewed as safe, all technologies must become progressively 
safer with increasingly widespread use. Many aspects of 
medical technology have so far failed to achieve this.

   One of the most promising approaches to the improvement 
of safety in health care involves the adoption of what has 
been called the systems approach [ 64 ,  77 – 79 ]. This differs 
from the human-centered approach in that it widens the focus 
of safety initiatives from the individual to include the “sys-
tem” in which individuals work and emphasizes the elimina-
tion of unsafe aspects of equipment, procedures, work 
environments, and organizations. There are good examples 
of changes to particular aspects of systems that have dramati-
cally improved safety, such as the inclusion of anti-hypoxic 
devices in modern anesthetic machines to prevent the omis-
sion of oxygen [ 80 ]. However, many of the straightforward 
opportunities for simple improvements through engineering 

innovations have been taken, and further implementation of 
the systems approach in health care will increasingly depend 
on a deeper understanding of the nature of human error, the 
factors that engage humans in changing behavior, and the 
way specifi c health-care systems fail. Critically, this better 
understanding will need to be followed through to the redesign 
of specifi c unsafe features within health-care systems.  

    The Nature of Human Error 

 Human errors are not random events. Their nature in any 
particular circumstance, and even the frequency with which 
they occur, can be predicted to a large degree through an 
understanding of the underlying mechanisms of human psy-
chology [ 58 ,  81 – 86 ]. The capacities of our cognitive facul-
ties are fi nite and imperfect. We can absorb, store, and 
process only a small portion of the information or stimuli in 
the world at any given time. We often act on “autopilot” 
without being consciously aware of many of the details of 
our actions, yet remain distractible. In addition, our memo-
ries are selective and dynamic. We remember certain events 
better than others on the basis of their signifi cance to us as 
individuals, our recent similar experience, or the task we 
were engaged in at the time. Even once committed to mem-
ory, information in our heads changes over time, and recall 
can be partial and slow. Most of these limitations, far from 
being shortcomings, are in fact coping mechanisms honed 
by millions of years of human evolution [ 85 ,  87 ,  88 ]. 
Likewise, being able to carry out sequences of behavior in 
an automatic manner, without being consciously aware of 
the individual actions that make each up, allows us to per-
form more than one action at a time and frees up limited 
cognitive resource to monitor life-threatening or otherwise 
important events in the environment. For example, while 
engrossed in reading a book, we remain able to react appro-
priately to developing circumstances around us, for exam-
ple, by noticing that the house is on fi re. The upside of the 
nature of our cognitive faculties is that we perform quickly, 
often creatively, and typically very well for the vast majority 
of the time [ 89 ]. The downside is that under certain circum-
stances, we can be predisposed to make particular types of 
error [ 58 ,  83 ]. 

    Error Types 1  

 Psychologist James Reason, drawing on the work of Jens 
Rasmussen in particular, has defi ned a theoretical framework 

1   Some of the material in the section  Error Types  is drawn from the fi rst 
author’s PhD thesis: Webster CS.  Implementation and Assessment 
of a New Integrated Drug Administration System  ( IDAS )  as an Example 
of a Safety Intervention in a Complex Socio - technological Workplace . 
Auckland: University of Auckland, 2004. 

  Fig. 30.1    What is considered safe is generally perceived as a fi xed 
level of accidents for any particular technology (reproduced from 
Webster CS. Why anesthetizing a patient is more prone to failure than 
fl ying a plane. Anaesthesia. 2002;57:819–820, with permission from 
John Wiley and Sons)       
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called the generic error-modeling system (GEMS) by which 
human behavior and errors can be classifi ed [ 58 ,  62 ,  90 ,  91 ]. 
In the GEMS, human behavior is seen as being controlled by 
either conscious or automatic processes or a mixture of these 
two control modes (Fig.  30.2 ). Such control modes lead to 
three relatively distinct forms of human behavior. The three 
forms of human behavior also lead to three general classes of 
human error.

       Knowledge-Based Errors (or Errors 
of Deliberation) 

 At the highest level of conscious awareness, the conscious 
control mode is slow, prone to error, requires effort, and 
operates sequentially (i.e., it deals with one thing at a time) 
[ 58 ,  62 ]. However, it can deal with completely novel and 
complex problems and is a primary source of human knowl-
edge. The increased cognitive effort required when learning 
a new task appears to be directly refl ected in the physiolog-
ical activity of the brain. Novelty requires a “full-brain” 
conscious response, resulting in a large increase in brain 
activity [ 92 ]. In contrast, a familiar situation where an 
existing skill or rule can be applied results in little increased 
brain activity yet leads to smoother behavioral perfor-
mance. Typically, we resort to the conscious control mode 
only when our stock of existing rules has become exhausted. 
This is not because we are mentally lazy, but because in 
most circumstances reasoning from fi rst principles, using 
the conscious control mode, would take much too long. In 
addition, the operation of the conscious control mode (or 
the process of deliberation [ 85 ]) is probably the most error-
prone human control mode. Furthermore, this process is 
often based on an incomplete or inaccurate “knowledge 
base”; some of this knowledge may reside in our minds and 
be amenable to training, but much of it is in the world, 

including in other people’s minds. Thus, faulty decisions 
often refl ect mental models that are subtly out of line with 
reality. This is the source of the term “knowledge- based 
errors,” but in fact this phenomenon can promote rule-
based errors as well. In addition, human deliberation suf-
fers from a number of known biases, including confi rmation 
bias (arriving at a conclusion and then adapting the facts to 
fi t it), frequency bias (using the fi rst information to mind), 
and similarity bias (attempting to solve two superfi cially 
similar, but different, problems in the same way) [ 58 ,  85 ]. 
Attempts to remove or mitigate such biases have been 
made, most recently through a process called cognitive 
debiasing, which proposes a suite of educational and men-
tally refl ective initiatives aimed at “recalibrating” the mind 
in order to improve clinical tasks such as diagnoses [ 93 ,  94 ]. 
All such initiatives, however, start with gaining a better 
understanding of human psychology.  

    Rule-Based Errors 

 Rule-based behavior is the next level down in terms of the 
degree of conscious awareness required for the execution of a 
behavior—using the intermediary or mixed control mode 
(Fig.  30.2 ) [ 58 ,  62 ]. Acting in a rule-based way typically 
involves the conscious recognition of a familiar set of circum-
stances and the application of a learned rule. Applying an 
existing rule is much faster and less effortful than delibera-
tion, and the majority of decisions in health care involve the 
application of rules in this way. Appropriately, the bulk of 
education in health care focuses on the acquisition of a very 
large rule base. Rule-based errors typically involve either the 
misinterpretation of a set of circumstances and hence the 
application of a good rule in the wrong situation or the appli-
cation of a bad or inadequate rule that is thought to suffi ce. As 
an individual’s repertoire of rules increases, with ongoing 

  Fig. 30.2    The three modes of 
human performance (in clouds) 
and their relationship to the 
control modes and situations in 
which they are employed 
(adapted from Reason [ 58 ,  62 ]). 
Many attempts to improve safety 
in health care simply call for 
clinicians to pay more attention 
to their work, but fully conscious 
control of routine work is a mode 
of performance that is not 
sustainable in human nature (this 
imaginary zone in human 
performance is indicated by the 
question mark). We must look 
elsewhere for better and more 
effective methods of safety 
improvement       
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education and experience, he or she becomes more expert and 
is able to apply an appropriate rule in a much larger number 
of circumstances. Thus, an expert is likely to be equipped 
with a much greater, and typically more reliable, resource of 
rules than a novice [ 85 ] and will need to resort to deliberation 
(i.e., actively reasoning from fi rst principles) less often.  

    Skill-Based Errors 

 The unconscious control mode is fast (often refl ex-like), 
effi cient, but rigid. It is the control system that allows “auto-
matic” or skill-based behavior and comprises a collection of 
highly learned, frequently used routines or skills. Skill-based 
behavior tends to be so well learned that once started a 
sequence will often run through to completion without much 
further involvement from conscious awareness, for example, 
tying shoelaces or signing your name. In addition, the rec-
ognition of subtle cues and patterns by experts is often done 
at the unconscious level, leading to masterly and rapid per-
formance that the individual often has diffi culty explaining 
after the fact other than in terms of intuition, often stating 
simply that “they just knew” [ 84 ]. 

 Experts have a large repertoire of skill-based behaviors, 
which allow them to perform at higher levels of effi ciency than 
novices. Skill-based performance allows multitasking while 
requiring the least cognitive effort of any form of human per-
formance. A novice will often labor over a single task that an 
expert can perform in seconds, and simultaneously with other 
tasks, simply because the novice has yet to acquire the ability 
to perform the task at the skilled-based level [ 58 ,  62 ]. 

 Without skilled-based behavior, few of us would be able to 
perform even the simplest of everyday tasks, yet ironically 
skill-based expertise can also predispose us to make certain 
errors [ 95 ]. The ability to drive to work by an accustomed 
route while mentally planning the morning’s activities is usu-
ally advantageous. However, if your workplace has recently 
changed, it is possible to fi nd yourself halfway to the old, 
familiar address before realizing that you are traveling in 
entirely the wrong direction. Errors like these do not usually 
matter, because under normal conditions there is time to com-
pensate for them—recovering from error is one of the greatest 
strengths of human intelligence [ 89 ,  96 ]. However, in certain 
error-intolerant environments, such as health care, typical 
everyday errors can lead to disaster so quickly that there is no 
time to prevent the consequences. The ability of a clinician to 
administer a drug while simultaneously calling further treat-
ment instructions to an assistant in an emergency is a situa-
tion where the advantages of skill- based behavior may make 
the difference between life and death. However, such circum-
stances may also predispose a clinician to administer the 
wrong drug if drugs are poorly labeled and are used in an 
environment with inadequate safeguards. Novices are less 

likely to make such drug errors, simply because they do not 
possess the skill base with which to perform many of the 
actions involved at the unconscious level. However, a novice 
is likely to respond too slowly to provide effective patient 
care in a life-and-death emergency. 

 Two of the commonest categories of skill-based error are 
slips, in which an expert correctly performs a well-learned 
skill in incorrect circumstances (e.g., injection of the wrong 
drug), and lapses, in which an expert misses a step in a well- 
learned and otherwise correctly executed skill sequence 
because of momentary interruption from the environment or 
concurrent tasks (e.g., a busy clinician failing to record the 
administration of a drug) [ 29 ,  95 ,  97 ]. Both kinds of errors 
occur because the expert is able to perform skill-based 
behaviors largely unconsciously. Therefore, unlike perfor-
mance of the rule-based type, greater expertise does not 
reduce the chance of error in skill-based performance. It is 
little appreciated that experts, in fact, can be expected to 
commit more slips and lapses than novices simply because 
they have a larger skill base at their disposal [ 58 ].  

    Technical Errors 

 A further kind of skill-based error common in health care has 
been described by Runciman and colleagues as the technical 
error [ 98 ]. A technical error can occur when the correct rule 
is employed, when no slip or lapse occurs, but where the 
desired outcome is not achieved because of a mismatch 
between the required technical skill and the applied technical 
skill. In the placement of an epidural catheter, for example, 
the tip may be inserted too far, resulting in the complication 
of dural tap, or it may not enter the epidural space at all, 
resulting in no anesthetic effect. The primary factor contrib-
uting to such technical errors is variability of patients and of 
physicians. During the insertion of an epidural catheter, the 
physiology of some patients may make insertion more diffi -
cult than others and some physicians are more skilled than 
others. Physicians also have good and bad days. If the diffi -
culty of a particular patient is beyond the skill of a particular 
physician on the particular day, a dural tap or failed insertion 
may occur. Whether this is an error or not is a normative mat-
ter. If the epidural was one that a reasonable practitioner 
could usually have achieved, then, arguably it was a techni-
cal error. However, some tasks in medicine, including some 
epidural insertions, are technically impossible for the vast 
majority of practitioners with contemporary equipment and 
techniques. It seems unreasonable to refer to failure in these 
circumstances as error. Error should not be judged primarily 
by the outcome but by the process involved in its commis-
sion. Many anesthesiologists will know the feeling, in real-
izing that they have performed a dural tap (in this example), 
that they somehow just got it wrong—that they made a 
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technical error. Golf provides a good illustration of this idea. 
No golfer living today would classify failing to get a hole in 
one from a distance of 150 m as a technical error, but many 
would readily relate to the idea that an uncharacteristic slice 
into the rough of a drive from the tee was a technical error. 

 The challenge of patient variability should not be underes-
timated. Unlike many high-technology endeavors where a 
great deal of standardization is possible, health care clearly 
must contend with the subtle physical variations and abnormal 
anatomies that exist in individuals—differences that are often 
unknown and unknowable before the procedure has begun. 
This is quite a different situation than with a manufactured 
artifact, such as an aircraft, where its exact structure and func-
tion can be known and where these details are documented. As 
Atul Gawande has put it, “a study of forty-one thousand 
trauma patients in the state of Pennsylvania—just trauma 
patients—found that they had 1,224 different injury- related 
diagnoses in 32,261 unique combinations. That’s like having 
32,261 kinds of airplane to land” [ 99 ]. Furthermore, unlike 
aircraft, none of these 32,261 unique trauma cases came with 
a manual.   

    Exhortation and Protocols 

 Despite these complexities, typically little training or education 
on the psychology of error or the nature of human behavior is 
provided during a health-care career. Efforts aimed at reducing 
error in health care often involve exhortation to be more care-
ful at worst or the creation of new safety procedures and pro-
tocols at best [ 59 ,  100 ,  101 ]. Both these approaches to error 
reduction focus on the individual clinician and so are consis-
tent with the human-centered approach. This view holds that 
all error is due to forgetfulness, inattention, poor motivation, 
carelessness, negligence, and recklessness [ 102 ]—paying 
more attention or following often lengthy safety protocols is 
therefore expected to stop error. Exhortation alone to be 
more careful, particularly with respect to skill-based perfor-
mance, is equivalent to asking clinicians to perform all their 
duties with the conscious  control mode. However, fully con-
scious control of routine behavior is a human performance 
mode that is not sustainable for anything more than  very  
short periods, especially when individuals are required to 
possess a skill base related to the tasks they are being asked 
to perform. In Fig.  30.2  this imaginary zone in human perfor-
mance is indicated with a question mark.  

    The Effects of Fatigue 

 Physical and mental fatigue increase with sleep deprivation, 
and increased fatigue leads to increased likelihood of the 
occurrence of the error types previously mentioned [ 103 ,  104 ]. 

Humans also experience a normal circadian cycle in sleepiness 
through the 24-h day, increasing in late afternoon (from 
2 PM to 6 PM) and early morning (from 2 AM to 6 AM) 
where performance can be impaired [ 105 ,  106 ]. For exam-
ple, the circadian nadir of human performance has been 
implicated in a number of notorious industrial accidents such 
as the Bhopal chemical plant accident in 1984 that killed 
3,787 people; the Chernobyl nuclear reactor accident in 
1986, which it has been estimated may eventually kill 27,000 
people internationally through cancer; and the Three Mile 
Island nuclear reactor accident in 1979 (discussed in more 
detail later) [ 70 ]. 

 Much of the research into the effects of fatigue involves 
test tasks, notably the psychomotor vigilance task (PVT), 
administered over short periods in a quiet room with no dis-
tractions—conditions that have little in common with the 
work of an anesthesiologist. Furthermore, increased mental 
effort and the effects of adrenaline may counter the effects of 
fatigue, at least temporarily, and so some doubt remains over 
whether the risk of error during anesthesia is necessarily 
increased by moderate degrees of sleep deprivation [ 104 , 
 107 ,  108 ]. Evidence that fatigue impairs surgical perfor-
mance is also less than clear [ 109 ]. On the other hand, some 
participants in a simulation-based study of anesthesia resi-
dents fell asleep for brief periods [ 110 ], and 48.8 % of 
respondents to a survey of Certifi ed Registered Nurse 
Anesthetists had witnessed a colleague asleep during a case 
[ 111 ]—events that seem hard to defend. Other studies in 
health care have demonstrated increased risk of signifi cant 
medical errors, adverse events, and attentional failures asso-
ciated with fatigue [ 108 ,  112 – 114 ]. For example, on the 
basis of 5,888 h of direct observation, interns working tradi-
tional schedules involving multiple extended-duration shifts 
(≥24 h) per month have been found to make 20.8 % more 
serious medication errors and 5.6 times more serious diag-
nostic errors than when working without extended-duration 
shifts [ 115 ]. It is also relevant that Dawson has shown that 
shifts of 16 h or more are associated with reductions in per-
formance equivalent to the effects of alcohol intoxication as 
legally defi ned [ 116 ]. However, the causes of human fatigue 
are not confi ned to the work place, and it is also unclear that 
all recommended fatigue countermeasures are effective in 
improving patient care. For example, reducing the work 
hours of residents has resulted in more handovers of care, 
and these in themselves are a known source of patient risk 
due to communication failure [ 117 ,  118 ]. Attempts to reduce 
working hours for clinicians have been made in various 
countries, but, in many, current hours worked remain higher 
than in other safety-critical industries such as the aviation 
industry [ 114 ,  119 ]. Furthermore, limitations to residents’ 
hours of work are more common than limitations to the hours 
that senior doctors may from time to time be asked to work 
[ 120 ]. In general, though, some reasonable limits on work 
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hours are appropriate. Strategic napping may also be effective 
in bringing relief from fatigue [ 106 ,  119 ], and facilities 
should be provided to allow this.  

    Human Factors and the Culture of Safety 

 In recent years there has been growing interest in the adoption 
of the “safety culture” of the aviation industry in anesthesia, 
and the analogy of the anesthetist as the “pilot” of his or her 
patient has become well known [ 121 ,  122 ]. The aviation 
industry in the United States began adopting systematic 
approaches to improving safety in the 1920s when the fi rst 
laws were passed to require that aircraft be examined, pilots 
licensed, and accidents properly investigated. The fi rst safety 
rules and navigation aids were then introduced. The fi rst 
aviation checklist was introduced following the crash of the 
Boeing Model 299 in 1935, killing two of the fi ve fl ight crew, 
including the pilot, Major Ployer Hill [ 99 ,  123 ]. The Model 
299 was a new, more complex aircraft than previous models, 
and during the more involved process of fl ight preparation, 
Major Hill omitted a critical step—he forgot to release a 
catch, which on the ground locked the aircraft’s control fl aps. 
Once in the air this mistake rendered the aircraft uncontrolla-
ble. The crash investigators realized that there was probably 
no one better qualifi ed to fl y the aircraft than Major Hill and 
that despite this the fatal error was still made. Some initially 
believed that the new aircraft was too complicated to be fl y-
able. Given the circumstances of the accident, the investigators 
realized that further training would not be an effective response 
to prevent such an event from occurring again. Thus, the idea 
of a checklist emerged: a simple reminder list of critical steps 
that had to occur before the aircraft could leave the ground. 
With this checklist in use, the Model 299 (and later versions of 
it) remained in safe operation for many years. 

 A teamwork improvement system called Crew Resource 
Management (CRM), primarily focused on nontechnical 
skills such as communication in the cockpit, followed 
 checklists in aviation in the early 1980s [ 75 ,  123 ]. Aviation 
checklists have subsequently been applied to many other 
routine and emergency aspects of aircraft operation and are 
today organized hierarchically in a binder such that in an 
uneventful fl ight only the topmost checklist is required. 
However, if operating conditions deviate for the routine, the 
checklist hierarchy forms a decision tree through which 
additional relevant checklists are brought to bear on each 
abnormal set of conditions, for example, managing an engine 
fi re [ 99 ,  124 ]. In this way checklists coordinate the actions of 
those in the cockpit with each other and with members of the 
wider microsystem of aircraft operation, including members 
of the cabin crew, aircraft traffi c control personnel, and 
through traffi c control, other aircraft. It should be empha-
sized, however, that checklists do not substitute for training 

and expertise; they are simply a form of aide-memoire to 
assist in making training and expertise more effective. The 
ongoing training of pilots is itself a model for safety improve-
ment that health care is only now beginning to adopt. 

 Today, much technical and nontechnical fl ight training 
occurs in sophisticated immersive fl ight simulators. The 
result of this on-going program of training in human factors 
relevant to fl ying is an enviable safety record for the aviation 
industry. Commercial air travel is now by far the safest form 
of transportation by distance—resulting in only 0.05 deaths 
per billion kilometers traveled, compared with 3.1 and 108 
deaths per billion kilometers traveled by car and motorcycle 
transportation, respectively [ 123 ]. It is worth noting that even 
the latter risks are much lower than that of anesthesia. This 
can be seen if the risk of death attributable to anesthesia is 
assumed to be 1 in 200,000 cases (and we believe this to be an 
optimistic estimate) [ 125 ,  126 ], and both this and the rates for 
road transportation are converted to a time basis. People are 
generally much more likely to die in a road accident than dur-
ing an anesthetic, but that is because of the relative exposures 
to these risks, rather than to the rates of risk themselves. 

    Simulation and Safety 

 Modern manikin-based simulators were fi rst introduced in 
health care in the 1960s and have since been used primarily 
for technical skills training such as airway management and 
life support. In the 1980s, more immersive simulation envi-
ronments incorporating such manikins were developed and 
training began to include crisis management during rare 
events and the safety of care [ 127 ]. A version of CRM for 
anesthesia was fi rst promoted in the early 1990s, but non-
technical skills training for complete clinical teams, includ-
ing surgical staff, is (surprisingly) a recent innovation [ 128 , 
 129 ]. The slower uptake of simulation in health care proba-
bly refl ects the greater technical challenge of simulating the 
human body and its various responses to health-care inter-
ventions. Considerable realism can be achieved today [ 130 , 
 131 ], but a key defi cit in anesthesia simulation lies in the fact 
that the simulators require an operator. Although some of the 
physiologic models are impressive on their own, there is a 
long way to go before a simulator will automatically respond 
to the interventions of anesthesia in the way a healthy patient 
does, let alone the way patients with various pathologies 
might do. Again, this refl ects the fact that anesthesia, involv-
ing human patients, is much more complex than aviation, in 
which pilots expect to work with standardized and fully 
functional aircraft. Certainly weather varies, but if safety is 
in doubt, fl ights are deferred. With many acute patients, the 
avoidance of risky conditions is not possible. Furthermore, 
although there is emerging evidence of the transfer of learn-
ing in clinical simulators to the real world, much work needs 
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to be done to assess the validity of many aspects of health- 
care simulation [ 131 ,  132 ]. While fl ight simulators have for 
many years been suffi ciently immersive and realistic that a 
pilot trained entirely in the simulator can step into a real 
aircraft and fl y it without further training, it will be many 
years before simulation in health care reaches this level of 
sophistication.  

    Teamwork and Communication 

 An additional challenge for modern health care is that its 
multi-professional nature hinders the changing of work cul-
ture and increases the risk of poor teamwork and communi-
cation failure [ 133 – 135 ]. Communication strategies used by 
hospital personnel have not kept pace with the increasing 
complexity of care and have changed little, if any, in decades. 
A clinical team is often comprised of a disparate set of indi-
viduals from different schools of training with different skill 
sets and world views who must somehow work together to 
bring about a successful outcome for a unique patient with a 
unique presentation—and this is likely to be particularly the 
case during sedation outside the operating room. As a conse-
quence, observational research in health care demonstrates 
that failures in teamwork and communication are relatively 
common, particularly when handing over patient care from 
one health-care team to another and when a patient is receiv-
ing multidisciplinary care involving a number of profes-
sional groups simultaneously [ 133 ,  136 ,  137 ]. Furthermore, 
the communication that does occur during multidisciplinary 
care often happens in silos, that is, within a professional 
group rather than between groups. Professional silos mani-
fest an unwillingness to speak up to challenge others, a lack 
of engagement in team decision making, and poor agreement 
on shared goals [ 133 ,  138 ]. Poor communication of this sort 
has been associated with compromised patient safety, 
increased rates of procedural errors, patient harm, signifi cant 
additional costs, and work place dissatisfaction [ 56 ,  139 ]. 
However, team processes can be improved. A recent system-
atic review of 28 qualifying papers reports on team processes 
such as communication, coordination, leadership, and non-
technical skills; from 66 comparisons of a team process vari-
able with a performance variable, 40 (61 %) were found to be 
signifi cantly related [ 140 ]. Of the 11 studies reporting team 
process interventions, 7 (66 %) showed signifi cant improve-
ments after the intervention. 

 Salas et al. [ 141 ] have proposed a model for teamwork 
based on empirical evidence from teams across diverse orga-
nizations that is informative in efforts to improve teamwork 
in pediatric sedation. Five dimensions of effective teamwork 
are described: team orientation, team leadership, mutual per-
formance monitoring, backup behavior, and adaptability. 
These dimensions are underpinned by three coordinating 

factors: mutual trust, closed loop communication, and shared 
mental models within the team. 

 Team orientation is probably the most important factor. 
Mutual trust and shared mental models are unlikely to occur 
if the people providing sedation for diverse procedures in 
children, and the different proceduralists with whom they 
are working, do not even identify as a team. Lack of team 
orientation is a substantial barrier to improvement, and there 
would be great value in the simple step of getting all rele-
vant practitioners together and obtaining agreement that the 
care for pediatric patients undergoing sedation actually war-
rants the formation of an explicit team that works together 
to standardize and improve their equipment and processes 
[ 142 ,  143 ]. 

 Leadership is interesting in this context. In the clinical 
setting, leadership will need to be dynamic depending on the 
issue in question and the training and experience of the prac-
titioners involved. If present, an anesthesiologist would be 
expected to lead the management of a crisis that developed 
during a procedure, for example, but decisions about aspects 
of the procedure itself are more likely to be initiated by the 
proceduralist. An agreed approach is required to ensure that 
the best decisions are made and this requires discussion and 
consensus building away from the demands of managing 
patients. This raises the important question of the overall 
leadership of the team. There is obviously a need for regular 
meetings of the team members to discuss approaches, set 
expectations, agree on needed equipment, and adopt guide-
lines, among many other important aspects of practice. There 
is no particular reason for such a leader to be an anesthesi-
ologist, a surgeon, or a member of any other particular 
group—the role here is really one of coordination and con-
sensus building. 

 An effective way to build teamwork is to provide training 
for the whole team in communication and other nontechnical 
skills. As previously discussed, simulation provides a power-
ful tool for doing this. Briefi ng sessions of the whole team at 
the beginning of every clinical session are very helpful to 
plan the day and to ensure that mental models are indeed 
shared in respect of anticipated problems and the plans for 
dealing with them. Not only do such sessions improve safety, 
they also greatly improve the fl ow and effi ciency of the day. 
Debriefi ng at the end of each session is also valuable. This 
can be very brief and should focus on what went well and 
what opportunities for improvement were noticed. 

 If patients are regularly transferred at the end of proce-
dures to postanesthetic care rooms, high dependency rooms, 
or even wards, attention should be paid to standardization of 
the process of handover or handoff. The work of de Leval 
and his group has resulted in important gains in safety and 
effi ciency when taking patients from the operating room to 
the intensive care unit [ 144 ]. Similar gains are likely in the 
context of pediatric sedation. 
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 Some team process improvements may be enhanced by 
the adoption of process tools. The World Health Organization 
(WHO) Safe Surgery Checklist was specifi cally designed to 
promote better communication and enhance teamwork. 
Some of the benefi ts that have been demonstrated with its 
use were found in categories not specifi cally targeted by 
checklist items [ 17 ]. The authors of the checklist have specu-
lated that these additional benefi ts may be due to the more 
global effects of better team communication engendered by 
the act of carrying out the steps of the checklist itself, includ-
ing individual team members introducing themselves by 
name [ 99 ]. This has two advantages. It promotes directed 
communication in which people are addressed by name. 
It also activates people; once a person has spoken, he or she 
is more likely to speak again. This increases the likelihood of 
speaking up if an error is noticed.   

    The Nature of System Failures 

 The complexity and design of systems is also a signifi cant 
contributor to human error. Complexity theory asserts that 
some systems behave in ways that are inexplicable on the 
basis of only a knowledge of the systems’ individual compo-
nents—that is, the behavior of the whole depends on more 
than a knowledge of its parts [ 57 ,  145 ]. Typical examples of 
such complex systems are living organisms, stock markets, 
and the weather. Socio-technological systems contain human 
operators or workers as vital components in their everyday 
function and are thus distinguished from purely technological 
systems that are capable of essentially automatic operation 
[ 3 ,  83 ,  146 ,  147 ]. Specifi c work environments, clinical micro-
systems, or large-scale technological systems can be understood 
as complex socio-technological systems in this sense. Despite 
this, health care remains one of the last industries to adopt the 
kind of systematic approach to safety that has proved successful 
in many other high technologies [ 66 ,  69 ,  121 ,  148 – 150 ]. 

    Characteristics of Safe and Unsafe Systems 

 In Charles Perrow’s  Normal Accidents Theory , a “normal 
accident” is one that occurs in a complex system through the 
unanticipated interaction of multiple failures. The complex-
ity of the system both predisposes to the occurrence of simul-
taneous multiple failures and masks the many potential ways 
in which such individual failures may interact in a dangerous 
way [ 66 ]. Perrow also suggests that the function of any sys-
tem can be classifi ed along two dimensions: interaction and 
coupling. A task or process can be said to have  complex  
interaction between parts if there are many alternative sub-
tasks at any point in its completion or  linear  if it is comprised of 
a set of fi xed steps carried out in rigid sequence. The coupling 

dimension describes the extent to which an action in the task 
or process is related to its consequences. A system is  tightly  
coupled if consequences occur immediately after an action. 
Hence, tightly coupled systems result in more accidents 
because minor mistakes, slips, or lapses can become serious 
accidents before they can be corrected. A  loosely  coupled 
system is more forgiving of error and allows greater opportu-
nity for an error to be corrected in time to avoid serious con-
sequences [ 151 ]. These two dimensions form Perrow’s 
interaction/coupling space with which human activities can 
be classifi ed [ 66 ]. 

 For example, baggage handling by airlines is a relatively 
safe organizational activity because it is both loosely coupled 
and has linear interaction between parts (bottom left quadrant 
of Fig.  30.3 ). That is, a bag tends to progress through a fi xed 
number of independent steps on the way to being delivered to 
its owner, and there are many opportunities to correct mis-
takes in the process. Furthermore, the consequences of failure 
are typically irritating and correctable rather than cata-
strophic. At the opposite side of the interaction/coupling 
space, a nuclear power plant by comparison is potentially 
dangerous because it has both complex interaction and tight 
coupling between parts or subsystems (top right quadrant in 
Fig.  30.3 ). Errors in the operation of a nuclear power plant 
may very quickly lead to dangerous outcomes. In addition, 
complex interaction makes the system inherently more diffi -
cult to control because such complexity increases the chance 
that unanticipated system interactions may cause the system 
to spontaneously depart from the desired path of operation. 
While it is widely understood that nuclear power plants are 
complex and tightly coupled, it is less well appreciated that 
health-care systems also fall into the most dangerous quad-
rant of the interaction/coupling space (the upper right-hand 
quadrant) and have similar characteristics [ 152 ,  153 ]. In fact, 
health care is probably more challenging than nuclear power 
plants, because it combines tightly coupled elements with 
loosely coupled elements and varies from simple through 
complicated to complex and indeed chaotic (or dynamical) 
[ 99 ]. On the other hand, the potential for truly catastrophic 
consequences on a grand scale is larger with nuclear power 
plants. Human beings are complex (physiological and psy-
chological) systems and so appear on the extreme high end of 
the complexity dimension. A normal awake patient would fall 
on the loose side of the midline of the coupling dimension 
because of the homeostatic and self-regulating subsystems of 
the body. However, a human being undergoing anesthesia or 
sedation is a decidedly more tightly coupled system than a 
fully awake individual, necessitating close monitoring and an 
array of techniques to maintain the patient’s safety. 
Consequently a sedated patient migrates to a location within 
the interaction/coupling space signifi cantly closer to the most 
potentially dangerous top corner (Fig.  30.3 )—a zone in closer 
proximity to a nuclear plant than an aircraft.
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       Barriers to System Failure 

 Even in tightly coupled complex systems, barriers exist to 
stop mistakes or faults leading to disaster, and most of the 
time these work successfully. Factors such as good design, 
effective safety devices, tolerance limits, and recommended 
operating procedures can all be seen as a system’s defenses 

against an accident or system failure. When represented 
schematically these defenses form overlapping layers that 
protect the system from accident (Fig.  30.4 ). Inevitably, 
such defenses are imperfect. Defects in design, unexpected 
changes in supplies, violations such as not following correct 
procedures, a lack of agreement on the best approach in 
any particular circumstance, a lack of proper maintenance, 

  Fig. 30.3    The interaction/
coupling space (adapted from 
Perrow [ 66 ]) with which human 
activities and organizations can 
be classifi ed. Note that health 
care falls in the most potentially 
dangerous, upper right-hand 
quadrant, in which organizations 
and activities are both tightly 
coupled and have complex 
interactions. Human beings as 
complex (physiological) systems 
and the migration within the 
space of humans when they 
become sedated patients is shown       

  Fig. 30.4    The role of multiple 
defenses in preventing system 
failure. Despite inevitable 
defects, multiple layers of system 
defenses effectively shield the 
patient (adapted from Reason’s 
“Swiss cheese” model [ 58 ,  62 ])       
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poor team communication, or simple human error may be 
represented as holes in the layers of defenses. The size of 
these holes (or latent factors) depends on the severity of the 
design problem or risk-taking behavior of the practitioner. 
Such factors lie dormant or are latent because they exist 
within the organization, usually undetected, until a series of 
events occurs in which they are discovered through their 
mutual contribution to an accident. A defect in the system’s 
defenses in one layer is usually compensated for by an intact 
barrier at another. However, when a set of defects coincide, an 
accident trajectory is created through all layers of the system’s 
defenses, and a system failure or accident will occur [ 58 ,  62 , 
 98 ]. Having fewer layers of system defenses increases the 
chance of an accident occurring as it means it is more likely 
that latent factors will coincide. Conversely, increasing 
the number of layers of defense decreases the chance that a 
combination of latent factors will coincide, presuming that 
every layer is independent. The systems approach recognizes 
that no defense or safety mechanism is perfect under all cir-
cumstances (including the human in the system). However, 
given enough layers of defense, good system protection can 
be achieved even in the presence of imperfections (Fig.  30.4 ). 
The systems approach does not remove the need for the 
human operator to monitor the safety of proceedings as the 
fi nal system defense, but it does remove some of the burden of 
this task and facilitates his or her ability to monitor effectively 
and function safely.

   In the industrial setting, systematic approaches to the pre-
vention of industrial accidents have a relatively long history 
compared with efforts to prevent injury and harm in health 
care. In the fourth edition of his book entitled  Industrial 

Accident Prevention , published in 1959, Heinrich states that 
“industrial accident prevention has come of age” and that 
“safety begins with safe tools, safe machines, safe processes 
and safe environment” [ 154 ]. In health care, however, there 
is a lingering belief that all a doctor really needs to prevent 
mistakes is appropriate resolve and vigilance—the realiza-
tion that this is not the case has been slow [ 98 ,  155 ]. No one 
would claim that the prevention of iatrogenic harm in health 
care has come of age. 

 As accidents are less common than near misses, and not 
all accidents cause injury, the proportional makeup of these 
events is often represented diagrammatically as a pyramid 
[ 78 ,  154 ]. Heinrich has described this pyramid in the indus-
trial setting with his 300-29-1 ratio, which states that for 
every major injury there will be, on average, 29 minor inju-
ries and 300 no-injury accidents [ 154 ]. A similar hierarchical 
arrangement seems certain to exist in health care, although 
the proportions are likely to be different and to vary from 
example to example. For example, it has been estimated that 
incidents are 3,300 times more likely than accidents in health 
care and that only about 1 % of drug administration errors 
cause injury to patients [ 148 ,  156 ]. Latent system problems 
or defects can be added to the hierarchy at the lowest level 
below near misses as the system features, which predispose 
the events above them in the pyramid [ 101 ] (Fig.  30.5 ).

   The apex of the pyramid represents the sharp end of the 
system and is the most visible part in any organization 
because it is where accidents and patient harm occur and 
typically where the human operator or clinician is found as 
the last failed barrier against system failure. However, the 
single largest part of the pyramid is its base, which contains 

  Fig. 30.5    The incident pyramid. 
The largest portion of the 
pyramid is made up of system 
problems or latent factors. The 
apex or “sharp end” of the 
pyramid comprises accidents that 
harm the patient and is the most 
visible part, not least because this 
is typically where the operator or 
clinician acts as the fi nal trigger 
for the occurrence of an active 
failure       
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the unsafe aspects of equipment, procedures, and organizations. 
These factors contribute to the vast majority of accidents but 
generally remain unknown until they precipitate an accident. 
The largest and most sustainable safety gains are to be had 
by addressing the base of the pyramid with safety strategies 
designed to remove latent system defects [ 81 ]. Such an 
approach will have a substantial knock-on effect through the 
higher layers of the pyramid and will be more effective and 
long lasting than exhorting individuals at the sharp end to be 
more careful [ 65 ,  148 ,  157 ].   

    Traversing the Incident Pyramid 

    Root Cause Analysis 

 Root cause analysis (RCA) is a formal analytical method 
developed in other high-reliability organizations that works 
backwards from an accident or adverse event in order to 
determine the event’s underlying causes and predisposing 
factors, such that these can be removed or redesigned to pre-
vent the accident from reoccurring in the future. An RCA 
may be initiated after any accident, but many organizations 
have a policy to initiate an RCA after the occurrence of any of 
a predetermined set of events of interest or so-called sentinel 
events. The Joint Commission defi nes a sentinel event as any 
unanticipated event in a health-care setting resulting in death 
or serious physical or psychological injury to a patient or 
patients, not related to the natural course of the patient’s ill-
ness [ 158 ]. The effectiveness of the RCA method in health 
care is suggested by a recent study of 139 Veterans Affairs 
medical centers over 3 years. This study demonstrated that 
centers that conducted an average of 4.8 RCAs per year had 
lower postoperative complication rates than centers that com-
pleted fewer than 4.0 RCAs per year [ 159 ]. 

 The advantages of RCA include that the method is a 
system- based approach and so widens the scope of accident 
investigation from the human at the accident site to the wider 
system in which personnel work—thus allowing the identifi -
cation of more sustainable and effective corrective actions. 
However, despite its usefulness, RCA remains a reactive 
method—an accident or sentinel event needs to occur before 
an RCA can be undertaken. In this sense, RCAs work from 
the apex of the incident pyramid to the base, meaning that 
only a subset of underlying causal factors may be discovered 
during the investigation.  

    Failure Mode and Effect Analysis 

 Failure mode and effect analysis (FMEA) was fi rst used to 
understand military systems in the 1950s. It is a standardized 
approach that fi rst identifi es elements in an organization that 

carry risk of causing harm, then prioritizes the identifi ed 
elements and remediates the most dangerous [ 160 ,  161 ]. The 
advantages of this method are that it is a proactive and 
system- based approach—in safety-critical systems, it can be 
carried out before an accident or serious incident occurs, 
thus helping to ensure the continued accident-free operation 
of the organization. While FMEA may allow the possibility 
of system improvement in health care before the occurrence 
of harm to the patient, one disadvantage is that the method is 
relatively costly in terms of time and resources. However, the 
cost of any safety initiative needs to be weighed against the 
very large human and fi nancial cost of continuing to harm 
and kill patients during their care [ 61 ]. As FMEA starts with 
the elements of an organization that predispose accidents 
(often called accident precursors), this method can be seen to 
work from the bottom of the incident pyramid to the top. 
A recent FMEA conducted in the pediatric department of a 
213-bed university hospital found that none of the steps in 
the drug administration process were free from potential fail-
ures modes. The highest-risk failure mode in all pediatric 
units was found to be the calculation of medication doses, 
especially for infusion administration [ 160 ].   

    Lessons from the Development of Safety 
in the Nuclear Power Industry 

 The US nuclear power industry has spent more time and 
money on safety than the health-care industry, including 
making early use of incident reporting, simulation training, 
and system redesign [ 70 ,  162 – 164 ]. In addition, given the 
close proximity of a sedated patient and a nuclear plant in the 
Perrow space (Fig.  30.3 ), it is instructive to consider the 
safety response from the nuclear industry in the face of one 
of the most signifi cant nuclear power plant accidents in US 
history. 

    The Three Mile Island Nuclear Power 
Plant Accident 

 As in health care, a nuclear power plant constitutes a com-
plex socio-technical work environment where an everyday 
human error or minor system fault can lead to a cascading 
sequence of events that ends in disaster or serious accident. 
Charles Perrow’s infl uential  Normal Accidents Theory , 
discussed above and which has been widely applied to the 
understanding of accidents in health care, has its origins in 
the analysis of the Three Mile Island Number 2 (TMI-2) 
nuclear power plant accident in 1979. The accident sequence 
began during routine maintenance at just after 4 AM on 
March 28, during which a minor deviation from normal con-
ditions triggered a series of events that led to the malfunction 
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of a pilot-operated relief valve (PORV). At about 2 min into 
the accident sequence the PORV failed to close, this resulted 
in the loss of much needed coolant from the reactor core for 
approximately the next 3 h [ 66 ,  69 ,  70 ]. Operators were 
scrambling to understand and control the rapidly evolving 
crisis but were unaware that the PORV remained open—this 
information being lost in the confusion of alarm signals. 
The particular sequence of failures caused the reactor to 
behave in a way outside anything in the operators’ previous 
experience and the reactor’s standard operating procedures. 
Despite confusion over the state of the reactor, the operators 
followed what they believed to be standard procedure in the 
circumstances. However, with the PORV still open, these 
actions actually exacerbated the crisis, and the reactor core 
began to melt. About 2 h later “fresh eyes” entered the room 
in the form of reactor operator Brian Mehler, who, reasoning 
from fi rst principles, closed a manual valve to the PORV, sus-
pecting it may still be open. This regained control of the 
reactor, but by then it had been damaged beyond repair. 
Subsequent analysis suggested that the reactor may have 
been as little as half an hour away from a complete melt-
down, resulting in a likely breach of the reactor vessel, and 
possible widespread release of radioactive material [ 66 ]. 

 It seems likely that fatigue compromised the abilities of the 
plant operators to diagnose the correct state of the reactor and 
to take appropriate and timely action. They were also more 
likely to suffer confi rmation bias in their interpretation of the 
plant’s instruments: this group of experts believed the PORV 
was closed, despite some control panels indicating the oppo-
site. They therefore proceeded to take action consistent with 
their existing incorrect diagnosis—actions that actually made 
matters worse. Mehler was less likely to be suffering from con-
fi rmation bias when he brought a fresh pair of eyes into the 
room, as he had not been present from the start of the accident 
sequence and had no fi xed diagnosis of the reactor in mind. 

 From reports of clinical disasters, we know that clinicians, 
not surprisingly, can suffer from the same kind of confi rmation 
bias as the TMI-2 operators did and that their expert under-
standing of clinical crises is often incomplete. As a conse-
quence, a fresh pair of eyes can be immediately benefi cial in 
resolving a clinical crisis [ 85 ,  153 ,  165 ]. In addition, rules can 
run out during clinical care, and clinicians can fail to assimilate 
vital information about rapidly evolving complex situations 
despite its apparently obvious presentation [ 166 ]. The combi-
nation of uncommon events, poor team communication, and 
confl icting or incomplete information from patient monitors 
can signifi cantly increase the risk of an adverse event for 
patients. For example, although it has been available in oper-
ating rooms for many years, capnography monitoring is 
often not used during patient sedation elsewhere. This can 
delay the detection of hypoventilation and desaturation, 
even while monitoring patients with pulse oximetry. In such 
circumstances the routine use of supplemental oxygen may 

mask declining oxygen saturation levels until they have fallen 
precipitously—a dangerous situation that may take several 
minutes to detect [ 2 ]. The sedating clinician therefore may not 
be aware of the state of the patient or have an opportunity to 
act to correct the desaturation before sequelae occur, with the 
consequence that once detected more aggressive forms of 
corrective action must be taken.   

    A State-Space Approach to Failure 
in Complex Systems 

 An approach that allows system failure and the value of inci-
dent reporting to be visualized is the state-space approach 
[ 153 ]. In any complex system, the set of all possible system 
states is very large and much larger than the subset of known 
states (Fig.  30.6 ). Desired states (e.g., where a patient is safely 
sedated) are a subset within the set of known system states. 
Some  known  states lead to disaster—and only this relatively 
small subset of states or “credible accidents” can be specifi -
cally guarded against with the use of safety systems and pro-
cedures (the hatched area in Fig.  30.6 ). However, a probably 
larger subset of  unknown  system states can also lead to disas-
ter—these pathways are much more diffi cult to guard against 
because the causal mechanisms involved are simply unknown, 
and this represents a blind spot in system safety.

   For example, applying the state-space approach to the 
TMI-2 accident, we can see that although the nightshift oper-
ators were aware that the reactor was off-normal, they 
believed its state remained within the boundaries of known 
states—that is, they believed the reactor’s state had migrated 
from A to B in Fig.  30.6 . Their attempts to move back to a 
desired state therefore made use of standard procedures. 
In fact, the reactor’s state had migrated all the way to point C 
and was possibly within 30 min of attaining state D (melt-
down). In any complex system, migration to D from either A 
or B is diffi cult by design (e.g., because of an attentive care 
team and the use of effective monitoring during sedation, or 
due to a nuclear plant’s safety subsystems). Migration from 
C to D, however, is via the system safety blind spot, which 
bypasses known safety systems. Moving the system back to 
a desired state from anywhere within the set of unknown 
states requires at least some degree of knowledge-based or 
deliberative reasoning because there can be no specifi c rules 
for dealing with unknown states. Thinking from fi rst prin-
ciples can be particularly diffi cult when one is fatigued, or 
during the pressures of a crisis. 

    The Role of Incident Reporting 

 The state-space approach also demonstrates the value of 
incident reporting. Incident reports increase the set of known 
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system states at the cost of unknown states, thus expanding 
the known-state circle (shown as the new solid line in 
Fig.  30.7 ). This allows better and more inclusive procedures 
to be developed for previously unexpected system behav-
ior—thus, effortful, error-prone knowledge-based or delib-
erative reasoning will be required less often. The safety 
initiatives undertaken in response to the TMI-2 accident are 
listed in Table  30.3 , all of which increased the set of known 
states [ 69 ,  70 ]. It is worth noting that these go far beyond that 
typically undertaken in health care when disaster occurs—
this is despite the fact that the number of patient deaths due 
to preventable adverse events in health care greatly outnum-
ber deaths due to nuclear accidents of any variety [ 70 ]. The 
less robust safety response in health care almost certainly 
refl ects the persistent person-centered approach, a less sys-
tematic approach to the analysis of failures, and the fact that 
disaster in health care, although no less tragic, generally has 
a lower profi le, killing patients one at a time.

        The Value of Incident-Based 
Recovery Pathways 

 Figure  30.7  shows the execution of a successful recovery 
path in a generic complex system. Incident reporting has 
allowed the set of known states to be expanded. The accident 
pathway from A to C is identical to that in Fig.  30.6 , but now, 

point C is included in the set of known states for which a 
standard, rule-based procedure has been developed. Timely 
implementation of the new procedure allows a recovery 
pathway to be executed (C to A) to restore the system to a 
desired state before disaster or harm occurs. Recovery path-
ways are critically important in the complex socio-technical 
systems such as health care. In his landmark paper, Cooper 
found that 93 % of more than 1,089 reported critical inci-
dents during anesthesia could be recovered from without 
harm to the patient, underscoring the effective use of recov-
ery pathways in the operating room [ 165 ]. By contrast, anes-
thesia and sedation conducted in more remote locations such 
as emergency departments and nonhospital-based facilities 
demonstrate poorer outcomes for patients [ 167 – 169 ], sug-
gesting that the facilities or skilled personnel needed to con-
duct effective recoveries are not available in these locations 
to the same extent.   

    Closed Claims Settlements for Cases 
Outside the Operating Room 

 Closed claims cases collected by the American Society of 
Anesthesiologists (ASA) represent adverse patient outcomes 
where a lawsuit was subsequently taken against the clini-
cians or organization involved. These data provide insights 
into events at the tip of the incident pyramid where some 

  Fig. 30.6    State-space diagram for an accident in a generic complex 
system. Known system states are a subset of the larger set of all possible 
system states. Some known states lead to disaster, and only these can be 
specifi cally guarded against with safety systems and procedures (the 
hatched area). However, a probably larger set of unknown system states 
also leads to disaster, but these cannot be guarded against specifi cally 

because the causal mechanisms involved are unknown (Reproduced 
from Webster CS. The nuclear power industry as an alternative analogy 
for safety in anaesthesia and a novel approach for the conceptualisation 
of safety goals. Anaesthesia. 2005;60:1115–1122, with permission 
from John Wiley and Sons)       
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kind of patient harm has typically occurred (Fig.  30.5 ) [ 167 ]. 
Table  30.4  shows all cases in the database relating to the use 
of MRI or sedation outside of the operating room in the 10 
years from 1995. While these data are unlikely to be repre-
sentative of the depth or breadth of harm caused during pedi-
atric sedation or the system problems related to it, it is of 
note that 5 out of 6 of the cases in Table  30.4  involve a ven-
tilation problem, or sequelae thereof, as the damaging event. 
Many of the known risk factors for sedation in children are 
also present in these reports, including young age, congenital 
conditions, comorbidities, and off-label drug use. Case 6 in 
Table  30.4  involved a severely agitated patient who produced 
copious secretions but was not suctioned in a timely way, 
because this task had fallen to the MRI technician—thus 
refl ecting poorly defi ned roles of responsibility and a lack of 
effective communication in the sedation team. Case 3 sug-
gests poor saturation monitoring where the last SpO 2  reading 

was taken several minutes before bradycardia occurred. 
These reports suggest that better assessment of risk before 
the procedure begins could prevent sedated patients incur-
ring harm. Furthermore, better monitoring throughout could 
allow early detection of potential problems and rapid appli-
cation of recovery pathways before patient harm occurs 
(Fig.  30.7 ) [ 170 ,  171 ].

       The Value of Best Practice Guidelines 
in Procedural Sedation 

 The aforementioned observations based on closed claims 
cases are supported by a number of empirical fi ndings. An  
analysis of 118 notifi able adverse drug events relating to pedi-
atric sedation concludes that adverse patient outcome is not 
determined by the characteristics of the patient but rather a 
failure to rescue the patient from developing adverse events 
[ 168 ]. A study by Hoffman and colleagues of the value of best 
practice guidelines during pediatric procedural sedation 
reaches similar conclusions [ 170 ]. The authors developed a 
program of procedural sedation for nonanesthesiologists mod-
eled on guidelines of the American Academy of Pediatrics 
(AAP) and the American Society of Anesthesiologists (ASA), 
including monitoring standards, a guided pre-sedation risk 
assessment, nil by mouth guidelines, a sedation scoring 
system, time-based recordings of sedation status, monitored 
recovery until awake, and assessment of fi tness for discharge. 
Data were collected prospectively from 960 patient records 
for 3 months, yielding an overall complication rate of 
4.2 %. Performance of the pre- sedation risk assessment 

  Fig. 30.7    State-space diagram 
for the successful implementation 
of a recovery path (C to A) in a 
generic complex system. Incident 
reporting has allowed the number 
of known system states to be 
increased. This has allowed 
better procedures to be 
developed, thus guarding against 
a larger set of known disaster 
states—this is refl ected in an 
increased hatched area (compare 
Fig.  30.6 ) (Reproduced from 
Webster CS. The nuclear power 
industry as an alternative analogy 
for safety in anaesthesia and a 
novel approach for the 
conceptualisation of safety goals. 
Anaesthesia. 2005;60:1115–1122, 
with permission from John Wiley 
and Sons)       

   Table 30.3    The safety response of the US nuclear industry to the 1979 
Three Mile Island accident   

 1. Extensive revisions of standard procedures taking into account 
new known failure modes such as open-PORV events 

 2. An expanded training program for TMI-1 personnel, much of it 
taking place in an $18 million, full-scale simulator of the plant 
control room a  

 3. Establishment of a more active incident reporting scheme with a 
lower threshold for the reporting of incidents, most of which will 
be precursors to accidents 

 4. More than 100 safety modifi cations to twin TMI-1 reactor, 
costing $95 million a  

 5. Inherently safer reactor designs developed for future construction 

   a US$ amounts not adjusted for infl ation  
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reduced the complication rate by 50 % overall ( p  = 0.041), 
and this reduction was most pronounced in the patients who 
underwent targeted deep sedation where the complication rate 
was reduced by 90 % ( p  < 0.018).  

    The Future of Safety in Pediatric Sedation 

 There are several practical things that any institution should 
be doing now to improve the safety of pediatric sedation 
[ 142 ,  143 ] (Table  30.5 ). Other opportunities to identify 
points at which the safety of the clinical microsystem of pro-
cedural sedation can be improved are likely to involve the 
adaptation of successful safety initiatives from other areas of 
health care. It is perhaps surprising that it has taken more 
than 70 years since their use in aviation for checklists to 
become popularized in health care [ 99 ]. However, the value 
of checklists to ensure that error-prone or often-forgotten 
critical steps in clinical procedures are carried out has dem-
onstrated a number of dramatic improvements in health-care 
processes. Pronovost and colleagues have demonstrated a 
66 % reduction in bloodstream infections associated with the 
use of central venous catheters in a study of 375,757 catheter 
days—estimating that in the state of Michigan alone such a 
reduction could save approximately 2,000 lives and US$ 200 
million a year in avoided postinfection costs [ 16 ,  172 ]. 
Haynes and colleagues have shown a 36 % reduction in a 
host of postoperative complications in a multinational study 
of 3,733 patients undergoing a wide range of procedures 
with the use of the WHO Surgical Safety Checklist [ 17 ,  173 ].

   Checklists such as these are a kind of cognitive safety net, 
ensuring that errors or omissions are avoided during the 
exigencies of clinical care. Adoption of the WHO checklist 
has been uneven. The routine use of this checklist during 

sedation of children would be one of the most effective 
single measures available today at low cost to enhance 
the safety of these patients. In addition to providing checks, 
the pre- sedation risk assessment in Hoffman’s study of pro-
cedural guidelines is essentially a checklist to ensure that 
risks are not overlooked before medication is given, and it 
seems likely that such checklist techniques could be applied 
more widely during pediatric sedation [ 170 ]. Their implemen-
tation may also involve aspects of system redesign. For 
example, in Pronovost’s work it was found that the best way to 
ensure compliance with the checklist for central venous cath-
eter insertion was to have a designated trolley for this purpose 
on which all the materials needed were always available 
[ 172 ]. In the same way, greater standardization of equipment 
and drugs, and of the way in which these are presented, would 
enhance safety during the sedation of pediatric patients. 

 More extensive system redesign has been used in a safety 
initiative in our own research group where a multimodal 
approach was taken to reduce drug administration error 
during anesthesia. This approach involved color coding, bar 
coding, improved layout, voice prompts, and prefi lled 
syringes. Compared with conventional methods, the use of 
the redesigned system was associated with a 35 % reduction 
in drug administration error in an incident monitoring study 
of 74,478 anesthetic cases and a 21 % reduction in drug 
recording and administration error in an observational study 
of 1,075 cases [ 18 ,  174 ]. Other areas where safety research is 
likely to have relevance to pediatric sedation would include 
computerized provider (or physician) order entry (CPOE) 
systems, and during patient handover. CPOE systems involve 
two primary safety strategies: forcing functions, which typi-
cally involve choosing the drugs the patient will receive from 
predetermined electronic lists, thus eliminating entry errors, 
and automatic alerts for known contraindications such as 
allergies and drug interactions. The use of such systems has 
shown reductions in drug prescription errors of around 50 % 
in various studies, including in pediatric patient populations 
[ 175 ,  176 ]. The handover or handoff for a child undergoing 
or having undergone sedation can be a critical point for the 
occurrence of error or information loss as this is where the 
clinical team administering the sedation interfaces with other 
parts of the wider clinical microsystem in other locations 
[ 117 ]. Clinical microsystem mapping may be particularly 
useful here to determine whether handoffs are proceeding as 
they should and the points at which problems are arising 
[ 53 ]. One study at a children’s hospital identifi ed four transi-
tion points on the patient pathway to and from the operating 
room and MRI suite and developed formal handover check-
lists for each transition [ 177 ]. In the 12 months after intro-
duction, no errors had occurred on either the surgical or MRI 
pathways, with each checklist taking less than 10 s to execute 
on each occasion. The use of simulation is also likely to play 
an increasingly important role in teaching and assessment of 

   Table 30.5    Some practical suggestions for improvement in the safety 
of sedation for procedures in children   

 1. Teamwork: create identifi ed teams and build consensus over 
approaches to care 

 2. Standardization: standardize the equipment and medications used 
within each institution 

 3. Guidelines: adopt existing best practice guidelines for procedural 
sedation and develop institution-specifi c guidelines where gaps exist 

 4. Training: establish regular simulation-based training sessions for 
the whole team with a focus on nontechnical skills, particularly 
communication 

 5. Checklists: adopt the WHO Surgical Safety Checklist and engage 
in its effective use 

 6. Medications: adopt the APSF New Paradigm for medication 
administration [ 142 ] 

 7. Briefi ngs and debriefi ngs: begin every session with a team briefi ng 
to ensure that the day is planned, and the mental models for patient 
care are shared. End each session with a short debriefi ng to identify 
what has gone well and what can be improved 
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communication skills, in determining compliance with 
sedation guidelines and safety procedures, and in assessing 
the potential usefulness of new approaches [ 178 ,  179 ]. 

    New Approaches to Incident Reporting 
and Safety Monitoring 

 Although incident reporting is widely used in anesthesia, the 
threshold for the reporting of events remains at least a mag-
nitude higher than in the nuclear power industry, and at least 
historically, has been primarily in response to accidents 
[ 153 ,  163 ]. A high reporting threshold means that accidents 
and incidents that are reported in anesthesia tend to be from 
the top of the incident pyramid and therefore offer less infor-
mation about how to remove predisposing factors to error 
inherent in the wider system. This difference in reporting 
thresholds represents one of the obstacles in transitioning 
health care from a very safe to an ultrasafe industry [ 180 ]. 
It also suggests that considerable scope exists for improve-
ment in the quantity and quality of data on the performance of 
health-care systems—shortcoming that is of particular con-
cern in higher-risk areas such as pediatric sedation [ 162 ,  181 ]. 
An additional barrier to the improvement of safety in health 
care is the relatively poor sharing of information on hazards 
and their remedies. By contrast, any identifi ed critical system 
fault in an aircraft or nuclear power plant is shared throughout 
these industries, so that the fault can be rapidly removed or 
that procedures to deal with it can be uniformly applied by 
pilots and operators [ 70 ]. 

 Recently, systems that allow the lowering of the reporting 
threshold have been introduced in anesthesia. A Web-based 
system that allows the reporting of accidents and accident 
precursors became available in Australia and New Zealand in 
October 2010 and has collected almost 2,000 reports to date 
from 55 participating hospitals [ 182 ]. A similar Web- based 
system was introduced in the United States in 2011 by the 
Anesthesia Quality Institute [ 183 ]. Specializing in proce-
dural sedation, a Web-based adverse event reporting tool 
developed by the World Society for Intravenous Anesthesia 
(World SIVA) and the International Sedation Task Force is 
also now available for the reporting of sedation-related 
adverse events and accident precursors [ 184 ]. (Refer to 
Chap.   28    ; Table   28.2    .) Importantly the World SIVA tool is 
based on a standardized set of defi nitions developed as part 
of a consensus document drawing on defi nitions from the 
Institute of Medicine, World Health Organization, the 
European Medicines Agency, and the US Food and Drug 
Administration [ 185 ,  186 ]. Such reporting tools benefi t anes-
thesia in a similar way as reporting systems in other high- 
technology industries by allowing comparable data to be 
collected internationally, thus informing policy, clinical 
guidelines, and safety initiatives. Once hazards have been 

identifi ed by these systems, warnings can be given to all 
participants. Thus, such systems can potentially address both 
the information underreporting and information sharing 
problems in health care. 

 Incident reporting provides insights into many risks, and 
over time, changes in patterns can provide evidence of prog-
ress [ 18 ,  187 ]. However, when an effective remedy for a 
known risk has been developed, there are other more power-
ful methods for quantifying changes in the safety levels 
achieved with its use. For example, the strategy of so-called 
“care bundles” has been introduced by the Institute for Health 
Improvement [ 188 ]. A bundle is a collection of 3–5 relatively 
independent care interventions with strong clinical agreement 
(elements of which may include checklists) and used within a 
defi ned population of patients. Compliance with the bundle is 
measured in an all-or-none way and reported regularly, using 
combined process and outcome indicators. The aim of moni-
toring safety levels using combined indicators is to remain 
focused on the goal of improving outcomes while simultane-
ously tracking key processes that are involved in achieving 
the outcome. Such an approach reduces the possibility of 
gaming. Data collection on safety levels achieved with use of 
the bundle therefore become an embedded part of clinical 
practice. Areas where care bundles have already shown ben-
efi ts include central venous line use, hand hygiene, and the 
prevention of ventilator-associated pneumonia [ 189 – 191 ], 
but similar effective strategies could be adopted for the 
improvement and maintenance of safety in pediatric sedation 
in specifi c populations of patients or locations.   

    Conclusion 

 We may be at the beginning of a new era in evidence-based 
patient safety. For the fi rst time in decades, relatively simple 
interventions have been shown to have surprisingly dra-
matic effects in terms of the reduction of treatment-caused 
harm in health care. We are beginning to understand how to 
change the operation of health-care organizations for the 
better—reducing injury, death, and costs. Given the magni-
tude of the reductions in harm achieved in specifi c areas, the 
Institute of Medicine’s goal of a 50 % reduction in error 
across the board no longer seems excessively ambitious. 
However, much work remains to be done. We need to better 
understand why errors happen, both in terms of the psychol-
ogy of those who make them and the system factors that 
predispose to them. We need to widen the focus of accident 
investigation from the individual clinician at the sharp end 
to include the wider system in which clinical microsystems 
of many clinicians operate. Combining such a systems per-
spective with a lowered threshold for the reporting of inci-
dents, so that precursors to accidents are also reported, will 
allow a better understanding of why things go wrong and 
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will identify points in the care process where risk is raised, 
and interventions to manage such risk can be adopted. It is 
also important to ask the how and why questions in this pro-
cess in order to better understand how to generalize safety 
initiatives from one health-care domain to another and to 
avoid wasting resource on approaches that do not work. 
Many effective approaches to bringing about safety improve-
ments are available, based on similar endeavors in other 
complex industries, and many of these are already being 
applied in health care. Successes and failures in the use of 
these safety initiatives should be shared, so that others can 
spread the successes and avoid the failures. Risk manage-
ment needs to involve screening for risk preemptively and 
adjusting care appropriately, while also anticipating recov-
ery pathways that may be needed and ensuring all resources 
are available for their use. Finally, approaches that do work 
need to be institutionalized, as does the data collection 
needed to monitor their ongoing use. Clinicians take great 
pride and satisfaction from improving the lives of their 
patients, and rightly so. What is needed is at least a similar 
degree of interest in improving the systems that will ensure 
the safety of the patient who undergoes such care.     
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�Introduction

�Benefits of the Intravenous Route 
of Administration

When sedation outside of the operating room is required, 
possible routes of administration of sedative agents include 
the inhalational, oral, intranasal, intramuscular, and intrave-
nous routes.
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Abstract

When sedation outside of the operating room is required, possible routes of administration 
of sedative agents include the inhalational, oral, intranasal, intramuscular, and intravenous 
routes.

Although administration of low doses of volatile anesthetic agents by inhalation can 
provide adequate sedation (and analgesia if nitrous oxide is also used), this mode of seda-
tive administration is often not feasible outside the operating room. With oral or enteral, 
transnasal, rectal, or intramuscular administration, the administered drug forms a depot that 
is absorbed slowly. Agents administered by the oral or enteral route are then subjected to 
significant first-pass metabolism. This problem is avoided with intramuscular injection, but 
this route is seldom used because it is painful. For all these routes, the rate at which the drug 
reaches the systemic circulation is highly variable, since it also depends on factors such as 
gastric emptying, peristalsis, local pH, other contents of the gut, cardiac output, and muco-
sal or muscular blood flow.

The problems of variable absorption and first pass effects are avoided by intravenous 
administration as the entire administered dose reaches the systemic circulation. There remains 
considerable inter- and intra-individual variability in the relationship between administered 
dose and the blood concentration profile achieved (i.e., pharmacokinetics), but this variability 
is far less than with other routes of administration.
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Although administration of low doses of volatile anes-
thetic agents by inhalation can provide adequate sedation 
(and analgesia if nitrous oxide is also used), this mode of 
sedative administration is often not feasible outside the 
operating room. The bulky apparatus required to administer the 
agent, oxygen, and nitrous oxide, and to scavenge waste gases, 
is a significant limitation. Furthermore, distressed children 
are unlikely to cooperate sufficiently to tolerate a face mask 
or a “physiological” mouthpiece, as well as the odor and 
taste of the agent, throughout the period of administration.

With oral or enteral, transnasal, rectal, or intramuscular 
administration, the administered drug forms a depot that is 
absorbed slowly. Agents administered by the oral or enteral 
route are then subjected to significant first-pass metabolism. 
This problem is avoided with intramuscular injection, but this 
route is seldom used because it is painful. For all these routes, 
the rate at which the drug reaches the systemic circulation is 
highly variable, since it also depends on factors such as gastric 
emptying, peristalsis, local pH, other contents of the gut, cardiac 
output, and mucosal or muscular blood flow. This results in con-
siderable inter- and intra-individual variability in bioavailability 
when these routes are used. In patients who are in pain, dis-
tressed, or unwell, absorption and systemic penetration of 
orally administered agents may be minimal. Thus, adminis-
tration of standard doses of sedatives by these routes results in 
very variable blood concentrations and clinical effects, making 
it very difficult to judge in advance the required dose.

The problems of variable absorption and first pass effects 
are avoided by intravenous administration as the entire admin-
istered dose reaches the systemic circulation. There remains 
considerable inter- and intra-individual variability in the rela-
tionship between administered dose and the blood concentration 
profile achieved (i.e., pharmacokinetics), but this variability is 
far less than with other routes of administration.

For any sedative agent, the blood and effect-site concen-
trations that will provide adequate sedation will depend on 
the sensitivity of the patient to the drug (pharmacodynam-
ics), which can change with time and can be profoundly and 
unpredictably altered by co-administration of analgesics and 
other drugs. The required concentrations will also depend on 
the nature and severity of any noxious stimuli. Since the
stimuli involved with any intervention change over time, as 
can the patient’s susceptibility to the agent, so too will the 
effect-site concentration required for optimal sedation.

The inhalational route offers the ability to titrate the dose 
against the clinical effect, but suffers from the practical dis-
advantages previously discussed. Of the remaining available 
routes of administration, only the intravenous route enables 
fine control of the blood concentration and clinical effects, 
particularly with newer agents that have “fast” kinetics, such 
as propofol. When administered as a single bolus, propofol 
has both a rapid onset and offset of action—the rapid onset is 
because the drug crosses the blood–brain barrier rapidly, and 
the rapid offset is because extensive redistribution to 

well-perfused tissues causes a rapid fall in blood concentra-
tions and thus a decline in effect-site concentrations. With 
repeated boluses or an infusion, there is extensive redistribu-
tion of the drug into different tissues, but overall the drug 
does not “accumulate” significantly, in the sense that when 
administration ceases, blood concentrations fall fairly rap-
idly because hepatic metabolism is rapid compared with the 
rate of return of drug from the peripheral tissues.

If sedation with propofol is inadequate, then blood and 
effect-site concentrations can be rapidly increased by the 
administration of one or more boluses, or an infusion. If on 
the other hand sedation is excessive, then cessation of further 
drug administration should result in a rapid decline in blood 
concentrations and clinical effect. The ability to make rapid 
and fine adjustments to the depth of sedation is probably the 
major advantage of intravenous administration.

With almost all intravenously administered anesthetic 
drugs fixed-rate infusions result in blood concentrations that 
increase significantly over time. One exception is remifent-
anil, which reaches steady-state blood concentrations after 
about 15  min of infusion at a fixed rate. The problem of 
increasing blood concentrations at constant infusion rates 
can be a trap for the unwary, since the relationship between 
infusion rate and clinical effect will change over time. 
A patient that is initially safe and adequately sedated, may 
later become excessively sedated, with potentially life-
threatening compromise of the airway and respiratory drive, 
despite there being no increase in the infusion rate. Steady-
state blood concentration profiles are made possible by 
target-controlled infusion (TCI) systems, which facilitate 
titration of the blood concentration to the clinical effect, and 
will be discussed in detail later in this chapter.

Naturally, a disadvantage of intravenous administration is 
that intravenous access is required. Many children find this 
distressing, particularly if venous access is difficult because 
of obesity or obliteration of the veins caused by prior admin-
istration of irritant drugs. The pain and discomfort of intra-
venous cannulation can be limited by prior application of a 
topical local anesthetic formulation, by distraction by a par-
ent or play therapist, by the use of small gauge cannulae, 
and of course by rapid completion of the procedure by an 
experienced and skilled physician.

�Choice of Agents

Pharmacokinetic and pharmacodynamic factors influence 
our choice of agents. Pharmacokinetics describe the relation-
ship between drug dose and blood concentration, whereas 
pharmacodynamics is the study of the clinical effects them-
selves and of the relationship between blood concentration 
and clinical effect.

Ideally, a drug used for sedation should have a rapid onset 
of action and also a rapid offset of action. This requires an 
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agent with a combination of favorable pharmacokinetic 
properties and pharmacodynamic properties, such as rapidly 
reached steady-state blood concentrations during infusion, a 
rapid rate of blood–effect-site equilibration, lack of accumu-
lation, a rapid decline in blood concentrations on stopping 
the infusion [and ideally a context-insensitive half-time 
(CSHT)]. By definition then, agents that are able to provide
rapid, titratable and controllable sedation must usually be 
administered by continuous infusion. Fentanyl is a good 
illustrative example. After a single dose, or a short duration 
infusion, fentanyl has rapid kinetics. Once repeated doses or 
an infusion lasting more than an hour have been given, the 
kinetics become slower and the CSHT increases signifi-
cantly, making it unsuitable for use by infusion outside of the 
operating room (OR) or intensive care unit (ICU). Other 
intravenous agents that accumulate significantly and are not 
suitable for use by infusion or multiple bolus administration 
outside of the ICU are morphine, midazolam, and thiopen-
tone. Perhaps the most promising drug, particularly with 
regard to pharmacokinetics and dynamics, is remimazolam, 
which is metabolized by nonspecific tissue esterases, and has 
a fast onset and offset of effect [1, 2]. This drug is currently
undergoing further phase II and III evaluation.

Of the currently available drugs, those with suitable phar-
macokinetics for use by infusion include ketamine, etomidate, 
propofol, and dexmedetomidine. Unfortunately, although ket-
amine has many suitable characteristics, such as maintained 
cardiorespiratory stability, bronchodilation, and potent analge-
sia, it can cause problematic psychiatric phenomena. In sub-
sedative doses in adults it has been shown to cause several of 
the negative symptoms of schizophrenia [3, 4].

At sedative and anesthetic doses, troublesome emergence 
phenomena are common, particularly when ketamine is used 
as the sole agent. These phenomena are less severe in chil-
dren and can be attenuated by concomitant benzodiazepine 
administration. Etomidate commonly causes pain on injec-
tion and nausea and vomiting, and when used by infusion it 
is associated with significant adrenal suppression [5]. Indeed,
in unwell adults, even single doses were shown to interfere 
with adrenal function for 24 h [6].

Another suitable agent is methohexitone, but unfortu-
nately it is no longer widely available. Thus, the only remain-
ing agents that are suitable for use by infusion are propofol 
and dexmedetomidine.

�Pharmacodynamics of Propofol 
and Dexmedetomidine

�Propofol

The introduction into clinical practice of the intravenous 
hypnotic agent propofol has led to a significant increase in the 
popularity of the technique of total intravenous anesthesia 

(TIVA) in most of the world. TIVA is the exclusive use of the
intravenous route for induction and maintenance of anesthe-
sia. Strictly speaking, a technique involving intravenous
infusions supplemented by nitrous oxide, for example, is not 
a TIVA technique. Exclusive use of the intravenous route for
sedation is a natural extension of TIVA, since propofol and
most other intravenous hypnotic agents produce anxiolysis 
and sedation at lower doses.

Part of the reason for the popularity of propofol is the 
favorable pharmacokinetic profile (see above and later dis-
cussion) and the availability of infusion equipment to sim-
plify and facilitate accurate and precise administration such 
as “calculator” infusion pumps and TCI systems. “Calculator” 
infusion pumps are simpler systems that can be programmed 
with the patient’s weight so that the user can input a dose in 
mass-based units such as a bolus dose size in μ(mu)g/kg or 
an infusion rate in μ(mu)g/kg/min. Another reason for the 
increase in popularity of TIVA is propofol’s beneficial phar-
macodynamic profile. At subsedative doses, propofol induces 
anxiolysis and amnesia [7, 8].

For procedures and environments that are frightening to 
children, these effects are highly desirable. In addition to 
anxiolysis it produces a sense of well-being and is associated 
with a very low incidence of nausea and vomiting [9, 10].
In fact, propofol has been shown to possess direct antiemetic 
properties at subhypnotic doses [11]. This is particularly
beneficial in painful procedures requiring supplementary use 
of opioid analgesics that are likely to induce nausea and 
vomiting. With increasing doses, propofol produces dose-
dependent sedation, with a gradual, stepwise loss of higher 
cognitive functions. For example, although functional imag-
ing studies suggest that neurophysiological responses associ-
ated with processing of complex sentences are lost at very 
light levels of sedation [8], basic auditory perception of
words continues for some time after loss of responses to 
command [12]. Propofol does, of course, possess some
undesirable pharmacodynamic effects. These include pain 
on initial intravenous injection and dose-related cardiorespi-
ratory depression. Pain on injection can be attenuated by 
many methods and virtually eliminated by using a new pro-
pofol formulation containing medium chain triglycerides 
with added lidocaine [13].

The problems of respiratory and cardiovascular depres-
sion are dose dependent, but can be somewhat unpredictable, 
particularly in unwell patients. Propofol causes modest 
reductions in myocardial contractility and more marked 
effects on systemic vascular resistance. At lower doses there 
is a reduction in respiratory rate and tidal volume, obtunded 
airway reflexes, and obtunded responses to hypercarbia and 
hypoxemia. An anesthetic induction dose commonly causes 
a brief period of apnea. Moreover, when other agents are 
co-administered marked synergism can occur, particularly 
with the opioids. Modest doses of propofol and remifentanil 
have been shown to increase the apnea threshold and markedly 
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obtund the ventilatory response to hypercarbia [14]. These
adverse cardiorespiratory effects of propofol are part of the 
reason why, in some quarters, it is felt that sedation with 
propofol should only be administered by anesthesiologists 
[15, 16].

The ASA guidelines on safe sedation practices are not
quite as proscriptive in the use of propofol by nonanesthesi-
ologists, and rather only state that “practitioners administer-
ing propofol should be qualified to rescue patients from any 
level of sedation, including general anesthesia” [17].

�Dexmedetomidine

Dexmedetomidine is an effective sedative agent, producing a 
state of sedation that is unique among intravenous agents 
because the patient remains rousable even from relatively 
deep sedation. This difference is probably related to the fact 
that most other intravenous sedatives exert their clinical 
effects via a different mechanism (an agonist effect on 
GABAA receptors on inhibitory neurons in the thalamus and 
other areas), whereas dexmedetomidine acts as a highly 
selective α(alpha)2 adrenergic agonist (i.e., having minimal 
effects on the α[alpha]1 receptor subtype), which results in
enhanced activity in non-Rapid Eye Movement (NREM) 
sleep-promoting pathways [18].

An agonist effect on α(alpha)2 receptors results in inhibi-
tion of the locus coeruleus, which is thought to disinhibit the 
ventrolateral preoptic (VLPO) nucleus, causing increased
GABA release from VLPO neurons resulting in decreased
activity in the tubo-mamillary nucleus (TMN). Natural 
NREM sleep is also associated with increased firing of 
VLPO neurons. Since the TBM is the only neuronal source
of histamine, which causes arousal, this action on the TBM 
results in reduced histamine release and sleep or sedation.

In addition to the benefit of rousability, the promotion of 
natural sleep may bring other benefits such as the restorative 
functions of sleep. Disturbances of natural sleep are known 
to cause cognitive and mood changes, and to have adverse 
effects on immunity. In addition, recent work suggests that 
dexmedetomidine may modulate the inflammatory response 
in critically ill patients and in septic animals [19, 20].

Finally dexmedetomidine (and other α[alpha]2 adrenergic
receptor agonists) have several other beneficial effects. These 
include analgesia and an opioid sparing effect when used 
during painful procedures, and slowing of the heart rate and 
protection against myocardial ischemia (shown in adults). 
In high doses dexmedetomidine can cause vasoconstriction, 
but in lower doses it causes mild vasodilation and only 
minor effects on the blood pressure. Respiratory drive is 
well maintained. In adult intensive care patients, sedation 
with dexmedetomidine is associated with less delirium than 
other agents [21].

These pharmacodynamic benefits, coupled with a phar-
macokinetic profile that makes it suitable for use by infusion, 
have led to increased use of dexmedetomidine for sedation. 
When used as the sole agent for sedation for computed 
tomography (CT) and magnetic resonance imaging (MRI) 
studies, dexmedetomidine has been shown to produce reli-
able and effective sedation with acceptable hemodynamic 
stability and no adverse effects on respiratory parameters 
[22–25].

�Basic Principles of Pharmacokinetics

�What is a Pharmacokinetic Model  
and How is it Derived?

A pharmacokinetic model is a mathematical model that can 
be used to predict the blood concentration profile of a drug 
after a bolus dose or an infusion of varying duration. Some
types of models, such as recirculatory models, approximate 
human physiology by estimating blood volume, cardiac out-
put, and blood flow to different organs or groups of organs 
[26–30].

The most commonly used models are the so-called 
mamillary, compartmental models, as illustrated in Fig. 31.1. 
In order to understand these models, some understanding of 
the mathematics of exponential processes is necessary (see 
below). It is important to remember that compartmental 
models are mathematical constructs. They are typically 
derived by measuring the arterial or venous plasma concen-
tration of a drug after a bolus or infusion in a group of 
patients or volunteers, and then estimating the pharmacoki-
netic parameters of the drug under investigation by perform-
ing nonlinear mixed effects modeling with software such as 
NONMEM® (Globomax LLC, Hanover, MD, USA).
During this process, the investigators typically begin with a 
simple model and then make stepwise increases in the com-
plexity of the model. Increases in complexity that do not 
significantly improve the ability of the model to predict 
measured blood concentrations are rejected in favor of the 
simpler model.

�Important Mathematical Concepts 
for Understanding of Pharmacokinetic  
Models

Many physiological processes depend on concentration 
gradients and so display first-order kinetics (Fig. 31.1). For 
most anesthetic agents, the enzymes involved in metabo-
lism are not saturable at clinical concentrations, and thus 
the amount of drug metabolized during any unit of time 
depends on the plasma drug concentration at that time. 
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Similarly, redistribution of most anesthetic drugs is a passive
process in which the rate and direction of redistribution 
depend on the concentration gradient between the blood 
and other tissues.

For any first-order process, the variable of interest 
changes in an exponential manner. Depending on the pro-
cess, the variable may either increase or decrease exponen-
tially. When the variable of interest is an amount (e.g., the 
mass of drug or the number of millimoles of drug) then the 
changes in this variable over time can be described mathe-
matically in the following general way (the formula applies 
equally well to other exponential process such as popula-
tion growth or the arterial blood pressure changes during 
diastole):

	 A t A k t( )= ( )´0 e . 	

where A(0) is the amount at time zero, t is the time since 
the start of the process, A(t) is the amount at time t, k is the 
rate constant (with units of the inverse of time—typically 
min−1), and e is an irrational constant approximately equal 
to 2.7182. The rate constant k describes the proportional 
change over a unit of time. If k = 1, then A(t) increases by a 
multiple of e1 in each unit of time, i.e., A(t) increases by 
271.8 % in each unit of time. On the other hand if k = −1, 
then A(t) changes by a factor of e−1 (=1/e = 0.367) in each 
unit of time, which means that A(t) decreases by 63.3 % in 
each unit of time.

The rate of change of A(t) at time t can be calculated 
mathematically as the first differential of A(t) as follows:

	

d

d
e

A t

t
k A k A tk t( )

= ´ ( )´ = ´ ( )0 .

	

Thus although the proportional change is constant, the abso-
lute change over a unit of time changes according to the 
amount, A(t), present during that unit of time.

In pharmacology we are often more interested in concen-
trations than amounts, and we are commonly dealing with 
situations where gradients decline over time. For these situa-
tions the following general equation will apply:

	 C t C k t( )= ( )´ -0 e . 	

where C(0) is the concentration at time zero, t is the time 
since the start of the process (e.g., the time since drug admin-
istration), C(t) is the concentration at time t, and k is the rate 
constant.

�Half-Life, Time Constant, and Rate Constant

The time constant, τ(tau), is another rate descriptor, but with 
units of time. Mathematically it is the inverse of the rate con-
stant (i.e., 1/k) and represents the time taken for a change by a 
factor of e (i.e., an increase of 271 % or a decrease of 63 %).

Rate and time constants are not intuitively easy to under-
stand, and thus the pharmacology literature often uses half-
lives to describe the time course of exponential processes. 
Simply put, the half-life describes the time it takes for a
change by a factor of 2, i.e., for the amount to change to 
double or half the initial value. By definition the half-life is 
shorter than the time constant. Mathematically the half-life 
can be calculated as follows:

t
k

1

2
2 0 693

1
0 693= ( )´ = ( )´ = ´t ttau tauln . .

Fig. 31.1  The three-
compartment pharmacokinetic 
model enlarged with an effect 
compartment. (Adapted  
from [94])
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�Volume of Distribution

If serial measurements of the concentration of a drug can be 
performed, then it is possible, with knowledge of the time 
course of drug administration, and appropriate mathematical 
techniques, to calculate a volume of distribution (an apparent 
volume in which the drug has been distributed). Few drugs 
distribute uniformly throughout the body. Most distribute 
into different tissues at different rates. In these situations, an 
“initial volume of distribution” (V1 or Vc) is often described.
It can be calculated as follows:

	
Vd

Dose
=

( )C 0 	

Since drugs do not mix instantaneously on injection, C(0) 
is calculated by extrapolating the time–concentration curve 
back to time zero. If the volume of distribution, Vd, is
larger than the circulating blood volume, then the drug is 
likely to have rapidly mixed in the blood and extracellular 
fluids.

The volume of distribution at steady state, Vdss, is the
apparent volume of distribution once adequate time has been 
allowed for complete equilibration of the drug across all tis-
sues. In multicompartmental models, Vdss is the mathemati-
cal sum of the volumes of all compartments in the model. 
For drugs with extensive protein binding and/or high lipid 
solubility, the peripheral tissues will have a large capacity to 
absorb the drug, resulting in a Vdss greater than the volume
of the entire body.

�Single Compartment Pharmacokinetic Models

The behavior of a drug that does not undergo redistribution 
can be described by a single compartment mathematical 
model. On injection, the drug distributes uniformly through-
out a single volume, V, and the drug concentration in this
compartment is the same as the plasma concentration. After 
a single bolus or an infusion, the drug concentration will 
decline because of metabolism or elimination, as described 
by the following equation:

	 C t C k t
p p

ele( )= ( )´ -0 . 	

where Cp(t) is the plasma concentration at time t, Cp(0) is the 
initial plasma concentration, kel is the elimination rate con-
stant, and t = 0 is the time of the bolus or the time at which the 
infusion ceased. Clearance (mL/h) can be calculated from kel 
as follows:

	 Clearance Cl Vel, ,= ´k 	

If the relationship between drug concentration and time is 
plotted on linear axes then the exponential decline results in 

a curved graph (Fig.  31.2). If however, a semilogarithmic 
graph is used (i.e., the logarithm of the concentration is plotted) 
a straight line will result. Figure 31.3 shows the relationship 
between loge Cp(t) and time.

As shown the elimination rate constant can be calculated 
from the slope of the line in Fig. 31.3. If the natural logarithm 
(loge or “ln”) of the drug concentration is plotted against time, 
then the slope is simply equal to kel. As there is only one rate 
constant influencing the rate of decline in drug concentration, 
the decline in plasma concentrations has a constant t1/2 that can 
be calculated from kel as shown previously.

�Three Compartment Models

The pharmacokinetics of most anesthetic drugs are best 
described by three compartment models. Each model 

Fig. 31.2  Exponential versus linear decay. The (dotted) straight line 
represents linear decay, in which the amount of drug at time t is a linear 
function of the initial amount. The curve (solid) illustrates exponential 
decay in which the amount of drug at time t is an exponential function 
of the initial amount

Fig. 31.3  The relationship between log e drug concentration and time 
after a bolus of a drug with single compartment kinetics. The slope of 
the elimination curve is constant
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describes the number of compartments, and their volumes, the 
rate of drug metabolism or elimination, and the rate of trans-
fer of drug between the different compartments. The concept 
is summarized in Fig. 31.1.

By convention, the compartment into which the drug is 
injected is called the central compartment (V1 or Vc), which
may be thought of as including the blood volume, although it 
can be larger than the blood volume. It is sometimes referred 
to as the initial volume of distribution. Elimination of active 
drug by metabolism usually occurs from within this compart-
ment (as in the case of hepatic or renal metabolism). The rate 
of elimination is described interchangeably by a rate constant 
(k10) or a clearance (Clearance = k10 ×V1). The second com-
partment, V2, is referred to as the “rapid redistribution” com-
partment since drug concentrations in V2 equilibrate rapidly
with those in the central compartment. The rate constants k12 
and k21 are used to describe the rate of drug transfer from V1
to V2 and from V2 to V1, respectively. Fast redistribution
clearance, “Clearance 2,” can be calculated as:

Clearance V V2 1 212 21= ´ = ´k k

The third compartment, V3, is often referred to as the
“slow” compartment (because there is rather slower drug 
distribution between V1 and V3). Here the rate constants k13 
and k31 are used to describe the rate of drug transfer from V1
to V3 and from V3 to V1, respectively. Slow redistribution
clearance, “Clearance 3,” can be calculated as:

	 Clearance V V3 1 212 21= ´ = ´k k 	

The second and third compartments are sometimes 
referred to as the “vessel rich” and “vessel poor” compart-
ments, respectively, but these terms are best avoided since 
they encourage the false impression that these compartments 
represent distinct anatomical or physiological entities. The 
sum of V1, V2, and V3 gives the “volume of distribution at
steady state,” Vdss.

The site of action of the anesthetic agents is, of course, 
not in the vascular system, but in the brain at a vaguely 
defined “effect site.” Thus, many models now also include 
the effect site as a fourth compartment, with the rate constant 
keo being used to describe the rate of equilibration between 
the central and effect-site compartments.

For a drug showing three compartment kinetics (such as 
propofol), the change in concentrations after a bolus or infu-
sion cannot be described by a single rate constant or half-
life. The decline in plasma concentration is more complex 
because it is influenced by several simultaneous exponential 
processes, each with a different rate constant, so that the 
time required for the concentration to fall by 50 % (or any 
other proportion) changes over time. Figure 31.4 shows a 
typical curve of the relationship between blood concentra-
tion and time after a single bolus dose of an anesthetic drug. 
The time course of changes in plasma concentration shown 

in Fig. 31.4 can be described mathematically as the sum of 
three exponential processes as follows:

C t A B Ct t t
p

alpha beta gammae e e( ) = + +- ( ) - ( ) - ( ). . .a b g

where A, B, C, α(alpha), β(beta), and γ(gamma) are con-
stants. As can be seen in Fig. 31.4, in the early phase after a 
bolus dose, the plasma concentration falls rapidly, being 
mostly influenced by rapid redistribution (described by a rate 
constant α[alpha]). Later on the rate of decline in plasma
concentrations is influenced mostly by redistribution to less 
well-perfused tissues (described by a rate constant β[1]).
Eventually the predominant factor is elimination (rate con-
stant γ[gamma]). From these parameters the time-honored
redistribution and elimination half-lives can be calculated.

During and after administration of repeated bolus doses 
or infusions, the changes in drug concentrations vary in a 
complex matter since they are influenced by several simulta-
neous exponential processes, and the relative contributions 
of the different processes change for most anesthetic drugs 
as the duration of infusion increases. These factors make it 
difficult to predict drug concentrations without the assistance 
of computer programs.

�Context-Sensitive Half-Time

The concept of “context-sensitive half-time” (CSHT) has
been introduced as a simple metric that provides a summary 
of the interplay of time and the different half-lives after an 
infusion [31].

It describes the time taken for blood concentration of a 
drug to fall by 50 % after the end of an infusion of a specified 
duration—the context is thus the duration of infusion. 
The influence of duration of infusion on CSHT indicates
the degree of drug accumulation and the balance between 
redistribution and metabolism/elimination. This metric only 

Fig. 31.4  Relationship between plasma concentration (after a bolus 
dose) and time for a typical anesthetic agent, displaying tricompartment 
kinetics. The squares represent typical measured concentrations and the 
red line represents a curve generated the sum of three exponentials
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describes the time taken for the first decline of 50 %—the 
time taken for subsequent 50  % falls will be different. 
Also, it does not necessarily describe when clinical effects 
will cease, since these depend on the initial concentration, 
and pharmacodynamic factors such as the sensitivity of the 
patient to the drug. Nonetheless, it gives the physician a 
useful indicator of the rate at which drug concentrations will 
decline after an infusion and an indication of the influence of 
duration of infusion.

�Pharmacokinetic Models for Propofol

During the early 1990s a study of the predictive accuracy of 
the “Marsh” adult propofol model in 20 children showed 
that it significantly overestimated the blood concentrations 
(i.e., measured blood concentrations were less than expected) 
[32]. This was consistent with other work showing that the
pharmacokinetics of propofol differ between children and 
adults [33, 34].

The Marsh model was then revised to produce a model spe-
cific to children (the size of the central compartment volume 

was increased, but remained a linear function of body weight), 
and when prospectively tested, the predictive performance 
was improved compared with the adult model [32].

Since then several other models specific to children have
been produced. Schüttler published a complex model in 2000
based on a combined analysis of data from several other 
studies [35]. This model, which contains multiple covariates,
and adjusts for mode of drug administration (bolus versus 
infusion) and sampling site (arterial versus venous), was 
designed for use in a wide range of patients including children. 
The Short model, on the other hand, was designed specifically
for the pediatric population [36], but like the Schüttler model
it is seldom used in clinical practice.

The Kataria and Paedfusor models (Table 31.1) are the 
most commonly used models at present and are available in 
commercially available TCI systems available in most coun-
tries of the world (but not the USA). Despite the fact that the
models were developed in different ways, and that weight is 
incorporated in a different way in each model, the overall 
model parameters are fairly similar. Figure  31.5 shows a 
comparison of the cumulative propofol dose for children 
weighing 14 and 20 kg when the Kataria and Paedfusor

Table 31.1 Kataria and Paedfusor pediatric propofol models

Paedfusor [38, 93]
Kataria [37]
Weight proportional

Kataria [38]
Weight proportional, age adjusted

Model 20 kg patient Model 20 kg patient Model 5 years, 20 kg patient

V1 0.458 L/kg 9.2 L 0.52 L/kg 10.4 L 0.41 L/kg 8.2 L
V2 1.34 L/kg 26.8 L 1.0 L/kg 20 L 0.78 L/kg+(3.1×age)–16 15.1 L
V3 8.20 L/kg 163.9 L 8.2 L/kg 164 L 6.9 L/kg 138 L
K10 (min−1) 70 × Weight−0.3/458.4 0.062 0.066 0.066 0.0854 0.0854
K12 (min−1) 0.12 0.12 0.113 0.113 0.1878 0.1878
K13 (min−1) 0.034 0.034 0.051 0.051 0.0634 0.0634
K21 (min−1) 0.041 0.041 0.059 0.059 0.077×weight/V2 0.1020
K31 (min−1) 0.0019 0.0019 0.0032 0.0032 0.0038 0.0038

Fig. 31.5  Cumulative propofol 
doses administered to children 
weighing either 12 or 20 kg, by 
TCI systems programmed with 
the Kataria or Paedfusor
pharmacokinetic models for 
propofol (target concentration 
2.5 μ[mu]g/mL)
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models are used to administer a target blood concentration of 
2.5 μ(mu)g/mL.

Kataria et al. used three different pharmacokinetic modeling
techniques in an extended group of children between 3 and 
11 years and found that the pharmacokinetics of propofol 
could be described by a three compartment model [37]. They
found that a weight-proportional model performed signifi-
cantly better than a model with fixed volumes and rate con-
stants. Adjusting V2 (and hence k12 and k21) according to age 
produced a further (modest) improvement. Although Kataria
recommended that the weight proportional model be used, 
some investigators have used the weight proportional model 
with age adjustment. The equation used to adjust V2 for age
is likely to yield an anomalous (negative) V2 for children
younger than 3 years, and thus the age-adjusted, weight-
proportional model should not be used in children younger 
than 3 years.

The Paedfusor model [38] was adapted from one of the
preliminary models developed by Schüttler prior to the pub-
lication of his final model [35] and was incorporated in a
pediatric TCI pump developed and used in Glasgow. In the 
Paedfusor model the central compartment volume and clear-
ance have a nonlinear correlation with weight, whereas in the 
final Schüttler model all variables have a nonlinear correla-
tion with age and weight.

A recent study investigated the predictive performance of 
eight existing pediatric propofol models in children between 
3 and 26 months of age [39]. Most models performed
acceptably, but interestingly the Short model was found to
perform best.

With increasing size, pharmacokinetic parameters change 
in a complex nonlinear way, and the scaling techniques used 
in the models described earlier do not deal optimally with 
size-related changes in very young and small children. It is 

increasingly being recognized that allometric scaling best 
describes the relationships between clearances and size [40].
Recent work in Groningen, using allometric scaling for size, 
and a maturation function (to deal with changes in organ and 
enzyme function in the early months after month), has pro-
duced a single pharmacokinetic model for propofol that 
appears to accurately predict propofol concentrations from 
6 months through to old age [41].

�Pediatric Propofol Infusion Regimens

�Disadvantages of Repeated Bolus Dose 
Administration

Although it is possible to maintain sedation or anesthesia 
with repeated boluses of an intravenous sedative agent, 
this is far from ideal. Firstly, stable levels of sedation are 
not possible since the blood and effect-site concentrations 
will be constantly either rising or falling. If the bolus size 
is too big, the patient state will oscillate from excessive 
sedation/anesthesia, with the attendant risks, to inadequate 
sedation. Secondly, it is difficult to judge the dose required
to produce adequate, but not excessive blood concentra-
tions. Finally, it is also difficult to judge the required inter-
val between doses. Figure 31.6 shows the estimated blood 
concentrations arising from repeated 40  mg boluses of 
propofol administered to a 20  kg child. In these simula-
tions, a bolus was administered each time the estimated 
concentration fell to 2 μ(mu)g/mL. As can be seen, as drug
accumulates in peripheral tissues, the rate of decline in 
blood concentration after successive doses gradually 
decreases, resulting in an increase in the interval between 
doses.

Fig. 31.6  Estimated blood 
propofol concentrations resulting 
from repeated 40 mg boluses of 
propofol in a 20 kg child. In this 
simulation, a repeat bolus was 
administered each time the 
estimated concentration fell to 
2 μ(mu)g/mL. Note how the rate
of decline in concentration after 
successive doses gradually 
decreases; resulting in an 
increase in the interval between 
doses
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�Commonly Used Regimens

Typically, blood concentrations of the order of 2–3 μ(mu)g/
mL are required for sedation in children. Naturally the con-
centration required is influenced by multiple other factors 
such as co-administered drugs. Thus, it is not surprising that 
after cardiac surgery, Murray et al. found that the mean mea-
sured propofol concentration at recovery of consciousness 
was only 0.97  μ(mu)g/mL [42], whereas Rigouzzo et al.
found that the EC50 (of measured blood propofol concentra-
tion at steady state) associated with loss of consciousness in 
healthy children was 4.0 μg/mL [43].

A commonly used deep sedation regimen for is an initial 
bolus of 2 mg/kg followed by an infusion at 10 mg/kg/h (in 
children <1 year of age, higher doses may be required, e.g., 
an initial bolus of 3 mg/kg and higher initial infusion rates). 
Figure 31.7 shows a simulation of the regimen, with the con-
centrations estimated by the Paedfusor model. At about 
10 min after the initial bolus the blood concentrations reach 
a nadir of ~2.5 μ(mu)g/mL. If the infusion rate is kept con-
stant at 10 mg/kg/h, the blood and effect-site concentrations, 
and clinical effect will gradually increase (reaching ~5 μ[mu]
g/mL after several hours), which is why downward titration
of the infusion rate is commonly required.

In a recent study, Koroglu and colleagues administered a
3 mg/kg bolus followed by infusions of 10–15 μ(mu)g/kg/min 
(i.e., 6–9 mg/kg/h) of propofol to 30 children between 1 and 7 
years of age for sedation during MRI scans [22]. With this pro-
pofol regimen, sedation was adequate in 27 of the 30 children, 
cardiorespiratory stability was reasonable, and mean recovery 
and discharge times were 18 and 27 min, respectively.

�PK Models for Dexmedetomidine

Pharmacokinetic models for dexmedetomidine in children 
have recently been produced from studies involving single 

bolus administration [44], after short infusions [45], and
after longer infusions [46] for postoperative sedation. Further
studies are needed to compare the predictive accuracy of 
these models to determine which perform optimally in clini-
cally relevant situations.

�Infusion Regimens for Dexmedetomidine

Despite the low α(alpha)1 affinity of dexmedetomidine, rap-
idly administered boluses cause bradycardia and hyperten-
sion. Typical infusion regimens thus usually comprise an 
initial bolus over 10 min, followed by a continuous infusion. 
Mason used an initial bolus of 2  μ(mu)g/kg over 10  min 
(repeated if Ramsay sedation score [47] of 4 not reached)
followed by an infusion at 1 μ(mu)g/kg/min, in 62 patients 
with mean age 2.8 years and mean weight 15 kg, undergoing 
CT imaging [23]. Of these patients, 10 % were able to
undergo their scan during the initial loading dose, 16  % 
required a second loading dose, and 90 % required the main-
tenance infusion. Two patients became agitated during the 
loading dose and were given alternative agents for sedation.

Subsequently, Mason reported the results of a study of
the use of higher doses of dexmedetomidine in >700 patients 
undergoing MRI scanning, which is more stimulating, and 
in which movement causes significant image degradation 
[24]. With time their regimen evolved from an initial bolus
of 2–3  μ(mu)g/kg and from an initial infusion rate of 
1 μ(mu)g/kg/h to 1.5 and 2 μ(mu)g/kg/h. The highest doses 
were associated with successful sedation and image acquisi-
tion in 97.6 % of patients, but with reasonable cardiorespira-
tory safety.

Koroglu and colleagues used smaller doses for sedation
during MRI scanning in 30 children with a mean age of 4 and 
mean weight of 14  kg; the bolus dose was 1.0 μ(mu)g/kg 
over 10  min, and this was followed by an infusion at 
0.5 μ(mu)g/kg/h initially, but increased to 0.7 μ(mu)g/kg/h if 

Fig. 31.7  Blood and effect-site 
concentrations (heavy and light 
continuous lines, respectively, as 
estimated by the Paedfusor 
model with a keo of 0.91 min−1), 
arising from an initial bolus of 
2 mg/kg, followed by an infusion 
initially at 10 mg/kg/h. Note the 
slow blood and effect-site 
concentration changes after step 
changes in infusion rate at 15, 20, 
and 25 min. Also, note that the 
concentrations continue to rise 
when the infusion rate is kept 
constant
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a Ramsay score of 5 was not reached within 25 min [22, 24].
With this regimen, additional midazolam was required in 
16 % of patients to facilitate successful scan completion.

�Target Controlled Infusions

�Definition

A TCI is an infusion of a drug administered by an infusion 
pump controlled by a computer or microprocessor that is 
programmed to calculate and implement the drug infusion 
rates required to achieve in a patient the blood or effect-site 
concentrations required by the user. Simply put, with these
systems, the user inputs a desired “target” concentration, 
and the system uses the parameters of a pharmacokinetic 
model for that drug and the patient parameters included as 
covariates in the pharmacokinetic model to calculate the 
infusion rates estimated to be necessary to achieve that 
concentration.

�Rationale for TCI

As previously explained, bolus doses of intravenous drugs for 
sedation are generally only suitable for short procedures. 
Although infusions do provide more stable conditions, they 
still do not provide stable blood concentrations. Even for pro-
pofol, a drug with rapid kinetics, blood concentrations con-
tinue rising for several hours when fixed rate infusions are 
used (see Fig. 31.7). There is thus a poor correlation between 
infusion rate and clinical effect. During the course of any pro-
cedure, the effect-site concentration required for adequate 
sedation will vary widely according to several other factors 
such as the influence of co-administered drugs (especially opi-
oid analgesics), the onset of natural sleep, changes in the envi-
ronment, and the severity of any noxious stimuli. The changing 
relationship between infusion rate and effect-site concentra-
tion, and the delay in blood–effect-site concentration equili-
bration, makes rational, precise, and rapid titration of the 
infusion very difficult. As can be seen in Fig. 31.7, stepwise 
changes in the infusion rate of 2 mg/kg/h result in very slow 
changes in blood and effect-site concentrations, so that it is 
difficult to assess the response to an infusion rate adjustment. 
These difficulties form an important part of the rationale for 
TCIs, where a computer or microprocessor is used to imple-
ment the infusion rates required to maintain steady-state blood 
concentrations. Since steady-state blood concentrations arise
quite quickly, TCI systems allow the user to judge the clinical 
effect of a blood concentration and to then adjust the target 
blood concentration accordingly, rather than adjusting the 
infusion rate accordingly. An analogy is to compare the con-
trol a car driver has over the speed of his car, when he has a 
speedometer and cruise control system versus the control he 

would have with only a gas pedal and no cruise control system 
or speedometer.

When keo values for children have been validated and 
effect-site targeting is sufficiently developed for use in chil-
dren, then a further refinement will be added since users will 
then be able to titrate the effect-site concentration titrate 
according to observed patient responses.

With blood and effect-site concentration targeting, abso-
lute accuracy of the pharmacokinetic model is not important, 
since steady-state concentrations arise very quickly, and 
there remains wide variability in pharmacodynamic sensitiv-
ity among different patients to given blood and effect-site 
concentrations. Thus, even with the most accurate models 
and systems, titration according to pharmacodynamic 
responses will be required.

�Principles of TCI

With TCI the user is able to set and alter a desired “target” 
drug concentration. The target is usually a blood concentra-
tion (although algorithms do exist for effect-site targeting 
[48] and have been implemented for propofol, remifentanil,
and sufentanil use in adults). TCI systems use compartmen-
tal pharmacokinetic models with complex mathematical 
algorithms to calculate and implement the infusion rates 
required to achieve the target concentration. The system soft-
ware calculates the drug amount in each of the compartments 
every 10 s, taking into account the amount of drug infused 
over the previous 10 s, the movement of drug into and out of 
the central compartment by redistribution, and the rate of 
removal of active drug from the central compartment by 
metabolism or elimination. It then calculates and implements 
the infusion rate required to maintain the target concentra-
tion over the subsequent 10 s.

The theoretical foundations for a system designed to 
maintain and achieve steady-state blood concentrations were 
laid by Kruger-Thiemer in 1968 [49] and later developed and
refined by Vaughan and Tucker [50, 51] and Schwilden [52]
(who developed the first clinical application of this theory: 
the “computer-assisted total intravenous anesthesia sys-
tem”). The schemes developed by these pioneers for drugs 
conforming to two-compartment models became known as 
BET (Bolus, Elimination, Transfer) schemes, so-called 
because they comprised an initial bolus to fill the central 
compartment (size in mg =target concentration ×V1), fol-
lowed by two superimposed infusions: one to replace drug 
lost by elimination and one to replace drug lost by redistribu-
tion. Modern TCI systems continue to use methods based on 
this approach, except that most modern models comprise of 
three compartments. After the initial bolus, three superim-
posed infusions are computed. When the target concentra-
tion is constant, drug lost by elimination is replaced by a 
constant rate infusion, since a fixed proportion of the total 
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amount of drug in the central compartment is eliminated in 
each unit of time. In contrast, the amount of drug distributed 
to peripheral tissues declines exponentially as the gradient 
between the central compartment and the peripheral compart-
ments decreases. Thus, two infusions at exponentially declin-
ing rates are required to replace drug “lost” from the central 
compartment by fast and slow redistribution. The sum of these 
three infusions is an infusion at a decreasing rate.

When the user decreases the target concentration, the 
infusion system stops infusing drug until it calculates that the 
blood concentration has decreased to the target concentra-
tion, whereupon the infusion restarts (see Fig. 31.8).

The first commercially available TCI systems contained the 
Diprifusor®, a microprocessor that was embedded in intrave-
nous infusion pumps sold by several manufacturers from 1996 
onwards (in numerous countries around the world, but not in 
the USA). The development of the Diprifusor® has been 
described in detail [53, 54]. TCI pumps controlled by it could
only administer TCIs of propofol, and only if the microproces-
sor was able to detect the presence of single-use prefilled glass 
syringes of 1 % or 2 % propofol purchased from AstraZeneca. 
These syringes contain a programmable metallic strip in the 
flange that is detected by a sophisticated process called pro-
grammed magnetic resonance.

In the years since the release of the first generation of TCI 
systems, the patent for propofol has expired and significantly 
cheaper generic forms of propofol are now available. This 
has led to the development and launch of second-generation 
TCI systems, the so-called Open TCI systems. In addition to 
the use of generic propofol, these systems also can be used 
for TCI of a variety of drugs, from a variety of syringe 
types and sizes. Two commonly used commercially avail-
able systems are the Alaris Asena PK® (Alaris Medical 
Systems, Basingstoke, UK) and the Base Primea (Fresenius,
Brezins, France).

�Choice of Propofol Target Concentration

In general, blood concentrations between 2 and 3 μ(mu)g/mL
are required for sedation in children. However, there are no 
hard and fast rules, and it is important to remember that use 
of a TCI system does not remove the requirement for titra-
tion of the target concentration according to the clinical 
response, since there is very broad intra- and inter-individual 
pharmacodynamic variability. Unfortunately there is very 
little data at present on the target concentrations required 
during sedation. There have been some studies of the con-
centrations required for loss of consciousness and so, for 
safe sedation, it is worth bearing these in mind. Hammer and 
colleagues investigated the TCI propofol requirements for 
preventing a movement or hemodynamic response to esoph-
agogastroduodenoscopy in 12 children between 3 and 11 
years of age [55]. The EC50 (i.e., the propofol concentration
estimated by the age-adjusted Kataria model at which 50 %
of patients did not respond) in this group was 3.55 μ(mu)g/
mL when calculated using Dixon’s up–down method [55] and
3.7 μ(mu)g/mL when recalculated using logistic regression
[56]. In 45 children between 6 and 13 years of age, Rigouzzo
found that the mean target propofol concentration (Kataria
age-adjusted model) associated with a BIS (Bispectral Index)
of 50 (i.e., surgical anesthesia) was 3.0 μ(mu)g/mL, and the
mean measured propofol concentration associated with BIS
50 was 4.3 μ(mu)g/mL [43].

�Predictive Performance of PK Models 
During TCI

Most studies of the validity and accuracy of models used for 
TCI have used the parameters recommended by Varvel for
assessing the predictive performance of a model during 

Fig. 31.8  Blood concentration 
targeted TCI, showing the 
infusion rates required by the 
Paedfusor model for a child 
weighing 20 kg. At time zero the 
target is set at 4 μ(mu)/mL, at
3 min it is increased to 6 μ(mu)g/mL,
and at 15 min the target is 
reduced to 3 μ(mu)g/mL
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TCI: bias, imprecision, wobble, and divergence [57].
Generally, bias <20 % and imprecision <40 % are consid-
ered acceptable [58, 59]. Although not yet common in clini-
cal practice, there is a growing body of experience of TCI 
administration of propofol in children. Some studies have
studied predictive performance of TCI systems during anes-
thesia in children. Absalom and colleagues assessed the pre-
dictive performance of the Paedfusor model in 29 children 
aged between 1 and 15 years who were undergoing cardiac 
surgery or cardiac catheterization [38]. Predictive perfor-
mance was well within the acceptable range. Bias was 4.1 % 
indicating that on average the measured blood concentra-
tions were 4 % higher than predicted; while the imprecision 
was 9.7 %, indicating that 50 % of measured blood concen-
tration samples were in the range from 90.3 to 109.7 % of 
the target concentration [38]. Engelhardt and colleagues
used a simple manual infusion regimen designed to manu-
ally target three different propofol concentrations in chil-
dren, and then assessed the ability of the Kataria model to
predict the measured concentrations [60]. In this study the
bias was 6.98 % and the imprecision 17.3 %. Rigouzzo and 
colleagues used the age-adjusted Kataria model for TCI
administration of propofol at target concentrations varying 
between 2 and 6 μ(mu)g/mL [43]. They did not perform a
formal analysis of predictive performance, but reported that 
the Kataria model generally underestimated measured con-
centrations; mean measured concentrations at target con-
centrations of 2, 3, and 6  μ(mu)g/mL were 2.4, 4.7, and
12.2 μ(mu)g/mL, respectively [43].

There are, as yet, no studies of the predictive performance 
of PK models for dexmedetomidine in children and no stud-
ies specifically investigating the predictive performance of 
pharmacokinetic models for propofol in children undergoing 
sedation.

�Future Directions

�Model Development and the Open TCI 
Initiative1

TCI systems are in common use for propofol sedation and 
anesthesia in adult patients in more than 100 countries. 
A  factor that is limiting the use of this technology in the 
pediatric population is the paucity of published data verify-
ing the validity and accuracy of the current pediatric mod-
els in different settings and patient groups. One of the goals 
of the recently established “Open TCI Initiative” is to set 
up multicenter collaborations to investigate model perfor-
mance at the extremes of age. It is hoped that more exten-
sive validation, and possibly the availability of a “universal” 

1 http://www.opentci.org/doku.php. Accessed 6 Dec 2008.

model [41], will lead to increased use of TCI technology
for sedation and anesthesia in children.

�Drug Interactions

Studies in adults over the past 20 years have made advances
in our understanding of interactions between different classes 
of anesthetic agents. These interactions include pharmacoki-
netic interactions, in which the presence of one drug causes 
measured concentrations of another drug to be different from 
those expected, and pharmacodynamic interactions, in which 
the presence of one drug alters the clinical effects of another 
drug. It is clear that in adults, pharmacokinetic interactions 
are common among anesthetic agents, and usually result in 
higher than expected concentrations, and that pharmacody-
namic interactions between hypnotics and opioids result in 
potent synergism for the sedative, anesthetic, respiratory, and 
cardiovascular effects of the hypnotic agents [8–16, 61–66].
Newer monitors, which incorporate real-time information 
about the strength of pharmacodynamic interactions in 
adults, have been developed [67, 68].

Drover studied the pharmacodynamic interaction of propo-
fol and modest doses of remifentanil in children undergoing 
endoscopy and found that remifentanil reduced the target pro-
pofol concentration (Kataria age-adjusted model) required for
tolerance of endoscopy from 3.7 to 2.8 μ(mu)g/mL [56].

At present there is very little other published data con-
cerning the magnitude and significance of anesthetic drug 
interactions in children. An understanding of this subject is 
important since it enables anesthesiologists to practice more 
safely, and sometimes to use these interactions for the benefit 
of patients. It is thus likely that much more work will be done 
on this subject, and that infusion and monitoring systems for 
children will display advisory messages based on real-time 
estimates of the interactions between co-administered agents.

�Effect-Site Targeted TCI Systems

So far we have focused on blood-targeted TCI systems,
which attempt to achieve the target blood concentration set 
by the user, while the effect-site concentration follows pas-
sively with a time delay determined by the rate of blood–
effect-site equilibration. When a suitable keo exists for a given 
drug, pharmacokinetic model, and population group, then it 
can be used in conjunction with the pharmacokinetic param-
eters to “target” the effect site instead of the blood concentra-
tion. Because the anesthetic drugs have their mechanism of 
action in the brain rather than the blood, effect-site targeting 
is intuitively more appealing than blood concentration tar-
geting and offers the potential for more rapid and precise 
control of the depth of sedation or anesthesia.
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TCI systems operating in effect-site targeting mode 
manipulate the blood concentration to bring about the tar-
get (effect-site) concentration as rapidly as possible, by 
implementing an overshoot in blood concentration when 
the user increases the target effect-site concentration, and 
a blood concentration undershoot when the user decreases 
the target effect-site concentration. For effect-site target-
ing, the choice of keo value is critical, since it will deter-
mine the degree of overshoot or undershoot required. If the 
keo is too small for the patient and model, then excessively 
large under- and over-shoots will occur, and these may 
compromise patient safety. Effect-site targeting has been 
implemented in commercially available TCI systems pro-
grammed with pharmacokinetic models suitable for use 
with propofol and remifentanil in adults. Unfortunately, 
there are differences in the way that effect-site targeting is 
implemented in the different pumps, resulting in signifi-
cantly different infusion profiles for the same model in some 
patient groups [69].

It is hoped that the Open TCI initiative will be able to also 
resolve this controversy.

Although the commercially available TCI devices gener-
ally are also programmed with one or more pediatric propo-
fol models, effect-site targeting has not been implemented 
for children. This is largely because there is currently no 
validated and generally accepted keo value for use with the 
pediatric propofol models. Munoz and colleagues recently 
used the time to peak effect methodology recommended by 
Minto [70] to calculate keo values for use with the Paedfusor 
and Kataria models. Further studies are likely to be neces-
sary to demonstrate the safety and benefit of effect-site tar-
geting in children before this technique is widely used in 
pediatric practice.

�Patient-Maintained Sedation

A patient-maintained sedation (PMS) system is a TCI system
in which the patient is able to alter (increase) the target 
(blood or effect-site) concentration by pressing a button on a 
handset. Safety is enhanced by having a preset lockout period
during which further target increases are not allowed, and by 
having automatic decreases in target concentration if the 
handset is not operated within preset time limits [70–75].
These systems thus combine the benefits of TCIs (stable 
blood and effect-site concentrations) with the psychological 
and safety benefits of patient control.

The Food and Drug Administration (FDA) in the United 
States has recently approved the Sedasys sedation system
(Johnson & Johnson, Ethicon, NJ, USA) for adults over age
18 years. Approved in May 2013, the system monitors pulse 
oximetry, noninvasive blood pressure, electrocardiogram, 

capnography, and patient responses. It analyzes and integrates 
the data in order to regulate the delivery of intravenous propo-
fol via a TCI-like infusion (i.e., aiming for stable concentra-
tions). The system has a safety algorithm that uses patient 
responses and physiological data to regulate the delivery of 
propofol (it stops propofol delivery if the data indicates 
impending respiratory depression). This unique and novel 
approach thus merges the benefits of TCI technology with 
traditional monitoring principles. In comparing the safety of 
Sedasys to that of the manual administration of propofol, the
Sedasys was found to be superior in its ability to maintain
oxygen saturation, achieve and maintain minimal to moderate 
sedation, decrease recovery time, decrease the incidence of 
adverse events, and provide sedation with higher patient and 
clinician satisfaction [76].

Although not intended to be utilized on high-risk patients 
[77], the Sedasys shows promise and has even prompted
some to wonder whether “robotic” delivery of anesthesia 
may someday replace human controlled delivery [78]. These
systems have shown great promise in adult groups, but have 
not yet been investigated in children. It is highly likely that 
PMS systems suitable for use by children will be developed
once issues regarding PK model validity have been addressed
and safety of PMS has been demonstrated.

�Closed Loop Control

Automated control systems are almost omnipresent in mod-
ern life and are accepted without question. They control 
household appliances, fly airplanes, and control the flow of 
road and train traffic. Computer systems capable of auto-
matic control of anesthesia and sedation have been devel-
oped and tested in adults [79–86].

More recently, Liu and colleagues have developed a sys-
tem capable of dual control of propofol and remifentanil 
infusions and tested its performance in many hundreds of 
patients [87, 88]. Their system has been shown to improve
the stability and control of anesthesia and to reduce anesthe-
siologist workload [89]. In a study in sedated adult intensive
care patients, the system achieved more accurate control of 
sedation, while reducing propofol requirements by half and 
decreasing vasopressor requirements [90]. In another study
among adults undergoing rigid bronchoscopy, system perfor-
mance was equivalent (but not superior) to manually con-
trolled TCI infusions [91].

Since the problems of dose titration for sedation and anes-
thesia apply to children as well as to adults, it is likely that 
this technology will one day be used to improve the accuracy 
of drug administration for sedation in children. Indeed, pre-
liminary work on closed loop systems for children is already 
underway [92].
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    Abstract  

  Complementary and alternative medicine includes those acceptable health care approaches 
outside of our conventional medicine. The National Center for Complementary and Alternative 
Medicine classifi ed these therapies from a complete medical system of premise and practice; 
biological-based practices; mind-body medicine; manipulative and energy medicine. 

 Music therapy, hypnotherapy, guided imagery, and acupuncture-related techniques have 
been applied for pediatric sedation. These therapies can easily work in conjunction with 
available conventional medical treatments for pediatric sedation.  

     Keywords  

  Complementary and alternative medicine   •   Pediatric sedation   •   Music therapy   •   Hypnosis   • 
  Guided imagery   •   Acupuncture   •   Acupressure  

      Usage of Complementary 
and Alternative Medicine 
in Pediatric Sedation 

           Yuan-Chi     Lin     

 32

        Y.-C.   Lin ,  M.D., M.P.H.      (*) 
  Department of Anesthesiology, Perioperative and Pain Medicine , 
 Boston Children’s Hospital, Harvard Medical School , 
  300 Longwood Avenue ,  Boston ,  MA   02115 ,  USA   
 e-mail: Yuan-Chi.Lin@childrens.harvard.edu  

        Introduction 

 Complementary and alternative medicine (CAM) describes 
any health care approach outside the area of conventional 
medicine. It is a group of diverse medical and health sys-
tems, practices, and products, and is commonly used in con-
junction with conventional medicine. 

 The National Center for Complementary and Alternative 
Medicine groups these therapies into several domains 
(Table  32.1 ). It can come from a complete medical system of 
premise and practice, including homeopathic medicine, 
naturopathic medicine, traditional Chinese medicine, 
ayurveda, and Tibetan medicine.

   Commonly utilized forms of CAM include biologically 
based practice, mind-body medicine, manipulative and 
body-based practice, and energy medicine. Biologically 
based practices of CAM employ the use of the substances 

from nature, including herbs, nutrition, vitamins, and dietary 
supplements. Mind-body medicine involves a variety of 
techniques designed to enhance the mind’s capacity to affect 
bodily functions and symptoms. Some examples of mind- 
body medicine include meditation, biofeedback, relaxation, 
guided imagery, prayer, and music therapy. (Refer to Chap.   34    : 
 Non-pharmacological Distraction Techniques as Sedation 
Adjunct .) Manipulative practices are based on manipulation 
and movement of the body. These include massage, chiro-
practic or osteopathic manipulation. Energy medicine 
employs the usage of energy fi elds. Some examples include 
acupuncture, qigong, reiki, and therapeutic touch. 

 Use of CAM in the pediatric population is increasing in 
popularity. In the United States, approximately 38 % of 
adults and 12 % of children currently use some form of com-
plementary medicine [ 1 ]. The surgical environment is one in 
which CAM has become particularly popular with pediatric 
patients, families, and health care professionals. Pediatric 
patients require sedation more often than adults for medical 
procedures. They are at higher risk for respiratory depression 
and life-threatening hypoxia, and peri-procedure anxiety is 
directly related to fear, unfamiliar environments, and a loss 
of control. CAM can be used as a noninvasive modality for 
decreasing patients’ anxiety and assisting with sedation.  

mailto:Yuan-Chi.Lin@childrens.harvard.edu
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    Music 

 Music has been widely used for healing purposes through the 
ages. It is recognized as a safe, inexpensive, and effective 
anxiolytic adjunct to medical procedures. Music therapy 
employs the use of experiencing or making music for thera-
peutic purposes. It can serve as an adjuvant therapy in criti-
cally ill patients. In a randomized controlled trial, ten 
critically ill patients were allocated to a music or a no-music 
group. The music group received a special selection of slow 
movements from Mozart’s piano sonatas, which had been 
analyzed for compositional elements for relaxation. The 
music was delivered for 1 h via headphones, where the con-
trol subjects wore headphones without music. Music applica-
tion was shown to signifi cantly reduce the amount of sedative 
medication needed to achieve a comparable degree of seda-
tion. In those receiving the music intervention, plasma con-
centrations of growth hormone increased, whereas those of 
interleukin-6 and epinephrine decreased. The reduction in 
systemic stress hormone levels was associated with a signifi -
cantly lower blood pressure and heart rate. Music may exert 
its sedative effects by a neurohumoral  pathway involving 
interactions between the hypothalamo-pituitary axes with the 

adrenal medulla via mediators of the unspecifi c immune sys-
tem [ 2 ]. A multicenter randomized controlled trial utilized 
music therapy to help reduce anxiety and sedation among 
373 patients receiving mechanical ventilation for acute respi-
ratory failure. The music intervention group (126 patients) 
could select their preferred pieces of music to listen to as they 
wanted. The patient-directed music listening group had rela-
tive decreases of about 36 % in anxiety, sedation intensity, 
and sedation frequency as compared with usual care [ 3 ]. 

 The use of intraoperative music in awake patients 
decreases patient-controlled sedative and analgesic require-
ments. A randomized controlled study of 35 adults undergo-
ing urologic procedures with spinal anesthesia and 
patient-controlled intravenous propofol sedation randomly 
assigned patients to intraoperative music via headset or to 
no intraoperative music. The patients in the music group 
required signifi cantly less propofol for sedation than patients 
in the control group [ 4 ]. A randomized controlled study of 
43 adults undergoing lithotripsy treatment of renal or ure-
teral calculi and receiving patient-controlled intravenous 
opioid analgesia also randomly assigned patients to either a 
music or no-music group. The patients who listened to 
music had a signifi cant reduction in alfentanil requirements 
[ 4 ]. By using self-report validated behavioral and physio-
logical measures of anxiety, 93 adult patients were evaluated 
before, during, and after surgery. Patients who listened to 
music of their choice during the preoperative period reported 
less anxiety [ 5 ]. 

 A randomized controlled trial of 70 children undergoing 
surgical procedures indicated that children are less anxious 
and show increased compliance during induction when 
exposed to a single care-provider in a dimmed, quiet operating 
room with background music [ 6 ]. In another study, 123 
 children were randomly assigned into one of three groups: 
interactive music therapy, oral midazolam, and a control 
group. The children who received midazolam were signifi -
cantly less anxious during the induction of anesthesia than 
the children in the music therapy and control groups. There 
was no difference in anxiety during the induction of anesthe-
sia between children in the music therapy group and children 
in the control group. Music therapy may be helpful on sepa-
ration and entrance to the operating room, depending on the 
therapist; however, it does not appear to relieve anxiety 
d uring the induction of anesthesia [ 7 ]. 

 Sixty pediatric patients receiving either chloral hydrate or 
music therapy for electroencephalography testing revealed that 
music therapy may be a cost-effective, risk-free alternative to 
pharmacological sedation [ 8 ]. There has been report of a high 
success rate of utilizing music for pediatric patients undergo-
ing computerized tomography scans, echocardiograms, ini-
tiation of intravenous lines, and electroencephalograms 
(EEGs). Music therapy is a cost-effective intervention for 
most  pediatric facilities [ 9 ]. It can be used as an adjuvant ther-
apeutic measure in pediatric sedation.  

   Table 32.1    Major types of complementary and alternative medicine 
(adapted from NCCAM, National Institutes of Health, Bethesda, 
Maryland)   

 Whole medical systems 
 • Homeopathic medicine 
 • Naturopathic medicine 
 • Traditional Chinese medicine 
 • Ayurveda 
 • Tibetan medicine 
 Biologically based practices 
 • Herbal products 
 • Nutritional supplements 
 • Vitamins 
 • Dietary supplements 
 Mind-body medicine 
 • Meditation 
 • Biofeedback 
 • Relaxation 
 • Guided imagery 
 • Prayer 
 • Music therapy 
 • Tai Chi Chuan 
 Manipulative practices 
 • Chiropractic manipulation 
 • Massage 
 • Osteopathic manipulation 
 Energy medicine 
 • Acupuncture 
 • Qigong 
 • Reiki 
 • Therapeutic touch 
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    Hypnotherapy 

 Hypnotherapy is the induction of a trance-like state to facili-
tate relaxation of the conscious mind. The hypnotic trance is 
neither a sleep state nor a state of unconsciousness. It is a 
state of altered consciousness in which attention can be 
focused on some things to the exclusion of others. Relaxation, 
immobilization, and altering or abolishing painful stimuli are 
frequently seen with hypnosis. A study of 49 embolization 
procedures on 30 patients utilizing medical hypnosis revealed 
that 45 of the procedures were successfully performed using 
hypnosis [ 10 ]. 

 Faymonville et al. did a study of positron emission tomog-
raphy in 11 healthy volunteers to identify the brain areas in 
which hypnosis modulates cerebral responses to a noxious 
stimulus. Hypnosis decreased both pain sensation and the 
unpleasantness of noxious stimuli. Noxious stimulation 
caused an increase in regional cerebral blood fl ow in the tha-
lamic nuclei and anterior cingulate and insular cortices. The 
hypnotic state induced a signifi cant activation of a right- 
sided extrastriate area and the anterior cingulate cortex. The 
interaction analysis showed that how the activity in the ante-
rior cingulate cortex was related to pain perception and 
unpleasantness was different from the hypnotic state than in 
control situations. Both intensity and unpleasantness of the 
noxious stimuli were reduced during the hypnotic state [ 11 ]. 

 Lang and colleagues did a randomized study of 236 
women referred for large core needle breast biopsy to receive 
standard care, structured empathic attention, or self-hypnotic 
relaxation during their procedures. The study demonstrated 
that hypnosis can be successfully integrated to core needle 
biopsy for the diagnosis of breast cancer. The adjunctive use 
of hypnosis by trained members of the procedure team 
resulted in substantially less anxiety and a reduction in pain, 
compared to two other randomized conditions: routine care 
and sympathetic assistance. After more than an hour, the 
hypnotic analgesia was clearly superior to that obtained in 
standard care or the nonspecifi c empathy conditions [ 12 ]. 

 A study explored the use of hypnosis for pain and anxiety 
management in six colonoscopy patients who received a 
hypnotic induction and instruction in self-hypnosis on the 
day of their colonoscopy, compared to ten consecutive 
patients who received standard care. Hypnosis appeared to 
be a feasible method of managing anxiety and pain associ-
ated with colonoscopy, reduced the need for sedation, and 
may have other benefi ts, such as reduced vasovagal events 
and recovery time [ 13 ]. 

 Ghoneim et al. did a randomized controlled trial of 60 
patients to evaluate the usefulness of tape-recorded hypno-
sis instruction on perioperative outcome in surgical patients. 
The hypnosis group received an audio tape to listen to daily 
for the immediate preoperative week. The controlled group 

did not receive a tape. Anxiety was reduced before surgery 
by means of the audio tape containing hypnotic instructions, 
however, for no discernible reason, and there was an 
increase in the incidence of vomiting [ 14 ]. Balini et al. stud-
ied 46 patients undergoing percutaneous transluminal coro-
nary angioplasty of the left anterior descending coronary 
artery. They were randomized to receive medication or hyp-
notic sedation during the procedure. The increase in cardiac 
sympathetic activity associated with balloon infl ation and 
myocardial ischemia during percutaneous transluminal cor-
onary angioplasty of the left anterior descending coronary 
artery was selectively eliminated by hypnosis but not by 
drug sedation [ 15 ]. 

 A meta-analysis performed on 18 controlled trials sug-
gested that the addition of hypnosis substantially enhanced 
treatment outcome. The average client receiving cognitive- 
behavioral hypnotherapy showed greater improvement 
than at least 70 % of clients receiving non-hypnotic treat-
ment. Hypnotherapy enhances the effects of cognitive-
behavioral psychotherapy, including anxiety, insomnia, 
pain, and obesity [ 16 ]. 

 Hypnotherapy is one of the oldest forms of psycho-
therapy. It encourages the patient to use his or her imagi-
nation to improve health and health behaviors. While 
most of the current research is on its use in the adult pop-
ulation, hypnotherapy may be integrated into pediatric 
sedation in the future.  

    Guided Imagery 

 Patients who undergo sedation usually experience some fear 
and apprehension about their procedures. Guided imagery is 
a simple, low-cost therapeutic tool that can help counteract 
these feelings. A randomized controlled trial of 130 patients 
underwent elective colorectal surgical procedures. They 
were assigned to receive either routine perioperative care or 
listen to guided imagery tapes for 3 days before their proce-
dures, during the peri-procedure period, and for 6 days after 
the intervention. The patients in the guided imagery group 
experienced considerably less preoperative and postopera-
tive anxiety and pain, and required nearly 50 % less narcotic 
medications than patients in the control group [ 17 ]. 

 Guided imagery was successfully utilized in 56 patients 
undergoing radiology interventional procedures. They were 
enrolled in a standardized protocol with script guided imag-
ery to produce a state of self-hypnotic relaxation. Each of the 
patients developed an imagery scenario. Although there 
were common trends in the chosen imagery, such as nature, 
travel, family, home, and personal skills, the chosen topics 
were highly individual. This variable made prerecorded 
tapes or provider-directed imagery unlikely to be equally 
successful [ 18 ]. 
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 Anodyne imagery technique consists of conditioned relax-
ation, induction of a trance state, and guided processing of the 
patient’s internal imagery. A study involved 100 patients 
undergoing interventional radiologic procedures. Anodyne 
imagery eased patients’ anxiety and fears and reduced the 
amount of midazolam and fentanyl used during interven-
tional radiologic procedures, possibly improving procedural 
safety and augmenting the speed of recovery [ 19 ]. 

 Guided imagery technique can produce analgesia and anx-
iolysis. Though the technique is highly individualized, it has a 
potential to be integrated into pediatric sedation in the future.  

    Acupuncture and Related Techniques 

 Used for more than two millennia, acupuncture is one of the 
oldest medicinal practices in the world. It is part of tradi-
tional Chinese medicine. Since its reintroduction in the 
United States in the early 1970s, acupuncture has become a 
widely used complementary medical therapy, used to main-
tain and restore health through the stimulation of acupuncture 
points by the insertion of hair-thin needles through the skin. 
In traditional Chinese Medicine and acupuncture, i llness is 
caused by imbalance of a person’s energy called  
qi . Qi is created between heaven and earth. Qi fl ows through 
the entire body of living creatures. Acupuncture promotes the 
fl ow of “qi,” which is equivalent to energy. Endogenous opi-
oid peptides in the central nervous system play a major role in 
mediating the effect of acupuncture [ 20 ]. Several acupuncture- 
related techniques, including electro- acupuncture, moxibustion, 
cupping, acupressure, and auricular therapy, are commonly 
applied. Complications from acupuncture treatment are rare. 

 Acupuncture can be used to assist upper endoscopic and 
colonoscopy procedures. In a study of 106 patients, those 
receiving midazolam rated the procedure as slightly less 
troublesome than those receiving acupuncture. Oxygen satu-
ration, blood pressure, and heart rate were signifi cantly lower 
in patients receiving midazolam [ 21 ]. In a randomized con-
trolled trial of 55 patients who received colonoscopy exami-
nation with either electro-acupuncture analgesia or 
meperidine analgesia, the analgesic effect of both groups 
was the same. The electro-acupuncture group has fewer side 
effects, particularly in regard to dizziness. Serum concentra-
tion of beta-endorphin in both groups showed similar trends 
of change during colonoscopy. Changes in serum concentra-
tion of epinephrine, norepinephrine, dopamine, cortisol, and 
beta-endorphin were also similar between these two groups 
[ 22 ]. Another study of 30 patients undergoing colonoscopy 
was randomized to receive acupuncture, sham, or no acu-
puncture. Midazolam was used for sedation for all three 
groups. The acupuncture group experienced less pain and 
required less midazolam than the other two groups. The 
demand for sedative drugs during colonoscopy was decreased 

through the use of acupuncture by reducing the discomfort 
and anxiety of the patients [ 23 ]. 

 In a study of 56 patients undergoing lithotripsy proce-
dures, patients were enrolled into either an acupuncture or 
sham group. Using a combination of auricular and body acu-
puncture, patients had less pre-procedural anxiety and 
required less intra-procedural analgesia [ 24 ]. Another study 
involving 35 patient undergoing lithotripsy procedures 
showed that electro-acupuncture was an effective method for 
inducing sedation with analgesia without any demonstrable 
side effects [ 25 ]. 

 Acupuncture or acupressure on the extra-one, EX-HN3, 
(Yin-Tang) acupuncture point is effective in producing seda-
tion. The extra-one, EX-HN3, (Yin-Tang) acupuncture point 
is located on the forehead, at the midpoint between the eye-
brows (Fig.  32.1 ).

   A prospective, randomized, single-blind, controlled study 
assigned 52 patients either to acupuncture on Yin-Tang or to 
a sham acupuncture group. The bispectral index (BIS) values 
in the acupuncture group were signifi cantly lower than in the 
sham group [ 26 ]. 

 A study of 50 patients was randomly assigned to acu-
puncture of the Yin-Tang point or control point. Acupuncture 
application signifi cantly decreased the BIS value compared 
to the control group [ 27 ]. 

 Acupressure over this point produces analgesic and seda-
tive effects. A study of 52 children undergoing endoscopic 
procedures was randomized to receive acupressure bead 
intervention either at the extra-one (Yin-Tang) acupuncture 
point or at a sham point. Anesthetic techniques were standard-
ized and maintained with intravenous propofol infusion. 

  Fig. 32.1    Extra-one, EX-HN3, (Yin-Tang) acupuncture point locates 
on the forehead, at the midpoint between the eyebrows       
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Children receiving the acupressure on the extra-one (Yin- 
Tang) point experienced reduced anxiety. There were no sig-
nifi cant changes in BIS values between the groups, and the 
total intra-procedural propofol requirements did not differ 
between them. Acupressure bead intervention at the extra- one 
(Yin-Tang) acupuncture point reduced pre-procedural anxiety 
in children undergoing endoscopic procedures, however [ 28 ]. 
A study involving 22 healthy female volunteers was random-
ized to receive acupressure on either the extra- one (Yin-Tang) 
point or a sham point. Acupressure at the extra-one (Yin-
Tang) point signifi cantly reduced needle insertion pain com-
pared to acupressure at the sham point. Acupressure at the 
extra-one (Yin-Tang) acupuncture point signifi cantly reduced 
the low frequency/high frequency ratio of heart rate variabil-
ity responding to needle insertion. This implies a reduction in 
sympathetic nervous system activity [ 29 ]. 

 A crossover study of volunteers indicated that acupres-
sure on the extra-one (Yin-Tang) acupuncture point can 
s ignifi cantly reduce BIS values and verbal stress scores [ 30 ,  31 ]. 
In a randomized controlled trial of 48 volunteers, 5 min of 
acupressure on the extra-one (Yin-Tang) acupuncture point 
signifi cantly reduced the EEG spectral entropy values [ 29 ]. 
A randomized trial of 61 parents indicated that acupressure 
at the extra-one (Yin-Tang) acupuncture point can have anx-
iolytic and sedative effects on parents in the preoperative 
holding area before their children’s surgery [ 32 ]. 

 Ear acupuncture (Fig.  32.2 ), also known as auricular ther-
apy, is based on the principles of traditional Chinese medi-
cine. It is practiced as a sole treatment or in conjunction with 
body acupuncture therapy, and is an effective treatment for 
acute anxiety. Ear acupuncture can decrease preoperative 
anxiety in adults undergoing outpatient surgery [ 33 ]. A study 
of 67 patients undergoing dental extraction compared the effi -
cacy of auricular acupuncture, intranasal midazolam, placebo 
acupuncture, and no treatment for reducing dental anxiety. 
Patients having dental extractions were randomized to one of 
four groups: auricular acupuncture, placebo acupuncture, 

intranasal midazolam, and a no-treatment group. Anxiety was 
assessed before the interventions, after 30 min, and after the 
dental extraction. The auricular acupuncture group and the 
midazolam group were signifi cantly less anxious at 30 min 
compared to patients in the placebo acupuncture group. 
Patient compliance assessed by the dentist was signifi cantly 
improved if auricular acupuncture or application of intranasal 
midazolam had been performed [ 34 ].

   Auricular acupuncture points may be stimulated for a lon-
ger period of time by using ear seeds or ear tacks. Ear seeds 
can be small seeds from the dry Vaccaria plant or can be 
made from stainless steel   . These seeds are held in place on 
the ear with a small piece of adhesive tape (Fig.  32.3 ). 
Auricular acupressure is an effective treatment for anxiety 
during ambulance transport. In a study of 36 patients who 
required ambulance transport to medical facilities, patients 
were randomized to receive auricular acupressure at the 
relaxation point or at a sham point. Patients in the auricular 
acupressure group reported signifi cantly less anxiety than 

  Fig. 32.2    Location of auricular acupuncture points       

  Fig. 32.3    Auricular acupressure 
press pellets; 1.2 mm diameter 
stimulating press pellets are 
made from stainless steel       

 

 

32 Usage of Complementary and Alternative Medicine in Pediatric Sedation



638

patients in the sham group on arrival at the hospital [ 35 ]. 
Another randomized controlled trial of 38 patients with acute 
hip fractures received either bilateral auricular acupressure 
or the sham control during ambulance transport. Patients in 
the true intervention groups had less pain and anxiety and 
lower heart rates on arrival at the hospital [ 36 ].

   Acupressure is the application of pressure to the acupunc-
ture points with the fi nger, which can achieve signifi cant 
clinical effects. In a double-blinded design study of 60 minor 
trauma patients, patients were randomly assigned into one of 
three groups: true acupressure, sham acupressure, and no 
acupressure. The group of patients who received true acu-
pressure experienced signifi cantly less pain, anxiety, and had 
a lower heart rate, and reported greater satisfaction than the 
other two groups [ 37 ]. 

 Post-sedation nausea and vomiting is a signifi cant prob-
lem that occurs frequently in the post-sedation recovery care 
unit. It can cause electrolyte imbalance, delay discharge, and 
other complications. Schlager and colleagues [ 38 ], using a 
low level of laser stimulation of the PC 6 acupuncture point 
(Fig.  32.4 ) in children undergoing strabismus surgery, found 
that the intervention signifi cantly decreased postoperative 
vomiting. Chu and colleagues [ 39 ] applied acupressure with 
acu-plaster to BL-10, BL-11, and GB-34 acupuncture points 
as prophylactic treatment for postoperative vomiting in chil-
dren undergoing strabismus surgery. The investigators ran-
domized a total of 65 children between ages of 3 and 14 
years into a placebo or an acu-plaster group. They found that 
signifi cantly fewer patients developed postoperative vomit-
ing in the acu-plaster group than in the placebo group during 
the fi rst 24 h following surgery.

   Schlager and colleagues [ 40 ] applied acupressure to 
a cupuncture points in the hand 30 min before induction and 
kept the acupressure in place for 24 h in a group of children 
undergoing strabismus surgery. They found children in the 
acupressure group had a signifi cantly lower incidence of 
vomiting as compared to the placebo group. Somri and 
 colleagues [ 41 ] compared the antiemetic effect of P6 acu-
puncture with ondansetron and a placebo in a group of chil-
dren receiving dental surgery. They found a signifi cant 
decrease in the number of patients who vomited and also in 
the total number of vomiting episodes in two treatment 
groups as compared with the placebo group. There was no 
difference between the acupuncture and ondansetron groups. 

 Rusy and colleagues [ 42 ] used electrical stimulation of 
acupuncture point P6 as a prophylactic postoperative nausea 
and vomiting treatment for children undergoing tonsillectomy 
with or without adenoidectomy. The investigators also found 
that children who received true electrical stimulation at acu-
puncture points PC6 had signifi cantly less postoperative nau-
sea and vomiting. Butkovic et al. [ 43 ] compared the use of 
laser acupuncture and metoclopramide in preventing the 
development of postoperative nausea and vomiting. The inves-
tigators found that bilateral laser acupuncture PC6 stimula-
tions are as effective as metoclopramide in preventing the 
development of postoperative nausea and vomiting in children. 
Yeh et al. did a crossover randomized auricular acupuncture 
points study of children with cancer who had a history of che-
motherapy-induced nausea and vomiting. They used auricular 
acupuncture points stimulation utilizing the application of 
small seeds and adhesive tape over the ear acupuncture points 
to prevent the incidence of nausea and vomiting [ 44 ]. 

 Kabalak and colleague [ 45 ] found that transcutaneous elec-
trical acupuncture point stimulation, utilizing skin surface 
electrodes applied 20 Hz and 10 mA for 5 min to the P6 
 acupuncture points, was as effective as ondansetron in prevent-
ing postoperative vomiting following pediatric tonsillectomy. 
A meta-analysis of the acupuncture point’s stimulation effect 
on postoperative nausea and vomiting in children indicates that 
acupressure and acupuncture are as effective as medication in 
reducing postoperative vomiting in children [ 46 ]. 

 Most of the available studies involve the adult population, 
rather than pediatric patients. Evidence-based medical 
research has indicated that acupuncture and related tech-
niques can be used for analgesic, anxiolytic, and sedative 
effects. It is very effective in prevention and treatment of 
peri-procedure nausea and vomiting [ 47 ]. It is estimated that 
there are more than 20,000 licensed acupuncture providers in 
the United States, among them 3,000 physicians who perform 
acupuncture as part of their medical practice. Acupuncture 
and related techniques can be used in conjunction with con-
ventional therapy for sedation and prevention and can ease 
discomfort after the procedure.  

  Fig. 32.4    PC 6 acupuncture point locates on the anterior forearm, three 
fi nger breadths proximal to the transverse wrist crease, between the ten-
dons of palmaris longus and fl exor carpi radialis muscles       
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    Sucrose Sucking in Infants 

 Sweetening agents have been recommended in position 
statements and consensus documents for procedural pain 
management in neonates. In a randomized study, 113 healthy 
term newborns, whose heels were pricked for the Guthrie 
test to detect phenylketonuria, were randomized into four 
groups: the fi rst receiving 2 mL of 30 % sucrose, the second 
10 % glucose, the third 30 % glucose, and the fourth distilled 
water. The study showed that 30 % sucrose was superior to 
10 and 30 % glucose solutions in relieving pain [ 48 ]. 

 Johnston et al. studied 85 preterm infants (between 25 and 
34 weeks post-conceptual age) randomly assigned to oral 
sucrose and or simulated rocking 15 min before a routine 
heel stick procedure. Utilizing 0.05 mL of 24 % sucrose 
placed on the anterior surface of the tongue just prior to the 
lancing of the heel diminished pain from minor procedures 
in preterm infants [ 49 ]. A single-blind randomized crossover 
study of 90 preterm neonates undergoing heel-lancing proce-
dures indicated the sensorial stimulations from skin-to-skin 
contact that include tactile, olfactory sensations from the 
mother are suffi cient to decrease pain response in premature 
neonates. Other stimulations such as rocking, sucking, and 
music were also effi cacious for neonatal sedation [ 50 ]. There 
is strong evidence to support sucrose for minor invasive pro-
cedures, and combinations of medications for tracheal intu-
bation in neonates [ 51 ].  

    Conclusion 

 Sedation for pediatric procedures can be distressing for chil-
dren and their families. Studies related to using CAM, non- 
pharmacological methods for reducing anxiety and 
improving cooperation, show that these methods may avoid 
the adverse effects of sedation. (Refer to Chap.   34    :  Non- 
pharmacological Distraction Techniques as Sedation 
Adjunct .) A Cochrane review assessed 17 trials of the effects 
of CAM non-pharmacological interventions in assisting 
induction of anesthesia in children by reducing their anxiety 
or distress or by increasing their cooperation. Eight trials 
assessed parental presence; none showed signifi cant differ-
ences in anxiety or cooperation of children during induction, 
except for one in which parental presence was signifi cantly 
less effective than midazolam in reducing children’s anxiety 
at induction. In children undergoing hypnosis, there was a 
nonsignifi cant trend toward reduced anxiety during induc-
tion compared with midazolam. Children of parents having 
acupuncture compared with parental sham-acupuncture were 
less anxious during induction and more children were coop-
erative. The presence of parents during induction of general 
anesthesia does not reduce their child’s anxiety. There are 

promising CAM non-pharmacological interventions, such as 
parental acupuncture, clown doctor, hypnotherapy, low sensory 
stimulation, and handheld video games [ 52 ]. A recent publi-
cation has indicated that acupuncture sedation can be an 
adjunct therapy for gastroscopy, extracorporeal shock wave 
therapy, and dental anxiety [ 53 ]. 

 Most medical procedures increase pediatric patients’ and 
their family’s fears and anxiety, which are commonly 
addressed by sedatives. Insuffi cient treatment of pain and 
anxiety can cause cardiovascular strain and restlessness, 
possibly jeopardizing the success of the procedure. 
Pharmacologic oversedation can provoke respiratory and 
cardiovascular depression, thereby increasing the proce-
dural risks and delaying the patient’s recovery. Pediatric 
sedation should be individually tailored to each child for 
personal situation. CAM interventions can be integrated as 
part of pediatric sedation procedures. It may not be the sole 
therapy, but CAM can be used in conjunction with conven-
tional medical therapies to assist with sedation and decrease 
patients’ pain and anxiety.      

   Case Studies 

    Case 1 

 Margie is an 8-year-old patient with severe burns. Her 
life is challenged with daily dressing changes. Her 
mom is concerned that morphine has made her very 
tired and sleepy. Other opioids also made her to have 
itchy skin. This would complicate her skin care. 

 Are there any other therapies that can be utilized for 
her daily dressing changes? 

    Suggestions 
 Hypnosis, guided imagery, music therapy, meditation, 
or acupuncture can be used on post-procedure pain in 
the pediatric population. Hypnosis and guided imag-
ery have been proposed as particularly appropriate 
intervention for children since children are generally 
more susceptible to hypnosis and guided imagery 
than adults. Children are more willing to absorb in 
fantasy than adults. Creative arts, including music 
therapy, art therapy, and movement therapy, can be 
used for the pediatric population. Older children can 
learn self-meditation to ease various painful and trau-
matic procedures. Acupuncture is effective in easing 
procedure-related pain and rarely has any serious 
adverse effect.   

(continued)
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afterward. The American Society of Anesthesiologists 
(ASA) Consensus Guidelines for the Management of 
Postoperative Nausea and Vomiting [ 54 ], acupuncture, 
acupressure, and acupoint stimulation had antiemetic 
effi cacy rates comparable with that of pharmacologic 
therapy. Acupuncture treatment can be utilized for the 
prevention of, as well as treatment for, nausea and 
vomiting.   
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 John is a pediatric registered nurse and a member of 
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transport? 
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a small piece of adhesive tape. Auricular acupressure 
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lance transport to medical facilities, patients were ran-
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iting. In spite of intravenous fl uid, zofran, reglan, and 
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table nausea and vomiting. What is next? 

    Suggestions 
 Post-sedation nausea and vomiting is a signifi cant 
problem that occurs frequently in the post-sedation 
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delay discharge, and other complications. Sean 
received acupuncture treatment in the post-procedure 
recovery room. He felt better and was able to go home 
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    Abstract  

  Clinical research is vital to generate the evidence to guide clinical practice. Clinical research 
may be qualitative or quantitative, and observational or interventional. A trial is an impor-
tant form of interventional research designed to assess the effectiveness of a therapy. Trials 
may be effi cacy trials focused on assessing effi cacy in ideal circumstances or effectiveness 
trials conducted in wider real-life populations. 

 The most important aspect of good research is the research question. A good question is 
relevant and clearly defi ned. To be useful, a research study must be well designed and con-
ducted well. Qualifi ed statistical input is needed for nearly all high-quality research proj-
ects—particularly trials. 

 Research in children is challenging for many reasons including ethics, heterogeneity, 
and a paucity of validated outcome measures and basic pharmacological knowledge.  
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        Introduction 

 Research is the systematic collection and analysis of infor-
mation to create knowledge. Knowledge is information that 
can be used beyond the context of its collection to better 
understand and predict the natural world. In medicine, 
knowledge is used to better understand the cause and natural 
course of disease to develop new therapies or diagnostic 
tests, to improve medical practice, or to change the environ-
ment or human behavior. The ultimate goal is to improve 
health outcomes. In clinical care, research forms the back-
bone of evidence to guide best practice. 

 Researchers are driven by many motives: the desire to 
improve the health and care of their own patients, to create 
knowledge to benefi t the wider population, curiosity and the 
thrill of discovery, or they just simply enjoy the intellectual 
challenge. Hospitals promote and support research to 
directly improve care of their patients, to increase the aca-
demic standing of the institution and hence to attract better 
clinical staff, and to create an academic enquiring culture 
that will foster the uptake of evidence-based practice and 
hence improve patient care. Not all clinicians should be 
expected to actively lead research; however, participating in 
and understanding the basic principles of research helps all 
clinicians to critically appraise any new evidence applicable 
to their practice. 

 This chapter briefl y outlines the principles of clinical 
research. It is not intended to provide an exhaustive 
account of research design or biostatistics. For those 
wishing more detail, several texts are listed at the end of 
this chapter.  
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    Challenges Doing Pediatric Clinical Research 

 Children are often referred to as therapeutic orphans due to 
the paucity of data about even common therapies. Many 
drugs are “off label” in children. One reason for this is the 
lack of basic pharmacokinetic, pharmacodynamic, effi cacy, 
and safety data in children. Recent government incentives 
in both the USA and Europe have increased the amount of 
drug research in children; however, there is still a long way 
to go. In March, 2014 the American Academy of Pediatrics 
and its Committee on Drugs published a policy statement 
on off- label drugs in children. The policy concluded that 
“evidence, not label indication, remains the gold standard 
from which practitioners should draw when making thera-
peutic decisions for their patients.” The statement made rec-
ommendations for off-label drug administration and the 
advocating of off-label drug research and publication [ 1 ]. 
(Refer to Chap.   26    .) 

 There are several reasons why clinical research falls 
behind in children:
    1.    Children are a heterogeneous group. They range from the 

premature neonate to the large adolescent. This range of 
weight and organ development means that studies may 
have to be done in multiple age strata. This increases the 
cost and complexity of research.   

   2.    Children are not altruistic and children cannot volunteer 
for early phase clinical studies. Research ethical stan-
dards may be more rigorous in children as they are 
regarded as a vulnerable population. This may lengthen 
the approval process and may limit any invasive interven-
tions or tests.   

   3.    The market for therapies in children may not be as large 
as in adults. A sizable proportion of the total pediatric ill-
ness burden is made up of many separate rare diseases. 
There is less fi nancial incentive for pharmaceutical indus-
tries to develop drugs for children.   

   4.    Pediatric clinical studies require environments suited spe-
cifi cally to children. This limits the number of sites that 
can do pediatric research.     
 Apart from the above there are other aspects of pediatric 

studies that differ from adult studies. When designing a pedi-
atric clinical study the following points must be considered 
before the study is developed:
    1.    Is the mechanism underlying the premise understood? If 

the pathology or physiology is not understood, it is very 
diffi cult to interpret clinical studies. For example, without 
knowing why awareness occurs in children it is diffi cult 
to design any clinical study to prevent awareness and dif-
fi cult to know how to generalize the results from the study 
population of children to another population.   

   2.    Is the outcome measure relevant and validated in chil-
dren? Is it appropriate for the ages to be studied? Many 

measures are valid in adults but have never been properly 
validated in children. For example, adult measures of 
coagulation are often not relevant to children and indeed 
normal reference ranges for children have only recently 
been developed. Similarly, adult measures of conscious-
ness cannot be applied to young children and quality of 
recovery scores are not well developed in children.   

   3.    Are the outcome measures valid across the ages to be 
studied? For example, some form of pain scores may be 
valid in one age group but not ideal in another.   

   4.    If the study is a drug study, are the doses appropriate for 
children? Have the basic pharmacokinetic and pharmaco-
dynamic studies been performed to determine optimal 
dose and blood level? For example, we have little idea 
what is the optimal plasma level for propofol in young 
children.   

   5.    Are the outcomes developmentally relevant? For exam-
ple, neurobehavioral outcomes before the age of 2 are of 
limited value as many children will catch up with their 
peers regardless of the intervention.     
 Organizationally pediatric research also requires staff, 

equipment, and general environments that are suited for 
children.  

    Observational Research 

 Broadly speaking, clinical research may be divided into 
observational or interventional research. In observational 
research, data are collected without controlling or introduc-
ing new therapies. In interventional research, an intervention 
or therapy is applied according to a study protocol rather 
than the usual clinical decision-making practice. 

    Qualitative Research 

 Observational research may be qualitative or quantitative. 
Quantitative research deals with data based on some form of 
numerical scale. Qualitative research describes the nature of 
a phenomenon or experience. Qualitative data may need to 
be collected with open-ended questions or interviews. 
Analyzing the data consists of identifying common themes 
or dimensions of experience. Qualitative research is fre-
quently useful before quantitative research. For example, 
before researching postoperative outcomes after total intra-
venous anesthesia (TIVA) the researcher needs to know what 
outcomes are important. Discovering important outcomes 
for the patient and family requires interviewing, open-ended 
questions, and exploring all types of families and patient 
experiences. Once common themes are identifi ed, important 
outcomes can be defi ned and the researcher can then go on to 
quantitative research and count how often the relevant 
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 outcomes occur. Unfortunately, there is often a temptation to 
launch into quantitative research without suffi cient preced-
ing qualitative research. Qualitative research is particularly 
important in pediatric research where outcome measures 
have often been poorly developed.  

    Quantitative Research: Data Types 

 When counting or measuring outcomes it is vital to consider 
what type the data are. The type of data will dictate how you 
present, summarize, and analyze the data. Data may be 
described as categorical, ordinal, discrete, and continuous. 

  Categorical data  are groups with no particular order 
amongst groups; for example, gender, operation type, ethnic-
ity. Categorical data are usually summarized with counts, 
percentages, rates, or proportions. 

  Ordinal data  is when there is a natural order or rank 
between groups without a direct mathematical relationship; 
for example, American Society of Anesthesiologists (ASA) 
status or grade of tumor. Ordinal data are usually summa-
rized with counts, percentages, rates, or proportions, but also 
can be summarized with medians and ranges. 

  Numerical data  is when the data is on a scale that has a 
constant mathematical relationship.  Discrete data  is numeri-
cal data when the numbers are whole integers; for example, 
numbers of vomits.  Continuous data  is when the data are on 
a continuous scale; for example, weight or drug concentra-
tion. Numeric data is presented with a measure of central 
tendency such as mean or median and a measure of spread 
such as standard deviation or interquartile range. When it 
comes to analysis, some tests (parametric tests) assume that 
data are numerical and normally distributed. 

 Sometimes it is unclear if data should be regarded as ordi-
nal or numerical. For example, some verbal rating pain 
scores or the outputs of anesthesia depth monitors such as 
bispectral index (BIS).  

    Quantitative Research: Study Designs 

 Observational research may be retrospective, cross sectional, 
or prospective. Retrospective studies look at data already 
collected. Cross-sectional studies look at data at a particular 
time point, and prospective data collects data in a planned 
way moving forward in time from the present. 

  Case reports  report single patient events or characteris-
tics. A  case series  may report several similar patients or 
events. 

  A case control study  starts with an outcome of interest and 
then looks backward to examine possible causes. The case is 
matched with similar subjects to see if exposures of interest 
are more common in cases compared to the controls. Case 
control studies are useful for rare outcomes. 

  Cohort studies  are the most common observational 
s tudies. A cohort study starts with a group and follows the 
group forward in time and then compares characteristics of 
those in the cohort that develop a relevant outcome to those 
that did not determine possible cause of the outcome. 
A cohort study may be retrospective where the group is 
selected retrospectively. 

 Once qualitative research determines the outcomes of 
interest, observation studies may be simply descriptive—
determining the prevalence or frequency of an event or out-
come. Observational data may also be used to determine 
associations in analytic studies. Causation may then be fur-
ther established prospectively in intervention studies.  

    Bias and Confounding 

 Bias and confounding can limit the validity of observational 
studies. Bias is a lack of accuracy where the variable does 
not represent what it is intended to measure due to system-
atic error. There are a number of causes of bias.  Selection 
bias  occurs when group allocation is uneven for some reason 
and this leads to an alteration in outcome of interest. 
 Detection bias  may occur if observation is poorer in quality 
in one group compared to the other.  Observer bias  occurs 
where there is a conscious or subconscious distortion of 
reporting or measuring by the observer; for example, by 
using leading questions in an interview.  Instrument bias  may 
occur if an instrument is poorly calibrated.  Reporting bias  is 
when the subject distorts their self-report of an outcome 
either consciously or subconsciously. 

 There is also a  response bias  if only a particular subsec-
tion of a population consents to a study. This reduces the 
generalizability or external validity of the study. Lastly,  pub-
lication bias  is where studies that fi nd strong evidence for a 
difference in outcome are more likely to be published than 
those that fi nd no evidence for a difference in outcome. 

 The Hawthorne effect is a particular type of bias where 
involvement in the study itself can infl uence the result 
beyond the effect of the intervention or exposure of interest; 
for example, if the process of consent or measurement infl u-
ences outcome. 

 Confounding occurs when a factor infl uences both the 
likelihood of exposure (or baseline characteristics) and out-
come, leading to the false assumption that the exposure or 
intervention causes the outcome. For example, premature 
babies are both at risk of poor neurobehavioral outcome and 
also at risk of having a hernia. This could lead to the false 
assumption that hernia repairs cause poor neurobehavioral 
outcome. Confounding is one of the most troublesome prob-
lems in observational studies. It may be reduced with match-
ing or with adjustment for likely confounding factors in 
regression analysis, but such adjustments are never perfect 
and it is always possible that unknown factors are causing 
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confounding. Increasing sample size in observational studies 
does not reduce confounding as the degree of confounding 
simply grows with the size of the study. Reducing confounding 
is the strongest argument for randomized trials.  

    Causality and Association 

 Observational studies can demonstrate associations between 
exposures (or interventions) and outcomes but because of 
confounding they have a limited capacity to demonstrate 
causation. In a classic publication, Sir Bradford Hills 
described nine factors that can assist with determining causa-
tion from mere association [ 2 ]:
    1.    Strength of association: there is a large effect size and the 

precision or evidence is strong and the methodology is 
rigorous   

   2.    Consistency: the same effect is seen in multiple similar 
studies   

   3.    Specifi city: the effect or outcome is clearly defi ned and 
circumscribed   

   4.    Temporality: the outcome clearly follows the exposure or 
intervention   

   5.    Biological gradient: the effect size is greater with greater 
dose or duration of exposure   

   6.    Plausibility: there is a mechanistic explanation based on 
preclinical work   

   7.    Coherence: the outcome is similar in different populations   
   8.    Experiment: the effect can be modifi ed by modifying the 

exposure or intervention   
   9.    Analogy: similar exposures or interventions have similar 

effects    

       Trials 

 A trial is a systematic study to determine the effect of an 
intervention. It usually refers to those studies where the 
intervention is determined by a protocol. A randomized con-
trolled trial is where treatment allocation is randomized. If 
treatment is randomized, there cannot be a systematic rela-
tionship between an external factor and treatment allocation, 
thus confounding is minimized. Randomized trials are 
always prospective. 

 Trials may be blinded where the subject, observer, and 
researchers may be unaware of treatment allocation until 
analysis is complete. Blinding is important as it reduces the 
possibility bias. In a randomized controlled trial there may 
be one or more different treatment groups and a control 
group. The control group may get “usual” treatment or no 
active treatment (placebo). Results are easiest to interpret 
where there are simply two groups: new treatment and estab-
lished treatment. Trials may be unblinded or “open label” 

where researchers and subjects know which treatment is 
being given. Open label studies may be performed where 
blinding is impossible or impractical; for example, compar-
ing a spinal versus general anesthesia. 

 Other trial designs include a  crossover trial  where the 
same subject receives both treatments one after the other. 
They may or may not be given in random order. This 
design reduces patient variability as the same subject gets 
both treatments; however, other bias may be introduced if 
the fi rst treatment has a carryover effect into the next treat-
ment period. 

 An  n of one trial  is where a treatment or series of different 
treatments is tried on just one patient. 

  Cluster trials  are when groups are randomized rather than 
individuals. This is done where it is impractical to randomize 
within departments or clinics. For example, when assessing 
an educational program, a whole class at school may receive 
an educational program rather than trying to give each indi-
vidual subject a different program. Cluster trials are weaker 
due to cluster bias. When subjects are randomized by group, 
this reduces the inter-subject variability, which may make 
differences look more certain than they really are. This bias 
can be partly adjusted for. 

    Phase of Trials 

 Drug trials are often described as occurring in different phases.
•    Phase I: Studies to determine pharmacokinetics and 

safety, usually conducted in healthy volunteers, or unre-
sponsive patients  

•   Phase II: Studies to determine dose–response curves and 
benefi ts in small populations  

•   Phase III: Trials to determine the benefi ts in larger, more 
heterogeneous, and clinically relevant populations  

•   Phase IV: Post-marketing surveillance studies for addi-
tional safety data    
 It is very unusual to have “fi rst-in-man” studies in children. 

Drugs are usually fi rst tested in healthy volunteer adults or 
adults with refractory disease.  

    Effi cacy and Effectiveness 

 Clinical trials may be further defi ned as effi cacy and effec-
tiveness studies. Effi cacy trials are designed to determine if a 
therapy works in ideal circumstances; usually with narrow 
inclusion criteria. Effectiveness studies are designed to see if 
therapies work in real-life circumstances, usually with larger 
samples and broader inclusion criteria. Effi cacy is usually 
established before effectiveness. Both are needed to guide 
clinical decisions. If only effi cacy studies are performed, it 
may be doubted if therapies work in real clinical situations.   
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    Heath Service Delivery Research 

 Health service delivery research is research into how the 
health system works. For example, this may include system-
atically investigating how to increase throughput in a hospi-
tal or the operating room. It could also be more community 
based; for example, determining how best to provide a ser-
vice and meet patient needs across the state or country. 
Health service research is closely linked to Quality (see 
later). To be effective, health services research requires reli-
able and valid measures of health outcomes or quality of life 
or recovery; in children there are very few such measures 
that are proven to be reliable and valid [ 3 ]. As the cost of 
health steadily increases, governments, hospitals, and insur-
ers are increasingly interested in promoting health service 
delivery research.  

    Implementation Science 

 Enormous amounts of knowledge are generated by medical 
research. This is largely wasted if it does not result in clini-
cians changing practice. Implementation science (also 
known as knowledge transfer) is the study of clinician behav-
ior, educational modalities, and health care systems to deter-
mine how knowledge can most effectively and effi ciently 
lead to change in practice and hence improved health out-
comes. Like health service delivery research, implementa-
tion science is being seen as increasingly important to 
provide a cost-effi cient health system. Implementation sci-
ence and health services delivery research may involve a 
variety of research designs including trials.  

    Translation 

 Research translation has become a buzz word in medical 
research. The translational pathway is the concept that 
knowledge generated in one modality of research can be 
passed down the pathway from basic science to clinical 
research to change in practice and improved outcomes 
(Fig.  33.1 ). Research translation is the process of passing 

that knowledge along and translational research is any 
research that has potential to be passed along [ 4 ].

   The focus on translation is due to the ever-increasing 
research budgets in the face of stubbornly stable global or 
national health indices. Research that has no potential for 
translation may be regarded as having less potential value. It 
is harder for basic science researchers to follow areas of 
interest or curiosity with no clear idea of how the outcomes 
of the research might eventually make a difference to health 
outcomes. 

 Traditionally the pathway has gone from basic science to 
clinical to community; discovery to innovation to applica-
tion. However, the pathway can and should go both ways. 
For greater effi ciency, public health imperatives should drive 
the questions that drive the basic science research. 

 There are two well-described blocks in translation. The 
fi rst is often known as T1 and is the bottleneck between basic 
science discovery in the lab and early phase clinical studies. 
Many promising therapies never make it over the “valley of 
death” into clinical trials [ 5 ]. For every successful drug in 
clinical trials, dozens are tested in the lab. This greatly 
increases the cost of developing new drugs. The second 
block, known as T2, is between successful trials and change 
in practice and improved outcomes [ 6 ]. Implementation sci-
ence addresses this block. 

 An important concept is research  into  translation. Funding 
bodies and pharmaceutical companies are looking for ways 
to improve the process of translation to make the whole med-
ical research system more effi cient using such technologies 
as advanced modeling and bioinformatics [ 7 ].  

    Quality Improvement 

 Quality improvement (QI) involves formal analysis of per-
formance followed by the use of systematic efforts to 
improve it. The Institute of Medicine in the USA defi nes 
quality along six dimensions: safety, effectiveness, patient- 
centered, timeliness, effi ciency, and equity [ 8 ]. 

 Strictly speaking, outcomes reported in quality improve-
ment programs are institution specifi c. Thus they are not 
generalizable knowledge and the results themselves are not 
publishable [ 9 ]. However, this distinction may be blurred. QI 

  Fig. 33.1    The translational pathway       
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activity may reveal novel associations or insights into therapy 
that are indeed new, generalizable, and publishable; thus, 
while the QI data was not primarily collected for research, 
research may be performed on the data. As more and more 
data are accumulated by QI projects, more research studies 
are performed “mining” this data. There are, however, sig-
nifi cant limitations inherent in this data mining (see later). 

 QI may also be publishable as a report of the system itself 
rather than the results. Such QI reports are an integral part of 
health service delivery research. 

  Audit  is a term often used to mean the systematic collec-
tion of new or examination of existing clinical data. To avoid 
confusion, it is preferable to try and avoid the term if possible. 
If the study is a cohort study, then it is best to call it a cohort 
study rather than an audit. If the audit is part of a QI project, 
then indicate it is part of a QI project.  

    The Theory of Research 

 To fully understand the limitations of research requires an 
understanding of the theory and philosophy underlying 
research. 

    Mechanistic and Empiric Research 

 In ancient Greece, medical practitioners were either empiri-
cist or dogmatists. An empiricist made no attempt to describe 
or understand the mechanism underlying disease but could 
predict an outcome from having seen the outcome after a 
large number of similar observations. A dogmatist relied on 
underlying truths or universal laws to explain mechanisms 
and hence predict the outcome. The two were merged by 
Galen who thought that treatment was best based on both 
reason and experience. In some ways, modern medicine is 
still a mix of empiricist and dogmatist. The dogmatist phi-
losophy is that the molecular or even genomic mechanisms 
underlying disease and therapy can help clinicians under-
stand what is going on with their patient and hence how best 
to treat them. On the other hand, the empiricist approach is 
to guide therapy based on large well-conducted observa-
tional studies. Sir Bradford Hills echoed Galen when he 
stated that causation was best proven with both strength of 
association and biologic plausibility. Clinicians seek to fol-
low evidence- based practice. That evidence is based on both 
the well- described hierarchy of empiric evidence (often 
expressed in terms of level of evidence, with a meta-analysis 
of randomized trials being the highest level of evidence) and 
on an understanding of the mechanisms. Clinicians rarely 
rely on purely empiric or purely mechanistic evidence. Thus 
research can be either mechanistic or empiric and both are 
equally needed to guide practice. When designing studies, it 

sometimes helps to think if you are seeking empiric or 
mechanistic evidence. For example, is your study seeking to 
determine the pharmacokinetics of propofol in children, or is 
it seeking to see if propofol TIVA improves recovery? 
Mechanistic studies seek tightly controlled experimental 
conditions to reduce natural variability.  

    Hypotheses 

 Research is often centered on hypotheses. It is important to 
understand the limitations of hypothesis-driven research. 
Inductive reasoning is the generation of a “law” or “truth” 
based on a number of observations. In contrast, deductive 
reasoning is applying general laws to predict a particular 
outcome. The validity of inductive reasoning is inherently 
limited as the number of observations is always limited. For 
example, a man may see many white swans without ever 
seeing a black swan and incorrectly deduce that all swans 
are white. 

 In the early twentieth century, the hypothetico-deductive 
method was introduced to address the limitations of induc-
tive reasoning. This involves a hypothesis being generated 
and then tested with an experiment or observation. If the 
hypothesis does not fi t with the observation, it is rejected. To 
test a hypothesis, the null hypothesis is fi rst generated; a 
statement that the intervention has no effect on the outcome 
of interest. The complementary alternative hypothesis is that 
the intervention does have some effect. In clinical research, 
a sample is tested and an inference made on the population 
from which the sample is drawn. In particular, the null 
hypothesis is that there is no effect seen in the population 
from which the sample was drawn. The  P  value is the prob-
ability that the result seen in the sample could have occurred 
randomly or by chance. If the  P  value is less than an arbi-
trary set point (often 0.05), then the null hypothesis is 
rejected and it is thus assumed that the intervention has some 
effect. A type I error is if the null hypothesis is incorrectly 
rejected while a type II error is if the null hypothesis is incor-
rectly accepted. 

 Most trials are superiority trials where the null hypothesis 
is that there is no effect. A trial may also be designed as an 
equivalence trial where the null hypothesis is that the effect 
is greater than some set level (a point predetermined as being 
clinically signifi cant). Equivalence and superiority trials 
have subtle differences in design and analysis. 

 There are limitations in using  P  values. Firstly, it tells the 
reader nothing about the size or magnitude of the effect. A  P  
value may be <0.05 but the magnitude of the effect or differ-
ence might be clinically irrelevant. Secondly, the set point of 
0.05 is entirely arbitrary. Using a  P  value and the underlying 
hyothetico-deductive method forces clinical research into a 
dichotomous outcome; either something has an effect or not. 
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This is not well suited to clinical research where we may be 
more interested in the size or magnitude of an effect. Both 
the  P  value and hypotheses are likely to be gradually phased 
out of clinical research. 

 Instead of testing hypotheses and generating  P  values, a 
superior method is to consider a trial as a way to estimate the 
size of effect along with an indication of the precision 
around the estimate of that effect. This is expressed as 
reporting the actual effect (often a difference in means, risk 
ratio, odds ratio, or something similar) and the 95 % confi -
dence intervals around the effect. This gives the reader an 
idea of the magnitude of the effect and the precision around 
the estimate. 

 The word “statistical signifi cance” is often used to indi-
cate a result with a  P  value <0.05. In contrast, “clinical sig-
nifi cance” is used to indicate that the magnitude of the effect 
is enough to be clinically important. Using the word “signifi -
cant” alone is ambiguous and thus meaningless. As men-
tioned before, “statistically signifi cant” is entirely arbitrary 
and should perhaps be avoided. Similarly “clinically signifi -
cant” can also be problematic; as what is clinically important 
may vary between populations and clinicians. If the words 
“clinically signifi cant” are to be used, then it is optimal to 
justify why that size of effect is indeed important. 

 Problems also arise differentiating “no difference” from 
“equivalence.” These problems are more acute if  P  values are 
used. No difference usually means the  P  value is greater than 
0.05. However, this does not mean equivalence. Firstly, 
strictly speaking, equivalence can only be determined if the 
trial was designed and analyzed as an equivalence trial. 
Secondly, equivalence can only be assumed if the 95 % con-
fi dence interval around the observed difference does not 
cross what would be regarded as a clinically signifi cant 
difference. 

 Lastly, as previously mentioned, even if the  P  value is 
>0.05, the breadth of the 95 % confi dence interval still needs 
to be considered in terms of what might be clinically rele-
vant. If the 95 % confi dence interval is entirely beneath what 
would be regarded as clinically relevant, then the result 
shows a “statistically signifi cant” difference that is “clini-
cally insignifi cant.” If the  P  value is >0.05 and the 95 % 
interval partly lies below what may be regarded as clinically 
relevant. The result is “statistically signifi cant” and possibly 
“clinically signifi cant.” 

 In summary, it is best to avoid  P  values and better to 
report 95 % confi dence intervals. Authors should only claim 
there is a difference, no difference, or equivalence if the 
magnitude and precision of the result clearly fi t these crite-
ria. If there is any doubt, then report the fi ndings and let the 
reader decide if the precision and magnitude of effect war-
rant a conclusion that the result is a clinically relevant differ-
ence, no difference, or equivalence.   

    Doing a Clinical Research Project 

 For research to be useful and not misleading, it must be of 
high quality. Doing high-quality research is not a simple 
task. The study must be well designed and carefully con-
ducted. Researchers now rarely work in isolation. The sim-
ple questions have been answered and the remaining more 
challenging questions require effi cient and effective research 
teams maximizing collaboration and sharing skills and 
resources; the wise saying of “publish or perish” has been 
replaced by “collaborate or collapse.” 

    The Research Question 

 The most important element in any research study is the 
research question. Without a clear prospective research ques-
tion, there is no research project. If you have ever read a 
research paper and had no idea what the paper was about, 
then the researchers either had no coherent questions or they 
were unable to clearly articulate their question. The question 
drives all stages of the project: from protocol, to conduct, to 
analysis, and publication. 

 A good research question is relevant, original, feasible, 
plausible, and defi ned. 

  Relevant : There is no point in answering a question when 
nobody cares what the answer might be. The question must 
have the capacity for translation. When considering 
 relevance, ask if the appropriate qualitative research has been 
done. Do you know what the relevant outcome actually is? Is 
it relevant to all stakeholders: patient, family, community, 
health dollar provider, and clinician? It is easy to know what 
is relevant for clinicians, but more important to fi nd out what 
is relevant to  all  the stakeholders. Engaging stakeholders 
when formulating the research question will increase the 
chance that the research will be translated and change 
practice. 

  Original : There is less interest in answering a question that is 
already answered. A thorough literature search will show 
that most of your ideas have been thought of before. However, 
replication is also important. Going back to Sir Bradford 
Hills, consistency increases the veracity of results and the 
likelihood that causation is real. Increasingly, journals are 
realizing that replication studies are important if the question 
is important. 

  Feasible : There is no point trying to answer an unanswer-
able question. For example, we cannot know if TIVA 
reduces nausea in neonates as we have no way of measuring 
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nausea in a neonate. Feasibility may also be limited by 
available subjects, resources, funds, and ethics. Pilot studies 
may be necessary to determine if a protocol is feasible, i.e., 
will people actually follow it and can the data be success-
fully collected. For example, a pilot study might be needed 
to see if clinicians can actually follow a protocol that 
requires aiming for a very low or high blood concentration 
of anesthetic. 

  Plausible : A clinical study should be based on some biologic 
plausibility. There should be some mechanistic rationale for 
the study; for example, determining if the color of the pre-
medication infl uences emergence delirium incidence is 
probably a bad research question. A purist following 
hypothetico- deductive theory, however, would argue that all 
research should have no preconceived idea of likely out-
come. In reality, we are Bayesian and we tend to do research 
with some idea of what we expect. This leads to more effi -
cient use of resources, but does increase the risk of propa-
gating incorrect dogma. 

  Defi ned : a research question is usually defi ned in terms of 
PICOT for interventional studies and PECOT for observa-
tional studies:
•    Population  
•   Intervention or Exposure  
•   Comparator  
•   Outcome  
•   Time frame    

 Defi ning the question and indicating how it is relevant, 
original, and plausible will form the background of the pro-
tocol and the introduction of the paper. 

 One of the challenges in clinical research is fi nding 
original ideas and good research questions. Good ques-
tions are driven by clinical need and/or innovation or dis-
covery further up the translational pathway; for example, 
new drugs or new technologies. Good questions often 
arise in academic departments where researchers and 
clinicians work together. Research questions may arise 
from quality improvement activities, or when knowledge 
holes are identifi ed when attempting to write clinical 
practice guidelines.  

    Developing the Protocol 

 Once a good research question has been defi ned, the next 
step is to write the protocol. It is very wise to use a protocol 
template recognized by your IRB or ethics committee. A 
full protocol is essential for every research project—even a 
simple retrospective cohort study reviewing patient notes. 
Note that by defi ning the question with PICOT or PECOT 
the inclusion criteria and outcome measures have already 
been prepared. 

 The collection of baseline data should be described and 
the intervention also should be described in great detail. 
Similarly the protocol should explain exactly how the sub-
jects will be recruited, randomized, and provide details of all 
blinding procedures. 

 A particularly important aspect of the protocol is defi ning 
the outcome measures. There should be one primary out-
come measure and this measure should be that which is most 
closely linked to the research question. There may be multi-
ple secondary outcomes. These are usually related in some 
way to the primary outcome. All outcomes and measures 
should be defi ned in the protocol. 

 The protocol should include a justifi cation for the number 
of subjects enrolled. Enrolling too few may result in a study 
with inadequate power leading to inadequate precision. 
Enrolling an excess may be unethical and waste resources. 
To determine the number of subjects, the researchers need to 
fi rst defi ne the primary outcome of interest. Then there needs 
to be an estimate of the variability or standard deviation in 
that outcome if it is numerical data or the frequency of the 
event of interest if it is categorical or ordinal. The researchers 
should also decide what level of precision they would accept. 

 Protocols should have version numbers and dates of draft-
ing. If the study is at multiple sites, the same protocol should 
be used at each site. Any signifi cant modifi cation of the 
approved protocol requires ethical and other regulatory review. 

 Some trials will require an independent safety and data 
monitoring committee and/or a formal trial steering commit-
tee. If an interim analysis is planned, criteria for this must be 
carefully determined before the trial starts.  

    Pilot Studies 

 Pilot studies are frequently needed prior to a trial. The pilot 
study answers a question that will help answer the larger 
question in the defi nitive study. A pilot study may be required 
to identify the frequency of outcome if it is a dichotomous 
event or variability in a numerical outcome. Pilot studies 
may also involve qualitative research to better refi ne or jus-
tify the outcome of interest. 

 Sometimes pilot studies test the feasibility of the proto-
col. Can researchers actually enrol subjects, follow the pro-
tocol, and obtain the outcome data in real-life clinical 
situations? This is important for complex protocols and for 
large studies.  

    Ethical Approval 

 All human research requires some form of ethical review and 
oversight. Trials are often regarded as higher risk than obser-
vational studies as the researcher is essentially experimenting 
on a human being. 
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 Research ethics is based on a number of core principles:
•     Benefi cence : Where possible every effort should be made 

to benefi t the subject and not cause unnecessary harm, 
burden, or risk.  

•    Respect for persons : The rights of the individual should 
be respected. Obtaining informed and free consent is a 
crucial aspect of respect. Respecting privacy is also 
important.  

•    Justice : Research should not unduly benefi t or harm a 
subsection of the population for the benefi t of the broad 
population. Vulnerable subjects should be protected. 
Research should also not ignore a subsection of the 
population.  

•    Merit and integrity : Ethical research must be well 
designed, well conducted, and useful to the community. 
Research that is irrelevant, poorly designed, underpow-
ered, or sloppily conducted produces results that are either 
useless or misleading. That is unethical.    
 To maximize benefi cence, trials should strive for equi-

poise. Equipoise is when the risks and benefi ts in each arm of 
the study are judged to be equal. The need for equipoise can 
make using a placebo diffi cult as this would only be ethical 
if it were fairly certain that the therapy did not have any 
effect. In reality there is often some plausible reason to 
expect that one treatment arm is more likely to be effective. 
This may be ethical if the individual is informed of risks and 
likely benefi ts and then consents. 

 There are added dimensions to ethical research in chil-
dren. Children are often too young to understand and thus 
cannot consent. They are also vulnerable to coercion, mak-
ing free consent more diffi cult. They may also be too young 
to be regarded as acting altruistically. Thus there is closer 
scrutiny of trials in children; risk and burden must be mini-
mal and the equipoise should be more certain. It is, however, 
recognized that it would be unethical to make it harder to 
conduct research in children, thus there is a tension between 
principles. Lastly, research in children is unethical if it is not 
conducted in an environment suited to children and with 
methods applicable to children.  

    Regulatory Issues 

 As well as ethical approval, research studies require a variety 
of governance and regulatory standards. Researchers should 
be trained in GCP (Good Clinical Practice). GCP is an inter-
nationally recognized code of conduct that ensures high- 
quality data collection. It focuses on research ethics, ensuring 
the data are collected appropriately and verifi able, adequate 
documentation, ensuring the research team functions and 
communicates well, that researchers have appropriate quali-
fi cations, and there is appropriate supervision with defi ned 
reporting lines. It also covers how adverse events should be 
defi ned, detected, and reported. 

 Trials must also be registered before commencement on a 
public trials registration website (such as   http://clinicaltrials.
gov    ). Registration is mandatory for most high impact jour-
nals. Registration provides an indicator of how many trials 
are performed but not published. This is to help reduce pub-
lication bias—the risk that trials that report fi nding a differ-
ence are more likely to be published than those that do not. It 
also allows readers and editors to check that the trial was 
performed the way it was intended to be performed. This is 
important for the validity of the trial and reduces the risk that 
post hoc analyses are published without declaring they are 
post hoc (see later). 

 Before starting a trial, the case record form should be 
thoroughly reviewed. Data must be collected in an unam-
biguous manner. Numerical and categorical data are far eas-
ier to enter into a database and analyze than free text. Also 
researchers should avoid collecting excessive amounts of 
data as this will increase the burden for data collectors and 
increase the risk that data will be incorrect or incomplete. 

 Every research project should also have a delegation log 
clearly indicating who can perform all the various functions 
in the study team, along with documentation supporting 
qualifi cations needed to perform these tasks. If the trial is run 
at multiple sites, there must be formal written agreements 
between sites outlining responsibilities.  

    Analysis Plan 

 An analysis plan is essential. It should be written in detail 
before any data are seen or analyzed. Ideally, it would be 
written before the data are collected. If the study involves a 
retrospective analysis of existing data, the analysis plan must 
be written before looking at any of the data in any form. 

 A prospectively written analysis plan helps avoid data- or 
outcome-driven research. With the increased amount of data 
now collected electronically, data-driven research is becom-
ing a major problem for biomedical research (data mining). 
Data-driven research occurs when the researchers have seen 
the data in some form and thus have an idea of possible out-
come before they decide exactly how to analyze the data. 
The danger in the form of analysis will be chosen to maxi-
mize the chance of identifying the effect or association that 
the researcher suspects or wants—even subconsciously. 
Inevitably there are many subtle variations in how data can 
be analyzed. All choices in the analysis should be made pro-
spectively on carefully considered clinical or biological 
grounds. 

 Problems can also arise if multiple analyses are performed 
on the same data set, particularly if multiple unrelated 
hypotheses are tested. If  P  < 0.05 is taken as “signifi cant,” 
then it is inevitable that the more hypotheses there are, the 
more likely some will be deemed signifi cant purely by chance. 
Traditionally this can be partly accounted for by accepting 
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only lower  P  values as “signifi cant.” However, this is 
u nsatisfactory for all the reasons already mentioned and an 
alternative approach is to consider such analyses as “hypoth-
esis generating” rather than “hypothesis testing” and report 
no  P  values at all.  

    Need for Statistical Help 

 There are many statistical challenges in the design and 
reporting of trials. From a statistical perspective there is no 
such thing as a simple trial. Therefore, all trials should 
have strong statistical input. For a large and complex trial, 
this should be from a statistician with experience in large 
complex trials. Statistical input is needed throughout the 
trial from defi ning the research question to preparing the 
fi nal paper.  

    Running the Project 

 Principles of GCP should be followed during the study. 
Protocol violations and adverse events must be identifi ed, 
recorded, and reported appropriately. Nobody should be 
allowed to analyze the outcome data before the trial is closed 
except within the criteria of any predetermined interim anal-
ysis. Running a large trial is like running a small business; it 
requires careful budgeting, good team management and 
planning, and managing external relationships. To maintain 
momentum, all stakeholders and relevant staff should be 
informed about trial progress, ideally through regular pre-
sentations or newsletters. 

 During the trial, the data should be queried as needed and 
entered into a database. The database should meet the basic 
requirements for recording trial data, including proper secu-
rity, specifi c log in codes, and means to identify when and by 
whom any entries are altered. 

 When recruitment is complete, data is cleaned and fi nal 
queries answered before the database is closed, and a single 
primary analysis is performed following the predetermined 
analysis plan. If secondary analyses are performed, it must 
be clearly noted in any presentation or publication that the 
analysis was secondary (post hoc). Secondary analyses run 
the risk of being outcome driven as previously mentioned 
and hence have less validity than the primary analysis.  

    Reporting Results 

 Once the analysis is fi nished, all stakeholders should be 
informed of the results. Results should be published quickly 
while there is still momentum [ 10 ]. For trials, results should be 
reported using the CONSORT format [ 11 ]. Authorship should 

follow standard authorship guidelines and ideally decided well 
before the study is completed. At this stage the researchers 
should follow their plan for translation; informing important 
stakeholders and policy makers, and, if need be, incorporating 
the results into new clinical practice guidelines.  

    Big Trials 

 Large trials have greater power and can recruit faster, answer-
ing important questions sooner. Large trials also reduce the 
risk of random imbalance between groups confounding the 
trial results. Multicenter trials have the added advantage of 
having a more heterogeneous population increasing the gen-
eralizability of the results. A diverse population may also 
enable hypothesis-generating post hoc sub-analyses in par-
ticular subpopulations. 

 Large multisite trials are more diffi cult to perform as there 
needs to be close coordination between sites and agreement 
over protocol, intellectual property, and authorship. Data 
management can also be challenging. Particular attention is 
needed to keep the group cohesive and momentum going. 
Successful collaborations inevitably lead to networks that 
spawn bigger and better trials.  

    Funding 

 After a decade of having steadily risen, funding for clinical 
research has now plateaued in many countries. Funding bod-
ies are increasingly looking for more “bang for their buck.” 
It is thus even more important that research questions are 
relevant. Funding agencies have also recognized the impor-
tance of collaboration and, being more risk averse, are par-
ticularly interested in proven feasibility and a track record of 
quality research. 

 Traditionally pediatrics has been relatively underfunded 
compared to adult medicine; however, recent US and 
European Union government incentives have begun to result 
in an increase in pediatric clinical research.   

    Conclusion 

    Future Challenges and Possibilities 
in Pediatric Research 

 Genomics and other “omics” will potentially greatly increase 
our mechanistic understanding of disease and guide new 
therapies. (Refer to Chap.   11    .) It can be argued that in all tri-
als, DNA should be taken for future analysis as we under-
stand more about how genetics may infl uence pharmacology 
and disease. 
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 Another future challenge is the huge increase in the 
amount of population and clinical data now available; par-
ticularly with electronic medical records and better data link-
age. The ease of collecting data may fundamentally change 
how we do observational studies. Such research, however, is 
only as good as the data entered.      
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    Abstract  

  While great progress has been made in the last 35 years to make hospitals and hospital 
 procedures more user friendly and child oriented, being in a hospital, even as a day case, 
can be a bewildering and frightening experience for many children and young people who 
have to cope with many unfamiliar sights, sounds, smells, and the hustle and bustle of adults 
in unfamiliar clothing. This chapter seeks to place procedural anxiety within a developmen-
tal framework and describes evidence-based preparation and interventions that can work 
alongside pharmacological agents to minimize distress for invasive and noninvasive medi-
cal procedures. General principles for good practice are proposed and different techniques 
described. The limitations of the research base are discussed and suggestions for managing 
the uncooperative child are made. Case studies are given in conclusion.  
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        Introduction 

 I work in a specialist children’s hospital as a clinical 
 psychologist with expertise in pediatrics. My role is to facili-
tate the child’s and family’s adaptation to illness or medical 

condition and treatment, reduce psychological distress, pro-
mote optimal development, and help improve their sense of 
well- being and health outcomes. When I walk through the 
reception and outpatient areas, I see children with nasogas-
tric tubes, metal frames on legs and faces, and children who 
look different in a variety of ways as a result of congenital 
anomalies or treatment. A combination of tedium and anxi-
ety pervades the waiting areas for investigations. This is my 
work environment and I choose to be there. Our patients and 
their parents usually do not. While great progress has been 
made in the last 35 years to make hospitals and hospital pro-
cedures more user friendly and child oriented, being in a 
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hospital, even as a day case, can be a bewildering and fright-
ening experience for many children and young people who 
have to cope with many unfamiliar sights, sounds, smells, 
and the hustle and bustle of adults in unfamiliar clothing. 

 This chapter seeks to place procedural anxiety within a 
developmental framework and describes evidence-based 
preparation and interventions that can work alongside phar-
macological agents to minimize distress for invasive and 
noninvasive medical procedures. General principles for good 
practice are proposed and different techniques described. 
The limitations of the research base are discussed and sug-
gestions for managing the uncooperative child are made. 
Case studies are given in conclusion. 

 It has long been recognized that children fi nd hospitals 
and hospital procedures stressful. In 1941, Pearson reported 
the adverse emotional reactions young children displayed 
undergoing anesthesia for surgery [ 1 ]. Children show their 
distress in a variety of ways: ceasing to talk or play, becom-
ing agitated, restless, appearing frightened, trembling, cry-
ing, sudden urination, increased muscle tone, or even 
attempting to run away from medical staff [ 2 ,  3 ]. Hospital 
procedures including injections, venipunctures, lumbar 
punctures, bone marrow aspirations, insertion of lines and 
drains, and dressing changes are all potential stressors. 
Children are afraid of (1) separation from parents; (2) physi-
cal pain, death, or mutilation; (3) strange environment and 
procedures; (4) humiliation through loss of control and com-
petence; and (5) uncertainty about what is acceptable behav-
ior [ 4 ]. Even “minor” nonpainful procedures such as X-ray, 
computerized tomography (CT) and magnetic resonance 
imaging (MRI) scans, swallowing pills, a dental examina-
tion, or having a plaster cast fi tted or removed can be experi-
enced as malign, distressing, and stressful. For parents there 
is the additional underlying fear of investigations delivering 
bad news. 

 Stress can be conceptualized as an interaction between a 
person and their environment that is perceived as taxing and 
a threat to personal well-being. Stress causes physiological, 
cognitive, emotional, behavioral, and interpersonal changes. 
Physiological changes include raised heart, respiration rates, 
rise in blood pressure, and elevated skin temperature. 
Cognitive information processing can become overly pessi-
mistic and hopeless. Emotional responses include anger, 
fear, and depression. Behavioral changes include avoidance, 
self-soothing (e.g., thumb sucking or nail biting), and inabil-
ity to concentrate. Interpersonal responses include impaired 
communication with and perceptions of others. Thus 
hospital- induced stress can create a feeling of threat. This 
threat—the perception of danger by physical injury or psy-
chological damage to self—causes both fear and anxiety, and 
it is useful to distinguish between the two. Anxiety, implying 
potential rather than immediate threat, is characterized by 
wariness, watchfulness, apprehension, and inhibition [ 5 ] and 

can be present in children as early as 6–9 months old [ 6 ]. 
Fear—physiological, emotional, cognitive, and behavioral—
is the reaction to threatening and harmful stimulus and the 
response to immediately dangerous situations, leading to a 
fl ight or fright response. In young children, this produces 
urgent seeking for physical proximity to the parent or pri-
mary attachment fi gure. In older children fl ight might be lit-
eral as they bolt from the procedure room. In fear and anxiety 
states, a child’s attention becomes narrow and concentrated 
on the source of threat. Fear and anxiety can become debili-
tating and cause transient or long-term behavioral distur-
bance, particularly when the threat is repeated or prolonged. 
However, it is not uncommon for medical professionals to 
see a child’s anxiety as out of proportion to the procedure; 
the child is then labeled as having procedural phobia and is 
referred for psychological therapy. A phobia is an inappro-
priately exaggerated and prolonged response to a harmless or 
benign stimulus and medical procedures are rarely perceived 
by children as a benign experience. It is more useful to speak 
about anticipatory anxiety or distress. 

 Why is it important to try to reduce procedural anxiety? It 
prevents later problems and is cost effective. Despite their 
resilience, children experience the anticipatory anxiety asso-
ciated with a procedure as the most distressing aspect of 
healthcare [ 7 ]. Procedures involving needles are particularly 
aversive for children; a recent survey found that approxi-
mately two-thirds of children are frightened of needles [ 8 ]. 
When procedures have to be repeated (for example, a child 
with leukemia may have 8–15 invasive procedures in the fi rst 
month of induction therapy) [ 9 ], children may become sensi-
tized to the procedures such that these become not only dis-
tressing but also traumatic, with negative effects on behavior 
and well-being. Children remember their experiences and, 
while a child’s age is predictive of distress, children do not 
simply “grow out of it.” It has been estimated that around 
one-quarter of adults are afraid of needles [ 10 ] and for 
approximately 10 % the fear is such that they neglect their 
routine dental care and vaccinations [ 11 ,  12 ]. A distressed 
child produces a distressed parent, who may feel helpless to 
alleviate their child’s suffering. Anger directed at their par-
ents for allowing “nasty people to hurt me” may adversely 
affect family relationships and parental confi dence in sup-
porting their child’s care at subsequent hospital visits. It is 
not just parental confi dence that can be undermined; it is 
equally diffi cult for medical staff when their patients become 
very distressed and resistant. There are also cost benefi ts 
both to hospital and the family in reducing procedural dis-
tress: reduced time for procedures, fewer cancelled or 
rescheduled appointments, and higher parental satisfaction 
with the service. 

 There is a wide variation in pain and distress responses in 
children, related to individual characteristics of the child and 
their parents as well as environmental/contextual factors. 
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    The Child 

 Children aged 1–5 years show the most behavioral distress 
and pain responses compared to older children [ 13 ]. Shy 
children with poorer social skills and lower adaptability to 
change tend to be more anxious. Lower adaptability, low 
mood, and high emotionality have been shown to be associ-
ated with higher levels of distress [ 14 ]. Children who are 
sensitive to change and new situations and those with devel-
opmental delay are more likely to be anxious in an unfamil-
iar hospital setting. The outer calm or apparent disdain of 
adolescents may belie a fear of waking up during a sedated 
procedure or not waking up at all.  

    The Parents 

 Parental physiological responses—heart rate, salivary amy-
lase levels [ 15 ,  16 ]—correlate with their child’s behavior 
during procedures. Children of highly anxious parents are 
themselves more anxious, as are children of divorced or sep-
arated parents. Mothers tend to be more anxious compared to 
fathers. When a child’s condition is chronic, requiring regu-
lar hospital visits and in-patient episodes, parental anxiety is 
increased; it is also related to the child’s temperament [ 17 ].  

    The Context of Treatment 

 The behavior of medical staff can affect anxiety levels in the 
child if they inadvertently give verbal and nonverbal cues 
that convey irritation or impatience. Machinery, vials with 
blood, and instruments can all be anxiety provoking. Even 
the application of a local topical anesthetic can induce fear 
[ 18 ]. Children who unexpectedly attend emergency depart-
ments for isolated, acute conditions may have little previous 
experience or acquired knowledge of hospitals and medical 
procedures compared to those children whose chronic condi-
tions require frequent hospital attendance. A routine and 
identical procedure can cause greater distress in children 
who are unfamiliar with hospital staff and procedures [ 19 ].   

    Assessing Anxiety 

 Clinicians who are used to working with children will often 
accurately judge a child’s mood or state within a few minutes 
in their presence. Indeed, pediatric anesthetists can often pre-
dict children’s anxiety better than their mothers [ 20 ]. 
However, subjective assessment can be unreliable and more 
formal assessment may be helpful, particularly in situations 
where a child is receiving sequential procedures over an 
extended time period. There are many measures of assessing 

pain and distress using self-report, report by others, observa-
tional measures, and physiological measures, but there is no 
agreed gold standard. Each measure has its strength and lim-
itations with varying suitability for different situations. 
While self-report by children may be considered the ideal of 
measurement, there are recognized limitations and issues for 
reliability that become evident in a clinical setting: Very 
young children cannot complete measures; highly anxious 
and distressed children may over- or underreport their pain 
and distress and tend to use the extreme ends of scales—
ignoring middle values; and children with cognitive impair-
ments and global developmental delay may have major 
diffi culties in using self-report [ 21 ]. 

 Measures are most useful when used well in advance of a 
procedure so that specifi c and targeted interventions can be 
delivered, as necessary. For an overview of pediatric pain 
measures, see Cunnington [ 22 ] and Chorney and McMurtry 
[ 23 ]. In selecting an appropriate scale for use in clinical prac-
tice, there are a number of issues to consider:
    1.    That the behaviors measured may not exclusively relate 

to pain but can also describe other negative reactions pro-
voked by an acute and invasive procedure. For example, 
crying or shouting can indicate a child’s fear, anger, or 
distress as well as pain. It should not automatically be 
assumed that the behaviors before a procedure signal dis-
tress while behaviors during and after a procedure purely 
refl ect pain. Such behaviors are not discrete and indepen-
dent of each other; there are clear similarities and overlap. 
This is important in terms of the different interventions 
that might be offered. Further research is necessary to fi ne 
tune the differentiation and measurement of a range of 
emotions that are expressed in externally identical behav-
iors [ 24 ].   

   2.    That the majority of measures have been developed and 
validated in Western cultures on English-speaking popu-
lations. The limited literature on cultural differences in 
pain behavior suggests that there are localized and indi-
vidual differences [ 25 ] and generalizations about univer-
sal applicability of pain measures may be inappropriate.   

   3.    That scales may have evolved for use in different clinical 
situations from those used in the original validation, e.g., 
Children’s Hospital of East Ontario Pain Scale (CHEOPS) 
was conceived as a measure of postoperative pain [ 26 ] but 
is now also used to measure procedural pain (see 
Table  34.1 ).

       4.    That some measures (e.g., those requiring training, addi-
tional personnel, video recording, coding of data) may be 
more appropriate to research and less suitable for a clini-
cal setting. A clinical situation can change rapidly and 
measures may not be suffi ciently fl exible to detect sudden 
changes.    
  The following are some illustrative examples of measures 

that can be used in various clinical situations. 
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 To assess procedural and brief episodes of pain:
    1.    Children’s Hospital of Eastern Ontario Pain Scale 

(CHEOPS) 
 Originally developed as a measure of postoperative pain, 
this is now an established measure of behaviors during 
brief episodes of pain in infants and children up to 18 
years, and can be used to measure the outcomes of inter-
ventions to alleviate pain. The measure comprises six 
items of behavior—cry, facial, child verbal, torso, touch, 
and legs—each item being given a score of 1–3 from 
which a total pain score can be derived (see Table  34.1 ). 
The CHEOPS has been used extensively in many countries 
and contexts for venipunctures, immunizations, and sur-
gery. However, some consider it to be complicated to score 
and less practical compared to other observational scales.   

   2.    Face, Legs, Activity, Cry, and Consolability Scale 
(FLACC) [ 27 ] 
 This scale measures both procedural and postoperative 
pain, originally designed for children up to 7 years but sub-
sequently modifi ed for use up to late adulthood, with fi ve 
indicators—face, legs, activity, cry, and consolability—

each rated on a three-point scale (0–2) (see Table  34.2 ). 
This scale is used for a large variety of procedures, includ-
ing venipuncture, catheterization, laceration repair, and 
chest drain removal. It is a low burden scale, translated for 
use in many countries.

       To assess procedural distress and interactions:
    1.    Procedure (or Procedural) Behavioral Rating Scale 

(PBRS) [ 28 ] 
 This scale for children from 8 months to 18 years records 

the presence or absence of 11 distress-related behaviors for 
three phases of the procedure— pre- procedure, procedure, 
and recovery—producing summated scores for each phase 
of the procedure and across the three phases (see Table  34.3 ). 
The measure can be scored relatively quickly to obtain a 
gross overall score for each phase and has been used to 
record distress during venipunctures, lumbar punctures, 
immunizations, and treatments for burns.

       2.    Pediatric Behavior Checklist (PBCL) [ 29 ] 
 This measure, originally designed for children and young 
people undergoing bone marrow aspiration, has been 

    Table 34.1    Children’s Hospital of Eastern Ontario Pain Scale (CHEOPS)   

 Item  Behavioral  Defi nition  Score 

 Cry  No cry  1  Child is not crying 
 Moaning  2  Child is moaning or quietly vocalizing silent cry 
 Crying  2  Child is crying, but the cry is gentle or whimpering 
 Scream  3  Child is in a full-lunged cry; sobbing; may be scored with complaint or without complaint 

 Facial  Composed  1  Neutral facial expression 
 Grimace  2  Score only if defi nite negative facial expression 
 Smiling  0  Score only if defi nite positive facial expression 

 Child verbal  None  1  Child not talking 
 Other complaints  1  Child complains, but not about pain, e.g., “I want to see mommy” or “I am thirsty” 
 Pain complaints  2  Child complains about pain 
 Both complaints  2  Child complains about pain and about other things, e.g., “It hurts. I want my mommy” 
 Positive  0  Child makes any positive statement or talks about other things without complaint 

 Torso  Neutral  1  Body (not limbs) is at rest; torso is inactive 
 Shifting  2  Body is in motion in a shifting or serpentine fashion 
 Tense  2  Body is arched or rigid 
 Shivering  2  Body is shuddering or shaking involuntarily 
 Upright  2  Child is in a vertical or upright position 
 Restrained  2  Body is restrained 

 Touching  Not touching  1  Child is not touching or grabbing at wound 
 Reach  2  Child is reaching for but not touching wound 
 Touch  2  Child is gently touching wound or wound area 
 Grab  2  Child is grabbing vigorously at wound 
 Restrained  2  Child’s arms are restrained 

 Legs  Neutral  1  Legs may be in any position but are relaxed; includes gentle swimming or separate-like movements 
 Squirm/kicking  2  Defi nitive uneasy or restless movements in the legs and/or striking out with foot or feet 
 Drawn up/tensed  2  Legs tensed and/or pulled up tightly to body and kept there 
 Standing  2  Standing, crouching, or kneeling 
 Restrained  2  Child’s legs are being held down 
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   Table 34.2    Face, Legs, Activity, Cry, and Consolability Scale (FLACC) [ 27 ]   

 Category 

 Scoring 

 0  1  2 

 Face  No particular expression or smile  Occasional grimace or frown  Frequent to constant quivering chin 
 Withdrawn  Clenched jaw 
 Disinterested 

 Legs  Normal position or relaxed  Uneasy  Kicking or legs drawn up 
 Restless 
 Tense 

 Activity  Lying quietly  Squirming  Arched, rigid, or jerking 
 Normal position  Shifting back and forth 
 Moves easily  Tense 

 Cry  No cry (awake or asleep)  Moans or whimpers  Crying steadily 
 Occasional complaint  Screams or sobs 

 Frequent complaints 
 Consolability  Content  Reassured by occasional touching, 

hugging, or being talked to 
 Diffi cult to console 

 Relaxed  Distractable 

   Table 34.3    Procedural Behavior Rating Scale [ 28 ]   

 Behavioral Item  Operational Defi nition 

 Cry  Tears in eyes or running down face 
 Cling  Physically holds on to parent, signifi cant other, or nurse 
 Fear verbal  Says “I’m scared,” “I’m afraid,” etc. 
 Pain verbal  Says “Ow,” “Ouch,” “It hurts,” “You’re hurting me,” etc. 
 Scream  No tears, raises voice, verbal or nonverbal 
 Stall  Verbal expression of delay (“Wait a minute,” “I’m not ready yet,” etc.) or behavioral delay (ignores nurse’s 

instructions) 
 Carry  Has to be physically carried into or out of room or placed on table, not because of physical inability to do so on his 

or her own 
 Flail  Random gross movements of arms or legs, but no intention to make aggressive contact 
 Refusal position  Does not follow instructions with regard to body placement on treatment table 
 Restrain  Has to be held down due to lack of cooperation 
 Muscular rigidity  Any of following behaviors: clenched fi sts, white knuckles, gritted teeth, clenched jaw, wrinkled brow, eyes 

clenched shut, contracted limbs, body stiffness 
 Emotional support  Verbal or nonverbal solicitation of hugs, physical comfort, or expression of empathy from parent, signifi cant other, 

or nurse 
 Requests termination  Verbally asks/pleads that procedure be stopped 
 The following items were subsequently eliminated from the original list: 
 Groan  Nonverbal, vocal expression of pain or discomfort 
 Laugh  Smiling with a chuckling sound 
 Stoic silence  Child does not respond to questions or remarks of others. May appear “trancelike” 
 Nausea verbal  Says “I’m sick,” “I feel nauseous,” “My stomach feels like I’m going to throw up” 
 Vomit  Includes retching, dry heaves 
 Urinate/defecate  Soils or wets self 
 Kick  Intentional aggressive movement of leg(s) to make physical contact 
 Hit  Intentional aggressive movement of arm(s) or hand(s) to make physical contact 
 Bite  Intentional aggressive closing of jaw to make physical contact 
 Verbal hostility  Says “I hate you,” “You’re mean,” etc. 
 Curse  Utters profanity 
 Questions  Nondelay, information-seeking verbal behavior (“What are you doing now?” “Is it over yet?” etc.) 
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modifi ed to rate ten behaviors on a 1–5 scale, before, dur-
ing, and after the procedure, akin to the PBRS described 
previously (see Table  34.4 ). It can be used for a variety of 
medical procedures and has been recommended as an 
outcome measure of procedural distress in pediatric pain 
clinical trials [ 30 ].

       3.    Child-Adult Medical Procedure Interaction Scale-short 
form (CAMPIS-SF) [ 31 ] 
 This scale measures categories of behavior—child dis-
tress, child coping, adult distress promoting, and adult 
coping promoting—with scoring on a fi ve-point scale 
(see Table  34.5 ). The scale requires a training period of 
1–2 days, but videos can then be coded in real time. It can 
be used for venipunctures, bone marrow aspirations, 
immunizations, and voiding cystourethrograms.

       To assess perioperative behavior and distress:
    1.    Modifi ed Yale Preoperative Anxiety Scale (m-YPAS) [ 32 ] 

 This 27-item scale measures anxiety across fi ve domains 
of behavior (activity, emotional expressivity, arousal 
state, vocalization, and dependence on parents) in chil-
dren over 2 years of age, prior to induction of anesthesia 
(see Table  34.6 ). It is quick to administer and can track 
rapidly changing states in the child.

       2.    The Induction Compliance Checklist (ICC) [ 33 ] 
 This is an 11-point scale developed for use as an observa-
tional measure to quantify the level of compliance in a 
children aged 0–17 years undergoing induction of anes-
thesia by inhalation (see Table  34.7 ). Scores range from 0 
to 10, where 0 is considered to be the ideal induction 
without anxiety or behavioral disturbance in the child, 
with a cut-off score of 6 for poor compliance with 
induction.

       3.    Emotionality, Activity and Sociability Scale (EAS) [ 34 ] 
 This is a measure of child temperament containing 20 
items, each item being rated by parents on a fi ve-
point scale, with a score obtained for each of the three 

temperaments (see Table  34.8 ). It is a useful measure to 
obtain preoperatively to predict a child’s distress at the 
time of anesthesia.

       4.    Post-hospital Behavioral Questionnaire (PHBQ) [ 35 ] 
 This questionnaire, completed by parents at home follow-
ing discharge from hospital, assesses behavioral changes 
in the child. It consists of 27 items to assess general anxi-
ety, separation anxiety, sleep disorders, eating diffi culties, 
aggression, and apathy (see Table  34.9 ). The parent is 
asked to compare typical behavior in their child compared 
to behavior shown during the fi rst week after hospitaliza-
tion, using a fi ve-point scale.

       To assess pain in children with intellectual impairment:
    1.    Non-communicating Children’s Pain Checklist 

(NCCPC) [ 36 ] 
 This is the most widely validated measure for assessing 
pain in children with cognitive impairments and is 
designed to be used by parents and caregivers (see 
Table  34.10 ). The checklist comprises 30 items rated 
0–3 on seven subscales (vocal behavior, social, facial 
expression, active, body and limbs, physical signs, and 

   Table 34.4    Pediatric Behavior Checklist [ 29 ]   

 Behavioral item  Operational defi nition 

 Muscle tension  Displays any of the following behaviors: eyes 
tightly shut, clenched jaw, stiff body, clenched 
fi sts, gritted teeth (contraction of any observable 
body part) 

 Screaming  Raises voice or yells (can be with or without 
words) 

 Crying  Tears or sobs 
 Restraint  Has to be held down 
 Pain verbalized  Says “Ow,” “Ouch,” or “You’re hurting me,” etc. 
 Anxiety verbalized  Says “I’m scared” or “I’m afraid” 
 Verbal stalling  Expresses verbal delay such as “Stop,” “I’m not 

ready,” or “I want to tell you something” 
 Physical resistance  Moves around, will not stay in position, or tries 

to climb off table 

   Table 34.5    CAMPIS-SF codes and descriptive statistics   

 Mean 
 Standard 
deviations 

 Minimum 
range 

 Maximum 
range 

 CAMPIS-SF codes 
 Child coping  6.0  2.7  3  13 
 Child distress  6.8  3.3  3  14 
 Parent coping promoting  6.4  2.9  3  14 
 Parent distress promoting  4.3  1.5  3  8 
 Nurse coping promoting  5.3  1.8  3  10 
 Nurse distress promoting  4.2  1.1  5  8 
 Proportions of CAMPIS-R codes 
 Child coping  0.42  0.28  0  1.00 
 Child distress  0.49  0.31  0  1.00 
 Parent coping promoting  0.26  0.14  0  0.58 
 Parent distress promoting  0.15  0.13  0  0.46 
 Nurse coping promoting  0.25  0.13  0.03  0.52 
 Nurse distress promoting  0.12  0.07  0.02  0.33 
 Validity measures 
 OSBD distress  13.2  17.3  0  76.8 
 BAADS approach/
avoidance 

 15.6  3.3  6  22 

 BAADS distress  10.2  7.7  5  60 
 Parent fear  41.3  27.8  0  100 
 Parent pain  52.7  27.4  2  100 
 Nurse distress  20.3  29.3  0  100 
 Nurse cooperation  81.1  31.7  0  100 
 Child fear  2.4  1.7  1  5 
 Child pain  3.4  1.6  1  5 

  Reprinted with permission from Blount RL, Bunke V, Cohen LL, 
Forbes C. The Child-Adult Medical Procedures Interaction Scale-Short 
Form (CAMPIS-SF): validation of a rating scale for children’s and 
adults’ behaviors during painful medical procedures. J Pain Symptom 
Manage 2001;22:591–599  
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eating/sleeping). A version of the NCCPC (NCCP-PO) 
is available to use postoperatively.

       2.    Face, Legs, Activity, Cry, and Consolability Scale- Revised 
(FLACC-R) 

 This is a revised version of the FLACC described previ-
ously for use with children with cognitive impairment (see 
Table  34.11 ).
       Summary features of the tests are given in Table  34.12 .
   We now turn to preparation for procedures. This needs 

to take a systemic family focus as children and their par-
ents are interdependent and psychologically “joined at 
the hip.”  

   Table 34.6    Modifi ed Yale Preoperative Anxiety Scale [ 32 ]   

 Activities 
 1. The child looks around, is curious, plays with toys, reads (or other 

behavior that is appropriate for the age group); moves around the 
pre-anesthetic/treatment room to get toys or seeks family members; 
might move toward the equipment in the surgery room 

 2. The child does not explore or play, may look down, plays with own 
hands, or sucks own thumb (blanket); may stay close to family 
while playing, or exhibits a manic quality while playing 

 3. The child moves without concentration from toy to family 
members, movements are not connected to the activity; movements 
or play are frantic/agitated; twisting, moving on the table; may 
push the mask or grab family members 

 4. Child tries to escape, pushes with arms and feet, may move entire 
body; in the waiting room, the child runs around without purpose, 
does not look at toys, does not want to be separated from family, 
clings on desperately 

 Vocalization 
 1. Reads (vocalization not adequate for the activity), asks questions, 

makes comments, stutters, laughs, answers questions promptly, but 
generally may be quiet; child is too young to speak in social 
situations or too absorbed in play to answer 

 2. Answers adults, but whispers; uses “baby talk”; only responds with 
shaking or nodding of head 

 3. Quiet, no sound or does not answer adults 
 4. Weeping, moaning, grunting, silent crying 
 5. Child cries, may scream “No” 
 6. Crying—high pitched and sustained 
 Expressing emotions 
 1. Happy, smiling, concentrating on playing 
 2. Neutral, no discernible facial expression 
 3. From worried (sad) to frightened, sad, worried, or teary eyes 
 4. Distressed, crying, extreme upset, eyes may be wide open 
 State of arousal 
 1. Alert, looks around occasionally, notices or watches the 

anesthesiologist’s actions (could be relaxed) 
 2. Withdrawn, calm and silent, may suck thumb, or face turned into 

adult 
 3. Attentive, quickly looks around, may be startled by sounds, eyes 

wide, body tense 
 4. Panicked whining, may cry, may shun others, turns body away 
 Interaction with family members 
 1. Child concentrates on playing, sits idle, or shows age-appropriate 

behavior, does not need family members; may interact with parent 
if the parent initiates the interaction 

 2. Seeks family members (moves close and speaks to otherwise silent 
parent), seeks and accepts comfort, may lean against family member 

 3. Looks silently to family members, apparently observes their 
actions, does not seek contact or comfort, but will accept it if 
offered; or clings to parent 

 4. Keeps family members at a distance or leaves area when family 
members appear, might push away parent or else desperately cling 
to parent and not let them go away 

   Table 34.7    Induction Compliance Checklist [ 33 ]   

 Check off all applicable behavior:  Score 

 Perfect induction (does not exhibit negative behavior, 
fear, or anxiety) 

 Score 0 

 Crying, tears in eyes 
 Turns head away from mask 
 Verbal refusal, says “no” 
 Verbalizes fear or worry, such as “Where’s Mommy?” 
or “Will it hurt?” 
 Pushes mask away with hands, pushes away nurse/
anesthetist with hands or feet 
 Covers mouth/nose with hands/arms or buries face 
 Hysterical crying, may scream 
 Kicks, fl ails legs/arms, arches back, or general struggling 
 Requires physical restraint 
 Completely passive, either rigid or limp 
  Total Score  ( number of items ticked ) 

   Table 34.8    Emotionality, Activity and Sociability Scale example [ 34 ]   

 EAS Scales  Rating 

 Shyness 
 Tends to be shy 
 Makes friends easily 
 Is very sociable 
 Takes a long time to warm up to strangers 
 Is very friendly with strangers 
 Sociability 
 Likes to be with people 
 Prefers playing with others rather than alone 
 Finds people more stimulating than anything else 
 Is somewhat of a loner 
 Activity 
 Is always on the go 
 When he moves about, he usually moves slowly 
 Is off and running as soon as he wakes up in the morning 
 Is very energetic 
 Prefers quiet, inactive games to more active ones 
 Emotionality 
 Cries easily 
 Tends to be somewhat emotional 
 Often fusses and cries 
 Gets upset easily 
 Reacts intensely when upset 
 When alone, he feels isolated 
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    Helping Parents Help Their Children 

 Anxious children instinctively turn to their parents for pro-
tection and support, and most children will want their parents 
to be present during a frightening procedure. In turn, parents 
want to protect their child from threat and most parents 
would choose to be with their children during all procedures 
and for as long as possible when the procedure involves 
anesthesia for surgery [ 37 ]. 

 Interestingly, the research evidence (based on studies of 
induction of anesthesia in an operating theater) for the effec-
tiveness of parental presence alone in reducing a child’s anx-
iety and distress is not strong [ 38 ]. Multiple randomized 
controlled trials indicate that the presence of parents at their 
child’s anesthetic induction does not of itself reliably reduce 
a child’s anxiety [ 39 ]. It is how parents behave that makes 
the difference. Parents whose own anxiety is overwhelming 
and who instruct, criticize, or even reassure excessively can 
increase anxiety and distress in their child [ 40 ,  41 ]. 

 A series of studies has shown that anxious children with 
calm parents present during anesthetic induction were sig-
nifi cantly less anxious than anxious children whose par-
ents were not present at induction. Calm children with 
highly anxious parents present were signifi cantly more 
anxious than calm children whose parents were not present 
at induction [ 42 ]. 

 Parents can be taught psychological interventions 
including distraction and supported to act as coaches to 
help their child prepare for anesthetic induction and increase 

the effectiveness of hospital preparation programs in reducing 
anxiety in the child, pre- and post-surgery [ 43 ], reducing 
postoperative delirium and analgesia required, and allow-
ing quicker discharge from hospital [ 44 ]. 

 The advantages of parental presence therefore are:
    1.    Calm, positive, proactive, and focused parental support 

can help reduce both parental and child anxiety and dis-
tress [ 45 ].   

   2.    Parents can acquire new skills to enhance both their own 
and their child’s coping mechanisms, which is particu-
larly useful for any future procedures a child might have 
to undergo.   

   3.    Surgery represents a major life event for the whole family 
and potentially challenges parents’ perceptions of their 

   Table 34.9    Post-hospital Behavioral Questionnaire example [ 35 ]   

 Questions: 

 1. Do you have frequent headaches? 
 2. Do you have lack of appetite? 
 3. Do you have trouble sleeping? 
 4. Do you get scared easily? 
 5. Do you feel your hands shaking? 
 6. Do you feel nervous, tense, or worried? 
 7. Do you have digestion problems? 
 8. Do you have trouble thinking clearly? 
 9. Have you felt sad lately? 
 10. Have you cried more than usual? 
 11. Have you experienced diffi culty in carrying out your daily 

activities with satisfaction? 
 12. Do you fi nd it diffi cult to make decisions? 
 13. Do you have diffi culties with your work? 
 14. Are you unable to play a useful role in your life? 
 15. Have you lost interest in things? 
 16. Do you feel useless, not diligent? 
 17. Have you thought about killing yourself? 
 18. Do you feel tired all the time? 
 19. Have you had unpleasant feelings in your stomach? 
 20. Do you get tired easily? 

   Table 34.10    Non-communicating Children’s Pain Checklist revised   

 Vocal subscale 
 • Moaning, whining, or whimpering (fairly soft) 
 • Crying (moderately loud) 
 • Screaming or yelling (extremely loud) 
 • A sound or word expressing pain 
 Eating/sleeping subscale 
 • Eating less, disinterested in food 
 • Increased sleep 
 • Decreased sleep 
 Social subscale 
 • Uncooperative, cranky, irritable, unhappy 
 • Reduced social interaction, withdrawn 
 • Seeking comfort or physical closeness 
 • Diffi cult to distract, cannot be satisfi ed or pacifi ed 
 Facial subscale 
 • Furrowed brow 
 • A change in eyes, including squinting, eyes wide, eyes frowning 
 • Mouth turned down into a frown, unsmiling 
 • Lips puckered up, drawn tight, pouting, or quivering 
 • Clenching or grinding teeth, chewing or thrusting out tongue 
 Activity subscale 
 • Unmoving, reduced activity, quiet 
 • Jumps around, agitated, fi dgety 
 Body/limb subscale 
 • Floppy body 
 • Stiff, spastic, tense, rigid body 
 • Points out or touches part of body that hurts 
 • Protects, favors, or guards part of the body that hurts 
 • Flinches or moves away body part, being sensitive to touch 
 • Moving the body in specifi c way to show pain (e.g., head thrown 

back, arms down, body curled up) 
 Physiological signs subscale 
 • Shivering 
 • Change in skin color, pallor 
 • Sweating, perspiring 
 • Tears 
 • Sharp intake of breath, gasping 
 • Breath holding 

  Modifi ed from [ 36 ]  
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   Table 34.11    Revised FLACC Scale   

 Category 

 Scoring 

 0  1  2 

 Face  No particular expression or smile  Occasional grimace or frown  Frequent to constant quivering chin 
 Withdrawn  Clenched jaw 
 Disinterested   Distressed looking face  
  Sad, appears worried    Expression of fright / panic  

 Legs  Normal position or relaxed  Uneasy  Kicking or legs drawn up 
  Usual tone and motion to limbs   Restless   Marked increase in spasticity  

 Tense   Constant tremors  
  Occasional tremors    Jerking  

 Activity  Lying quietly  Squirming  Arched, rigid, or jerking 
 Normal position  Shifting back and forth   Severe agitation  
 Moves easily  Tense   Head banging  
  Regular rhythmic respirations    Tense / guarded movements    Shivering  

  Mildly agitated    Breath holding  
  Shallow / splinting respirations    Gasping  
  Intermittent sighs    Severe splinting  

 Cry  No cry (awake or asleep)  Moans or whimpers  Crying steadily 
 Occasional complaint  Screams or sobs 
  Occasional verbal outbursts   Frequent complaints 
  Constant grunting    Repeated outbursts  

  Constant grunting  
 Consolability  Content  Reassured by occasional touching, hugging, 

or being talked to 
 Diffi cult to console 

 Relaxed  Distractable   Pushing caregiver away  
  Resisting care or comfort measures  

  Revisions in  bold   

   Table 34.12    Summary features of assessment tests   

 Scale  Age range  Rater  Behaviors assessed  Test characteristics  Clinical application  Comments 

 1. To assess procedural pain 
 CHEOPS  4 months to 

18 years 
 Health 
professional 

 Cry  Six items  Perioperative  May be more 
suitable for 
research contexts  Researcher  Facial  Rating scales:  Venipuncture 

 Child verbal  0–2  Intramuscular injections 
 Torso  1–3  Immunizations 
 Touch  1–2  Dental procedures 
 Legs  Bone marrow aspirations 

 Severe pain 
 FLACC  15 days to 

80+ years 
 Health 
professional 

 Face  Five items  Wide range: as above plus  Used in a variety 
of countries 

 Researcher  Legs  Rating scale:  Minimally conscious 
patients 

 Activity  0–2  Urethral catheterization 
 Cry  Nasogastric tube insertion 
 Consolability  Chest drain removal 

 Fracture reduction 
 2. To assess procedural distress and interactions 
 PBRS  8 months to 

18 years 
 Health 
professional 

 Distress behaviors  11 items  Wide range: Perioperative 

 Researcher  Scored over three 
phases of procedure 

 Venipuncture 
 Lumbar puncture 
 Chemotherapy 
 Burns 

(continued)
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 Scale  Age range  Rater  Behaviors assessed  Test characteristics  Clinical application  Comments 

 PBCL  1 month to 
19 years 

 Health 
professional 

 Muscle tension  Eight items  Wide range: as above plus  Useful outcome 
measure for 
clinical trials  Researcher  Screaming  Rated 1–5  Nasendoscopy 

 Crying  Pediatric assessments 
 Restraint used 
 Pain verbalized 

 CAMPIS-SF  2–18 years  Researcher  Adult coping promoting  Four items/subscales  Wide range: as above 
 Adult distress promoting  Scored over three 

phases of procedure  Child coping 
 Child distress 

 3. To assess perioperative behavior and distress and postoperative distress 
 m-YPAS  >2 years  Health 

professional 
 Five domains of behavior 
activity 

 27 items  Assesses perioperative 
anxiety 

 Rapid to 
complete 

 Vocalization  Can be used in 
rapidly changing 
clinical situations 

 Emotional expression 
 Arousal 
 Parental dependence 

 ICC  0–17 years  Health 
professional 

 Observation of behaviors  11 items  Assess compliance at 
anesthetic induction by 
inhalation 

 EAS  Parents  Rating scale  20 items  Assesses child 
temperament  Three domains 

emotionality 
 Five-point scale 

 Activity 
 Sociability 

 PHBQ  6 months to 
16 years 

 Parents  Assesses  27 items  Child’s behavior at home 
following surgery 

 Possibility of 
parental bias  General anxiety 

 Separation anxiety 
 Sleep disorders 
 Eating problems 
 Aggression 
 Apathy 

 4. To assess pain in children with intellectual impairment 
 NCCPC  Parents  Vocal behavior  30 items  Version 

NCCP-PO 
available 

 Caregivers  Social  Rated 1–3  For postoperative 
assessment  Facial expression 

 Active 
 Body and limbs 
 Physical signs 
 Eating/sleeping 

 FLACC-R  Health 
professional 

 Modifi ed version 
of FLACC 

 Researcher 

Table 34.12 (continued)

own control and effectiveness. Health professionals can 
enhance their relationships with families by including 
them as active partners in the preparatory stages of their 
child’s surgery as well as at anesthetic induction.   

   4.    Parents report higher satisfaction with the hospital service 
when their child is less anxious [ 46 ]. This is important as 
measures of parent- and patient-reported experience are 
increasingly used as indicators of quality and process of 
healthcare delivery.      

    Preparation 

 This should not be considered as an optional “frill” in medical 
care but fundamental to enhancing a child’s sense of control, 
mastery, and self-esteem as well as reducing distress by facili-
tating the successful completion of a procedure [ 47 ]. Children 
and their parents should receive information that is specifi c, 
accurate, and developmentally appropriate [ 48 ]. Anxious 
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parents may not hear (or even be able to listen to) information 
given verbally. Leafl ets, DVDs, websites, interactive books, 
etc. giving clear detailed explanations enable parents to absorb 
information at their own pace and convey this to their children. 
Children also need to understand the sensory elements of a 
procedure, i.e., what they are likely to see, hear, taste, smell, 
and feel. Many resources are available through hospital web-
sites—e.g., Great Ormond Street Hospital for Children’s 
“Children’s Zone” [ 49 ], Contact a Family [ 50 ]—or organiza-
tions such as Action for Sick Children, a charity in the UK that 
publishes family-friendly medical information and campaigns 
to improve services and attitudes to the way in which sick chil-
dren and young people are treated [ 51 ]. Advance consider-
ation of the clinic environment is necessary and how 
psychological coping mechanisms are going to affect any 
pharmacological agents that will be used, e.g., topical anes-
thetics. If a child or young person has had a previously adverse 
experience or has diffi cult access to veins, then an experienced 
clinician should perform the procedure. Children soon identify 
who the good “needle sticker” is in a team. 

 The following general principles underlie good practice 
for procedures:
    1.    First and foremost, take the time to establish a rapport 

with the child and their family using developmentally 
appropriate language. It is useful to attend to one’s own 
nonverbal cues as well as to the child’s, e.g., crossing one’s 
arms can unwittingly convey impatience and irritation. 
A positive working relationship is key to helping a child 
through procedures and treatment. This does not have to 
take up undue time. Ask what the child likes doing or 
observe what the child has with them or is playing with. 
A few minutes of coloring in can pay dividends with later 
cooperation. Humor is useful, but care needs to be taken 
that the child does not perceive that the clinician is mak-
ing fun of them.   

   2.    Enhance parental preparation and participation so parents 
can become coaches for their children. It is important to 
check out what the parents have (or have not) told their 
child about the procedure. Some parents tell their chil-
dren little or nothing, believing it is kinder to the child 
not to worry them in advance; however, their child may 
arrive for the procedure suspicious and highly vigilant 
knowing something “is up” but unsure what. It is helpful 
to formulate a plan with parents, who are the experts of 
their child and to elicit the best way to support their child 
with interactive coping strategies, i.e., the skill set of 
thoughts and actions a child can use in an anxiety-pro-
voking situation.   

   3.    Build on a child’s resilience and existing skills for coping. 
Ask the child about any previous experience and what if 
anything they might fi nd hard to manage. Correct any 
misconceptions about a procedure, e.g., a needle for a 
venipuncture will not go right through the arm and out the 

other side. Ask what has been helpful in the past, including 
the use of topical anesthetic agents. Develop a coping 
strategy together giving the child limited choices where 
possible. Some children choose to be involved with the 
procedure, some prefer to be distracted. Young people 
require appropriate privacy and might want to be seen 
without their parents.   

   4.    Give developmentally appropriate information about the 
procedure and its duration in terms of an activity already 
familiar to the child, e.g., the time it takes to sing a familiar 
nursery rhyme or song. When explaining what the child is 
likely to experience, frame the sensation in a positive 
way, e.g., the lubricating gel for an ultrasound can be 
described as “jelly on the belly.” The loud noises on the 
machine or equipment can be likened to a motorbike or 
helicopter or indeed anything the child might fi nd positive 
and interesting.   

   5.    Create a plan together with the child and their parents. 
This may include the opportunity to become familiar with 
the medical equipment, e.g., mask. Decide with the child 
where and how they will sit or lie for the procedure, if 
appropriate. Give limited choices where possible.   

   6.    Consider the room and environment where the procedure 
will be performed. It is better to use a specifi c treatment 
room and avoid “safe areas” like the child’s bed or play-
room so the child knows there are places where nothing 
painful or aversive will happen to them. Have medical 
equipment and machinery out of direct view, if possible, 
to reduce the anxiety this might otherwise provoke. 
Remove unnecessary equipment and have child-friendly 
decoration and toys. A token mobile is not suffi cient. 
Have the minimum number of personnel needed in the 
room and try to restrict unnecessary comings and goings. 
The atmosphere should be as calm and soothing as pos-
sible, irrespective of the child’s age.   

   7.    A child held in a comfortable position during a procedure 
(e.g., on a parent’s lap) enhances feelings of security and 
this can signifi cantly reduce distress [ 52 ,  53 ]. Infants and 
toddlers can be held in a face-to-face embrace with their 
parents leaving an arm free. This is an example of thera-
peutic holding (see later section). During the procedure, 
only one person should talk to the child at any given time. 
The reality is that everyone is under time pressure but it is 
helpful to try and go at the child’s pace. Again, give the 
child limited choices to enable the child to feel a sense of 
control. It is important to tell the child what they can do 
rather than what they cannot. It is better to say “hold your 
arm as still as you can” rather than “don’t move.” Allow 
the child to make a loud noise, e.g., an animal roar or sing 
a loud note that can be heard down the corridor. A bellow 
or shout can be a surprising and distracting behavior for a 
child who would be normally expected to have to show 
polite and restrained behavior. This is not always popular 

34 Non-pharmacological Distraction Techniques as Sedation Adjunct



666

with clinicians but is effective for some children. 
Encourage the child and praise effort (e.g., “you are doing 
really well to hold your arm still”) but clinicians and par-
ents should not apologize. Other examples of helpful and 
unhelpful language are given by Cohen [ 54 ].   

   8.    Whether the procedure has gone well or badly, it is impor-
tant to talk to the child and parents afterwards about 
aspects that did go well and what might be more helpful 
next time. This is particularly necessary for procedures 
that have to be repeated regularly. The clinician can praise 
the child for trying irrespective of outcome. A plan can be 
made to enhance further preparation and consolidate cop-
ing strategies. If this step is omitted, there is a risk that the 
child thinks they have managed on this one occasion 
purely by chance but would not be able to cope again with 
future procedures.      

    Psychological Interventions 

 Painful stimuli reach awareness through the attention- control 
mechanism. Effective psychological interventions for pain 
and concomitant distress focus attention away from the 
 sensation causing pain and toward competing pleasurable 
stimuli [ 55 ]. There is empirical support for behavioral inter-
ventions, including distraction, guided imagery, relaxation, 
breathing, rehearsal, and reinforcement for appropriate 
behavior [ 56 – 58 ]. Such interventions are primarily based on 
cognitive behavioral therapy (CBT), which identifi es nega-
tive beliefs relating to anxiety and replaces them with more 
positive thoughts to promote adaptive behavior:
    1.    Distraction 

 This is not about creating a diversion but an active shift-
ing and refocusing of attention from anxiety- provoking 
stimuli (e.g., the needle) toward a pleasing stimulus. 
Distraction stimuli and activities need to be varied and 
engaging using sensory, physical, and cognitive ele-
ments [ 59 ]. Above all, distraction should be easy and 
fun to perform. Distraction works best when it is inter-
active and a parent can act as a child’s coach, as children 
rarely engage in active coping mechanisms without an 
adult initiating these [ 60 ]. Distraction has been found to 
be effective for infants up to young adults [ 61 ]. It is 
important that a distraction activity is used before, dur-
ing, and after the procedure to hasten recovery. 
Distraction activities can include interactive electronic 
games, virtual reality goggles, music, storytelling, 
counting backwards in groups of numbers, or spotting 
an error in an adult reciting multiplication tables. 
Children can be involved in creating a distractor that is 
interesting and personal to them. Depending on age, this 
could be a favorite toy or character that acts as a super-
hero who can give a child a magic cloak or glove to wear 
that reduces the sensation of pain. 

 Distraction provided by parents or medical staff is 
easy to use and is of low cost. It is only contraindicated if 
a child is known to cope best by focusing on the details of 
the procedure [ 62 ]. The effect of a particular distractor 
can wear off, so it is advisable to keep something novel 
for use for when the procedure occurs.   

   2.    Relaxation with guided imagery 
 Relaxation can be defi ned as “state of relative freedom 
from anxiety and skeletal muscle tension, a quietening or 
calming of mind and muscles” [ 63 ]. In a relaxed state, 
heart and respiratory rates are decreased, and skin resis-
tance and muscle tone reduced. Physiological arousal can 
be reduced through slow breathing and the tensing and 
releasing of muscle. Techniques often aim to tense and 
relax different muscle groups around the body in a pro-
gressive manner. This can be particularly helpful when 
the insertion of a catheter is required. Relaxation is a skill 
that requires time and practice to learn, so it needs to be 
rehearsed well before the procedure is scheduled. There 
are commercial tapes or stories for children to use, but it 
is often more effective when children create these them-
selves. The child can be asked to invent a detailed story 
around a place they fi nd highly pleasurable with great 
attention to the detail of what the child would do and what 
they would experience. Clinical experience shows that 
what is relaxing to an adult (lying on a beach or by a 
mountain lake) is not necessarily relaxing to a child. 
Many a child has chosen a theme park, with stomach- 
churning rides, as the most relaxing place to be.   

   3.    Hypnosis 
 This is a natural state of heightened awareness where 
attention can be diverted from peripheral stimuli and refo-
cused with increased receptivity to new ideas. In this state 
of increased suggestibility in combination with deep 
relaxation, a person is receptive to suggestions made by 
the therapist for changes in thoughts, emotions, and behav-
iors as well as perception and experience. There is no uni-
versal operational defi nition of hypnosis; indeed there is 
some controversy over the theoretical underpinnings as to 
whether hypnosis represents an altered and trance state of 
consciousness that is distinct from ordinary, day-to-day 
attention [ 64 ] or whether hypnotic phenomena are not 
unique and can occur without a concomitant state of 
altered consciousness [ 65 ]. The different theoretical expla-
nations are not mutually exclusive and no one theory 
explains all the phenomena associated with hypnosis. 
Interventions using hypnosis are particularly suitable for 
children as they are naturally curious and creative and 
have vivid imaginations with looser boundaries between 
reality and fantasy, compared to adults. Hypnosis has been 
found to be effective in reducing anxiety and pain in chil-
dren undergoing invasive procedures such as venipunc-
tures, lumbar punctures, bone marrow aspirations, and 
voiding cystograms [ 66 ]. Children can be taught how to 
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self-administer hypnotic techniques in anxiety-provoking 
medical procedures; however, the research evidence indi-
cates that direct parental involvement is critical to main-
taining a positive therapeutic effect [ 67 ].    

      Developmental Stages and Understanding 
of Illness 

    From Infant to Toddler: 0–2 Years 

 The baby is developing rapidly to coordinate their sensory 
and motor responses through acting on their environment, to 
distinguish self from others and to achieve control, to learn 
about cause and effect and achieve object permanence. 
Essential to a baby’s sense of security is the relationship 
established by consistent caregiving, by parents or main care-
givers. In the fi rst weeks, babies, while able to discriminate 
between people, will accept care from unfamiliar adults. 
After 3 months they respond differently to familiar and unfa-
miliar people. Fear of separation triggers anxiety. At around 
6–9 months of age with heightened attachment to parents, 
babies will begin to develop a fear of strangers. As language 
develops, babies understand more than they can express 
including their fears, which can increase their distress. Before 
2 years of age, babies probably have little understanding of 
illness but will absorb their parents’ anxiety and distress and 
can show fear in response to painful stimulation. 

    Interventions 
 Effective intervention is aimed at calming and soothing the 
infant with gentle, physical, and sensory stimulation. The 
parent can hold, cuddle, rock, and massage their baby in an 
environment that is quiet and low lit, before, during, and 
after the procedure [ 68 ]. Holding a baby against a parent’s 
chest with skin-to-skin contact (kangaroo care) has been 
shown to be helpful in reducing pain behavior [ 69 ]. 
Swaddling a baby can also have a calming effect [ 70 ]. 
Sucrose water, given on a pacifi er or by syringe, can also 
reduce pain behavior [ 71 ]. Infants can also be distracted by 
developmentally appropriate toys offered by parents or 
nurses [ 72 ]. It may be instinctive for a parent to reassure or 
even apologize to their baby, but this may actively increase 
an infant’s distress [ 73 ].   

    Toddler to Preschool: 3–5 Years 

 The rapid acquisition of language and symbolic thinking 
underpins this period of increasing physical independence, 
assertion, and self-control. This is the age of “ I  do it.” Unable 
to understand another’s point of view, they may strongly 

resist being “done to” both verbally and physically. They 
have no clear boundaries between reality and fantasy and are 
very imaginative. Children of this age see health and illness 
as distinct and separate entities. Good health is linked with 
parents, while the child can feel responsible for their illness: 
“I’m ill because I was naughty.” Treatment can feel like a 
punishment for being bad. They may feel guilty for causing 
family disruption as a result of illness and treatment. Effects 
of illness are not easily distinguished from side effects of 
treatment, so having to swallow medicine can be as aversive 
as the symptom it is designed to alleviate. Children of this 
age have little concept of future time, so reassurance that a 
procedure will not last long is meaningless and pain can feel 
overwhelming. 

    Interventions 
 Useful distraction activities for this age group include blow-
ing bubbles with encouragement to watch the bubbles fl oat 
away or pop, playing with toys that make a noise or light up 
when manipulated, or imagining making a feather dance on 
a hand. This helps produce regulated controlled breathing 
and a state of relaxation.   

    From Primary School to Early Adolescence: 
6–10 Years 

 This stage is characterized by the child’s increasing physical, 
academic, social skills, and achievements. Acceptance by 
peers is key: who is most popular, who is best at mathemat-
ics, who runs the fastest, etc. Illness that interferes with daily 
life and cherished skills highlights a child’s difference from 
his peers, just when he needs to be like the others. If chronic 
illness causes long absences from school, self-esteem may 
suffer. Children accept that their thoughts and actions do not 
cause illness, but have a relatively unsophisticated under-
standing of the disease process; causation is external by 
germs as a universal contagion theory. While death is under-
stood as a permanent state, it can become personalized as a 
monster stealing a child from his family. 

    Interventions 
 Children, with the support of their parents, can choose what 
they would fi nd most helpful. Some will want to actively 
engage with activities such as playing electronic games, inter-
active word or number games, squeezing balls, or an enhanced 
blowing bubble game where the child chooses a color associ-
ated with anxious feelings and this sits on the bubble. As the 
bubble is blown away, the child imagines the color changing 
to one associated with one of calm, happy, and relaxed feel-
ings. Other children may prefer more passive strategies 
including listening to music of their choice or being read to.   
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    Adolescence: 11–15 Years 

 The young person has developmental tasks to achieve. These 
include:
•    Gaining a stable self-concept through trying out different 

identities  
•   Achieving psychosexual development  
•   Preparing for emotional and economic interdependence 

with family  
•   Preparing for a future career and employment  
•   Learning to make decisions    

 The infl uence of and acceptance by peers is extremely 
important. There can be power struggles with parents and 
authority fi gures, including their doctors. At this age, young 
people understand that illness is about understanding mal-
functioning body systems and can have multiple causes and 
is also exacerbated by stress and emotions. They also under-
stand that illnesses have an end point and are not all or noth-
ing events—you can be a little bit ill. Thinking is egocentric 
and can lead to the assumption that everyone sees things the 
adolescent’s way. The young person wishes to avoid loss of 
face and can feel that it is unacceptable to show fear or dis-
tress. Body image is very important and medical interven-
tions can be perceived as threatening the desired look. 

    Interventions 
 With a strong need to maintain dignity, composure and “save 
face,” procedures should occur in a room where some degree 
of privacy is possible. Young people should choose who is 
present to support them and the type of distraction they 
would prefer. Again, games on electronic devices are help-
ful, as is conversation, use of guided imagery as a story, and 
active focus on controlled breathing.   

    Summary 

 The interventions described are not mutually exclusive and 
can be even more effective when used in combination. There 
are a number of protocols available to guide the clinician in 
which interventions to use, how and when. Examples of 
these include Gaskell [ 74 ], Royal College of Australasian 
guidelines [ 75 ], and Cunnington [ 22 ]. While these are 
extremely useful as a clinical tool, it should be remembered 
that children and young people have highly individual and 
often unpredictable reactions to a procedure, even one they 
have experienced before. When acutely ill, anxious children 
often regress to an earlier developmental level and prefer 
strategies a clinician might associate with a younger child. 
These strategies should be observed and honored. It is not 
helpful to label a child “babyish.” The active planning and 
selection of a distracting intervention by a child, whatever 
form it takes can, in itself, promote mastery and coping. 

 It should also be noted that research evidence for effective 
psychological, non-pharmacological interventions specifi -
cally relates to studies of children undergoing anesthetic 
induction for surgery in an operating theater. Moreover, 
research studies often exclude children with chronic illness, 
syndromes, cognitive impairment, and previous episodes of 
surgery and hospitalization; these are the very children and 
young people clinicians will assess and treat on a daily basis 
and who can present particular challenges.   

    Special Needs 

 Children with special needs, whether physical, sensory, cog-
nitive, or in combination, are likely to need additional sup-
port. These children have chronic neurological, 
developmental, and/or physical impairments. “Special 
needs” can include learning disability (IQ < 70), which 
affects approximately 2 % of the population in the UK [ 76 ]; 
language and communication disorders; sensory impair-
ments and reduced mobility; and self-help and independent 
living skills. These impairments singly or in combination 
can produce compromised behavior in the hospital setting 
that is unfamiliar and perceived as threatening. Such chil-
dren are particularly vulnerable to high anxiety and distress, 
which can result in a lack of cooperation or outright physi-
cal defi ance to a medical procedure, as effective communi-
cation between child and clinician may be compromised. 
The child may not be able to effectively describe symptoms, 
understand the given instructions, or indeed the reason for a 
procedure. Distress, physical discomfort, or pain may be 
communicated by oppositional and physically disruptive 
behavior. The child may fi nd the change in routine intolera-
ble, e.g., a long wait in a busy waiting area or prolonged 
fasting. 

 Children diagnosed with autistic spectrum disorder 
(ASD) can present particular challenges. ASD is a lifelong 
developmental disorder characterized by three main areas of 
impairment:
•     Social Interaction —diffi culty with social relationships 

and understanding others’ intentions and perspectives.  
•    Social Communication —diffi culty in understanding verbal 

or nonverbal communication.  
•    Social Imagination —diffi culty with understanding the 

intentions of others and how their own behavior affects 
other people. Children often have a very literal view of the 
world and cannot generalize information.    
 It is important to note that these children may be of below 

average intelligence, but equally can be of normal or high 
intelligence. Additionally the child with ASD might have 
repetitive behavioral patterns and be resistant to changes in 
routine. They can be hypo- or hypersensitive to sound, light, 
touch, and pain. 
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 The optimal care for children with special needs, and 
ASD in particular, requires careful and coordinated prepara-
tion by the clinical team. Before the appointment or admis-
sion, the child’s physical and psychological needs can be 
established by gaining information from parents/caregivers 
or community resources of the child’s physical and develop-
mental status, severity of condition, mobility, level of under-
standing, likes, dislikes and fears, and means of 
communication [ 77 ]. A plan can be drawn up to facilitate the 
smooth completion of the procedure. In general, children 
with ASD would benefi t from:
    1.    Waiting in a quiet area, ideally in a separate room where 

stimulation is reduced.   
   2.    Allowing more time for the procedure.   
   3.    Having a familiar parent or caregiver present to “inter-

pret” for the child and provide physical security and 
comfort.   

   4.    Having a familiar toy or activity that calms the child and 
provides security and comfort.   

   5.    Being fi rst on the list to reduce waiting and fasting times.    
  Children with impaired verbal communication may use a 

type of augmentative and alternative communication (AAC) 
[ 78 ], which can include pictures, objects, sign language, ges-
tures, facial expression, or computer software symbols. 

 It is helpful for the clinician to:
•    Check out the level of the child’s understanding  
•   Speak quietly and clearly  
•   Use simple clear language and gestures, avoiding jargon 

or metaphor  
•   Warn the child before making any physical contact  
•   Avoid surprising the child    

 It is generally unhelpful to:
•    Raise the voice; shouting distorts the shape of the mouth, 

creating an angry expression, leading to misunderstand-
ing by the child  

•   Use complex language with metaphor  
•   Hurry the child    

 The presence of parents and familiar caregivers can be 
essential to “interpret” the child’s responses and ensure that 
the best coping strategies for that child are in place. Adaptation 
to standard practice may be required. For a child with a signifi -
cant hearing impairment, a clinician needs to engage the 
child’s full attention and maintain good eye contact to ensure 
that the child understands what is happening. Speech and ges-
tures need to be clear with background noise minimized. 
Children with learning diffi culties and/or who are on the spec-
trum of autistic disorders should be allowed extra time and 
preferably be fi rst or last on the investigation list. Waiting for 
a procedure is particularly challenging for these children and 
if possible it should be kept to a minimum in a quiet area, with 
fewer stimuli. Waits of 10 min or longer have been shown to 
contribute to the need for preoperative sedation [ 79 ].  

    When a Problem Arises: If a Child Refuses 
or the Procedure Is Unsuccessful 

 Occasionally a child becomes too distressed and/or physically 
resistant and withdraws cooperation to the point where the 
procedure is halted. Where possible, it is preferable to aban-
don the procedure and arrange another time so that additional 
coping skills can be mobilized with the help of a child life 
specialist or, when necessary, a child clinical psychologist. 
Even when a procedure cannot go ahead, it is important to 
end on as positive a note as possible, praising the child for 
what they have been able to achieve and planning further 
interventions to aid the next attempt at the procedure. 
Children need to feel that the repeat of procedure is not their 
punishment for being “naughty.” 

 Figure  34.1  shows a simple fl ow diagram for dealing 
with uncooperative or resistant children. Despite every-
one’s best best intentions, this noncompliance can cause 
irritation and frustration in clinicians and overt anger at 
their child by parents. Staff and parents need to keep as 
calm as possible and avoid verbal confl ict. The child’s best 
interests and safety must be at the heart of subsequent 
actions and these interests include the child’s dignity and 
self-esteem as well as the maintenance of a good relation-
ship between the child and their clinician. Children are 
often very ashamed of their “failure” in relation to their 
parents’ and clinicians’ expectations and may want a “sec-
ond chance” (though often at some unspecifi ed point in the 
future). If it is possible to take a short break, the child and 
parents should be allowed to leave the room to regain com-
posure before returning for a second attempt.

   It may be possible to negotiate therapeutic holding with 
the child to enable sedation or local anesthesia to be applied. 
 Therapeutic ,  supportive , or  clinical holding  all describe the 
use of limited force applied with the child’s assent to achieve 
the necessary immobilization for a procedure to be effec-
tively performed. School-aged children and young people 
may well agree to being wrapped up in a sheet as an aid to 
keeping still. If a child’s assent cannot be obtained, therapeu-
tic holding ceases to be “therapeutic” as far as the child is 
concerned and can leave the child feeling out of control and 
even more anxious and distressed [ 80 ]. 

 Circumstances will arrive when the medical team may 
consider it necessary to apply greater physical restraint to the 
child to achieve the required level of immobility or access. 
Physical restraint for procedures has been an accepted part of 
standard medical care in order to act in the child or young 
person’s best interests [ 81 ]. The terms  restraint ,  forced 
immobilization , and  restrictive physical interaction  all can 
be defi ned as the “positive application of force with the 
intention of overpowering the child” [ 82 ]. Restraint can be 
used to “administer medication or carry out a procedure to 
which a child objects or refuses” [ 83 ]. The child’s assent 
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may or may not have been sought or will not have obtained. 
Reasons for using restraint during a procedure include:
•    Medical necessity and urgency  
•   The child risks harm to himself or herself through physical 

resistance  
•   Insuffi cient capacity by the child to understand the reason 

and necessity for the procedure    
 There is an equal obligation on clinical staff to cause no 

harm, to respect life, and to respect autonomy. By choosing 
to apply restraint and acting against a child’s wishes, the 
team must evaluate whether the child’s medical interests out-
weigh the potential negative consequences of physically 
overpowering the child: it is a balance between medical 
necessity and risk of psychological trauma, which can 
include fear and distrust of all medical care, lowered self- 
image, and even posttraumatic stress disorder [ 84 ]. Restraint 
should be used as a last resort technique and never as a con-
venience to the hospital schedule. It should be remembered 
that imposition of restraint may be more traumatic for the 
child than the treatment itself and make any future procedure 
all the more problematic [ 85 ,  86 ]. 

 Staff considering the use of restraint must be aware of 
their institution’s policies, local and national protocols or 
guidelines, and the appropriate legal frameworks [ 87 ,  88 ]. 

These will include when and how physical restraint should 
be used, time limits for attempting a procedure, and how 
incidents are reported. 

 Where possible, the child should be informed calmly and 
clearly in developmentally appropriate language what 
restraint will and will not involve. The minimum force nec-
essary to achieve the procedure must be used, e.g., use of 
splints or wrapping. The family needs to be supported by a 
staff member not involved in the physical restraint. After the 
procedure has been carried out, if possible have a debriefi ng 
session with the child and parents to clarify, explain, and 
allow the child to express their opinions. 

 Restrictive physical intervention (restraint) should only 
be carried out by trained staff with the written consent of 
parents. Details of an intervention involving physical 
restraint need to be carefully documented in the child’s 
medical record. Not all staff might agree with a decision to 
use restraint and will need an opportunity to discuss their 
concerns. 

 Parents may wish to be involved in holding down their 
child but this may not be the best option, as they are unlikely 
to have the necessary training and there might be a lasting 
adverse impact on the relationship between the child and 
parent, with loss of trust. 

  Fig. 34.1    A simple fl ow 
diagram for dealing with 
uncooperative or resistant 
children       
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 Protocols and guidelines are essential; however, there will 
be unavoidable situations where despite best intentions, ther-
apeutic handling or restraint leaves the child, parents, and 
staff angry and distressed. In medical emergencies, there 
may not be time to prepare the parents and child suffi ciently. 
With large and physically strong adolescents, where the 
patient has comorbidities, psychiatric problems, and/or 
learning diffi culties, restraint may be extremely diffi cult. It is 
all the more important for everyone involved to have an 
opportunity to debrief so that lessons can be learned and 
preparations made for any future intervention.  

    Conclusion 

 There is broad agreement on a clinical and ethical obligation 
to reduce the anxiety, pain, and distress of children and 
young people undergoing invasive procedures outside of the 
operating theater. Pain and distress reduction is cost effec-
tive, yet in practice can be harder to achieve in healthcare 
systems that are too often infl exible, with restrictions placed 
on time and resources. 

 It is necessary to adopt a truly family-centered approach 
where the clinician can work collaboratively with children 
and their parents to achieve the best medical outcomes and 
psychological well-being [ 89 ,  90 ]. The child can be encour-
aged to be an active participant in his or her care rather than 
a passive recipient. The desired ethos is “patient before 
procedure.” 

 Non-pharmacological interventions are effective in:
•    Reducing anxiety, pain, and distress  
•   Developing and enhancing coping skills in children and 

their parents  
•   Minimizing the use of restraint  
•   Facilitating cooperation with future procedures  
•   Increasing family satisfaction with medical services    

 Child life specialists are essential members of the mul-
tidisciplinary team involved in pediatric healthcare. They 
are professionals who “promote effective coping through 
play, preparation, education and self-expression activities. 
They provide emotional support for families and encour-
age optimum development of children facing a broad range 
of challenging experiences, particularly those related to 
healthcare and hospitalisation, including painful procedures” 
[ 91 ]. In America, training to be a child life specialist requires 
a bachelor’s degree in child life, child development, psychol-
ogy, or associated fi eld plus a child life internship leading to 
professional certifi cation. 

 Child life specialists will work with inpatients and outpa-
tients and their families to assess and offer interventions. 
Clinical psychologists specializing in pediatrics have an 
honors degree in psychology plus postgraduate clinical 
 experience and professional training at a doctoral level. They 

offer assessment and therapy for those children with severe 
distress or major behavioral or emotional diffi culties that 
interfere with the delivery of medical care. However, non-
pharmacological techniques and interventions can and should 
be used by everyone in the team. 

 Clinical practice must be evidence based and underpinned 
by high quality research. Research to date has largely focused 
on psychological issues and interventions for children under-
going anesthesia in an operating theater. This research 
methodology has primarily used pediatric populations with 
isolated medical problems undergoing single event proce-
dures. These children have been selected to fi t in Class I 
(normally healthy patient) or Class II (a patient with mild 
systemic disease, i.e., mild asthma) in the American Society 
of Anesthesiologists (ASA) physical status classifi cation. 
Useful as these studies are in guiding assessments and inter-
ventions, more research is required for children with perma-
nent complex conditions and comorbidities being treated 
over many years, who need to have multiple and repeated 
procedures. A case studies approach may be benefi cial for 
these populations to develop and implement individualized 
programs of preparation and intervention.      

   Case Studies 

    Case 1 

 Susie, aged 11 years, was a girl from Sweden who had 
undergone emergency neurosurgery at a specialist 
children’s hospital in London. She had made a stormy 
recovery and required lumbar punctures on three suc-
cessive days. She was extremely distressed and physi-
cally resistant to the procedure. 

    Behavioral Management 
 The psychologist was called to the treatment room 
where the lumbar puncture was being attended. She 
had not met Susie before, but was immediately able to 
comment on her excellent command of English. A few 
minutes conversation established that Susie was a 
keen and competent skier. The psychologist’s own 
skiing ability was rudimentary but together with Susie 
she constructed a detailed story whereby Susie was 
skiing down her favorite piste and experiencing the 
exhilaration of speed and elegant style. A scenario that 
would have terrifi ed the psychologist gave enormous 
pleasure to Susie. She was asked to shut her eyes and 
hold the small pillow she had used as a baby. She lis-
tened as the psychologist repeated the story using a lot 

(continued)
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       History of Medical Simulation 

 The development of mannequins for teaching basic life sup-
port techniques signaled the entry of simulation into medical 
training. In the 1950s, Dr. Peter Safar introduced the princi-
ples of basic life support [ 1 ,  2 ]. With his collaborators Dr. 
James Elam and Dr. Bjørn Lind, these techniques were 
brought into medical training through the development of 
Resusci-Annie [ 3 ]. In 1969, a computer-controlled patient 
simulator was created by Denson, representing the progeni-
tor of current computerized mannequins [ 4 ]. The greater pro-
cessing power and increasingly compact nature of modern 
computer systems have expanded possible simulation appli-
cations. Contemporary computer-controlled mannequins can 

simulate a range of physiologic fi ndings including reactive 
pupils, a range of auscultatory cardiac and respiratory 
sounds, palpable pulses, seizures, and more. These manne-
quins can be intubated, defi brillated, receive chest compres-
sions, have an intraosseous needle placed, and undergo 
needle decompression of a pneumothorax or cardiac tam-
ponade. Their physiologic modeling can demonstrate vital 
signs on a computer monitor that respond with high fi delity 
to pharmacologic interventions. Present day mannequins can 
simulate all aspects of the worst imaginable clinical day. 
They are used in the teaching and assessment of individuals 
and teams in training programs worldwide. 

 Pilots and physicians share many job characteristics as 
both have to deal with complex settings involving stress, 
multidisciplinary teams, interaction with advanced technol-
ogy, and human lives. These similarities led to the adoption 
of many techniques and methods initially developed for avia-
tion into the practice of medicine. Simulation-based training 
is one of the most important techniques that have been 
applied to medicine [ 5 ]. The “blue box” fl ight simulator 
designed by Edwin Link in the 1920s was built to teach new 
pilots how to fl y by the instrument panel. This historic 
mechanical engineering device provided accurate instrument 
fl ight readings in response to the pilot’s operation of the 
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simulator controls and is considered to be the fi rst mechanical 
fl ight simulator. Its purpose was twofold: To train pilots 
without exposing them to the risk of fl ying solo prior to any 
hands-on practice and to save expenses [ 6 ]. 

 With the remarkable developments in computer science, 
robotics, virtual reality, and gaming technology as well as in 
education and adult learning theories, simulation-based train-
ing has evolved to become an integral and important part of 
fl ight crew training. In fact, no airline or agency will allow 
pilots to fl y if they have not completed the necessary simula-
tor-based certifi cation or recertifi cation. This standard has also 
been adopted by many other fi elds in which errors may have 
catastrophic consequences (military, nuclear power). 

 Aircraft accidents are rare events that can lead to signifi -
cant casualties and place the public at risk. As research has 
previously shown that more than 70 % of aviation accidents 
involve human error, fl ight simulators are used to train not 
only for technical fl ying skills but also for teamwork train-
ing: to train teams to work together and to provide a safe 
learning environment that allows for the exploration of per-
sonal physiological and psychological limitations. (Refer to 
Chap.   30    .) In recent years, the promotion of safety and the 
prevention of error in medicine are receiving an increasing 
focus, which further boosts the integration of simulation- 
based training into daily practice [ 7 ]. 

 With the improvement in simulation tools, Gaba and 
Howard focused on improving team communication and 
dynamics in the medical sphere with the introduction of 
Crisis Resource Management (CRM) [ 8 ]. This was an adap-
tation of crew resource management that was developed for 
pilots in response to analyses of airline disasters. The goal of 
CRM is to help providers develop greater situational aware-
ness so that during an emergency they effectively utilize all 
available clinical resources. Simulation-based training incor-
porates facilitated debriefi ng as a teaching tool. One approach 
to debriefi ng is advocacy-inquiry, which demands good 
judgment to support refl ective practice [ 9 ]. 

 There are numerous examples of simulation in the litera-
ture that describe its application to various aspects of seda-
tion. Rosenberg and colleagues reported on the use of a mock 
magnetic resonance imagining (MRI) scanner to prepare 
children for an actual unsedated scan [ 10 ]. The simulated 
MRI experience resulted in a decreased heart rate and 
lessened self-reported distress. LaPierre and colleagues 
described the pharmacologic simulation of common propo-
fol and propofol-remifentanil dosing regimens for upper 
endoscopy in adults [ 11 ]. This study involved human volun-
teers receiving target-controlled infusions (TCI) to various 
serum plasma drug concentrations, which simulated pub-
lished recommended doses. A 42F bougie was passed 40 cm 
into the esophagus of the sedated volunteers to simulate 
placement of an endoscope. These approaches to simulation 
are focused on the delivery of sedation. The remainder of the 

chapter will concentrate on the role of simulation for 
sedation providers. 

 Medical simulation refers to any of a number of processes 
or techniques that present scenarios with clinically relevant 
content and encourage deliberative practice [ 12 ]. Refi nement 
and increasing integration of simulation has led to a vast 
array of options: from task trainers to high-fi delity manne-
quins and from code reenactments to interview training with 
standardized patients. Simulation scenarios can present the 
novice with basic concepts, provide a forum to review impor-
tant principles, and challenge experienced practitioners with 
complex clinical problems. Simulation enables individuals 
as well as teams from any medical domain to be trained, 
assessed, evaluated, and refi ned. Simulation is integral to 
enhancing patient safety without putting actual patients at 
risk: Initial training can be provided, baseline competency 
can be assessed, and preliminary steps toward mastery can 
be achieved. 

  Andragogy , the theory of adult education, describes the 
strategies that adults use to learn. Traditional learning 
employs the lecture-centric model of education. Adults, 
however, have an extensive repertoire of experiences and 
approach the acquisition of new information differently from 
younger students. Adult learners have been shown to benefi t 
from educational experiences that allow them fl exibility, 
opportunities for refl ection, hands-on practice, and team 
learning. Education delivery guided by neurobiology would 
provide a milieu where active involvement, engagement, 
visualization, and repetition occur [ 13 ]. Simulation incorpo-
rates these educational strategies and strives to provide an 
engaging educational environment that can be adapted to the 
individual learning styles of adults. 

 In cognitive psychology there is a well-described decay in 
memory that occurs after learners are taught new informa-
tion or infrequently used skills. Roediger has demonstrated 
this after undergraduates learn new words and Larsen has 
confi rmed this in follow-up of pediatric residents confronted 
with new medical information [ 14 ,  15 ]. Simulation can be 
used to address this predictable memory decay through 
assessment, retraining, retesting, and the process of test- 
enhanced learning [ 16 ].  

   Simulation for Sedation Safety and Training 

 In  To Err is Human , published in 2000, the Institute of 
Medicine identifi ed medicine as a perilous undertaking. It 
estimated that 44,000–98,000 unnecessary deaths from 
adverse events occur annually in the United States during 
hospitalization [ 17 ]. A decade later, these estimates have 
been reaffi rmed and expanded [ 18 ,  19 ]. In general, pediatric 
sedation is associated with a low incidence of signifi cant 
adverse events when administered by well-trained sedation 
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providers. The Pediatric Sedation Research Consortium 
demonstrated that during propofol sedation for children out 
of the operating room there were no deaths, a low rate of 
adverse events, and a low rate of hospital admission [ 20 ]. 
Regardless, severe adverse outcomes in healthy children 
undergoing sedation do occur. Especially when a patient’s level 
of consciousness is altered, there is an increased potential 
risk of severe adverse events [ 21 ]. 

 Traditional medical education has followed the “see 
one, do one, teach one” paradigm and the education of 
pediatric sedation providers tends to follow this approach. 
Medicine is traditionally approached as an apprenticeship. 
Efforts have been made to organize and standardize the 
training of sedation providers to be concordant with the 
recommendations of the American Academy of Pediatrics 
(AAP), the Society for Pediatric Anesthesiology (SPA), 
and the American Society of Anesthesiologists (ASA). 
However, with restriction of trainees’ hours, demands for 
greater supervision, and increasing focus on patient safety, 
it is challenging to guarantee that present trainees have suf-
fi cient experience in sedation. The AAP guidelines encour-
age the use of patient simulators to train sedation providers 
in the management of rare events [ 22 ]. (Refer to Chap.   2    .) 
The value of simulation is not limited to only physicians. 
Farnsworth and colleagues reported in 2000 on the use of 
an anesthesia simulator to teach and evaluate nurses 
involved in sedation [ 23 ]. They demonstrated an improve-
ment in test scores and an overall satisfaction with the edu-
cational experience. In 2004, Babl developed a 
comprehensive sedation training program for an academic 
and a nonacademic hospital in Australia. The course was 
taught by nurse educators and included a standardized 
sedation checklist, educational materials, and a multiple 
choice test. Six months later, a follow-up query revealed 
that the participants believed that the training had signifi -
cantly improved proxy markers of patient safety. This ben-
efi t, however, recedes over time. Retraining is critical. At a 
3-year follow-up, the same study revealed deterioration in 
these proxy markers of patient safety at both sites [ 24 ]. 
More recently, in Canada, Schneeweiss and colleagues 
compared self-directed and educated sedation providers with 
those that received 4 h of formal simulation-based sedation 
training. The group that underwent sedation training outper-
formed the self-directed learners in knowing and understand-
ing sedation guidelines and practices [ 25 ]. 

 Tobin and colleagues have described a moderate sedation 
course that included an online didactic component, basic air-
way management training, and a simulation component [ 26 ]. 
They demonstrated the feasibility of using such a multimodal 
method of teaching moderate sedation but were not able to 
demonstrate a T3 level of translational research: improved 
clinical outcomes as measured by reduction of adverse 
events such as severe hypoxemia.  

   Simulation for Pediatric Sedation 

 Simulation has been incorporated into the training of seda-
tion providers for both adults and children. This trend is an 
extension of current integration of simulation into medical 
school curricula, nursing education, and medical training of 
physician trainees. 

 Although to date there are no studies to support improved 
outcomes as a direct result of simulation, intellectually sim-
ulation has been embraced as of value to train and evaluate 
sedation providers [ 27 ]. Simulation has been applied to 
identify latent systems failures during pediatric procedural 
sedation [ 28 ]. 

 Sedation of children occurs in varied locations: emergency 
rooms, intensive care units, operative suites, and free- standing 
ambulatory procedural centers. The training and background 
of individuals who sedate children is diverse. Multiple spe-
cialties interface in the sedation of children: nursing, pediat-
rics, anesthesiology, intensive care, dental medicine, 
gastrointestinal medicine, radiology, surgery, and others. 
Simulation is an attempt to standardize the basic skill set of 
novice sedation providers, to reinforce concepts previously 
encountered but not mastered, and to remediate individuals 
whose skills are not at the level of their peers. Teams may also 
be trained, refi ned, and enhanced using simulation. 

 Crisis management and team training is critical for simu-
lation. Most sedation teams are limited to a sedation provider 
and a nurse. When adverse events occur, an emergency code 
team usually assists in the patient management. The sedation 
provider must be prepared to coordinate and/or lead crises so 
that this care is delivered effectively and expeditiously. 
Simulation will develop the management skill set. Simulation 
can enhance the provider’s confi dence, clarity, and commu-
nication effectiveness during such emergencies. 

 Schinasi and colleagues have reported a needs assessment 
of pediatric residents during procedural sedation [ 29 ]. These 
residents represented different stages of training and varying 
degrees of simulation experience. A performance evaluation 
checklist was created for a simulated adverse event of apnea 
and oxygen desaturation during the procedural sedation of a 
simulated child during a fracture reduction; 97 % of the par-
ticipants recognized the desaturation event and delivered 
oxygen (95 %) within 60 s. Positive pressure ventilation was 
performed by 75 % within 97 s from the onset of hypoventi-
lation. These data demonstrate the value of simulation to 
identify a learning and skill gap and then address it through 
performance assessment and debriefi ng. Although a post-test 
confi dence self-assessment demonstrated improvement after 
increased years of training, it correlated poorly with actual 
performance in the actual simulation scenario. 

 Keidan and colleagues also reported the use of a patient sim-
ulator to evaluate pediatric trainee performance in recognizing 
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and responding to apnea and hypoventilation. In this study, 
pediatric residents were slower to respond if the simulated 
pediatric patient was receiving oxygen as compared to those 
who were not receiving oxygen [ 30 ]. This study is a good 
example of how simulation can identify clinical defi cits of 
providers, and their potential risks to actual patients. 

 In the domain of sedation for pediatric dentistry, Tan 
applied simulation to present dental residents and dental 
assistants with crisis situations [ 31 ]. Participants managed 
four scenarios: anaphylaxis, laryngospasm, sedative over-
dose, and cardiac arrhythmia. Following the simulation, each 
participant completed a survey that queried their prior clini-
cal experience; only 29 % reported having been involved 
with a similar real-life medical crisis. The survey and post- 
simulation debriefi ng revealed that a majority were unfamil-
iar with the equipment, and that the majority felt that 
simulation was a good tool for them to learn CRM. 

 Simulation is an important teaching tool for individuals 
and teams to participate in “real-life” scenarios on a high- 
fi delity mannequin (Fig.  35.1 ) in a close-to-real-life environ-
ment. The simulation process can also be performed “in 
situ,” referring to the actual environment where sedation 
occurs such as the emergency department, the clinic treat-
ment room, or the pediatric intensive care unit. This unique 
opportunity not only allows for the training and practice of 
extreme and rare events, but also highlights critical aspects in 
patient safety, such as the applicability of protocols, ergonomics 

(the setup of the space where sedation is to be administered), 
the location and availability of necessary equipment, and 
many other important details that only become evident dur-
ing a critical event.

      Principles of Simulation-Based Training 
for Pediatric Sedation 

   Initial Training 

 Approaches to the development of simulation-based training 
for pediatric sedation are not fundamentally different than 
training for other competencies. There are some obvious pre-
requisites. In most cases some experience in pediatric care is 
required as well as certifi cation in Pediatric Advanced Life 
Support (PALS). Training is typically preceded by theoretical 
preparations using didactic presentations and self- learning of 
material, which includes important topics in pediatric seda-
tion: patient evaluation and preparation,  pharmacology, physi-
ologic monitoring, protocols, policies, and regulations. 

 Simulation-based training is usually a tiered evolution of 
skill acquisition. This begins with the acquisition of task- 
specifi c skills relevant to pediatric sedation. This encom-
passes profi ciency in essential rescue measures such as head 
positioning and suctioning, oxygen supplementation, bag- 
mask ventilation, and recovery positions. It can include the 
appropriate use of pharmacologic reversal agents and the 
proper use and interpretation of physiologic monitoring 
technologies including pulse oximetry and capnography. 
The skill training is best when individualized and will serve 
to achieve a common foundation of knowledge and lan-
guage for trainees from various disciplines and backgrounds. 
Often these skills are taught by demonstration and practice 
on mannequins during short sessions with an instructor. 

 After acquiring basic sedation skills, the next “tier” of 
training progresses to “real-life” sedation scenarios that 
challenge multiple members of the team. These scenarios 
require the application, practice, and integration of the basic 
sedation concepts with effective communication, crisis 
management, and advanced life support skills. Each session 
is followed by a facilitated debriefi ng session that allows for 
refl ective practice and learning enhancement. The use of 
videotaping during the simulation sessions provides an 
objective reference for participants and facilitators during 
the debriefi ng. Videotaping encourages a learner-centered 
approach of self-refl ection and transparency, thus maximiz-
ing the learning opportunity. 

 In 2003, the Israeli ministry of health instituted mandatory 
training for medical providers of pediatric sedation. To meet 
the growing need for training, the Israeli Center for Medical 
Simulation (MSR) has developed a simulation- based training 

  Fig. 35.1    Contemporary simulation mannequin       
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program for patient safety during pediatric sedation based on 
the aforementioned principles (Fig.  35.2 ). An example of a 
curriculum for simulation-based basic training in patient 
safety during pediatric sedation is shown in Table  35.1 .

    In the decade that followed, hundreds of providers, 
including pediatric residents, fellows, senior physicians, and 
pediatric nurses were trained using this platform. This type 
of simulation-based training has signifi cantly improved 
patient safety and led to better adherence to pediatric seda-
tion protocols by nonanesthesiologists that routinely perform 
procedural sedation outside the operating room [ 32 ]. It dem-
onstrated that following completion of simulation-based train-
ing, unsupervised pediatric residents performed procedural 
sedation in a manner that was safe and comparable to that per-
formed by certifi ed pediatric emergency physicians [ 33 ]. 

   Advanced Training 
 The use of simulation for training and maintaining compe-
tencies in pediatric sedation does not end with the comple-
tion of the basic initial training. The use of in situ simulation 
(performing in the clinical setting where procedures take 
place) is growing rapidly and many units and institutions 
have developed these capabilities in recent years. In situ sim-
ulation enables providers to engage in their own setting, with 
their own equipment. This can uncover unidentifi ed chal-
lenges and variables that could not have been otherwise 
anticipated [ 34 ,  35 ]. In situ simulation can also serve to 

 monitor and test the effi ciency, effectiveness, and applicability 
of various safety measures and protocols that are used for 
pediatric sedation [ 36 ,  37 ].    

   Future Trends 

 Contemporary medicine is confronted with escalating medical 
care costs and expanding demands for patient safety. Health 
care systems must balance the need for safe and high- quality 
care with the costs of training and assessing the provider 
competency. As technological developments lead to an ever-
expanding diagnostic toolbox and novel potential therapies, 
there are increasing demands for sedation of children. 
Pediatric sedation is substantially safer than it was a genera-
tion ago. As pediatric sedation becomes safer, the risk of the 
sedation provider experiencing unintended consequences 
decreases. Simulation provides an opportunity to experience 
these increasingly rare events. It is one mechanism by which 
trainees and providers can be challenged to think beyond 
their routines and to develop a greater awareness of the com-
plexity and potential hazards of their practice. 

 Simulation provides fl exibility for different levels of 
experience and adaptability to different clinical domains and 
social situations. The limitations of simulation are related to 
fi nancial expense and the limited outcome data. The costs 

  Fig. 35.2    Team training in the pediatric intensive care unit at Sheba 
Medical Center, Tel-Hashomer, Israel       

   Table 35.1    A curriculum of patient safety during pediatric sedation   

  Learning objectives  
 • To acquire profi ciency in the use of medication regimens 
 • To understand decision making in the context of pediatric sedation 

medications and patient safety. 
 • To become competent in diagnosing and managing adverse 

sedation reactions 
 • To understand and use monitoring technologies including 

capnometry and capnography 
 • To acquire profi ciency in essential rescue measures such as airway 

management, head and recovery positioning, suction, oxygen 
supplementation, bag-mask ventilation and use of reversal agents, 
position. 

  Course outline : 
 • Advanced E-learning theoretical presentation and pretest 
 • Introduction 
 • Simulation-based skill training for—monitoring technologies, 

positioning, airway management, and bag-mask ventilation 
 • Practice of pediatric sedation simulation-based scenarios: 

  –  Oversedation leading to airway compromise 
  –  Sedative overdose leading to apnea and bradycardia 

  Minimum requirements for successful completion of the course  
 Upon completion of the course, participants are required to pass a 
written multiple choice examination and a simulated safety-skills 
session, which includes an evaluation of the participant's ability to 
assess and manage airway complications 
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include the purchase and maintenance of the mannequins, 
the salaries of the simulation staff, and the storage of equip-
ment. A separate simulation center is not required; mobile 
simulation carts can provide the same experience at a more 
modest cost [ 38 ]. A dedicated simulation center, if remote 
from areas of clinical service, may actually limit simulation 
experience by depriving participants of experiencing the 
actual locations in which sedation is delivered. 

 Sedation providers for children are required to be cer-
tifi ed in basic and advanced life support techniques for 
children. Current Advanced Cardiac Life Support (ACLS) 
and PALS courses present computer-based simulation sce-
narios that must be satisfactorily completed prior to appli-
cation on the mannequin. Students are becoming familiar 
with this method of training, and have come to anticipate 
the stresses and challenges of the simulation environment. 
They are able to repeat the simulation when their perfor-
mance does not reach their goal and practice until satisfac-
tory performance is achieved.  

   Pediatric Sedation Simulation Scenario 

 A pediatric sedation simulation can be created using the 
most expensive of computer-controlled mannequins or with 
more modest simulators. Designing and delivering a mean-
ingful simulation experience requires consideration of the 
purpose of the exercise: Who are the intended participants? 
What resources are available? What are the curricular goals? 
The content of simulation scenarios can be adjusted to serve 
participants of differing experiential levels. For example, 
a scenario built around a 3-year-old child being sedated for 
an MRI might be adapted for the early learner to practice 
MRI safety and basic sedation techniques. It could also be 
used to introduce more challenging problems such as laryn-
gospasm, anaphylaxis, or pneumothorax. Complicating fac-
tors may be built into the scenario to increase their diffi culty 
and make them more appropriate for advanced practitioners. 
Such content could include communication challenges, med-
ical errors, and delivering bad news to the family. Sedation 
scenarios are also described in the literature that can be used 
to guide simulation development. Chen and colleagues 
described a simulation scenario for airway rescue during 
pediatric sedation. This was a comprehensive scenario of a 
2-year-old child with Acute Lymphoblastic Leukemia under-
going sedation for PICC line placement and provides a tem-
plate to follow [ 39 ]. The journal  Simulation in Healthcare  is 
dedicated to simulation-based investigation and is a resource 
for obtaining scenarios for program development. 

 The equipment necessary to run a scenario does not have to 
be prohibitively expensive and does not require a de dicated 
onsite simulation suite. It begins with a simulation mannequin. 

Mannequins are available from numerous  vendors with a 
broad range of prices, sizes, and capabilities. Most can be 
 intubated, can receive chest compressions, and provide 
 cardiac and respiratory sounds. They are usually computer 
controlled, and some of the most recently developed are 
controlled by smart pad computers, which have the advan-
tages of ease of use and portability. The vital signs are pre-
sented on a computer screen and can be altered by the 
controller or change in response to the participant’s actions 
during a scenario. Ultimately, equipment selection is guided 
by available resources and educational goals. For simulation 
scenarios, the mannequin does not have to be an expensive 
high-fi delity computer-controlled machine. Basic pediatric 
CPR trainers can be used, even without a computer monitor. 
In such cases, the vital signs and scenario development 
should be scripted and read to the participant as the scenario 
unfolds. 

 Simulation is being increasingly recognized by the 
Accreditation Council for Graduate Medical Education 
(ACGME) as a method to mark the achievement of mile-
stones by residents and fellows. The methodology of simula-
tion is familiar to medical students who, since 2004, have 
taken the United States Medical Licensing Examination 
(USMLE) Step 2 Clinical Skills. This exam involves inter-
acting appropriately with simulated patients, taking a medi-
cal history, performing a clinical exam, and then writing a 
summary including a differential diagnosis. Simulation has 
also been integrated into recertifi cation training for experi-
enced practitioners. The American Board of Anesthesiology’s 
Maintenance of Certifi cation in Anesthesia (MOCA) pro-
gram has incorporated simulation as a component of practice 
performance assessment and improvement for recertifi ca-
tion. Participants typically spend a day working on recogni-
tion and response to crisis situations, crew resource 
management, and team training [ 40 ]. 

 Simulation also can be incorporated more informally as a 
component workshop at national meetings. The logistics of 
securing meeting space can be challenging. Such simulations 
may involve a group of individuals participating in a scenario 
while the audience observes, or small groups rotating through 
simulation stations. The latter model has been used at the 
Pediatric Sedation Outside of the Operating Room confer-
ence 1  of Boston Children’s Hospital and Harvard Medical 
School [ 41 ], which is presented in a hotel room (Fig.  35.3 ). 
In this model, participants in groups of four to eight rotate 
for 1 h through a scenario. Five or six scenarios run concur-
rently and are repeated throughout the day. A range of topics 
can be covered including crisis resources management, 
laryngospasm, anaphylaxis, oversedation, airway obstruc-
tion, airway foreign body, and the challenging parent. With 
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  Fig. 35.3    Setup for onsite 
simulation in hotel room at the 
Pediatric Sedation Outside of the 
Operating Room conference in 
Boston (  www.
PediatricSedationConference.
com    )       

two to four faculty members participating, there is an 
extremely favorable student-to-faculty ratio and these ses-
sions are generally positively reviewed.

   In considering how one might use simulation in an edu-
cational or evaluative sense, it is helpful to explore a hypo-
thetical scenario. The following pediatric simulation case 
provides a construct for thinking about how to design, 
develop, and utilize simulation to train individuals in pedi-
atric sedation. It can be adapted to local situations and 
modifi ed to prevailing needs. Presented in Table  35.2  is 
some basic equipment that might be utilized in such a sim-
ulation and a proposed scenario template is provided in 
Table  35.3 . The following scenario includes suggestions 
for equipment to consider making available for the simula-
tion, the simulation script, and a potential checklist of 
key actions that one might consider should be accom-
plished by the participant. These key actions are suggested, 

not validated, and do not represent an absolute gold 
 standard of performance.

      Sedation Scenario 

 Patient is a 5-year-old child undergoing a lumbar puncture 
for new onset seizures. The child was healthy until a recent 
episode of decreased responsiveness. Lumbar puncture is 
ordered under sedation.

   Past Medical History: term birth, uncomplicated pregnancy  
  Medications: none  
  Allergies: none  
  Past Medical History: none  
  Past Surgical History: none  
  Family History: noncontributory  
  Review of Systems: normal development   

  Physical Examination 
  Weight: 20 kg  
  Vital Signs: HR 136, RR 32, BP 112/74, SpO 2  99 % (room air), 

afebrile  
  Airway: no loose teeth, Mallampati I  
  CV: regular rate and rhythm, no murmur  
  Resp: clear to auscultation  
  GI: non-tender, non-distended, soft  
  Neuro: grossly intact, fussy but consolable   

  Teaching Points 
   1.    To review the guidelines for pediatric sedation from the 

AAP and ASA   
   2.    To review basic airway management   
   3.    To identify and manage hypoventilation and apnea during 

sedation   

   4.    To consider how CRM can be utilized to improve man-
agement of children undergoing sedation    

   Table 35.2    Suggested equipment for pediatric sedation simulations   

 Pediatric mannequin  Computer-controlled mannequin. 
(Could substitute with simple mannequin 
and scripted vital signs) 

 Airway  Laryngoscope, endotracheal tubes, 
stylet, oral airways, LMA 

 Breathing  CPAP bag, Ambu bag, oxygen source, 
capnometer 

 Circulation  IV tubing, IV catheters, intraosseous 
needle 

 Resuscitation equipment  Defi brillator, chest tubes 
 Radiographs  Chest X-ray 
 Simulated medications  Propofol, atropine, succinylcholine, 

epinephrine 
 Miscellaneous  Clean syringes, IV bag and tubing 
 Prop  Infusion pump 
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  Scenario Checklist: Hypoventilation During Lumbar Puncture 
  Participant Specialty:  _______________________________    
  Participant Level of Training: _________________________   

  Scenario:  
 5-year-old undergoing monitored sedation for an LP to eval-

uate new onset seizures.  
  Child desaturates following administration of second dose of 

fentanyl and versed.  
  Place a checkmark by the tasks the participant completes 

(Table  35.4 ).

      Based on the expectations of a sedation provider to inde-
pendently sedate pediatric patients, please evaluate this 
participant using the scale in Table  35.5 .

   Table 35.4    Sedation scenario completion checklist   

 1.  Recognizes desaturation 
 2.  Informs the person performing the LP that the patient is desaturating 
 3.  Asks the person performing the LP to stop 
 4.  Moves the patient to supine 
 5.  Repositions head with chin lift 
 6.  Administers oxygen 
 7.  Places an oral airway 
 8.  Inspects for chest rise 
 9.  Auscultates breath sounds 
 10.  Performs positive pressure ventilation 
 11.  Performs positive pressure ventilation in less than 60 s 

Template for Scenario Actions

(Hypoventilation during Lumbar Puncture)

Initial State

Patient identified, time out confirmed, participant assumes care of the

patient. Administers titrated doses of fentanyl (1 microgram/kg) and

versed (0.1 mg/kg).

HR 136, RR 32,

BP 112/74,

SpO2 99%

fussy & consolable

Sedation

Following the initial dose of fentanyl and versed, the child is still 

moving. The proceduralist is complaining that they cannot do the 

procedure.

Additional doses of fentanyl (1 microgram/kg) and versed (0.1 mg/kg) 

are administered.

HR 116, RR 18, 

BP 82/54, 

SpO2 98% (1.0 FiO2)

somnolent

Desaturation

The child develops hypoventilation and becomes apneic.

Following stabilization of the child the vital signs return to normal and 
the debriefing can begin.

Hypoventilation & 

Apnea

HR 76, RR 0,

SpO2 74%

Recovery

HR 116, RR 18, 

BP 82/54, 

SpO2 98% (1.0 FiO2)

   Table 35.3    Template for 
simulated scenario actions          
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        Introduction 

 In June of 2009, Michael Jackson (see Fig.  36.1 ) died fol-
lowing a cardiac arrest. Mr. Jackson suffered from severe 
insomnia and anxiety, and Dr. Conrad Murray, a physician 
hired to look after Mr. Jackson’s medical needs during 
 preparations for a major world tour, had apparently under-
taken to treat Mr. Jackson’s insomnia in his home using a 
drug with known deadly potential: propofol.

   This is not a pediatric case, nor is it even typical in cases 
of medical  negligence . 1  But the Michael Jackson case illus-
trates many issues concerning legal standards with regard to 
negligence when it results in a patient death and practice 
standards with regard to sedation, professionalism, and the 

1   Please refer to glossary for defi nition. 
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ethical obligations of physicians. In this chapter, we will 
undertake to discuss the Jackson case from both legal and 
professional perspectives, and then to compare elements of 
the Jackson case with that of another case of sedation that 
also ended in patient death, but not in criminal charges of 
 homicide . 2   

    Legal Versus Professional 
Standards and Ethics 

 When discussing ethics and professionalism in medicine, it 
is nearly impossible not to stray into discussion of legal 
issues. (Refer to Chap.   29    .) Legal standards are not equiva-
lent to professional or ethical standards in medicine, though 
they often parallel each other. Nevertheless, what is legal 
may not in fact be ethical, while what is considered ethical is 
not in all cases legal. Take, for example, the case of lethal 
injection. A physician’s participation in lethal injection 
ordered by the courts is most certainly legal; but use of medi-
cal skills to perform a nonmedical task, such as carrying out 
executions for the state, is considered unethical by every 
major medical association in the Western world. On the other 
hand, performing an abortion in Northern Ireland, even to 
save the life of the mother, would be illegal, although most 

2   Please refer to glossary for defi nition. 

medical associations of the Western world would consider 
such an act not only ethical, but in some cases even a physi-
cian’s professional duty. 

 It is rare in the medical world for actions related to medi-
cal care to violate criminal law. More commonly, question-
able medical care is examined in the light of professional 
standards and medical competencies. Substandard medical 
care resulting in injury can lead to  civil lawsuits  3  alleging 
 malpractice . 4  Unprofessional conduct as well as substandard 
care may additionally lead to regulatory sanctions such as 
withdrawal of medical licensure, cancelation of hospital staff 
privileges, and expulsion from professional organizations. In 
the Michael Jackson case, it was found that egregious and 
willful acts of negligence that were later deemed to be the 
cause of the subsequent death of Mr. Jackson were actually 
criminal and deserved criminal penalties. In addition to vio-
lations of the criminal code, many ethical and professional 
standards were also breached. 

    The Death of Michael Jackson: 
A Legal Perspective 

 Dr. Conrad Murray was arrested and charged with  involun-
tary manslaughter  5  in connection with the death of Michael 
Jackson (see Fig.  36.2 ). Dr. Murray was an interventional 
cardiologist whose main practice consisted of performing 
angioplasty procedures. He was not an anesthesiologist, nor 
was he board certifi ed in anesthesiology. The following facts 
are taken from the transcript of the trial of Dr. Murray, mostly 
opening and closing arguments.

3   Please refer to glossary for defi nition. 
4   Please refer to glossary for defi nition. 
5   Please refer to glossary for defi nition. 

  Fig. 36.1    Michael Jackson, the King of Pop (© Joel Ryan//AP/Corbis)       

  Fig. 36.2    Dr. Conrad Murray in the court room during the trial (© 
KEVORK DJANSEZIAN/Reuters/Corbis)       
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   Dr. Murray met Michael Jackson in 2006 through a friend 
who was a security guard for Jackson. He had subsequently 
treated Jackson for some minor medical conditions. At the 
time of his death, Jackson was in the fi nal rehearsal stages 
leading up to a world concert tour with full rehearsals and 
staging taking place at the Staples Center in Los Angeles. 
Jackson had contacted Dr. Murray in 2009 and requested that 
Murray accompany him on the tour to provide general medi-
cal care, emergency medical care, and reasonably requested 
services. A contract was drawn up for Dr. Murray whereby 
he was to be paid $150,000 per month for that care, which 
was signed by Dr. Murray, but never by anyone representing 
Jackson. Nevertheless, Dr. Murray cancelled his own prac-
tice and, by the time of rehearsals, was providing Jackson 
with medical care as anticipated by this contract. 6  

 On June 25, 2009, Michael Jackson died in his home from 
what the coroner found was acute propofol intoxication with 
contributing benzodiazepine effect. 7  The facts surrounding 
his death are established largely through the evidence found 
at the scene (see Figs.  36.3 ,  36.4 ,  36.5 , and  36.6 ) and a state-
ment given by Dr. Murray to police in the presence of his 
attorney several days after the incident. What is undisputed is 
that Dr. Murray had provided medical services to Michael 
Jackson for more than 2 months. He was at Jackson’s home 
every day for at least 6 days a week. Jackson was unable to 
sleep without the assistance of medication, and every night 
Dr. Murray would administer propofol to enable Jackson to 
get to sleep at home. 8 

6   Opening statements of David Walgren and Ed Chernoff from trial. 
7   County of Los Angeles Autopsy Report 2009-04415. 
8   Opening statements of David Walgren and Ed Chernoff from trial. 

  Fig. 36.3    This photo from the Los Angeles Police Department shows 
medication and medical equipment (a pulse oximeter) found at the 
home of Michael Jackson       

  Fig. 36.4    This photo from the Los Angeles Police Department shows 
oxygen tanks that were in Michael Jackson’s home       

  Fig. 36.5    This photo from the Los Angeles Police Department shows 
medications that were found at the Carolwood residence where Michael 
Jackson lived       

  Fig. 36.6    This photo from the Los Angeles Police Department shows 
medication (propofol included) found in Michael Jackson’s home       
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      According to Dr. Murray’s statement, on the night of the 
incident he started an IV line in Jackson’s leg to hydrate him. 
Dr. Murray administered in succession lorazepam and valium 
for sleep, to no avail. According to Dr. Murray, Jackson 
requested the propofol and he gave Jackson 25 mg of propo-
fol diluted with lidocaine after which Jackson went to sleep. 
He monitored him for a period of time, and then left Jackson 
alone in his bed to go to the bathroom for about 2 min. When 
he returned, he saw that Jackson was not breathing. He started 
to perform CPR and called for help. Eventually an ambulance 
was called, but Jackson was dead upon their arrival. 9  

 Dr. Murray was charged with a single crime: Involuntary 
Manslaughter, Section, Section 192(b) of the California 
Penal Code. Involuntary manslaughter is defi ned under that 
code as follows:

  Manslaughter is the unlawful killing of a human being without 
malice. It is of three kinds: (b) Involuntary—in the commission 
of an unlawful act, not amounting to a felony; or in the commis-
sion of a lawful act which might produce death, in an unlawful 
manner, or without due caution and circumspection. 

   Involuntary manslaughter is distinguished from voluntary 
manslaughter, which in turn is different than murder. To get a 
full understanding of how involuntary manslaughter fi ts in 
with the other forms of homicide that can be charged in 
California, it is helpful to see how the statutes defi ne those 
other forms. Manslaughter is distinguished from murder, 
which is an unlawful killing of a human being with malice 
aforethought. 10  Malice is a specifi c term of art in the law that 
is defi ned either as express malice, where there is an act man-
ifesting a deliberate unlawful intention to take away a life, or 
implied malice, which is a killing without provocation or 
under circumstances that show an abandoned or malignant 
heart. 11  Manslaughter is an unlawful killing without malice. It 
is either voluntary—a killing that occurs from a sudden quar-
rel or heat of passion; or involuntary—a killing that is unin-
tentional but is the result of  criminal negligence . 12  ,  13  

 These defi nitions under the California statutes are very 
typical of how homicide is defi ned in different states through-
out the country. A murder occurs when there is a homicide 
committed with malice. 14  If there is no malice, then an unlaw-
ful killing is manslaughter. There are two types of man-
slaughter, voluntary and involuntary. Typically, an unlawful 
killing committed in “the heat of passion” or in the “unrea-

9   Transcript of Recorded Interview of Conrad Murray. 
10   California Penal Code, Section 187(a). 
11   California Penal Code, Section 188. 
12   Please refer to glossary for defi nition. 
13   California Penal Code, Section 192. 
14   Pennsylvania— Commonwealth v. Yuknovich, 295 A.2d 290 (1972) ; 
Virginia— Moxley v. Commonwealth , 77 S.E.2d 389, 393 (Va. 1953) 
(stating that “malice is the essence of murder”); Georgia Code Sec. 
16-5-1, defi ning murder as a killing committed with malice 
aforethought. 

sonable belief of self-defense” is voluntary manslaughter 
because the actor is said to have committed the crime without 
the requisite mental state to prove that they had malice, but 
the killing itself is done pursuant to an intentional act. This is 
in contrast to an unlawful killing committed due to criminal 
negligence, which is involuntary manslaughter. There is no 
intent to kill or even necessarily to do harm to the victim. The 
death occurs from what is typically described as gross negli-
gence, or conduct that demonstrates a reckless disregard for 
the value of human life. 15  

 Because of the way state homicide statutes are written, the 
only homicide charge that would typically apply for negligent 
conduct of a doctor is involuntary manslaughter. The theory 
of a  prosecution  16  would be that the conduct of the doctor is 
so outside the bounds of the accepted standard of care that it 
amounts to criminal negligence, or gross negligence. It is the 
concept of criminal negligence that usually distinguishes a 
potential criminal prosecution from a case where there may 
only be civil liability. But clearly, in the context of medical 
treatment, the facts would have to be extremely egregious to 
give rise to a potential criminal prosecution. 

 Under the California Penal Code, there are two types of 
acts that could constitute the crime of involuntary 
 manslaughter in that state. One occurs when a person is com-
mitting an unlawful act that is not an “inherently dangerous” 
felony under the California Penal Code, and during the com-
mission of that unlawful act there is a killing. The second 
occurs when a person is committing a perfectly lawful act, 
but is doing so with criminal negligence. 

 The case of  The People v. Stanley Burroughs  provides 
some insight into how the California Courts apply the homi-
cide statute to the practice of medicine, although this case 
did not quite deal with the legitimate practice of medicine. 
The defendant in that case was a self-styled healer who 

15   Pennsylvania—18Pa.C.S. Sec. 2504, requiring an act committed in a 
grossly negligent or reckless manner,  Commonwealth v. Agnew , 398 
A.2d 209 (Pa.Super.Ct. 1979), defi ning criminal negligence as a great 
departure from the standard of ordinary care evidencing disregard for 
human life; Texas Penal Sec. 19.04, defi ning manslaughter as occurring 
when the actor causes a death through reckless acts, with recklessness 
defi ned as being aware of but consciously disregarding a substantial 
risk that death will occur. Sec. 19.05, defi ning criminally negligent 
homicide as occurring when the actor causes a death through criminal 
negligence, further defi ned as occurring through an act that one ought 
to be aware creates a substantial risk death; Virginia— Gallimore v. 
Commonwealth , 436 S.E.2d 421, 445 (Va. 1993), stating that gross neg-
ligence, required for involuntary manslaughter, is a reckless or indiffer-
ent disregard of the rights of others, under circumstances reasonably 
calculated to produce injury; Georgia Code Sec. 16-5-3, defi ning invol-
untary manslaughter as causing the death of another in the commission 
of an unlawful act, other than a felony, or in the commission of a lawful 
act in an unlawful manner likely to cause death or great bodily harm; 
Illinois—720 ILCS 5/9-3, defi ning involuntary manslaughter as killing 
an individual by an act that is likely to cause death or serious bodily 
injury, when that act is performed recklessly. 
16   Please refer to glossary for defi nition. 
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“treated” a 24-year-old man who was diagnosed with leuke-
mia. 17  After unsuccessful treatment from conventional doc-
tors, the victim turned to the defendant, who claimed to have 
successfully cured a number of people suffering from cancer 
through the use of certain drinks, exposure to light, and mas-
sage therapy. The victim quickly became seriously ill and 
was experiencing severe pain in his abdomen. The defendant 
fi rst convinced the young man to postpone a bone marrow 
test. He then treated the victim with deep abdominal mas-
sages on two successive days. This “treatment” resulted in 
convulsions and excruciating pain, followed by a massive 
hemorrhage of the mesentery in the abdomen, which led to 
the victim’s death. Evidence at trial showed that the hemor-
rhage was caused by the massages performed by the 
defendant. 

 Clearly, the defendant did not intend to kill or even harm 
the victim. However, the defendant was tried and convicted 
of second-degree felony murder based upon the jury’s deter-
mination that he was engaged in the unlicensed practice of 
medicine, which is a felony. The question for the California 
Supreme Court was whether that underlying felony was one 
that was “inherently dangerous to human life.” If it was, then 
the defendant would be guilty of second-degree murder, also 
known as felony murder. If the underlying felony was not 
inherently dangerous to human life, then the defendant 
would only be guilty of involuntary manslaughter for com-
mitting an unlawful act that resulted in a death. The Supreme 
Court found that the act of practicing medicine without a 
license was not so inherently dangerous that, by its very 
nature, it could not be committed without creating a substan-
tial risk that someone would be killed. 18  It did rule, however, 
that the defendant’s acts constituted involuntary manslaugh-
ter because they were unlawful acts that led to the death of 
the victim. 

 Obviously, the facts of the  Burroughs  case can best be 
described as on the fringe of common experience. This was 
not legitimate medical treatment, nor was it treatment pro-
vided by a physician. But the facts surrounding the Conrad 
Murray prosecution could also be described as extreme, even 
though he was a licensed physician. In that case, a powerful 
sedating agent was administered repeatedly outside the con-
fi nes of a hospital, treatment center, or even a doctor’s offi ce. 
It was administered by a physician who was not an anesthe-
siologist. It was administered far outside the scope of its nor-
mal use. And it was administered under circumstances that 
were very unusual. 

 In a footnote to the  Burroughs  decision, the Supreme 
Court also addressed the meaning of criminal negligence. 
The court defi ned it as:

17   The People v. Stanley Burroughs , 35 Cal. 3d 824 (1984). 
18   The People v. Stanley Burroughs, supra  at 833. 

  Such a departure from what would be the conduct of an ordinarily 
prudent or careful man under the same circumstances as to be 
incompatible with a proper regard for human life, or, in other words, 
a disregard of human life or indifference to consequences. 19  

   This dual defi nition of involuntary manslaughter was 
applied to the prosecution of Dr. Murray. Although charged 
with only one count of involuntary manslaughter, the prose-
cution advanced two theories of guilt under that statute. First, 
it argued that Dr. Murray performed a lawful act, but did so 
with criminal negligence, and that act caused the death of 
Michael Jackson. As described later, the prosecution laid out 
a number of different acts committed by Dr. Murray in the 
course of his medical treatment of Michael Jackson that were 
acts that were done with criminal or gross negligence. 
Second, the prosecution argued that Dr. Murray had a legal 
duty to Michael Jackson that he failed to perform that legal 
duty, that this failure amounted again to criminal negligence, 
and that this failure to act caused the death of Michael 
Jackson. The legal duty claimed by the prosecution and rec-
ognized by the court was the legal duty of a physician to a 
patient. As stated by the trial judge to the jury at the trial, a 
physician who has assumed the responsibility to treat and 
care for a patient has a legal duty to treat and care for that 
patient. 20  This legal duty was given to the jury as a fact in the 
judge’s charge on the law, so that it was for them to determine 
whether Dr. Murray failed to treat and care for his patient, 
and whether this failure amounted to criminal negligence. 

 Any experienced trial lawyer will be aware of the specifi c 
charge on the law that the judge will give to the jury at the 
end of the case, and tailor their arguments to the evidence 
and to the law that the jury has to follow. The Murray case 
was no exception. The opening argument of the prosecutor 
highlighted those themes from the beginning of his case. He 
told the jury that Dr. Murray acted with gross negligence 
(necessary to prove involuntary manslaughter), that Murray 
repeatedly denied appropriate care to his patient (failure to 
perform a legal duty), and that he engaged in repeated incom-
petent and unskilled acts (acting in a criminally or grossly 
negligent manner). The prosecutor argued that there are dif-
ferent levels of deviation from the standard of care: a minor 
deviation, a serious deviation, or an egregious/extreme devi-
ation. It was those acts that were extreme deviations from the 
standard of care that were evidence of gross negligence by 
Dr. Murray and supported a conviction of involuntary 
manslaughter. 

 He then laid out several facts that established this extreme 
deviation from the standard of care in this case. The fi rst and 
foremost was the use of propofol under these circumstances. 
Propofol is intended for use in a highly monitored setting, 
such as the operating room of a hospital. Using it in someone’s 

19   Ibid. 
20   Conrad Murray Trial—Judge’s Instructions to Jury. 
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private home, in their bedroom, was an extreme violation of 
the standard of care and, he argued, an act that constituted 
criminal negligence. The following arguments and evidence 
presented at trial established other allegations of extreme 
violations of the standard of care that were, individually and 
in combination, criminal negligence:
•    Leaving Jackson alone without continuous monitoring 

while administering propofol, which the prosecutor 
argued amounted to abandonment of the patient  

•   Using propofol to treat insomnia, or to put someone to 
sleep, instead of using it for the induction and mainte-
nance of general anesthesia and for procedural sedation  

•   Failing to have standard resuscitation equipment and 
drugs available while administering propofol  

•   Using propofol combined with benzodiazepines in this 
particular setting and under these conditions    
 It should be noted that there was an argument made in this 

case that, as evidenced by the contract that was signed by 
Murray, this was not a doctor–patient relationship but an 
employee–employer relationship and that Dr. Murray did not 
act as a medical professional using sound medical judgment. 
Instead, the physician used his medical training and license 
to give Jackson access to unlimited supplies of propofol, 
which were then administered without regard for Jackson’s 
safety or his life. As stated by the prosecutor at trial, Dr. 
Murray had a legal duty of care to use his best medical judg-
ment and to “do no harm” to his patient. Instead, he adminis-
tered “massive amounts” of propofol and had regards only 
for the contract and not for the patient (see Fig.  36.7 ).

   It should also be noted that the  defense  21  attorney at this 
trial did not defend much of Dr. Murray’s conduct. He did 
not claim that Dr. Murray was a trained anesthesiologist, or 
that he should have administered propofol for this purpose or 
in this setting. Instead, the defense took the position that the 
doctor’s acts did not cause Jackson’s death. The defense 
argued that Murray gave Jackson such a small dose of propo-
fol, which would dissipate rather quickly, that Jackson had to 
have self-administered more of the narcotic while Dr. Murray 
was not in the room in order for him to have died from pro-
pofol poisoning. Therefore, although Dr. Murray may have 
acted with criminal negligence, his actions did not result in 
the death. 22  However, the prosecution was able to show that 
Dr. Murray gave Jackson more than the 25 mg of propofol 
that he admitted to administering, and the jury rejected this 
defense completely. 

 An examination of the facts and arguments show not only 
how easily the conduct of Dr. Murray fi ts within the defi ni-
tion of involuntary manslaughter, but also how extreme his 
conduct was compared with conventional medical treatment 
and with conventional use of anesthetics. Going back to the 

21   Please refer to glossary for defi nition. 
22   Conrad Murray Trial—Opening and Closing Arguments of Ed 
Chernoff . 

legal defi nition of criminal negligence, the question for the 
jury was whether the facts of the case and the facts that they 
found concerning the treatment given by Dr. Murray were 
such a departure from what would be the conduct of an ordi-
narily prudent man (doctor) under the same circumstances as 
to be incompatible with a proper regard for human life. The 
trial judge defi ned criminal negligence to the jury in his 
charge, telling them that it is acting recklessly in such a way 
that creates a high risk of death or great bodily injury, and 
that a reasonable person would have known that acting in 
such a manner created that type of risk. He also specifi cally 
told the jury that criminal negligence involves more than 
ordinary carelessness, inattention, or mistake in judgment. In 
other words, the doctor’s conduct needed not only to be reck-
less, but it had to be knowingly reckless.  

    The Death of Michael Jackson: Professionalism 
and Medical Ethics 

 The defi nition of what is legal is reasonably straightforward: 
that which violates criminal law. But what is professional-
ism? “Professionalism” encompasses the conduct, qualities, 
and aims that characterize  a person  engaged in doing certain 
types of work. In the medical profession, that conduct 
involves not only the competent completion of technical 
tasks and treatments, but the requirement that they are done 
within the generally recognized goals of the profession, 
namely to improve the lives of patients in medically meaningful 

  Fig. 36.7    In this photo from Al Seib, Associated Press, you see a slide 
projection shown in the courtroom displaying a single order of propofol 
made by Dr. Conrad Murray (used with permission from the Associated 
Press)       
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ways, and to relieve suffering. Furthermore, the accomplishment 
of these tasks must occur within the professional and ethical 
boundaries of the practice of medicine. It might be possible, 
for example, to relieve the suffering of another human being 
by killing him, but it would only be considered consistent 
with medical professionalism and ethical conduct under very 
narrow circumstances, only in a few select countries, or (in 
the view of many) never consistent with ethical medical con-
duct at all. Thus, professionalism and ethics reach beyond 
the mere technical performance of specifi c tasks, and addi-
tionally consider the context in which such tasks are per-
formed. The reason for such standards of conduct rests in the 
“social contract” that physicians hold. The practice of medi-
cine involves an expectation by society of special service in 
return for special privileges such as prestige, fi nancial 
advancement, and social status. 

 The term “professional” has come to refer in common 
language to almost any work for which a person gets paid—a 
“professional” is the opposite of an “amateur.” But in this 
discussion the terms “professional” and “professionalism” 
carry a different meaning. In the not-too-distant past, there 
were only three “true” professions recognized in Western 
society: physicians, clergy, and practitioners of the legal pro-
fession [ 1 ]. These three occupations have in common the 
characteristics that the practitioners possess information and/
or skills that have the power to profoundly affect the lives of 
persons upon whom they practice: the physician holds the 
keys to health, the clergy to salvation, and the legal profes-
sion to freedom. Each requires the practitioner to use utmost 
discretion for the sake of the persons served. Each assumes a 
dedication to competently practicing the skills taught within 
the profession. Each profession requires the active participa-
tion of the practitioners of its arts in the development of 
future members of the profession. Entry into each of these 
professions involves indoctrination into a “universal” phi-
losophy of practice, subjugation of personal interests in pur-
suit of the profession’s values and goals, and the commitment 
via “vows” to the philosophy, fraternity, and values and stan-
dards of the profession. 

 Violation of the standards of conduct in each of these pro-
fessions risks dire consequences for the people who are 
being served: of depriving a patient of their health, a parish-
ioner of their salvation, a legal client of their freedom. 
Breaches of confi dence in each of these professions may 
have serious social consequences for these people as well. It 
is no coincidence that each of these professions is afforded 
special privileges under the law regarding confi dentiality: 
doctors, clergy, and lawyers are generally not required to dis-
close their clients’ secrets, even under oath, outside of 
extreme and explicit exceptions. Maintaining standards of 
professionalism and ethics is in the interest not only of the 
clients the professions serve but is in the interest of the 
 members of the profession itself: Failure to perform their 
duties with the competence and confi dentiality that society 

expects puts the practitioners at risk of losing their special 
social privileges, both individually and as a class. Failure to 
meet professional standards is unlikely to result in legal 
sanctions in most cases, but can often lead to limitations of 
practice, loss of licensure, loss of hospital privileges, and 
expulsion from the profession or professional societies. 

 In examining the events leading to Michael Jackson’s 
death, a number of questions concerning professionalism and 
ethical standards arise. Were Dr. Murray’s treatments in fact 
even the practice of medicine, or were they a corruption or 
caricature of the physician’s privileges and skills applied to 
serve some other purpose? Did a legitimate physician–patient 
relationship even exist between Michael Jackson and Dr. 
Murray? If so, did Dr. Murray adhere to principles of profes-
sionalism in his relationship to his patient? If his treatments 
were in fact medical therapy, were they carried out compe-
tently and within the standards of medical practice, or were 
they managed incompetently or perhaps even negligently? 

    Was Dr. Murray Practicing Medicine? 
 The question of whether Dr. Murray’s actions even consti-
tuted the practice of medicine is not an insignifi cant one. 
Many actions can seem like medical practice when they 
involve procedures that are also commonly carried out by 
physicians, but are not consistent within the goals and values 
of the profession and are therefore not actually the practice 
of medicine. It is not merely the action itself, but the  context  
in which an action takes place that determines if it is the 
practice of medicine. Placing a needle or catheter into a vein 
in order to administer antibiotics for an infection is the prac-
tice of medicine. Placing the same needle or catheter in order 
to inject heroin for recreational purposes is not. The practice 
of medicine has certain required elements: The action must 
serve some benefi cial medical purpose, involving the 
 diagnosis and assessment of health issues. Treatment must 
be based on sound knowledge of the condition at hand, and 
be backed by theoretical, clinical, or experimental evidence 
that leads to a reasonable conclusion that the treatment has a 
signifi cant chance of altering the course of the disorder in a 
positive way. In extreme cases such as terminal illness, medi-
cal care may be solely comfort based, but it is generally not 
suffi cient to treat symptoms alone if there are also effective 
treatments for the condition underlying the symptoms. 
Simply giving a drug addict another “hit” of their favorite 
drug to alleviate the suffering of withdrawal without also 
attending to the underlying affl iction (addiction) is not the 
practice of medicine—it is drug traffi cking. 

 What can we say with regard to the treatments Dr. Murray 
administered to Michael Jackson? It is known that Jackson 
had a chronic history of insomnia and of improper and 
chronic use of benzodiazepine medication as a sleep aid, 
apparently escalating his use to extraordinary doses of medi-
cation that at times were unsuccessful in inducing sleep. His 
affl iction and behavior bear the typical hallmarks of drug 
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addiction, abuse, or at the very least signifi cant misuse. 
When self-medication was not effective and he was engaged 
in stressful preparations for a concert tour, he contracted 
with Dr. Murray to manage his requirement for sleep drugs. 
Nominally at least, Dr. Murray was also to provide other 
emergency and routine medical care—although it is not clear 
from the public record that he did so to any signifi cant 
degree. For that service, Jackson offered what can only be 
described as an exorbitant price of $150,000 per month. Dr. 
Murray, who allegedly was in signifi cant fi nancial debt, 
abandoned his medical practice to be available to perform 
this service exclusively to Jackson. 

 Insomnia is a legitimate medical condition with well- 
described diagnostic procedures and standard treatments, 
none of which appear to have been followed in Dr. Murray’s 
“care” of Jackson. Murray did not have specialty training in 
sleep disorders or neurology, nor did he consult with or refer 
Jackson to specialists in these fi elds. In fact, it appears that it 
was Jackson himself who fi rst requested and then demanded 
propofol by name, and that Murray complied by stockpiling 
extraordinary supplies of the drug and administering it to 
Jackson in an unmonitored setting in a bedroom at the sing-
er’s home. 

 Propofol is known to be an addictive drug that increas-
ingly is being used as a drug of choice by abusers, particu-
larly health care workers. The most common reason given 
for propofol use that leads to addiction was to treat insomnia 
[ 2 ]. Propofol infusion exposes the user to signifi cant risks of 
respiratory depression—particularly when simultaneously 
administered, as it was in this case, with high doses of ben-
zodiazepines. Only one small study investigates the use of 
propofol to treat insomnia—and that in a highly structured 
and monitored setting as a short series of infusions, and not 
as chronic repeated treatments [ 3 ]. 

 Given these considerations, it is reasonable to conclude 
that Dr. Murray was not engaged in the practice of medicine 
with Jackson, because he did not attempt to diagnose and 
assess the singer’s problem in any standard way, and he ren-
dered contraindicated “therapy.” Murray appears to have 
been placed under contract to use his prescriptive privileges 
for the purpose of accessing a restricted drug for a third par-
ty’s abuse, and to use his technical skills to administer the 
drug in a nonmedical setting. A physician who uses the privi-
leges and skills afforded to him or her by the profession to 
pursue nonmedical activities is guilty of a very serious 
breach of professionalism and ethics.  

    Did a Legitimate Physician–Patient 
Relationship Exist? 
 The physician–patient relationship is one of unequal power. 
The physician owns specialized skills and knowledge with 
which to guide medical care. The patient is at the mercy of 
the physician to practice these skills competently and effec-

tively. Each member of the relationship has both rights and 
responsibilities. The patient is expected to be truthful with 
the physician about aspects of his or her medical condition, 
because without accurate information, the physician’s con-
clusions regarding diagnosis and treatment are illegitimized. 
Because such truthfulness may expose extreme patient vul-
nerabilities, the physician is expected to keep such informa-
tion in strict confi dence. Patients and physicians are expected 
to work together to agree on legitimate medical goals that 
incorporate the patient’s needs and the physician’s (compe-
tent) clinical judgment. In the position of power, the physi-
cian is vulnerable to corruption. In the position of dependence, 
the patient is vulnerable to coercion. Therefore, a physician’s 
fees are required to be usual and customary. They cannot be 
so great as to prevent a patient from seeking help or to cor-
rupt the physician into acting unprofessionally. They also 
cannot be “unusual”—a physician cannot require sex or the 
patient’s enslavement, for example, in return for services. 

 In the Murray–Jackson relationship, it is diffi cult to deci-
sively conclude that a true doctor–patient relationship ever 
existed. In this case, the patient, rather than the physician 
“prescribed” the treatment and paid what is potentially a cor-
rupting amount of money to induce the physician to carry out 
a treatment to order that had no basis in medical theory. Dr. 
Murray was vulnerable to corruption because of the extraor-
dinary fee being offered in the face of his personal debt, and 
perhaps also out of a desire for notoriety and social privilege 
by being associated with a famous star.  

    Ethical Principles in Medical Care 
 Presuming that, contrary to the aforementioned arguments, 
there was a genuine doctor–patient relationship, and Dr. 
Murray was practicing medicine when he administered 
 propofol to Michael Jackson, we are still left with determin-
ing whether such practice met the minimum standards of 
medical ethics. While there are many possible ethical con-
structs in medicine, in Western medicine, the predominant 
ethical theory surrounding the physician–patient relationship 
consists of several core principles: respect for patient auton-
omy, benefi cence (doing good), and nonmalefi cence (avoid-
ing harm). 23   

   Respect for Autonomy 
 Of all of the principles to consider in the Jackson case, 
respect for patient autonomy is likely to cause the most con-
fusion, because some might interpret it to say that the doctor 
is obliged to do what the patient wants. If Jackson desired to 
sleep and to have propofol, then does respect for patient 
autonomy require the doctor to provide it? The answer, of 

23   For further reading on basic principles in medical ethics, see 
Beachamp T, Childress JF . Principles of Biomedical Ethics, 7th Ed.  
Oxford University Press, Oxford, UK. 2012. 
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course, is no. Professionalism limits the physician to prac-
tice within the values and boundaries of conduct that defi nes 
the profession. Jackson cannot require his physician to pro-
vide procedures and therapies not contained within those 
boundaries. Physicians are not required to, nor should they 
provide futile or grotesque care, and they should not provide 
care that falls below professional standards of competency. 
They are not required to provide procedures or medications 
that serve no medically sanctioned purpose. Within those 
parameters, the principle of respect for patient autonomy 
requires that the physician try to understand and honor the 
patient’s values and to provide care that takes into account as 
far as possible the patient’s preferences. Jackson could 
request whatever treatments he desired, but his physician 
was obliged to adhere only to those that were within the 
scope of professional and competent care. Not only is propo-
fol administration contraindicated in the chronic treatment 
of insomnia, administration of propofol in an unmonitored, 
nonmedical setting as a common sleep aid is far below pro-
fessional standards.  

   Benefi cence 
 Interestingly, the principle of benefi cence (doing good) was 
not necessarily violated simply because Dr. Murray’s actions 
resulted in Mr. Jackson’s death. While certainly a great harm 
resulted to Jackson, medical care is fraught with unintended 
and unanticipated complications, and outcomes are not 
always what we expect or wish them to be. The principle of 
benefi cence applies fi rst and foremost to what the physician 
 desired and intended  the results to be and how he went about 
trying to produce the desired results, and only modestly to 
what the results actually were. Why is that? In ethics, a pre-
dominant theory is  deontology,  or “rules-based” ethics. In 
deontologic ethical theory, the determination of whether 
“good” was done is based on the intentions and actions of the 
doer, and not necessarily on the outcomes. Good intentions 
require competency; in other words, the physician cannot 
simply commit a random act while hoping that it turns out 
well in order to meet the principle of benefi cence. Rather, he 
or she must  do their best  to make it turn out well, and doing 
their best means having appropriate knowledge, choosing a 
course of action or treatment that has a reasonable chance of 
success, and carrying out that treatment in the safest and 
most competent manner. Deontologic ethical theory recog-
nizes that even if the physician does all of those things, out-
side infl uences and circumstances that are beyond the 
physician’s control may yet lead to a poor outcome. A physi-
cian might appropriately administer penicillin to treat a den-
tal abscess, with neither the patient nor physician knowing 
that the patient suffers from a fatal allergy to penicillin. The 
patient dies. This is a bad outcome, but the physician was 
intending to perform a benefi cent act, had appropriate knowl-
edge to enable her to do so, chose an appropriate treatment, 

and administered the drug in a competent manner. An under-
lying and previously unknown condition resulted in a bad 
outcome despite the physician’s actions, yet the physician 
was acting appropriately under the principle of benefi cence. 

 In Dr. Murray’s treatment of Michael Jackson, however, 
we see several violations of the principle of benefi cence. As 
mentioned before, the “treatment” Dr. Murray undertook 
ignored the underlying problem (insomnia that might have 
been due to addiction or some underlying neurological con-
dition requiring treatment), was contraindicated, and posed 
an extreme and well-recognized risk to Jackson. 

 Administration of propofol is governed by numerous 
standards: It is advised that only a physician or practitioner 
who is learned in the administration of general anesthesia 
use propofol outside of a closely monitored setting, such as 
an intensive care unit, and/or in an intubated patient. Use 
of propofol for sedation is discouraged by any physician or 
practitioner not qualifi ed and trained in the “the adminis-
tration of general anesthesia” and the US Food and Drug 
Administration (FDA) warns users of this advisory and of 
the risk of airway obstruction [ 4 ]. The literature is replete 
with reports of respiratory depression and death when this 
particular drug is used in conjunction with benzodiaze-
pines, or administered without continuous monitoring of 
vital signs and respiratory effectiveness. Murray was not a 
professionally trained anesthesiologist or nurse anesthe-
tist. He was either unaware of, or chose to ignore, basic 
principles of monitoring and safety while administering 
propofol. He left his “patient” unattended after administer-
ing the drug for some unknown period of time, which how-
ever brief or long, was nevertheless of suffi cient duration 
to lead to Michael Jackson’s death. It is diffi cult to fi nd a 
single aspect of Dr. Murray’s care that meets the medical 
principle of benefi cence.  

   Nonmalefi cence 
 The principle of avoiding harm is the fl ip-side of the benefi -
cence coin. Not only are physicians obligated to try to pro-
duce good, but they must use their knowledge and expertise, 
choices, and skills in such a way as to minimize the potential 
harms to patients. In our previous hypothetical example, if 
the physician knew the patient had a history of penicillin 
allergy and simply ignored that history, did not pretreat the 
patient for possible reactions and/or did not choose a differ-
ent, appropriate drug for treatment, then logically we would 
say they violated the principle of nonmalefi cence, since they 
had the knowledge and wherewithal to avoid the penicillin 
reaction, knew about the allergy, and yet chose recklessly to 
proceed with dangerous therapy. 

 Even though Dr. Murray chose to administer an unsafe 
drug that was contraindicated for Jackson’s condition, he 
still had an opportunity to avoid further mischief by adhering 
to safe practices. In an appropriate setting, such as a medically 
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equipped sedation suite, with appropriate heart, blood pres-
sure, blood oxygen and respiration monitoring, and with the 
continuous presence of a qualifi ed anesthesia practitioner, it 
is actually unlikely that Jackson would have died from the 
propofol administration (see Fig.  36.8 ). Murray would still 
have been guilty of egregious incompetence or willfully dis-
regarding standard medical practice in administering the 
drug for a condition in which it was contraindicated, but 
Jackson would perhaps not have paid the ultimate price for 
his actions).

   An important question remains to be asked: if Dr. Murray 
was not practicing medicine when he committed willful acts 
that led to the death of Michael Jackson, and if he did not 
have a legitimate doctor–patient relationship with Jackson, 
then how should his conduct be examined and possible pen-
alties for that conduct be assessed? In which court should 
his actions be tried? Since so much of what Murray did 
appears to fall  outside  of the practice, values, ethical prin-
ciples, and context of the medical profession, then criminal 
prosecution indeed appears to be a more appropriate venue 
for examining the details of the case than a civil case for 
medical malpractice.    

    Outcome of the Case 

 The jury in the Jackson case convicted Dr. Murray of one 
count of involuntary manslaughter. On November 29, 2011, 
Dr. Conrad Murray was sentenced to 4 years incarceration by 
Judge Michael Pastor, the trial judge in the case. This was the 
maximum sentence that could be imposed under the statu-
tory scheme for involuntary manslaughter in California. 
Judge Pastor spoke at length about the reasons he imposed 

that sentence, some of which refl ected the evidence and 
arguments that were presented at the trial. He stated that Dr. 
Murray abandoned his patient, Mr. Jackson, and that the doc-
tor violated the trust of the medical community and of his 
patient by his conduct when treating Jackson. The judge also 
focused on Murray’s conduct after Jackson’s death, stating 
that Dr. Murray repeatedly lied and engaged in deceitful con-
duct and that Murray had no sense of remorse or fault. Judge 
Pastor also noted that Dr. Murray remained dangerous if 
allowed to remain at large and practice medicine. 

 The judge did not address Dr. Murray’s medical license, 
since that was not within the purview of the court. However, 
Murray’s license to practice medicine in California was sus-
pended on December 29, 2011, 1 month after he was sen-
tenced. That board has yet to render a decision on revocation. 
His Texas medical license was suspended in February of 
2012 and revoked on August 30, 2013. Murray’s attorneys 
have fi led to have his Texas license reinstated. 

 On October 28, 2013, Dr. Murray was released from jail 
after serving 2 years of his 4 year sentence. His shortened 
sentence was the result of prison overcrowding and the fact 
that he was convicted as a nonviolent felon. His attorneys 
have appealed his conviction for involuntary manslaughter to 
the California Appellate Court.  

    Another Sedation Case 

 The analysis of the Michael Jackson case from legal and pro-
fessional perspectives is instructive, but represents a gro-
tesque caricature of medical care. How do these principles 
apply in cases that are more mainstream, but when the out-
come for the patient is nevertheless catastrophic? Let us con-
sider another case involving death following a procedure 
with “sedation.” 

    The Case 24  

 In a state that requires medical direction of nurse anesthe-
tists, a 58-year-old man presents to a gastroenterologist for a 
routine screening colonoscopy. The gastroenterologist 
schedules him for the procedure at a free-standing endos-
copy center in which he has a controlling fi nancial interest, 
with sedation provided by a nurse anesthetist that he employs 
and medically directs. The patient has a history of morbid 
obesity, hypertension, and symptoms and signs highly pre-
dictive of sleep apnea (male gender, snoring loudly enough 

24   Some details in this case have been altered from the actual case to pro-
tect patient privacy. The analyses provided here are based only 
on the facts presented in this text, and do not represent actual legal 
rulings. 

  Fig. 36.8    This photo from the Los Angeles Police Department was 
taken in the master bedroom at the home of Michael Jackson, also 
known as the Carolwood residence       
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to be heard through a closed door, daytime somnolence, 
body mass index 60, increased neck circumference, hyper-
tension, and age over 50). The nurse anesthetist proceeds to 
provide “sedation” under monitored conditions for sedation 
in an operating suite with the patient receiving supplemental 
mask oxygen. Blood pressure, pulse, and arterial oxygen 
saturation are observed throughout. The patient receives fen-
tanyl 100 μg and midazolam 2 mg IV, after which he falls 
asleep and begins snoring loudly. When the procedure 
begins, the patient moans and starts to move and the gastro-
enterologist asks for more sedation. Administration of three 
separate boluses of 50 mg of intravenous propofol silence the 
snoring and keep the patient completely still during the rest 
of the procedure. Arterial oxygen saturation remains above 
92 % throughout. In the recovery room, the patient does not 
wake up, and is noted to have snoring and sometimes “gasp-
ing” respirations. The oxygen saturation monitor is intermit-
tently unable to read oxygen saturation, but at times show 
oxygen saturation of >92 %. Approximately 1 h later, he has 
still not awakened and does not respond purposefully to 
painful stimulation. The patient is transported unintubated to 
a hospital approximately 20 min away, where upon arrival he 
is still unresponsive and snoring. The emergency physician 
intubates the patient without obtaining an initial arterial 
blood gas, although blood gases 1 h after intubation are 
essentially normal. The patient does not regain conscious-
ness, and dies approximately 4 weeks later. Thirty days after 
his death, the family fi les a malpractice lawsuit against the 
physician and nurse anesthetist. 

   Legal Analysis 
 This case can be analyzed in relation to potential criminal 
charges according to typical state statutory schemes relating 
to involuntary manslaughter/negligent homicide. The two 
questions that should be asked are whether the conduct of the 
nurse anesthetist somehow violated the law and, if not, 
whether that conduct was still so far beyond the standard of 
care that it constitutes criminal or gross negligence. 

 The answer to the fi rst question is a simple “no,” there is 
no underlying criminal conduct in this case. In contrast with 
the  Burroughs  case cited previously, there is no allegation of 
practicing medicine without a license or anything that 
remotely approaches a violation of the law in connection 
with this treatment. 25  

25   A more diffi cult analysis could exist in cases when there is a legal 
requirement that a licensed physician be present during the procedure, 
that requirement is violated and a patient dies due to administration of 
anesthesia that is below the standard of care. In the context of criminal 
charges, diffi cult questions would arise concerning the quality of the 
care, the extent to which the administration of anesthesia violated the 
standard of care, and whether there is evidence that the absence of a 
licensed physician was a contributing cause of the death. 

 The second question is a bit more complicated but is still 
clear. Although this conduct might be found to violate the 
standard of care that is established for a civil negligence 
claim, it is nowhere near the type of violation that gives rise 
to criminal negligence. One can apply the standard from 
 Burroughs  and determine whether there is evidence of con-
duct incompatible with a proper regard for human life or of 
indifference to consequences. One could apply the charge on 
the law given in the Jackson case by the court and determine 
whether this was a case of ordinary carelessness, inattention 
or mistake in judgment, or a case where the conduct was so 
egregious that it created a high risk of death or serious bodily 
injury. Or one could analyze the conduct in the same manner 
the prosecution did in the Jackson case and determine 
whether there are repeated, extreme violations of the stan-
dard of care that give rise to gross negligence. 

 The answer in each case is the same. This is treatment by 
licensed, trained professionals acting within their area of 
expertise and experience in a medical facility, albeit not a 
hospital. This is an acceptable type of treatment that is com-
mon in this setting. If there is a breach of the standard of care 
here, it is not so egregious, nor of the type to constitute 
repeated, extreme violations of the standard of care, or reck-
less behavior under the law that would lead to criminal 
charges being brought. Criminal charges brought in the con-
text of medical treatment against doctors or nurses is extraor-
dinarily rare, and for good reason. This type of conduct will 
be examined at most under civil law in a potential malprac-
tice litigation, not in a criminal context.  

   Professionalism and Ethics 
 When we compare this case to the Michael Jackson case 
from the perspective of professionalism and medical ethics, 
several stark differences are immediately apparent. The 
basic elements of professional medical care were present 
and observed in this case. A true provider/patient relation-
ship appears to exist; one in which the nurse anesthetist was 
prescribing and monitoring treatment for which he or she 
was professionally qualifi ed by virtue of having completed 
specifi c training in the administration of anesthesia-related 
medications, including propofol. The care was within the 
scope of professionalism of the practice, and according to 
accepted medical theory. The provider “prescribed” the ther-
apy, rather than simply providing drugs on demand, and the 
therapy was appropriate for the procedure being performed. 
There was an obvious attempt to adhere to medical stan-
dards. Appropriate drug selection and dosing was used, and 
most monitoring was according to standards set by several 
professional bodies. 

 But other important elements of medical professionalism 
and ethics nevertheless fell short. It is well recognized that 
certain patients—either those who are seriously ill, or some 
who suffer from specifi c conditions—are of suffi cient risk 
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for surgery and anesthesia that they should not undergo inva-
sive procedures in anything other than a hospital setting. 
Guidelines have been established for the selection of patients 
to undergo care in free-standing procedural centers [ 5 ]. This 
patient suffered from not one, but several conditions that 
should have alerted his care providers that he was a poor 
candidate for this procedure in that type of setting, and that 
he should have the colonoscopy done in a hospital. Those 
included his morbid obesity, and the fact that he had multiple 
risk factors suggesting that he might have moderate to severe 
obstructive sleep apnea—a condition that generally requires 
extended observation following sedation for procedures, 
may require emergency airway intervention, and is notorious 
for being associated with diffi cult airway management [ 6 ]. 
Under established guidelines, he should have undergone this 
procedure in a hospital environment, where more resources 
would be available if airway issues arose. 

 Established national standards state that when a medi-
cally directed nurse anesthetist or other practitioner is super-
vised by a non-anesthesiologist, that physician must 
nevertheless be “qualifi ed and trained in the recognition of 
and rescue from general anesthesia” [ 7 ]. From the review of 
the case, it is apparent that this standard was not followed. 
While there is nothing about the standard that would prohibit 
a gastroenterologist from supervising the nurse anesthetist in 
administering the sedation, it is clear from review of the case 
that, in fact, a general anesthetic was administered. The defi -
nition of general anesthesia is that it produces unconscious-
ness, lack of pain, and lack of purposeful movement in 
response to procedural stimulus [ 8 ]. The nurse anesthetist 
documented administering enough medication such that 
movement and response to stimulation did not occur. This 
was beyond the scope of the gastroenterologist’s practice, 
who was not trained in the administration of general anesthe-
sia. Because of this critical issue, the patient was not 
“ rescued” from general anesthesia, and this fi rst problem 
opened the door for what followed. 

 In the administration of general anesthesia, several stan-
dards also were not met. Whenever general anesthesia is 
administered, oxygenation and ventilation must be moni-
tored throughout [ 9 ]. While oxygen saturation was 
 monitored in this case, end-tidal CO 2  was not, nor were any 
other quantitative assessments of ventilation recorded. This 
is particularly disturbing because obvious clinical signs of 
airway obstruction were present (snoring, gasping respira-
tory movements). 

 The competency and judgment of the medical providers 
can be called into question in that they appeared not to rec-
ognize, nor did they appropriately treat, airway obstruction 
for which obvious signs were present. This led to a sequence 
of events (hypercarbia, somnolence, probable systemic 
a cidosis) that are at the very least not within the expected 
standards of care, and at the worst may have actually caused 
the patient’s demise. 

 A possible contributing factor in this situation may have 
been a fi nancial confl ict of interest: The anesthetist may have 
been reluctant to refuse the case since doing so may have had 
the potential to cost her employment. The gastroenterologist 
may have ignored important evidence that the procedure 
should not be performed at a free-standing procedural center 
because of the fi nancial impact involved. 

 Ethically, the principles of benefi cence and nonmalefi -
cence were violated by either willful disregard of published 
standards, or more likely failure through ignorance or incom-
petence to meet well-published standards of care in delivering 
sedation in this clinical setting, as well as inadequate training 
and knowledge on the part of the supervising gastroenterolo-
gist. The providers failed in both a professional and ethical 
sense regardless of the patient’s ultimate outcome.    

    Conclusion 

 Violations of legal, ethical, and professional standards can 
sometimes accompany or even be the root causes of misad-
ventures in anesthesia and sedation care. (Refer to Chap.   29    .) 
While legal, ethical, and professional standards are not syn-
onymous, they often parallel one another. Legal actions are 
generally taken because of adverse outcomes in medical 
cases, and may be civil or criminal in nature. The differentia-
tion between civil and criminal liability takes into account 
whether there were violations in medical, ethical, and profes-
sional standards, whether such violations were intentional or 
unintentional, and whether such actions were extreme 
enough to demonstrate disregard for human life. Whether a 
violation of professionalism and/or medical ethics has taken 
place on the other hand, is not based in the medical outcome, 
although such violations may come to our attention because 
of an adverse outcome. Rather, ethics and professionalism 
establish the required quality and character of the practitio-
ner involved, the principles within which a physician acts, 
and the context that defi nes medical practice.     

   Glossary 

     The following are general lay defi nitions of terms common 
to the practice of criminal and civil law. Some of the precise 
defi nitions vary from state to state according to that state’s 
laws and practice.   
  Civil lawsuit    A legal case brought on behalf of an individual 

(plaintiff) against another individual or entity (defendant) 
who acted negligently (below some standard of care) and 
thereby caused them harm. This case is brought for a 
monetary recovery for damages sustained by the plaintiff. 
The plaintiff’s burden of proof in a civil lawsuit is typi-
cally by a preponderance of the evidence, a lesser burden 
of proof than in a criminal prosecution. A successful civil 
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lawsuit usually results in the payment of money for the 
losses sustained by the plaintiff.   

  Criminal negligence    Acting in a grossly negligent man-
ner. Typically, this involves the conscious disregard of a 
known risk of death or serious injury.   

  Defense    Those responsible for representing a defendant in a 
criminal case or a civil lawsuit. The defense does not have 
the burden of proving innocence or lack of fault.   

  Homicide    The unlawful taking of another’s life. Homicide 
ranges from fi rst-degree murder (the taking of a life with 
specifi c intent to kill and with malice) to involuntary 
manslaughter (an accidental killing where the defendant 
acts unintentionally and without malice but with criminal 
negligence).   

  Informed consent    The consent given by a patient to a  doctor 
that allows the doctor to perform a certain procedure or 
render particular treatment. The consent is “informed” 
because the doctor has explained the specifi cs of the pro-
cedure or treatment to the patient, including the risks and 
alternatives, who has then made a knowing, informed 
decision about whether they want to proceed.   

  Involuntary manslaughter    The unlawful taking of another’s 
life without intent to kill or to harm and without malice, 
but the act is committed with criminal negligence.   

  Malpractice    Professional negligence. This is an act of 
 negligence committed by a professional such as a doctor, a 
lawyer, and an engineer while acting within their profession. 
The negligent conduct is measured by the standard of care 
in that profession and in that specialty in which the profes-
sional practices. A doctor who commits malpractice is said to 
have breached the standard of care in their area of specialty.   

  Negligence    Failing to act in a reasonably prudent manner.   
  Prosecution    Charging an individual (defendant) with 

a violation of criminal law, marshaling the evidence 
against that individual, presenting the evidence to a 
court or jury and, if a conviction is obtained, proceeding 
to sentencing against the individual. The prosecutor rep-

resents the people of the state where the crime occurred 
and technically not the victim of the crime, although 
the prosecutor often speaks on behalf of the victim. The 
prosecutor bears the burden of proving guilt beyond a 
reasonable doubt. If a conviction is obtained, the defen-
dant faces incarceration.   
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    Abstract  

  More than 50,000 children in the United States die every year. Causes of death in children 
differ signifi cantly from causes of death in adults—and palliative care guidelines and prac-
tices that may be appropriate for adults may not be appropriate in children. For children 
suffering terminal illness, the end-of-life period—defi ned as the average period between the 
realization by parents that their child cannot be cured and the child’s death—lasts an average 
of 9 weeks. Physician realization that a child cannot be cured precedes the parental realiza-
tion by an average of 100 days. During the fi nal 63 days, health care decisions evolve from 
those with goals of treatment and cure to those with goals of comfort and palliation. Grief 
experienced after the death of a child has been shown to have profound adverse effects on 
mental and physical health of the parents for more than 9 years after the death of a child, and 
parental perceptions of child distress at end of life are correlated with longer duration of 
parental distress. Evidence shows that effective palliative care has an important role to play 
not only in the relief of distress of the child, but in the future well-being of the parents.  
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        Introduction 

 More than 50,000 children in the United States die every 
year. Causes of death in children differ signifi cantly from 
causes of death in adults—and palliative care guidelines and 
practices that may be appropriate for adults may not be 
appropriate in children. 

 For children suffering terminal illness, the end-of-life 
period—defi ned as the average period between the realization 
by parents that their child cannot be cured and the child’s 
death—lasts an average of 9 weeks [ 1 ]. Physician realization 
that a child cannot be cured precedes the parental realization 
by an average of 100 days [ 2 ]. During the fi nal 63 days, health 
care decisions evolve from those with goals of treatment and 
cure to those with goals of comfort and palliation. Grief expe-
rienced after the death of a child has been shown to have pro-
found adverse effects on mental and physical health of the 
parents for more than 9 years after the death of a child [ 3 ], and 
parental perceptions of child distress at end of life are corre-
lated with longer duration of parental distress [ 4 ]. Evidence 
shows that effective palliative care has an important role to 
play not only in the relief of distress of the child, but in the 
future well-being of the parents. (Refer to Chap.   16    .) 
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 Palliative treatments focus on the relief of physical 
 symptoms (pain, dyspnea, nausea, anorexia) and existential 
conditions (loneliness, hopelessness, feelings of meaning-
lessness, despair, fear) that prevent the child from experienc-
ing and enjoying a good quality of life. 

 Inadequate management of terminal symptoms is disturb-
ingly common in both adults and children. Costantini et al. 
[ 5 ] reported up to 82.3 % of adult terminal cancer patients 
experienced pain at end of life, and 61 % had very distressing 
pain. Only 59.5 % of patients received opioid analgesia for 
moderate to severe pain. In 54 % of patients with very dis-
tressing or severe pain, pain was “only partially” or “not at 
all” relieved. The end-of-life landscape does not look much 
better for children. Symptoms in children that are reported as 
“most distressing” by parents (pain, nausea, and fatigue) are 
extremely common, occurring in about two-thirds of dying 
children in one study [ 6 ]. And in approximately one-third of 
cases in which such physical symptoms occur, treatment was 
rated as unsuccessful. Psychological and spiritual distress is 
addressed much less often, with parents reporting that psy-
chological symptoms at end of life were addressed in fewer 
than half of children, and in only 25 % of children were such 
symptoms adequately managed [ 7 ]. 

 When suffering becomes intractable to “conventional” 
therapies and the end of life nears, physicians are increasingly 
turning to sedation practices to reduce or eliminate the 
patient’s perceptions of unpleasant physical, psychological, 
and spiritual symptoms. There is widespread physician accep-
tance of “palliative sedation” or “terminal sedation” as an 
appropriate adjunct in end-of-life care in adults. Widespread 
practice, however, is not in fact suffi cient evidence that such a 
process is ethical, and historical examples abound of social 
philosophies and practices (e.g., racism and slavery) that are 
now condemned as being immoral despite at one time being 
widely accepted. Far from being a settled issue, palliative 
sedation practice is still ethically controversial. 

 Sedation practices at end of life are plagued by vague and 
nonstandardized terminology, a lack of outcomes research, a 
queasy association with physician-assisted suicide (PAS) 
and euthanasia, misunderstanding of the ethical principle of 
double effect, poorly understood concepts of human suffer-
ing, and unsettled and culturally diverse philosophies about 
the role suffering and transcendence plays in the meaning of 
human life. Some authors suggest that deep continuous seda-
tion (DCS), a form of palliative sedation, is merely euthana-
sia in disguise, camoufl aged to circumvent legal sanctions 
and moral objections. When the patient is a terminally ill 
 child , we are further faced with questionable assumptions 
about suffering among persons who may or may not be cog-
nitively and/or emotionally fully developed, who may be 
incapable of understanding and contextualizing suffering, 
and who are utterly dependent upon surrogate decision- 
makers for their health care and well-being. 

 Any physician considering palliative sedation as an 
adjunct to end-of-life care, whether for adult or pediatric 
patients, should not only be well trained in the clinical 
aspects of these therapies, but the moral dimensions as well. 
Recipes for palliative sedation are readily available in the 
medical literature and can be found in references provided at 
the end of this chapter. The main thrust of this discussion, 
however, is not to provide instruction on the pharmacologic 
practice of palliative sedation, but to consider the ethical 
dimensions of palliative sedation in general and in the end-
of- life care of children in particular.  

    Palliative Sedation: What  Exactly  
Are We Talking About? 

 While it may seem strange to say that outcomes for sedation 
in end-of-life care have not been “well studied”—since the 
main eventual clinical “endpoint” is the patient’s death—
nevertheless it is true that important outcomes remain under- 
examined, even in adult patients. These outcomes include 
validation of objective measurements of patient suffering, 
family perceptions of patient comfort, family satisfaction 
with the sedation process, and family knowledge and expec-
tations about sedation and how well these expectations were 
met. Sedation at end of life in children is even less under-
stood than the processes in adults. A major barrier to formu-
lating clinical guidelines and measuring these outcomes is a 
lack of unifying terminology for a range of sedation prac-
tices in end-of-life care. Authors often apply their own 
 defi nitions to a variety of terms, or use disparate terms inter-
changeably, making it diffi cult to draw unifying conclusions 
from what little research has been done. 

 Common terms used in describing sedation at end of 
life include palliative sedation (a currently preferred, but 
imprecise term that can refer to a host of different sedation 
practices), terminal sedation (which has fallen out of favor 
because of a perceived connection with euthanasia), “total” 
sedation, DCS, sedation for refractory symptoms, sedation 
for intractable distress in the dying patient, and (inappropri-
ately) “slow euthanasia.” 

 Sedation at end of life clinically runs on a spectrum 
between, on the one end, the administration of anxiolytics to 
reduce anxiety while having minimal effects on conscious-
ness, to “deep continuous sedation” in which the goal is to 
keep the patient completely unconscious permanently until 
death occurs. The ethical nuances of these practices are dif-
ferent and deserve different approaches. Simple anxiolysis 
without intent to signifi cantly alter the patient’s conscious-
ness, competence, or ability to interact with others may have 
some ethical implications with regard to the patient’s ability 
to participate in ongoing health care decisions, but is far less 
ethically perplexing than intentionally rendering a patient 
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deeply unconscious for the remainder of his or her life. 
As Sinclair and Stephenson state, “The common practice of 
prescribing sedatives (i.e., benzodiazepines, barbiturates) or 
medicines that may cause sedation (i.e., tricyclic antidepres-
sants, antipsychotics, anticonvulsants, opioids) for basic 
symptom control is  not  palliative sedation, but instead 
basic end-of-life care” [ 8 ]. 

 This chapter will concentrate on ethical issues surround-
ing the practice of rendering a patient unconscious until 
death for the control of intractable suffering. The author pre-
fers the term  deep continuous sedation  (DCS) for this prac-
tice, as it accurately describes both the intention and the 
result of the clinical treatment and accurately distinguishes it 
from all other palliative sedation practices.  

    Deep Continuous Sedation 

 Regardless of what name it is called, DCS is uniformly 
described in the medical literature as the use of sedating 
medications to deliberately induce and maintain a deep sleep 
until death— without the intention of producing death itself  
[ 9 ,  10 ]. Death supposedly occurs as a natural consequence of 
the patient’s disease process and not as a result of efforts to 
hasten its arrival. DCS is NOT routine end-of-life care, and 
in fact constitutes “a radical medical procedure, since it 
 lowers the patient’s level of consciousness until the moment 
of death” [ 11 ]. 

 While the defi nition of DCS appears simple on the 
 surface, it is nevertheless problematic on several levels. For 
one, the controversy over DCS has resurrected debates 
regarding the defi nitions and implications of death and loss 
of personhood—some authors have suggested that DCS per-
manently deprives the individual of “personhood” and there-
fore is a form of killing. For another, it is diffi cult to assure 
that DCS does not hasten biological death, when it places the 
patient at signifi cant risks, such as starvation, dehydration, 
and aspiration—all of which  can and do  kill under the right 
circumstances. The principle of “double effect,” which is 
used by many authors to justify such risks may not ethically 
apply to this practice at all, as we will see. And while the 
physician, at least in theory, should not intend to hasten death 
by instituting DCS, studies of physicians employing DCS 
show that in fact that many actually  do  explicitly intend to 
hasten death [ 12 ,  13 ]. 

    Epidemiology of DCS 

 When symptoms of suffering are not adequately relieved in a 
terminally ill patient, physicians are increasingly instituting 
DCS. In one recent study DCS was reportedly involved in 
15 % of all deaths in Belgium, 17 % of all deaths in the 

United Kingdom, and 8 % of all deaths in the Netherlands 
[ 13 ,  14 ]. Between 3 % and 52 % of terminally ill patients in 
the United States are believed to have received DCS for a 
variety of refractory physical symptoms [ 15 ,  16 ] (Tables  37.1  
and  37.2 ). The  exact  prevalence of DCS practice, however, is 
not precisely known, due to the lack of consensus of defi ni-
tions and terminology for palliative sedation.

    While the use of DCS for the relief of refractory physical 
symptoms and even some psychological symptoms (e.g., 
anxiety, agitation) appears to be widely accepted by physi-
cians and other health care workers, the same professionals 
are less convinced that it is appropriate to use DCS to relieve 
spiritual anguish and/or existential suffering [ 16 ,  17 ]. In fact, 
although these latter symptoms are common (Table  37.3 ) 
and can be even more distressing to patients than physical 
ones, many health care workers hold beliefs that patients 

   Table 37.1    Common distressing physical symptoms 
at end of life [ 15 ,  16 ]   

 Symptom  Prevalence 

 Fatigue  83 % 
 Dyspnea  50–63 % 
 Malaise/restlessness  40 % 
 Pain  25–48 % 
 Confusion  36 % 
 Anxiety  31 % 
 Depression  28 % 
 Agitation  21 % 
 Nausea/vomiting  6–25 % 
 More than one symptoms  54 % 

   Table 37.2    Frequency of physical symptoms in pediatric 
cancer patients in palliative phase of care [ 7 ]   

 Symptom  Frequency 

 Pain  75 % 
 Anorexia  75 % 
 Fatigue  72 % 
 Lack of mobility  66 % 
 Vomiting  53 % 
 Dyspnea  41 % 

   Table 37.3    Frequency of psychological symptoms of 
children (mean age 10.9 years) in the palliative phase 
of cancer care [ 7 ]   

 Symptom  Frequency 

 Sadness  65 % 
 Diffi culty in talking about their feelings  41 % 
 Fear of being alone  37 % 
 Loss of perspective  36 % 
 Loss of independence  32 % 
 Anger  30 % 
 Fear of death  16 % 
 Feelings of guilt  12 % 
 Depression   3 % 
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achieve transcendence and spiritual growth by experiencing 
them and are reluctant to use pharmacologic means to reduce 
the patient’s awareness of these forms of suffering [ 8 ].

        What is Suffering? 

 The experience of suffering is to be distinguished from the 
occurrence of physical stress or responses to unpleasant 
stimuli. “Suffering” is the conscious processing of unpleas-
ant physical or other experiences. “Suffering” implies that 
the victim on some level perceives and/or anticipates the dis-
comfort—whether physical, mental, or spiritual—and that 
such perception and/or anticipation is extremely unpleasant. 
Every anesthesiologist knows that even under general anes-
thesia, the body may physically respond to painful stimuli 
and manifest the physical stress response it induces through 
tearing, sweating, rises in blood pressure or pulse, or increas-
ing respirations. Physiologically, even under general anes-
thesia, painful stimulation causes the release of “stress 
hormones,” such as cortisol and epinephrine. But while the 
body responds to pain, most anesthesiologists would not 
describe the patient’s experience under general anesthesia 
as “suffering” unless the patient at some point becomes 
 consciously aware of the stimulation. 

 The primary justifi cation for DCS at end of life rests in 
the assertion that it is used to prevent suffering in patients for 
whom the symptoms are intractable and cannot otherwise be 
relieved, by reducing the patient’s awareness of them [ 18 ]. 
As such, DCS is not justifi ed, for example, for use in patients 
who are already unconscious of their surroundings or physi-
cal experiences. Even if physical manifestations of terminal 
symptoms can still be observed, unless the patient is aware 
of them, there is no ethical justifi cation for using DCS to 
relieve the suffering of the patient, since “suffering” in that 
case does not exist. And yet many studies show that DCS is 
requested and employed, even in minimally aware or even 
unconscious patients, and at times with the physician’s 
explicit intention to hasten death [ 12 ], in some cases even to 
facilitate the death of nonterminal patients [ 13 ]. 

    Existential Suffering and Transcendence 

 While it may seem out of place to discuss the concept of 
transcendence in a medical textbook, transcendence never-
theless plays a key role in controversies concerning DCS. Not 
only have physicians been historically slow to accept that 
spiritual and psychological aspects of end of life impact the 
physical process of dying, but many even deny that it is the 
role of physicians to incorporate such thinking and under-
standing in the care of the dying patient. Little research 
is available to teach us about the impact of spirituality and 

religiosity on adult dying patients, and none at all is available 
regarding the dying child. Yet it is reasonable to assume that, 
at the very least, what little we do know about adult patients 
will apply to many older children—and may apply to younger 
children as well. 

 What do we mean by  transcendence ? While there are 
many different defi nitions offered, one way to consider tran-
scendence in the dying patient is as the opportunity and 
potential for the patient to fi nd comfort in understanding 
their own death in a broader context than simply the physical 
one. For the dying patient, psychological, spiritual, and reli-
gious resolution and comfort may assume much greater 
importance than physical comfort. Denying patients the 
opportunity to seek and achieve such an understanding at 
the end of life may deny them an important path toward relief 
of their overall suffering. Transcendence, ultimately, is sur-
passing what we have already become, through our experi-
ences and understanding of those experiences. 

 Although many physicians and family members worry 
that knowing that death is imminent may cause patients to 
despair, lose hope, and even seek to hasten their own deaths, 
research in adult patients confi rms exactly the opposite: that 
achieving transcendent understanding of their own death can 
be profoundly comforting to patients. 

 Kellehear, in a theoretical model of spiritual needs in 
 palliative care, defi ned a framework for understanding spiri-
tuality and religiosity in the dying patient [ 19 ]. “Spirituality” 
refers to a feeling of connectedness to the universe and the 
search for the meaning of life that may or may not be con-
nected to any religious fi gure. “Religiosity” is an organized 
set of beliefs and rituals that are carried out with the goal 
of connecting to a higher power, such as a god [ 20 ,  21 ]. 
In Kellehear’s model, spiritual meaning arises from three 
types of needs: situational, moral, and biographical [ 19 ]. 
Situational needs arise from individual personal and social 
experiences played out in the context of the individual 
patient’s illness. Patients seek meaning, purpose, and hope 
within their own experience of their illness. Moral and bio-
graphical needs are met by fi nding reconciliation of past 
dilemmas, reunion with others, forgiveness, and closure. The 
patient may seek moral and social analysis of their life and 
dying process. Religious needs are met through seeking 
divine reconciliation and forgiveness, through the experience 
of religious rites, visitation and literature, and through 
 discussion of eternal life and hope. In this model, research 
with adult patients to determine the effect of spiritual 
and/or religious well-being at end of life demonstrates that 
patients who are informed and aware of the imminence of 
death generally have signifi cantly  higher  scores on a spiri-
tual well-being scale than those from whom explicit infor-
mation is withheld [ 22 ]. Patients who are aware of their 
terminal condition may use remaining time to redirect and re-
evaluate their lives, and focus on resolving their spiritual needs. 
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As de Benedetto et al. commented about listening to patients 
at end of life:

  We allow them to transform their chaos stories into quest stories, 
in which their illnesses become teaching tools for all involved. 
Quest stories are stories of transcendence [ 23 ]. 

   Many doctors are uncomfortable with spiritual and expe-
riential discussions with dying patients, and may justify 
ignoring or curtailing such conversations as a means of 
reducing patient suffering—when exactly the opposite may 
in fact be true. Premature institution of DCS, ostensibly to 
relieve the “anxiety” that causes patients to seek spiritual 
comfort may prevent patients from being able to fulfi ll criti-
cal spiritual needs at end of life. 

 Spiritual experiences are common among dying patients. 
Renz et al. [ 24 ] reported on 251 patients in whom 135 
described experiences of peace, freedom, transformed per-
ception or consciousness, experiences of God within and 
outside of the experience of suffering, and experiences of 
spirit and energy—a sort of divine light. All patients in the 
Renz study reported reduced pain, less anxiety, and better 
body awareness, as well as a different attitude toward illness, 
life, death, and the divine shortly before they died. Other 
studies also demonstrate that signifi cant proportions of ter-
minally ill patients experience spiritual and transcendent 
phenomenon [ 25 ], with many, but not all, of these experi-
ences occurring very shortly before death. As one patient 
stated of their experience, “Simple. Elegant. Beautiful. And I 
hang on to that with everything I’ve got” [ 25 ]. A signifi cant 
shift toward peace and contentment is one hallmark of these 
experiences, and they appear to permanently eradicate a 
patient’s fear, dread, and anxiety as death approaches. 

 It is understandable that some health care providers ques-
tion the use of DCS toward end of life, since even minimal 
studies seem to indicate that these are important, comforting, 
and transforming experiences that mitigate suffering for both 
the patient and family, and since many of these experiences 
happen when the patient is close to death and consideration 
of DCS might be in play. But are such “transcendent experi-
ences” of real value to patients, particularly to children? 

 The impact of transcendent experiences on dying children 
is entirely unstudied, but spirituality is known to play an 
important positive role in the comfort and well-being of 
dying children [ 26 ,  27 ]. And while terminal spiritual experi-
ences in younger children are not extensively described, they 
certainly exist based on reports of near-death experiences 
in children—one type of terminal spiritual event [ 28 ]. DCS 
in even young children may therefore deprive them of impor-
tant experiences with regard to meaning in life and spiritual 
comfort. This may be especially true when DCS is employed 
to treat “anxiety” rather than to mitigate intractable physical 
pain, or worse, to relieve the anxiety of others around the 
child, such as parents, family, and caregivers—for it may 

then not best serve the child. At the very least, the reasons 
and goals for employing DCS should be carefully explored, 
and consideration given to the important experiences DCS 
may obliterate as well as ameliorate.   

    DCS and Euthanasia: Is Permanent Loss 
of Consciousness a Form of Death? 

 One concern regarding the practice of DCS is whether it 
 ethically amounts to a subtle form of euthanasia—one that 
simply serves to camoufl age the true nature of the physi-
cian’s actions and skirt legal sanctions and professional oaths 
against killing patients. To examine this concern, we need to 
consider what determines if an act is euthanasia, what defi nes 
death, and the role of intention and the principle of double 
effect in DCS practice. 

    What is Euthanasia? 

 Euthanasia is a general term that is derived from Greek roots 
 eu , meaning good or well, and  thanatos , meaning death. 
In modern usage, euthanasia always refers to an act of killing, 
but one that must meet certain conditions. Not every act of 
killing is euthanasia, but every act of euthanasia is a killing, 
for every act of euthanasia ends in death. Furthermore, the 
term “euthanasia” itself has no intrinsic or independent ethi-
cal or legal value: Various acts of euthanasia can be ethical, 
unethical, legal, or illegal. 

 Intentions, foresights, and motives are crucial determi-
nants of euthanasia. Euthanasia is above all a  deliberate  act 
and requires the explicit intention that the object of the 
act will be killed. It is neither an accidental side effect nor 
even a recognized but acceptable risk of an action that is 
intended primarily to produce results other than death. Thus, 
administration of pain medication with the explicit intention 
only of relieving pain, but which causes a possible, but not 
necessarily wished-for side effect of respiratory depression 
and death, is not euthanasia. If this was not so, then any phy-
sician who attempts to treat a critically ill patient by admin-
istering an intravenous antibiotic that unintentionally results 
in immediate anaphylaxis and death—a known albeit small 
risk of such action—commits euthanasia. Because personal 
intentions can be diffi cult to independently verify, it may be 
diffi cult to determine with certainty whether some acts of 
killing are really euthanasia or merely unintended side 
effects of other well-intentioned actions. 

 Intention and foresight are important concepts in both the 
legal and medical concepts of euthanasia, and they are not 
synonymous.  Intention  refers to the specifi c goals and 
desired results of an action.  Foresight  is conceiving of out-
comes that we may or may not intend. We might consider the 
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risks of many “secondary outcomes” as signifi cant, without 
primarily desiring them. In a recent news article, a hunter acci-
dentally killed his hunting partner with a gunshot, while trying 
to kill the bear that was attacking him. Certainly the hunter 
may have  foreseen  a risk, even a signifi cant one, that since both 
bear and human were in his sights, he might actually shoot the 
human. But his  intention  was to kill the bear. Foreseeing a pos-
sible outcome does not mean that it is our intention. 

 Finally, for an act to be euthanasia it must have at its heart 
a special type of  motive . Motive differs from intention in that 
motive refers to the reasons  behind  our intentions. Motive is 
an incitement to action, whereas intention is the intended 
outcome of the action that is incited. Euthanasia has  mercy  
at the heart of its incitement and  altruism  as its core virtue. 
In these ways it shares common roots with DCS, whose 
intention is also merciful and virtue is altruistic. Harold 
Shipman, a British physician who administered lethal drugs 
to patients because he stood to inherit large sums of money 
from their estates, committed murder and not euthanasia 
 even  if many of the deaths he caused were swift and painless 
and  even  if as a “side effect” they sometimes ended the life 
of someone who was suffering and actually wanted to die. 
That is because his primary motive was based neither in 
mercy nor altruism, but rather in self-enrichment [ 29 ]. 

 The term “euthanasia” does not require nor even imply 
that the subject is always able to understand, consent to, or 
request a “good death.” This becomes most obvious when we 
speak of the euthanasia of nonhuman animals, which  always  
occurs without consent. Euthanasia recipients can include 
incompetent and never-competent humans, such as infants. 
Whether it is legal, ethical, or desirable to subject such indi-
viduals to euthanasia is a complex topic beyond the scope 
of this chapter. However, because “mercy” is a core require-
ment in order for a killing to be considered euthanasia, it 
follows that in the case of competent persons of any age who 
are capable of deciding whether euthanasia represents a mer-
ciful death for them, consent by the patient is required. 

 Why do we worry about physicians performing euthana-
sia? Ancient oaths have emphasized the physician’s role as 
healer; indeed proscribing practices that, intentionally or 
otherwise, hasten death. Such prohibitions have rested in the 
traditional role of physicians as healers and not killers, and 
the “societal contract” physicians owe to protect lives in 
return for being pulled into their patients’ privacy and confi -
dences, and for being given unprecedented power in affect-
ing the quality and duration of patients’ lives. Physicians 
have been prohibited by their oaths since ancient times from 
participating in the killing of human beings. But the  changing 
physical and moral landscapes of end of life in the last 
 century have led to serious reconsideration of the appropriate 
role of the physician when death is inevitable. And even 
in the face of intense debate, PAS and euthanasia is still 

 permitted in only a handful of places in the world. It is 
important, therefore, to consider whether DCS is, as some 
suggest, a disguised form of euthanasia.  

    Defi ning Death 

 Proponents of deep conscious sedation (DCS) argue that 
DCS can be differentiated from euthanasia because DCS is 
reversible, while death (due to euthanasia) is not. 

 Death, however, has been a diffi cult concept for human 
beings to strictly defi ne. In 1968 when the ad hoc Committee 
of the Harvard Medical School defi ned “brain death” [ 30 ], 
they considered whether “death of personhood” was another 
way of defi ning death. The Committee defi ned brain death as 
irreversible cessation of the function of the whole brain. 
Lesser, but still permanent brain dysfunctions were also con-
sidered, such as permanent coma, in which various degrees 
of dysfunction of the cortex were present, but brainstem 
function remained essentially intact. Proponents of a “per-
sonhood” defi nition of death argued that once a human being 
reached some threshold level of cognitive dysfunction, their 
inability to participate in a social context in their lives essen-
tially rendered them “dead,” and that therefore certain coma-
tose patients could be declared dead [ 31 ]. Some authors have 
discussed the ethics of using such comatose patients for 
unconsented vital organ donation, for example [ 32 ]. 

 In whatever way death is defi ned, however, one common 
requirement is that death is a permanent state of affairs. Even 
in patients whose hearts have stopped and then been restored 
to beating, we do not say medically that they were biologically 
dead. We say we have “resuscitated” them, not “resurrected” 
them. To be sure, death hovered close by—prolonged cardiac 
arrest would have progressed quickly from “resuscitatible” to 
“nonresuscitatible” and therefore permanent. Loss of brain 
function would have progressed from “reversible” to “irrevers-
ible.” The attainment of a permanent loss of these functions is 
a key element to declaring death. 

 Because DCS can be reversed (i.e., the medications can 
be stopped and the person presumably restored to higher 
 levels of awareness), it is argued by many physicians that it 
cannot be considered “death,” and therefore instituting it is 
not a form of “euthanasia” [ 33 ]. Anesthesiologists regularly 
produce a state of profound unconsciousness in their patients, 
for example, but no one equates that state with death, nor the 
practitioner of anesthesia with having committed an act of 
killing. However, others point out that the  intention and 
practice  of DCS produces  permanent  loss of consciousness, 
and therefore permanent loss of “personhood.” If death can 
be defi ned as an intended permanent loss of social participa-
tion and awareness, then DCS certainly produces a type of 
death [ 34 ]. 
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 Defi ning the nature of such a “social death” proved elusive 
for the ad hoc committee, due to the spectrum of cognitive 
dysfunction that could be considered “dead” under such a 
defi nition, together with the potential temporary nature of 
loss of personhood. There were concerns that a “slippery 
slope” may then allow physicians and families to kill vulner-
able persons who have been disabled by varying levels of 
cognitive dysfunction. Furthermore, subsequent research 
indicated that many human beings considered to be perma-
nently “comatose” and therefore having “lost personhood,” in 
fact have high levels of awareness and are merely prevented 
from demonstrating awareness and interacting with others 
due to other disabilities imposed on them by their brain inju-
ries [ 35 ]. For these and other reasons, loss of personhood has 
never been accepted legally or ethically as a defi nition of 
death in the United States, and ethical arguments that DCS 
constitutes euthanasia are somewhat weak.  

    DCS and Hastening Death 

    The Principle of Double Effect and DCS 
 Many argue that DCS, even if it causes or hastens death, is 
ethically permissible under the ethical principle of “double 
effect.” Double effect is the concept that an action can have a 
combination of benefi cial and harmful results, but is still 
ethical if the intent is  only  to produce the benefi cial ones. 
The principle of double effect is rooted in Catholic theology 
and was fi rst mentioned in the writings of St. Thomas 
Aquinas regarding self-defense as a “duality of the results of 
single human actions” [ 36 ]. In the process of defending one-
self, the defender might kill the aggressor without intending 
to kill but merely to fend off an attack. The defender would 
then be held less culpable for the outcome (although it is 
important to note that they would not necessarily be  entirely  
inculpable). 

 The principle of double effect can be asserted only if sev-
eral assertions are true: (1) the action has both potential 
“good” and “bad” results, (2) the action is not in and of itself 
immoral, (3) the action is undertaken solely with the purpose 
of producing the good effect and not that bad one—even 
though the bad effect may be foreseen, (4) the good effect is 
not achieved by means of the bad effect, and (5) the action 
is undertaken for a “proportionally grave” reason [ 37 ]. 

 To invoke the principle of double effect to justify DCS, 
we have to suppose that DCS may hasten death in some 
cases. If we accept for the moment that supposition, and if 
we review the fi ve assertions of double effect in the context 
of DCS, we can accept the assertions that (1) DCS has both 
potentially good and bad results as it may hasten death, and 
(5) DCS is (or at least should be) undertaken for a propor-
tionally “grave” reason—the relief of intractable suffering in 

a dying patient when relief cannot otherwise be achieved. 
But with the second, third, and fourth assertions we run into 
problems. 

 Is DCS morally neutral, as required in the second asser-
tion? In the case of patients who stop eating and drinking 
 because of DCS , the treatment is not neutral, but directly, 
necessarily, and predictably could lead to harm, unless nutri-
tion and hydration are then artifi cially administered. The 
combination of DCS with withdrawal of hydration and nutri-
tion therefore presents particular problems with the concept 
of the moral neutrality of DCS. The institution of DCS 
increases the risk of complications that may hasten death 
(such as aspiration) and  requires  that the patient be put into a 
state of enhanced risk. This raises questions about the valid-
ity of the fourth assertion. 

 Is the third assertion, that the action is undertaken only 
to produce the good effect, upheld in DCS? Many authors 
suggest that DCS carries as its underlying motive a funda-
mental harm: the wish to hasten death [ 37 ,  38 ]. Studies 
demonstrate that in a signifi cant portion of cases physicians 
actually  intend  to hasten death. Surveys of Dutch physi-
cians, where euthanasia is legal, demonstrate that hastening 
death is actually an explicit  intention  in 17 % of cases of 
DCS, and it is cited as partly the intention in 47 % of cases 
[ 39 ]. A study of United Kingdom doctors also indicated that 
DCS was somewhat intended to hasten death in a signifi cant 
proportion of cases [ 40 ]. A recent survey carried out by the 
Association of American Physicians and Surgeons found 
that 16 % of American physicians said that they had “fi rst-
hand knowledge of patients who were placed on ‘terminal 
sedation’ with denial of fl uids and nutrition in United States 
hospitals, when in [their] opinion they might recover with 
aggressive treatment” [ 41 ]. It is almost certain therefore that 
in some cases, in the perception of the physician and/or 
 family, a “good effect” is achieved through the intended 
death of the patient, which also violates the fourth assertion 
of double effect. 

 Studies show that the situation is not much better when 
the terminally ill patient is a child. A signifi cant percentage 
(13 %) of parents report that they considered requesting has-
tening the death of their terminally ill child, and in 9 % of 
cases, actually discussed this possibility [ 42 ]. This intention 
increased if the child’s primary symptoms were related to 
pain. Retrospectively, about 34 % of parents indicated that 
they would have considered hastening their child’s death if 
the child had experienced uncontrolled pain, and 15 % for 
intractable psychological suffering. When a child is unable 
to communicate during the terminal stages of illness, moth-
ers are more likely to believe that death is better for their 
child, and when a child faces six or more years of illness, 
fathers are more likely to consider death to be preferable for 
the child [ 43 ].   
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    DCS and Withdrawal of Hydration 
and Nutrition 

 Is it ethical to withdraw nutrition and hydration when DCS 
is initiated? Or is it, as some assert, a form of “slow 
euthanasia”? 

 On the one hand, adult patients and their surrogates in 
the United States have rights under federal law and the 
Constitution to refuse even life-saving medical care [ 44 ]. 
The courts have repeatedly determined that withdrawal of 
nutrition and hydration is no different than withdrawing 
other medically initiated life-sustaining care, and may be 
withheld at the request of a competent patient or a patient’s 
surrogate decision-makers [ 45 ,  46 ]. However, the issues con-
cerning withdrawal/withholding of treatments in children are 
less clear—particularly in very young children who may not 
completely understand the issues and may not be able to 
express preferences or to have true decisional autonomy. 
Court-ordered cancer treatment for minor children that over-
rides parental and child religious objections, for example, is 
not all that unusual. 

 Studies indicate that palliative sedation does not appear 
by itself to shorten life—largely because it is initiated in the 
fi nal phases of terminal illness [ 47 ] (Table  37.4 ). Dehydration 
associated with withholding of artifi cial fl uids and/or nutri-
tion at the time of initiation of palliative sedation typically 
results in death within 2 weeks [ 48 ]. The practice of with-
drawing/withholding artifi cial nutrition and hydration at the 
time of initiation of DCS is widespread [ 49 ] and occurred 
in up to 64 % of patients who received DCS according to a 
European survey [ 50 ].

   Since the indication for DCS is to treat intractable symp-
toms by rendering the patient permanently unconscious and 
 not  to deliberately hasten death, caution is indicated when 
these two ethically diverse decisions are combined in one 
event. 

 The decision to withdraw hydration and nutrition should 
be made separately and distinctly from the decision to initi-
ate DCS, and the intent of each action made clear to the 
patient, to family members, and to health care workers 
involved. Some authors point out that the patient’s (or par-
ents’) preferences regarding the use of artifi cial hydration 
and nutrition should be clearly established  separately and 
before  any decision to initiate DCS [ 51 ]. If death from the 

underlying cause is expected within 2 weeks, the decision to 
withhold nutrition and hydration may not be morally 
signifi cant. 

    Legal Precedents and Physician Attitudes 
Regarding DCS 
 Although some argue that DCS and euthanasia, or PAS, are 
ethically similar, legal precedent and physician opinion 
 nevertheless clearly distinguish between the two. 

 In 1997, in the case of Washington et al. v. Gucksberg 
et al., the United States Supreme Court held that the (then) 
ban in Washington State 1  on PAS was not unconstitutional 
[ 52 ]. Justice Sandra Day O’Connor, in her concurring opin-
ion, not only distinguished the practice of DCS from eutha-
nasia, but stated that “a patient who is suffering from a 
terminal illness and who is experiencing great pain has no 
legal barriers to obtaining medication from qualifi ed physi-
cians to alleviate that suffering, even to the point of causing 
unconsciousness  and hastening death ” (author’s italics). 
There is no doubt that DCS constitutes legal end-of-life care 
in the United States. 

 About 78 % of physicians in one survey supported the 
use of DCS in end-of-life care, but almost half of those who 
supported DCS were opposed to PAS and euthanasia [ 53 ]. 
This could indicate either that physicians are unaware of 
ethical arguments that place these actions in the same moral 
boat or that they use perceived differences in these actions to 
justify DCS and alleviate themselves of culpability  even 
when hastening death is their intention . In one survey of 
Dutch physicians, many indicated that, unlike with PAS or 
euthanasia, the physician experienced a patient’s death 
 following DCS as a “natural death,” with an entirely different 
emotional context than if actively assisting a death [ 53 ,  54 ]. 
This feeling was by no means universal however, with some 
physicians in the survey reporting that they experienced 
the “social death” of the patient and their fi nal goodbyes 
at the initiation of DCS similarly to deaths from PAS or 
euthanasia.    

    Professional Societies and Opinions 
Regarding DCS 

 The American Medical Association has released an opinion 
by the Council for Ethical and Judicial Affairs that endorses 
DCS in terminally ill patients who suffer from intractable 
physical symptoms (pain, nausea and vomiting, shortness of 
breath, and agitated delirium) as well as severe psychologi-
cal distress [ 55 ]. They exclude purely existential suffering as 
an indication for DCS, stating, for example, that loneliness 

1   In 2008, Washington State passed a law allowing physician-assisted 
suicide. 

   Table 37.4    Time to death after institution of deep conscious sedation 
(DCS) [ 11 ]   

 Time to death after institution of DCS  % of patients 

 ≤24 h  47 
 1–7 days  47 
 2 weeks   4 
 >2 weeks   2 
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and isolation should be treated by broader social and  spiritual 
support. This exclusion is interesting in that is presupposes 
that such interventions are actually effective for intractable 
existential suffering, when no such effi cacy has ever been 
shown. They caution that proportionality of treatment is 
key in DCS—sedation should be used only to the level nec-
essary to relieve distressing symptoms. In the report, they 
present clinical guidelines for practicing palliative sedation 
(Table  37.5 ).

      Guidelines 

 There are a few authoritative statements and guidelines for 
the use of DCS. Essentially all indicate that the patient must 
be in a terminal condition, and DCS can be instituted only if 
symptoms are intolerable and refractory. All endorse that 
expected survival should be very short—from days up to 
about 2 weeks. Most professional societies approach the 
issue of palliative sedation similarly to the American Medical 
Association, whose recommendations are summarized in 
Table  37.5 . 

 The aspect in which guidelines and statements often  differ 
signifi cantly is on the issue of whether DCS is permissible to 
treat existential suffering (Table  37.6 ) [ 11 ,  55 – 59 ].

        Initiating DCS: Goals, Monitoring, 
and Evaluation of Effi cacy 

 Common sedatives used in DCS include midazolam, loraze-
pam, haloperidol, pentobarbital, phenobarbital, and propofol. 
Most are administered intravenously or subcutaneously in a 
continuous regimen, with the goal being to reach a dose that 
achieves sedation of suffi cient depth to achieve the endpoint 
of alleviation of the patient’s distressing symptoms. Typical 
dosing can be found in many sources [ 8 ], but the range of 
dosing is wide and ultimately based on achieving the desired 
result of diminished or absent awareness of terminal symp-
toms. For midazolam, for example, usual maintenance  dosing 

for an intravenous infusion is anywhere from 20 to 120 mg/
day in adult patients [ 8 ]. 

 Commonly, opioids are erroneously discontinued at the 
time that DCS is initiated, under the mistaken understanding 
that sedation is all that is needed. Medications targeted for 
the patient’s source of suffering (e.g., opioids for pain) 
should be continued and sedation used to augment those 
treatments to achieve the goal of diminished or absent aware-
ness of residual discomfort [ 8 ]. Reducing pain medication 
while initiating sedation can lead to opioid withdrawal and 
increased suffering, or increasing pain with diminished abil-
ity of the patient to communicate about symptoms. 

 Monitoring of symptoms should include clinical observa-
tion, periodic vital signs, conversations with family and other 
observers about their impressions of the patient’s comfort 
level, and, if complete unconsciousness is not intended or 
achieved, conversations with the patient. Usual measures to 
assess depth of sedation, such as the application of painful 
physical stimuli to gauge arousal, are contraindicated in DCS. 

    Recommendations for Initiating DCS 
in Pediatric Patients [ 60 ] 

 The initiation of DCS should follow certain prescribed steps:
    Step 1 : Once it is determined that a patient is terminally ill, 

establishment of general palliative therapy should include 
discussion of the patient’s (or their surrogates’) goals, given 
the terminal prognosis. Desires regarding resuscitation and 
treatments such as artifi cial hydration and nutrition should 
be discussed prior to and separately from discussion of 
DCS.  

   Step 2 : Symptom-specifi c therapy should be optimized prior 
to consideration of DCS. Palliative sedation therapy 
should only then be considered if intractable suffering is 
still present despite optimization of symptom-directed 
therapy. The patient and/or their parents should be 
informed of the expected results of treatments, including 
the fact that simultaneously withdrawing hydration and 
nutrition with initiation of DCS does not appear to hasten 

    Table 37.5    Recommendations of the American Medical Association regarding palliative sedation [ 55 ]   

 The patient must be in the fi nal stages of terminal illness, and the rationale for palliative care must be documented in the chart 
 DCS may be considered when symptoms do not respond to aggressive, symptom-specifi c treatments 
 Informed consent should be obtained from the patient and/or the patient’s surrogate for DCS 
 Physicians should consult with a multidisciplinary team, including experts in palliative care to assure that symptom-specifi c treatments have been 
suffi ciently employed and DCS is now the most appropriate course 
 Physicians should discuss with patients considering DCS the care plan, including degree and length, intermittent or constant, and specifi c 
expectations for continuing, withdrawing, or withholding future life-sustaining treatments 
 Once palliative sedation is begun, measures to monitor treatment must be in place 
 Palliative sedation is not appropriate for purely existential suffering 
 Palliative sedation must never be used to intentionally cause a patient’s death 
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death. Pediatric patients should be included in discussion 
of these measures to the level of their ability to do so.  

   Step 3 : The patient, family members, and health care workers 
should have a clear idea of treatment goals, and clear indi-
cators should be established that will be used to assess 
patient comfort and the need to further titrate sedation. 
These matters should include the observation points and 
times, and who does what and when. The overall process 
should be evaluated personally by the physician a 
  minimum   of once a day. New symptoms can arise that 
require attention.  

   Step 4 : Palliative sedation therapy should start with a trial 
of sedation titrated to provide adequate symptom control. 
If lesser degrees of sedation than DCS provide adequate 
symptom relief, then permanent unconsciousness need 
not be pursued, and generally should not be.  The treating 
physician should always be present at the initiation of 
DCS  [ 11 ]. It is an “emotionally charged” event and may 
feel/appear to the family emotionally comparable to the 
death of the patient. Use of opioids for the sole purpose 
of DCS is specifi cally contraindicated and under some 
guidelines is specifi cally called out as “bad practice” [ 11 ]. 
Opioids, such as morphine, do not reliably reduce aware-
ness, but do have side effects that can increase patient 
 suffering, such as delirium and myoclonus. If opioids are 
being used to treat pain or dyspnea, for example, they 
should be continued.    
 Two validated scales to assess sedation were found in one 

study to be the most reliable for use in palliative sedation 
[ 61 ]: the Guide for Sedation of the Royal Dutch Medical 
Association (KNMG) (Table  37.7 ) and the Richmond 
Agitation-Sedation Scale (RASS) (Table  37.8 ) [ 62 ].

         Conclusion 

 Palliative care involves a turn from goals of cure to those 
of comfort and terminal symptom control. When suffering at 
end of life becomes intractable, many physicians are turning 
to the use of DCS to control problematic symptoms. In cases 
where the terminally ill patient is a child, the quality of 
 palliative care has been shown to have effects on parental 
well- being for many years following the child’s death. 

 Sedation that is aimed at producing drowsiness and 
reduced agitation may have ethical implications regarding 
patient participation in end-of-life decisions, but DCS is eth-
ically much more controversial, and in all cases is considered 
a “radical medical treatment.” While there appears to be 
widespread agreement that DCS should be used to treat 
intractable physical symptoms, there is signifi cant disagree-
ment about the use of DCS to treat existential suffering, even 
though such symptoms can be more problematic to patients 
than physical ones. The nature of existential suffering in 
 terminally ill patients is poorly studied and remains virtually 
unknown in children, particularly young children. 

 Signifi cant controversy regarding DCS centers on whether 
DCS constitutes a form of euthanasia that circumvents nor-
mal legal and moral sanctions against killing. These concerns 
have resurrected debates about whether “loss of personhood” 
at end of life represents another legitimate defi nition of death. 

   Table 37.6    Guidelines statements regarding use of DCS for treatment of existential suffering [ 11 ,  55 – 59 ]   

 Society  Is DCS permissible for existential suffering? 

 American Academy of Hospice and Palliative Medicine [ 56 ]  Not specifi ed 
 American College of Physicians – American Society of Internal 
Medicine Consensus Panel [ 57 ] 

 Not specifi ed, although only physical symptoms are addressed 

 AMA Council on Ethical and Judicial Affairs [ 55 ]  No 
 Royal Dutch Medical Association [ 11 ]  Yes 
 Harvard University Community Ethics Committee (CEC) [ 58 ]  Yes 
 Veterans Health Administration [ 59 ]  Did not specifi cally exclude it in their fi nal recommendations, 

but weighed against it in their discussion 

   Table 37.7    The KNMG Sedation Scale [ 11 ]   

 Sedation  Description 

 Level 1  (a) Awake and oriented 
 (b) Drowsy 
 (c) Eyes closed, responds to verbal commands 
 (d) Eyes closed, responds only to physical stimulation 

 Level 2  Not arousable by physical stimulation 
 Level 3  Not arousable, basic brain function affected 

(e.g., depressed respiration) 

   Table 37.8    The Richmond Agitation-Sedation Scale [ 62 ]   

 Score  Observation 

 +4  Combative: violent, danger to staff 
 +3  Very agitated: pulls at tubes, aggressive toward staff 
 +2  Agitated: frequent nonpurposeful movement or 

ventilatory dyssynchrony 
 +1  Restless: anxious, but movements nonvigorous 
 0  Alert and calm 
 −1  Drowsy: not fully alert, but eye contact >10 s to voice 
 −2  Light sedation: eye contact, but <10 s to voice 
 −3  Moderate sedation: any movement (no eye contact) 

to voice 
 −4  Deep sedation: no response to voice, but movement 

with physical stimulation 
 −5  Unarousable: no response to voice or physical 

stimulation 
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 Justifi cation of DCS by the principle of double effect may 
not be appropriate application of ethical theory, and the very 
assertion that DCS hastens physical death appears to have 
been substantially refuted by medical studies. 

 The clinical practice of DCS is poorly studied overall and 
remains virtually unstudied in pediatric patients. Poor clini-
cal practices, such as discontinuing opioids with initiation of 
DCS, or using opioids as a primary agent to produce DCS, 
are common. More research and better training in the clinical 
and ethical aspects of DCS is needed for physician caring for 
patients of all ages.     
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    Abstract  

  This concluding chapter will summarize the progress that has already been made and refl ect 
on the opportunities and ongoing needs for advancing the fi eld of pediatric sedation. The 
future of pediatric sedation will benefi t from our ability to more accurately target and 
achieve the optimal level of sedation, analgesia, and amnesia needed for a given procedure. 
Advances in sedation will require that we improve our ability to proactively identify, antici-
pate, prepare for, and treat adverse events. The important areas that remain to be explored 
and advanced will be reviewed.  
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        Introduction 

 Over the past two decades, pediatric sedation outside of the 
operating room has evolved rapidly and is an important part 
of the care of children. It is now an area of interest, research, 
and clinical practice that encompasses multiple specialties. 
Policies, procedures, and guidelines have been created 
worldwide by specialty organizations and even governmen-
tal agencies, all designed to maximize safety and outcome. 
Clinical research continues in efforts to further our knowl-
edge of sedation practice, predictors of adverse outcome, 
and improve safety. However, there still remains to be many 

opportunities to optimize the safe practice of pediatric 
 sedation, as well as improve the effi ciency and effi cacy of its 
implementation [ 1 ]. 

 Often, when we look for advances in sedation, we look to 
new agents to improve our practice. The perfect sedation 
agent would allow the physician to provide adequate analge-
sia and amnesia of the painful sedation, have a precisely 
controllable duration of action, and then quickly have com-
plete recovery without any adverse events. Unfortunately, 
such an agent does not currently exist, and we are left to 
adjust the protocols that we have to come as close as possi-
ble to this goal. 

 This concluding chapter will summarize the progress that 
has already been made and refl ect on the opportunities and 
ongoing needs for advancing the fi eld of pediatric sedation. 
The future of pediatric sedation will benefi t from our ability 
to more accurately target and achieve the optimal level of 
sedation, analgesia, and amnesia needed for a given proce-
dure. Advances in sedation will require that we improve our 
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ability to proactively identify, anticipate, prepare for, and 
treat adverse events. The important areas that remain to be 
explored and advanced will be reviewed.  

    The Optimal Level of Sedation 

    Outcome Assessment and Standardization 
of Adverse Event Identifi cation 
and Documentation 

 From the patient’s perspective, a swift return to preprocedure 
mental status after having achieved adequate amnesia and 
analgesia represents a good outcome measure of a successful 
sedation. To achieve this outcome, the sedation provider 
would need to achieve a level of sedation adequate to induce 
amnesia in order to avoid the procedural recall associated 
with lighter levels [ 2 – 4 ]. Balancing patient comfort and sat-
isfaction with safety requires that the provider anticipates 
that the deepest levels of sedation place patients at the high-
est risk for complications. These risks are most prone to 
occur within 3–20 min of receiving intravenous (IV) seda-
tives and when noxious stimuli are removed (immediately 
after the procedure) [ 3 ]. 

 In terms of an assessment of the risk to the patient, the 
presence and nature of any adverse events that occurred dur-
ing the sedation procedure are a good measure of the proce-
dure’s outcome. Adverse event rates for procedural sedation 
outside of the operating room (OR) have been described to 
range from 2.5 to 7.7 % [ 5 – 10 ], but the actual rate depends 
on what is considered to constitute an adverse event and it 
has varied among studies. Indicators of adverse events dur-
ing procedural sedation that have been reported include 
sedation to a deeper level than intended, hypoxia, the need 
for assisted ventilations, clinically signifi cant hypotension, 
aspiration, and endotracheal intubation. 

 The indicators that we use to compare and assess sedation 
outcomes, however, are not always clearly defi ned or 
accepted. For example, the occurrences of hypoxia and 
hypotension are identifi ers that have no standardized defi ni-
tion. A review of the published sedation literature indicates 
that the defi nitions of hypoxia range from a 5 to 20 % drop in 
oxygen saturation and hypotension is defi ned as a 0–30 % 
deviation from either the patient’s presedation vital signs or 
from established normal values [ 11 ]. Without clearly defi ned, 
standardized, and objective identifi ers of adverse events, it is 
diffi cult to evaluate and compare sedation outcomes in the 
literature. 

 A recent set of recommendations [ 12 ] has advocated for 
the adoption of objective, standardized defi ners that could be 
applied not only to clinical studies, but also to quality assur-
ance programs. These recommendations advocate that the 
need to “intervene” is an easily identifi able and objective 

identifi er of the occurrence of an adverse or noteworthy 
event. Physician interventions are robust to clinically insig-
nifi cant events and sensitive to events that are not necessarily 
captured with physiologic monitors and would identify 
events that require physician intervention in order to avoid, 
treat, or resolve complicated events during the procedure. 
This advance in research may help identify risk factors asso-
ciated with the need for intervention and may ultimately 
highlight factors, predictors, and protocols that may be asso-
ciated with signifi cant adverse events. Identifying risk fac-
tors for the need for physician intervention may allow us to 
refi ne our pediatric sedation techniques and guide our train-
ing and credentialing process using clinically signifi cant 
events, rather than using unclear changes in vital signs or 
rare outcomes.  

    Defi ning the Depth of Sedation 

 The Sedation Continuum is another topic of interest and 
advancement [ 13 ,  14 ]. Clinical outcomes, policies, guide-
lines, and recommendations are usually founded on the tar-
get depth of sedation for a procedure and risks associated 
with that depth. For example, the qualifi cations necessary to 
administer deep sedation is a controversial topic. Specialty 
societies worldwide, the Center for Medicaid and Medicare 
Services in the United States as well as the government spon-
sored health services abroad, have all weighed in with differ-
ent opinions and guidelines [ 10 ,  15 – 25 ]. The basic tenet of 
this controversy, however, is founded on a relatively subjec-
tive scoring system: The assessment of a patient’s response 
to verbal, tactile, and painful stimulation is used to defi ne the 
depth of sedation on the sedation continuum. The tenet of the 
sedation continuum is that the depth of sedation is fl uid and 
a patient can fl uctuate between levels. There are limitations 
to this scoring system: It is subjective and not always a fea-
sible method of assessment usually performed by the same 
provider administering the sedative. Accurate, continuous 
monitoring is not always possible, appropriate, or safe, par-
ticularly when the sedated patient is far removed from the 
sedation provider (magnetic resonance imaging (MRI) stud-
ies) or undergoing a procedure that discourages patient 
response (angiography) [ 26 ]. 

 Sedation scales have been proposed in efforts to mini-
mize the subjective component of the scoring process [ 27 ]. 
(Refer to Chap.   5    .) None, however, have eliminated the sub-
jective contribution. Rather, these markers are associated 
with increasing levels of sedation and respiratory depres-
sion and are not accurate identifi ers of procedural success, 
patient recall, and the incidence of adverse events [ 28 ]. In 
order to advance our ability to detect adequate sedation, 
more precise measures of the depth of sedation must be 
developed [ 14 ,  26 ]. 
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 Green and Mason have advocated a reformulation of the 
sedation continuum. Instead of basing the scale on subjective 
or semiobjective criteria, scales based on objective physio-
logic monitoring would be devised. The reformulated seda-
tion continuum would be based on an objective means of 
assessing and stratifying sedation risk. The tool would be 
identifi ed as the Objective Risk Assessment Tool for Sedation 
(ORATS) [ 14 ] (Table  38.1 ). The ORATS tool would be used 
in conjunction with a Comfort Assessment Tool for Sedation 
(CATS), which reconfi gures the existing sedation continuum 
to refl ect and follow the degree of comfort [ 14 ]. Focused 
research will be required to validate the specifi c variables, 
thresholds, and parameters to defi ne such a system, but the 
standardization of adverse events, using this “intervention- 
based” approach and the application of a new tool to assess 
depth of sedation, will be an important step to supplement 
our assessment of the depth of sedation and associated risks 
at each level [ 12 ].

       “Consciousness” Monitoring as an Indication 
of Sedation Depth 

 Amnesia and analgesia are important to our patients. Without 
an “amnesia” monitor, we tend to target a deep level of seda-
tion in order to minimize the risk of recall. The deeper the 
level of sedation achieved during procedural sedation, how-
ever, the higher the rate of respiratory depression, and there-
fore the higher the risk of adverse events [ 2 ]. Ideally, the 
optimal sedation encounter would ensure amnesia and anal-
gesia with minimal risk of respiratory depression and other 
adverse events. 

 To date, there is no means of ensuring amnesia during 
sedation [ 29 ]. Currently, a patient’s level of sedation is 
mainly determined through interactive, subjective assess-
ments, which integrate the physiological vital signs with a 
patient’s response to verbal or painful stimulation. Factors 
such as eye opening, response to voice, and response to pain 
are often used to extrapolate depth of sedation and likelihood 
of amnesia. These factors, although likely to be associated 
with the progression toward deeper levels of sedation and 
associated adverse events, do not predict recall or analgesia. 
Patients who appear alert may actually have no recall follow-
ing a painful procedure with propofol [ 28 ], and patients who 
appear to have a much decreased level of consciousness may 
have recall of a procedure with an opioid [ 30 ]. As we advance 
our knowledge of sedation, it will be important to determine 
the presence of procedural amnesia in order to guide us in 
our titration of sedation while minimizing the risk of adverse 
outcome. 

 The future of sedation would benefi t from a physiological 
monitor that accurately follows “depth” of sedation and like-
lihood of amnesia. The Bispectral Index (BIS) is a monitor 
that was originally introduced to monitor the depth of anes-
thesia. It is a noninvasive monitor that monitors electroen-
cephalogram (EEG) activity from adhesive leads that are 
placed on the forehead. Using a 1–100 analog score, BIS 
denotes a number that is intended to refl ect brain activity and 
provide an objective monitor of depth of anesthesia [ 2 ,  3 ,  28 , 
 31 ]. Although initially hoped to be a monitor that could fol-
low depth of sedation and provide a surrogate marker for risk 
of patient recall, BIS is neither accurate nor reliable for most 
sedation [ 31 – 33 ]. It often defaults to high values in sedated 
patients when there is motion artifact, limiting its utility for 

   Table 38.1    Objective risk assessment tool for sedation (ORATS)   

 New levels (as 
yet unnamed) 

 Escalating 
risk of serious 
adverse event 

 Physiological monitoring 
parameters (singular or 
combination) a   Recommended sedationist skill set  Recommended resources b  

 1  ≤1:10,000  Consistent with normal 
awake pattern and 
frequency 

 Ability to observe and interpret 
the agreed-upon physiological 
monitoring parameters 

 Appropriate for risk level 

 2  1:1,000  ← Objective monitoring 
predicts this level of risk 

 Skills appropriate for maintaining 
sedation at this risk level and for 
rescuing from the subsequent level 

 Appropriate for risk level 

 3  1:100  ← Objective monitoring 
predicts this level of risk 

 Skills appropriate for maintaining 
sedation at this risk level and for 
rescuing from the subsequent level 

 Appropriate for risk level 

 4  ≥1:10  ← Objective monitoring 
predicts this level of risk 

 Skills appropriate for maintaining 
a patient at this risk level 

 Appropriate for risk level 

  Preliminary sample schematic: The choice of four levels here is arbitrary and for illustration purposes only; the fi nal tool would contain the mini-
mum number of discrete levels with independent predictive value [ 14 ] 
  a Focused research would be required to validate the specifi c variables, parameters, and thresholds that predict the progressive levels of serious 
adverse event risk. Evaluation of capnography, for example, could include but not be limited to evaluation of waveform, frequency, pattern, and/or 
numerical value on inspiration or expiration 
  b To be determined at each level by consensus panel and would include but not be limited to recommendations on adjuvant personnel, intravenous 
access, availability of rescue medications, and airway equipment  
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pediatric sedation. Currently, its practical application as a 
monitor for depth of sedation is controversial, and its use 
remains investigational. Mid-latency auditory-evoked poten-
tials (MLAEPs) have also been described as demonstrating 
the depth of sedation in a dose-dependent fashion and may 
also represent a potential depth of sedation measurement 
[ 34 ]. The development of an objective monitor that would 
quantify the level of consciousness and improve the preci-
sion in achieving adequate sedation and amnesia without 
progressing to a deeper level of sedation will be an important 
step forward in the advancement of procedural sedation [ 2 ].   

    Assessment of Oxygenation, Respiration, 
and Identifi cation of Hypoxia 

    Pulse Oximetry 

 A patient’s oxygen saturation is typically monitored during 
procedural sedation using pulse oximetry and is a standard of 
care for most specialties who provide sedation [ 1 ,  3 ,  10 ,  22 , 
 35 – 37 ]. There is, however, a limitation to its utility: There is a 
variable lag time between the onset of hypoventilation or 
apnea and a change in oxygen saturation, especially in patients 
who receive supplemental oxygen, that can delay the recogni-
tion of changes in the patient’s ventilation [ 11 ,  38 ,  39 ]. 

 Pulse oximetry measures oxygenation and not ventilation. 
A patient breathing supplemental oxygen may not exhibit 
changes in their oxygen saturation until several minutes after 
the onset of hypoventilation, making it a late sign of hypoven-
tilation [ 40 ,  41 ]. It is possible that in the future pulse oxim-
etry may be replaced or supplemented with newer 
technologies that use near-infrared spectroscopy to monitor 
nonpulsatile signals of arterioles, capillaries, and venules, 
indication of tissue or cerebral oxygenation. Unlike conven-
tional pulse oximetry, which monitors the pulsatile signal 
component refl ecting arterial circulation, tissue perfusion 
monitoring can be reliable in low perfusion states, shock, 
and cardiac arrest situations. Changes in peripheral tissue 
perfusion were recently shown to correlate with the need for 
supportive airway maneuvers during procedural sedation 
[ 42 ]. The effectiveness of peripheral tissue monitoring rela-
tive to pulse oximetry or capnography has yet to be deter-
mined, and further work will be required to determine its 
utility in sedation monitoring. 

 Similarly, the role of cerebral oximetry has yet to be vali-
dated for use in procedural sedation: A recent procedural 
sedation study demonstrated poor correlation between cere-
bral oximetry, pulse oximetry, and capnography [ 43 ]. In this 
study, 100 children ages 9 months to 18 years were sedated 
with various agents (ketamine, fentanyl, pentobarbital, dex-
medetomidine, or propofol). Changes in rSO 2  occurred in 

2.1 % of patients and were associated with changes in SpO 2  
23 % of the time and changes in end-tidal CO 2  29 % of the 
time. Only a minority of hypoxic episodes resulted in a 
decrease in rSO 2 , while of the majority of the changes in 
rSO 2  occurred in the absence of changes in cardiorespiratory 
parameters. Although rSO 2  appears to be a more sensitive 
measure of cerebral oxygenation than pulse oximetry, there 
is no clear rSO 2  threshold under which clinically signifi cant 
brain hypoxia occurs [ 44 ]. Improvements in the ability to 
detect changes in oxygenation and perfusion will likely aid 
in the detection of impending over-sedation and the need for 
intervention.  

    Capnography 

 Capnographic monitoring measures expired carbon dioxide, 
allowing it to follow changes in ventilation. Changes in the 
shape of the waveform of the capnograms display can dem-
onstrate changes in ventilation, while changes in end-tidal 
CO 2 , the maximum CO 2  concentration at the end of each 
tidal breath, can be used to estimate the severity of these 
changes, the response to interventions, and to quantify the 
degree of respiratory depression [ 45 ]. Large changes in the 
end-tidal CO 2  values and in the waveform shapes have been 
associated with respiratory depression in sedated patients 
and may allow earlier identifi cation of possible hypoventila-
tion than oximetry [ 38 ,  39 ,  46 ]. (Refer to Chap.   6    .) 

 Capnography can rapidly detect apnea, upper airway 
obstruction, laryngospasm, bronchospasm, and respiratory 
failure [ 15 ,  47 ]. Capnography is more sensitive than pulse 
oximetry in identifying impending hypoxia in patients who 
are receiving supplemental oxygen [ 11 ,  38 ,  39 ,  46 ,  47 ]. 
A recent study by Deitch et al. demonstrated a decrease in 
hypoxic events among patients who were monitored using 
capnography in addition to standard monitoring during 
sedation [ 46 ]. 

 There has been a great deal of research in capnography 
during sedation. Currently, these fi ndings are made through 
gross visual examination of the waveform and trends in the 
end-tidal carbon dioxide value. As research and experience 
in this area continues, it is likely that these monitors will be 
used to detect subtle changes in respiratory effort and venti-
lator capacity that will be associated with both the depth of 
sedation and the need for airway interventions prior to the 
onset of an adverse event. There is suffi cient evidence avail-
able, however, to recommend the routine use of capnography 
in procedural sedation [ 48 ,  49 ]. 

 A recent study by Yu et al. of the entropy of tracheal 
sounds developed a novel method to assess for apnea in 
sedated patients. This study analyzed sounds recorded by a 
microphone over the trachea and was able to accurately 
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detect apnea of 15 s or longer with a sensitivity of 95 % and 
a specifi city of 92 % [ 50 ]. This may represent the potential 
for an apnea monitor more robust than pulse oximetry and 
more accurate in terms of false-positive detection than cap-
nography. Hopefully further work will lead to the develop-
ment of this monitor for regular use.   

    Risk Assessment in Balancing the Urgency 
for the Procedure with the Associated 
Risk of Sedation 

 The urgency of the patient’s requirement for procedural 
sedation and the patient’s current medical condition play an 
important role in determining the level of risk for adverse 
events that can be accepted for a procedure. A common tool 
used to assess the severity of a patient’s underlying illness is 
the American Society of Anesthesiologists (ASA) physical 
status classifi cation system [ 51 ]. Most research in the area of 
pediatric sedation outside of the operating room has focused 
on physical status class 1 and 2 patients, and the risk of an 
adverse event in these patients is well known. The risk of 
adverse effects of procedural sedation is likely higher in 
patients who have physical status scores of 3 or 4 [ 52 ]. The 
urgency of a patient’s need for the procedure for which one 
is being sedated is based on the nature of the problem that 
requires sedation. Emergent indications for procedures may 
include cardioversion for life-threatening arrhythmias, 
reduction of fractures or dislocations with soft tissue or vas-
cular compromise, or intractable pain or suffering. Not all 
procedures are emergent, however, and the remainder must 
be triaged to urgent, semiurgent, or elective/nonurgent. The 
degree of urgency often guides the acceptable level of risk 
for adverse events for procedural sedation. Patients with an 
emergent need for sedation are unlikely to benefi t from a 
delay in the procedure if they have eaten food prior to the 
procedure [ 53 ], whereas a patient with a nonurgent need for 
sedation is much more likely to benefi t from such a delay. 

 Other than the ASA physical status score, the patient’s 
current medical condition, NPO status, and the assessment of 
the patient’s airway and respiratory status, there has not been 
a great deal of investigation into the risk factors for adverse 
events that can be identifi ed before the procedure has begun. 
As our knowledge of procedural sedation increases, the risk 
of adverse events subsequent to specifi c procedures and in 
patients with a variety of medical conditions needs to be 
established. Once these data are available, this information, 
along with the risk of adverse events associated with various 
depths of sedation, can be used to decide on the best level and 
timing for procedural sedation for each given procedure and 
can allow us to better tailor sedation to a given circumstance 
for a patient’s specifi c medical situation and sedation needs.  

    Analgesia, Prophylaxis, and Avoiding 
Conditioned Behaviors 

 Patients who present in pain would benefi t from analgesics 
prior to initiating the sedation. The combination of seda-
tives and analgesics, however, may increase the likelihood 
of adverse outcomes [ 6 ,  54 – 57 ]. The optimal method to 
treat procedural pain during sedation, and the degree to 
which it should be relieved, has not been determined. It is 
likely that patients who receive more preprocedural analge-
sia are more prone to respiratory depression during the 
sedation [ 48 ]. Recent work has demonstrated that during 
brief procedures, the physiologic stress of respiratory 
depression may be more pronounced than the stress of 
unrecalled pain [ 57 ]. 

 The determination of the optimal balance between pain 
management and safety is diffi cult and requires close assess-
ment of the patient’s ongoing pain. Future work should focus 
on improving our ability to provide analgesia without 
increasing the risk of adverse events. In those situations in 
which the procedure is successfully completed albeit with 
some pain, it will be important to determine whether the 
inability to recall this painful experience, because of the 
amnestic effects of the medication, could have enduring, 
subversive, psychological effects. 

 Since pain is a subjective experience, our knowledge of 
a child’s pain is achieved by patient report. Due to the limi-
tations of communication with children, especially in 
younger children, the assessment of pain is often done sim-
ply by observation, and many methods of assessing exist 
[ 58 – 67 ]. Numerous studies have found that healthcare pro-
viders consistently underestimate a child’s pain, as do the 
child’s parents (although the parents are usually closer to 
the child’s rating than the healthcare providers) [ 68 ]. 
Furthermore, it has been recently shown that sedatives may 
increase pain perception, at least in terms of how it is 
reported [ 69 ]. It is often diffi cult to distinguish a child’s 
pain and agitation from distress due to the situation sur-
rounding the pain. 

 The physiologic measurement of pain remains beyond 
current capabilities, and there is no blood test or physical 
sign that can accurately predict how much pain a patient 
experiences, leaving the situation more diffi cult in children 
than it is in adults. In the setting of repeated painful experi-
ences, children will begin to recognize the activities of the 
event and develop conditioned behaviors related to upcom-
ing painful events. The determination of which aspects of the 
pain response are most associated with changes in future 
pain behavior will guide us in modifying our sedation tech-
nique to reduce the risk of sensitizing the child to future 
painful procedures.  

38 Future of Pediatric Sedation



716

    Training and Credentialing 
of Sedation Providers 

 Most of the data on procedural sedation are drawn from large 
academic centers with high sedation volumes. Sedation data 
from lower volume settings suggest that their outcomes are 
similar to that of busy nonacademic centers [ 70 ], but it is dif-
fi cult to make conclusive comparisons regarding these two 
settings. Since many aspects of safe and effective procedural 
sedation rely on the interactive monitoring, experience, and 
the judgment of the operator, such as the ability to accurately 
recognize the depth of sedation and adequacy of ventilatory 
effort, it seems likely that less experienced providers would 
experience a comparatively higher rate of adverse events. 
There is likely a minimal amount of experience required in 
order to bring a provider to the point where he can balance 
the sedation depth with the adverse event risk effectively. 
Determining the point at which a provider can safely per-
form these tasks will be important in the determination of 
appropriate training for procedural sedation. At a national, 
state, and professional society level, there has been evolving 
interest and commitment to setting guidelines and standards 
for sedation delivery among healthcare professionals. 

 At a national level, the Joint Commission does not man-
date specifi c credentialing for moderate sedation, but leaves 
it to the organizations to determine the necessary training 
and skills. In an update on July 7, 2010, the Joint Commission 
reiterated that “the individuals who are ‘permitted’ to admin-
ister sedation are able to rescue patients at whatever level of 
sedation or anesthesia is achieved either intentionally or 
unintentionally, e.g., when the patient slips from moderate 
into deep sedation or from deep sedation into full anesthe-
sia. Each organization is free to defi ne how it will determine 
that the individuals are able to perform the required types of 
rescue. Acceptable examples include, but are not limited to, 
ACLS certifi cation, a satisfactory score on a written exami-
nation developed in concert with the department of anesthe-
siology, or a mock rescue exercise evaluated by an 
anesthesiologist” [ 71 ]. 

 In the United States, some specialty organizations such as 
the American Dental Association (ADA) have released pol-
icy statements that put the onus of credentialing on the dental 
boards of each state. In their October 2007 Policy Statement 
on the Use of Sedation and General Anesthesia by Dentists, 
the ADA leaves the responsibility for credentialing in the 
hands of the individual states: “Appropriate permitting of 
dentists utilizing moderate sedation, deep sedation and gen-
eral anesthesia is highly recommended. State dental boards 
have the responsibility to ensure that only qualifi ed dentists 
use sedation and general anesthesia. State boards set accept-
able standards for safe and appropriate delivery of sedation 
and anesthesia care, as outlined in this policy and in the ADA 

Guidelines for the Use of Sedation and General Anesthesia 
by Dentists” [ 23 ]. (Refer to Chap.   20    .) The ASA has been 
much more specifi c in making recommendations for training 
and credentialing. They issued a Statement on “Granting 
Privileges For Deep Sedation To Non-Anesthesiologist 
Sedation Practitioners” on October 20, 2010 [ 22 ]. It recom-
mends that the nonanesthesiologist be able to bag-valve- 
mask ventilate, insert an oro/pharyngeal airway and laryngeal 
mask airway, and perform an endotracheal intubation. This 
should include a minimum of 35 patients, inclusive of simu-
lator experience. Practitioners should also be familiar with 
the use and interpretation of capnography. Deep sedation of 
children requires PALS and ACLS certifi cation as well as 
separate education training and credentialing [ 72 ]. The ASA 
statement recommends that nonanesthesiologists be profi -
cient in advanced airway management for rescue when they 
deliver deep sedation. This profi ciency and competency 
would be determined by the Director of Anesthesia Services 
of the facility in which the sedation is delivered [ 17 ,  22 ]. In 
addition, the ASA specifi ed that performance evaluation and 
a performance improvement program would be required for 
privileging—both of which would be developed with and 
reviewed by the Director of Anesthesia Services [ 22 ]. 

 The topic of training, credentialing, and privileging pro-
cess of nonanesthesia specialists has become an area of 
debate. In response to the aforementioned ASA statement, in 
July 2011 the American College of Emergency Physicians 
released a policy statement entitled “Procedural Sedation and 
Analgesia in the Emergency Department: Recommendations 
for Physician Credentialing, Privileging, and Practice” [ 72 ]. 
This policy iterated that the chief of the Emergency Medicine 
Service at each institution will be responsible for establish-
ing criteria for credentialing and recommending emergency 
physicians for sedation privileges. Sedation training should 
“focus on the unique ED environment.” (Refer to Chaps.   2    , 
  6     and   19    .) 

 The federal government has also issued guidelines via 
the Center for Medicaid and Medicare Services (CMS), and 
as recently as May 2010 and February 2011, updated the 
Hospital Anesthesia Services Condition of Participation 
42 CFR 482.52 (a) [ 24 ]. The ASA recognizes the Center for 
Medicare and Medicaid Services (CMS) as defi ning those 
qualifi ed to administer deep sedation. The 2010 CMS guide-
lines limited deep sedation to be delivered only by an anes-
thesiologist, nonanesthesiologist MD or DO, dentist, oral 
surgeon, podiatrist, Certifi ed Registered Nurse Anesthetist 
(CRNA), or Anesthesia Assistant (AA) [ 24 ]. These CMS 
guidelines toward nonanesthesia providers of sedation 
were revised in January 2011 in the PUB 100–07 State 
Operations Provider Certifi cation, which revises Appendix A 
for various provisions of 42 CFR 482.52 concerning anes-
thesia services [ 24 ]. (Refer to Chap.   12    .) These revisions 
were made in response to feedback from practitioners and 
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allow the individual hospitals to establish their own policies 
and procedures with respect to the qualifi cations of analgesia 
providers and the clinical situations that distinguish anesthe-
sia from analgesia. The policies must follow nationally rec-
ognized guidelines and can include guidelines of one or 
more specialty societies. 

 In response to the January 2011 update to the CMS guide-
lines [ 24 ], the American College of Emergency Physicians 
used their policy statement of July 2011, entitled “Procedural 
Sedation and Analgesia in the Emergency Department: 
Recommendations for Physician Credentialing, Privileging, 
and Practice” to delineate who would be appropriate to 
deliver deep sedation [ 72 ]. (Refer to Chap.   2    .) The emergency 
medicine physicians, physician assistants, and nurse practi-
tioners could be credentialed to deliver sedation. Furthermore, 
the policy acknowledges that the emergency medicine physi-
cian may commonly administer general anesthesia for spe-
cifi c situations in the emergency department (intubation, 
postintubation, procedures on intubated patients). It expands 
the role of the emergency physicians as well as emergency 
medicine nurses by condoning the capability of qualifi ed ED 
nurses to “administer propofol, ketamine, and other sedatives 
under the direct supervision of a privileged emergency physi-
cian.” The policy also recognizes that there may be occasions 
whereby the emergency medicine environment may not lend 
itself to having a separate physician administer the sedative 
and another to perform the procedure: For these situations, 
the policy states “Deep sedation may be accomplished by the 
same emergency physician both administering sedation and 
performing the procedure” [ 72 ]. 

 California has taken the initiative to credential sedation 
care providers. Specifi cally, the California Board of Medicine 
recently sponsored and passed legislation (AB2637.Eng, 
Chap. 499) allowing the dental board to issue a dental seda-
tion assistant permit after a minimum of 12 months of work 
experience. The permit allows the assistant to monitor con-
scious sedation or general anesthesia from noninvasive 
instrumentation. They may also add drugs, medications, and 
fl uids to intravenous lines using a syringe [ 73 ]. 

 At a state level, the New York State Department of Health 
has already recognized the importance of safe delivery of 
sedation in the offi ce-based setting. In 2007, the state 
required that offi ce-based surgery (OBS) be performed in an 
accredited setting. Expounding on this, on July 14, 2009, the 
state became more specifi c: any physician performing 
“offi ce-based surgery” (OBS) must do so either in an Article 
28 licensed hospital, ambulatory surgery center, diagnostic 
and treatment center, or in a private physician’s offi ce that is 
accredited [ 74 ]. Accreditation may come from one of three 
organizations: The Joint Commission, Accreditation 
Association for Ambulatory Health Care (AAAHC), or 
American Association for Accreditation of Ambulatory 
Surgery Facilities (AAAASF). 

 In the future, it is very likely that other states will follow 
New York’s lead and increase the vigilance and scrutiny of 
OBS, which requires moderate to deep sedation. We antici-
pate that there will be increased requirements for accrediting 
outpatient facilities to perform moderate or deep sedation 
and to credential practitioners in those settings. Outpatient 
clinics and providers will likely be held to the same stan-
dards as hospital-based centers. This will further increase the 
need for standardized and effective practitioner training and 
assessment. 

 In general, all sedation care providers agree that sedation 
training, credentialing, and privileging are important. There 
is a lack of consensus among the different specialties as to 
who should be responsible for developing the sedation train-
ing programs as well as for credentialing the provider. One 
skill set required for the safe delivery of sedation, however, 
remains universally accepted: the ability to recognize and 
manage a compromised airway. This skill set will remain a 
critical and integral component of the training and creden-
tialing process and would benefi t from a standardized 
approach among all providers. 

 A possible approach to facilitate and standardize the cre-
dentialing process would be to develop simulation training 
as an added tool to the didactic and hands-on experience. 
(Refer to Chap.   35    .) These simulators could develop scenar-
ios that are specifi c for the specialty, patient population, and 
type of facility (offi ce versus hospital-based setting). They 
could also be used as a research tool to evaluate adverse 
events: By artifi cially creating an adverse event model, one 
could develop techniques to identify the contributing factors 
as well as ways in which to monitor, detect, and manage 
these occurrences. Such a model was recently described by 
Tobin et al., who developed a sedation simulation course, 
and found participants preferred it to standard didactic train-
ing [ 75 ]. Further research in the impact of such training and 
the validity of such models for determining sedation compe-
tency are needed, but the goal of developing sedation simula-
tion for training appears at hand. A recent study of pediatric 
residents described a sedation simulation model that was 
able to differentiate the skills and identify the educational 
needs of residents, highlighting the potential use of simula-
tion as an assessment and credentialing tool [ 76 ]. This model 
of training has long been in existence in the airline industry. 
Flight simulation dates back to before World War I and has 
been used to train pilots and subsequently crew and air traffi c 
controllers [ 77 ]. The roots of  Crew Resource Management  
training in the United States are usually traced back to a 
workshop,  Resource Management on the Flight Deck , spon-
sored by the National Aeronautics and Space Administration 
(NASA) in 1979. This conference was the outgrowth of 
NASA research into the causes of air transport accidents. 
The research presented at this meeting identifi ed human 
error aspects of the majority of air crashes as failures of 
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interpersonal communications, decision making, and leader-
ship. At this meeting, the label Cockpit Resource 
Management (CRM) was applied to the process of training 
crews to reduce “pilot error” by making better use of the 
human resources on the fl ight deck [ 78 ]. 

 The Federal Aviation Authority (FAA) as well as NASA 
have incorporated and mandated simulation training for cre-
dentialing, licensing, and continued education. The enact-
ment of incidences that occur with low incidence, potentially 
so low that a pilot may never actually even experience the 
real-life scenario, offers the pilot the advantage to rehearse 
for such an occasion. These “rehearsals” could be as impor-
tant to ensuring the safety of the passengers on an airplane as 
they are to the children that we sedate. Simulation models 
and training have already been implemented throughout the 
specialties for training purposes [ 79 – 82 ]. The importance of 
adopting sedation-directed simulation scenarios into the 
training and credentialing process has been recently explored 
by Babl et al., who found an improvement in sedation safety 
3 years after the implementation of a simulation-based seda-
tion training curriculum [ 83 ].  

    Educating the Public 

 With recent publicity over the sedation-related deaths of 
celebrities (Anna Nicole Smith, Heath Ledger, Michael 
Jackson), the public awareness of sedation, the sedation 
agents (propofol, in particular), and the risk of mixing multi-
ple sedatives is in the spotlight. (Refer to Chap.   36    .) The 
National Institute of Health has even published a three-page 
patient education brochure entitled “Conscious (Moderate) 
Sedation for Adults” [ 84 ] in order to educate the layperson. In 
New York, as of 14 July 2009, patients can refer to   www.
nyhealth.gov     to determine whether the OBS center that is 
using more than minimal sedation to perform a surgical or 
invasive procedure is accredited. Any practices that perform 
such procedures with more than minimal sedation and no 
accreditation are hence guilty of professional misconduct and 
disciplinary action. Patient awareness and scrutiny of seda-
tion practice, including the agents, qualifi cations, and experi-
ence of providers, emergency preparedness, and outcome 
data should drive the fi eld of pediatric sedation forward.  

    Developing the “Safety Culture” of Sedation: 
Implementing Safety Measures 

 Establishing a “safe culture” around sedation practice is 
important. (Refer to Chap.   30    .) Credentialing, standardizing 
the defi nition of adverse events, improving sedation delivery 
methods and techniques, introducing new sedatives, incorpo-
rating simulation into provider training, and using more 

objective means of identifying the depth of sedation and 
associated risks are all important fi rst steps. There are also 
new methods that could be adopted. Once again, the airline 
industry has been on the forefront of adopting and exploring 
new methods at ensuring safety. The industry has adopted 
the use of checklists. The airline industry, National 
Aeronautics and Space Administration (NASA), and FAA 
have been developing checklists since before World War 
II. Checklists have begun to be adopted in the medical com-
munity as a means to foster active discussions and teamwork 
[ 85 – 88 ]. In 2009, a multi-institutional, international group of 
eight hospitals published prospectively collected data on a 
total of 7,688 consecutive patients, before and after the adop-
tion of a 19-item Surgical Safety Checklist. This was an ini-
tiative of the World Health Organization’s (WHO) Safe 
Surgery Saves Lives Program. The mortality rate (at 30 days) 
decreased from 1.5 to 0.8 % following implementation [ 88 ]. 
A global commitment by the sedation community to develop 
checklists to foster teamwork and the “safety culture” may 
ultimately improve patient outcomes [ 86 ,  89 ]. 

 A method of increasing procedural safety may also be the 
use of computerized provider order entry (CPOE). A recent 
study of the effect on error reduction in hospitals that have 
introduced CPOE shows a moderate improvement [ 90 ]. It is 
likely the CPOE will improve sedation safety, especially in 
terms of dosing errors and adjuvant medications. Electronic 
systems have the added benefi t of the potential to facilitate 
the use of safety checklists before, during, and after the 
procedure.  

    Collecting Outcome Data to Guide 
Safety and Practice Parameters: Adoption 
of Standardized Defi nitions of Sedation-
Related Adverse Events 

 As described previously, the works of the Pediatric Sedation 
Research Consortium and the ketamine individual patient 
data meta-analysis are important fi rst steps toward generat-
ing the data required to carefully assess sedation practice in 
children outside the OR. Recently, the World Society of 
Intravenous Anesthesia (World SIVA) established an 
International Sedation Task Force (ISTF) represented by 26 
members from multispecialties, both adult and pediatric, 
from 11 countries. The ISTF has proposed an Adverse Event 
Reporting Tool designed to standardize the collection of 
sedation outcome data worldwide [ 91 ]. This tool is an open- 
access web-based tool, available to providers globally. 1  The 
data collected will be available to individual and institutional 
users and will, in addition, populate the global ISTF sedation 

1   www.AESedationReporting.com  or  www.InternationalSedationTask
Force.com 
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database. (Refer to Chap.   28    .) The collection of large data 
from multispecialists globally will be an important fi rst step 
to identify and carefully evaluate the range of variables that 
effect sedation-related adverse event rates. Such studies must 
be broad reaching in scope yet fl exible enough to consider 
new developments in sedation techniques and monitoring as 
well as the use of the ever-emerging new sedation drugs that 
become available. 

 Compiling standardized data sets allowing for the aggre-
gation of data will only be possible through the rigorous 
adherence to the use of standardized adverse events defi ni-
tions and reporting structures such as described in the Quebec 
Guidelines and by the ISTF. Such an advancement will allow 
for the meaningful comparison of studies and the analysis of 
uncommon but important adverse events such as the need for 
endotracheal intubation [ 92 ]. National and international 
multispecialty collaboration will be required to develop such 
databases with suffi cient patient numbers and the clinical 
data required to develop and evaluate sedation practice based 
on patient populations and providers, procedures performed, 
and drugs administered. The feasibility of such a collabora-
tive endeavor requires not only cooperation of multiple spe-
cialties using cutting-edge data collection technology, but 
also a level of funding that to date has not been realized.  

    Sedatives: Exploring New Agents 
and Alternative Methods and Modes 
of Delivery 

 The ideal agent for procedural sedation would provide anal-
gesia, anxiolysis, amnesia, and somnolence rapidly and pre-
dictably with no adverse effects. Ideally, this drug would be 
devoid of respiratory side effects and ensure hemodynamic 
stability. To date, such a drug does not exist. Currently, there 
are still a limited number of sedatives with pediatric labeling 
and Food and Drug Administration (FDA) approval. Labeling 
with pediatric information is in less than 50 % of drug prod-
ucts [ 93 ]. The Best Pharmaceuticals for Children Act of 
2002 and the Pediatric Research Equity Act of 2003 advo-
cated for expanding the number of drugs with pediatric 
labeling [ 94 ,  95 ]. In March, 2014 the American Academy of 
Pediatrics and its Committee on Drugs published a policy 
statement on off-label drugs in children. The policy con-
cluded that “evidence, not label indication, remains the gold 
standard from which practitioners should draw when making 
therapeutic decisions for their patients.” The statement made 
recommendations for off-label drug administration and the 
advocating of off-label drug research and publication. 
Finally, the policy statement recommended, “institutions and 
payers should not use labeling status as the sole criterion that 
determines the availability on formulary or reimbursement 
status for medications in children. Similarly, less expensive 

therapeutic alternatives considered appropriate for adults 
should not automatically be considered appropriate fi rst-line 
treatment in children. Finally, off-label uses of drugs should 
be considered when addressing various drug-related con-
cerns, such as drug shortages.” [ 96 ] (Refer to Chap.   26    .) 

 It is highly unlikely that a perfect sedative will ever be 
developed. Alternatives could include the introduction of 
sedatives that are reversible, shorter action, or that use new 
delivery methods. In addition, evidence now suggests that 
pharmacogenetics has a role in the effect of analgesic, seda-
tive, and local anesthetic medications [ 97 ]. Variants in the  μ  
opioid receptor gene change the analgesic effect of opioid 
medications, ibuprofen clearance varies between individuals 
based on genotype, as does midazolam metabolism, and the 
effi cacy of lidocaine [ 98 – 101 ]. It is possible that in the 
future, pharmacogenetic approaches may facilitate personal-
ized sedation. (Refer to Chap.   11    .) 

 Fospropofol is a water-soluble prodrug of propofol that 
was originally intended to be offered as a sedative that con-
fers the same advantages of propofol (relatively rapid onset 
of sedation, brief time to recovery) with the added benefi t of 
having less associated risk of respiratory depression [ 102 ]. It 
did not receive FDA approval as a sedative and instead has 
the same “anesthetic agent” labeling as propofol. Its slow 
onset and long duration of action, however, made it appear 
unsuitable for procedural sedation. Furthermore, the metabo-
lism of fospropofol produces formaldehyde, which has not 
been found to be in toxic levels but is not ideal. Further stud-
ies are needed to determine the effi cacy and safety profi le of 
fospropofol, as currently the published studies are largely 
limited to adults undergoing gastrointestinal endoscopy pro-
cedures [ 102 ]. A similar propofol prodrug (HX0969w) that 
releases propofol and gamma hydroxyl butyrate rather than 
formaldehyde has been recently described and will likely 
undergo trials in the near future [ 103 ]. This change in metab-
olite may be a key advantage, given the sedative properties of 
gamma hydroxyl butyrate. This property, however, may 
complicate the determination of the duration of effect or the 
progression of sedative effects with cumulative dosing and 
will require detailed work to determine its safety, effi cacy, 
and optimal uses. The combination of a more gradual onset 
and offset could diminish complications during the start of 
the procedure, and decrease the need for further sedative 
dosing late in the procedure, and these may be qualities that 
will result in a larger therapeutic window than is currently 
available with standard propofol. 

 Alfentanil [ 30 ], remifentanil [ 104 ], and sufentanil [ 105 ] 
have all been recently described in procedural sedation pro-
tocols with some success. These short-acting opioids may 
prove to have some uses in procedural sedation as isolated 
agents rather than as the supplemental opioids for which they 
have been studied, but further work is required to determine 
the relative effi cacy to other agents and the spectrum of 
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 situations in which they would prove a useful alternative. 
Recent trials comparing dexmedetomidine to short-acting 
opioids have found them inferior for sedation for awake intu-
bation [ 105 ,  106 ]. Opioids are not typically amnestic at doses 
not associated with respiratory depression, and often result 
in procedural recall at doses suffi cient for procedural compli-
ance when used as sole sedative agents. The relative impor-
tance of procedural amnesia versus recall of a compliant 
state in children, however, remains to be determined. The 
determination of the effect of recall and the state of the 
child’s comfort will be an important area of research in 
the future to determine the utility of short-acting opioids for 
procedural sedation. 

 Another agent in development is remimazolam. This is an 
ultra-short acting benzodiazepine that is currently undergo-
ing trials as a procedural sedation agent. It appears from ini-
tial studies to have a similar achieved sedation depth and a 
shorter recovery time than midazolam [ 107 – 109 ]. This agent 
will likely have a future role in pediatric sedation outside of 
the operating room, depending on its associated rates of 
respiratory depression, onset and offset, and effects on pro-
cedural recall. 

 Given the few new sedative drugs in development, it has 
also been benefi cial to explore alternate routes to deliver 
sedatives and analgesics that are currently available. As dif-
ferent routes (intramuscular, sublingual, intranasal, buccal, 
rectal, oral, intravenous, subcutaneous) of delivery have dif-
ferent uptake and onset of action, their effi cacy, outcome, 
and adverse event profi les differ. The development of non-
parenterally administered sedatives would offer alternatives 
to establishing intravenous access. This model already exists 
for some opiates. Fentanyl has been well described for trans-
mucosal administration, but has not been developed for use 
in procedural sedation [ 110 ]. Sufentanil is being developed 
for sublingual administration and is demonstrating an onset 
of action comparable to parenteral opioids [ 111 ]. 
Intramuscular ketamine has been well described in children 
and is currently a widely used option for those children who 
do not require intravenous access [ 15 ,  112 ,  113 ]. Intranasal 
ketamine as well as intranasal dexmedetomidine have been 
recently described and compared, and both were found to be 
effective premedications for children undergoing MRI [ 114 ]. 
Sedation for radiologic procedures is common, and the intra-
nasal route has many advantages, making these advances in 
the route of administration promising. 

 Nitrous oxide offers the advantages of an inhalational 
delivery method and has been used for procedural sedation 
for almost a century, especially in dentistry and oral surgery, 
and will likely continue to play a large role in the sedation of 
children [ 113 ,  115 ]. Current advances in nitrous delivery 
have included improved scavenger systems, breath-actuated 
gas delivery, and dynamic gas mixing. Advances in nitrous 
oxide delivery systems may someday enable children to 

assist in the self-administration of nitrous oxide via a patient- 
controlled delivery system, which only delivers when trig-
gered by inspiratory pressure, has a built-in scavenging 
system, and guarantees that a hypoxic mixture will never be 
delivered. 

 In addition to exploring outcomes with different routes of 
sedation, the future of sedation could rely on our ability to 
incorporate and validate new delivery methods. Targeted 
controlled infusions (TCI) are another option for more pre-
cise drug delivery. (Refer to Chap.   31    .) TCI infusion devices 
deliver a medication to a target blood concentration (brain) 
using validated pharmacokinetic models to achieve the tar-
geted end point. TCI is already being used worldwide by the 
anesthesia community as a method to titrate the intravenous 
anesthetic to the patient’s physiological vital signs and pre-
dicted plasma serum levels. Adult TCI models for many 
medications (ketamine, remifentanil, propofol, fentanyl) 
have been incorporated into specialized TCI infusion pumps, 
which are widely used in Europe but are not available in the 
United States (Alaris PK Syringe Pump, Cardinal Health, 
Switzerland; Master TCI, Fresenius Kabi, Germany; Perfusor 
Space, Braun, Germany). Advances in patient-controlled 
infusions or TCI and more importantly, the development of 
pediatric models for TCI delivery, may allow currently used 
sedatives, analgesics, and anesthetics to be administered to 
children in a more precise and safe manner. 

 A recent study by Guen et al. compared a manual sedation 
algorithm to an automated system for the titration of a propo-
fol/remifentanil infusion for sedated patients in ICU. This 
study used the BIS monitor to determine adequate sedation 
and drive the algorithm and the automated system, and found 
the automated system to be superior to the manual algorithm 
for maintaining deep sedation [ 116 ]. Such automated 
 systems hold great promise for improving sedation, both in 
terms of decreasing adverse events and in maintaining stable 
sedation levels through procedures. 

 Currently, a computer-assisted personalized sedation 
device (CAPS) has been developed for adult use. SEDASYS 
(Ethicon Endo Surgery Inc., Cincinnati, OH) is a CAPS 
device that recently completed a multicenter Phase III trial 
delivering propofol for gastrointestinal endoscopy [ 106 ]. 
(Refer to Chap.   31    .) CAPS is designed to integrate patient 
data into computerized programs in order to guide drug 
delivery. The goal of CAPS is to provide moderate sedation, 
with patients still able to respond to verbal or tactile instruc-
tions by squeezing a hand held switch. Initial CAPS outcome 
data in adult patients undergoing gastrointestinal endoscopy 
appear promising [ 117 ]. In June 2009, the FDA Advisory 
Committee for Anesthesiology and Respiratory Therapy 
Devices recommended that the FDA approve the SEDASYS 
device, with a few caveats; the agency should require special 
training on the device for physicians and should require 
teams of at least three clinicians, including one doctor or 
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nurse. The advisory committee also recommended that the 
system be limited to adults aged 70 or younger and that addi-
tional studies were needed. In May of 2013, the FDA granted 
premarket approval for the SEDASYS system, and it is 
expected to be introduced on a limited basis in 2014. 

 The future of pediatric sedation may well rest in the 
development and introduction of TCI and CAPS (for those 
children who are developmentally and cognitively able). 
A collaboration between the pharmaceutical and device 
industry as well as the clinical investigators will be essential 
not only to trial the CAPS, but also to create TCI models for 
children. The potential application of CAPS for pediatric use 
could offer cognitively able children the ability to control the 
delivery of their own sedation and analgesia. The future of 
CAPS and TCI for the pediatric population in the United 
States and abroad depends on pediatric trials, industry initia-
tive, fi nancial support, and the FDA’s commitment to 
approach this new technique with an open mind.  

    Conclusion 

 There are a variety of advances currently underway likely to 
improve the safety and effectiveness of sedation. Future 
advances in pediatric procedural sedation will rely as much 
on the standardization and refi nement of existing technology 
and resources as the development of new monitoring tech-
niques, sedation protocols, sedation medications, adminis-
tration routes, and methods of sedative delivery.     
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