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Preface

I am honored to present this book as a representation of the passion and 
expertise of all the contributing authors who are committed to the field of 
pediatric sedation. Pediatric Sedation Outside of the Operating Room: 
A Multispecialty International Collaboration is intended to represent all spe-
cialties from around the world. The authors represent some of the many lead-
ers throughout all the specialties, both in the United States and abroad, in the 
field of sedation. I am very appreciative of their efforts. Each chapter has 
been revised and edited a minimum of three times (some as many as eight) 
and I extend a sincere “thank you” to each author.

This book represents a unique contribution to the field. It is the first book 
which is directed to all specialties and which specifically acknowledges and 
reviews the contributions and viewpoints of international societies and special-
ists. Sedation has evolved to include all specialties. Each chapter is written by 
a specialist in that particular area and intended to be of value to all sedation 
providers. For example, even the emergency medicine physician will learn 
something in the Sedation of Pediatric Patients for Dental Procedures chapter, 
which he will be able to apply or consider in his practice.

Each clinically-oriented chapter concludes with case studies, which pres-
ent challenging clinical scenarios. This is a unique finale 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 process, and management options for 
each situation. Certainly there are many possible solutions 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 different style by 
the individual authors, in most cases masking the repeated elements.

This book went to the publisher in September 2011. Every  chapter was 
updated the first week of September, complete with any recently published 
papers. Drs. Roelofse, Leroy and Sury were even so generous to share their 
specialty guidelines, each of which are detailed in this book but had not even 
been published at the time this book went to press. Dr. Thomas shared his 
propofol outcome data and protocols in Chap. 12: The Anesthesia Directed 
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Sedation Service: Models, Protocols, and Challenges, again prior to being 
published elsewhere. Even the emergency medicine update of the Clinical 
Practice Guideline for Emergency Department Ketamine Dissociative 
Sedation as well as the American College of Emergency Medicine Physicians 
updated Procedural Sedation and Analgesia in the Emergency Department: 
Recommendations for Physician Credentialing, Privileging, and Practice was 
included.  This policy will be published in October 2011.

This book represents collaboration between multiple specialists all over 
the world. Currently the field of sedation is being challenged by politics, dif-
fering 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.

There will continue to be new clinical and research studies which contrib-
ute to our knowledge of sedation. There may, in the far future, be new seda-
tives which come to market. However, the approach to sedation and the 
information conveyed in these chapters is intended to distinguish this book as 
a timeless relic which marks an important era in the field of sedation.

Boston, MA Keira P. Mason, MD
August 2011
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Part I

Pediatric Sedation  
Outside the Operating Room



3K.P. Mason (ed.), Pediatric Sedation Outside of the Operating Room:  
A Multispecialty International Collaboration, DOI 10.1007/978-0-387-09714-5_1, 
© Springer Science+Business Media, LLC 2012

The history of induced altered states as a means of 
tolerating the intolerable is as old as man and for 
eons has been associated with a loss of self-control 
alternately welcomed, worshipped and vilified 
[1]. Ironically, as in ancient times, these three atti-
tudes often coexist, and our professional duty is to 
care for and educate our patients and public, con-
trolling the end-effects while minimizing the 
risks, therefore enhancing the safety [1–3].

Is the history of sedation different from the 
history of anesthesia? They were, and often con-
tinue to be, inseparable, particularly for children 
[4].  This chapter will focus on the various modali-
ties and practices over time, emphasizing the dif-
ferences but remaining in awe of the similarities 
through the ages.

Ancient History

The emperor Shennung (2737–2697 Before the 
Common Era, BCE) made the earliest systematic 
study of herbal medicine. The Shennung Herbal 
(c. 200 BCE) mentioned the medicinal uses of 
365 drugs, including the opium poppy, Papaver 
somniferum, for pain relief [5].

The Sumerians codified many of their practices 
on at least 800 of 30,000 clay tablets from the time 
of Ashurbanipal of Assyria (568–626 BCE) [6]. 
Beers were an especially well-developed intoxi-
cating drug in Babylon; hemp (Cannabis indica) 
was a well-acknowledged agent, producing ecstasy 
and exaltation, and was also recognized as a minor 
pain-relieving agent. Jewish potions were prepared 
by the priesthood for pain relief and the imparting 
of sleep during surgical procedures, venesection 
and leeching; Samme de shinda was probably a 
hemp potion [7].

The Charaka and Susruta, Hindu medical doc-
uments thought to have been written about 1,000 
BCE, describe the use of wine and fumes of hemp 
“to produce insensibility to pain.” There were 
over 700 medicinal plants detailed in the Susruta, 
including the depressant effects of Hyoscyamus 
and Cannabis indica [6].

Classical History

Greek Medicine

Chaldo-Egyptian magic, lore and medicine was 
transferred to the coasts of Crete and Greece by 
migrating Semitic Phoenicians or Jews and the 
stage was then set for incorporating 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 first, 
and then the group on Kos, of which Hippocrates 
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4 R.S. Holzman

(460–380 BCE) was one member. While they were 
accomplished surgeons, they generally eschewed 
drugs, believing that most sick people 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 (phar-
macopuloi). In Greece, plants were used not only 
for healing but also as a means of inducing death, 
either through suicide or execution; perhaps the 
best example was the death of Socrates.

Later, Theophrastus (380–287 BCE), a pupil 
of Aristotle (384–322 BCE), classified plants and 
noted their medicinal properties. This was a departure 
from previous recordings, as Theophrastus 
 analyzed remedies on the basis of their individual 
characteristics, rather than a codification of com-
binations as in Egyptian formularies. He provided 
the earliest reference in Greek literature to man-
dragora [8].

Roman Medicine

After the decline of the Greek empire following 
the death of Alexander the Great (323 BCE), Greek 
medicine was widely disseminated through the 
Roman Empire by Greek physicians, who often 
were slaves. Dioscorides 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 prepara-
tion which can be administered by various routes 
and will cause some degree of sleepiness and relief 
of pain [9]. In the first century, Scribonius Largus 
compiled Compositiones Medicorum and gave the 
first 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 [6]. Galen 
(129–199 CE), another Greek, in De Simplicibus 
(about 180 AD), described plant, animal, and min-
eral materials in a systematic and rational manner. 
His prescriptions suggested medicinal uses for 
opium and hyoscyamus, among others; his formu-
lations 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 flavored bitter drugs with orange 
peels and sweets, coated unpleasant pills with 
sugar, and studied the lore of Hippocrates and 
Galen. They translated Greek texts into Syriac 
and spread the knowledge of Hellenic culture 
throughout the East. 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 significance 
of this thread of ancient medical philosophy was 
that during the eleventh and twelfth centuries, 
this preserved knowledge was transmitted back 
to Christian Europe during the Crusades. 
Avicenna recognized the special analgesic and 
soporific properties of opium, henbane, and man-
drake [10] (Fig. 1.1).

Medieval Medicine

The first Christian early medieval reference to 
anesthesia was found in the fourth century in the 
writings of Hilary, the bishop of Poitiers [11]. 
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 follow-
ing few centuries) the emphasis remained on 
mandragora.

3BFrom 500 to 1400 CE the church was the 
dominant institution in all walks of life, and med-
icine, like other learned disciplines, survived in 
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Western Europe between the seventh or eighth 
and eleventh centuries mainly in a clerical envi-
ronment. However, monks did not copy or read 
medical books merely as an academic exercise; 
Cassiodorus (c. 485–585), in his efforts to bring 
Greek learning to Latin readers and preserve 
sacred and secular texts, recommended books by 
Hippocrates, Galen, and Dioscorides while link-
ing the purpose of medical reading with charity 
care and help. Therefore, while preserved, the 
herbal of Dioscorides was accorded blind accep-
tance as the authoritative source on medical 
plants for virtually the entire 1,000-year interreg-
num of the Dark Ages.

Conventional Greco-Roman drug tradition, 
organized and preserved by the Muslims, returned 
to Europe chiefly through Salerno, an important 
trade center on the southwest coast of Italy in the 
mid 900s. Since an increasing number of monks 
now spent more time pursuing their medical aims 
and less time fulfilling their religious duties, 
medical practice and reliance on medicine were 
taking on a more secular and specialized caste. 
Salerno’s medical melting pot was a hub of 
knowledge derived from sources as diverse as the 
ancient Greco Roman tradition (still present in 
southern Italy), monastic medicine, and Jewish, 
Arabic and Oriental practices of the Middle East 
and Northern Africa [12]P.

One of the more impressive practices docu-
mented at Salerno was intentional surgical anes-
thesia, described in Practical Chirugiae in 1170 
by the surgeon Roger Frugardi (Roger of Salerno), 
in which he mentions a sponge soaked in “narcot-
ics” and held to the patient’s nose. Hugh of Lucca 
(c. 1160–1252) prepared such a sleeping sponge 
according to a prescription later described by 
Theodoric of Cervia (c. 1205–1296). As an added 
precaution, Theodoric bound his patients prior to 
incision. The description of the soporific sponge 
of Theodoric survived through the Renaissance 
largely because of Guy de Chauliac’s (1300–
1367) The Grand Surgery and the clinical prac-
tices of Hans von Gersdorff (c. 1519) and 
Giambattista della Porta (1535–1615), who used 
essentially the same formula of opium, unripe 
mulberry, hyoscyamus, hemlock, mandragora, 
wood-ivy, forest mulberry, seeds of lettuce, and 
water hemlock (Fig. 1.2).

Ether

Ether was discovered in 1275 CE by the Spanish 
chemist Raymundus Lullius. 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 specified the materials to be used, 
the apparatus, and the procedure to be followed 
in order to distil “strong biting wine” (alcohol) 
with “sour oil of vitriol” (sulfuric acid). This was 

Fig. 1.1 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); nutmeg, crude aloes-wood (4 grains of 
each). Add this to the wine, and take as much as is neces-
sary for the purpose. Or boil black hyoscyamus in water, 
with mandragora bark, until it becomes red, and then add 
this to the wine.” [10]
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a far leap from the conventional secrecy and eso-
teric rites of the alchemists. Thinking the product 
to be liquid sulfur, he noted its lack of color, its 
rapid evaporation, its tendency to cause saliva-
tion, and its safety. He recommended it for the 
relief of cough and pneumonia [13]. Paracelsus 
(1493–1541), a contemporary of Cordus, came 
surprisingly close to the recognition of ether as 
an anesthetic [14]. 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 orifices such 
as the vagina or rectum. This would allow the 
psychoactive tropane alkaloids, especially hyos-
cine, access to the blood and brain without pas-
sage through the gut, thus avoiding the risk of 

Fig. 1.2 The alcohol sponge [22]. “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 finished, in order to 
awaken him, apply another sponge, dipped in vinegar, fre-
quently to the nose, or throw the juice of the root of fenu-
greek into the nostrils; shortly he awakes.” [23]
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poisoning. A few prominent surgeons offered 
statements about the mode of application of 
such salves or “oyntments.” John Arderne 
(1307–1380), known for his success curing fis-
tula in anus, and Andres De Laguna (1499–
1560), physician to Emperor Charles V and 
Philip II, provided unambiguous descriptions of 
soporifics (Figs. 1.3 and 1.4).

The Transitional Epoch-Secular  
and Non-Secular Ambivalence  
and the Mistrust of Drugs

The uncertainly of the potency and action of the 
narcotic drugs rendered their application danger-
ous and by the end of the sixteenth century such 
anesthetics had largely fallen into disuse. Indeed, 
even if physicians tried to use “narcotic” herbals in 
the middle of the seventeenth century, they were 
condemned, arrested, and fined or tried for practic-
ing witchcraft [15]. Many of the early books were 
herbals, and Gerard (1545–1612) warned of the 

Fig. 1.3 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, lettuce, 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. Braize 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.” [24, 25]

Fig. 1.4 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 mandrak … I had 
the wife of the public executioner annointed 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 36 h, I restored her to her senses and sanity.” [26]
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alkaloids “… this kind of Nightshade causeth 
sleepe … it bringeth such as have eaten thereof 
into a ded sleepe wherein many have died” [16].

The Scientific or Modern Epoch

The divergence of herbalism (botany) and medi-
cine began in the seventeenth century as part of 
the larger movement known alternatively as natu-
ral philosophy, scientific deism, and the scientific 
revolution. An attempt to develop quantitative 
methodology characterized science, and at the 
forefront of these attempts was the chemical anal-
ysis of the active ingredients in medicinal plants.

Following his clinical observation of poison-
ing in children who had mistaken water hemlock 
for parsnip root, Johann Jakob Wepfer (1620–
1695) demonstrated dose-dependent toxic effects 
in dogs of the alkaloids eventually isolated as 
strychnine, nicotine, and conine [17, 18]. Thus, 
this early quantitative approach gave rise to the 
development of modern chemistry and pharma-
cology. This was first 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, finding that it caused sleep and indiffer-
ence to pain and called this new substance mor-
phine, 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 mate-
ria medica of herbalism, and set the stage for the 
advances of the second half of the nineteenth 
century, which included modern surgical 
anesthesia.

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 bio-
logical effects. In 1808, William P.C. Barton 
(1786–1856) emphasized the brain disorientation 
caused by inhaling nitrous oxide, and cited Davy. 

Meanwhile, an anonymous note, often ascribed 
to Michael Faraday, indicated that the inhalation 
of ether would produce effects similar to those of 
nitrous oxide [19].

In 1839, William E. Clarke (1818–1878) in 
Rochester, NY 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, 
GA, Crawford W. Long (1815–1878) noted that 
one of the participants in an ether frolic fell heav-
ily, but seemed to lack pain. On March 30th, 
1842, Long gave ether by inhalation to a patient 
for removal of a neck tumor; there was no evi-
dence 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 animals at 
his home. He tried to perfect an inhaling device, 
and a demonstration was arranged at the 
Massachusetts General Hospital on October 
16PthP, 1846, a turning point in the history of 
medicine. Gardner Quincy Colton (1814–1898) 
first gave nitrous oxide for anesthetic purposes to 
Horace Wells in 1844 and revived its use in den-
tistry for dental extractions in 1863. Alfred 
Coleman (1828–1902) became the chief advocate 
for the use of nitrous oxide in dentistry.

There were additional “sleep-producing” agents 
available in the second half of the nineteenth cen-
tury. 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 dysmenor-
rheal. Behrend reported its use for the treatment 
of insomnia, nervous excitement, and irrita bility. 
This led to the therapeutic use of “bromides” 
(of lithium, sodium and potassium) as anticonvul-
sants. It was only a short time later that chloral 
hydrate was introduced by Liebreich as a soporific 
for medical purposes [20], as well as for more 
nefarious purposes (it was the chief ingredient in 
the “Micky Finn” cocktail, for which the bartender, 
Michael Finn, was tried in 1903 in Chicago). 
Additional soporifics were paraldehyde, ethanol, 
sulphonal, diethyl-malonyl-urea (Veronal, or bar-
bital), and phenyl-ethyl-malonylurea (Luminal, or 
phenobarbital).
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Following its introduction and promotion as a 
short-acting intravenous dissociative anesthetic 
in 1962, ketamine became a favorite for anes-
thetics administered outside of the operating 
room; it avoided the appearance of general anes-
thesia while providing motionlessness and anal-
gesia (in anesthetic doses). Frequent practitioners 
of the technique quickly noted that tachyphy-
laxis developed after only a few administrations 
in most patients requiring serial sedations, for 
example, for radiation therapy. This prompted a 
variety of pharmacologic strategies that were 
ultimately replaced when propofol was intro-
duced in 1989.

“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 begin-
ning of the twentieth century that spearheaded 
ambulatory anesthesia, as early general anesthesia 
was associated with dental procedures. Ralph 
Waters (1883–1979) opened the Downtown 
Anesthesia Clinic in Sioux City, Iowa in 1916, 
caring for dental and minor surgery patients! 
Intermittently, pediatric anesthesiologists filled 
the role of sedation experts in order for children 
to tolerate unpleasant diagnostic procedures 
(Fig. 1.5). Nevertheless, Waters’ prescience was 
followed by a long gap, until the 1960’s, when 

increasing interest in employing shorter-acting 
anesthetic strategies with more rapid return to 
“street-fitness” predated the explosion onto the 
medical diagnostic scene of computed tomogra-
phy (1974), magnetic resonance imaging (1977), 
interventional radiology procedures, cardiac 
catheterization (diagnostic and interventional), 
and various other imaging modalities. In addi-
tion, further miniaturization and engineering 
improvements continued for both gastrointesti-
nal 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 
locations, popularly known as “outfield” anes-
thesia [21]. These services, which often require 
sedation and analgesia or general anesthesia, 
occupy such a large (and increasing) fraction of 
pediatric anesthesia practice that at Children’s 
Hospital Boston we currently provide such ser-
vices for more than 9,000 procedures per year 
(Table 1.1).

Fig. 1.5 A cachectic child 
undergoing intrapulmonary 
contrast injection via an 
intratracheal catheter for 
radiographic evaluation 
of tuberculosis. (From a 
pediatric anesthesia 
training film made by  
Dr. M. Digby-Leigh in 1947)

Table 1.1 Anesthesia encounters (sedation and general 
anesthesia) outside the operating room

Children’s Hospital Boston 2010
Interventional radiology 2,000
Cath Lab 1,500
Diagnostic radiology (CT, MRI) 3,899
Gastrointestinal endoscopy 1,450
Oncology 540
Radiation therapy 368
Total 9,757
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The Future of Sedation

As an increasing number of procedures are devel-
oped that are accessible by percutaneous, intravas-
cular or natural orifice routes, they will be less 
painful in both the awake and asleep state. However, 
the need for motionless conditions for children as 
well as adults will remain, especially as these imag-
ing techniques and procedures are likely to be  longer 
and require increasingly sophisticated instrumenta-
tion. At the same time, progress will inevitably 
 continue in understanding the neurophysiology 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 media-
tors of pain, attention, and neuromuscular compe-
tence, all in scalable fashions.

Anesthesia and sedation in the absence of sur-
gery is not a new idea; indeed, it is an idea that has 
persisted through the eons and is likely to evolve 
exponentially as our diagnostic procedures and 
interventions become more sophisticated and our 
knowledge about neurophysiology grows.
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Pediatricians, by their very nature, are patient 
advocates. As such, it is no wonder that pediatri-
cians have taken a leadership role in trying to 
define standards around the management of pain, 
anxiety, and motion in children undergoing medi-
cal procedures. In 1985, the American Academy 
of Pediatrics published its first 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 widespread availability of noninvasive moni-
toring, short-acting opioids and sedatives, and 
specific opioid and benzodiazepine 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 simply the administration of pharmaco-
logic agents to remove all pain. In every clinical 
setting, pediatricians must weigh the balance of 
all the risks and benefits of their potential 
treatment. Virtually every agent in the procedural 
sedation armamentarium can have negative 

effects on a patient’s cardiovascular and/or respi-
ratory status and the physician providing 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 proce-
dural sedation. As much as pediatricians serve as 
the advocates for their patients to minimize pain 
and anxiety, they are also their patient’s advo-
cates with regard to their safety. For example, it is 
unlikely that procedural sedation would ever be 
routinely used for procedures such as venipunc-
ture 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 provide a frame-
work for procedural sedation from a pediatri-
cian’s point of view, including understanding of 
the practice setting, the patients and the proce-
dures 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 benefits which may be achieved by the 
procedure.
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Questions to Be Asked

Prior to the initiation of any procedural sedation, 
the following 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 therapy, 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 unanticipated complication of the proce-
dural sedation?
This chapter will attempt to provide a frame-

work for these questions and will lay the founda-
tion for future chapters.

Setting

First and foremost, the provision of sedation in a 
safe manner requires a setting that has immedi-
ately available personnel, equipment, monitor-
ing, and protocols to manage emergency and 
rescue situations [5]. In particular, practitioners 
providing 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, hypoventilation, 
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 seda-
tion services, one in every 200 sedations outside 
of the operating room required airway and venti-
lation intervention and one in every 400 proce-
dures is associated with stridor, laryngospasm, 
wheezing or apnea [6]. While it is difficult to pre-
dict 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 seda-
tion and there should be, at a minimum, 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-sup-
port. Simple certification, however, is not enough. 
This primary practitioner needs to be able to rec-
ognize all potential complications of the seda-
tion, especially the earliest signs of airway 
difficulties, and to manage them accordingly [9]. 
According to the Joint Commission, this level of 
competence requires not only training and edu-
cation, but experience as well [10].

The secondary provider’s primary responsi-
bilities are to monitor the patient during the pro-
cedure and to inform the primary provider of any 
changes in the patient’s cardiovascular or respira-
tory 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 compe-
tence and maintain sedation privileges.

Equipment

The space where the procedural sedation takes 
place must have the proper equipment to 
minimize any adverse consequences. Table 2.1 
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 
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most recent guidelines from the American 
Academy of Pediatrics state that there should be 
a “functioning pulse oximeter with size-appropri-
ate oximeter probes and other monitors as appro-
priate for the procedure (e.g., noninvasive blood 
pressure, respiratory rate, heart rate, ECG, cap-
nography and a precordial stethoscope is 
encouraged in those circumstances in which the 
patient is not easily visible)” [5].  The American 
Society of Anesthesiologists updated in July, 
2011 the Standards for Basic Anesthetic 
Monitoring.  These standards specify that “dur-
ing moderate or deep sedation the adequacy of 
ventilation shall be evaluated by continual obser-
vation of qualitative clinical signs and monitor-
ing for the presence of exhaled carbon dioxide 
unless precluded or invalidated by the nature of 
the patient, procedure or equipment” [12].

Protocols

Protocols or algorithms for how to activate 
back-up emergency services are essential for 
every setting where procedural sedation is prac-
ticed [5]. For nonhospital facilities, this includes 
the activation of the Emergency Medical Service 
(EMS) system and ambulance/transport services 
to the 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 compli-
cations of the sedation.

There need to be written guidelines and proto-
cols for the preprocedure assessment as well as 
for the monitoring of the patient during and fol-
lowing the procedure. Table 2.2 lists the informa-
tion that should be obtained in a preprocedure 

Table 2.1 Equipment required for procedural sedation

Code cart
Defibrillator
Emergency airway equipment

Face masks
Self-inflating bag-valve-mask set-up
Oro- and naso-pharyngeal 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]
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assessment [5]. Documentation during the proce-
dure should be a time-based record of the moni-
tored physiologic parameters and the timing, 
dosage, and effect of the administered drugs. This 
should start with the “time out,” during which 
time the patient’s name, procedure to be per-
formed, and the site of the procedure are con-
firmed [10]. All complications, 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 understanding of how patients change over 
time. From infancy to adolescence, children 
undergo tremendous physical, cognitive, 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 development 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, cop-
ing strategies, and pain perception [13]. While 
procedural sedation may remove the acute pain, 
the anxiety surrounding the procedure may actu-
ally 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 tremen-
dous 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 procedure that is going to happen. Data 
suggest that information provided too far in 
advance of a procedure may serve to increase anx-
iety: children may dwell on or exaggerate the 
anticipated pain or forget the pertinent information 
completely [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. 
The timing will also be influenced by the 
developmental stage of the patient. In general, 
children who cannot reason or think abstractly will 
benefit less from early advanced information.

Table 2.2 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 classification)
Name and contact information of the patient’s medical home

Source: Data from Cote et al. [5]
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Format refers to how information about a 
procedure is conveyed. Examples of various for-
mats include models, puppets, schematic draw-
ings, etc. The appropriate format to be used 
depends greatly on one’s cognitive development. 
For instance, young children who are at an ego-
centric 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 influ-
enced by the developmental stage of the patient. 
Table 2.3 presents the sequential stages of cogni-
tive development and the accompanying strate-
gies 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 nega-
tive focus. On the other hand, language that 

allows for distraction or provides 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 chil-
dren a sensory as opposed to negative focus. 
Positive reinforcement such as “you are being 
brave” or “you did a good job of holding still” are 
nice ways 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 under-
stand. Rather, describing the procedure in a step 
wise 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 sensory and detailed 
information that allow the children a greater 
sense of control [13].

Procedures

A pediatrician will encounter many different 
common procedures 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 

Table 2.3 Childhood developmental considerations for preprocedure preparation

Age (years) Characteristics Strategy for preprocedure preparation
1–4 Understanding of world through 

sensory experiences
Egocentric
Trusts primary caregiver
Animism
Understanding > verbal ability

Use real objects to help child master the 
situation
Reinforce good behavior
Keep parent with child as much as possible

4-10 Development of reasoning
Elimination of egocentrism
Improved verbal communication

Allow time for questioning
Provide detail
Use concrete teaching materials and simple 
medical terms

10+ Can think abstractly
Future thinking
Heightened self-consciousness

Involve patient in decision-making
Provide information in advance
Support need for self-control and 
independence
Offer explanations in clear, technical terms
Respect privacy and self-image concerns

Source: Ferrari Lynne (Moynihan and Kurker [15]), Table 5.2, p. 71, © 1999 The Johns Hopkins University Press. 
Adapted with permission of the Johns Hopkins University Press
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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 forearm fracture 
will need both analgesia and sedation for the 
reduction. It is difficult to characterize proce-
dures to predict the medication requirement. 
The temperament, cognitive development, and 
patient’s past experience will alter what is needed 
for any given procedure. Table 2.4 lists the most 
commonly encountered procedures that may 
require procedural 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., endotra-
cheal 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 opi-
oids do have some sedative effects, sedation often 
enhances analgesic efficacy. In a patient who is 
anxious or stressed, concomitant treatment with a 

sedative may reduce the needed dose of narcotic. 
Furthermore, the use of local and regional anes-
thetics (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 perform procedural sedation, only primary 
care pediatricians in a hospital or medical center 
setting will likely be able to perform 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 com-
mon for, painful procedures such as phlebotomy 
or IV placement. Local anesthetics, however, can 
dramatically lessen the pain associated with pro-
cedures that require penetration of the skin [13]. 
In general, there are three processes by which the 
local anesthetic is delivered to the skin. The anes-
thetic 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 anesthetic through the skin (e.g., heat-
enhanced diffusion, iontophoresis, sonophoresis, 
laser- assisted passage, or pressurized gas deliv-
ery) [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.

There have been a number of studies that 
have demonstrated the effectiveness of distrac-
tion as a technique to minimize pain and anxi-
ety around painful medical procedures [13]. 
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 

Table 2.4 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
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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 dis-
traction during a procedure [19]. Even proper 
positioning can assist in making a painful pro-
cedure 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, non- nutritive 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 under-
standing of adverse reactions due to medication 
use lies in our increasing knowledge of pharma-
cogenetics. The observed differences in response 
between patients to the same dose of the same 
drug, likely is attributed to how a given individual 

metabolizes a given agent. For instance, differ-
ences in the level of cytochrome P-450-dependent 
monooxygenase activity may result in differences 
in both efficacy and toxicity of certain agents 
[20]. As an example, variants in the genotype 
CYP2D6 likely explain different responses to 
codeine, including potentially life-threatening 
toxicity as the result of accumulation of active 
metabolites of the drug [20]. In the future, our 
understanding of pharmacogenetics will likely be 
integrated into the decision-making process as 
we choose agents to provide procedural sedation 
in the safest manner possible.

In summary, it is the responsibility of the seda-
tion provider to advocate for his/her own patients, 
especially with regard to pain, fear, and anxiety 
that may accompany a medical procedure. Being 
an advocate, however, does not mean that all 
patients should be sedated for every painful proce-
dure. In reality, the provider must balance the pain 
associated with the procedure with what is safest 
for the patient. In essence, the approach to proce-
dural sedation is as much choosing when not to 
sedate as it is to tailoring the sedation to the patient 
and procedure. 

Case Studies

Case 1

You are in your office when a mother brings 
her daughter in for evaluation. She is a 
healthy 14-month-old with no significant past 
medical history who fell from a standing 
position and hit the back of her head on the 
bottom rung of the monkey bars. There was 
no loss of consciousness and the patient is 
entirely well, except for a small, 1 cm lacera-
tion in her occipital scalp. What would be 
your approach to managing pain for the lac-
eration repair?

Considerations: This type of laceration in 
the scalp can often be repaired simply with the 
placement of a single staple, which can 
literally be done in less than a second. Given 

that the pain would only last for that short 
amount of time, it would not seem prudent to 
sedate the patient for this procedure.

One approach could be to use a topical 
anesthetic placed over 15–20 min to achieve a 
good deal of local anesthesia. The patient 
could then be held by the mother with her 
back to the person performing the procedure. 
The patient could be being read to with a pic-
ture book or watching a video at the same time 
to provide some distraction for this simple and 
quick procedure.

Case 2

You and a nurse are together seeing urgent 
patients for your clinic. A mother brings her 
16-year-old, 90 kg son in for blood work. She 
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is here because the local lab where she usually 
goes is no longer willing to draw blood on her 
son. The reason is the last time he was there, 
he became agitated during the blood draw and 
knocked down the phlebotomist who tried to 
draw his blood. The blood work is quite urgent 
and needs to be done. What would your 
approach be to this patient?

Considerations: In general, phlebotomy is not 
the typical procedure for which procedural 
sedation is used. However, in this instance, for 
the safety of the patient, the person drawing the 
blood, and any other assistants needed to help 
draw the blood, it may be a good option for this 
patient. And while your practice may be set up to 
do procedural sedation and that in general, only 
two medical personnel are required to perform a 
sedation, in this instance, you may want to 
consider whether or not this patient needs to be 
referred someplace where there are more 
personnel available to assist with the procedure.

Case 3

Your office is in a small medical center which 
shares a procedure room where you can pro-
vide procedural sedation. The procedure 
room is well stocked, including having a 
pediatric code cart that is kept up-to-date. 
You and your nurses have done a number of 

procedures there and in general, you feel 
quite comfortable providing procedural seda-
tion. One of your patients is brought in for 
evaluation of a dog bite. The patient has sev-
eral deep lacerations on the face which require 
significant repair. Your patient’s past medical 
history is significant for having multiple 
congenital anomalies. During his most recent 
surgery, he was noted by anesthesia to have a 
“difficult airway” and was hard to ventilate 
via bag-mask. He required fiberoptic intuba-
tion for his procedure. What would be your 
approach 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 
difficulty, should the patient suffer any serious 
adverse complication of sedation such as 
apnea or hypoventilation, he has already 
proven himself to have a “difficult airway,” 
even in the controlled setting of an operating 
room. I would be reluctant to “simply sedate” 
this patient especially given that this may be a 
prolonged procedure. I think at the very least 
one should consult with anesthesiologist and 
even consider whether this procedure should 
take place in the operating room setting.

References

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

 2. Walco GA. Needle pain in children: contextual fac-
tors. 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, and the Work Group on Sedation. 
Guidelines for monitoring and management of pediat-
ric patients during and after sedation for diagnostic 
and therapeutic procedures: an update. Pediatrics. 
2006;118:2587–602.

 6. Cravero JP, Blike GT, Beach M, et al. Incidence and 
nature of adverse events during pediatric sedation/
anesthesia for procedures outside the operating room: 
report from the pediatric sedation research consor-
tium. Pediatrics. 2006;118:1087–96.

 7. Cote CJ, Karl HW, Notterman DA, et al. Adverse 
sedation events in pediatrics: analysis of medications 
used for sedation. Pediatrics. 2000;106:633–44.

 8. Cote CJ, Notterman DA, Karl HW, et al. Adverse 
sedation events in pediatrics: a critical incident analy-
sis of contributing factors. Pediatrics. 2000;105: 
805–14.



192 Procedural Sedation: Let’s Review the Basics – The Pediatrician’s Perspective

 9. Flood RG, Krauss B. Procedural sedation and analge-
sia for children in the emergency department. Emerg 
Med Clin North Am. 2003;21:121–39.

 10. Joint Commission on Accreditation of Healthcare 
Organizations. Comprehensive Accreditation Manual 
for Hospitals: The Official Handbook by the JCAHO. 
Oakbrook Terrace, IL: Joint Commission on 
Accreditation of Healthcare Organizations; 2005.

 11. Henderson K, Womack W. Noninvasive monitoring 
for procedural sedation. In: Krauss B, Brustowicz 
RM, editors. Pediatric procedural sedation and anal-
gesia. Philadelphia, PA: Lippincott, Williams & 
Wilkins; 1999.

 12. Standards for Basic Anesthetic Monitoring. Committee 
of Origin: Standards and Practice Parameters 
(Approved by the ASA House of Delegates on October 
21, 1986, and last amended on October 20, 2010 with 
an effective date of July 1, 2011) http://www.asahq.
org/For-Healthcare-Professionals/Standards-
Guidelines-and-Statements.aspx.

 13. Cohen LL. Behavioral approached to anxiety and pain 
management for pediatric venous access. Pediatrics. 
2008;122 Suppl 3:S134–9.

 14. Jaanist T, Hayes B, von Bayer CL. Providing children 
with information about forthcoming medical procedure: 

a review and synthesis. Clin Psychol Sci Pract. 
2007;14:124–43.

 15. Moynihan R, Kurker C. The perioperative environ-
ment and the pediatric patient. In: Ferrari LR, editor. 
Anesthesia and pain management for the pediatrician. 
Baltimore, MD: The Johns Hopkins University Press; 
1999.

 16. McMurty CM, McGrath PJ, Fortson BL, et al. 
Reassurance can hurt: parental behavior and painful 
medical procedures. J Pediatr. 2006;148:560–1.

 17. Zempsky WT. Pharmacologic approaches for reduc-
ing venous access pain in children. Pediatrics. 
2008;122 Suppl 3:S140–53.

 18. Burke D, Mogyoros I, Vagg R, Kiernan MC. Temperature 
dependence of excitability indices of human cutaneous 
afferents. Muscle Nerve. 1999;22:51–60.

 19. Leahy S, Kennedy RM, Hesselgrave J, et al. On the 
front lines: lessons learned in implementing multidis-
ciplinary peripheral venous access pain-management 
programs in pediatric hospitals. Pediatrics. 2008;122 
Suppl 3:S161–70.

 20. Gasche Y, Daali Y, Fathi M, Chiappe A, Cootini S, 
Dayer P, et al. Codeine intoxication associated with 
ultrarapid CYP2D6 metabolism. N Engl J Med. 
2004;351:2827–31.



21K.P. Mason (ed.), Pediatric Sedation Outside of the Operating Room:  
A Multispecialty International Collaboration, DOI 10.1007/978-0-387-09714-5_3, 
© Springer Science+Business Media, LLC 2012

Introduction

It is the nature of pediatric sedation that the prac-
tice involves a wide variety of sedation providers 
and pediatric medical subspecialists. As such, 
there is still no consensus on “universally” appli-
cable and acceptable guidelines. 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 some of these guidelines 
and put them into perspective.

The common dictionary definition of “guide-
line” is “general rule, principle, piece of advice.” 
With this definition in mind, this chapter will 
consider several forms of guidelines – including 
those that come in the form of “statements,” 
“practice advisories,” “clinical policies,” or “rec-
ommendations.” These documents range from 
those that contain broad descriptions of appropri-
ate monitoring and treatment to those that offer 
specific guidelines on the use of particular drugs 
or nil per os (NPO) intervals. While different 
pediatric subspecialties may have slightly differ-
ent opinions and descriptions when discussing 

the specifics of sedation care, the common ele-
ments and considerations largely outweigh the 
differences.

Before beginning, it should be noted that the 
methodologies used to produce these guidelines 
vary from organization to organization. For 
example, the American Academy of Pediatrics 
(AAP) guidelines were put together by a work-
group on sedation from the Committee on Drugs 
[1–4]. 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 
American Society of Anesthesiologists (ASA) 
[4] and American College of Emergency 
Physicians (ACEP) [5–7] are founded on an 
 evidence-based review of pediatric sedation 
literature.

This chapter reviews the most recently pub-
lished sedation guidelines of the various special-
ties in the United States and then presents the 
guidelines from some international societies in 
order to provide comparison and contrast.

American Academy of Pediatrics 
Guidelines

In the United States, the AAP guidelines are the 
most widely applied guidelines with respect to 
pediatric sedation. While other statements from 
the AAP have expanded on the importance of the 
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use of sedation and analgesia for children [8–10], 
these guidelines still remain the standard for the 
AAP and have influenced the creation of safe 
sedation systems around the USA and interna-
tionally. Much of their lexicon and recommenda-
tions have been largely adopted by The Joint 
Commission in evaluating institutional compli-
ance for safe sedation standards. The first AAP 
guideline for pediatric sedation was written in 
response to three dental deaths in 1983 (published 
in 1985) [1] on behalf of the American Academy 
of Pediatrics 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 
standardization 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 appro-
priate equipment, the use of physiologic monitor-
ing, the need for basic life support (BLS) 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 specifically required for deep 
sedation providers. These original guidelines 
defined three terms for depth of sedation: con-
scious sedation, deep sedation, and general anes-
thesia. The descriptive term “conscious sedation” 
was defined as “A medically controlled state of 
depressed consciousness that allows the protec-
tive reflexes to be maintained; 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.’”

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 seda-
tion at home by parents – a practice which 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 [11] 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. 
The current guidelines use the terminology of 
“minimal sedation, moderate sedation, deep 
sedation, and anesthesia.” These descriptions of 
sedation levels have been adopted by the ASA 
and The Joint Commission. The addendum 
emphasized that sedatives be administered only 
by those skilled in airway management and car-
diopulmonary resuscitation [11].

The most current iteration of the AAP seda-
tion guidelines was published in Pediatrics in 
December 2006 [3]. This set of guidelines rep-
resents a significant landmark for the field of 
pediatric sedation. For the first time, with the pub-
lication of this document, the Joint Commission, 
ASA, AAP, and the AAPD officially adopted 
common language to define sedation categories 
(minimal, moderate, deep, and anesthesia) and 
the expected physiologic responses for each 
category. The authors emphasize the concept 
that sedation is a continuum and that the seda-
tion provider must be capable of rescuing a 
patient for a level of sedation one step deeper 
than that which is intended. They recommend 
“ongoing maintenance of critical skills for air-
way rescue” and reference some resources, but 
stop short of specific directions for how best to 
teach or maintain critical competencies. Deep 
sedation requires special expertise and per-
sonnel resources.

Credentials required to administer deep seda-
tion [3]:
 1. There must be one person available whose 

sole responsibility is to constantly observe 
the 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, 
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 airway management, and cardiopulmonary 
resuscitation, must be present.
This iteration of the guidelines emphasizes 

that as the recommendations apply to all sites 
where sedation is given, clear plans for rescue by 
Emergency Medical Systems (EMS) must be put 
in place for settings such as a free standing clinic 
or office.

The guidelines include an interesting section 
on drug interactions and cautions on alternative 
medications such at St. John’s Wart, Kava, and 
Echinacea and their possible impact on seda-
tion provision. The guidelines do not make any 
statement nor recommendation on the adminis-
tration of propofol, either by anesthesiologists 
or nonanesthesiologists.

These guidelines distinguish monitoring 
requirements based on the depth of sedation as 
well as the setting. Pulse oximetry, heart rate, 
and intermittent blood pressure should be fol-
lowed during moderate sedation. For deep seda-
tion, “precordial stethoscope or capnography 
should be implemented for patients who are dif-
ficult to observe (i.e., MRI) to aid in monitoring 
adequacy of ventilation.” Capnography is 
“encouraged” but not required, particularly in 
situations where other means of assessing ven-
tilation are limited.

These guidelines make recommendations on 
fasting (NPO) status which continue to be fol-
lowed today:

ASA/AAP NPO Guidelines

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

 2. Breast milk: 4 h.
 3. Infant formula, nonhuman milk.
 4. Light meal and solid food: 6 h.

Recovery criteria and considerations are also 
enumerated, including a suggestion for the use of 
(new) simple “wakefulness” measures as part of 
the discharge criteria (where a child is simply 
observed for his/her ability to remain awake for 
a specified period of time (15–20 min) prior to 
discharge) [3].

American Society of 
Anesthesiologists (ASA) Policies  
and Recommendations

While the ASA has not produced a document spe-
cific for pediatric sedation, issues relating to pedi-
atric patients are mentioned in almost all of the 
sedation-related publications it has produced. The 
ASA has many statements and guidelines that 
address sedation by nonanesthesia providers 
including Practice Guidelines for Sedation and 
Analgesia by Nonanesthesiologists [4]. Continuum 
of Depth of Sedation – Definition 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; and Statement on Granting Privileges to 
Nonanesthesiologist Practitioners for Personally 
Administering Deep Sedation or Supervising Deep 
Sedation by Individuals Who are not Anesthesia 
Professionals. (All statements and other docu-
ments are available at: http://www.asahq.org/ 
publicationsAndServices/sgstoc.htm.)

The Sedation Practice Guidelines for Practi-
tioners who are not Anesthesiologists [4] is prob-
ably the most widely quoted document concerning 
sedation that the ASA has produced. The latest 
iteration of this document was published in 2002 
as an update/revision of the original 1995 guide-
lines [4, 12]. The stated purpose of the guideline is 
to “allow clinicians to provide their patients with 
the benefits of sedation/analgesia while minimiz-
ing 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 seda-
tion provider be able to rescue patients from a level 
deeper than intended. The authors also apply the 
current ASA recommendations on NPO times 
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(2 h for clear fluids, 4 h for breast milk, 6 h for light 
meals and formula, 8 h for full meals) to elective 
sedation. The ASA guidelines are similar to those 
of AAP in their recommendation for ECG, blood 
pressure, and pulse oximetry for all deep sedation 
patients. Continual monitoring of sedation depth 
through stimulation/response analysis is recom-
mended. Until 2011, the ASA emphasized but did 
not require capnography, stating that capnography 
should be considered, but is not required, for all 
patients receiving deep sedation and for patients 
whose ventilation cannot be directly observed 
during moderate sedation. The American Society 
of Anesthesiologists updated in July, 2011 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, procedure or equipment.”  
This updated ASA standard is landmark- the first 
time that end-tidal carbon dioxide monitoring has 
been made a standard of care for moderate as well 
as deep sedation [13].

In 2005 the ASA produced the “Statement on 
granting privileges for administration of moder-
ate sedation to practitioners who are not anesthe-
sia professionals.” This is a detailed statement 
that defines the different groups/qualifications of 
sedation providers: The Anesthesia Professional 
(anesthesiologist, Certified Registered Nurse 
Anesthetist (CRNA), Anesthesiologist Assistant 
(AA), Nonanesthesiologist Sedation Practiti-
oner (other physicians, dentists, podiatrists), 
Supervised Sedation Professional (licensed reg-
istered 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 [14].

The ASA defines the rescue capabilities that 
are required for sedation providers at each level 
of sedation. In 2006 they deviated from the AAP 
in that they restricted the administration of deep 
sedation to those of particular qualifications: 
To practitioners who are qualified to administer 
 general anesthesia or to appropriately supervise 

anesthesia professionals (http://www.asahq. 
org/For-Healthcare-Professionals/Standards-
Guidelines-and-Statements.aspx). This individ-
ual should have no other responsibilities except 
to deliver sedation and monitor the patient 
throughout. This “Statement on granting privi-
leges to non-anesthesiologist practitioners for 
personally administering deep sedation or super-
vising deep sedation by individuals who are not 
anesthesia professionals” was supplanted on 
October 20, 2010 by the ASA Statement on 
Granting Privileges for Deep Sedation to Non-
Anesthesiologist Sedation Practitioners [15]. It 
recommends that the nonanesthesiologist be able 
to bag-valve-mask ventilate, insert an oro/pha-
ryngeal airway and laryngeal mask airway, and 
perform an endotracheal intubation. Training 
should include a minimum of 35 patients, inclu-
sive of simulator experience. Practitioners should 
be familiar with the use and interpretation of cap-
nography. Deep sedation of children requires 
PALS and ACLS certification as well as separate 
education training and credentialing. The ASA 
recognizes the Center for Medicare and Medicaid 
Services (CMS) as defining those qualified to 
administer deep sedation. The Hospital Anesthesia 
Services Condition of Participation 42 CFR 
482.52 (a) of 2010 [16] limits deep sedation to be 
delivered only by an anesthesiologist, nonanes-
thesiologist MD or DO, dentist, oral surgeon, 
podiatrist, CRNA, or Anesthesia Assistant (AA) 
[16, 17].

These CMS guidelines toward nonanesthesia 
providers of sedation were revised in January 
2011 in the PUB 100–07 State Operations 
Provider Certification which revises Appendix A 
for various provisions of 42 CFR 482.52 con-
cerning anesthesia services. These revisions were 
made in response to feedback from practitioners. 
Important changes in these guidelines stem from 
the CMS acknowledgement that the individual 
hospitals may establish their own policies and 
procedures with respect to the qualifications of 
analgesia providers and the clinical situations 
which distinguish anesthesia from analgesia. The 
policies must follow nationally recognized guide-
lines and can include guidelines of one or more 
specialty societies.
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The ASA “Statement on the Safe Use of 
Propofol” first published in 2004 and amended in 
2009, advises that “the involvement of an anes-
thesiologist in the care of every patient undergo-
ing anesthesia is optimal. However, when this is 
not possible, non-anesthesia personnel who 
administer propofol should be qualified to rescue 
patients whose level of sedation becomes deeper 
than initially intended and who enter, if briefly, a 
state of general anesthesia [18].”

The distinction between sedation, deep seda-
tion, and Monitored Anesthesia Care (MAC) is 
frequently misunderstood. To clarify these defini-
tions, the ASA in 2009 amended the document 
entitled: Distinguishing “MAC” from Moderate 
Sedation/Analgesia (Conscious Sedation) to dif-
ferentiate between the two levels of care. Important 
distinctions were that MAC entails an anesthesia 
assessment and the delivery of sedation by a pro-
vider who is prepared and qualified to assess and 
manage physiological or medical issues and to 
convert to a general anesthetic. In general, those 
who administer moderate sedation would not 
expect to progress to a condition in which the 
patient could not maintain his own airway [19].

The Joint Commission: Where 
We Stand Now

Issues relating to sedation (in general) and pedi-
atric sedation in specific are found in a variety of 
locations in the The Joint Commission Handbook 
and website (www.jointcommission.org). The 
JCAHO 2004 Comprehensive Accreditation 
Manual for Hospitals was intended to set the 
standards for sedation and anesthesia care for 
patients in any setting [20].

The Joint Commission recommendations are 
important when considering the credentialing 
and privileging of sedation providers. The Joint 
Commission requires that hospitals define 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 hospital staff to provide 
care in various clinical settings or perform par-
ticular 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 qualified 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 publica-
tions placed responsibility for sedation oversight 
on the Department of Anesthesiology and its 
Chairman [19]. Subsequent revisions of this docu-
ment have revised the language: The Anesthesiology 
Department plays an important advisory role but is 
not directly responsible for sedation care, privileg-
ing, 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 moderate or deep 
sedation and anesthesia are qualified and have the 
appropriate credentials to manage patients at 
whatever level of sedation or anesthesia is 
achieved, either intentionally or unintentionally 
[21].” Referring specifically to deep sedation it 
states, “individuals must be qualified to rescue 
patients from general anesthesia and are compe-
tent to manage an unstable cardiovascular system 
as well as a compromised airway and inadequate 
oxygenation and ventilation [21].” It goes on to 
specify “Each organization is free to define 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 
certification, a satisfactory score on a written 
examination developed in concert with the depart-
ment of anesthesiology, a mock rescue exercise 
evaluated by an anesthesiologist [21].”

Although the Joint Commission still believes 
that Anesthesiology Departments should play a 
role in the development of training and privileg-
ing programs for sedation, they no longer hold 
the central role of being “in charge” of sedation 
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services. Key roles in sedation oversight may be 
filled by qualified specialists of many different 
subspecialties.

American College of Emergency 
Physicians Guidelines

The American College of Emergency Medicine 
(ACEP [7]) has put forward a wide range of state-
ments, clinical practice advisories, and clinical 
policy statements concerning sedation. The 2008 
ACEP Policy Compendium includes an impor-
tant statement Procedural Sedation in the 
Emergency Department (www.acep.org/practres.
aspx?id=29644). This statement begins with a 
strongly worded sentence: “Emergency physi-
cians and nurses under their supervision are qual-
ified to provide procedural sedation/analgesia in 
the emergency department, and ACEP is the 
authoritative body for the establishment of guide-
lines for procedural sedation and analgesia (PSA) 
by emergency physicians.”

In 1998 and 2005 the ACEP produced 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 con-
tinuum and maintain that practitioners should 
possess competence in cardiovascular resuscita-
tion and airway management which should 
include a patient who has achieved general anes-
thesia. The ACEP considers these skills, including 
the administration of propofol and deep sedation, 
to be a fundamental part of the emergency medi-
cine training curriculum and inclusive of the train-
ing required of all board-certified emergency 
physicians [7, 22].

The ACEP guidelines deviate from those of the 
AAP and ASA with respect to NPO guidelines. 
Both the AAP and ASA recommend fasting inter-
vals for elective cases similar to those required for 
general anesthesia – specifically 2 h for clear liq-
uids, 4 h for breast milk, 6 h for formula, and 8 h 
for full meals. These guidelines do not make rec-
ommendations for the non-elective sedation case. 
The ASA and ACEP differ in their consideration 

of NPO status in emergent situations. The ASA 
guidelines state “Patients undergoing sedation/
analgesia for elective procedures should not drink 
fluids or eat solid foods for a sufficient period of 
time to allow for gastric emptying before their 
procedure. In urgent, emergent, or other situations 
in which gastric emptying is impaired, the poten-
tial for pulmonary 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 
a bit less specific stating only “for emergency pro-
cedures the risks of sedation and the possibility of 
aspiration must be weighed against the benefits of 
performing the procedure promptly.”

By the very nature of their work, emergency 
medicine sedation providers must cope with 
patients who do not meet approprite NPO criteria 
and are not having “elective” procedures. 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 compli-
cations in patients who were sedated without meet-
ing the NPO recommendations from the AAP or 
ASA [23, 24]. Previous publications from the 
ACEP have concluded that there is insufficient 
evidence to conclude that fasting actually changes 
outcome for sedation (see above) [25].

In 2006, the ACEP produced a document on 
fasting prior to sedation [26]. This clinical prac-
tice 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 concerning NPO status, and con-
siders 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 vari-
ous NPO times pose with respect to sedation com-
plications. The authors suggest that the issue of 
NPO interval needs to be considered in the con-
text of the urgency and duration of the procedure 
as well as the risk stratefication of the patient, 
nature of food intake, and depth/type of sedation 
targeted. The result is a somewhat complex strategy 
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that weighs NPO time vs. Emergent/Urgent/
Semiurgent nature of the case vs. duration of the 
procedure. Figure 3.1 schematically describes the 
recommendations that result from these guide-
lines [26]. Important however, is their guidelines 
for non-elective sedation of patients who are not 
considered NPO by ASA or AAP standards. The 
guidelines state that although “recent food intake 
is not a contraindication for administering 
Procedural Sedation and Analgesia (PSA), the 
emergency physician must weigh the risk of pul-
monary aspiration and the benefits of providing 
PSA in accordance with the needs of each indi-
vidual patient [7].” The NPO recommenda-
tions state that “recent food intake is not a 
contraindication for administering PSA, but 
should be considered in choosing the timing and 
target level of sedation [7, 26].”

In 2004 and 2008, the ACEP published 
 evidence-based guidelines on the use of specific 
medications for use in pediatric 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 seda-
tion of pediatric patients in the emergency 
department [25]. The “Critical Issues” statement 
supported earlier recommendations on NPO sta-
tus and reviewed the use of sedatives which 
included nitrous oxide, chloral hydrate, and 
sucrose. Important statements include 
“Procedural sedation may be safely administered 
to pediatric patients in the ED who have had 
recent oral intake [25].”

Other ACEP publications include a clinical 
practice advisory on Propofol use in the 
Emergency Department [22], and a clinical prac-
tice guideline on ketamine use in the Emergency 
Department [6]. Both of these documents support 
the use of these drugs for sedation in the 
Emergency Department, expanding on the evi-
dence-based guideline recommendations from the 
Clinical Policy on pharmacological agents men-
tioned above [5]. The ACEP recommendations 
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for physiological monitoring deviate 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 communi-
cation 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 sig-
nificant comorbidity. Capnography, although not 
required, is acknowledged by ACEP to be a moni-
tor which may allow more rapid identification of 
hypoventilation than pulse oximetry alone [27].

American Dental Association 
Sedation Guidelines

The American Dental Association (ADA) guide-
lines regarding sedation are posted on their  website 
at www.ada.org/sections/professionalResources/
pdfs/anesthesia_guidelines.pdf. The guidelines 
acknowledge 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 classification for 
sedation patients, and monitoring guidelines for 
sedated patients. There is a very specific outline of 
the training required for dentists regarding various 
levels of sedation, including specific educational 
programs and life support training. In this regard 
the guidelines are more detailed than those pro-
vided by other organizations. Deep sedation 
requires the presence of a minimum of three indi-
viduals: one dentist who is credentialed to admin-
ister deep sedation or anesthesia and two additional 
personnel who have current certification of suc-
cessfully completing a BLS Course for the 
Healthcare Provider. There are two requirements 
to qualify for deep sedation certification: 
Completion of an advanced education program on 
the administration and management of deep seda-
tion or anesthesia, which must be accredited by 
the ADA Commission on Dental Accreditation, 
and a current certification in both BLS for 
Healthcare Providers and Advanced Cardiac Life 

Support (ACLS) or an appropriate dental sedation/
anesthesia emergency management course. The 
dentist 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 continuously until 
the patient meets the criteria for recovery. Those 
who provide pediatric sedation must have Pediatric 
Advanced Life Support (PALS) in addition to 
directed pediatric training and education [28, 29].

The guidelines are presented in sections, each 
of which iterates a sedation level: Minimal, 
Moderate, and Deep Sedation sections. Specific 
recommendations are given for training of seda-
tion providers, preoperative preparation of patients, 
monitoring and documentation, recover and 
 discharge criteria, and personnel/equipment 
requirements. The document is intended for adults 
and for children 12 years of age and below. The 
ADA refers to the AAP/AAPD Guidelines for 
Monitoring and Manage ment of Pediatric Patients 
During and After Sedation for Diagnostic and 
Therapeutic Procedures and Use of Deep Sedation 
and General Anesthesia in the Pediatric Dental 
Office [3, 30]. These guidelines address some 
issues unique to the office-based dental practice 
and to the special needs child. If the dental patient 
undergoing deep sedation or general anesthesia is 
mentally and/or physically challenged, it may not 
be possible to have a comprehensive physical 
examination or appropriate laboratory tests prior 
to administering care. In these situations, the den-
tist responsible for administering the deep sedation 
or general anesthesia should document the reasons 
preventing the recommended preoperative assess-
ment prior to administering sedation [3]. Nitrous 
oxide is a recognized and acceptable sedative, 
alone or in combination with other sedatives [3].

American Society of 
Gastroenterologists

The Standards of Practice Committee of the 
American Society for Gastrointestinal Endoscopy 
has recently published guidelines for deep 
sedation, the administration of propofol by 
non anesthesiologists and pediatric sedation for 
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gastrointestinal procedures and endoscopy [31]. 
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 identifies statements supported by prospec-
tive randomized trials and C level identifies expert 
opinion in the absence of peer-reviewed evidence. 
The chronological history leading up to these 
2009 guidelines will be detailed below [31, 32].

The first guideline was published in 2002 and 
entitled Guidelines for the Use of Deep Sedation 
and Anesthesia for GI Endoscopy [32]. 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 identified as particularly 
important for those with specific emotional 
issues, drug use history, and those who are 
undergoing extensive procedures. There are no 
specific references to, or recommendations for, 
the pediatric population.

Pharmacologic agents are reviewed and 
include guidelines for the indications and use of 
droperidol (in addition to midazolam and fenta-
nyl). This guideline is unique in its recommenda-
tion for droperidol as a third drug if needed. There 
is an accompanying 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 vs. benefits 
of its use in endoscopy. Personnel preparation 
and monitoring requirements for propofol seda-
tion are carefully delineated [32]:
 1. At least one person who is qualified in both 

basic and advanced life support skills (i.e., 
tracheal intubation, defibrillation, use of resus-
citation medications).

 2. Physiologic monitoring should include pulse 
oximetry, electrocardiography, and automated 
blood pressure measurement. Monitoring oxy-
genation 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 uninterrupted monitoring of the patient’s 

physiologic parameters and administration of 
propofol.

 5. Extended monitoring with capnography 
should be considered as it may decrease the 
risks during deep sedation.
Published in 2002, this guideline concludes 

that although propofol does not appear to offer a 
significant advantage over standard benzodiaz-
epine/opiate techniques for routine endoscopy 
procedure, it does confer significant advantages 
for longer and more complicated procedures 
(Level “A” recommendation). The authors also 
discuss the provision of propofol sedation by 
nonanesthesiologists including other physicians 
and registered nurses. Anesthesiology assistance is 
recommended for specific situations including pro-
longed or therapeutic endoscopic procedure 
requiring deep sedation, anticipated intolerance 
to standard sedatives, increased risk for compli-
cation because of severe comorbidity (ASA class 
III or greater), and increased risk for airway 
obstruction because of anatomic variant. These 
final recommendations are included at a “C” 
level.

A second publication entitled Guidelines for 
Conscious Sedation and Monitoring During 
Gastrointestinal Endoscopy was published in 
2003 in the journal Gastrointestinal Endoscopy 
[33]. They refer to “conscious sedation” as a level 
of equivalence to “moderate sedation.” These 
guidelines review the data on endoscopy-related 
complications – noting that over 50% of compli-
cations are related to cardiopulmonary side 
effects with the majority relating to aspiration, 
oversedation, hypoventilation, vasovagal epi-
sodes, and airway obstruction. They note that the 
risk of cardiovascular complications is dependent 
on the patient’s underlying medical condition and 
the procedure to be performed – The combina-
tion of high-risk patients and high-risk proce-
dures represent the highest risk.

These guidelines support the monitoring rec-
ommendations of the ASA and AAP: Required 
monitoring during sedation for endoscopy 
includes recording of the heart rate, blood pres-
sure, respiratory rate, and oxygen saturation. 
Capnography is advised for prolonged cases but 
not required.
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Several drugs are mentioned for conscious 
sedation during endoscopy. Benzodiazepines and 
opiates (along with reversal agents) are mentioned 
in detail along with droperidol and promethazine. 
Unique to this set of guidelines, “pharyngeal” 
anesthesia is reviewed. Specific mention is made 
of the risk of methemoglobinemia with  benzocaine 
administration. In reference to deep sedation, the 
authors suggest that propofol is superior to stan-
dard benzodiazepine/opiate sedation for complex 
procedures and acknowledge that its use in rou-
tine upper and lower endoscopic procedures is 
controversial with little proven benefit over stan-
dard moderate sedation [33].

The most recent and pertinent publication 
regarding sedation specifically for pediatric 
endoscopy was published in 2008 as Modifications 
in Endoscopic Practice for Pediatric Patients 
[34]. This document addresses many issues relat-
ing to sedation in children and for pediatric 
endoscopy. For example, the authors review indi-
cations and contraindications for endoscopy in 
children, the appropriateness of pediatric vs. 
adult endoscopists for various procedures in chil-
dren, and the appropriate preparation of patients 
for these studies. They include discussions of the 
proper equipment to use for pediatric endoscopy 
and the indications for antibiotic prophylaxis.

Important cautions are that airway obstruction 
is more common in children and because of higher 
oxygen consumption, it can lead to the rapid onset 
of hypoxia in the face of apnea (and therefore rec-
ommend the routine use of oxygen during endo-
scopic sedation in this age group). The authors 
note that general anesthesia is often used for pedi-
atric endoscopy and that the number of centers 
using propofol sedation or general anesthesia for 
endoscopy appears to be increasing [34, 35]. One 
study from 1995 cites equivalent safety and effi-
cacy when using a standardized procedural seda-
tion protocol (opiate plus benzodiazepine) when 
compared to general (potent inhalation) anesthe-
sia [36]. The authors also note that when propofol 
sedation is compared to “general anesthesia,” it 
has been found to result in less total time for 
 sedation/anesthesia and equal safety [37].

In 2009, the American Society of Gastro-
enterologists published their position statement 

for nonanesthesiologist administration of propofol 
for GI endoscopy [31]. The guidelines state that 
clinically important benefits of propofol in aver-
age-risk patients undergoing upper endoscopy and 
colonoscopy have not been consistently demon-
strated with regard to patient satisfaction and 
safety. It supports that propofol can be safely and 
effectively given by nonanesthesiologist physi-
cians and nurses provided they have undergone 
appropriate training and credentialing in adminis-
tration and rescue from potential pulmonary and 
cardiovascular complications. The summary sec-
tion makes specific recommendations for sedation 
for pediatric endoscopy. They generally follow 
AAP and ASA standards [31]:
 1. All pediatric patients should receive routine 

oxygen administration and should be moni-
tored with a minimum 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 sta-
tus and to record vital signs.

 3. The presence of personnel trained specifically 
in pediatric life support and airway manage-
ment during procedures requiring sedation is 
strongly recommended.

The Debate: Granting Privileges for 
Sedation to Non-Anesthesiologists

An ongoing area of debate revolves around the 
credentialing and privileging of non-anesthesio-
logists to administer sedation. In October 2010, 
the ASA issued a Statement on Granting 
Privileges for Deep Sedation to Non-
Anesthesiologist Sedation Practitioners [15]. The 
ASA Statement recommends that non-anesthesi-
ologists be proficient in advanced airway man-
agement for rescue when they deliver deep 
sedation. This proficiency and competency would 
be determined by the Director of Anesthesia 
Services of the facility in which the sedation is 
delivered [15]. In addition, the ASA specified 
that performance evaluation and a performance 
improvement program would be required for 
privileging- both of which would be developed 
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with and reviewed by the Director of Anesthesia 
Services [15]. 

In response to the above ASA Statement, in 
July 2011 the American College of Emergency 
Physicians released a policy statement entitled 
Procedural Sedation and Analgesia in the 
Emergency Department (ED): Recommendations 
for Physician Credentialing, Privileging, and 
Practice [38]. This Policy iterated that the chief of 
the emergency medicine service at each institu-
tion will be responsible for establishing criteria 
for credentialing and recommending emergency 
physicians for sedation privileges. Sedation train-
ing should “focus on the unique ED environment”. 
Further more, the capability of qualified ED nurses 
to administer propofol, ketamine, and other seda-
tives under the direct supervision of a privileged 
emergency physician is condoned.  The Policy 
acknowledges that deep sedation may be accom-
plished with the ED physician both administering 
sedation and performing the procedure.

The training, credentialing and privileging pro-
cess and requirements for non-anesthesia special-
ists will likely remain an area of ongoing debate. 
Regardless, the introduction and implementation 
of structured sedation training, regardless of 
the specialty which initiates and is responsible for 
the training program, will only serve to benefit the 
practice and delivery of sedation.

International Guidelines

A wide variety of sedation guidelines specific to 
pediatrics or with application to pediatrics have 
been published by various specialty societies and 
international organizations. Some are largely 
consistent with the recommendations of the AAP, 
others are not. It is not possible to review and 
highlight all of the similarities and differences 
between the existing sedation guidelines world-
wide. Chapters 14, 17, and 18 detail the most 
recent sedation guidelines published by the 
National Institute of Health (NICE) in the United 
Kingdom (2011) [39], the Dutch Institute of 
Healthcare Improvement in the Netherlands 
(2011) [40], the Endoscopy Section of the 
German Society for Digestive and Metabolic 

Diseases (2009) [41], and the adult and pediatric 
guidelines of the South African Society of 
Anesthesiologists (2010 and 2011) [42, 43]. 
A sample of sedation statements and guidelines 
published worldwide include the following:
 1. Scottish Intercollegiate Guidelines Net-

work [44].
 2. Australasian College for Emergency 

Medicine, Australian and New Zealand 
College of Anaesthetists [45].

 3. Canadian Consensus Guidelines. Canadian 
Association of Emergency Physicians [46].

 4. British Society of Gastroenterology [47].
 5. Standing Dental Advisory Committee 

– UK [48].
 6. NeuroAnesthsia and Neruointensive Study 

Group of the Italian Society of Anesthesia [49].
 7. Standing Dental Advisory Committee, 

Department of Health – UK. Conscious Seda-
tion in the Provision of Dental Care. Report 
of an Expert Group on Sedation for Dentistry 
2003. Available at: www.dh.gov.uk/Publica
tionsandstatistics?Publications. Accessed 2 
Jan 2008.

 8. The Working Group on Endoscopy, Austrian 
Society of Gastroenterology and Hepatology 
[50].

 9. South African Society of Anaesthesiologists 
(SASA) Sedation Guidelines [43].

 10. South African Society of Anaesthesiologists 
(SASA) Paediatric Procedural Sedation and 
Analgesia (PSA) Guidelines [42].

 11. National Institute for Health and Clinical 
Excellence. Sedation for diagnostic and ther-
apeutic procedures in children and young 
people (Clinical guideline 112) 2010 [39] 
(http://guidance.nice.org.uk/cg112).

 12. Sedation Guidelines for Gastrointestinal 
Endoscopy 2008 of German Society for 
Digestive and Metabolic Diseases [41].

 13. European Society of Gastrointestinal Endos-
copy, European Society of Gastro enterology 
and Endoscopy Nurses and Asso ciates, and 
the European Society of Anesthe siology 
Guideline: Non-Anesthesiologist Adminis-
tration of Propofol for G1 Endoscopy [51].

 14. Dutch Institute for Healthcare Improvement 
(CBO), Pediatric Guidelines for Sedation 
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and/or Analgesia (PSA) at Locations Outside 
the Operating Theatre from the Netherlands 
Society of Anesthesiologists and the Dutch 
Society of Pediatrics [40].

Even within Europe, there is a lack of consen-
sus and agreement between the guidelines, par-
ticularly with respect to pediatrics, deep sedation, 
and propofol. One example of this is the sedation 
guidelines of Scotland. The Scottish National 
Guidelines of 2004 were written only for mini-
mal and moderate sedation, as anything beyond 
(deep sedation included) requires an anesthesiol-
ogist and is treated as a general anesthetic [44]. 
Propofol is limited to anesthesiologist adminis-
tration only. Scotland offers a unique acknowl-
edgement on the role of the child and parent in 
the sedation process. In 1995, the Child Scotland 
Act specified that an informed consent be 
obtained from the child when appropriate. The 
presence of the parents is recommended during 
the sedation, in hopes of providing emotional 
support [52].

Summary

The practice of sedation for children has advanced 
considerably over the last 40 years. Sedation 
guidelines have evolved, with new editions, 
updates, and addendums in order to reflect the 
change in practice and the published literature. 
As outlined in this chapter, there are a large num-
ber of guidelines that address pediatric sedation. 
There is a general lack of consensus on NPO sta-
tus for sedation and on whether nonanesthesiolo-
gists should administer deep sedation or propofol. 
In general, however, all of the guidelines are con-
gruent with regard to the need for patient assess-
ment and preparation and for appropriate 
competency-based training and credentialing for 
sedation providers. Future efforts should be 
aimed at designing clinical studies with defined 
endpoints and outcomes. Worldwide participa-
tion in these studies, involving all specialties, will 
establish safety data which could direct the cre-
ation of more unified sedation guidelines. 
Particularly with children, unified recommenda-
tions from the AAP, ASA, AAPD, ADA, The 

Joint Commission, ACEP, and American Society 
of Gastroenterologist together with a consensus 
among the different specialties worldwide, would 
offer a landmark first step in the advancement of 
pediatric sedation.
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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 a clinical model of 
pediatric sedation [1], the patient’s state can range 
from fully awake undergoing a painful procedure 
without sedation or analgesia to apnea, hypoxia, 
and death from oversedation (Fig. 4.1). 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 seda-
tion. Additionally, having objective assessment 
scales available to rate a child’s readiness for dis-
charge from a sedation recovery area is also impor-
tant, as premature discharge 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 EEG will be 
reviewed and compared to pediatric sedation 
scales. Finally, commonly used scales to assess 
recovery from sedation and readiness for discharge 
from sedation will be discussed.

Sedation Scales

The Joint Commission, American Academy of 
Pediatrics, and the American Society of 
Anesthesiologists have recently revised their def-
initions of the levels of pediatric sedation [5, 6] 
(Table 4.1, Fig. 4.2). 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 inapplicable particularly in pedi-
atric patients who can change rapidly from mini-
mal to deep levels of sedation. Any assessment of 
levels of sedation needs to take these basic con-
siderations into account.

Sedation scales are indeed necessary for pediat-
ric procedural sedation, particularly when practiced 
by nonanesthesiologists. For example, Reeves et al. 
[7] studied 16 children undergoing propofol seda-
tion for bone marrow aspiration by nonanesthesi-
ologists, and found that for all children, their level 
of consciousness, motor activity score, and bispec-
tral index score was consistent with either deep 
sedation or general anesthesia at some point during 
the procedure. In a large pediatric procedural 
cohort, Cravero et al. assessed 49,836 propofol 
sedations. Complications were noted in 5.92% of 
patients, including an airway or pulmonary compli-
cation in 1.17%, yet there was no assessment of 
depth of sedation reported [8]. Sedation scales are 
essential to minimize complications from sedation. 
They can provide early warning of sedation that is 
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Fig. 4.1 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 seda-
tion scale should be able to accurately 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 undesired 
side effects of therapeutic action: R1 undersedation and 
pain; R2 oversedation, and R3 rescue from oversedation. 
(From Cravero et al. [1], reprinted with permission from 
Wolters Kluwer Health)

Table 4.1 American Academy of Pediatrics/Joint 
Commission/American Society of Anesthesiologists 
Definitions of Levels of Sedation

Minimal sedation (anxiolysis): A drug-induced state 
during which patients respond normally to verbal 
commands. Although cognitive function and coordina-
tion 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 purpose-
fully 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 conscious-
ness during which patients cannot be easily aroused but 
respond purposefully after repeated or painful stimulation 
(note: reflex 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 conscious-
ness 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 
2007. Available at www2.asahq.org/publications/p-106- 
asa-standards-guidelines-and-statements.aspx

Fig. 4.2 The sedation continuum. A patient may readily 
pass from a light level of sedation to deep sedation or 
general anesthesia. Healthcare providers must be pre-
pared to increase vigilance and intensity of monitoring 
consistent with the depth of sedation. One should con-
sider all children younger than the age of 6 years as 

deeply sedated because “conscious sedation” in this 
age group for most children is an oxymoron. (ASA, 
American Society of Anesthesiologists; JCAHO, Joint 
Commission on Accreditation of Healthcare Organi-
zations.) (Reproduced and used with permission from 
Kaplan et al. [6])
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deeper than intended and allow the practitioner to 
intervene proactively, instead of having to rescue 
the patient from an episode of hypoxemia from air-
way 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 seda-
tion necessary for successful completion of the 
procedure and with adverse effects of sedation, i.e., 
airway obstruction, hypoxemia, hypotension, 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 num-
bers of patients to determine whether the scale cor-
relates 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. This chapter 
will review the currently available and utilized 
sedation scales and assessment methods.

The Ramsay Scale

The Ramsay Sedation Scale (RSS) was described 
by Ramsay and colleagues in 1974 for the purpose 
of monitoring sedation with alphaxalone/
alphadolone [9] (Table 4.2). It has been validated 
by several methods including a modified 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 chil-
dren, it is one of the most widely used scales for 
assessing and monitoring pediatric sedation in daily 
practice, as well as in clinical research. RSS spans 
the continuum of sedation but does not clearly sepa-
rate purposeful from nonpurposeful responses.

A later modification of the Ramsey scale more 
clearly coincides with the AAP and Joint 
Commission guidelines (Table 4.3) [6]. A score 
of 2–3 is anxiolysis, 4–5 is moderate sedation, 
6 is deep sedation, and 7–8 is general anesthesia.

The Observer’s Assessment of 
Alertness/Sedation Scale and Modified 
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 con-
sciousness level in four areas: responsiveness, 
speech, facial expression, and eyes (Table 4.4). 
The OAA/S was validated 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 

Table 4.2 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 glabella tap or 

loud auditory stimulus
5 Patient asleep, sluggish response to stimulus
6 Patient has no response to firm nail-bed pressure 

or other noxious stimuli

Source: Data from Ramsay et al. [9]

Table 4.3 Modified 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

2a Awake but tranquil, purposeful responses to 
verbal commands at conversation level

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

4b Appears asleep, purposeful responses to verbal 
commands but at louder than usual conversation 
level or requiring light glabellar tap

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

6c Asleep, sluggish purposeful responses only to 
painful stimuli

7d Asleep, reflex withdrawal to painful stimuli only 
(no purposeful responses)

8d Unresponsive to external stimuli, including pain

Source: Data from Ramsay et al. [9]
a Minimal
b Moderate
c Deep
d GA, general anesthesia
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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 perfor-
mance tests, the Digit Symbol Substitution Test, 
and the Serial Sevens Subtraction Test to com-
pare 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 validated 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 Modified Observer Assessment Sedation 
Score (MOAA/S) uses only the responsiveness 
category of the OAA/S. This category was sepa-
rately 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 com-
pletely applicable to the procedural sedation envi-
ronment [16] (Table 4.5). 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 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 appropri-
ate 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 more applicable for 
ICU care where the scale is performed no more fre-
quently than every hour. In the context of most pro-
cedural 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 4.6) 
[14]. It is a level of consciousness tool that readily 

Table 4.4 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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Table 4.5 The COMFORT Score

Domain Characteristics Score

Alertness Deeply asleep
Lightly asleep
Drowsy
Fully awake and alert
Hyper-alert

1
2
3
4
5

Calmness/agitation Calm
Slightly anxious
Anxious
Very anxious
Panicky

1
2
3
4
5

Respiratory response No coughing and no spontaneous respiration
Spontaneous respiration with little or no response to ventilation
Occasional cough or resistance to ventilator
Actively breathes against ventilator or coughs regularly
Fights ventilator; coughing or choking

1
2
3
4
5

Physical movement No movement
Occasional slight movement
Frequent slight movement
Vigorous movement limited to extremities
Vigorous movement including torso and head

1
2
3
4
5

Blood pressure Blood pressure below baseline
Blood pressure consistently at baseline
Infrequent elevations of 15% or more (1–3 observations)
Frequent elevations of 15% or more (more than 3 episodes)
Sustained elevation 15%

1
2
3
4
5

Heart rate Heart rate below baseline
Heart rate consistently at baseline
Infrequent elevations of 15% or more (1–3 observations)
Frequent elevations of 15% or more (more than 3 episodes)
Sustained elevation 15%

1
2
3
4
5

Muscle tone Muscle totally relaxed
Reduced muscle tone
Normal muscle tone
Increased muscle tone and flexion of fingers and toes
Extreme muscle rigidity and flexion of fingers and toes

1
2
3
4
5

Facial tension Facial muscles totally relaxed
Facial muscle tone normal; no facial muscle tension evident
Tension evident in some facial muscles
Tension evident throughout facial muscles
Facial muscles contorted and grimacing

1
2
3
4
5

Source: Data from Ambuel et al. [16]

separates patients into the sedation categories 
defined 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 undergoing 
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 

Table 4.6 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 
significant physical stimulation

4 Unarousable
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by trained, blinded observers of the videotaped 
assessments, which were edited and viewed in 
random order. UMSS was compared to a 10-point 
visual analog scale (VAS) and the OAA/S. One 
hundred and sixty-four observations 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 sedation 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 vid-
eotaped observations were rescored at a later 
date. Thus it would appear that the UMSS meets 
several of the requirements for the ideal sedation 
scale, in that it is validated, rapid to administer, 
and allows repeated observations. A problem it 
shares with other scales is the need to arouse the 
patient to make an assessment; this is not possible 
during a procedure such as an MRI scanning 
sequence, and may be undesirable if the patient 
remains aroused after the assessment.

Dartmouth Operative Conditions Scale

The Dartmouth Operative Conditions Scale 
(DOCS) [1] was designed by three pediatrician/
anesthesiologists, and then refined by videotaping 
12 common procedures which included MRI, CT 
scan, voiding cystourethrogram, cardiac catheter-
ization, fracture reduction, and bone marrow 
biopsy (Table 4.7). DOCS was created as a 
research tool to evaluate the conditions and 
responses to sedation [1]. The Dartmouth scale 

was validated by videotaping 95 procedures with 
sedation provided by a variety of providers includ-
ing radiology nurses, pediatricians, pediatric resi-
dents, cardiologists, oncologists, and 
anesthesiologists. The scale allows quantification 
of children based on observable behavior. It rates 
level of sedation in four areas: pain or stress, 
movement, consciousness, and sedation side 
effects (Fig. 4.1). In this manner the complete-
ness of the quality of sedation can be assessed 
comprehensively. Inter- and intra-rater reliability, 
construct validity, and criterion validity were all 
excellent. DOCS correlated well with the modi-
fied COMFORT score when video clips of proce-
dural sedation were shown to 10 different 
healthcare providers.

The Dartmouth scale is a well-validated tool. 
It is best suited for research because of its com-
prehensive nature but nonetheless applicable to 
routine use for procedural sedation. Assessment 
of this scale at frequent intervals allows for care-
ful tracking of state of sedation, effectiveness of 
sedation, uncontrolled side effects, and the tim-
ing of induction of sedation and recovery. This 
data can be helpful in quantifying the quality of 
sedation and best practices.

Modified Aldrete Score  
as a Sedation Scale

The Modified Aldrete Score has been in wide-
spread use as a postanesthesia recovery score for 
many years and is detailed further in the latter 
part of this chapter (Table 4.8). Because of its 

Table 4.7 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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near universal use for this purpose it is familiar to 
many sedation practitioners, and although not 
designed specifically for this purpose, it has been 
applied as a sedation scale during the procedure 
itself, as well as through recovery until discharge 
for procedural sedation in children. This score 
has not been independently validated neither in 
children nor 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 anesthesia (Fig. 4.3). The appeal of pro-
cessed EEG methods is that they are continuous, 
objective, and do not require awakening of the 
patient for assessment. Limitations of BIS include 
that the sensor, when applied to the forehead, must 
be secured with firm pressure to yield a valid sig-
nal, and this in itself may awaken the patient. Its 
ferromagnetic electrode array is not compatible 
with MRI magnetic fields. 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, pentobarbital, propofol, ket-
amine, 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 vs. light sedation) 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.

Mason et al. [18] compared BIS values imme-
diately 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 significant differ-
ence 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 variation in BIS val-
ues 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 limited utility in assessing sedation level in 
children [19]. This is due to several factors, includ-
ing 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 [20].

Other Sedation Scales

There are a number of additional sedation scales, 
such as the Harris, modified Glasgow Coma Score, 
Cambridge, Bloomsbury, Neurobehavioral 
Assessment Scale, Sedation-Agitation Scale, PRST 
(pressure, rate, sweat, tearing), 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 primarily for procedural sedation. 
Most also measure physiologic variables as part of 
the assessment, and thus are long and cumbersome 
to apply for procedural sedation.

Objective, Physiologically Based 
Sedation Scales

As is evident from the discussion above, the ideal 
sedation scale for pediatric patients undergoing 
procedural sedation does not exist at this time. 
Limitations of all scales include the inherent sub-
jectivity 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 
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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 dangerous 
levels of sedation, i.e., deep sedation from general 
anesthesia, is limited and has not been demon-
strated for most of the scales, or for processed 
EEG monitoring, and thus the goal of preventing 
airway and cardiovascular complications is also 
problematic using current schema. 

Green and Mason [21] have advocated a refor-
mulation of the sedation continuum. Instead of 
basing the scale on subjective or semiobjective 
criteria, scales based on objective physiologic 
monitoring would be devised. The reformulated 
sedation continuum would be based on an objec-
tive means of assessing and stratifying sedation 
risk.  The tool would be identified as the Objective 
Risk Assessment Tool for Sedation (ORATS) and 
would guide training, credentialing and quality 

Fig. 4.3 (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 signal strength indicator. (c) The 
sedation continuum using the BIS algorithm. See text for 
details. (Images used by permission from Nellcore Puritan 
Bennett LLC, Boulder CO, doing business as Covidien)
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indicators of sedation providers and sedation out-
come respectively. This ORATS tool would be 
used in conjunction with a Comfort Assessment 
Tool for Sedation (CATS) which reconfigures the 
existing sedation continuum to reflect and follow 
the degree of comfort (Fig. 4.4) [22].

The scale includes capnography as one of 
the objective tools for assessment. Capnographic 
monitoring may provide an objective, valuable 
tool to follow sedation depth as well as warn of 
potential or existent compromise. 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 airflow, at its ear-
liest occurrence (Fig. 4.5). This is substantially 
before arterial desaturation is detected by pulse 
oximetery, or bradycardia or hypotension from 
prolonged hypoxia. Portable capnographic moni-
toring is easily performed via widely available 
divided nasal cannulae made in infant, pediatric, 
and adult sizes, and can be used in all situations, 
including the MRI suite [23]. Indeed, capnography 

Fig. 4.5 (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 signifies unobstructed 

airway and adequate tidal volumes in this patient. (b) 
Capnograph from a patient with significant respiratory 
depression. Respiratory rate is 10 per minute, and end-tidal 
CO

2
 is only 10 mmHg, likely signifying small tidal volumes

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 

Appropriate for
risk level 

Appropriate for
risk level 

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

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

4 ≥1:10
 Objective monitoring

predicts this level of risk
Skills appropriate for maintaining a

patient at this risk level

Fig. 4.4 Objective Risk Assessment Tool for Sedation 
(ORATS). 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 final tool would contain the minimum number of discrete 
levels with independent predictive value.
a Focused research would be required to validate the specific 
variables, parameters, and thresholds that predict the 

 progressive levels of serious adverse event risk.  Evaluation 
of capnography, for example, could include but not be lim-
ited 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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monitoring for procedural sedation has been 
demonstrated to improve safety in children. 
Lightdale et al. [24] reported 174 moderate seda-
tions in children for gastrointestinal endoscopy 
procedures, with half receiving capnographic 
monitoring and an intervention protocol and the 
other half blinded capnography with only rescue 
intervention, in a prospective randomized study 
design. Eleven percent of patients in the interven-
tion arm had SpO

2
 <95% for greater than 5 s, 

 versus 24% in the control arm (p < 0.03).
Potential capnographic criteria for increasing 

levels of sedation would include age-appropriate 
respiratory rate determined by the capno-
graph (slower means deeper sedation), significant 
decreases in end-tidal CO

2
 values (signifying 

smaller tidal volumes or partial airway obstruc-
tion, or in worst case scenario low cardiac output), 
or complete absence of end-tidal CO

2
, associated 

with complete airway obstruction. Specific, 
focused research would be required to stratify lev-
els 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 proce-
dural sedation, and scales originally designed to 
assess anesthesia recovery readiness for discharge 
to a hospital ward (Aldrete, Steward – see below) 
have also been expanded to include recovery from 
sedation, and readiness for discharge to home 
after procedural sedation without a painful opera-
tive 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 circum-
stances. 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 vali-
dated for the purpose of discharge  readiness, and 

in the case of the postanesthesia  recovery scales, 
they have not. Besides assessing readiness to 
resume “normal” activities, the purpose of dis-
charge 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 
[25], validated in adults, and quickly became the 
standard for PACU discharge from surgery for 
both adults and children. It rates five 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 4.8). With the introduction of pulse oxim-
etry, the score was modified to include SpO

2
 

instead of color [26]. Because of its familiarity, it 
has been used as a score for discharge from seda-
tion as well. A score of 9 or 10 is standard to 
determine readiness for discharge.

Table 4.8 The modified Aldrete Scale

Domain Response Points

Activity Able to move four extremities  
voluntarily or on command
Able to move two extremities 
voluntarily or on command
Unable to move extremities 
voluntarily or on command

2

1

0

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

2

1
0

Circulation BP ± 20% of preanesthetic level
BP ± 20–49% of preanesthetic 
level
BP ± 50% of preanesthetic level

2
1

0
Consciousness Fully awake

Arousable on calling
Not responding

2
1
0

O
2
 saturation Able to maintain SpO

2
  

>92% on room air
Needs O

2
 inhalation to  

maintain SpO
2
 >90%

SpO
2
 <90% even with O

2
 

supplement

2

1

0

Source: Data from  Aldrete [26] 
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The Maintenance of Wakefulness Test was 
devised to assess daytime somnolence in patients 
with sleep disorders [27, 28]. 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. The Modified 
Maintenance of Wakefulness Test (MMWT) is a 
new modification of the original test, which was 
devised to help determine discharge readiness in 
children [29]. The MMWT requires visual obser-
vation to measure the duration of time from patient 
awakening to falling asleep. Malviya et al. studied 
29 infants receiving either chloral hydrate or mida-
zolam/diphenhydramine oral sedation for echocar-
diogram [29]. The modified wakefulness test was 
combined with the UMSS sedation scale (see 
above) to devise new, modified 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 
modified wakefulness test (MMWT) 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 wakeful-
ness for discharge. Standard discharge criteria 
were stable vital signs, oxygen saturation, and 
level of consciousness compared to presedation 
baseline. The patient must be able to maintain a 
patent airway, manage oral secretions indepen-
dently, or demonstrate the ability to swallow or 
demonstrate a gag reflex. In addition, the patient 
must be able to move or ambulate safely consistent 
with their presedation baseline. Combining the 
MMWT and UMSS criteria correctly identified 
88% of infants with BIS >90, compared with only 
55% of children assessed as “street ready” accord-
ing to usual hospital discharge criteria [29]. In 
addition, time in recovery to discharge was only 
16 ± 13 min using the standard discharge criteria 
versus 75 ± 76 min (p  0.007) using the revised 
criteria. This study reveals that many children dis-
charged using standard criteria may indeed not 
truly be back to their baseline status, and thus be 
potentially at risk for delayed complications. These 
more objective discharge criteria would need to be 
studied in a much larger group of patients to deter-
mine whether late complications were truly 
reduced.

Steward [30], citing the difficulty of assessing 
patient color (pulse oximetry was not available at 
the time), and the sometimes inconsistent rela-
tionship of blood pressure to recovery from anes-
thesia, proposed a simplified score (Table 4.9). 
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 
[31, 32] it has not been independently validated.

Table 4.10 summarizes the sedation, recovery, 
and discharge scales which have been reviewed 
and include parameters assessed, utility in vari-
ous phases of the sedation process, strengths and 
limitations.

A Practical Approach to Sedation 
Scales and Discharge Scores

Synthesizing the concepts presented in this chap-
ter, and considering the demands of a busy seda-
tion service that must be efficient as well as safe. 
I propose a practical approach to sedation scales, 
recovery and discharge scores. If moderate or 
deep sedation by a nonanesthesiologist is planned 
(the vast majority of pediatric sedations, as only 
older children undergoing nonpainful procedures, 
will undergo minimal sedation), one suggested 
approach is to use a validated simple level of con-
sciousness scale (Ramsay, UMSS, or Aldrete). 

Table 4.9 The Steward simplified postanesthetic recov-
ery score

Domain Level Points

Consciousness Awake
Responding to stimuli
Not responding

2
1
0

Airway Coughing on command  
or crying
Maintaining good airway
Airway requires maintenance

2

1
0

Movement Moving limbs purposefully
Nonpurposeful movements
Not moving

2
1
0

Source: Reprinted from Steward [30], with kind permis-
sion of Springer Science + Business Media
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Assess every 15 min at a minimum, or when a 
change in level of sedation occurs, i.e., after an 
additional dose of sedative. In addition to standard 
monitoring with continuous ECG and SpO

2
, doc-

ument automated oscillometric blood pressure 
measurement at least every 5 min. The sedation 
and recovery personnel must be familiar with the 
patient’s baseline heart rate, blood pressure, 
respiratory rate and oxygen saturation, as well as 
the age-related normal ranges. Follow end-tidal 
CO

2
 monitoring via a divided nasal cannula for 

moderate sedation and beyond, if logistically and 
practically feasible. The sedation scale need not 
be assessed if it would arouse the patient and 
interrupt the procedure, on a patient who has not 
exhibited any signs of oversedation, i.e., hypoten-
sion or respiratory depression. In this way, the fre-
quent physiologic monitoring is used instead of a 
more extensive and difficult to administer scale 
that scores the vital signs, i.e., COMFORT scale. 
The recovery and discharge score could be a mod-
ified Aldrete score of 9 or 10, a UMSS of 0 or 1, 
or a modified wakefulness test of 20 min. It may 
be simplest to use the same scale for both the 
sedation and the recovery phases, i.e., the Ramsey, 
UMSS, or modified Aldrete could be used 
throughout. The exact tests and scales are deter-
mined by institutional preferences. 

Whatever scales are decided upon, they are 
not a substitute for well-trained sedation practi-
tioners exercising skill and vigilance, combined 
with continuous physiological monitoring to 
ensure the best outcomes.

Conclusions

Regular use of sedation, recovery, and discharge 
scales for pediatric procedural sedation is essential, 
given the wide variety of practitioners involved, as 
well as the variety of procedures and agents. 
Uniform assessment will minimize 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 scientific comparison 
of different methods.
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Introduction

Physiological monitoring of vital signs is essen-
tial for the safe practice of procedural sedation 
and analgesia. Oxygenation, ventilation, cortical 
activity, and hemodynamics can all be monitored 
noninvasively in spontaneously breathing patients. 
This chapter discusses the current guidelines and 
standards for patient monitoring and the essential 
monitoring modalities for procedural sedation 
and analgesia in children.

Current Guidelines and Standards

There are numerous procedural sedation and anal-
gesia guidelines that have been created by specialty 
societies to standardize procedural sedation and 
analgesia practice in order to optimize patient 
safety (Table 5.1) [1]. The most widely dissemi-
nated guidelines 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 1990, the 
Joint Commission took a special interest in proce-
dural 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 significantly 
different level of attention or monitoring than those 
sedated for a similar procedure in the operating 
room. To ensure this, the Joint Commission requires 
specific procedural sedation and analgesia proto-
cols that apply consistently throughout each insti-
tution. These hospital-wide sedation policies vary 
from site to site based upon the specific needs and 
resources available within each institution.

At each hospital accreditation survey, the Joint 
Commission will evaluate whether clinicians 
practice procedural sedation and analgesia con-
sistent with their hospital-wide sedation policy, 
and whether they provide sufficient documenta-
tion 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 hos-
pitals pattern their sedation policies after the Joint 
Commission standards and definitions.

The Joint Commission requires that practitio-
ners who are permitted to administer deep seda-
tion must be qualified to rescue patients from 
general anesthesia. Moderate sedation suffices 
for the majority of procedures in cooperative 
children, although it will not be adequate for 
extremely painful procedures, or in uncoopera-
tive patients. Deep sedation can facilitate these, 
but at greater risk of cardiorespiratory depression 
than moderate sedation [3, 5] (Table 5.2).
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Observational Monitoring

Physiological monitoring has two components: 
observational monitoring by a designated clini-
cian 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 person must be able to continuously observe 
the patient’s face, mouth, and chest wall motion, 
and equipment or sterile drapes must not inter-
fere with such visualization. This careful obser-
vation will allow prompt detection of adverse 
events such as respiratory depression, apnea, air-
way obstruction, emesis, and hypersalivation [6]. 
An individual with advanced life-support skills 
should be immediately available in all settings 
where deep sedation is performed.

During deep sedation, the individual dedicated 
to patient monitoring should be experienced with 
this depth of sedation and have no other responsi-
bilities that would interfere with the required 
advanced level of monitoring and documentation. 
Individual hospital-wide sedation policies may 
have additional requirements for how and when 

deep sedation is administered based on their spe-
cific needs and available resources.

Vital signs should be measured at individual-
ized intervals including at baseline, after drug 
administration, on completion of the procedure, 
during early recovery, and at completion of recov-
ery. During deep sedation, vitals 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 medica-
tions and during the immediate post-procedure 
period when external stimuli are discontinued.

Table 5.1 Specialty societies with published sedation 
guidelines

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

Source: Modified and reprinted from Krauss and Green 
[1], Copyright 2006, with permission from Elsevier

Table 5.2 Levels of sedation

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 com-
mands, either alone or accompanied by light tactile 
stimulation. Reflex 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 [50, 51]: A trance-like cataleptic 
state induced by the dissociative agent ketamine 
characterized by profound analgesia and amnesia, with 
retention of protective airway reflexes, 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 assistance in maintaining a patent airway 
and spontaneous ventilation may be inadequate. 
Cardiovascular function is usually maintained.
General anesthesia [7]: A drug-induced loss of conscious-
ness 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, 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: Reprinted from Krauss and Green [1], Copyright 
2006, with permission from Elsevier
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Electronic Monitoring

The use of electronic monitoring has greatly 
enhanced the safety of procedural sedation and 
analgesia. Continuous oxygenation (pulse oxim-
etry with an audible signal), ventilation (capnog-
raphy), and hemodynamics (blood pressure and 
electro cardiogram (ECG)) can all be monitored 
nonin vasively in spontaneously breathing patients.

Oxygenation Monitoring

Pulse oximetry is the noninvasive measurement of 
the percent of hemoglobin bound to oxygen pro-
viding a continuous means of estimating in real-
time the arterial oxygen saturation. The underlying 
principles of oximetry were developed in 1932 
based on the Beer–Lambert law (the concentra-
tion of an unknown solute dissolved in a solvent 
can be determined by light absorption). Modern 
pulse oximetry technology, using optical plethys-
mography 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 vascular 
bed such as the finger, the foot, or 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 photodetec-
tor 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 nonpulsatile component (venous 
and capillary blood). Data averaged over several 
arterial pulse cycles are represented as the oxy-
gen saturation (SpO

2
) [7–9]. There is a tight cor-

relation between the arterial hemoglobin oxygen 
saturation (PaO

2
) and the SpO

2
 in a nonlinear 

fashion as described by the oxyhemoglobin dis-
sociation curve (Fig. 5.1) [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 

Fig. 5.1 Oxyhemoglobin 
dissociation curve
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 oxygenation (on the plateau of the curve) are 
relatively insensitive at detecting significant 
changes in PaO

2
.

Patients with normal lung function and ade-
quate gas exchange have an SpO

2
 between 97 and 

100%. Pulse oximeters are accurate for satura-
tions >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 
significant hypoxia. At 75% saturation, oximetry 
bias is uniformly scattered (7% underestimation 
and 7% overestimation).

The finger is the most common probe site used 
for pulse oximetry. If the finger 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, probes 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 accuracy of pulse oximetry: poor perfusion 
secondary to severe vasoconstriction (e.g., low 
perfusion states, shock, hypothermia), artifact 
from excessive patient motion, severe anemia, 
high-intensity ambient light, abnormal hemoglo-
bins, venous pulsations, synthetic fingernails and 
nail polish, or intravenous dyes [8, 10]. Recent 
advances in motion control technology have 
made pulse oximetry more reliable during patient 
motion. Carboxyhemoglobin (COHb) and meth-
emoglobin (MetHb) contribute to light absorp-
tion 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 arte-
rial saturation is below 85%. MetHb produces a 
large pulsatile absorbance signal at both the red 
and IR wavelengths. This forces the absorbance 
ratio toward unity, which corresponds to a 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 
monitoring, 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 saturation. Therefore, 
during procedural sedation, ventilation monitoring 
should always accompany oxygenation monitor-
ing. Hypoventilation and resultant hypercapnia 
may precede a decrease in hemoglobin O

2
 satura-

tion by minutes [11]. Further, supplemental O
2
 

may mask hypoventilation by delaying the even-
tual O

2
 desaturation for which pulse oximetry 

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 cap-

nogram represents changes in the CO
2
 concentra-

tion over the time of one respiratory cycle 
(Fig 5.2) [13]. Changes in the shape of the wave-
form are diagnostic of disease conditions, while 
changes in end-tidal CO

2
 (EtCO

2
 – the maximum 

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 development 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 tech-
nology is built on infrared (IR) radiation tech-
niques and based on the fact that CO

2
 molecules 

absorb IR radiation at a specific wavelength, with 
the amount of radiation absorbed having a close to 
exponential relation to the CO

2
 concentration 

Fig. 5.2 Normal CO
2
 waveform
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present in the breath sample. Detecting changes in 
IR radiation levels with photodetectors allows for 
the calculation of the CO

2
 concentration in the gas 

sample.
Carbon dioxide monitors measure gas concen-

tration or partial pressure using one of two con-
figurations: 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 sensor is located on 
the endotracheal tube, are configured for intubated 
patients. Sidestream systems, as the sensor is 
located inside the monitor, are configured for both 
intubated and non-intubated patients. The airway 
interface for intubated patients is an airway 
adapter placed on the hub of the endotracheal 
tube; and for spontaneously breathing patients, an 
nasal-oral cannula which allows concomitant CO

2
 

sampling and low-flow oxygen delivery.
Sidestream systems can be either high flow 

(with 150 cc/min as the amount of CO
2
 in the 

breath sample required to obtain an accurate 
reading) or low flow (50 cc/min). Low-flow side-
stream systems have a lower occlusion rate (from 
moisture or patient secretions) and are more 
accurate in patients with low tidal volumes (neo-
nates, infants, and patients with hypoventilation 
and low tidal volume breathing) [15]. In high-
flow systems, when the tidal volume of the patient 
drops below 150 cc (i.e., the flow rate of the sys-
tem), the monitor will entrain room air to com-
pensate, 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 ventilation, 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
 

concentration 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
 con-

centration reaching a uniform level in the entire 
breath stream and concludes with a point of max-
imum CO

2
 concentration (EtCO

2
). Phase 4 (D–E) 

represents the inspiratory cycle where the CO
2
 

concentration drops to zero as atmospheric air 
enters the airway (Fig. 5.2). A normal waveform 
is characterized by four distinct phases, a CO

2
 

concentration 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 reflecting the PaCO

2
 [14, 

19]. Patients with obstructive lung disease will 
have a more rounded ascending phase and an 
upward slope in the alveolar plateau (Table 5.3) 
[20]. In patients with abnormal lung function sec-
ondary to ventilation–perfusion (V–Q) mismatch, 
the gradient will widen, depending on the sever-
ity 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 expiratory 
time. Hyperventilation (increased respiratory rate, 
decreased EtCO

2
) results in a low amplitude and 

narrow waveform, while classical hypoventilation 
(decreased respiratory rate, increased EtCO

2
) 

results in a high amplitude and wide waveform 
(Table 5.3). Acute bronchospasm results in a 
waveform with a curved ascending phase and 
upsloping alveolar plateau (Table 5.3). An EtCO

2
 

>70 mm Hg, in patients without chronic hypoven-
tilation, indicates respiratory failure.

Capnography provides a continuous, breath-
by-breath measure of respiratory rate and CO

2
 

exchange and can detect the common adverse air-
way and respiratory events associated with pro-
cedural 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 saturation, especially 
in patients receiving supplemental oxygen. 
Early detection of respiratory compromise is 
especially important in infants and toddlers 
who have smaller functional residual capacity 
and greater oxygen consumption relative to 
older children and adults. Capnography pro-
vides a non-impedance respiratory rate directly 
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from the airway (via oral-nasal cannula) that 
is more accurate than impedance-based respi-
ratory monitoring. In patients with obstructive 
apnea, impedance-based monitoring will inter-
pret chest wall movement without ventilation as 
a valid breath.

Both central and obstructive apnea can be rap-
idly detected by capnography (Table 5.3). Loss of 
the waveform, in conjunction with no chest wall 
movement and no breath sounds confirms the 
diagnosis of central apnea. Obstructive apnea is 
characterized by loss of the waveform, chest wall 
movement, and absent breath sounds. The 
absence of the waveform in association with the 
presence or absence of chest wall movement dis-
tinguishes apnea from upper airway obstruction 
and laryngospasm. Response to airway alignment 
maneuvers can further distinguish upper airway 
obstruction from laryngospasm.

There are two types of drug-induced hypoven-
tilation that occur during procedural sedation and 
analgesia (Table 5.3) [24]. Bradypneic hypoven-
tilation, commonly seen with opioids, is charac-
terized by an increased EtCO

2
 and an increased 

PaCO
2
. Respiratory rate is depressed proportion-

ally greater than tidal volume resulting in bra-
dypnea, an increase in expiratory time, and a rise 
in EtCO

2
, graphically represented by a high 

amplitude and wide waveform (Table 5.3). 
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 hypoventilation 
with EtCO

2
 >70 mmHg are at significant 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 (Table 5.3). Tidal 
volume 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 be decreasing, graphically represented 

by a low amplitude waveform (Table 5.3). 
Hypopneic hypoventilation follows a variable 
course and may remain stable with low tidal vol-
ume breathing resolving over time as CNS drug 
levels decrease and redistribution to the periph-
ery occurs, progress to periodic breathing with 
intermittent apneic pauses (which may resolve 
spontaneously or progress to central apnea), or 
progresses directly to central apnea.

The low tidal volume breathing that character-
izes hypopneic hypoventilation increases dead 
space ventilation when normal compensatory 
mechanisms are inhibited by drug effects. Minute 
ventilation, which normally increases to compen-
sate 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 
hypoventilation) without significant 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: interfer-
ence with the sensor by condensed water and 
patient secretions, cross sensitivity with anes-
thetic 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 
monitors. Early capnography airway interfaces 
(i.e., nasal cannula) had difficulty providing con-
sistent measurements in mouth breathing patients 
and patients who alternated between mouth and 
nose breathing. The newer oral-nasal interfaces 
do not have these problems.

Hemodynamic Monitoring

Noninvasive blood pressure (NIBP) measure-
ment is an automated method of repetitively 
determining blood pressure that is accurate in 
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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 inflated to specific levels. 
NIBP provides a display of the heart rate, sys-
tolic, diastolic, and mean blood pressures by 
electronically determining the pulse amplitude. 
During deflation, the cuff determines the ampli-
tude of the pulsations transmitted 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 pres-
sure. 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 uti-
lizing the correct cuff size (especially important 
in children and obese patients) and on minimiz-
ing patient motion during measurement.

Continuous ECG monitoring is useful for the 
rapid detection of rhythm disturbances or isch-
emia. Continuous ECG monitoring for proce-
dural sedation and analgesia is neither mandatory 
nor standard of care in patients without a cardio-
vascular disease. However, such monitoring is 
simple, inexpensive, 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 procedural sedation and anal-
gesia [28–30]. Although these technologies have 
been used to monitor depth of sedation/anesthe-
sia in the operating room, in 2006 the American 
Society of Anesthesiologists concluded that the 
clinical applicability in the operating room “has 
not been established” [31]. Further, the predictive 
value of this type of monitoring for the moderate 
and deep sedation outside the operating room 
remains unclear.

The most studied of these technologies is the 
bispectral index (BIS), that uses a processed elec-
troencephalogram (EEG) signal to quantify seda-
tion 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 [32].

Several studies have shown a reasonable cor-
relation 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), Ramsey Score) for commonly 
used sedatives such as midazolam, pentobarbital, 
chloral hydrate, and propofol. However, other 
studies have failed to consistently validate a tight 
correlation between BIS values and specific lev-
els of sedation as measured by standard observa-
tional sedation scores.

A 2007 study of 248 children (1 month to 18 
years), using pooled raw data from four indepen-
dently conducted studies, found a moderate cor-
relation between BIS and UMSS with the use of 
chloral hydrate, pentobarbital, propofol, and 
midazolam, but poor correlation with ketamine 
and with opioids. Bispectral index values were 
significantly lower for a same observed level of 
sedation with propofol and pentobarbital when 
compared to midazolam and chloral hydrate, 
making BIS an unreliable method of reaching a 
desired level of sedation [33]. The poor correla-
tion observed with opioids is thought to be sec-
ondary to opioids providing sedation without 
hypnosis [33, 34]. Hence, it has been argued that 
BIS reflects cortical activity rather than level of 
consciousness [35].

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 ketamine 
[36]. 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 [33, 34, 36].

Dexmedetomidine, a selective alpha-2 adren-
ergic 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 dex-
medetomidine, significant correlations between 
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Richmond agitation sedation scale and BIS values 
were found [37].

A 2009 crossover study of nine adult volun-
teers receiving propofol or dexmedetomidine fol-
lowed 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 significantly lower in patients sedated 
with dexmedetomidine suggesting that the BIS 
score is drug-specific with different scores signi-
fying different levels of sedation for different 
sedation agents [38].

Bispectral index scores in infants less than 6 
months of age have been noted to be unreliable 
during general anesthesia and procedural seda-
tion, likely secondary to the fact that the BIS 
algorithm was developed using adult EEG data 
[34, 39].

In summary, procedural sedation studies using 
BIS monitoring have found unacceptably wide 
ranges of BIS values at various depths of sedation 
that did not correlate with standard sedation 
scores (e.g., Ramsey Score) [28–30]. As BIS 
does not reliably gauge depth in individual 
patients, it cannot currently be recommended for 
use in procedural sedation and analgesia.

Cerebral Oximetry

Another new technology with potential applica-
tion to procedural sedation is cerebral oximetry. 
Through near-infrared spectroscopy, cerebral tis-
sue oxygenation (i.e., regional oxygen saturation, 
rSO

2
) is measured by monitoring the nonpulsatile 

signal component reflecting tissue circulation of 
arterioles, capillaries, and venules. Unlike con-
ventional pulse oximetry, which monitors the 
pulsatile signal component reflecting arterial cir-
culation, cerebral oximetry is reliable in low per-
fusion states, shock, and cardiac arrest. Cerebral 
oximetry represents a “weighted average” of the 
tissue circulation and reflects a potentially more 
accurate measurement of oxygen consumption, 
similar to and correlating with mixed venous sat-
urations [40, 41].

Cerebral oximetry has been primarily studied 
in the operating room, except for a recent ED 

procedural sedation study, which demonstrated 
poor correlation between cerebral oximetry, pulse 
oximetry, and capnography [42]. In this study, 
100 children of ages 9 months to 18 years were 
sedated with various agents (ketamine, fentanyl, 
pentobarbital, 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 cardiorespiratory parameters.
Although rSO

2
 appears to be a more sensitive 

measure of cerebral oxygenation than pulse oxi-
metry, isolated decreases in rSO

2
 do not appear to 

correlate well with short or long-term neurologi-
cal outcome, as illustrated in a small study of 
adult patients undergoing carotid endarterectomy. 
Importantly, there is no clear rSO

2
 threshold 

under which clinically significant brain hypoxia 
occurs [43].

Noninvasive Cardiovascular Monitoring

Methods for advanced noninvasive cardiovascu-
lar monitoring continue to be refined. Through 
thoracic electrical bioimpedance, and similar to 
impedance cardiography, electrical cardiometry 
(or electrical velocimetry) enables the measure-
ment of various cardiac parameters including car-
diac output, cardiac index, stroke volume, 
systemic vascular resistance, and index of con-
tractility. 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 during the cardiac cycle 
[44–46].

Electrical velocimetry measurements have 
been shown to correlate with measurements 
derived from the Fick principle applied to blood 
sampled invasively in pediatric patients with con-
genital heart disease undergoing left heart cathe-
terization [47], and to transesophageal 
echocardiography in ventilated children follow-
ing cardiac surgery – although electrical veloci-
metry appeared to underestimate cardiac output 
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in terms of absolute values [48]. Impedance 
cardiography has shown good correlation with 
standard pulmonary artery thermodilution meth-
ods during cardiac surgery [49]. At present, the 
applicability and clinical relevance of advanced 
noninvasive cardiovascular monitoring to pediat-
ric procedural sedation remains unclear.

Summary

There have been significant advances in noninva-
sive physiological monitoring of ventilation, 
oxygenation, and hemodynamics for procedural 
sedation in children with the advent of improved 
motion control for pulse oximetry, low-flow cap-
nography systems, the potential of regional cere-
bral oximetry, and entropy depth of sedation 
monitoring. These systems bring enhanced safety 
and efficiency to pediatric procedural sedation.

Future directions in pediatric procedural seda-
tion will include easier methods to integrate the 
expanding physiological monitoring data now 
available to the clinician (sophisticated methods 
for data display, interpretive algorithms, compos-
ite indices based on integration of physiological 
parameters), and new noninvasive technology to 
monitor blood pressure, vascular tone, cardiac 
output, cerebral activity, and oxygenation.
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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 respiratory mechanics 
therefore, it is essential that the practitioner have a 
thorough understanding of the pediatric airway.

Anatomy of the Pediatric Airway

Airway compromise in the infant or child may 
result from abnormalities in nasal cavities, 
nasopharynx, oral cavity, pharynx, and neck. The 
airway is comprised of the larynx, trachea, bron-
chi, and alveoli. The trachea in the infant is 
smaller than that of the adult and since the func-
tion of the trachea is passive during respiration, 
anatomic differences in the infant and adult tra-
chea 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 differ-
ences between these two organs. The differences 
are related to size, location, and configuration 
and must be considered since the primary func-
tion of the larynx is to protect the lower airway 
and regulate airflow during respiration by con-

trolling the resistance during inspiration and 
exhalation. The cricoid ring is the narrowest 
 portion of the infant larynx. Although this has 
recently been questioned, there are insufficient 
data to refute the validity of this anatomic finding 
[2]. In the infant and child, the cricoid cartilage is 
a non-expansile complete ring whereas, this car-
tilage is open at the posterior aspect in the adult 
patients [3] (Fig. 6.1). In the adult patient the 
vocal cords are the narrowest part of the airway 
providing the cylindrical shape of the adult lar-
ynx in contrast to the cone shape of the pediatric 
larynx. This is an important distinction to make 
since the resistance to airflow is inversely propor-
tional to the fourth power of the radius (R  1/
radius [4]). One centimeter 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 centime-
ter 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. 6.2). This becomes relevant when sedating a 
child with either a history of prolonged intuba-
tion in which the tracheal lumen may be narrowed 
or a child with a recent upper respiratory infec-
tion or croup which also may result in a circum-
ferentially narrow airway (Figs. 6.3 and 6.4).

The larynx of the infant and young child is 
higher than in the adult patient. The adult lar-
ynx is located at C

6–7
 whereas, it is at C

4
 in the 

infant and descends to the adult location as 
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growth occurs during childhood. The cephalad 
location of the infant larynx makes oral ventilation 
difficult and as a result the infant is an obligate 
nasal breather for the first year of life [4]. The 
epiglottis projects vertically in the adult but pos-
teriorly in the infant. The infant epiglottis is also 
narrower and omega shaped which makes it 
more prone to obstructing the laryngeal inlet [5] 
(Fig. 6.5). 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 posi-
tion by the fourth year of life. The ratio of soft 
tissue to boney structures is higher in the infant 
and thus predisposes this group of patients to a 
greater risk of mechanical oropharyngeal obstruc-
tion. The combination of small nares, large 
tongue, small mandible, excess soft tissue, and 
short neck also increases the infant’s susceptibility 

Fig. 6.1 Configuration of the adult larynx (a) and infant 
larynx (b). (Reprinted with permission from Wheeler 
et al. [22])

Fig. 6.2 Relative effect of circumferential edema on the infant and adult airway. (Reprinted with permission from 
Wheeler et al. [22])

Fig. 6.3 Child with post-intubation subglottic stenosis. 
(Photo courtesy of Reza Rahbar, DMD, MD, Children’s 
Hospital Boston)
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to airway obstruction. The ribs of the infant and 
small child are more horizontal in orientation 
that those of the older child and adult and more 
flexible and therefore predispose the child to 

ventilatory compromise. As previously noted, 
since the metabolic rate and oxygen consump-
tion of infants is double 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 surveil-
lance of the airway and respiratory mechanics 
is essential if hypoxia is to be avoided [6].

Normal spontaneous breathing is accom-
plished by minimal work and obstruction of 
either the upper or lower airway will result in 
increased work of breathing. To avoid this it is 
essential that airway obstruction and compro-
mises in ventilation be recognized and cor-
rected early. Infants and children may rapidly 
progress from normal breathing to obstruction 
and compromised respiration to respiratory 
distress and eventual cardiac arrest. Since oxy-
gen 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 even-
tual tissue hypoxia.

Fig. 6.4 Plain X-ray of the airway of a child with severe 
croup (a) and mild croup (b). Note the subglottic narrow-
ing and appearance of the characteristics “Chrysler 

Building” sign. (Photo courtesy of Reza Rahbar, DMD, 
MD, Children’s Hospital Boston)

Fig. 6.5 Normal infant larynx. Note the omega shaped 
epiglottis. (Photo courtesy of Reza Rahbar, DMD, MD, 
Children’s Hospital Boston)
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Assessment of the Pediatric Airway 
for Sedation

Physical examination reveals the general condi-
tion of a patient and the degree of the airway com-
promise. Laboratory examination may include 
assessment of hemoglobin, a chest radiograph, 
and barium swallow, which can aid in identifying 
lesions that may be compressing the trachea. 
Other radiologic examinations such as MRI and 
CT scan may be indicated 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 incon-
solable crying and distortion of the physical 
examination. Observation of the general appear-
ance noting color of the skin and the presence of 
pallor, cyanosis, rash, jaundice, unusual mark-
ings, birthmarks, and scars from previous opera-
tions should be documented.

The degree of mouth opening should be noted 
and full examination on the oropharyngeal area 
should be completed. The distance from the tem-
poromandibular 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 to mentum is a good predictor or the 
ability of the mandibular boney structure to 
accommodate 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 palate, the dentition, 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 normal 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 abnormali-
ties and syndromes) 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 
difficulty of intubation and in sedated patients 
would correlate with the potential for airway 
obstruction. The Mallampati classification (Class 
I–IV) is based on the structures visualized with 
maximal mouth opening and tongue protrusion in 
the sitting position (Fig. 6.6). The soft palate, fau-
ces, 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 visu-
alized in Class III and only the hard palate is visu-
alized in Class IV [7]. 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 tonsils. Class 0 tonsils are completely 
limited to the tonsillar fossa. Class +1 tonsils take 

Fig. 6.6 Mallampati classification of pharyngeal structures. (Reprinted with permission from Samsoon and Young 
[23], Copyright Blackwell Publishing)
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up less than 25%, Class +2 tonsils between 25 and 
50%, and Class +3 tonsils take up 50–75% of the 
pharyngeal area. Class +4 tonsils take up greater 
that 75% of the oropharynx and are commonly 
referred to as “kissing tonsils” [8] (Fig. 6.7). 
Tonsillar hyperplasia may increase the risk of air-
way obstruction in the sedated patient when the 
tonsils occupy the oropharyngeal space outside of 
the tonsillar fossa as in Class +3 and Class +4 anat-
omy. Conversely lesser degrees of hyperplasia as 
seen in Class +1 and Class +2 may result in airway 
obstruction in the sedated patient with craniofacial 
abnormalities such as Down’s syndrome.

Abnormal facies might be an indication of a 
syndrome or constellation of congenital abnor-
malities. One congenital anomaly often is associ-
ated 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 abun-
dant soft tissue, the potential for oropharyngeal 
airway obstruction is greater.

The rate, depth, and quality of respirations 
should be evaluated. The pattern of breathing 
should be noted as well as the rate and depth of 
respiration. Use of accessory muscles may indi-
cate an increased work of breathing due to an 
effort to overcome upper or lower airway obstruc-
tion. 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 ori-
gin of the cough (upper versus lower airway) and 
the quality (dry or wet) can be evaluated even 
before auscultation of the lungs. The presence of 
wheezing, audible stridor, or are retractions should 
be noted. The airway should be evaluated for ease 
of intubation in the case of urgent intervention. 
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’s syndrome, may 
be especially difficult to intubate especially in an 
unanticipated situation.

Fig. 6.7 Classification of tonsillar hypertrophy. (Reprinted with permission from Brodsky [24], Copyright Elsevier, 1989)
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Risk Factors for Airway Compromise 
or Depression

During sedation, adequate oxygenation and ven-
tilation 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 flow of air is 
laminar. As previously 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 adequacy of 
respiration.

Adequacy of respiration may be based on 
respiratory rate, respiratory effort, tidal volume, 
chest auscultation, and pulse oximetry. The nor-
mal respiratory rate in infants under 1 year of age 
is up to thirty 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 respira-
tory rate can indicate underlying comorbidity 
such as fever, pain, acidosis, and sepsis in tachyp-
neic patients and impending cardiovascular col-
lapse in the bradypneic patient. Increased 
respiratory effort as recognized by nasal flaring, 
chest retractions, and uncoordinated chest excur-
sions should alert the clinical that an increased 
work of breathing may increase if excessive seda-
tion is administered.

Noisy breathing due to obstructed airflow is 
known as stridor. Inspiratory stridor results 
from upper airway obstruction; expiratory stri-
dor 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 laryngotracheomalacia 
and vocal cord paralysis are usually present at 
or shortly after birth, whereas cysts or mass 
lesions develop later in life. Information indi-
cating positions that make the stridor better or 
worse should be obtained, and placing a patient 
in a position that allows gravity to aid in reduc-
ing obstruction can be of benefit during anes-
thetic induction.

Patients at risk for airway compromise may 
have either anatomic or physiologic abnormali-
ties which may predispose them. Anatomic 
abnormalities may cause the oropharyngeal or 
tracheobronchial airway to be compromised and 
ventilation be impaired by small changes in 
position. The anatomic imbalance between the 
upper airway soft tissue volume and the cranio-
facial size contributes to pharyngeal airway 
obstruction. 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 
mechanisms and the interaction between the 
anatomical balance and neural mechanisms, 
which are suppressed in sedated patients, deter-
mines pharyngeal airway size and patient ability 
to maintain a patent airway. An anatomic imbal-
ance between the upper airway soft tissue vol-
ume and craniofacial size will result in 
obstruction. Anatomic imbalance may be com-
pensated for by enhanced neural mechanisms 
which regulate pharyngeal dilator muscles in 
patients during wakefulness. When neural mech-
anisms are suppressed during sleep or sedation,  
relaxation of pharyngeal dilator muscles occurs 
and the pharyngeal airway severely narrows [9]. 
Small changes in function in the setting of nor-
mal anatomy may similarly cause inadequate 
oxygenation. Increasing the distance between 
the mentum and cervical column will transiently 
relieve the obstruction. This is achieved by posi-
tioning the patient in the sniffing 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 
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limited. It occurs during inspiration and is most 
often due to a long epiglottis that prolapses pos-
teriorly and prominent arytenoid cartilages with 
redundant aryepiglottic folds that fall into the 
glottis and obstruct the glottic opening during 
inspiration (Fig. 6.8). There is little obstruction 
during exhalation since the supraglottic struc-
tures are pushed out of the way during expiration. 
Intermittent low-pitched inspiratory stridor is the 
hallmark symptom which appears during the first 
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 definitive diagnosis is obtained by 
direct laryngoscopy and rigid or flexible bron-
choscopy. Preliminary examination is usually 
carried out in the surgeon’s office. A small, flexi-
ble fiberoptic bronchoscope is inserted through 
the nares into the oropharynx, and the movement 
of the vocal cords is observed [10]. Other etiolo-
gies include foreign body aspiration, 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 ventilation and 
oxygenation. The presence of grunting may be a 
sign of severe respiratory distress and impending 
respiratory failure. Underlying causes include 
pneumonia, acute respiratory distress syndrome, 
pulmonary edema, congestive heart failure, and 
abdominal splinting.

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

One of the most challenging decisions in car-
ing for children is establishing criteria for can-
celation 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. Nasal 
congestion, purulent sputum production and a 
history of reactive airway disease are predictors 
of adverse respiratory events and children with 
these advanced symptoms of upper and potential 
lower respiratory disease should not undergo 
sedation [11].

There are many syndromes that have anatomic 
components related to the airway. A large tongue 
is associated with Down’s, Hunter’s, Hurler’s, 
and Beckwith–Weidmann syndromes. Congenital 
hypothyroidism and Pompeii disease are also 
associated with a large tongue. Patients with 
Pierre Robin, Treacher Collins, and Goldenhar’s 
syndrome as well as children with congenital 
hemifacial microsomia have micronathia, high 
arched palate, and a potential to have early air-
way obstruction when sedated. Children with 
tonsillar hypertrophy are at risk for mechanical 
airway obstruction due to large tonsils occupying 
a greater portion of the oropharyneal airway than 
normal sized tonsils.

Former premature infants are at risk for 
untoward respiratory events during sedation. 
There is a more gradual slope of the CO

2
 response 

curve in the preterm infant which predisposes 
this group of patients to apnea. All neonates 

Fig. 6.8 Larynx of an infant with laryngomalacia. (Photo 
courtesy of Reza Rahbar, DMD, MD, Children’s Hospital 
Boston)
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exhibit periodic breathing which is manifested 
as interrupted ventilation by self corrected short 
periods of apnea without desaturation or brady-
cardia [12]. 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 postna-
tal age. In the sedated neonate and former pre-
mature infant, benign periodic breathing may 
evolve into frank apnea which must be managed 
by stimulation or assisted ventilation. To detect 
post-anesthetic or post-sedation apneic events, it 
is suggested that infants whose age is under 56 
weeks postconception be monitored for 24 h 
after the procedure [13].

Conditions that interfere with the integrity of the 
laryngeal inlet or upper larynx may impair effec-
tive 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 inflammatory 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 dramatically in the 
past decade but may still be encountered. These 
patients have not only inflammation of the epiglot-
tis but edema of the surrounding structures which 
severely restricts the size of the larynx and 
encroaches on the area for ventilation to occur.

Patients who have sustained airway trauma or 
thermal injury should be considered in this cate-
gory as well. Children who have experienced pro-
longed intubation may have decreased laryngeal 
inlet diameter as a result of fibrosis from congeni-
tal or acquired subglottic stenosis (Figs. 6.9 and 
6.10). Any agent that will decrease the pharyngeal 
muscle 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 arthrogry-
posis or congenital abnormalities in which the neck 
is fused may have difficulty with positioning and 
subsequent ventilation when airway function is 
depressed during sedation.

Children with an anterior mediastinal mass are 
at significant risk for airway compromise during 
sedation due to compression of the intrathoracic 
larynx (Figs. 6.11 and 6.12). Although lympho-
mas constitute the largest group of masses that 
arise in the anterior mediastinum, other masses 
that may present in this location include terato-
mas, cystic hygromas, thymomas, hemangiomas, 
sarcomas, desmoid tumors, pericardial cysts, and 
diaphragmatic hernias of the Morgagni type.

Fig. 6.9 Larynx of an infant with congenital subglottic 
stenosis. (Photo courtesy of Reza Rahbar, DMD, MD, 
Children’s Hospital Boston)

Fig. 6.10 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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To understand the pathophysiology of the 
anterior mediastinum, it is important to be famil-
iar with the anatomy. The mediastinum is defined 
as the extrapleural space in the thorax 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 enlarging mass are 
the trachea and the mainstem 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 cardiovascular 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, espe-
cially in the supine position, which results from 
anterior compression of the trachea. Infants less 
than 2 years of age are more likely to experience 
wheezing as a sign of tracheal compression, 
whereas children older than 2 years of age usually 
present with malaise, cough, fever, and a neck 
mass. Other respiratory findings in patients of all 
ages include tachypnea, dyspnea, stridor, retrac-
tions, 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 com-
pression of the aortic and pulmonary vessels, as 
well as the right atrium and right ventricle. This 
can lead to both hypotension secondary to inad-
equate cardiac filling and restricted pulmonary 
blood flow resulting in poor oxygenation despite 
adequate ventilation. Findings referable to the 
cardiovascular system include fatigue, headache, 
hypotension or pallor in the supine position, a 
feeling of light-headedness, superior vena cava 
syndrome (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 
examining patients with mediastinal masses in an 
attempt to ascertain the degree of respiratory and 
cardiovascular compromise present. Patients with 
minimal symptoms can have catastrophic events 
if subtle indicators are overlooked. Improvement 
of these physiologic changes is often quickly 
achieved by moving 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 syndrome (OSAS). The 
mildest form of SDB is primary snoring which is 
noisy breathing without clinical manifestations 
and occurs in 20% of normal children [14]. 

Fig. 6.11 A 20-month-old male with a large anterior 
mediastinal mass

Fig. 6.12 CT scan illustrating a large anterior mediastinal 
mass compressing the lung and causing tracheal deviation
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Although SDB affects 10% of the population only 
1–4% will progress to OSAS. OSAS is character-
ized by periodic, partial, or complete obstruction 
of the upper airway during sleep. Airway obstruc-
tion is characterized by an anatomic imbalance 
between the upper airway soft tissue volume and 
craniofacial size. Suppression of pharyngeal dila-
tor muscles during sleep and anesthesia occur 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 of airway obstruc-
tion. Individuals who experience obstruction dur-
ing 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 sensation. Parents report 
restless sleep in affected children and frequent 
somnolence or fatigue while awake despite ade-
quate sleep hours. These children fall asleep eas-
ily in non-stimulating environments and are 
difficult to arouse at 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, ten percent of OSAS is present in 
preschool and school aged children and is thought 
to decline after 9 years of age [15].

Obesity changes craniofacial anthropometric 
characteristics therefore body mass index of 95% 
for age or greater is a predisposing physical char-
acteristic that increases the risk of developing 
OSAS. Children with craniofacial abnormalities 
including a small maxilla and mandible, large 
tongue for given mandibular size and thick neck 
have a similar increased risk. Many of these chil-
dren have syndromes which are associated with 
additional comorbidities. Anatomic nasal obstruc-
tion and Class IV touching tonsils reduce oropha-
ryngeal cross-sectional area which constitutes an 
addition 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 controlled by neural mechanisms and the inter-
action between the anatomical balance and neu-
ral mechanisms determines pharyngeal airway 
size. Increased neural mechanisms can compen-
sate the anatomical imbalance in obstructive 
sleep apnea patients during wakefulness. When 
the neural mechanisms are suppressed during 
sleep or anesthesia resulting in no suppression of 
pharyngeal dilator muscles (as is present in non-
OSAS patients), the pharyngeal airway severely 
narrows because of the anatomical imbalance. 
Increasing bony enclosure size will provide relief 
of airway obstruction. This is only accomplished 
surgically by mandibular advancement. Increasing 
the distance between the mentum and cervical 
column by positioning will transiently relieve the 
obstruction as long as the sniffing position is 
maintained. Similarly, the sitting position dis-
places excessive soft tissue outside the bony 
enclosure through the submandibular space.

The long-term effects of OSAS are not limited 
to the airway. These children have other systemic 
comorbidities. Increased body mass index and 
obesity may lead to increased cognitive vulnera-
bility as illustrated by the increased frequency 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 episodic hypoxia alters the 
neurochemical substrate of the prefrontal cortex 
causing neuronal cell loss. Metabolic syndrome 
consists of insulin resistance, dyslipidemia, and 
hypertension. It is felt that OSAS is a risk factor 
for metabolic syndrome in obese children but not 
in nonobese patients. Cardiovascular and hemo-
dynamic 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 dysfunction and initiation and 
propagation of inflammatory response facilitated 
by increases in levels of C-reactive protein. 
Systemic inflammation using interleukins as a 
marker is a component of OSAS in both obese 
and nonobese children and is reversed after ton-
sillectomy. Systemic hypertension, changes in 
left ventricular geometry and intermittent hypoxia 
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leading to pulmonary artery hypertension are 
well-described comorbidities present in patients 
with OSAS.

The mainstay of the management is surgical 
removal of tonsils and adenoids which carries an 
85% success rate in resolving OSAS. Recurrence 
may occur in children with craniofacial abnor-
malities and in others and if surgical intervention 
does not resolve the problem, CPAP at night is 
the next treatment modality. Many of these chil-
dren however may present for imaging or require 
sedation prior to removal of the tonsils or 
adenoids.

For patients undergoing sedation, the preop-
erative evaluation begins with the history. 
Questions to ask parents include the presence of 
difficulty breathing during sleep, apnea during 
sleep, sweating during sleep, restless sleep or 
behavioral problems, and/or somnolence during 
the day. A positive finding of any of the above 
characteristics should alert the practitioner to the 
possibility of some degree of OSAS [16]. Specific 
attention should be paid to the frequency of ton-
sillar infection, recent upper respiratory infec-
tions, SDB, and cardiovascular abnormalities. 
The physical exam should include observation of 
audible respiration, mouth breathing, nasal qual-
ity to speech, chest retractions, long facies, ret-
rognathic mandible, and inspection of tonsillar 
size. Auscultation should be specifically directed 
to detect wheezing and stridor. Polysomnography 
(PSG), otherwise known as the sleep study, is the 
gold standard for diagnosis 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 abnormali-
ties, neuromuscular disorders, cor pulmonale, 
systemic hypertension, difficulty breathing dur-
ing sleep growth impairment due to chronic 
obstructed breathing, and a history of severe pre-
maturity [17]. Obesity changes craniofacial 
anthropometric characteristics and a body mass 
index of 95% for age or greater is a risk factor for 
OSA which should be quantified by PSG. 
Craniofacial abnormalities which specifically 
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 examination 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 epi-
sodes per hour, are measured during PSG. Apnea 
is defined as decreased in flow greater than 90% 
for two breaths or more. Hypopnea is defined as 
decreases in air flow greater than 50% coupled 
with 3% decrease in oxygen saturation or EEG 
arousal. A RDI of two or more is necessary for 
the diagnosis of OSAS. Mild OSAS is defined as 
RDI of 5–10 events, moderate 10–20 events, and 
severe 20–30 events.

When sedation without a secured airway is 
planned it is imperative that the level of con-
sciousness, adequacy of ventilation, and oxygen-
ation 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 ven-
tilation, respiratory frequency, and tidal volume. 
It is therefore suggested that no sedative premed-
ication be administered to OSAS patients prior to 
a general anesthetic and narcotics be adminis-
tered in incremental doses beginning with one 
half the recommended dose, until adequacy of 
ventilation and respiration is determined. Patients 
with OSAS who are given the same dose of nar-
cotic as non-OSAS patients have a very high risk 
of serious respiratory compromise. [18, 19] 
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 contribute to desatu-
ration. Children who have increased severity of 
OSAS, low weight, and age under 3 years exhibit 
a higher rate of complications. 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 
especially in those patients who are known to 
have a RDI greater than 30.

There is no agreement on the specific cri-
teria that preselect elective OSAS patient for 
 admission and monitoring postprocedure [20]. 
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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 craniofa-
cial syndromes or neuromuscular disease are 
included as children with complex or cyanotic 
cardiac disease. Additional indications include 
morbid obesity, known cor pulmonary and pul-
monary hypertension and preexisting asthma or 
other unrelated respiratory comorbidities.

Identification and Treatment 
of Airway Related Adverse Events

The best way to minimize airway and respiratory 
compromise is to optimize the situation and pre-
vent it. When a child is sedated, the best preven-
tion is to insure that the position provides the best 
anatomic orientation for airway patency. The 
patient should be in the supine position with the 
head in a sniffing position and shoulders slightly 
elevated. This requires that the protrusion of the 
occiput is balanced by slight shoulder elevation 
to prevent neck flexion and airway compromise 
(Fig. 6.13). Supplemental oxygen should be 
administered by nasal prongs, mask, or blow-by 
to keep oxygen saturation above 95%.

If, despite proper positioning, the airway 
becomes obstructed and ventilation is compro-
mised, an oropharyngeal or nasopharyngeal air-
way may be placed. Both of these devices improve 
ventilation by maximizing the space for gas entry 
between the tongue and posterior pharynx. The 
appropriate size must be chosen to prevent wors-
ening of the obstruction or irritation of the larynx 
resulting in laryngospasm (Fig. 6.14). The appro-
priate oropharyngeal airway size may be deter-
mined 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 compress the tongue and cause it to 
move posteriorly thus causing worsening of the 
oropharyngeal obstruction. The proper nasopha-
ryngeal size may be estimated by measuring the 
distance between the nares to the angle of the 
mandible. Extreme caution must be used when 
placing a nasopharyngeal airway in a toddler or 

young child due to the presence of hypertrophied 
adenoid tissue which can bleed profusely when 
dislodged [21]. If airway patency is not restored 
with repositioning of the head and shoulders 
despite the use of an artificial 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 useful adjunct if the 

Fig. 6.13 Alignment of oral, pharyngeal, and tracheal 
axis variation with head position. (Reprinted with permis-
sion from Wheeler et al. [22])
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patient has progressed beyond spontaneous ven-
tilation and requires assisted or controlled venti-
lation. The LMA is an appropriate intermediate 
step to maintain an airway that does not require 
endotracheal intubation. The LMA is inserted 
without the need to visualize the vocal cords and 
forms an airtight seal around the glottis rather 
than plugging the pharynx. This positioning pro-
vides both a patent path for gas entry during pos-
itive-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 sniffing position but it can be inserted in 
the neutral position as well. In infants and young 

children, the epiglottis is prominent and may pro-
vide a mechanical barrier to successful place-
ment. To overcome this, it is recommended that 
the LMA be place with the vented side facing the 
palate and advanced while turning in an attempt 
to flick the epiglottis out of the way (Fig. 6.15). 
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 

Fig. 6.14 Effects of different size oropharyngeal airway 
placement. (Reprinted with permission from Wheeler 
et al. [22])

Fig. 6.15 Technique of laryngeal mask insertion in infants 
and children. (Reprinted with permission from Haynes and 
Morton [25], Copyright Blackwell Publishing)
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until the patient’s protective reflexes have returned 
and respirations resume spontaneously. If venti-
lation cannot be achieved, endotracheal intuba-
tion with controlled ventilation may have to be 
instituted.

Summary

Sedation of children for diagnostic or therapeutic 
procedures is often an alternative to general anes-
thesia due to the common belief that it carries less 

risk and requires fewer resources. Although this is 
not a completely erroneous perspective, sedation 
is not without risks. A thorough understanding of 
the pediatric airway anatomy at each develop-
mental 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 available. When these 
conditions are met, sedation of infants and chil-
dren is a reasonable and safe practice.

Case Studies

Case 1: Obstructive Sleep Apnea

A 5-year-old boy with osteomyelitis Class 4 
tonsillar hyperplasia presents to the interven-
tional radiology suite for insertion of a periph-
erally inserted central catheter (PICC) for 
antibiotic administration. Attempts at PICC 
insertion were unsuccessful due to patient 
movement and difficulty in locating an appro-
priate vessel. The mother reports that the child 
is otherwise healthy except that he seems to 
choke when he is asleep and sometimes awak-
ens startled in the middle of the night. He is 
overweight for his age and has some difficulty 
concentrating and sitting still in school. His 
physical exam reveals as a moderately over-
weight boy with a short neck and nasal breath-
ing. His oropharyngeal examination is positive 
for Class 4 kissing tonsils which occupy 
greater that 75% of the oropharyngeal volume 
and a Mallampati Class 3 classification for 
intubation. He is taking no medications and 
has not had a sleep study.

The considerations for this child would be 
appropriateness for sedation, choice of moni-
toring required, and postprocedural disposi-
tion. 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 tonsils. He may undergo sedation 
but is at risk for airway obstruction and 
desaturation, thus he must be monitored in the 
presence of a practitioner who has airway 
management skills should this occur. Monitors 
should include EKG, pulse oximeter, capnog-
raphy, and blood pressure measurements. 
Supplemental oxygen should be administered 
by nasal cannula. Some head-up position 
should be maintained as much as possible to 
facilitate diaphragmatic excursion. Agents 
that maintain spontaneous respirations and do 
not produce significant 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 significant SDB and 
probable OSAS. Alternatively, if the child 
underwent tonsillectomy and adenoidectomy 
in advance of sedation, the radiologic study 
could be scheduled 2–3 weeks postopera-
tively. Waiting this amount of time insures 
that the hypopharynx was 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 
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repeat sleep study the overnight post-sedation 
admission still is required.

Case 2: Anterior Mediastinal Mass

An otherwise healthy 14-year-old male pre-
sented to his pediatrician with a history of new 
onset cough and difficulty sleeping. The only 
significant findings on physical exam were 
shortness of breath when lying down, some 
jugular venous distention in the supine posi-
tion, and a single enlarged cervical lymph 
node. Breath sounds were diminished bilater-
ally 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 classification was requested.

Patients with an anterior mediastinal mass  
may present with varied signs and symptoms 
referable to both the cardiovascular and respi-
ratory 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 ante-
rior compression of the trachea by a mass 
located in the anterior mediastinum. Infants 
less than 2 years of age are more likely to 
experience wheezing as a sign of tracheal 
compression, whereas children older than 2 
years of age usually present with malaise, 
cough, fever, and a neck mass. Other respira-
tory findings in patients of all ages include 
tachypnea, dyspnea, stridor, retractions, 
decreased breath sounds, and cyanosis on cry-
ing, all of which should alert the anesthesiolo-
gist to some degree of airway compromise 
that may worsen when positive intrathoracic 
pressure is generated.

Cardiovascular symptoms result from com-
pression of the aortic and pulmonary vessels, as 
well as the right atrium and right ventricle. This 
can lead to both hypotension secondary to inad-
equate cardiac filling and restricted pulmonary 

blood flow resulting in poor oxygenation 
despite adequate ventilation. Findings referable 
to the cardiovascular system include fatigue, 
headache, hypotension or pallor in the supine 
position, a feeling of light-headedness, superior 
vena cava syndrome (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 clini-
cian search for these signs and symptoms when 
interviewing and examining patients with 
mediastinal masses in an attempt to ascertain 
the degree of respiratory 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 posi-
tion since the supine position leads to decreased 
expansion of the rib cage and cephalad dis-
placement of the diaphragm. Patients who are 
asymptomatic while awake may exhibit air-
way obstruction during sedation in the supine 
position, which is explained by a reduction in 
the dimensions of the thorax 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 spon-
taneously and small dose of sedative agents 
may be administered as the patient is lowered 
into position. Agents that suppress respira-
tions should be avoided. The adequacy of ven-
tilation and blood pressure should be checked 
at frequent intervals until the optimum surgi-
cal position has been achieved. If at any time 
a decrease in blood pressure occurs and causes 
an inability to oxygenate despite adequate 
ventilation or if an inability to provide ade-
quate 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.
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Introduction

Safe sedation of pediatric patients requires a thor-
ough understanding of the physiological differ-
ences between infants, children, adolescents, and 
adults. Especially in small infants, there is much 
less margin for any errors in diagnosis and treat-
ment of respiratory or cardiovascular depression 
during sedation procedures. This chapter will 
review developmental aspects of respiratory, car-
diovascular, central nervous system, renal, hepatic, 
hematologic, and temperature homeostatic sys-
tems, highlighting the differences between chil-
dren and adults and emphasizing their relevance 
to sedation procedures in children.

Respiratory Physiology

Many physiologic differences in respiratory phys-
iology between children and adults can be under-
stood by anatomical differences in the airway and 
lungs [1]. The major anatomical airway differ-
ences 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 position of C4–5. The infant 
epiglottis is narrow and omega-shaped, versus the 
flat, 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 air-
ways, they are fully formed, including the termi-
nal bronchioles, relatively early in gestation. 
However, alveolar number and development are 
incomplete at birth, with the full term infant 
having 20–50 million terminal airspaces, which 
are immature alveoli. Lung development occurs 
 rapidly with nearly the adult number of 300 mil-
lion or more alveoli reached by 3 years of age [2]. 
Early in postnatal life the lung volume of the neo-
nate 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 is 2–3 times higher in 
the neonate compared to the adult.

Lung and chest wall mechanics are very differ-
ent in the neonate and young infant, compared to 
the older child and adult [2, 3]. The soft and com-
pliant 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 
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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 chil-
dren experience a significant increase in resistance 
when partially obstructed by edema, inflammation, 
bronchospasm, or secretions. The low FRC, small 
airways, and poor elastic recoil of the thorax in 
neonates makes the small airways vulnerable 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 7.1 displays the difference in lung volumes 
between the neonate and adult [5], and Table 7.1 
summarizes the developmental changes in respira-
tory physiology from birth through adulthood.

Fetal hemoglobin predominates in the neonate 
and young infant, and this causes another impor-
tant difference in respiratory physiology from the 
older child and adult. The oxyhemoglobin disso-
ciation curve is shifted to the left in neonates 
because of fetal hemoglobin, meaning that the 
partial pressure of oxygen necessary to produce 
an oxyhemoglobin saturation of 50% (the P

50
) is 

only 19 mmHg, versus 27 mmHg with mature 
adult hemoglobin A [6] (Fig. 7.2). 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 difficult 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 addi-
tional oxygen to unload to the tissues. Adult 
hemoglobin A predominates by 6 months of age.

Pulse oximetry is the standard for monitoring 
of oxygenation during all sedation procedures. 
Pulse oximeter arterial saturation (SpO

2
) is a very 

useful monitor, generally accurate to ±2% when 
compared to arterial blood oxygen saturation 
measured by co-oximetry. In a child without car-
diac or pulmonary disease, normal SpO

2
 is 

96–100% on room air and unsedated. Sedative 
medications often cause a degree of hypoventila-
tion, both in slowing respiratory rate, and decreas-
ing 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 significant respiratory 
depression or upper airway obstruction, is com-
mon 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 congenital heart disease may have 
resting awake SpO

2
 ranging from 70–95%, and 

it is important to understand the anatomy, 
pathophysiology, and normal baseline saturations 
before proceeding with sedation in these patients. 
The general guideline that a 5% decrease in SpO

2
 

from baseline is common and may be treated with 
additional supplemental oxygen, and that a 10% 
decrease is a cause for urgent intervention, applies 
to the congenital heart disease population as well. 
Other patients with chronic lung diseases, i.e., 
bronchopulmonary dysplasia (BPD) or cystic 
fibrosis, 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 modified nasal cannula. 
Although dilution of the exhaled gas with inspired 
oxygen, poor fit 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 sen-

sitive monitor of airway obstruction, and an accu-
rate method to measure respiratory rate. In 
addition, low cardiac output states or cardiac 
arrest are accompanied by a sudden decrease or 
absence of end-tidal CO

2
.

Common conditions in pediatric patients which 
reduce respiratory reserve even further include 
BPD in former premature infants who suffered 
from respiratory distress syndrome (RDS) [7]. 
BPD is defined as a chronic condition of fibrosis 
and loss of alveoli in the lung following RDS with 
a requirement for supplemental oxygen beyond 
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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 com-
mon chronic conditions include asthma or reactive 
airways disease, affecting an estimated six million 
children in the United States [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. Children 

also have frequent upper respiratory infections, 
which predispose them to increased airway com-
plications during a sedation procedure. Elective 
sedation procedures should be  performed in chil-
dren with upper respiratory tract infections only 
after a thorough risk-benefit assessment.

All of the factors reviewed earlier make the 
small infant in particular vulnerable to rapid 
onset of hypoxemia and hypercarbia if sedated 
too deeply, and the practitioner must be vigilant 
especially when sedating infants. Supplemental 

Fig. 7.1 Pressure–volume curves of the infant and adult 
respiratory systems. The rest volume is the volume at 
zero intrathoracic pressure, where the outward recoil of 
the chest wall is equal to the inward elastic recoil of the 
lungs. 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 airways. 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 is much more prone 
to airway closure, resulting in intrapulmonary shunting 
and hypoxemia. (Reproduced with permission from 
Smith and Nelson [5])
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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.

Cardiovascular Physiology

Development from Neonate  
to Older Infant and Child

At birth the neonatal heart must suddenly change 
from a parallel 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 new-
born necessitates a high cardiac output for the first 
few months of life. However, animal models have 
demonstrated that the fetal and newborn myocar-
dium develops less tension in response to increas-
ing preload (sarcomere length), and that cardiac 
output increases less to the same degree of vol-
ume loading [9, 10]. Resting tension, however, is 
greater in the newborn compared 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 new-
born myocardium also has only a limited ability 
to increase its inotropic state in response to exog-
enous catecholamines, and is much more depen-
dent on heart rate to maintain cardiac output than 
the mature heart. One reason for this is the high 
levels of circulating endogenous catecholamines 
that appear after birth, necessary to make the tran-
sition 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 rest-
ing tension as noted previously, and a significant 
greater increase in ventricular pressure with vol-
ume loading [12]. This implies that diastolic func-
tion of the neonatal heart is also impaired compared 
to the mature heart [13]. The myofibrils of the 
newborn heart also appear to have a greater sensi-
tivity to calcium, developing a greater tension than 
adult myofibrils when exposed to the same free cal-
cium (Ca++) concentration in vitro [14]. Table 7.2 
summarizes the major physiological differences 
between the neonatal and mature heart [15]. With 
increased metabolic needs, including oxygen con-
sumption and glucose for metabolic substrate, car-
diac output indexed to weight in the neonate is 
double that of the adult [16] (Fig. 7.3).

Innervation of the Heart

Clinical observations in newborn infants have led 
to the hypothesis that the sympathetic innerva-
tion and control of the cardiovascular system is 

Fig. 7.2 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 pre-
dominately fetal hemoglobin F to adult hemoglobin A. 
(Reproduced with permission from Delivoria-Papadopoulos 
et al. [6])
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Table 7.2 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 Significant Less

Ca++ cycling

Predominant site of Ca++ flux Sarcolemma Sarcoplasmic reticulum

Dependence on normal iCa++ High Lower

Circulating catecholamines High Lower

Adrenergic receptors Downregulated, insensitive
2, a1 predominant

Normal
ß1 predominant

Innervation Parasympathetic predominates;  
sympathetic incomplete

Complete

Cytoskeleton
High collagen and water content Lower collagen/H

2
O

Cellular elements
Incomplete SR, disorganized myofibrils Mature SR, organized myofibrils

SR sarcoplasmic reticulum
Source: Reproduced with permission from Andropoulos and Ogletree [15]

Fig. 7.3 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. 
(Reproduced with 
permission from 
Rudolph [16])

incomplete in the newborn infant compared to 
older children and adults, and that the parasym-
pathetic innervation is intact [17]. Examples of 
this include the frequency of bradycardia in the 
newborn in response to a number of stimuli, includ-
ing vagal, and vagotonic agents, and the relative lack 

of  sensitivity in the newborn 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 
parasympathetic nerves [18, 19].
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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 input 
into sinoatrial node activity contribute to heart rate 
variability changes with greater heart rate variabil-
ity resulting from greater parasympathetic input 
into sinoatrial node activity [21]. Studies using 
these methodologies for normal infants during 
sleep suggest that the parasympathetic predomi-
nance gradually diminishes until approximately 6 
months of age, coinciding with greater sympathetic 
innervation of the heart similar to adult levels [22].

Development from Child to Adult

Beyond the transition period from fetal to new-
born life and into the first few months of postna-
tal 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 develop-
ment is assumed to be influenced by blood flow 
[24]. Increases in myocardial mass with normal 
growth, as well as in ventricular outflow obstruc-
tion, 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 pro-
liferation. In the human infant, it is assumed that 
the cellular elements of the cardiac myocyte, i.e., 
adrenergic receptors, intracellular receptors and 
signaling, calcium cycling and regulation, and 
interaction of the contractile proteins, is 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 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 output, 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 pres-
sure and cardiac output assessed, and treated if 
necessary. The most common arrhythmias are 
sinus bradycardia caused by decreased central 
nervous system sympathetic outflow from many 
sedatives, or sinus tachycardia caused by sym-
pathomimetic effects of drugs. Slow junctional 
rhythms or supraventricular tachycardias are also 
seen during sedation procedures. It is important 
to understand the patient’s baseline cardiac sta-
tus, and rhythm, as many patients with preexist-
ing arrhythmias will continue to experience them 
with sedation and no ill effects.

Blood pressure must be measured at least 
every 5 min during sedation procedures, and 
often more frequently, i.e., every 1–3 min, dur-
ing 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 myocar-
dium 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. 
Blood pressure is usually measured with an 
automated oscillometric blood pressure device, 
and the cuff must be the proper size for the 
patient, according to the manufacturer’s instruc-
tions. 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 pres-
sure that is spuriously low. Under normal cir-
cumstances, 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 accurate 
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with the oscillometric devices, with the diastolic 
pressure being subject to increased measure-
ment errors. Since the systolic blood pressure is 
most commonly used to determine high or low 
measurements, Table 7.3 includes this parame-
ter for normal values. Systolic blood pressures 
more than 20% below baseline values, if accom-
panied by acceptable heart rate, oxygen satura-
tion, and end-tidal CO

2
, should be investigated 

and treatment such as fluid 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
 

have also changed, very urgent diagnosis and 
treatment must be instituted, as this heralds a 
low cardiac output state, and possible impend-
ing cardiac arrest. Discontinuing sedation, 
administering fluid 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 analge-
sia, but often can be due to the drugs themselves, 
especially ketamine. In the latter case, the dose 
of ketamine should be reduced, or if sedation 
and analgesia judged to be inadequate, addi-
tional drugs other than ketamine should be used. 
Table 7.3 displays normal heart rate and systolic 
blood pressure for different ages.

Central Nervous System Physiology

Brain growth and development are very rapid dur-
ing 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 addi-
tion, rapid proliferation and migration of neurons 
to their cortical and subcortical zones is taking 
place in early infancy, as is myelination and syn-
aptogenesis [28] (Fig. 7.4). The neurotransmitters 
gamma-aminobutryic 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 proliferation phase 
(apoptosis). Most sedative agents, including ben-
zodiazepines, barbiturates, chloral hydrate, propo-
fol (GABA), and ketamine (NMDA) interact with 
these receptors giving rise to the concerns that 
sedative agents may increase apoptosis and poten-
tially have adverse long-term neurodevelopmen-
tal effects [29]. Because of the relatively larger 
brain size and blood volume/flow, the dose per 
kilogram requirement for sedative agents is usu-
ally 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 

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

Table 7.3 Normal heart 
rates and systolic blood 
pressure as a function of age
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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 concentra-
tions into neurons, causing an exaggerated 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 circulation to 
carbon dioxide tension is also intact, with sig-
nificant hypercarbia causing maximal cerebral 
vasodilation.

Maturation of the EEG during infancy and 
childhood has important implications for any 

technology proposing to measure depth of seda-
tion using EEG parameters. All current depth of 
sedation monitors using processed EEG parame-
ters are based on the adult EEG and application 
of these monitors in infants and young children 
especially is unreliable. Infants and younger chil-
dren have markedly different EEG profiles 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 

Fig. 7.4 Brain growth and development from concep-
tion to age 6 years. Note the very rapid brain growth and 
complexity of development from birth to age two years, 
when the majority of postnatal brain development occurs. 
This period of rapid development gives rise to the recent 

concerns that sedative agents interacting with gamma-
aminobutryic 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 et al. [27])
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when sedating pediatric patients. Table 7.4  presents 
some of the important milestones 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 practi-
tioners for sedation procedures with little to no 
protest. Extensive study and clinical experience 
demonstrate that infants from the premature neo-
nate onward experience pain in the same manner 
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 pacifier 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 6–12 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 process of 

separation must be planned to ameliorate this 
psychological 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 of 6 years 
or older generally can accept simple explanations 
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 proce-
dures and often has a very concrete understanding 
of explanations and instructions. 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 par-
ents and sedation procedures.

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 first 6 months of life, predominate 
hemoglobin species changes to adult hemoglo-
bin 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 maintained 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, hemo-
globin remains at this level in girls until adult-
hood. 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 hemo-
globin at 2–6 months of age is important, because 
this is an age when oxygen consumption is still 
twice that of the adult, yet oxygen carrying capac-
ity is low, with the result that there is even less 
oxygen reserve in these young infants.

The blood volume of the neonate is approxi-
mately 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.

Table 7.4 Age-specific anxieties of pediatric patients

Age
Specific 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
Significant 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

Source: Reproduced with permission from Ghazal et al. [31]
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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 glom-
erular filtration 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 gradually 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, 
fluid requirements remain high throughout the first 
3–4 years of life, because of the increased body 
surface to weight ratio present in young children, 
which results in increased insensible fluid loss. 
Table 7.5 displays the approximate daily and 
hourly maintenance fluid and requirements for 
normal children at various weights and ages [3]. 
In children with normal renal function, intrave-
nous fluids of one-quarter normal saline (38 meq 
NaCl/L) and 20 meq/L KCL will provide mainte-
nance 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 fluid bolus to be administered without pro-
ducing hyperglycemia.

In general, modern nil per os (NPO) guidelines 
allowing clear liquid intake until 2 h before a 
sedation procedure will prevent significant fluid 
deficits, but frequently there are situations where 
the patient has been NPO for long periods of time. 

If NPO for greater than 6 h, many practitioners 
would calculate the fluid deficit accumulated dur-
ing those 6 h, administer half the deficit during the 
first hour of the procedure, and one-quarter of the 
deficit 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 intended for 
healthy patients undergoing elective surgery [34] 
(Table 7.6). The guidelines were not intended nor 
considered for sedation purposes, although they 
have been so adopted by many. A revised 2010 
version of the Practice Guidelines for Preoperative 
Fasting is expected soon [35].

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 is also prone to hypoglycemia 

Table 7.5 Maintenance intravenous fluid requirements

Weight
Maintenance  
fluid, mL/kg/24 h

Maintenance  
fluid, mL/kg/h

<10 kg 100 4.16
10–20 kg  50 2.08
Each 10 kg  
increment  
above 20 kg

 20 0.83

Table 7.6 American Society of Anesthesiologists’ sum-
mary of fasting recommendations to reduce the risk of 
pulmonary aspirationa

Ingested material
Minimum fasting periodb 
(hours)

Clear liquidsc 2
Breast milk 4
Infant formula 6
Nonhuman milkd 6
Light meale 6

Source: Reprinted with permission from American 
Association of Anesthesiologists Task Force on 
Preoperative Fasting [34]
aThese 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
bFasting times apply to all ages
cExamples: water, fruit juice without pulp, carbonated 
beverages, clear tea, and black coffee
dSince nonhuman milk is similar to solids in gastric emp-
tying time, the amount ingested must be considered when 
determining an appropriate fasting period
eA light meal typically consists of toast and clear liquids. 
Meals that include fried or fatty foods or meat may pro-
long gastric emptying time. Both the amount and type of 
foods ingested must be considered when determining an 
appropriate fasting period
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because of a paucity of glycogen stores, com-
pared to the older child and adult, thus it is espe-
cially important in this age group to encourage 
ingestion of clear glucose containing fluids until 
2 h before a sedation procedure. And, young 
infants should have infusion of dextrose contain-
ing intravenous fluids during and after the seda-
tion procedure, until they are recovered and can 
ingest dextrose containing fluids 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 func-
tion also matures relatively rapidly, with normal 
function achieved by about 3 months of life. This 
means that drugs which depend on hepatic metab-
olism for clearance, especially the cytochrome 
P450 system, will often have prolonged effects in 
the very young infant once therapeutic plasma 
levels are reached. In addition, coagulation factor 
levels are low in the neonate because of this 
hepatic immaturity, so that normal partial throm-
boplastin time, which measures coagulation func-
tion in the extrinsic coagulation 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 pre-
disposes 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, have 
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 particular is prone to hypothermia 
during prolonged sedation. Heat loss (or gain) 
into or from the environment is via four basic 
routes [36, 37]: (1) radiation: from difference in 
temperature between the patient and the surround-
ing environment, e.g., a cold room; (2) conduc-
tion: heat transfer between two surfaces in direct 
contact, i.e., a cold irrigating solution; (3) convec-
tion: 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 vaporiza-
tion 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 [36]. In 
response to mild hypothermia, the CNS via 

-adrenergic sympathetic activation will cause 
cutaneous blood vessels to constrict, especially in 
the extremities, reducing blood flow and thus con-
serving heat by shunting warmed blood flow to 
deeper structures not vulnerable to radiation heat 
loss. With moderate hypothermia shivering occurs, 
which through muscle aerobic metabolism will 
generate additional heat and help return body tem-
perature toward normal. With hyperthermia, ini-
tially blood flow to the extremities will remain at 
normal levels, but with further warming vasodila-
tion will occur, and heat loss from radiation, con-
vection, and conduction all increase. The next 
response is sweating, with the evaporation of sweat 
resulting in significant heat loss.

Commonly used sedative agents, including 
propofol and dexmedetomidine, affect the ther-
moregulatory thresholds [36]. In general, the 
higher the dose of these agents, the wider the 
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range of “normal” temperatures tolerated by the 
hypothalamus before the compensatory mecha-
nisms described earlier occurs, 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. 7.5).

Adverse effects of significant 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 metabolism of drugs 
by kidney and liver. This can result in prolonged 
awakening from sedation. Significant hypothermia 
accompanied by shivering can result in metabolic 
acidosis from anaerobic muscle metabolism. 
Significant hypothermia and shivering are also 
profoundly uncomfortable for the patient, often 
resulting in an unsatisfactory sedation experience 
in the case of older children, or agitation and cry-
ing behaviors in the younger children.

The neonate is a special case, as in most other 
organ systems, in that with significant 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 nonshiver-
ing thermogenesis [36]. This is accompanied by a 
significant catechohlamine discharge and anaero-
bic metabolism, resulting in lactic acidosis which 
can have profound secondary effects on other 
organ systems, i.e. the heart and circulation, result-
ing in hemodynamic instability. Non-shivering 
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 radiation. 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 equip-
ment, e.g., MRI scanners, will cool rapidly.

Preventing hypothermia is a crucial task for 
every sedation procedure in children, and often 
the simplest method is to cover or wrap the child 
in warm blankets to prevent heat loss by convec-
tion. Warming the room or employing forced air 

Fig. 7.5 Illustration of the thermoregulatory thresholds 
and gains for awake and anesthetized (sedated) infants, 
children, and adults in relation to the central (core) tem-
perature. The distance between the edge of the thermom-
eter and each effector response represents the maximal 
intensity of each response. The slopes of the lines (posi-
tive values for awake and negative values for anesthe-
tized) between the thermometer and the response represent 
the gains of the responses. The threshold is defined as the 

 corresponding core temperature that triggers a response. 
The sensitivity of the thermoregulatory system describes 
the range between the first cold response (vasoconstric-
tion) and the first 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 
anesthesia. (Reproduced with permission from Luginbuehl 
and Bissonnette [37])
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warming devices where possible, are other impor-
tant measures to prevent hypothermia. Continuous 
temperature measurement during sedation proce-
dures in patients at risk for hypothermia should be 
practiced, especially during lengthy procedures 
such as MRI scans in infants. Temperature should 
be taken along with other vital signs in the recov-
ery area,

Drug Pharmacokinetics 
and Pharmacodynamics

All of the differences in organ system physiology 
discussed previously, especially cardiovascular, 
central nervous system, hepatic, renal, and body 
fluid composition, mean that response to sedative 
drugs, and initial dosage and interval dosing, are 
often very different especially in the infant, com-
pared to the older child and adult.

Conclusion

Children, particularly the neonate and infant, have 
very substantial differences in physiology in all 
systems compared to the adult. The increased 
metabolic requirements for the rapidly growing 
young patient result in higher demand for oxygen 
and glucose, the major metabolic fuels. This 
increase in oxygen need limits the margin of error 
during sedation procedures, especially in patients 
less than 1 year of age, but to some extent in all 
growing children. The sedation practitioner must 
be well aware of these physiologic differences to 
ensure a safe and effective sedation procedure.
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The overall objective in sedation outside the 
operating room is to provide effective and safe 
sedation.

The American Academy of Pediatrics (AAP) 
provides five specific goals: “(1) to guard the 
patient’s safety and welfare, (2) to minimize 
physical discomfort and pain, (3) to control anxi-
ety, minimize psychological trauma, and maxi-
mize 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 pos-
sible” [1].

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 dura-
tion of action is critical [1]. The American Society 
of Anesthesiologists (ASA) also mandates that the 
curriculum for a formal training program in seda-
tion for nonanesthesiologists 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 practi-
tioner should choose the least number of drugs, 
while matching the drug(s) to the type and goal of 
the procedure that is being planned. For example, 
analgesic medications such as opioids are indicated 
for painful procedures, while for nonpainful proce-
dures, sedatives/hypnotics may suffice. Since chil-
dren younger than 6 years and those with 
developmental delay generally require deep levels 
of sedation, the need for deep sedation should be 
anticipated [1]. Anxiolysis or mild sedation may be 
occasionally sufficient for computerized tomogra-
phy, but is often not enough in procedures such as 
magnetic resonance 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 over-sedation or adverse 
events, have rapid onset and recovery, and be easy 
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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 procedures 
that require the child to be motionless, e.g., com-
puterized tomography (CT) or magnetic reso-
nance imaging (MRI) scans, immobility may be 
most important. Most procedures in children 
require some combination of analgesia and immo-
bility along with anxiolysis; therefore, sedation 
planning should consider all these parameters.

Because increasing depth of sedation is asso-
ciated 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 proce-
dure cannot be accurately predicted in a specific 
patient [3]. Under appreciated 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. Clinicians providing sedation, there-
fore, ideally 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 over-sedation with its accompa-
nying 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 spe-
cific medication is necessary to avoid “stacking” of 
doses when first gaining experience with titration. 
“Stacking” can occur after a subsequent dose is 
administered before the peak effect of the preced-
ing dose has occurred. In these situations, deeper 
than intended sedation can easily occur. For exam-
ple, morphine has a peak effect of approximately 
10 min. If an additional dose of morphine is admin-

istered after 5 min because the patient is still in sig-
nificant pain, by 15 min after the original dose, 
when both the first and second doses are near peak 
effects, the patient may have significant respiratory 
depression due to an excessive accumulative dose. 
For this reason, titration is difficult with drugs that 
have longer than 1–3 min to peak effect time.

When a “typical” total dose for a specific 
 procedure is known, that total dose may be 
divided and the increments administered at inter-
vals shorter than “the time to peak effect” without 
likely overshoot. This strategy of repeated admin-
istration of fractional doses for fixed dose proto-
cols, e.g., half of the anticipated total dose 
administered twice with administration separated 
by a short interval, reduces the risk for significant 
respiratory depression induced by some agents 
such as the combined technique using fentanyl 
and midazolam. This approach is suggested for 
providers as they acquire experience with a spe-
cific 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 manifest 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].

If the mechanisms of action of concomitant 
medications are similar, synergistic effects may 
be potentiated, and the risk of adverse events is 
magnified. 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 others inhibit the 
cytochrome P450 system and concomitant use 
of these medications can result in prolonged 
sedation with midazolam and other medications 
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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 benefit that some sedatives provide is anal-
gesia. This is critical not only for patients who 
are in pain at the onset of sedation but also for 
patients who will become uncomfortable or expe-
rience 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 flat on an MRI table for an 
hour, or a child whose elbow will need to remain 
flexed at a certain angle during a radiologic imag-
ing study. By their nature as opioids, fentanyl, 
sufentanil, remifentanil, and alfentanil are known 
to produce analgesia. Dexmedetomidine has also 
been reported to provide analgesic effects.

An additional effect that some sedatives pro-
vide is relative amnesia. This effect is helpful for 
young children whose previous visit(s) may be 
marred by traumatic memory. An amnestic 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 benzodiaz-
epines midazolam [15, 16] and lorazepam [17]. 
Ideally, the patient will be unable to recall proce-
dure-related pain despite occasional moans or 
cries out during intensely painful parts of the pro-
cedure [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 
have been reviewed and approved by the Food 
and Drug Administration (FDA) and as such, 
these drugs are used “off-label.” It is estimated 
that only about 20% of drugs approved by the 
FDA are labeled for pediatric use. The situation 

is even more acute in neonates and most specially, 
premature neonates.

Readers are reminded that the current FDA 
guidelines on off-label use state that “if physi-
cians use a product for an indication not in the 
approved labeling, they have the responsibility to 
be well informed about the product, to base its 
use on firm scientific rationale and on sound 
medical evidence, and to maintain records of the 
product’s use and effects” [19].

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 (IND), Investigational Device 
Exemption (IDE) from the FDA [19]. 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 specific 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 practi-
tioners try to be innovative in order to decrease pain 
and discomfort in children through a variety of ways. 
These include drug administration via nasal, trans-
dermal, 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 labora-
tory 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 understand the 
pharmacologic actions of the drug, as well as the 
pharmacokinetic and pharmacodynamic implica-
tions that may be unique for pediatric patients [20].

Reversal Agents

The knowledge of pharmacology should also 
extend to that of drugs that may be needed to “res-
cue” a sedated patient. Currently, pharmacologic 
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antagonists exist only for opiates and benzodiaz-
epines. This includes reversal agents such as flu-
mazenil (Flumazepil, Anexate, Lanexat, Mazicon, 
Romazicon) and naloxone (Narcan, Nalone, 
Narcanti). Drugs which are not reversal agents 
per se such as albuterol (Salbutamol, Ventolin, 
Aerolin, Ventorlin, Asthalin, Asthavent, Proventil, 
ProAir), ammonia spirits, atropine, diphenhy-
dramine (Benadryl, Dimedrol, Daedalon), diaze-
pam, epinephrine (Adrenaline), glucose, lidocaine 
(intracardiac and local infiltration), methylpredni-
solone (Medrol, Solu-Medrol, Cadista), fospheny-
toin (Cerebyx, Prodilantin), rocuronium, sodium 
bicarbonate, and succinylcholine (Suxamethonium 
chloride, Suxamethonium, Anectine, Quelicin, 
Scoline) may also be required in specific cases [1]. 
As the need for resuscitation can occur unexpect-
edly, the practitioner should familiarize him or 
herself 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 [21]. To date, there is no evidence in humans 
of neurotoxicity.

Formulary

The most common medications currently used in 
sedation in children are presented in the next sec-
tion. 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 provider is encouraged to consult the latest 
appropriate formulary in their institution, particu-
larly for pediatric dosage and restrictions of use, if 
any. Pediatric sedation providers are also encour-
aged to conduct formal clinical studies to add to the 
literature in pediatric sedation.

This chapter is not intended to list which drugs 
are appropriate for which particular procedure. 

The reader is advised to refer to the individual 
chapters which discuss specific sedatives in the 
appropriate clinical context, 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 intrave-

nous, although intranasal administration in chil-
dren has been reported [22, 23].

The pharmacokinetics of alfentanil can be 
described as a three-compartment model. The 
liver is the major site of biotransformation; uri-
nary excretion is the major route of elimination 
of metabolites [24].

The pharmacokinetics of alfentanil in children 
has been described [23, 25–35].

Contraindications: Alfentanil is contraindi-
cated in patients with known hypersensitivity to 
the drug or known intolerance 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 [36].
Common adverse events [24] include respiratory 

depression and skeletal muscle rigidity, particu-
larly of the truncal muscles. Alfentanil may pro-
duce muscular rigidity that involves the skeletal 
muscles of the neck and extremities.

Respiratory events reported during Monitored 
Anesthesia Care included hypoxia, apnea and 
bradypnea, nausea, hypotension, vomiting, pruri-
tus, confusion, somnolence, and agitation.

The incidence of certain side effects is influ-
enced 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 sur-
gery, e.g., nausea and vomiting have a higher 
reported incidence in patients undergoing gyne-
cologic surgery. The overall reports of nausea 
and vomiting with alfentanil were comparable to 
fentanyl.
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Chloral hydrate
Drug Class: Chloral derivative. Chloral 

hydrate is rapidly reduced to the active compound 
trichloroethanol which exerts barbiturate-like 
effects on GABA

A
-receptor [37].

Route of administration reported: Primarily 
oral, but rectal administration for sedation in 
children has been reported [38–41].

Chloral hydrate is extensively metabolized in 
the liver by alcohol dehydrogenases and by eryth-
rocytes to its major metabolite, trichloroethanol 
[42]. Less than 10% of chloral hydrate is excreted 
in the urine.

The pharmacokinetics of chloral hydrate in 
children has been described [43, 44].

Approved indications: Sedative, hypnotic. (+) 
Pediatric labeling.

Contraindications: Chloral hydrate is con-
traindicated in patients with marked hepatic or 
renal impairment and in patients who have previ-
ously demonstrated hypersensitivity or an idio-
syncratic reaction to the drug.

Clinical application: Chloral hydrate contin-
ues to be used for moderate sedation in children. 
The advantages and disadvantages of chloral 
hydrate have been reviewed [45]. Disadvantages 
include the long half-life: up to 48 h in children 
[43]. TCE has also been found to be carcinogenic 
in mice [45, 46].

In 1993, the AAP issued a statement on the 
use of chloral hydrate for sedation in children 
[46]. In it, the Academy states that it is an effec-
tive sedative when administered in the recom-
mended dosage. However, repetitive dosing of 
chloral hydrate is of concern, as well as theoreti-
cal long-term risk of carcinogenicity. The need 
for additional studies was raised.

Common adverse events include prolonged 
sedation, respiratory depression, nausea/vom-
iting, gastric and esophageal irritation, diar-
rhea, headache, disorientation, dysphoria, 
dizziness, rash, and hypotension (especially in 
neonates).

Dexmedetomidine (Precedex)
Drug Class: Alpha2 receptor agonist.
Route of administration: Intravenous [47], 

although buccal [48–51], intranasal [52–54] 
administration in children has been reported.

Dexmedetomidine undergoes almost complete 
biotransformation with very little unchanged 
dexmedetomidine excreted in urine and feces. 
Biotransformation involves both direct glucuroni-
dation as well as 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 [55–59].

Approved indications: Sedation
Contraindication: None
Clinical application: Dexmedetomidine was 

originally indicated for sedation of initially intu-
bated and mechanically ventilated adult patients 
during treatment in an intensive care setting. It 
has recently been approved for sedation of nonin-
tubated adults prior to and/or during surgical and 
other procedures.

Dexmedetomidine offers the advantage of 
providing sedation and analgesia with little respi-
ratory depression and in most a tolerable decrease 
in blood pressure and heart rate [60].

Adverse events [47] include the following seri-
ous adverse reactions: hypotension, bradycardia, 
sinus arrest, and transient hyper tension in both 
Intensive Care Unit and procedural sedation 
studies. 

Hypotension and bradycardia were the most 
common adverse reactions associated with the use 
of dexmedetomidine during postapproval 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 with a 
range of 0.25–2.5 h. Absorption is delayed and 
decreased when administered with a moderate 
fat meal.

Diazepam is N-demethylated to the active 
metabolite N-desmethyldiazepam, and is hydro-
xylated to the active metabolite temazepam. 
N-desmethyldiazepam and temazepam are both 
further metabolized to oxazepam. Temazepam 
and oxazepam are largely eliminated by glucuroni-
dation. The initial distribution phase is followed 
by a prolonged terminal elimination phase (half-life 
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up to 48 h). The terminal elimination half-life of 
the active metabolite N-desmethyldiazepam is up 
to 100 h. Diazepam and its metabolites are 
excreted mainly in the urine, predominantly as 
their glucuronide conjugates [61].

The clinical pharmacology of diazepam in 
children has been reviewed [62].

Approved indications: Sedation. (+) Pediatric 
labeling.

Contraindications: Diazepam injection is con-
traindicated in patients with a known hypersensi-
tivity to this drug, in acute narrow angle glaucoma 
and in open angle glaucoma unless patients are 
receiving appropriate therapy.

Clinical application: Diazepam is usually 
administered to provide anxiolysis, with accom-
panying mild sedation. This state usually suffices 
for short diagnostic procedures.

Diazepam may be orally administered 
20–30 min before the procedure.

Common adverse events include drowsiness, 
fatigue, and ataxia; venous thrombosis and phle-
bitis at the site of injection [61].

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 first day after 
injection. The chief metabolite is produced from 
hydrolysis of etomidate, and accounts for about 
80% of the urinary excretion [63].

The pharmacokinetics of etomidate in chil-
dren has been described [64].

Contraindication: Etomidate is contraindi-
cated in patients who have shown hypersensitiv-
ity to it.

Clinical application: Etomidate was used for 
computed tomography sedation in the emergency 
department and was more effective and efficient than 
pentobarbital, with rare adverse events [65]. The use 
of etomidate for sedation has also been compared to 
midazolam [66] and pentobarbital [67].

Common adverse events [63] include transient 
venous pain on injection and transient skeletal mus-
cle movements, including myoclonus, hyperventi-
lation, hypoventilation, apnea of short duration, 
laryngospasm, hiccup, and snoring suggestive of 

partial upper airway obstruction 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 
severe hypotension and tachycardia, judged to be 
anaphylactoid in character, has been reported.

Fentanyl (Fentanil, Sublimaze, Actiq, Durogesic, 
Duragesic, Fentora, Onsolis, Instanyl, Abstral)

Drug Class: A synthetic opioid related to the 
phenylpiperidines [68].

Route of administration: Primarily intravenous, 
epidural, and intrathecally. Transdermal [69–75], 
intranasal [76–89], and transmucosal administra-
tion [90–116] in children have been reported.

Fentanyl is primarily transformed in the liver, 
and is excreted mainly through the kidneys, 
mostly as metabolites with less than 10% repre-
senting the unchanged drug.

The pharmacokinetics of fentanyl in children 
has been described [117–119].

Contraindication: Fentanyl is contraindicated 
in patients with known intolerance to the drug.

Clinical application: Fentanyl remains 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 [36].

Common adverse events include respiratory 
depression, apnea, rigidity, and bradycardia; if 
these remain untreated, respiratory arrest, circula-
tory depression, or cardiac arrest could occur. 
Other adverse reactions that have been reported 
are hypertension, hypotension, dizziness, blurred 
vision, nausea, emesis, laryngospasm, and dia-
phoresis. Secondary rebound respiratory depres-
sion may occasionally occur postoperatively [68].

When a tranquilizer such as droperidol is used 
with fentanyl citrate, the following adverse reac-
tions can occur: chills and/or shivering, restless-
ness, and postoperative hallucinatory episodes 
(sometimes associated with transient periods of 
mental depression); extrapyramidal symptoms 
(dystonia, akathisia, and oculogyric crisis) have 
been observed up to 24 h postoperatively. When 
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they occur, extrapyramidal symptoms can usually 
be controlled with antiparkinson agents. Posto-
perative drowsiness is also frequently reported 
following the use of droperidol [68].

Fospropofol (Lusedra)
Drug Class: Alkylphenol derivative.
Route of administration: Intravenous.
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 seda-
tion, high lipid intake during long-term sedation, 
and risk of infection resulting from bacterial con-
tamination [120].

Fospropofol is metabolized in vivo to produce 
liberated propofol (producing the sedative effect), 
phosphate, and formaldehyde [121].

The use and the pharmacokinetics of fos-
propofol in children have not been described.

Approved indications: Monitored Anesthesia 
Care sedation.

Contraindications: None.
Clinical application: The pharmacokinetic 

and pharmacodynamic profiles of fospropofol 
make it an attractive agent for sedation for proce-
dures of short duration. It is approved for use as 
a sedative-hypnotic for Monitored Anesthesia 
Care in adult patients undergoing diagnostic or 
therapeutic procedures.

Common adverse events include paresthesia 
and pruritus. The most commonly reported rea-
sons for discontinuation are paresthesia and 
cough. Serious adverse reactions include respira-
tory depression, hypoxemia, loss of purposeful 
responsiveness, and hypotension [122].

Ketamine (Ketanest, Ketaset, Ketalar)
Drug Class: Phencyclidine derivative.
Route of administration: Intravenous and 

intramuscular.
Ketamine is rapidly absorbed following par-

enteral administration and rapidly distributed into 
body tissues. Ketamine undergoes N-dealkylation 
(metabolite I), hydroxylation of the cyclohexone 
ring (metabolites III and IV), conjugation with 
glucuronic acid, and dehydration of the hydroxy-
lated metabolites to form the cyclohexene deriva-

tive (metabolite II). Water-soluble conjugates are 
excreted in the urine [123].

The pharmacokinetics of ketamine in children 
has been described [124–128].

Contraindications: Ketamine is contraindi-
cated in those in whom a significant elevation of 
blood pressure would constitute a serious hazard 
and in those who have shown hypersensitivity to 
the drug.

Clinical application: Ketamine is a rapid-acting 
dissociative agent that produces an anesthetic 
(dissociative anesthesia) state characterized by 
profound analgesia, normal pharyngeal–laryngeal 
reflexes, normal or slightly enhanced skeletal 
muscle tone, cardiovascular and respiratory stim-
ulation, and occasionally a transient and minimal 
respiratory depression.

Ketamine is used for premedication, sedation, 
and induction and maintenance of general 
anesthesia, which is then termed “dissociative 
anaesthesia.” Ketamine and its S(+)-isomer are 
ideal anesthetic agents for trauma victims, 
patients with hypovolemic and septic shock, and 
patients with pulmonary diseases. Even subanes-
thetic doses of this drug have analgesic effects, so 
ketamine is also recommended for postoperative 
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 [129].

The evolution of the applications of ketamine 
in children has been reviewed recently [130].

Common adverse events include the following 
[123]:

Cardiovascular: Hypertension and tachycar-
dia are common, although hypotension and bra-
dycardia have been observed. Arrhythmia has 
also occurred.

Respiration: Although respiration is frequently 
stimulated, severe depression of respiration or 
apnea may occur following rapid intravenous 
administration of high doses of ketamine. 
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.
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Psychological: Emergence reactions have 
been reported.

Neurological: In some patients, enhanced skel-
etal 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 exan-
thema at the injection site have infrequently been 
reported. Transient erythema and/or morbilliform 
rash have also been reported.

Lorazepam (Ativan, Temesta)
Drug Class: 3-hydroxyl benzodiazepine.
Route of administration: Oral, intravenous, 

intramuscular.
Lorazepam is extensively conjugated to the 

3-0-phenolic glucuronide in the liver and is 
known to undergo enterohepatic recirculation. 
Lorazepam glucuronide is an inactive metabolite 
and is eliminated mainly by the kidneys [131].

The pharmacokinetics of lorazepam in pediatrics 
has been described [132, 133].

Contraindications: Lorazepam injection is 
contraindicated in patients with a known sensi-
tivity to benzodiazepines or its vehicle (polyeth-
ylene glycol, propylene glycol, and benzyl 
alcohol), in patients with acute narrow-angle 
glaucoma, or in patients with sleep apnea syn-
drome. It is also contraindicated in patients with 
severe respiratory insufficiency, 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 contraindicated because, as with 
other injectable benzodiazepines, inadvertent 
intra-arterial injection may produce arterios-
pasm resulting in gangrene which may require 
amputation.

Clinical application: Lorazepam has been 
used to provide anxiolysis as well as preanes-
thetic medication. Compared to midazolam, lora-
zepam has a less rapid onset of action and a 
longer duration of action.

Common adverse events [131] include depres-
sion of the central nervous system. Excessive 
sleepiness and drowsiness were the most com-
mon consequences of CNS depression. Other 
symptoms include restlessness, confusion, depre-

ssion, crying, sobbing, and delirium. Visual hal-
lucinations were present in about 1% and were 
self-limiting. Hypertension and hypotension have 
occasionally been observed.

As with all benzodiazepines, paradoxical reac-
tions such as stimulation, mania, irritability, rest-
lessness, 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., respi-
ratory 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, sub-

cutaneous, and slow intravenous.
The onset of action is slightly more rapid than 

with morphine, and the duration of action is 
slightly shorter. Meperidine is significantly less 
effective by the oral than by the parenteral route, 
but the exact ratio of oral to parenteral effective-
ness is unknown.

Meperidine is metabolized chiefly in the liver, 
and extensively excreted by the kidney [134].

The pharmacokinetics of meperidine in pedi-
atrics has been described [135].

Contraindications: Meperidine is contraindi-
cated in patients who have shown hypersensitiv-
ity to it.

Meperidine is also contraindicated in patients 
who are receiving monoamine oxidase (MAO) 
inhibitors or those who have recently received such 
agents. Therapeutic doses of meperidine have occa-
sionally precipitated unpredictable, severe, and 
occasionally fatal reactions in patients who have 
received such agents within 14 days. The mecha-
nism of these reactions is unclear, but may be 
related to a preexisting hyperphenylalaninemia. 
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 predominant man-
ifestations have been hyperexcitability, convul-
sions, tachycardia, hyperpyrexia, and hypertension. 
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Although it is not known that other narcotics are 
free of the risk of such reactions, virtually all of the 
reported reactions have occurred with meperidine.

Clinical application: Meperidine, in 60–80 mg 
parenteral doses, is approximately equivalent in 
analgesic effect to 10 mg of morphine. It has been 
used to provide analgesia and sedation in chil-
dren over the past several decades.

Common adverse events include respiratory 
depression and, to a lesser degree, circulatory 
depression; respiratory arrest, shock, and cardiac 
arrest have occurred [134].

The most frequently observed adverse reac-
tions include lightheadedness, dizziness, seda-
tion, nausea, vomiting, and sweating.

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 metabo-
lism and renal excretion of inactive metabolites 
[136, 137].

The pharmacokinetics of methohexital in 
pediatrics has been described [138–145].

Contraindications: Methohexital is contrain-
dicated in patients in whom general anesthesia is 
contraindicated, in those with latent or manifest 
porphyria, or in patients with a known hypersen-
sitivity to barbiturates.

Clinical application: Methohexital is labeled 
for use in pediatric patients older than 1 month: 
(1) for rectal or intramuscular induction of anes-
thesia prior to the use of other general anesthetic 
agents, (2) for rectal or intramuscular induction 
of anesthesia and as an adjunct to subpotent inha-
lational anesthetic agents for short surgical pro-
cedures, and (3) as rectal or intramuscular 
anesthesia for short surgical, diagnostic, or thera-
peutic procedures associated with minimal pain-
ful stimuli.

Methohexital is threefold more potent than 
thiopental and thiamylal.

Common adverse events include extensions of 
pharmacologic effects such as:

Cardiovascular: Circulatory depression, 
thrombophlebitis, hypotension, tachycardia, 

peripheral vascular collapse, and convulsions in 
association with cardiorespiratory arrest.

Respiratory: Respiratory depression (includ-
ing apnea), cardiorespiratory arrest, laryngos-
pasm, bronchospasm, hiccups, and dyspnea.

Neurologic: Skeletal muscle hyperactivity 
(twitching), injury to nerves adjacent to injection 
site, and seizures.

Psychiatric: Emergence delirium, restless-
ness, 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 anaphylaxis have been reported rarely.

Other adverse reactions include pain at injec-
tion site, salivation, headache, and rhinitis.

Midazolam (Versed, Dormicum, Hypnovel)
Drug Class: Benzodiazepine.
Route of administration: Intravenous and oral.
The absolute bioavailability of the midazolam 

administered through the intramuscular route was 
greater than 90%. The peak concentrations for 
midazolam and its 1-hydroxy metabolite were 
approximately one-half of those achieved after 
intravenous injection.

Midazolam is approximately 97% bound to 
plasma protein, principally albumin.

Elimination of the parent drug takes place via 
hepatic metabolism mediated by cytochrome 
P450-3A4 to hydroxylated metabolites that are 
conjugated and excreted in the urine [146].

The pharmacokinetics of midazolam in pedi-
atrics has been described [147–166].

Approved indications: Sedation, induction of 
anesthesia, component of balanced anesthesia. 
(+) Pediatric labeling

Contraindications: Midazolam is contraindi-
cated in patients with a known hypersensitivity to 
the drug. Midazolam, like other benzodiazepines, is 
contraindicated in patients with acute narrow-angle 
glaucoma. Midazolam, like other benzodiazepines, 
may be used in patients with open-angle glaucoma 
only if they are receiving appropriate therapy.

Clinical application: Midazolam is usually 
administered to provide anxiolysis, with accom-
panying mild sedation. This state usually suffices 
for short diagnostic procedures.
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For children who do not require placement of 
an intravenous 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, seizure-like activity, and 
nystagmus. The majority of airway-related events 
occurred in patients receiving other CNS depress-
ing medications and in patients where midazolam 
was not used as a single sedating agent.

Neonates: For information concerning 
hypotensive episodes and seizures following the 
administration of midazolam hydrochloride to 
neonates.

Morphine (MS Contin, MSIR, Avinza, Kadian, 
Oramorph, Roxanol, Kapanol)

Drug Class: Opioid.
Route of administration: Intravenous, intra-

muscular, 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 com-
pared to morphine. Both metabolites are excreted 
by the kidney [167].

The pharmacokinetics of morphine in pediat-
rics has been well described [168–187].

Contraindications: Morphine is contraindicated 
in those medical conditions which 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 maintain blood pressure has already been com-
promised by a depleted blood volume or a concur-
rent administration of drugs, such as phenothiazines 
or general anesthetics.

Clinical application: Morphine and other opi-
oid 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 discom-
forting, or entirely gone; drowsiness commonly 
follows [36].

Common adverse events include respiratory 
depression and/or respiratory arrest. This depres-
sion 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 [167].

In general, side effects are amenable to rever-
sal by narcotic 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 “floating sensation” with anxi-
olysis and mild to moderate amnesia and 
analgesia.

The pharmacokinetics of nitrous oxide in chil-
dren has been described [188, 189].

Contraindications: Nitrous oxide should not 
be used with any condition where air is entrapped 
within a body and where its expansion might be 
dangerous: Artificial, traumatic or spontaneous 
pneumothorax, air embolism, decompression 
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 procedures, 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 [190].

The use of nitrous oxide in children for seda-
tion has been reported [190–209].

Common adverse events include vomiting, 
nausea, inadequate sedation, agitation/delirium, 
apnea >15 s, oxygen saturation 89%, unresponsive 
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episode with oxygen saturation 83%, stridor, sei-
zure, diaphoresis, burpy/hiccupy, gaggy, expecto-
rated large amount of clear phlegm, and screaming 
[210].

Pentobarbital (Nembutal)
Drug Class: Barbiturate.
Route of administration: Primarily intrave-

nous, although oral administration has been 
reported in children [211].

Barbiturates are absorbed and rapidly distrib-
uted to all tissues and fluids with high concentra-
tions in the brain, liver, and kidneys. Pentobarbital 
is metabolized primarily by the hepatic microsomal 
enzyme system, and the metabolic products are 
excreted in the urine, and less commonly, in the 
feces [212].

The pharmacokinetics of pentobarbital in chil-
dren has been described [213, 214].

Approved indications: Sedative-hypnotic, 
induction of anesthesia. (+) Pediatric labeling.

Contraindications: Pentobarbital is contraindi-
cated 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 barbiturate used for sedation of children. 
However, its delayed onset of action and pro-
longed sedation has led to the use of other medi-
cations for sedation. The occurrence of paradoxic 
hyperactivity reactions has also contributed to the 
decline in its use.

Common adverse event include somnolence 
(most common). Other adverse events include 
agitation, confusion, hyperkinesia, ataxia, CNS 
depression, nightmares, nervousness, psychiatric 
disturbance, hallucinations, insomnia, anxiety, 
dizziness, and thinking abnormality. Respiratory 
effects include hypoventilation and apnea. 
Cardiovascular system: Bradycardia, hypoten-
sion, and syncope. Digestive system: Nausea, 
vomiting, and constipation. Other reported 
 reactions: Headache, injection site reactions, 
hypersensitivity reactions (angioedema, skin 
rashes, exfoliative dermatitis), fever, liver dam-
age, and megaloblastic anemia following chronic 
phenobarbital use [212].

Propofol (Diprivan)
Drug Class: Alkylphenol derivative.
Route of administration: Intravenous.
Propofol is extensively distributed and rapidly 

cleared from the body. Clearance occurs by meta-
bolic processes, mainly in the liver, to form inac-
tive conjugates of propofol and its corresponding 
quinol, which are excreted in the urine [215].

The pharmacokinetics of propofol in children 
has been described [216–234].

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, mechanically venti-
lated patients. (+) Pediatric labeling (induction 
and maintenance of general anesthesia).

Contraindications: Propofol injectable emul-
sion is contraindicated in patients with a known 
hypersensitivity to propofol injectable emulsion 
or any of its components. It is contraindicated in 
patients with allergies to eggs, egg products, soy-
beans, or soy products.

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 quality to that 
produced by midazolam. Emergence from seda-
tion occurs quickly due to its rapid clearance.

The use of propofol in children for sedation 
has been recently compared to midazolam [235], 
midazolam and fentanyl [236], pentobarbital 
[237], midazolam + pentobarbital + fentanyl [238], 
ketamine [239], midazolam + ketamine [240], and 
dexmedetomidine [241, 242].

The adverse events in 49,836 pediatric 
 sedations with propofol in 37 centers were 
recently reviewed [243].

The use of propofol by nonanesthesiologists 
was discussed in several chapters.

Common adverse events include apnea in pedi-
atric patients. Adverse events in adults include 
bradycardia, arrhythmia, tachycardia nodal, hypo-
tension, decreased cardiac output, hypertension, 
hypotension, burning/stinging or pain at the site 
of injection, hyperlipidemia, apnea, respiratory 
acidosis, rash, and pruritus.
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Remifentanil (Ultiva)
Drug Class: A 4-anilidopiperidine derivative 

of fentanyl.
Route of administration: Intravenous.
Unlike other opioids, remifentanil is rapidly 

metabolized by hydrolysis of the propanoic acid-
methyl ester linkage by nonspecific blood and 
tissue esterases. This metabolite has minimal 
activity. The pharmacokinetics of remifentanil is 
unaffected by the presence of renal or hepatic 
impairment [244].

The pharmacokinetics of remifentanil in chil-
dren has been described [245, 246].

Contraindications: Due to the presence of gly-
cine in the formulation, remifentanil is contrain-
dicated for epidural or intrathecal administration. 
Remifentanil is also contraindicated in patients 
with known hypersensitivity to fentanyl analogs.

Clinical application: Remifentanil has been 
shown to be effective in providing analgesia-
based sedation in pediatric ICU patients requir-
ing mechanical ventilation, in newborns requiring 
mechanical ventilation, and in another group of 
children who were being mechanically ventilated 
postoperatively [247].

The use of remifentanil in children (in Europe) 
has recently been reviewed [248, 249].

Common adverse events include nausea, vomit-
ing, and shivering in children. Other adverse events 
reported in children include onset of rhonchi, post-
operative complication, stridor, and cough.

S-ketamine (Ketanest, Ketaset, Ketalar)
Drug Class: Phencyclidine derivative; 

S-ketamine is the active isomer of ketamine [250].
Route of administration: Primarily intrave-

nous, although intranasal [251], caudal block 
[252–258] and rectal [259–261] administration in 
children have been reported.

Ketamine is rapidly absorbed following par-
enteral administration and rapidly distributed into 
body tissues. Ketamine undergoes N-dealkylation 
(metabolite I), hydroxylation of the cyclohexene 
ring (metabolites III and IV), conjugation with 
glucuronic acid and dehydration of the hydroxy-
lated metabolites to form the cyclohexene deriva-
tive (metabolite II). Water-soluble conjugates are 
excreted in the urine [250].

The pharmacodynamics [262] and the phar-
macokinetics [263, 264] of S-ketamine in chil-
dren have been described.

Contraindications: S-ketamine is contraindi-
cated in those in whom a significant elevation of 
blood pressure would constitute a serious hazard 
and in those who have shown hypersensitivity 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 
producing an anesthetic (dissociative anesthesia) 
state characterized by profound analgesia, normal 
pharyngeal–laryngeal reflexes, 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 pre-
medication, sedation, and induction and mainte-
nance of general anesthesia, which is then termed 
“dissociative anaesthesia.” 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 of this drug have analgesic 
effects, so ketamine is also recommended for 
postoperative analgesia and sedation. The combi-
nation 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 cardiovascular 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 accumulation. Rapid 
elimination from tissue storage sites allows for 
relatively more rapid recovery as compared with 
equipotent dosages of fentanyl. Within anes-
thetic dosages, recovery times are more rapid 
compared to equipotent fentanyl dosages. The 
liver and small intestine are the major sites of 
biotransformation. Approximately 80% of the 
administered dose is excreted within 24 h and 
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only 2% of the dose is eliminated as unchanged 
drug [265].

The elimination half-life of sufentanil is 
shorter in infants and children, and longer in neo-
nates compared to that of adolescents and adults. 
The pharmacokinetics of sufentanil in children 
has been described [266–269].

Contraindications: Sufentanil is contraindicated 
in patients with known hypersensitivity to the drug 
or known intolerance 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 g/kg, sufen-
tanil is an analgesic component of general anes-
thesia; at intravenous doses 8 g/kg, sufentanil 
produces a deep level of anesthesia. Sufentanil 
produces a dose-related attenuation of catechola-
mine release, particularly norepinephrine.

At intravenous dosages of 8 g/kg, sufenta-
nil produces hypnosis and anesthesia without the 
use of additional anesthetic agents. A deep level 
of anesthesia is maintained at these dosages.

Common adverse events include respiratory 
depression and skeletal muscle rigidity, particu-
larly of the truncal muscles. The return of normal 
bladder activity may be delayed. Hypotension 
was observed 7 times more frequently in intravenous 
trials than in epidural trials.

Reversing Agents

Flumazenil (Flumazepil, Anexate, Lanexat, 
Mazicon, Romazicon, Anexate)

Drug Class: Imidazobenzodiazepine.
Route of administration: Primarily intrave-

nous [270], although intramuscular [271], intra-
nasal [272, 273], oral [271], and rectal [274–277] 
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.

The pharmacokinetics of flumazenil in chil-
dren has been described [277, 278].

Contraindications: Flumazenil is contraindi-
cated in patients with a known hypersensitivity to 

flumazenil or benzodiazepines, 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 antidepressant overdose.

Clinical application: Flumazenil is a benzo-
diazepine receptor antagonist. Its primary use 
in sedation is to reverse sedation 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 nonbenzodiazepine 
drugs (usually cyclic antidepressants), as part of 
an overdose. Six of the 446 adult patients who 
received flumazenil in controlled clinical trials for 
the  management of a benzodiazepine overdose 
had seizures [270].

Naloxone (Narcan, Nalone, Narcanti)
Drug Class: Opioid; a synthetic congener of 

oxymorphone.
Route of administration: Primarily intrave-

nous, although naloxone may be administered 
intramuscularly or subcutaneously.

Naloxone has also been administered orally 
for nonsedating purposes (e.g., constipation).

Naloxone is metabolized in the liver, primar-
ily by glucuronide conjugation. The drug is 
excreted in urine.

The pharmacokinetics of naloxone in new-
borns has been described [279–281].

Contraindications: Naloxone is contraindi-
cated 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 
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sedation resulting from the administration of opi-
oids such as fentanyl and morphine.

It is indicated for the complete or partial 
reversal of opioid depression, including respira-
tory depression, induced by natural and synthetic 
 opioids, including propoxyphene, methadone, 
and certain mixed agonist-antagonist analge-
sics: nalbuphine, pentazocine, butorphanol, and 
cyclazocine.

The American Academy of Pediatrics, 
Committee on Drugs issued guidelines on the use 
of naloxone in children in 1990 [282].

Another opioid antagonist, nalmefene, was 
approved in 1994. It differs from naloxone in 
that it has a longer duration of action. Because of 
its long half-life, it offers no advantage over 
naloxone, which remains the opioid antagonist 
of choice in the emergency room and areas of 
sedation.

Common adverse events include the follow-
ing (in postoperative patients): Hypotension, 
hypertension, ventricular tachycardia and fibril-
lation, 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 significant reversal of anal-
gesia and may cause agitation. For patients in 
whom naloxone is administered for opioid depres-
sion, abrupt reversal of opioid depression may 
result in nausea, vomiting, sweating, tachycardia, 
increased blood pressure, tremulousness, sei-
zures, ventricular tachycardia and fibrillation, 
pulmonary edema, and cardiac arrest which may 
result in death.

Local Anesthetics

Lidocaine (Lignocaine)
Drug Class: Aminoethylamide.
Route of administration: Topical; also admin-

istered intravenously as an antiarrhythmic agent.
Lidocaine is metabolized in the liver through 

CYP450 enzymes [283].
The pharmacokinetics of lidocaine adminis-

tered topically in children has been described 
[284–289].

Contraindication: Lidocaine is contraindi-
cated in patients with a known history of hyper-
sensitivity 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 combination of lido-
caine (2.59%) and prilocaine (2.5%) in an occlu-
sive dressing (EMLA Anesthetic Disc) is used 
as an anesthetic prior to venipuncture, skin graft 
harvesting, and infiltration of anesthetics into 
genitalia.

Common adverse events [290] are, in general, 
dose-related and may result from high plasma 
levels caused by excessive dosage, rapid absorp-
tion or inadvertent intravascular injection, or may 
result from a hypersensitivity, idiosyncrasy, or 
diminished tolerance on the part of the patient. 
Serious adverse experiences are generally sys-
temic in nature.

Central nervous system manifestations are excit-
atory and/or depressant and may be characterized by 
light-headedness, nervousness, apprehension, 
euphoria, confusion, dizziness, drowsiness, tinni-
tus, blurred or double vision, vomiting, sensations 
of heat, cold or numbness, twitching, tremors, con-
vulsions, unconsciousness, and respiratory depres-
sion and arrest. The excitatory manifestations may 
be very brief or may not occur at all, in which case 
the first manifestation of toxicity may be drowsi-
ness merging into unconsciousness and respiratory 
arrest. Drowsiness following the administration 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 cardiovascular collapse, which 
may lead to cardiac arrest.

Allergic reactions are characterized by cuta-
neous lesions, urticaria, edema, or anaphylactoid 
reactions. Allergic reactions as a result of sensi-
tivity to lidocaine are extremely rare and, if they 
occur, should be managed by conventional means. 
The detection of sensitivity by skin testing is of 
doubtful value.

Neurologic adverse reactions associated with 
the use of local anesthetics may be related to the 
total dose of local anesthetic administered and 



1078 Pharmacology and Clinical Application of Sedatives, Analgesics, and Adjuncts 

are also dependent upon the particular drug used, 
the route of administration, and the physical 
 status of the patient.

Lidocaine hydrochloride injection should be 
employed only by physicians who are well versed 
in diagnosis and management of dose-related 
toxicity and other acute emergencies 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 reac-
tions and related emergencies. Delay in proper 
management of dose-related toxicity, underventi-
lation from any cause, and/or altered sensitivity 
may lead to the development of acidosis, cardiac 
arrest and, possibly, death.

Anti-Emetics

Ondansetron (Zofran)
Drug Class: Selective serotonin 5-HT3 receptor 

antagonist.
Route of administration: Intravenous.
Ondansetron is extensively metabolized, with 

approximately 5% of a radiolabeled dose recov-
ered as the parent compound from the urine. The 
primary metabolic pathway is hydroxylation on 
the indole ring followed by glucuronide or sulfate 
conjugation. In vitro metabolism studies have 
shown that ondansetron is a substrate for human 
hepatic cytochrome P-450 enzymes, including 
CYP3A4 (predominantly), CYP1A2, and 
CYP2D6 [291].

The pharmacokinetics of ondansetron in 
children has been described [292–294].

Contraindication: Ondansetron is contraindi-
cated for patients known to have hypersensitivity 
to the drug.

Clinical application: Ondansetron is adminis-
tered for the prevention of nausea and vomiting 
associated with initial and repeat courses of eme-
togenic cancer chemotherapy, and the prevention 
of postoperative nausea and/or vomiting.

Common adverse events in pediatric patients 
are wound problems, anxiety or agitation, head-
ache, drowsiness/sedation, pyrexia, bronchos-
pasm, postprocedural pain, and diarrhea.

Metoclopramide (Maxolon, Reglan, Degan, 
Maxeran, Primperan, Pylomid, Cerucal, Pramin)

Drug Class: Dopaminergic blocking agent.
Route of administration: Intravenous.
Metoclopramide is rapidly and well absorbed. 

Peak plasma concentrations occur at about 1–2 h 
after a single oral dose. Similar time to peak is 
observed at steady state. The average elimination 
half-life in individuals with normal renal func-
tion is 5–6 h. Linear kinetic processes adequately 
describe the absorption and elimination of meto-
clopramide. Approximately 85% of the radioac-
tivity of an orally administered dose appears in 
the urine within 72 h. Of the 85% eliminated in 
the urine, about half is present as free or conju-
gated metoclopramide. The drug is not exten-
sively bound to plasma proteins (about 30%). 
The whole body volume of distribution is high 
(about 3.5 L/kg), which suggests extensive distri-
bution of drug to the tissues. Renal impairment 
affects the clearance of metoclopramide [295].

The pharmacokinetics of metoclopramide in 
children has been described [295–297].

Contraindications: Metoclopramide should 
not be used whenever stimulation of gastrointes-
tinal motility might be dangerous, e.g., in the 
presence of gastrointestinal hemorrhage, mechan-
ical obstruction, or perforation.

Metoclopramide is contraindicated in patients 
with pheochromocytoma because the drug may 
cause a hypertensive crisis, probably due to release 
of catecholamines from the tumor. Such hyperten-
sive crises may be controlled by phentolamine.

Metoclopramide is contraindicated in patients 
with known sensitivity or intolerance to the drug.

Metoclopramide should not be used in epilep-
tics or patients receiving other drugs which are 
likely to cause extrapyramidal reactions, since 
the frequency and severity of seizures or extrapy-
ramidal reactions may be increased.

Clinical application: Metoclopramide stimulates 
motility of the upper gastrointestinal tract without 
stimulating gastric, biliary, or pancreatic secretions. 
Metoclopramide increases the tone and amplitude 
of gastric (especially antral) contractions, relaxes 
the pyloric sphincter and the duodenal bulb, and 
increases peristalsis of the duodenum and jejunum 
resulting in accelerated gastric emptying and 
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intestinal transit. It increases the resting tone of the 
lower esophageal sphincter. It has little, if any, effect 
on the motility of the colon or gallbladder.

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 stimulation 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 pos-
sess dopamine-like effects. Metoclopramide also 
abolishes the slowing of gastric emptying caused 
by apomorphine.

Common adverse events include restlessness, 
drowsiness, fatigue, and lassitude. Insomnia, head-
ache, confusion, dizziness, or mental depression 
with suicidal ideation occur less frequently. The 
incidence of drowsiness is greater at higher doses. 
There are isolated reports of convulsive seizures 
without clearcut relationship to metoclopramide. 
Rarely, hallucinations have been reported.

Extrapyramidal reactions (EPS): Acute dys-
tonic reactions, the most common type of EPS 
associated with metoclopramide, have been 
reported in a few patients treated with 30–40 mg 
of metoclopramide per day. Symptoms include 
involuntary movements of limbs, facial grimac-
ing, torticollis, oculogyric 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. Parkin-
sonian-like symptoms may include bradykine-
sia, tremor, cogwheel rigidity, and mask-like 
facies. Tardive dyskinesia most frequently is 
characterized by involuntary movements of the 
tongue, face, mouth, or jaw, and sometimes by 
involuntary movements of the trunk and/or 
extremities; movements may be choreoathetotic 
in appearance. Motor restlessness (akathisia) 
may consist of feelings of anxiety, agitation, jit-
teriness, 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.

Neuroleptic malignant syndrome: Rare occur-
rences of neuroleptic malignant syndrome have 
been reported. This potentially fatal syndrome is 
composed of the symptom complex of hyper-
thermia, 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).
Scopolamine’s activity is due to the parent 

drug. The pharmacokinetics of scopolamine deliv-
ered via the system is due to the characteristics of 
both the drug and dosage form. The system is pro-
grammed to deliver in vivo approximately 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, cir-
culating plasma levels are detected within 4 h with 
peak levels being obtained, on average, within 24 h.

Although not well characterized, scopolamine 
is extensively metabolized and conjugated with 
less than 5% of the total dose appearing unchanged 
in the urine.

The pharmacokinetics of scopolamine admin-
istered transdermally in children has not been 
described.

Contraindications: Scopolamine is contrain-
dicated in persons who are hypersensitive to the 
drug scopolamine or to other belladonna alka-
loids, or 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 prevention of nausea and vomiting associated 
with motion sickness and recovery from anesthe-
sia and surgery. The patch should be applied only 
to skin in the postauricular area.

The use of scopolamine in children is off-label 
[298].

Common adverse events include (for postopera-
tive nausea and vomiting) dry mouth and dizziness.
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Other adverse events reported include acute 
angle-closure (narrow-angle) glaucoma, confu-
sion, difficulty urinating, dry, itchy, or conjuncti-
val 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, 
and headache occur following abrupt discontinu-
ation of antimuscarinics. Similar symptoms, 
including disturbances of equilibrium, have been 
reported in some patients following discontinua-
tion. These symptoms usually do not appear until 
24 h or more after the patch has been removed. 
Some symptoms may be related to adaptation 
from a motion environment to a motion-free 
environment. More serious symptoms including 
muscle weakness, bradycardia, and hypotension 
may occur following discontinuation.

Diphenhydramine (Benadryl, DPH, DHM, 
Dimedrol, Daedalon)

Drug Class: Ethanolamine H
1
-receptor anta-

gonist.
Route of administration: Intravenous, oral.
Diphenhydramine in the injectable form has a 

rapid onset of action. It is widely distributed 
throughout the body, including the CNS. A por-
tion 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 [299].

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 prematures 
in particular, antihistamine therapy is contraindi-
cated in nursing mothers.

Because of the risk of local necrosis, this drug 
should not be used as a local anesthetic.

Antihistamines are also contraindicated in the 
following conditions: Hypersensitivity to diphen-
hydramine hydrochloride and other antihista-
mines of similar chemical structure.

Clinical application: Diphenhydramine has 
significant anticholinergic and sedative effects that 
contribute to its efficacy as an antiemetic [300].

It is thought that the antiemetic properties 
of diphenhydramine are due to its ability to 
suppress motion-enhanced vestibular neuronal 
firing.

Common adverse events include diminished 
mental alertness, or, in the young pediatric patient, 
it causes excitation. Overdosage may cause hal-
lucinations, convulsions, or death [301].

Dexamethasone
Drug Class: Steroid.
Route of administration: Intravenous.
The pharmacokinetics of dexamethasone in 

children has been described [302–304].
Contraindications: Dexamethasone is con-

traindicated in patients with systemic fungal 
infections and in patients who are hypersensitive 
to any components of this product.

Clinical application: Dexamethasone is a 
well-established antiemetic in patients receiving 
highly emetogenic cancer chemotherapy. Its anti-
emetic mechanism of action is not well under-
stood, however.

Common adverse events include hyperten-
sion, weight gain, increased intraocular pressure, 
infection, psychosocial disturbances, throm-
boembolism, peptic ulcers, cataracts, and osteo-
porosis [305].

Pediatric patients who are treated with corti-
costeroids by any route, including systemically 
administered corticosteroids, may experience a 
decrease in their growth velocity. The linear 
growth of pediatric patients treated with corticos-
teroids should be monitored, and the potential 
growth effects of prolonged treatment should be 
weighed against clinical benefits obtained and 
the availability of treatment alternatives. In order 
to minimize the potential growth effects of corti-
costeroids, pediatric patients should be titrated to 
the lowest effective dose.

The adverse reactions that have been reported 
with dexamethasone or other corticosteroids 
encompass almost every system in the body such 
as allergic reactions, cardiovascular, dermatologic, 
endocrine, fluid and electrolyte disturbances, gas-
trointestinal, metabolic, musculoskeletal, neuro-
logical/psychiatric, and ophthalmic.
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Introduction

Children still remain therapeutic orphans [1]. New 
regulations encouraging paediatric investigation 
of new drugs are rectifying this situation, but for 
many commonly used medicines the lack of well-
conducted pharmacokinetic-pharmacodynamic 
(PK-PD) studies is replaced with extrapolation 
from adult or non-human data. While neonates, 
infants and children have different psychology, 
social structure, behaviour 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 pharma-
cokinetic differences between children and adults. 
Pharmacodynamic factors that may influence 
response in early life remain poorly defined. Most 
PK and PD differences occur in the first few years 
of post-natal life with major changes occurring 
during the neonatal period that are mature by the 
end of infancy. Knowledge of paediatric PK-PD 
and of changes seen during growth and matura-
tion is essential for dosing sedatives in children.

PK Differences in the First Year  
of Life

Absorption

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 [2–5]. Slow gastric emptying 
and reduced clearance may dictate both reduced 
doses and reduced frequency of administration. 
This has been demonstrated for both cisapride [6] 
and acetaminophen [7]. Enteral administration 
through the rectum (e.g. thiopentone, methohexi-
tone) takes approximately 8 min in children but is 
speedier for neonates undergoing cardiac catheter 
study or radiological sedation [8, 9].

The larger relative skin surface area, increased 
cutaneous perfusion and thinner stratum corneum 
in neonates [10] increase absorption and expo-
sure of topically applied drugs (corticosteroids, 
local anaesthetic creams, antiseptics). Neonates 
have a tendency to form methaemoglobin because 
they have reduced levels of methaemoglobin 
reductase and foetal haemoglobin is more readily 
oxidised compared to adult haemoglobin. This, 
combined with increased absorption through the 
neonatal epidermis, resulted in reluctance to use 
lidocaine–prilocaine cream for repeated use in 
this age group [11, 12].
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Anaesthetic delivery to the alveoli is deter-
mined largely by alveolar ventilation and func-
tional 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 [13]. 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 solu-
bility (i.e. a volume factor) also effect the more 
rapid wash-in of inhalational anaesthetics in the 
younger age group [14]. Solubility determines 
volume of distribution. An inhalational agent 
with a greater volume of distribution will take 
longer to reach a steady-state concentration when 
delivered at a constant rate. The solubility in 
blood of halothane, isoflurane, enflurane and 
methoxyflurane are 18% less in neonates than in 
adults [15], attributable to altered serum albumin, 
globulin, cholesterol and triglyceride concentra-
tions. The solubility of these same agents in the 
vessel-rich tissue group in neonates is approxi-
mately one half of that in adults [15]. The latter 
may be due to the greater water content and 
decreased protein and lipid concentration in neo-
natal tissues. Infants with their decreased solubil-
ity would be expected to have a shorter time to 
reach a predetermined F

E
–F

I
 ratio because of a 

smaller volume of distribution. Age has little 
effect on the solubility of the less soluble agents, 
nitrous oxide and sevoflurane [16].

Induction of anaesthesia may be slowed by 
right-to-left shunting of blood in neonates suffer-
ing cyanotic congenital cardiac disease or intra-
pulmonary conditions. This slowing is greatest 
with the least soluble anaesthetics [17]. 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 anaesthetic uptake is 
normal. If cardiac output is not increased and 
peripheral perfusion is reduced, then there will be 
less anaesthetic uptake in the lung. Although alve-
olar anaesthetic partial pressure may be observed 

to rise rapidly, there is a slower rise in tissue 
 partial pressure and anaesthetic effect is delayed.

Bioavailability

The oral bioavailability may be affected by inter-
actions with food when feeding is frequent in the 
neonate (e.g. phenytoin [18]), use of adult formu-
lations that are divided or altered for paediatric 
use (nizatidine [19]) and by lower cytochrome 
P450 enzyme activity in the intestine. The latter 
may cause an increased bioavailability of midazo-
lam because CYP3A activity is reduced [20]. The 
use of adult vials for paediatric use may result in 
dose inaccuracy, causing a relative increase or 
decrease in assumed bioavailability [21].

The frequent passage of stools in the neonate 
may render suppository use ineffective. Variable 
absorption and bioavailability have resulted in 
respiratory arrest when repeat opioids are admin-
istered through the rectal route to children [22].

Distribution

Body Composition
Total body water and extracellular fluid (ECF) 
[23] are increased in neonates and reduction tends 
to follow post-natal age (PNA). Polar drugs such 
as the non-depolarising neuromuscular 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-
component changes affect volumes of distribu-
tion of drugs. Volume of distribution influences 
initial dose estimates. Fentanyl has an increased 
volume of distribution in neonates. The volume 
of distribution at steady-state is 5.9 (SD 1.5) L/kg 
in a neonate under 1 month of age compared 
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to 1.6 (SD 0.3) L/kg in an adult [24]. This may 
contribute to the reduced degree of respiratory 
depression seen after single doses as high as 
10 g/kg in older term neonates.

Reduction of propofol concentrations after 
induction is attributable to redistribution rather 
than rapid clearance. Neonates have low body fat 
and muscle content, and so less propofol is appor-
tioned to these tissues. Delayed awakening occurs 
because 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) 
concentrations are reduced in neonates but are 
similar to those in adults by 6 months, although 
between-patient variability is high (0.32–
0.92 g/L) [25, 26]. AAG is an acute phase reac-
tant that increases after surgical stress. This 
causes an increase in total plasma concentrations 
for low to intermediate extraction drugs such as 
bupivacaine [27]. The unbound concentration, 
however, will not change because clearance of 
the unbound drug is affected only by the intrinsic 
metabolising capacity of the liver. Any increase 
in unbound concentrations observed during long-
term epidural is attributable to reduced clearance 
rather than AAG concentration [28].

Plasma albumin concentrations are lowest in 
premature infants, and other foetal proteins such 
as alpha-fetoprotein (synthesised by the embry-
onic yolk sac, foetal gastrointestinal tract and liver 
that has 40% homology with albumin) have 
reduced affinity for drugs. In addition, increased 
concentrations of free fatty acids and unconju-
gated bilirubin compete with acidic drugs for 
albumin binding sites. Neonates also have a ten-
dency to manifest a metabolic acidosis that alters 
ionisation and binding properties of plasma pro-
teins. 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 neo-
nates than older children. It is possible that this is 
related to decreased binding of thiopentone to 
plasma albumin; 13% of the drug is unbound in 
newborns compared to 7% in adults [29].

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. The drug is then 
redistributed to other relatively well-perfused tis-
sues, such as skeletal muscle. There is a much 
slower tertiary distribution to relatively underper-
fused tissues of the body that is noted with long-
term drug infusions.

Apart from the neonatal circulatory changes 
that occur at birth (e.g. secondary to functional 
closure of the ductus venosus and ductus arterio-
sus), 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 kid-
ney and brain increases, while that to the liver 
decreases through the neonatal period [30]. 
Cerebral and hepatic mass as a proportion of 
body weight are much higher in the infant than in 
the adult [31].

Mean cerebral blood flow is highest in early 
childhood (70 mL/min/100 g) at about 3–8 years 
of age [32]. It is reduced before this age in neo-
nates and later in adults, where flows are similar 
(50 mL/min/100 g) [33]. The highly lipophilic 
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 perfu-
sion means that onset time after intravenous 
induction is slower in neonates that in early child-
hood. Offset time is also delayed because redis-
tribution to the well-perfused and deep, 
underperfused tissues is less.

Blood–Brain Barrier (BBB)
The BBB is an elaborate network of complex tight 
junctions between specialised endothelial cells 
that restricts the paracellular diffusion of hydro-
philic molecules from the blood to the brain sub-
stance. 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 neo-
nates after morphine given as an adult equipotent 
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dose of pethidine [34]. This finding is consistent 
with pethidine, unlike morphine, being lipid solu-
ble and, therefore, crossing the immature or mature 
BBB equally [34]. However, plasma opioid con-
centrations were not measured in that study, and 
the increased neonatal respiratory depression 
observed after morphine could be due to reduced 
volume of distribution of morphine in term neo-
nates 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 
adults (2.8 L/kg) [35]. Consequently, we might 
expect initial concentrations of morphine to be 
higher in neonates than in adults and consequent 
respiratory depression greater. Respiratory depres-
sion, 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 [36].

The BBB may have an impact in other ways. 
There are specific transport systems selectively 
expressed in the barrier endothelial cell mem-
branes that mediate the transport of nutrients into 
the CNS and of toxic metabolites out of the CNS. 
Small molecules access foetal and neonatal brains 
more readily than they do adult brains [37]. BBB 
function improves gradually throughout foetal 
brain development, possibly reaching maturity at 
term [37]. Kernicterus, for example, is more com-
mon 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 important role in the pathogene-
sis of many CNS diseases. Proinflammatory sub-
stances and specific disease-associated proteins 
often mediate BBB dysfunction [38].

Fentanyl is actively transported across the 
BBB by a saturable ATP-dependent process, 
while ATP-binding cassette proteins such as 
P-glycoprotein actively pump out opioids such as 
fentanyl and morphine [39]. P-glycoprotein mod-
ulation significantly influences opioid brain dis-
tribution and onset time, magnitude and duration 
of analgesic response [40]. Modulation may 
occur during disease processes, increased tem-
perature, or other substances (e.g. verapamil, 
magnesium) [39]. Genetic polymorphisms affect-
ing P-glycoprotein-related genes may explain 
some individual differences in CNS-active drug 
sensitivity [41].

Drug Metabolism

The main routes through which drugs and their 
metabolites leave the body are the hepatobiliary 
system, the kidneys and the lungs. The liver is the 
primary organ for clearance of most drugs, 
although the lungs have a major role for anaes-
thetic vapours. Non-polar, lipid-soluble drugs are 
converted to more polar and water soluble com-
pounds. Water soluble drugs and metabolites ren-
dered 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 accel-
erator or temporal switch in the maturation of 
these processes remains uncertain. Maturation of 
these processes is commonly measured against 
post-menstrual age (PMA), although PNA may 
also have impact [42, 43] on maturation and lon-
gitudinal PK studies are required to distinguish 
the separate influences of these two age types.

Descriptors for Metabolism Maturation
Three descriptors (size, maturation and organ 
function [OF]) have been used to describe 
changes in clearance with age [44, 45]. Size is 
commonly standardised using body surface area 
(BSA), although 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 3/4. This is different 
to the BSA exponent of 2/3. Fractal geometry is 
used to mathematically explain this phenomenon 
[46]. 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 [45].

These exponents have applicability to phar-
macokinetic parameters such as clearance (CL), 
volume (V) and half-time [45]. The factor for size 
(F

size
) for total drug clearance may be expected to 

scale weight with an exponent of 3/4:

 3/4

size .
70

W
F

 

Remifentanil clearance in children 1 month to 
9 years is similar to adult rates when scaled using 
an allometric exponent of 3/4 [47]. Remifentanil 
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is hydrolysed by non-specific tissue and plasma 
esterases that do not appear to be influenced by 
age after scaling for size.

The effect of size on the dose of remifentanil 
tolerated during spontaneous ventilation under 
anaesthesia has been investigated in children 
undergoing strabismus surgery (n = 45, age 6 
months to 9 years). The propofol infusion was 
titrated using state entropy as a pharmacodynamic 
end point and remifentanil infused, using a modi-
fied up-and-down method, with respiratory rate 
depression as a pharmacodynamic end point. 
A respiratory rate of just greater than 10, stable for 
10 min, determined the final remifentanil infusion 
rate [48]. This influence of age on the remifentanil 
infusion requirement is shown in Fig. 9.1. 
Superimposed on this figure are clearance esti-
mates for age, determined by size using an allo-
metric model with a standardised clearance of 
2,790 mL/min for a 70 kg person. Clearance mir-
rors 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 dur-
ing the study; a respiratory rate of 10 breaths/min 

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 estimates. The addition of a 
model describing maturation with age is required. 
The sigmoid hyperbolic function (also known as 
the Hill equation) [49] has also been found useful 
for describing this maturation process (MF).

 

Hill

Hill Hill
50

PMA
MF .

TM PMA  

The TM
50

 describes the maturation half-time, 
while the Hill coefficient relates to the slope of 
this maturation profile. The maturation profile for 
dexmedetomidine expressed using allometric 
scaling, and this maturation model is shown in 
Fig. 9.2.

OF remains the other major covariate influ-
ence on clearance. While renal pathology may be 
reflected by assessment such as creatinine clear-
ance, distinguishing this from normal physiology 
in infants may be difficult unless ordinary renal 
maturation is understood [44]. Although specific 
organ dysfunction of the kidney or liver are well 
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Fig. 9.1 The effect of age on the dose of remifentanil tol-
erated during spontaneous ventilation under anaesthesia in 
children undergoing strabismus surgery [48]. Superimposed 
on this plot is estimated remifentanil clearance determined 

using an allometric model [151]. There is a mismatch 
between clearance and infusion rate for those individuals 
still in infancy (from Anderson [150] with permission 
from Wiley-Blackwell)
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recognised as having effect on clearance, other 
processes (sepsis, malnutrition, disease severity 
scores) can also be used as markers of reduced 
clearance.

Pharmacokinetic parameters (P) can be 
described in an individual as the product of size 
(F

size
), maturation (MF) and OF influences where 

P
std

 is the value in a standard size adult without 
pathological changes in OF:

 std size· ·MF·OF.P P F  

Hepatic Elimination
Phase 1
The mixed-function P450 oxidases are reduced 
in neonates [50, 51]. CYP2E1 activity surges 
after birth [52], CYP2D6 becomes detectable 
soon thereafter CYP3A4 and CYP2C family 
appear during the first week, whereas CYP1A2 is 
the last to appear [53]. Neonates are dependent 
on the immature CYP3A4 for levobupivacaine 
clearance and CYP1A2 for ropivacaine clear-
ance, dictating reduced epidural infusion rates in 
this age group [54–56].

If a drug has a high extraction ratio then 
intrinsic clearance 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, standardised to a 70-kg person, 
reaches adult values within the first few weeks of 
life [28]. Omphalocele repair may be associated 
with raised intraabdominal pressure (an OF 
effect), resulting in reduced fentanyl clearance 
attributable to decreased hepatic blood flow.

Phase 2
Some phase II pathways are mature in term neo-
nates at birth (sulphate conjugation), while others 
are not (acetylation, glycination, glucuronida-
tion) [57]. Allometric body-size scaling comple-
mented by maturation models [45, 58] have been 
used to unravel the developmental PK of mor-
phine [59, 60] and paracetamol [61, 62]. 
Paracetamol and morphine are cleared by indi-
vidual isoforms of glucuronosyl transferase 
(UGT1A6 and UGT2B7), as is bilirubin 
(UGT1A1). Clearance of both drugs is immature 
in the premature 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 
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Fig. 9.2 Dexmedetomidine clearance changes with age, 
expressed both as per kilogram and using allometric scal-
ing 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. Use of the allomet-
ric model allows better understanding of the clearance 
maturation process. Data from Potts et al. [152]
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profile [63]. Glucuronidation is also the major 
metabolic pathway of propofol metabolism, 
although multiple cytochrome P450 isoenzymes, 
including CYP2B6, CYP2C9 or CYP2A6, con-
tribute to its metabolism and cause a faster matu-
ration profile (Fig. 9.3) than expected from 
glucuronide conjugation alone [43].

The impact of OF has been demonstrated on 
morphine clearance. Clearance is greater in infants 
undergoing non-cardiac surgery than in those 
undergoing cardiac surgery [64], or in those 
receiving extracorporeal membrane oxygenation 
[65] or positive pressure ventilation [60]. Similarly, 
clearance of propofol was reduced after cardiac 
surgery in children admitted to a paediatric inten-
sive care [66]. A circadian night rhythm effect 
was noted in an investigation of infant propofol 
sedation after major craniofacial surgery [67].

Renal Elimination
Drugs and their metabolites are excreted by the 
kidneys by two processes – glomerular filtration 
and tubular secretion that mature at different rates 
[68]. Glomerular filtration rate (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 [69]. Tubular 
secretion maturation lags behind that of GFR [68]. 
Aminoglycosides are almost exclusively cleared 
by renal elimination and maintenance dose is pre-
dicted by PMA because it predicts the time course 
of development of renal function [70]. The clear-
ance of the old NMBD, d-tubocurare, can be 
directly correlated with GFR [71].

Immaturity of clearance pathways can be used 
to our advantage when managing apnoea after 
anaesthesia in the premature nursery graduate. 
N

7
-methylation of theophylline in the newborn to 

produce caffeine is well developed, whereas oxi-
dative demethylation (CYP1A2) responsible for 
caffeine metabolism is deficient and develops 
over the ensuing months. Theophylline is effec-
tive for the management of post-operative apnoea 
in the premature neonate, partly because it is a 
prodrug of caffeine, which is effective control-
ling apnoea. Caffeine can only be slowly cleared 
by the immature kidney.

Pulmonary Elimination
The factors determining anaesthetic absorption 
(alveolar ventilation, FRC, cardiac output, tissue/
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Fig. 9.3 Clearance maturation, expressed as a percentage of 
mature clearance, of drugs where glucuronide conjugation 
(paracetamol, morphine, dexmedetomidine) plays a major 
role. These profiles are closely aligned with Glomerular fil-
tration rate (GFR). By contrast, cytochrome P450 isoen-

zymes 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 esti-
mates were taken from refs. [58, 60, 63, 69, 75, 153]
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blood solubility) also contribute to elimination. 
We might anticipate more rapid wash-out in neo-
nates than adults for any given duration of anaes-
thesia 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 perfu-
sion 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 pulmonary elimination [72].

Metabolites

Many drugs have active metabolites that contrib-
ute to effect. Examples include norketamine from 
ketamine [73], 4 -hydroxydiclofenac from 
diclofenac [74], O-demethyl tramadol from tra-
madol [75], hydroxymidazolam from midazolam 
[76] and morphine 6-glucuronide (M6G) from 
morphine [59].

Contributions to both the desired effect (analge-
sia) and the undesired effects (nausea, respiratory 
depression) of M6G are the subject of clinical con-
troversy [77]. M6G has been explored in adults 
using pupil size as a measure of central opioid 
effect, but results are confusing. Effect compart-
ment modelling suggested that M6G was appar-
ently 22 times less potent than morphine [78, 79]. 
Contrarily, other authors have suggested that M6G 
was 4 times more potent than morphine in produc-
ing meiosis [80], half as potent as an analgesic [81] 
and with reduced respiratory depressive effects 
[82]. The relative ratios of morphine to M6G vary 
in neonates and early infancy, depending on rela-
tive 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 sim-
ilar doses [83]. The impact of this is uncertain.

Pharmacogenomics

Pharmacogenomics (PGs) 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 [84]. Genetic variability influencing 
plasma cholinesterase activity and its influence on 
succinylcholine is a well-known example. Another 
example is the CYP2D6 single nuclear polymor-
phism (SNP) that is inherited as an autosomal 
recessive trait. Homozygous individuals are defi-
cient in the metabolism of a variety of important 
groups of drugs – -adrenoreceptor blocking 
agents, antidepressants, neuroleptic agents and 
opioids. Poor metabolisers have reduced mor-
phine production from codeine [85, 86]. Tramadol 
is also metabolised 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.

A SNP may only be important if it contributes 
greater than 50% metabolism, has an active 
metabolite, a steep dose–response relationship 
and a narrow therapeutic index. These polymor-
phisms may have little impact during the neona-
tal period when metabolism is developmentally 
limited [6, 75, 87–89]. SNPs will certainly have 
impact in infants and children. Impact will be 
dependent on the rate of maturation of the spe-
cific enzyme system.

PG differences also have impact on PD. 
Candidate genes involved in pain perception, 
pain processing and pain management such as 
opioid receptors, transporters and other targets of 
pharmacotherapy are under investigation. Genetic 
differences (G118 allele) may explain why some 
patients need higher opioid doses and the adverse 
effects profile may be modified by these muta-
tions [90]. Some genes (e.g. foetal haemoglobin) 
are expressed much more in early life than in 
adults, and gene switching may mean that a drug 
is effective at one age and not another.

In adults, gene testing may prove valuable for 
reducing adverse drug effects [91, 92]. 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. 



1319 Pharmacokinetics and Pharmacodynamics in the Pediatric Population

The situation in children is more complex. Allelic 
variants may remain unchanged throughout life 
but transcriptomonic, proteomic and metobo-
nomic data in children are continuously changing 
throughout development.

PD Differences in the First Year 
of Life

Children’s responses to drugs have much in com-
mon with the responses in adults [93]. The per-
ception that drug effects differ in children arises 
because the drugs have not been adequately stud-
ied in paediatric populations who have size and 
maturation related effects as well as different dis-
eases. Neonates and infant, however, often have 
altered pharmacodynamics.

The minimal alveolar concentration (MAC) 
for almost all anaesthetic vapours is less in neo-
nates than in infancy, which is in turn greater than 
that observed in children and adults [14]. MAC 
of isoflurane in preterm neonates less than 32 
weeks gestation was 1.28%, and MAC in neo-
nates 32–37 weeks gestation was 1.41% [94]. 
This value rose to 1.87% by 6 months before 
decreasing again over childhood [94]. The cause 
of these differences is uncertain and may relate to 
maturation changes in cerebral blood flow, 
gamma-aminobutyric acid (GABA

A
) receptor 

numbers or developmental shifts in the regulation 
of chloride transporters.

Neonates have an increased sensitivity to the 
effects of NMBDs [71]. The reason for this is 
unknown, but it is consistent with the observation 
that there is a threefold reduction in the release of 
acetylcholine from the infant rat phrenic nerve 
[95, 96]. The increased volume of distribution, 
however, means that a single NMBD dose is the 
same as that in 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. There are some 
data to suggest greater sensitivity to warfarin in 
children, but the mechanism is not determined 

[97]. Amide local anaesthetic agents induce 
shorter block duration and require a larger weight 
scaled dose to achieve similar dermatomal levels 
when given by subarachnoid block to infants. 
This may be due, in part, to myelination, spacing 
of nodes of Ranvier, and length of nerve exposed 
as well as size factors. There is an age-dependent 
expression of intestinal motilin receptors and the 
modulation of gastric antral contractions in neo-
nates. 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 ineffective because 
of the paucity of bronchial smooth muscle that 
can cause bronchospasm.

Measurement of PD End Points

Outcome measures are more difficult to assess in 
neonates and infants than in children or adults. 
Measurement techniques, disease and pathology 
differences, inhomogeneous groups, recruitment 
issues, ethical considerations and end-point defi-
nition for establishing efficacy and safety confuse 
data interpretation [98].

Common effects measured include anaesthe-
sia depth, pain and sedation and neuromuscular 
blockade. A common effect measure used to 
assess depth of anaesthesia is the electroenceph-
alogram or a modification of detected EEG sig-
nals (spectral edge frequency, bispectral index, 
entropy). Physiological studies in adults and 
children indicate that EEG-derived anaesthesia 
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 anaesthesia and in so doing 
have improved outcomes in adults. In older 
 children, the physiology, anatomy and clinical 
observations indicate that the performance of 
the monitors may be similar to that in adults. 
In infants, their use cannot be supported yet in 
theory or in practice [99, 100]. During anaesthe-
sia, the EEG in infants is fundamentally different 
from the EEG in older children; there remains a 
need for specific neonate-derived algorithms if 
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EEG-derived anaesthesia depth monitors are to 
be used in neonates [101, 102].

The Children’s Hospital of Wisconsin Sedation 
Scale [103] has been used to investigate ketamine 
in the emergency department [104]. However, 
despite the use of such scales in procedural pain 
or sedation studies, few behavioural scales have 
been adequately validated in this setting [105, 
106]. Inter-observer variability can be high [107]. 
Most scores are validated for the acute, proce-
dural setting and perform less for subacute or 
chronic pain or stress.

Population Modelling

Models describe systems in simple terms, 
although some models may be quite sophisti-
cated. They are used to describe, predict and 
explain observations. Pharmacokinetic (PK) and 
pharmacodynamic (PD) models are used to 
improve paediatric anaesthetic and sedation man-
agement. They quantify the exposure–response 
relationship, often providing clarity and insight 
into complex systems as well as a mechanistic 
understanding of the drug effect. Dose selection 
can be rationalised. Models may enable extrapo-
lation beyond observed data. Modelling is a 
knowledge management tool; it captures and 
integrates data from all studies. Models can also 
be used for hypothesis testing and can drive deci-
sion-making during drug development.

Population PK and PD modelling using non-
linear mixed effects models has had enormous 
impact in adult anaesthetic pharmacology. This 
methodology has particular applicability in chil-
dren where the blood volume available for sam-
pling is limited. Sparse data from multiple 
subjects can be used. Sampling times are not cru-
cial for population methods and can be fitted 
around clinical procedures or outpatient appoint-
ments. Sampling time bands rather than exact 
times are equally effective and allow flexibility in 
neonates. Sampling cannulae for PK studies may 
become obstructed, parents may refuse repeat 
sampling and repeat venepuncture is frowned 
upon. Missing data, however, can still be used in 
a paediatric population analysis. Data from dif-
ferent studies can be pooled [108, 109].

The Target Concentration Approach

The goal of treatment is the target effect. A phar-
macodynamic model is used to predict the target 
concentration given a target effect. Population esti-
mates for the PD model parameters and covariate 
information are used to predict typical PD values in 
a specific patient. Population estimates of PK 
model parameters estimates and covariate informa-
tion are then used to predict typical PK values in a 
typical patient. For example, a dexmedetomidine 
steady-state target concentration of 0.6 g/L may 
be achieved with an infusion of 0.33 g/kg/h in a 
neonate, 0.51 g/kg/h in a 1-year-old and 0.47 g/
kg/h in an 8-year-old [63]. This target concentra-
tion strategy is a powerful tool for determining 
clinical dose [110]. Monitoring of serum drug con-
centrations and Bayesian forecasting may be used 
to improve dosing in individual patients.

This target effect approach is intrinsic to paedi-
atric anaesthesiologists using target controlled 
infusion (TCI) systems. These devices target a spe-
cific 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. 
anaesthesia) without excessive adverse effects (e.g. 
hypotension). Effect monitoring (e.g. Bispectral 
index, BIS) can be used to refine the target effect.

Pharmacokinetic Models

Compartment models dominate the anaesthetic lit-
erature. Standard compartment models may be 
unable to accurately describe drug concentrations 
immediately after bolus administration of an 
anaesthetic induction agent because mixing in the 
central compartment is not instantaneous, making 
it difficult to model the fast blood-to-brain concen-
tration equilibrium [111] and pulmonary uptake 
may also occur [112]. Recirculatory models help 
explain these early phase PK [113]. Such models 
have proved valuable determining anaesthetic 
induction doses [114] and NMBD pharmacody-
namics [115]. Physiologically based pharmacoki-
netic (PBPK) modelling has been used to assist 
with first-time dosing in children. A general PBPK 
model for drug disposition in infants and children, 
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covering the age range from birth to adulthood, 
has been successfully evaluated using theophyl-
line and midazolam as model drugs [30].

A single compartment is often insufficient to 
characterise the time–concentration profile and fur-
ther compartments are required (mammillary mod-
els). Drug is administered into a central compartment 
(V

1
) and redistributes to peripheral compartments 

(V
2
, V

3
, etc., Fig. 9.4a). In a two compartment model 

transfer of drug between the central and peripheral 
compartment is relatively fast compared with the 
rate of elimination. A plot of the natural log of con-
centration after bolus reveals two distinct slopes 
(rate constants, a and b, Fig. 9.4b). Consequently, 
the time–concentration profile is commonly 
described using a polyexponential function.
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Fig. 9.4 (a) A mammillary 
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model. (b) Time–
concentration profile for a 
two-compartment model. 
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allows estimation of 
elimination constants and 
compartment volumes
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 ·t ·tC(t) A·e B·e . 

These polyexponential parameters have little 
connection with underlying physiology and an 
alternative parameterisation is the use of a central 
volume and three rate constants (k

10
, k

12
, k

21
) that 

describe drug distribution between compart-
ments. Another common method is to use two 
volumes (V

1
, V

2
) 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 representing time– 
concentration profiles. Conversion of concentra-
tion to a log scale allows estimation of elimination 
constants and compartment volumes (Fig. 9.4c). 
Integration of the function describing this profile 
yields an AUC (area under the curve), from which 
CL can be determined

 
Dose

CL .
AUC  

Computers have enabled the use of non-linear 
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, V
1
, V

2
) can be 

used to predict dose. A loading dose raises con-
centration in the plasma to target concentration 
promptly and may be desirable in anaesthesia when 
rapid effect is required. In a one-compartment 
model, the volume of distribution is the propor-
tionality factor that relates total amount of drug 
in the body to plasma concentration (TC = target 
concentration)

 Loading dose V·TC.  

This calculation may not be applicable to many 
sedative drugs that are characterised using multi-
compartment models. The use of V

1
 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 (T

peak
) is depen-

dent on clearance and effect site equilibration half-
time (T

1/2keo
). At a submaximal dose, T

peak
 is 

independent of dose. At supramaximal doses, max-
imal effect will occur earlier than T

peak
 and persist 

for longer duration. The T
peak

 concept has been used 
to calculate optimal initial bolus doses [116].

Clearance is the most important parameter 
when defining a rational steady-state dosage regi-
men. At steady state

ss ssDosing rate rate of elimination CL·TC.

When a drug is given intermittently

Maintenance dose dosing rate dosing interval

When a drug is given by constant infusion

 ss ssInfusion rate dosing rate .  

Once the target concentration of a drug is 
defined, the infusion rate is determined by CL at 
steady state. Many sedative drugs distribute to 
peripheral compartments, and steady state may 
not be achieved during the time of infusion. Dose 
adjustment is required to achieve constant effect 
until steady-state conditions are reached.

Propofol PK are usually described using a 
three-compartment mammillary model. In order to 
achieve steady state 3 g/mL in children of 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. TCI pumps are capable of finer-tuning by 
making adjustments at 10 s intervals [117].

The PK of drug disposition confined to a one-
compartment model is often expressed in terms 
of half-life. Half-life (T

1/2
) is the time required to 

change the amount of drug in a body compart-
ment by one half.

 1/2

V
T ln(2)· .

CL
 

This half-life is related to the elimination rate 
constant (k), a parameter representing the slope 
of the exponential decay curve.

 
CL

k .
V  

Elimination half-life is of no value in charac-
terising disposition of intravenous anaesthetic 
drugs with multiple compartments during dosing 
periods relevant to anaesthesia. A more useful 
concept is that of the context-sensitive half-time 
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where “context” refers to infusion duration. This 
is the time required for the plasma drug concen-
tration to decline by 50% after terminating infu-
sion [118]. 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 indepen-
dent of infusion duration (e.g. remifentanil 
2.5 min); moderately affected (propofol 12 min at 
1 h, 38 min at 8 h); or display 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 peripheral 
compartments after ceasing infusion. Peripheral 
compartment size differs in children from adults 
so that at termination of infusion more drug may 
remain in the body for any given plasma concen-
tration than in adults. The context-sensitive half-
time for children given propofol, for example, is 
longer [117]. The context-sensitive half-time gives 
an insight into the PK of a hypnotic drug, but the 
parameter may not be clinically relevant because 
the percentage decrease in concentration required 
for recovery is not necessarily 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 non-specific membrane sites, 
by interference with transport mechanisms, by 
enzyme inhibition or induction or by activation 
or inhibition of receptors.

The Sigmoid E
max

 Model
The relation between drug concentration and 
effect may be described by the Hill equation (see 
maturation model above), well known to anaes-
thesiologists through the oxygen dissociation 
curve [49], according to the equation

 
N

max
0 N N

50

(E ·Ce )
Effect E ,

(EC Ce )
 

where E
0
 is the baseline response, E

max
 is the max-

imum effect change, Ce is the concentration in 
the effect compartment, EC

50
 is the concentration 

producing 50% E
max

 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. EC

50
 

can be considered a measure of potency relative 
to another drug provided N and E

max
 for the two 

drugs are the same. A concentration–response 
relationship for acetaminophen has been described 
using this model. An EC

50
 of 9.8 mg/L, N = 1 and 

an E
max

 of 5.3 pain units (VAS 0–10) was reported 
[119]. Midazolam PD in adults have been simi-
larly defined using EEG response [120, 121].

Quantal Effect Model
The potency of anaesthetic vapours may be 
expressed by MAC and this is the concentration at 
which 50% of subjects move in response to a stan-
dard surgical stimulus. MAC appears at first sight 
to be similar to EC

50
, but is an expression of quan-

tal 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 quantal effect; the MAC can then be interpo-
lated. Large numbers of subjects may not be avail-
able, and so an alternative is often used. The 
“up-and-down” method described by Dixon [122, 
123] 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 concentration depend-
ing upon the response of the previous subject; 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 concentration of pairs 
of “response–no response”.

Logistic Regression Model
When the pharmacological effect is difficult to 
grade, then it may be useful to estimate the prob-
ability of achieving the effect as a function of 
plasma concentration. Effect measures such as 
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movement/no movement or rousable/non-rousable 
are dichotomous. Logistic regression is commonly 
used to analyse such data and the interpolated EC

50
 

value refers to the probability of response. For 
example, an EC

50
 of 0.52 mg/L for arousal after 

ketamine sedation in children has been estimated 
using this technique [104].

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 EC

50
. 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 E

max
 model. If the initial 

concentration is very high in relation to the EC
50

, 
then drug concentrations 5 half-lives later, when 
we might expect minimal concentration, may still 
exert a considerable effect. 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 et al. [124] and Sheiner et al. [125] intro-
duced the effect compartment concept for muscle 
relaxants. The effect compartment concentration 
is not the same as the blood or serum concentra-
tion and is not a real measurable concentration. 
It has a negligible volume and contains negligible 
blood. A single first-order parameter (T

1/2keo
) 

describes the equilibration half-time. This mathe-
matical trick assumes  concentration in the central 
compartment is the same as that in the effect com-
partment 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 relation-
ship [126].

Adult T
1/2keo

 values are well described, e.g. 
morphine 16 min, fentanyl 5 min, alfentanil 
1 min, propofol 3 min. This T

1/2keo
 parameter is 

commonly incorporated into TCI pumps to 
achieve a rapid effect site concentration. The 
adult midazolam T

1/2keo
 of 5 min [127] may be 

prolonged in the elderly, resulting in overdose if 
this is not recognised during dose titration.

The T
1/2keo

 for propofol in children has not 
been described. We might expect a shorter T

1/2keo
 

with decreasing age based on size models [128], 
and this is exactly what has been described by 
Jeleazcov et al. [129]. Similar results have been 
demonstrated for sevoflurane and BIS [130]. If 
unrecognised, this will result in excessive dose in 
a young child if the effect site is targeted and 
peak effect (T

peak
) is anticipated to be later than it 

actually is because it was determined in a teen-
ager or adult. Unfortunately, integrated PK-PD 
studies in children are lacking. Available paediat-
ric propofol T

1/2keo
 values have been determined 

by the application of published PK data to PD 
observations only [131, 132].

Adverse Effects

Neonates and young children may suffer perma-
nent effects resulting from a stimulus applied at a 
sensitive point in development. For example, con-
genital hypothyroidism, if untreated causes life-
long phenotypic changes. The incidence of vaginal 
carcinoma is high in children of mothers treated 
with stilboesterol during pregnancy [133]. There 
are concerns that neonatal exposure to some 
anaesthetic agents (e.g. ketamine, midazolam) 
may cause widespread neuronal apoptosis and 
long-term memory deficits [134, 135].

Anaesthesia, analgesia or sedation, generally 
involves examination of immediate adverse 
effects such as PONV, hypotension or respiratory 
depression. A dose–response curve for intrave-
nous morphine and vomiting was investigated in 
children having day-stay tonsillectomy. Doses 
above 0.1 mg/kg were associated with a greater 
than 50% incidence of vomiting [136]. These 
data are similar to those in children undergoing 
inguinal herniorrhaphy [137]; suggesting that 
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lower doses of morphine are associated with a 
decreased incidence of emesis after day stay sur-
gery, and encourage the use of alternative analge-
sic drugs.

Drug Interactions

Drug interactions can increase or decrease 
response mediated through either PK or PD 
routes. Phenobarbitone induces glucuronide con-
jugation maturation in neonates. An increase in 
the T

1/2keo
 of d-tubocurarine with increasing 

inspired halothane concentrations has been dem-
onstrated [138]. Halothane is a negative inotrope 
[139] and reduces skeletal muscle blood flow 
[140], so it seems reasonable to interpret changes 
in T

1/2keo
 as due to changes in blood flow. 

Inhalation anaesthetic agents can also prolong 
duration of block and this effect is agent specific. 
Sevoflurane potentiated vecuronium more than 
halothane; when compared to balanced anaesthe-
sia, the dose requirements of vecuronium were 
reduced by approximately 60 and 40%, respec-
tively [141].

Anaesthetic drug interactions traditionally 
have been characterised using isobolographic 
analysis or multiple logistic regression. Minto 
et al. [142] has proposed a model based on 
response-surface methodology. Computer simu-
lations based on interactions at the effect site pre-
dicted that the maximally synergistic three-drug 
combination (midazolam, propofol and alfenta-
nil) tripled the duration of effect compared with 
propofol alone. Response surfaces can describe 
anaesthetic interactions, even those between ago-
nists, partial agonists, competitive antagonists 
and inverse agonists [142].

Synergism between propofol and alfentanyl 
has been demonstrated using response-surface 
methodology. Remifentanil alone had no appre-
ciable effect on response to shaking and shouting 
or response to laryngoscopy while propofol could 
ablate both responses. Modest remifentanil con-
centrations dramatically reduced the concentra-
tions of propofol required to ablate both responses 
[143]. When comparing the different combina-
tions 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 [144]. Similar 
response-surface methodology has been taken for 
investigation of the combined administration of 
sevoflurane and alfentanil [145] and remifentanil 
and propofol [146] on ventilation control. These 
combinations have a strikingly synergistic effect 
on respiration, resulting in severe respiratory 
depression in adults. These synergistic associa-
tions can be extended to paediatric sedation tech-
niques. It is little wonder that the use of three or 
more sedating medications compared with 1 or 2 
medications was strongly associated with adverse 
outcomes [147].

Defining Target Concentration

An effect site target concentration has been esti-
mated for many drugs used in anaesthesia, anal-
gesia and sedation. For example, a propofol target 
concentration of 3 mg/L in a typical patient can 
be achieved using pre-programmed TCI 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 feedback system is not available for most 
drugs.

A target concentration of 10 g/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 (PaCO

2
 > 55 mmHg) and 

depressed CO
2
 response curve slopes. During 

wash-out, morphine concentrations more than 
15 g/L resulted in hypercarbia in 46%, whereas 
concentrations less than 15 g/L were associated 
with hypercarbia in 13% of children. No age-
related differences in respiratory effect were seen 
in these studies at the same serum morphine con-
centration [36]. 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 concentra-
tion for ketamine analgesia (0.25 mg/L) is quite 
different from that of anaesthesia (2 mg/L) [148].
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Conclusions

Children can be considered as small adults; size 
factors alone can explain many differences 
between children and adults. Neonates are devel-
oping children; maturation processes over the 
first few years of life have dramatic impact on 
both PK and PD. Size, age and OF models can be 
used to characterise PK changes in the paediatric 
population. Although PD differences between 
neonates and children are recognised, there is 
little information describing maturation of these 
PD differences. Achievement of a target effect 
with minimal adverse effect is the key to anaes-
thetic, 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 dose that will achieve that target concen-
tration. The population approach to modelling 
has proven beneficial to exploring PKPD differ-
ences in children. The impact of other drugs, 
active metabolites, stereoisomer interactions and 
PGs 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 con-
centration of 10 g/L, that vary with age have 
been proposed [59]. Ketamine regimens that tar-
get an effect (e.g. arouses slowly to conscious-
ness with sustained painful stimulus) are reported 
[149]. TCI 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 
programme these TCI pumps to deliver any ade-
quately investigated drug to any specific target 
concentration in either plasma or effect site [150]. 
However, even with a good knowledge of PK and 
PD parameters estimates, there remains consider-
able between-patient variability of both PK and 
PD parameters. This variability 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 con-
siderable variability, and target effect monitoring 
(e.g. modified EEG signalling) can be used to 
further modulate drug delivery for the individual. 
Modified EEG signalling and feedback loops that 
automatically regulate infusion rates to achieve 
desired effect are already available in adult prac-
tice and widely used for propofol. Children 
should not be denied similar levels of sophistica-
tion. This level of sophistication will only come 
once we have elucidated and understood paediat-
ric PK and PD and the factors that contribute to 
their variability (e.g. age, size, PGs).
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Sedation is intended to provide safe and effective 
administration of drugs to relieve anxiety and 
reduce pain. The aim of any sedation service is to 
maximize patient comfort, while monitoring the 
patient continuously, so that the procedure can be 
completed in a safe environment. The billing for 
sedation services has to be representative of the 
actual services that the physician delivers. When 
pediatric sedation services are hospital based (the 
sedation providers are employed by the hospital), 
the activity of the hospital-employed 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 billing rules for 
professional services apply.

In December of 2009, the Revised Hospital 
Anesthesia Services Interpretive Guidelines out-
lined that all services involving anesthesia must 
be organized under a single anesthesia depart-
ment. The memorandum specifically states that 
all services along the continuum of anesthesia 
services must be organized under this Anesthesia 

Service, directed by a qualified physician and 
consistently implemented in every hospital 
department and setting that provides any type of 
anesthesia services [1]. This will require seda-
tion departments to work closely with the hospi-
tal based anesthesia department to credential 
providers and assess airway management skills.

The guidelines also specifically address quali-
fied providers for deep sedation and the require-
ments for pre and post operative visits. To bill for 
anesthesia services, the provider must fulfill the 
requisite documentation: the guidelines are spe-
cific in what is expected for preanesthesia and post 
anesthesia evaluations to determine if the services 
can be considered as general, regional, deep seda-
tion or Monitored Anesthesia Care (MAC). Any of 
these services restrict the providers to only allow 
for a “qualified” anesthesia provider to perform 
the pre-anesthesia evaluation within a 48 hour 
window. They clearly define qualified anesthesia 
providers as an anesthesiologist, a Certified 
Registered Nurse Anesthetist (CRNA) or an anes-
thesia assistant (AA) within scope of practice. 
Their interpretation extends the qualified provid-
ers to physicians who have been credentialed to 
deliver sedation services (anesthesia service 
privileges).

These guidelines directly impact the way anes-
thesia departments will be judged when the 
Centers for Medicare and Medicaid Services 
(CMS) conduct a site visit. While these auditors 
are looking for elements in which to judge the 

Billing and Reimbursement  
for Sedation Services

Devona J. Slater 

D.J. Slater ( ) 
Auditing for Compliance and Education, Inc.,  
10561 Barkley, Suite 610,  
66212 Overland Park, KS, USA 
e-mail: DevonaS@aceauditors.com

10



146 D.J. Slater

hospital to determine whether it will be allowed to 
continue participation in the Medicare program, 
Hospitals will look to physicians to ensure that 
documentation meets the expectations. While the 
interpretative guidelines are not physician pay-
ment rules, hospitals could not survive if they were 
excluded from government programs. Physicians 
do have a duty to ensure that the services they 
deliver meet with the guidelines expected for hos-
pital participation [1].

An item of importance in the Inter pretative 
Guidelines is the definition of “immediately avail-
able.” This phrase has often been the center of dif-
ferent interpretation and some consternation. The 
transmittal states that the CRNA/AA must be 
supervised by a physician who is physically 
located within the same area. Although this defini-
tion is a bit restrictive as it is still vague, the inten-
tion and expectations of the government are clear. 
The government is expecting an area to be defined 
as the same “labor and delivery unit,” contained 
within a procedural area, such as radiology, 
Gastroenterology (GI) or Cardiac Catheterization 
Suite. In the strict definition, the guidelines would 
require a qualified anesthesiologist to be in each 
area. While no specific mention was singled out 
for sedation services, one could conclude that the 
physician overseeing the sedation services would 
need to remain present in the same area that the 
deep sedation services are delivered to fulfill the 
guideline [1].

The CMS guidelines were revised February 
5, 2010 and titled: Revised Hospital Anesthesia 
Services Interpretive Guidelines – State 
Operations Manual (SOM) Appendix A [2]. The 
guidelines presented a proposed organization 
plan for Hospital Anesthesia Services [2] 
(Fig. 10.1). Important amendments included the 
recognition of deep sedation as a service which 
falls under MAC. Moderate sedation, in con-
trast, did not fall under the requirement for anes-
thesia administration and supervision. MAC 
according to these guidelines could only be 
administered by:
 1. A qualified anesthesiologist
 2. An MD or DO (other than an anesthesiologist)
 3. A dentist, oral surgeon or podiatrist who is qual-

ified to administer anesthesia under State law

 4. A CRNA who is supervised by the operating 
practitioner or by an anesthesiologist who is 
immediately available if needed; or

A CRNA is defined in §410.69(b) as a “…regis-
tered nurse who: (1) is licensed as a registered 
professional nurse by the State in which the nurse 
practices; (2) meets any licensure requirements the 
State imposes with respect to non-physician anes-
thetists; (3) has graduated from a nurse anesthesia 
educational program that meets the standards of the 
Council on Accreditation of Nurse Anesthesia Pro-
grams, or such other accreditation organization as 
may be designated by the Secretary; and (4) meets 
the following criteria: (i) has passed a certifica-
tion examination of the Council on Certification of 
Nurse Anesthetists, the Council on Recertification 
of Nurse Anesthetists, or any other certification or-
ganization that may be designated by the Secretary; 
or (ii) is a graduate of a program described in para-
graph (3) of this definition and within 24 months 
after that graduation meets the requirements of 
paragraph (4)(i) of this definition” [2].

 5. An anesthesiologist’s assistant under the 
supervision of an anesthesiologist who is 
immediately available if needed

An anesthesiologist’s assistant is defined in 
§410.69(b) as a “…person who – (1) works under 
the direction of an anesthesiologist; (2) is in com-
pliance with all applicable requirements of State 
law, including any licensure requirements the State 
imposes on nonphysician anesthetists; and (3) is 
a graduate of a medical school-based anesthesi-
ologist’s assistant education program that – (A) 
is accredited by the Committee on Allied Health 
Education and Accreditation; and (B) includes 
approximately two years of specialized basic sci-
ence and clinical education in anesthesia at a level 
that builds on a premedical undergraduate science 
background” [2].

These CMS guidelines were again revised in 
January 2011 in the PUB 100-07 State Operations 
Provider Certification which revises Appendix A 
for various provisions of 42 CFR 482-52 con-
cerning anesthesia services [3]. These revisions 
were made in response to feedback from practi-
tioners. Important changes in these guidelines 
stem from the CMS acknowledgement that the 
individual hospitals may establish their own poli-
cies and procedures with respect to the qualifica-
tions of analgesia providers and the clinical 
situations which distinguish anesthesia from 
analgesia. The policies must follow nationally 
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recognized guidelines and can include guidelines 
of one or more specialty societies.

While these guidelines specifically address 
the hospital’s participation in Medicare and 
Medicaid services, they have not been applied to 
Part B reimbursement methodology, the physi-
cian component of payment for Medicare ser-
vices. History tells us that once applied to the 
hospital side of reimbursement, 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 (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 identified with a 
five-digit code. The use of CPT codes is recog-
nized industry wide and simplifies the reporting 

of services. As stated above, any physician may 
use any code as long as the services that are 
delivered are reported accurately. Documentation 
is critical to justify the reason for the service as 
well as the procedure performed. Many insur-
ance companies have policies specifically 
addressing the use of anesthesia codes by nonan-
esthesiologists. Most will reimburse MAC ser-
vices delivered by non-anesthesiologists, 
provided that the physician bills the appropriate 
anesthesia code (00100-01999). Using these 
anesthesia codes, however, requires that the 
physician

Performs pre-evaluation and post evaluation 
services
Documents the anesthesia time in minutes
Normally reimburses these services regardless 
of place of service
Meets the requirements for MAC
The service documentation for MAC or deep 

sedation services must mirror that of a general or 
regional anesthetic in order to be billed with the 
anesthesia codes. It is recommended that if bill-
ing anesthesia codes, physicians should docu-
ment in the anesthesia record format. This would 

Fig. 10.1 Proposed organization plan for Hospital Anesthesia Services (reprinted with permission from Revised 
Hospital Anesthesia Services Interpretive Guidelines – State Operations Manual (SOM) Appendix A) [2]
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include constant monitoring and the notation of 
drugs delivered on a time sensitive record.

In order to understand how best to bill for seda-
tion services; it is important to first evaluate the 
services which 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 assess-
ment is a medical decision made by a provider 
and cannot (and should not) be determined by a 
medical coder. The provider must document 
whether minimal, moderate, deep sedation or a 
general anesthetic is being delivered.

Minimal Sedation

Minimal sedation is a drug-induced state during 
which patients respond normally to verbal com-
mands. Although cognitive function and coordina-
tion may be impaired, ventilatory and cardiovascular 
functions are unaffected. If providing minimal 
sedation services there is no additional payment 
allowed. There are no codes to represent the ser-
vice of minimal sedation. Minimal sedation is nor-
mally bundled into the payment for a procedure.

Moderate Sedation

Moderate sedation is 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 the 
patient’s airway and spontaneous ventilation is 
adequate. It is important that moderate sedation 
does not include minimal sedation (anxiolysis), 
deep sedation or MAC.

Moderate sedation codes were introduced by 
the American Medical Association (AMA) in 
2006 to recognize services that are in between 
minimal sedations and that of deep sedation 
(MAC). The services include (a) a patient assess-
ment, (b) establishment of IV access, (c) admin-
istrations of agents, (d) sedation maintenance, 

(e) monitoring of oxygen saturation, heart rate, 
and blood pressure, and (f) recovery of the patient. 
The AMA chose to keep with the logic of anes-
thesia billing, allowing the coding to be billed by 
time. The codes require the documentation of 
“intra-service” time. Intra-service time is defined 
to start with the delivery of the sedation agent and 
ends when the procedure is finished.

The coding of moderate sedation services are 
reported by CPT codes 99143 through 99150 [4] 
(Fig. 10.2). The actual coding is specific to the 
practitioner delivering the service, the age of 
the patient, the facility, and the amount of intra-
service time. The physician performing the pro-
cedure may also supervise, regardless of the 
location.  In this situation there must be an inde-
pendent trained third party person to monitor the 
patient. In contrast, CPT codes 99148 through 
99150 are services provided by a second physi-
cian and are only allowed in a facility setting such 
as the hospital. The codes are specific to patients 
under or over the age of five and require it to be 
physician administered and the physician must 
stay with the patient the entire time. Figure 10.2 
outlines each of these codes [4].

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 mod-
erate sedation codes have been assigned a status 
indicator of “C” under the Medicare Physician 
Fee Schedule. The “C” designates  that these ser-
vices are carrier priced, meaning that each indi-
vidual Medicare intermediary 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 geographical area 
of the country and the specific 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 followed by his 



14910 Billing and Reimbursement for Sedation Services 

supervision of a sedation nurse. There is no cod-
ing reference for this type of activity. However, it 
is the author’s opinion that billable services would 
most closely represent an Evaluation and 
Management code for the medical decision mak-
ing service of clearing the patient for the anesthetic 
and providing a plan of care. These codes would 
most likely fall into the new patient or established 
patient codes in either the inpatient or outpatient 

setting. It would be inappropriate to bill the mod-
erate sedation codes or anesthesia codes if the 
physician was a nonanesthesiologist and the actual 
sedation was not delivered by the physician.

Billing for Evaluation and Management ser-
vices are classified into facility categories, most 
frequently these will be the outpatient (office) vis-
its or hospital visits. Within each class there are 
usually sub categories of new or established 
patients. Physicians must remember that they are 
being paid for the medical decision they are mak-
ing and the work involved in making that decision. 
Over-documenting areas of the history of present 
illness, review of systems and examination to 
drive up the level of evaluation and management 
coding is inappropriate.

While there are many tools and documents 
written about coding of evaluation and manage-
ment services, this chapter will only address the 
elements of evaluation and management coding 
that are of particular importance for sedation pro-
viders. It is not intended to be a complete coding 
tool for evaluation and management coding.

The two main components which determine 
and substantiate the coding and billing for seda-
tion services are the medical necessity and the 
actual medical decision process. The degree of 
documentation should support the level of service 
billed. The code should be selected based on the 
content of the service. Although the chief com-
plaint or presenting problem may be obvious, it is 
still recommended to include a brief medical 
necessity statement with the documentation to 
support the need for sedation service: For exam-
ple, it is understood that in young children, seda-
tion 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. If government agents 
believe fraud was involved, they may go back 
indefinitely. Therefore, a well documented record 
to explain the thought process of why sedation is 
warranted is the best protection against health 
care scrutiny.

99143

99144

99145

99148

99149

99150

Moderate sedation servicea [other than those services

described by codes 00100-01999) provided by the same

physician performing the diagnistic or therapeutic

service that the sedation supports, requiring the presence

of an independant trained observer to assist in the 

monitoring of the patient’s level of consciousness and

physiological status: younger than 5 years of age, first 30

minutes intra-service time

age 5 years or older, first 30 minutes intra-service

time

each additional 15 minutes intra-service time (List

seperately in addition to code for primary servce

[Use 99145 in conjunction with 99143, 99144)

Moderate sedation services [other than those services

described by codes 00100-01999) 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, first 30

minutes intra-service time

Age 5 years or older, first 30 minutes intra-service

time

(Use 99150 in conjunction with 99148, 99141

each additional 15 minutes intra-service time (Lise

seperately in addition to code for primary service)
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Fig. 10.2 Coding of moderate sedation services (from 
Current procedural terminology [4])
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Key Components of Evaluation  
and Management Services 
Documentation

All evaluation and management services have 
specific components. There are seven components 
that assist coders in translating the documented 
work into the appropriate code selected. Only 
three are required (key) components that must be 
documented for all visits. These three key compo-
nents are: (1) patient history, (2) physical exami-
nation, and (3) medical decision making.

The first specific key component is the patient 
history. The history section contains several 
elements:
 1. The chief complaint/presenting problem
 2. The history of present illness
 3. A review of systems
 4. The past medical, family and social history of 

the patient
This history section should include the justifi-

cation and rationale for requiring a separate phy-
sician to provide the sedation services.

The second of the key components is the phys-
ical examination. The examination documenta-
tion must contain up to date information regarding 
the patient’s condition at the time of the exam 
and should describe the results and findings of 
body areas or organ systems that are actually 
examined by the physician during the encounter. 
It is specifically noted that this type of physical 
examination should be based on the physician’s 
clinical judgment and directed toward that which 
is medically indicated to support the medical 
decision.

The final of the three key components is the 
medical decision. The medical decision is com-
monly 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 management and delivery of sedation ser-
vices. This assessment should include the critical 
elements which were considered in deriving the 
sedation plan as well as the intended depth of 
sedation required. There is not a clearly defined 

level of risk involved in providing sedation. 
The CMS guidelines define the degree of risk as 
low to moderate, depending on the nature of the 
presenting prob lem(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 appropriate to charge for the 
initial services under evaluation and management 
codes. These concurrent care services are payable 
when the physician plays an active role in the 
patient’s treatment or the treatment plan. The med-
ical diagnosis should reflect the need for medical 
evaluation and management as a necessity for the 
delivery of subsequent sedation services.

Deep Sedation

Deep Sedation is defined 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 dur-
ing 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 can 
be light, moderate or deep sedation delivered by a  
provider who is prepared and qualified to convert to 
general anesthesia.

Insurance companies are interested in address-
ing 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 
defines medically necessary services as those 
which alleviate emotional or psychological duress 
or pain while undergoing a surgical, obstetrical or 
other therapeutic/diagnostic procedure. 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 
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performed. Many insurance companies do not 
recognize this broad definition and relate the 
medical necessity to the ASA status of the patient. 
To support the need for separate anesthesia pro-
viders, additional diagnosis, ICD-9 codes, must 
accompany the justification for the procedure and 
sedation. 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 sedatives 
or prior to performing the procedure. It helps 
determine the “risk” that a patient presents. Some 
insurance companies designate an ASA status of 
P3 or greater to justify the need for a separate 
anesthesia provider.

In billing an anesthesia code from the CPT-4 
book, non-anesthesia physician providers are held to 
the same requirements of documentation as that 
which is required from an anesthesia provider. This 
includes:
 1. A preoperative assessment that would review 

abnormalities 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 pul-

monary ventilation
 4. Blood pressure and cardiac monitoring

Vital signs should be documented at 5 min 
intervals.

A post anesthesia assessment recording physi-
ological status, mental status and a pain level 
should be recorded prior to transferring care to 
post anesthesia care unit personnel. The medical 
record should document that the patient was dis-
charged from the recovery area only after meet-
ing clinical criteria.

General, Regional and Monitored 
Anesthesia Care

Billing done for anesthesia services allows the 
assignment of base units added to time units, usu-
ally assigned in 15 min increments, and then 
adjusts for modifying circumstances or physical 
status units. The ASA base units are assigned to 
every surgical CPT code and reflect the difficulty 
of the anesthesia services, including the usual 
preoperative and postoperative care. The CPT 
procedure code is cross-walked to the appropri-
ate 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 cir-
cumstances, the anesthesia may be billed for the 
procedure with the highest unit value. After the 
selection of base units has been established, anes-
thesia time is calculated and added to the base 
units. Anesthesia time is defined to start when the 
provider begins to prepare the patient for anes-
thesia care and ends when the patient is safely 
placed in the care of the post anesthesia care unit. 
The total number of minutes is then divided by a 
number that is customary in the local area, usu-
ally 15 min. This will convert the minutes into 
units that are then added to the base unit value. 
Qualifying circumstances and physical status 
modifiers carry a base unit value in certain cir-
cumstances. Patients with severe systemic dis-
ease or cases that meet the definition 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 “modifiers” to define “who provided 
the service” and other special modifiers, when 
the services were MAC. The first modifiers 
appended to the anesthesia service are termed 
as medical direction modifiers. Only anesthesi-
ologists are allowed to direct qualified anesthe-
sia personnel and provide multiple services at 
one time. The AA modifier designates that the 
physician alone provided the service. The QK 
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modifier would represent medical direction ser-
vices of a CRNA, AA, anesthesia resident/
trainee or Student Registered Nurse Anesthetist 
(SRNA) and if appropriate would have a match-
ing claim from those providers with the QX 
modifier.

When providing MAC the second set of modi-
fiers appended on the claim form should identify 
the MAC service with one of the following infor-
mational modifiers:
QS – Designates MAC
G8 – Designates the MAC services are necessary 

because the procedure is noted as deep, com-
plex, complicated or markedly invasive

G9 – Designates the MAC services are necessary 
because the patient has a personal history of 
cardiopulmonary disease
The final modifiers that may be appended 

would be the physical status modifiers 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 dol-
lars (usually those paid by state or government 
programs) to over $100.00 per unit.

Contracting with commercial payors for anes-
thesia services is a key element for success in a 
sedation program. Meeting with payors to explain 
the nature of the service and the allowance 
of nonanesthesia personnel to be paid under 
 anesthesia codes are large hurdles for any  sedation 
program. “Major” insurance carriers should be 
identified and then addressed individually. To jus-
tify reimbursement, providers need to keep in mind 
the qualifications of the provider, the medical 
necessity of the service and the cost benefit to the 
insurance company. Negotiations will require that 
the nonanesthesiologists demonstrate that they can 
provide the same level of care as the local anesthe-
siologists and that the care is medically necessary 
for the safety of the patient. The important thing 
for providers to remember is that quality of care is 
always assumed by insurance executives.

Payment for moderate sedation codes as well 
as evaluation and management codes are based 
on a flat fee service. These reimbursement 
amounts vary greatly by payor. Most carriers will 
base reimbursement as a percentage of the 
Medicare Resource Based Relative Value System 
(RBRVS) reimbursement system. Management 
personnel should carefully evaluate reimburse-
ment and negotiate rates with payors in order 
to reflect a fair and appropriate payment for 
the intensity and time required for the sedation 
services rendered.

Legal Consequences of Incorrect 
Coding/Documentation

If one is to choose billing for these services as a 
non-anesthesiologist, it is important to be com-
pliant with documentation of billing for anesthe-
sia time and concurrency. As defined, 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 circulating nursing records, oper-
ative reports and postanesthesia 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 delivered at any one time. The government 
does not allow you to medically direct and per-
sonally perform services at any one given time. 
Knowing and understanding that an anesthesiolo-
gist cannot medically direct and personally per-
form services at the same time is key to staying 
out of compliance  trouble. Deep sedation ser-
vices will have the same constraints remember-
ing 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 tremendous return on 
fraud and abuse investment dollars and will con-
tinue 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 
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Medicaid programs. 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 compli-
ance program?” The most effective programs will 
have integrated the compliance into the day-to-
day operations of the group and will incorporate 
the seven federal sentencing guidelines into sim-
ple day to day procedures.

The first of the sentencing guidelines require 
written policies and procedures. The policies and 
procedures that have been written for the pro-
gram 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 files to assure that 
everyone knows the commitment of the group to 
the compliance plan and the intention to only bill 
for services that are appropriately documented.

The sentencing guidelines specifically ask that 
a compliance officer be designated for the group. 
The group must evaluate the performance of the 
compliance officer and while the compliance 
officer does not necessarily have to be a physi-
cian, he has the absolute authority to hire and fire 
personnel. The Board should assess whether the 
compliance officer has sufficient knowledge and 
education to deal with the assigned responsibili-
ties. It would be important for them to judge 
whether appropriate auditing and education is 
being carried out to fulfill the requirements of 
compliance. Compliance committee minutes and 
processes 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 employ-
ees must be done according to the sentencing 
guidelines. Courses and educational materials 
should reflect the important aspects of the 
group’s compliance program. Ongoing training 
and demonstration of evaluation of knowledge 
should be recorded. Accurate records of content, 
frequency and attendees are very important in 
order to demonstrate educational efforts.

The sentencing guidelines stress open commu-
nication and it is considered an essential element 
in a compliance program. In today’s environment, 

a provider cannot possibly have an effective com-
pliance program if it receives minimal or no feed-
back 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 officer or committee should be docu-
mented to show open lines of communication.

One of the key components of the sentenc-
ing 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 iden-
tified by the group. Audits must not discrimi-
nate 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 services to see if they meet the criteria for 
billing. If deep sedation programs are billing 
with anesthesia codes, an audit regarding anes-
thesia time, modifiers and documentation of the 
components of an anesthesia service should be 
reviewed.

The sixth requirement of the federal sentenc-
ing guidelines requires suspected violations to be 
thoroughly investigated. 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 constitutes  the last 
key ingredient to the federal sentencing guide-
lines. Disciplinary action must be taken on those 
employees who fail to adhere to the group’s stan-
dards 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 manage-
ment must demonstrate a serious commitment to 
foster a climate that will require adherence to all 
federal and state regulations.
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Below are scenarios of how cases may need to 
be billed based on the personnel involved, the 
level of sedation delivered and the intensity of 
the service. These are hypothetical examples 
and in no way reflect medical care.

A pediatric radiologist in the outpatient 
hospital setting would like to have sedation 
services for the patient’s MRI.
 1. If the radiologist supervises a Registered 

Nurse (RN) giving the moderate sedation, you 
would review codes 99143 through 99145.

 2. If the radiologist requests another physi-
cian, such as a hospitalist, to perform the 
moderate sedation, you would review codes 
99148 through 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 special trained RN to 
administer the moderate sedation the phy-
sician may only bill for an evaluation and 
management service based on elements 
evaluation and management elements doc-
umented and the medical decision making 
performed.

 4. If the radiologist requests that deep seda-
tion be given and someone who has the cre-
dentials 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 nonanesthesiologist or anesthesiologist 
is able to provide MAC for the radiologists, 
you should review ASA code 01922 and 
append the QS modifier designating that it 
is MAC and review the anesthesia record 
for the appropriate time billing.

Case Studies

In summary, compliance must be an activity 
that is incorporated into the day-to-day practices 
of the group. Government investigations will 
continue. All new healthcare legislation mentions 
the need for continued efforts to fight fraud and 
abuse. The best protection for a group is an active 
compliance program.

Summary

There is no single way to bill “sedation” services. 
Anesthesia/sedation services must begin with 
careful documentation to adequately reflect the 

role of the sedation care provider throughout the 
entire sedation process. Careful consideration 
should be used to determine the appropriate cod-
ing methodology. In many instances the coding 
should be determined on a case-by-case basis 
after careful review of the documentation and 
nature of physician services. It is recommended 
to regularly have an independent review of docu-
mentation, 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 but also deter-
mine the best way to achieve best reimbursement 
for service.
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The field of pediatric hospital medicine has grown 
rapidly over the past decade. The term “hospital-
ist” was initially defined in an article in the New 
England Journal of Medicine in 1996; it is defined 
as spending half or more of one’s work in the area 
of inpatient care. There are pediatric hospitalists 
on the medical staffs of most children’s hospitals 
in USA, 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 and effectively.

Care of hospitalized patients often requires 
diagnostic and therapeutic procedures. Often, 
many of 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 hospitalist to guarantee that any 
sedation or analgesia needed to perform these pro-
cedures is delivered in the safest and most effec-
tive way possible. Pediatric hospitalists can ensure 

safe sedation of patients by working within their 
systems and asking appropriately trained staff to 
perform sedations, or by obtaining the necessary 
skills to perform the sedations themselves.

In a survey conducted by the Pediatric 
Research in Inpatient Settings Network (PRIS), 
54% of pediatric hospitalists reported providing 
moderate and/or deep sedation. There was no sig-
nificant difference between sedation providers 
and nonproviders in terms of gender, geographic 
location, type of residency training, residency 
size, or involvement in teaching. Pediatric hospi-
talist sedation providers are more likely to work 
in a community hospital, to work in a nonaca-
demic environment, and to have been a pediatric 
hospitalist for over 6 years. Sedation providers 
are also significantly more likely to be the physi-
cian of record in the PICU, to spend over 75% of 
their professional time as a pediatric hospitalist, 
and to not participate in research [1].

Sedation drugs reported by those pediatric 
hospitalists providing sedation:
94% Opioid/benzodiazepine combination
70% Chloral hydrate
51% Ketamine
46% Pentobarbital
16% Propofol
6% Nitrous oxide
Sedation frequency:
65% 0–5 times per month
21% 6–10 times per month
9% 11–20 times per month
5% More than 20 times per month
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Note: 21% of pediatric hospitals who provide 
sedation work on a sedation service. Their fre-
quency of providing sedation was evenly distrib-
uted across all monthly sedation frequencies.
Location of sedations:
86% Inpatient wards
24% Radiology departments
16% Sedation centers
8% Emergency departments
5% Pediatric intensive care unit (PICU)
4% Others: endoscopy suites, 

Electroencephalograms (EEG), 
ambulatory surgery and infusion centers

Sedation training:
79% On the job
71% Residency training
44% Training under direct supervision
42% Post-residency CME
19% Operating room (OR)

Training Hospitalists to Provide 
Moderate and Deep Sedation

There are no national standards for the training of 
nonanesthesiologists in the practice of safe deliv-
ery of sedation. The training should be established 
locally, and once established it should be adhered 
to. The training should include evaluation of 
patients, establishing safe systems of care, deci-
sion-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 seda-
tion to feel comfortable in their abilities to provide 
sedation, and it is up to the institutions where these 
hospitalists work to define the level of training 
necessary to develop and maintain sedation skills.

On-The-Job Training

Most hospitalists who provide sedation stated 
they received on-the-job training. The intensity of 
this training varies widely, from being involved in 
a few sedations prior to performing them indepen-
dently, to very structured programs. It is important 

that hospitalists have defined training prior to  
performing sedations and are never placed in a 
position of performing sedations simply because 
no one else is willing to.

Residency Training

Exposure to and training for safe sedation prac-
tice is highly variable during pediatric residen-
cies. Many pediatric residents have significant 
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 resi-
dency to perform sedations independently with-
out further training and experience.

Training Under Direct Supervision

This is really part of on-the-job training but 
implies a more detailed and comprehensive pro-
gram of gaining experience in safe sedation prac-
tice. This training can be done with anesthesiology 
staff or pediatricians with significant experience 
and proficiency in sedation. The number of 
directly supervised sedations and number per-
formed 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 difficult to obtain elsewhere. This is par-
ticularly important with the concept of rescue. 
Most patients in the OR need advanced airway 
management. Skills that can be practiced in the 
OR include maintaining airways with position-
ing, positive pressure ventilation with a bag, 
laryngeal mask airway (LMA) placement, and 
intubation. OR time allows improvement of air-
way management skills in a controlled environ-
ment. This type of training is not essential for 
everyone that is providing sedation but is some-
thing that should be strongly considered.



16111 The Pediatric Hospital Medicine Sedation Service: Models, Protocols, and Challenges  

Simulation Time

There are an increasing number of simulation 
labs available for use in sedation training, particu-
larly 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 simulat-
ing real-life experiences. Simulation labs can be 
particularly helpful with management of difficult 
situations that are hopefully avoided in safe seda-
tion practice on actual patients. This training is 
still somewhat limited and not available to many.

Pediatric Advance Life Support  
Training

Pediatric Advance Life Support (PALS) training 
is an important adjunct to the provision of safe 
sedation. However, it should not be used as a 
proxy for adequate training for those that are pro-
viding sedation. PALS should be a part of a train-
ing program for safe sedation, but should never be 
used alone as an adequate indication of sufficient 
training to provide moderate and deep sedation.

Ongoing Competency

Once a hospitalist has been trained and creden-
tialed in the provision of safe sedation, it is 
important to maintain skill and to have a method 
for measuring those competencies. There are no 
set standards for the number of sedations to be 
completed on an annual basis to maintain compe-
tencies. Each institution should establish a mini-
mum number and type of sedations performed on 
an annual basis or should 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 defined 
minimum numbers of annual sedations provided 
by each provider to maintain credentialing. At St. 
Louis Children’s Hospital, nonanesthesiologist 
providers who are credentialed to use propofol 
are required to document 25 propofol sedations 

on an annual basis. This number is not meant to 
be a guide for others but is an example of one 
institution’s decision.

Credentialing Hospitalists to Provide 
Moderate and Deep Sedation

Most pediatric hospitalists have completed 3 years 
of pediatric training in a categorical pediatric resi-
dency. Some pediatric hospitalists have finished a 
combined residency in Pediatrics and Internal 
Medicine, and a few have completed family medi-
cine 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 as recognized by 
the Accrediting Council on Graduate Medical 
Education (ACGME). The training during pediat-
ric residencies in sedation is highly variable, from 
very little formal training to several dedicated 
weeks in the OR and on a sedation service. 
Training and experience with moderate and deep 
sedation is part of the core ACGME fellowship 
competencies for pediatric emergency medicine 
and pediatric critical care medicine.

Each hospital should develop its own criteria 
for credentialing physicians for the provision of 
moderate and deep sedation. The joint commis-
sion suggests that all individuals who provide 
moderate and deep sedation have a minimum 
level of competency based on education, training 
and experience [2]. The Joint Commission out-
lines 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 seda-

tion, including resuscitation of patients who 
move into a deeper-than-desired level of seda-
tion or analgesia.
(a) Individuals providing moderate sedation 

are qualified to rescue patients from deep 
sedation and have the ability to manage a 
compromised airway and to provide 
 adequate oxygenation and ventilation.
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(b) Individuals providing deep sedation are 
qualified to rescue patients from general 
anesthesia and are able to manage an 
unstable cardiovascular system as well as 
a compromised airway, and to provide 
adequate  oxygenation and ventilation.

Joint commission standards also require that 
“individuals administering moderate and deep 
sedation are qualified and have the appropriate 
credentials to manage patients at whatever level 
of sedation is achieved, either intentionally or 
unintentionally.”

It is up to individual institutions to develop 
credentialing standards for moderate and deep 
sedation. Credentialing standards for physicians 
are set through an organized medical staff struc-
ture in most hospitals. This is done through the 
medical staff bylaws and rules and regulations of 

the hospital. Many hospitals depend on their 
anesthesiology departments to establish the cre-
dentialing rules for the provision of moderate and 
deep sedation by nonanesthesiologists. 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 11.1 outlines the education, training, 
and experience necessary for moderate and deep 
sedation privileges at St. Louis Children’s 
Hospital. It also outlines the experience and train-
ing necessary for the nonanesthesiologists that 
provide scheduled sedations on the sedation ser-
vice. It also outlines the requirements for hospi-
talists to be granted specific privileges for the use 
of propofol. This information is presented as an 
example, and it is one that may not be applied 

Table 11.1 Credentialing requirements for hospitalists providing moderate and deep sedation

Credentials Required for all Non-Anesthesiologist Medical Staff
Successful completion of a post graduate residency training program, approved by either the accrediting 
Council for graduate medical education (ACGME), 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 post graduate 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-certified 
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 OR 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, dexmedeto-
midine, nitrous oxide, pentobarbital, chloral hydrate

5)  Ten OR training days, with a minimum of 25 and to 
patients 15 LMA placements and 15 bag valve mask 
ventilations

6) 25 directly supervised propofol sedations

Source: Courtesy of St. Louis Children’s Hospital
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easily to other institutions; it is not meant as a 
standard to which other institutions should apply 
their credentialing process.

Logistics of Setting Up a  
Hospitalist-Run Sedation Service

Staffing

The number of hospitalists needed to provide 
sedation services will vary depending on the need 
that they are meeting. While some pediatric hos-
pitalists provide sedation services full-time, most 
involved in sedation services do it as one of sev-
eral clinical responsibilities. The number of hos-
pitalists needed to provide a sedation service 
needs to account for this, as well as the need to 
maintain a minimum number of sedations per-
formed on an annual basis for competency. In 
general, pediatric hospitalists should perform a 
minimum of 50–100 sedations per year to main-
tain skills. With less than 50 sedations per year, 
there should be a rigorous plan for further OR 
time, simulation time, and supervised time. 
Further OR time and simulation time is also an 
important part of maintaining skills for pediatric 
hospitalists who are performing more than 50 
sedations per year.

Staffing Example

Providing a pediatric hospitalist for sedations 5 
days/week, 10 h/day requires about 1.5 full-time 
equivalents (FTE) to staff the service. Therefore, if 
each pediatric hospitalist provides 4–5 days/month 
on a sedation service, four pediatric hospitalists 
would be needed to staff the service. Four to five 
days per month of providing sedation generally 
establishes a good balance between maintaining 
sedations skills and the other skills important to the 
clinical responsibilities of a pediatric hospitalist.

Sufficient time needs to be planned for train-
ing prior to starting a sedation service. It is impor-
tant to plan for OR time, supervised sedation 
time, and any other activities involved in training. 
If you underestimate the amount of time that 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 pedi-
atric hospitalists for a prolonged period after the 
training while recognizing that some turnover is 
inevitable. Training of new personnel takes time 
and other resources that need to be accounted for 
in the planning stages.

Triaging Patients to Sedation 
by Pediatric Hospitalists

In general, pediatric hospitalists who are trained 
and credentialed to provide sedation do so on 
patients with mild sedation risk. Sedations per-
formed by most pediatric hospitalists do not 
include planned airway intervention. It is essential 
that pediatric hospitalists have the ability to rescue 
patients from a deeper-than-intended level of seda-
tion. Most often, this includes skills of effective 
positive pressure ventilation and direct airway 
management through the LMA placement or 
endotracheal tube 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 
following conditions are referred to anesthesiolo-
gists for consultation:

Postgestational 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 difficulties
Chronic kidney disease
Sickle cell disease with complications
Frequent seizures
Cerebral palsy with respiratory compromise 
or airway abnormalities
Combative behavior
Significant congenital syndromes
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This list is not meant to be comprehensive or 
complete. All patients should be carefully evalu-
ated for the risk of needed airway intervention and 
the ability to intervene. If there are any concerns 
about higher than usual risks, consultation with an 
anesthesiologist is recommended. Pediatric hos-
pitalists providing sedation should be comfortable 
and have experience with rescue from complica-
tions of sedation, but should refer to others patients 
who are high risk for complications.

How and When Workups Are Performed 
for Triage

Pediatric Hospitalists provide sedations indepen-
dently and may also be asked to supervise seda-
tions performed by others, including nurses. The 
responsibility for evaluation of patients undergo-
ing sedation belongs with the supervising hospi-
talist 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 supervising 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 order-
ing physician. This exam is meant to be focused 
on the risks a 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 per-
form this exam. This exam is essential to the final 
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 NPO times) 
should be carefully followed. 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 diagnosis or treatment. At 
St. Louis Children’s Hospital, the following are 
minimum recommendations for rescheduling 
elective sedations:

Asthma without underlying infectious etiology – 
7 days
Asthma with infectious etiology – 3 weeks
URI with cough or congestion – 3 weeks
Fever – when back to normal and off anti-
pyretics 24 h
Vomiting – when ceased for 24 h and tolerat-
ing clear liquids and evidence of good 
hydration
Croup – 3 weeks
Pneumonia – 4 weeks
Influenza – 3 weeks
RSV – 6 weeks
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 presence of 
one of the above conditions, consultation with an 
anesthesiologist is generally recommended.

Funding Pediatric Hospitalist Sedation 
Programs

Pediatric hospitalist sedation programs are gener-
ally funded from two sources: (1) physician profes-
sional fees and (2) financial support from hospitals. 
Depending upon the number of sedations done, the 
ability to bill anesthesia codes, and reimbursement 
percentage, the level of funding of pediatric hospi-
tal sedation programs varies from institution to 
institution. The Centers for Medicare and Medicaid 
(CMS) determines most rules in regard to physi-
cian billing [3]. CMS rules require that sedation 
services are overseen by a hospital’s anesthesiol-
ogy division/department. This generally requires a 
close working relationship between a hospital’s 
anesthesiology group and others providing moder-
ate and deep sedation. Most sedations performed 
reach the level of “deep sedation” as defined by the 
American Society of Anesthesiologists and the 
American Academy of Pediatrics [4, 5]. In most 



16511 The Pediatric Hospital Medicine Sedation Service: Models, Protocols, and Challenges  

cases, anesthesia codes can be used. Anesthesia 
codes are used appropriately by nonanesthesiolo-
gists when the level of care provided meets the 
standard of those codes. Ability to use anesthesia 
codes varies across USA, 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 nonanesthesiologists. If there is disagree-
ment among departments of a hospital, it is often 
difficult to get reimbursed for these codes. Separate 
codes for moderate sedation were developed in 
2006. These do not have Relative Value Units 
(RVUs) attached. Each institution is responsible for 
determining the charges for these codes. Success in 
reimbursement for moderate sedation 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 physi-
cian 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 impor-
tant to many hospital services. Radiology, sur-
gery, inpatient services, and outpatient services 
all benefit from this. Hospital administration 
and some services independently will likely be 
willing to provide financial support of sedation 
services outside of profession billing. It is 
important to understand who benefits 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 2,500–3,500 in USA. In a 
survey of pediatric hospitalists, 54% report provid-
ing moderate and deep sedation [1]. Pediatric hos-
pitalists 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 sedation programs will grow.

Developing National Standards  
for Training and Credentialing  
Pediatric Hospitalists in Sedation

There are currently no national standards for 
training and credentialing pediatric hospitalists. 
Core competencies in Pediatric Hospital Medicine 
have been developed, and providing safe sedation 
is part of those recommended competencies [6]. 
As training for hospitalists is standardized, seda-
tion training will likely become part of the stan-
dard. Most pediatric hospitalists gain competence 
for providing sedation after residency. Fifty per-
cent of hospitalists report depending on continu-
ing medical education as part of gaining and 
maintaining sedation skills. There are national 
conferences dedicated to pediatric sedation out-
side the OR. It is likely that a national course in 
sedation will be developed, but it is unlikely that 
a standardized training and certification process 
will emerge within the next few years. 
Credentialing for sedation will likely remain a 
local process. There are national organization 
recommendations about providing sedation, but 
none yet on the specific training for those provid-
ing sedation [4, 5]. 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.

Planning, Monitoring, and 
Recovering from a Sedation

It is important for sedation to be performed in the 
safest possible manner. This begins by identify-
ing that all personnel, equipment, and facilities 
needed to manage emergencies are immediately 
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available. The safest place to perform sedation is 
generally in an area of the hospital where seda-
tions are performed on a regular basis. Personnel 
in those areas will be familiar with all the equip-
ment needed for monitoring and potential rescue, 
and will have some experience to assist if neces-
sary. If sedation is performed in an area of the 
hospital where sedation is not common, it is 
essential that the sedation provider have all nec-
essary materials and personnel available before a 
sedation proceeds.

Pre-sedation Evaluation

All children undergoing sedation should be care-
fully screened for the potential of adverse events 
during sedation and recovery. A focused pre-seda-
tion history and physical should be performed by 
the sedation provider. This evaluation should 
focus on characteristics that would indicate 
increased risk of sedation for the patient or the 
potential for difficult airway management. The 
history should include previous problems with 
sedation or anesthesia, stridor, snoring and sleep 
apnea, and recent respiratory illness. Significant 
physical exam findings include significant obesity, 
short neck, small mandible, dysmorphic facial 
features, small mouth opening, and large tonsils.

If a patient has significant history and physical 
exam findings indicating increased risk of pro-
viding sedation, the risks of providing the seda-
tion need to be weighed against the absolute need 
for the procedure or diagnostic study. A hospital-
ist performing sedation should always feel com-
fortable providing rescue from a stage of sedation 
deeper than that intended to perform the proce-
dure. If airway problems are anticipated, or are 
not anticipated but would be difficult 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 definition at 
increased risk. In general, for urgent hospital 
based sedations most hospitalists, should provide 

sedation only to ASA class I and II and patients. 
Before providing sedation to ASA class III patients, 
consultation with anesthesiology is advised. 
Hospitalists working on a sedation service or pro-
viding sedation regularly can provide sedation to 
ASA class III patients safely, as long as those 
patients are carefully evaluated and a backup sys-
tem 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 aspiration. For elective 
procedures, individual hospital guidelines for fast-
ing 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 identified. 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.

Personnel

For moderate sedation, a provider with adequate 
sedation training and experience needs to be 
responsible for the sedation and analgesia. This 
person may also perform the procedure. A sec-
ond person with knowledge in basic pediatric life 
support is also required. This person is responsi-
ble for monitoring the patient’s cardiopulmonary 
status. This person is also generally 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 pediatric 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 dur-
ing deep sedation are generally easily managed 
when rapidly recognized. Deeper-than-intended 
sedation may occur in any patient; it is generally 
recommended that the sedation provider be pre-
pared to manage deep sedation even when mod-
erate sedation is expected and general anesthesia 
when deep sedation is intended.
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Monitoring

For moderate sedation, a minimum of pulse oxim-
etry is strongly recommended. In addition, con-
tinuous monitoring of heart rate, respiratory rate, 
and intermittent noninvasive blood pressure mea-
surements are recommended. If intravenous access 
is not otherwise established, it is not required, but 
should be carefully considered.

For deep sedation, continuous ECG heart rate, 
respiratory rate, pulse oximetry, and noninvasive 
blood pressure monitoring are strongly recom-
mended. If available, end tidal CO

2
 capnography 

monitoring is also recommended. Intravenous 
access for patients receiving deep sedation is 
also recommended. Monitoring is recommended 
throughout the sedation and recovery. In addi-
tion to electrophysiological monitoring, the 
child’s color, airway patency, 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 seda-
tion provider to meet the goals of sedation. There 
can be many reasonable approaches to safe seda-
tion 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 prob-
ably best for hospitalists 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 fit most circumstances 
than to use a large number of drugs to try to fit 
every clinical situation. In general, ketamine for 
painful procedures or for short motionless proce-
dures and pentobarbital for long motionless, pain-
less procedures will meet most needs for sedations 
that a hospitalist provides. Dexmedetomidine may 
be a reasonable alternative for pentobarbital. 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 proceeding with a drug that one 
uses infrequently.

Final Checklist Prior to Sedation

Just prior to the sedation, the sedation provider 
should go through a final checklist. This checklist 
should include a timeout, with patient identification 
and recheck of the patient’s weight. The SOAPME 
acronym can be a useful tool for this final checklist.
Suction: Equipment on and tested with properly 

sized Yankauer Catheter.
Oxygen: Nasal cannula, CPAP bag available and 

hooked up, functioning ball supply and oxy-
gen tank if transporting patient.

Airway: Size-appropriate nasopharyngeal and 
oral pharyngeal Airways, endotracheal tubes 
(ETTs), laryngeal mask airways (LMAs), 
functioning laryngoscope blades.

Pharmacy: Medications for sedation. Emergency 
medications for intubation. Reversal agents if 
using opiates or benzodiazepines.

Monitors: Pulse oximetry, NIBP, end tidal CO
2
 

capnography, 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 themselves if properly trained nursing 
resources are not available. Patient handoffs 
should occur only if there are proto cols in place 
for discharge or transfer by nonphysicians.

Some medications used for sedation have 
extremely long half-lives. Chloral hydrate and pen-
tobarbital are two such examples. Patients may seem 
to be nearly recovered with these medications and 
then have episodes of significant resedation with 
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potential airway compromise. Prolonged periods of 
recovery are necessary for safe discharge when 
using drugs with a long half-life.

Discharge/Transfer Criteria

All these criteria should be met prior to discharge 
or transfer to another unit:
 1. Vital signs at baseline
 2. No respiratory distress
 3. SPO

2
 at baseline

 4. Function at baseline; sits or stands with mini-
mal assistance

 5. Hydration normal with no emesis or signifi-
cant nausea

 6. Aldrete recovery score 9 for discharge or 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
Aldrete Recovery Score (need score of 9 for 

discharge/8 for admission)*
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 breathe deeply 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

Sedation Drugs (Table 11.2)

Commonly used sedative, analgesic and hypnotic 
agents will be outlined from the perspective of 
the hospital medicine specialist.

Ketamine

Ketamine is a very useful drug for short painful 
procedures and for short periods of decreased 
motion, as needed by CT. Ketamine can be given 
IV or 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 air-
way reflexes, while still providing unresponsive-
ness and analgesia. The relative lack of respiratory 
depression and sparing of airway reflexes have 
made ketamine a popular choice for a wide range 
of painful procedures. By most common defini-
tions, the level of sedation most often achieved is 
deep. Monitoring and personnel 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 con-
traindicated in patients with increased intracranial 
pressure. Ketamine can cause hypertension, tachy-
cardia, significant irritability during emergence, 
and nystagmus. Glycopyrollate 5 g/kg IV may 
decrease oral secretions.

Coadministration with midazolam is a com-
mon practice. It has not been found to decrease 
the incidence of dysphoria or other unpleasant 

* Aldrete Recovery Scale may be supplanted by another 
established discharge scale (refer to Chapter 4).
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recovery phenomenon. Midazolam, however, 
may still be useful as an anxiolytic prior to the 
administration of 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 considered for 
procedures lasting more than 30–45 min.

Ketamine IM: Dose 2–4 mg/kg. Onset 
3–10 min.

Fentanyl and Midazolam

These drugs are often used in combination to pro-
vide analgesia and sedation. Midazolam and fen-
tanyl when combined will most often lead to 
moderate-to deep-sedation. Personnel and moni-
toring decisions should be based on the likeli-
hood 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 mini-
mal 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. 
Hypertension and chest wall rigidity are rare 
adverse events but can be difficult to deal with.

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 g/kg IV with subsequent 
doses of 1 g/kg every 2–5 min to reach desired 
effect.

Midazolam is often administered first with the 
goal of achieving anxiolysis to moderate seda-
tion. 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 a 30–70% mix 
with oxygen can produce dissociative euphoria, 
drowsiness, 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 com-
bination 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 psycho-
logical resistance. Vomiting occurs in about 10% 
of patients receiving nitrous oxide. Nitrous oxide 
causes gas-filled cavities to expand; its use should 
be avoided if possible bowel obstruction, pneu-
mothorax, or otitis media are suspected.

When nitrous oxide is used as a sole agent, mon-
itoring should be at the level required for moderate 
sedation. If used with an oral opioid such as oxy-
codone (0.2–0.3 mg/kg, maximum 15 mg), deep 
sedation can sometimes be achieved and monitor-
ing 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 mass seal and a patient 
generating significant negative pressure. Young 
patients may not be able to generate enough nega-
tive pressure to overcome the fountain nitrous 
apparatus. Nitrous oxide for dental use is com-
mercially available, but delivery of nitrous oxide 
through the nasal cone may limit its use in medi-
cal 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 inha-
lation. May be combined with oxycodone 0.2–
0.3 mg/kg, max. 15 mg. This combination can 
result in deep sedation; sedation providers need 
to be prepared for such a result.

Pentobarbital

Pentobarbital is a moderately long-acting barbitu-
rate with sedative hypnotic effects but no analgesia. 
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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 redistri-
bution 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 has been shown to be highly 
effective for long-term motionless sedation when 
pain control is not an issue. Pentobarbital gener-
ally results in deep sedation. Airway reflexes and 
breathing are generally not significantly dimin-
ished. 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 postsedation 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, 
and caregivers need to realize that there can be 
resedation because of the long half-life of pento-
barbital. Patients often have prolonged irritabil-
ity, sometimes lasting up to 24 h.

Dosing:
Pentobarbital IV: 2.5–7.5 mg/kg. This can be given 
as an initial dose of 2.5 mg/kg followed by incre-
ments 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.

Diprivan (Propofol)

Propofol is a nonbarbiturate sedative hypnotic 
agent. It has no analgesic effect. Propofol is 
administered intravenously, has an onset of less 
than 1 min and 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 proce-
dures. 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 MR scans, it can be given as a 1–2 mg/
kg bolus, then as an infusion of 150–200 g/kg/

min. The quick onset of action and short duration 
make propofol an attractive drug for brief proce-
dures; however, it can be difficult to titrate and it 
is easy to overshoot the intended level of sedation 
leading to apnea and hypotension.

Propofol should only be administered by expe-
rienced providers with advanced airway skills. 
Propofol leads to deep sedation or even a general 
anesthesia level. Significant numbers of patients 
will have airway obstruction and/or decreased 
respiratory effect when given a bolus of 1–2 mg per 
kilo of propofol. Attention to airway is essential.

In general, propofol should only be considered 
by providers that have significant skills and expe-
rience with deep sedation, with advanced airway 
skills, including placement of LMAs and 
intubation.

Dosing:
Prolonged sedation: 1–2 mg/kg initial bolus fol-
lowed by 150–200 g/kg/min.

Short procedures: 1–2 mg/kg followed by 
1 mg/kg as needed for movement every 
5–10 min.

Chloral Hydrate

Chloral hydrate is a halogenated hydrocarbon 
selected for hypnotic effects but has no analgesia. 
The drug has a half-life of 4–9 h and generally 
produces sedation within 15–30 min, with recov-
ery by 60–120 min. Significant side effects 
include respiratory depression and hypotension. 
Its effects can be highly variable. The drug has 
best success when motionless sedation is needed 
for children less than 12 months of age.

Chloral hydrate has a long half-life. Special 
precautions should be taken in evaluating patient 
for discharge. Resedation after discharge has 
been documented. Patients that are discharged 
too early are at risk for airway obstruction. 
Sufficient time after the last dose of chloral 
hydrate should have passed before discharge.

Dosing:
25–100 mg/kg administered orally or rectally, 
maximum dose 3 g total.

St. Louis Children’s Hospital protocol: chil-
dren 4–6 months of age 50 mg/kg PO/PR; 
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additional 25 mg/kg after 30 min if needed. 
Children 6–12 months of age: 75/kg PO/PR; 
additional 25 mg/kg after 30 min if needed.

Dexmedetomidine

Dexmedetomidine is a selective alpha-2 receptor 
agonist. It has sedative, analgesic, and antishiver-
ing properties. It is approved by the Food and 
Drug Administration (FDA) as a sedative but 
does not have a pediatric labeling. EEG activity 
while being sedated with dexmedetomidine 
resembles natural stage 2 sleep, consistent with 
non-REM sleep [7].

Dexmedetomidine has an initial half-life 
distribution of 6 min with terminal half-life of 
2 h. Adverse reactions associated with a bolus 
dose include bradycardia, sinus arrest, and tran-
sient hypertension. Adverse reactions associ-
ated with infusion dose include hypotension 
and bradycardia. Precautions should be taken 
for hypovolemia patients, patients receiving 

vasodilators or negative chronotropic agents, 
patients with arrhythmias, patients with renal 
or a hepatic insufficiency and with chronic 
hypertension [8].

Personal experience suggests that patients 
receiving dexmedetomidine for prolonged 
motionless sedation sometimes are sensitive to 
loud noises such as occur in a MR scan. Ear plugs 
may be helpful. Midazolam, ketamine, propofol, 
or pentobarbital may be effective adjuncts to 
increase the efficacy of dexmedetomidine seda-
tion [9–17].

Dosing:
Bolus: 1–3 g/kg infused over 10 min. Patients 
generally become sleepy after a few minutes and 
are generally able to begin the procedure when a 
bolus is done.

Infusion: 1–2 g/kg/h. Please note that this 
infusion is per hour, not per minute.

Midazolam given to supplement sedation: 
0.05 mg/kg may be given up to 2 times.

Pentobarbital given to supplement sedation: 
2 mg/kg

Case Studies

Case 1

A 20-month-old male was admitted to the 
hospital with a history of lethargy and fever. 
Lumbar puncture in the emergency depart-
ment obtained bloody fluid. The patient was 
begun on antibiotics and admitted to the hos-
pital. A CT scan was obtained in the emer-
gency department, without sedation. It appears 
to be normal. A repeat lumbar puncture has 
been ordered. The patient is now improving 
and is much more active than on admission. It 
is thought that the success of lumbar puncture 
will be improved if done with sedation.

The patient was previously healthy and has 
had some URI symptoms in the past week but 
no respiratory distress. The patient has no his-
tory of asthma, pneumonia, or other respira-
tory symptoms. He has occasional mild 

snoring, particularly when he has a URI. He 
has not been snoring the past few nights.

Physical exam reveals an alert, active but 
mildly irritable 20-month-old male with 
enlarged tonsils, normal-shaped jaw, and nor-
mal cardiorespiratory exam.

Considerations: An adequate sample of 
cerebral spinal fluid would help with diagnosis 
and length of treatment decision. Without an 
adequate CSF sample, the length of antibiotic 
therapy and hospitalization may be 
significantly increased. The risk of sedation 
needs to be carefully assessed. The risk may 
be increased because of his recent URI, febrile 
illness, large tonsils, and a history of mild 
snoring. The urgent need for the test needs to 
be weighed against the potential increase in 
the risk of sedation. The hospitalist involved 



174 D.W. Carlson

in the patient’s care is currently credentialed 
to provide moderate and deep sedation in the 
hospital and decides to proceed.

The first consideration is the location of 
sedation. There is a treatment room on the 
inpatient floor. In the treatment room are an 
oxygen supply, suction, and the cardiorespi-
ratory monitor, including pulse oximetry. 
There is a nurse available and a nursing tech-
nician to help with the sedation and proce-
dure. The nurse is assigned to monitor the 
patient while the sedating physician performs 
a lumbar puncture. The nursing technician 
will help hold the child while sedation is 
being performed.

Once the pre-sedation evaluation has been 
performed, proper personnel are available, 
and proper monitoring equipment is available, 
the best pharmacological method for sedation 
is determined.

Sedative Agents: Options and Consid-
erations: Ketamine: A short acting potent 
analgesic and sedative agent. It has the 
advantage of being administered either IM 
or IV. It is generally airway-sparing. By 
most commonly used sedation level 
definitions, it leads to deep sedation. There 
is some concern for transient increase in 
blood pressure with potential increases in 
intracranial pressure. These concerns must 
be carefully weighed against the efficacy 
and safety of ketamine.

Midazolam/fentanyl: Together, this benzodi-
azepine and opioid cause potent sedation 
and analgesia. Airway obstruction and hypo-
pnea occur in some patients with this combi-
nation. Usually, simple airway maneuvers 
including a chin lift or jaw thrust are all that 
is necessary. The level of sedation achieved 
depends on the amount of each drug given, 
but even with careful titration deep sedation 
is often the end result. Providers need to be 
trained and experienced in rescuing patients 
from a level of deep sedation if necessary.

Nitrous oxide: This can be an effective drug 
for sedation but does require equipment to 
deliver the nitrous oxide, including proper 
scavenging. Nitrous oxide is sometimes given 
in combination with oral opiates. When this is 
done, the level sedation achieved is most often 
moderate but can easily become deep. Patients 
given nitrous oxide as a sole agent may only 
need observational monitoring and pulse oxi-
metry, but when combined with other agents 
should receive the same monitoring as one 
expecting to achieve deep sedation.

Case 2

A 3-year-old female with mild developmental 
delay had her first known seizure on the day of 
admission to the hospital. The seizure was gen-
eralized with tonic–clonic movement lasting 
20 min. The seizure stopped spontaneously. 
The patient was evaluated in the emergency 
department. The patient was back to normal 
activity about 90 min after the seizure stopped. 
Workup for infectious etiology was performed. 
The day after admission, the patient appears to 
be in a normal state of health. A pediatric neu-
rology consult is obtained; one of the recom-
mendations is an MRI brain.

Other than mild developmental delay, the 
patient has no other chronic health problems. 
She has no recent respiratory symptoms or 
other illnesses. She was in her usual state of 
health pre- and post-seizure. She has no his-
tory of asthma, no history of snoring, no previ-
ous sedations, and no family history of 
problems with sedation. Her physical exam is 
unremarkable with no indications of any 
increased risk of sedation.

Considerations:  A MRI may be helpful in 
determining or eliminating significant causes 
of a generalized seizure. The risk of sedation 
needs to be carefully weighed against the need 
for the MRI. While the MRI may direct further 
evaluation and treatment, it is unlikely to have 
an immediate impact on care. The MRI for 
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sedation should be obtained in the safest way 
possible. The safest sedation is one that is 
scheduled with proper preparation, during 
daytime hours, with the optimal number of 
experienced personnel available. If this can be 
done during the hospital stay it certainly will 
be a convenience for the family and will help 
the physicians that are deciding on a course of 
treatment. However, if the MRI for sedation 
can be more safely obtained at a later date 
even with a return to the hospital, it is probably 
best to do so. In this case the risk of sedation 
is likely to be the same at the time of the 
request for MRI as it will be in the near future. 
The hospitalist involved in the care of this 
patient is trained and credentialed in safe 
delivery of moderate and deep sedation. The 
hospitalist decides to proceed with sedation 
after confirming the availability of the MRI 
scanner and that a nurse is also available.

Sedation can either occur in a separate loca-
tion from the MRI scanner with transfer into 
the scanner, or occur in the scanner. In either 
case, it is essential that the hospitalist ensure 
that all the proper equipment is functioning 
and that potential rescue equipment and medi-
cations are available. The sedation is best done 
in an area where the physician and nurse are 
both familiar and comfortable. Many common 
monitoring devices, including chest leads, 
blood pressure cuffs, and pulse oximetry 
probes, are not compatible with an MRI scan-
ner. Metal-containing equipment can heat up 
and cause burns. It is essential that MRI com-
patible monitoring equipment is available.

The hospitalist providing sedation decides 
to a begin sedation in the MRI scanner. There 
is proper monitoring equipment, suction, oxy-
gen source, and an airway cart with all poten-
tial rescue materials available. In addition to 
the hospitalist, there is a nurse available.

Sedative Agents and Considerations: Chloral 
hydrate: A long acting oral hypnotic can be 
effectively used for deep sedation. This drug 
does not generally cause respiratory depression 
but can be associated with obstruction. The level 

of sedation achieved with chloral hydrate is 
variable; monitoring should be for the potential 
of deep sedation. This drug is highly effective 
for children less than 12 months of age, but there 
are increased rates of failure of adequate level of 
sedation in older children. It is important to 
monitor children for sufficient length of time to 
make sure that they have fully recovered from 
the medication prior to discharge. Deaths have 
occurred due to early discharge from this 
medication.

Pentobarbital: Most commonly given IV and can 
be given PR or PO. This long-acting barbiturate 
most often causes a consistently deep sedation. It 
can be titrated to effect. It is shown to be highly 
effective and to be safe when used with proper 
monitoring. There is a high rate a significant irri-
tability in the recovery phase and in the hours 
after the procedure is performed.

Dexmedetomidine: This sedative agent is most 
commonly given IV. It is most commonly given 
as a bolus followed by infusion. Generally, 
deep sedation is achieved in about 5–10 min 
with a 2–3 g per kilo dose and is maintained 
by a continuous infusion of 1–2 g/kg/hr. 
Patients can be stimulated with loud noises so 
ear protection may be helpful. Patients may 
sleep for a long period after infusion is stopped. 
Fewer patients seem to have irritability post-
sedation than with other agents.

Propofol: This short acting sedative/anesthetic 
is given as an infusion IV. It is generally given 
in a bolus of 1–2 mg/kg. This is associated 
with a significant rate of airway obstruction 
and occasional apnea. These problems are 
transient, but do require proper attention, often 
including active airway management. While 
all drugs that result in deep sedation require 
personnel who are adequately trained in air-
way management and rescue from deep seda-
tion, propofol requires that the physician 
administering be very comfortable, trained 
and experienced with airway management and 
rescue techniques. The use of propofol by 
nonanesthesiologists remains a controversial 
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subject. There is increasing evidence that the 
use of propofol by well-trained, experienced 
emergency physicians, intensivists, and hospi-
talists can be safe when working within systems 
designed for the safe delivery of sedations.

Case 3

A 3-year-old female is admitted to the hospital 
with a diagnosis of left thigh cellulitis. Physical 
exam on the second hospital day reveals increas-
ing size and subcutaneous fluctuance. The diag-
nosis of abscess is made, and a decision is made 
to proceed with incision and drainage.

Considerations: The timing of the sedation 
is important. While incision and drainage of 
an abscess is urgently necessary, it most often 
does not require emergent attention. Therefore, 
hospitalists providing sedation should follow 
all of their institutional guidelines in NPO 
status and timing of the sedation. Incision and 
drainage can be a very painful and often 
anxiety-provoking procedure. It is possible to 
do adequate incision and drainage with very 
little analgesia or anxiolysis, but the patient 
may have considerable pain and suffering. 
Sedation and analgesia should be at the lowest 
level to provide reasonable pain control. 
Depending on the size of abscess, the age of 
the patient, and the psychological development 
of the patient, analgesia and sedation may 
range from local pain control to deep sedation. 
The provider of the pain control and sedation 
should carefully weigh the risks of sedation 
vs. anxiety and pain associated with no 
sedation or inadequate sedation.

Sedative Agents and Considerations:  
Mida zolam and local pain control: A single 
dose of midazolam or other benzodiazepine 
may provide enough anxiolysis that the area 
of the abscess can be injected with 1% 
lidocaine in incision and drainage done with 
little or no discomfort. In general, this 
technique is more effective with cooperative 
children and adolescents that have some 

understanding of what is going to happen. 
Midazolam, in addition to anxiolysis, has 
significant amnestic affect. Many times 
children and adolescents will not remember a 
mildly painful procedure, even though they 
seem to have a significant reaction to it.

Ketamine: Given IM or IV, it has significant 
analgesic and sedative properties. It is given as 
1–2 mg per kilo IV or 2–4 mg per kilo IM. The 
onset is usually 30–60 s IV and several minutes 
when given IM. Ketamine produces a level of 
sedation most consistent with deep sedation 
by standard definitions. Monitoring, personnel, 
and equipment should be consistent with the 
same.

Nitrous oxide and oxycodone: The combina-
tion of nitrous oxide and oxycodone has been 
shown to be very effective in controlling pain 
and anxiety. Nitrous oxide can be given as an 
inhalation of 50–70%. When nitrous oxide is 
combined with oral oxycodone to 0.3 mg per 
kilo (max dose 20 mg), it most often causes a 
level of sedation consistent with moderate 
sedation, but can cause deep sedation or in 
rare cases a level of responsiveness most con-
sistent with general anesthesia. Respiratory 
drive and airway reflexes are generally very 
well preserved with this combination, but 
monitoring consistent with deep sedation is 
probably most appropriate. Nitrous oxide does 
require a delivery system which is not avail-
able in all hospitals.

Case 4

An 11-month-old with nasopharyngeal rhab-
domyosarcoma was referred to the hospitalist-
run sedation service for sedation for a bone 
scan. The patient had been recently diagnosed 
and the bone scan was ordered as part of the 
initial staging evaluation. The only symptom of 
the rhabdomyosarcoma was mild facial swell-
ing. The patient had no difficulty breathing, no 
snoring, and no history of a respiratory illness. 
The patient had received an MR scan at an out-
side hospital under general anesthesia.
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Considerations: It is important for diagnostic 
and therapeutic reasons for this patient to 
receive a bone scan. Evaluation of the patient is 
unremarkable except for mild facial swelling. 
The nasopharyngeal rhabdomyosar coma, based 
on MR scan, is not extensive. The patient has 
no signs of respiratory obstruction. However, 
because of the prolonged nature of the bone 
scan, the patient will clearly need deep sedation. 
During deep sedation, it is unclear the effect the 
nasopharyngeal growth will have on risk of 
obstruction and ability to ventilate. For this 
reason, it is probably best to have the scan 
performed by personnel that are the most 
comfortable with airway management including 
LMA placement and intubation.

Sedative Options and Considerations:
Following a discussion with anesthesiology, 
the hospitalist proceeded with the sedation 

using propofol. The patient was given 2 mg/
kg of propofol and had significant signs of 
airway obstruction. A chin lift or jaw thrust 
was performed and the obstruction was 
relieved but the patient continued to have 
significant stridor. Constant manipulation of 
the airway was necessary to maintain it. 
Anesthesiology backup was notified. The 
decision was made to abort the sedation and 
maintain airway until the patient was fully 
recovered or to have an anesthesiologist take 
over the case and place a LMA. An 
anesthesiologist was able to take over the case, 
propofol was continued, the bone scan was 
completed, and the patient recovered and was 
discharged home.

This patient had significant airway obstruc-
tion due to deep sedation. Since safe systems 
and a rescue plan were in place, potential life-
threatening complications were avoided.
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Children undergo painful or distressing procedures 
in remote locations where anesthesia providers 
(anesthesiologists, certified registered nurse anes-
thetists, anesthesia assistants) are not always read-
ily available. In these situations, sedation models 
with nonanesthesia care providers are necessary to 
fill the void that anesthesia services cannot pro-
vide. Many procedures do not require general 
anesthesia (even for the pediatric population), and 
may be accomplished with varying depths of seda-
tion. Anesthesia, as a specialty, offers a special 
expertise which can be applied to the development, 
oversight, and implementation of a sedation ser-
vice. Anesthesiologists already have knowledge of 
sedatives, analgesics, and anesthetics and possess 
the advanced intervention skills necessary to res-
cue from respiratory and hemodynamic compro-
mise. This specialty has taken an active role in 
establishing guidelines and standards for the seda-
tion of both adults and children over several 
decades. In addition, the Institute of Medicine rec-
ognizes the field of anesthesia as a model of patient 
safety: anesthesia associated mortality is currently 
considered to be as low as 1/200,000 or 300,000 
anesthetics administered [1]. Sedation can be 
considered to be an extension of the specialty: 
knowledge of the cardiovascular and respiratory 

physiology, as well as the pharmacology of sedative 
agents are inherent to this discipline.

Anesthesiologists have contributed a great deal 
to the development and improvement of the prac-
tice of sedation. Historically, one of their most 
significant contributions was the development of 
pediatric sedation guidelines in 1983 (published 
in 1985) [2]. The impetus behind the establish-
ment of these guidelines was a sentinel event, in 
response to three deaths in a single dental office 
[3]. These guidelines primarily developed the 
framework for guidelines which were eventually 
proposed by the Joint Commission [4].

Some of these initial concepts and recom-
mendations continue to be followed in current 
practice: The need for informed consent, appro-
priate fasting before sedation, monitoring of vital 
signs, and the need for basic life support (BLS) 
skills. It was also at this stage that the concept of 
an independent observer for deeply sedated 
patients was introduced [2]. The only responsi-
bility of this observer was to monitor the patient. 
The independent observer status would eventu-
ally evolve to encompass the administration of 
medications as well.

Almost 20 years later, the pediatric guidelines 
were amended in 2002, at which time the term 
“conscious sedation” [5] was retired. The term 
“conscious sedation” was viewed a misnomer, an 
inaccurate representation of the sedated state. In 
response to the growing demand for sedation 
standards for non-anesthesiologists, the American 
Society of Anesthe siology (ASA) first created 
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sedation guidelines for nonanesthesiologists in 
1996 [6]. Additional guidelines for credentialing 
nonanesthesiologists were published in 2002 [7] 
and amended in 2004 [8, 9]. These guidelines 
introduced capnography as an available, but not 
required, monitor for moderate sedation. The 
American Society of Anesthesiologists updated 
in July, 2011 the Standards for Basic Anesthetic 
Monitoring [10]. These standards specify that 
“during moderate or deep sedation the adequacy 
of ventilation shall be evaluated by continual 
observation of qualitative clinical signs and mon-
itoring for the presence of exhaled carbon diox-
ide unless precluded or invalidated by the nature 
of the patient, procedure or equipment.” Many 
organizations, including the American Academy 
of Pediatrics (AAP) and the American Academy 
of Pediatric Dentistry (AAPD) have incorporated 
these guidelines into their own practice [11].

While anesthesiologists have created and set 
the standards for sedation, their availability and 
ability to meet the growing demand for sedation by 
being direct caregivers, remains untenable. As the 
demand for sedation services increase, so does the 
demand for anesthesia resources in ambulatory 
centers and satellite areas within and separate from 
the hospital. In response to the limited number of 
anesthesia providers, a multispeciality service 
model has evolved in the United States over the 
past decade [12]. As a result, many different medi-
cal specialties, such as Emer gency Medicine, 
Gastroenterology, Intensive Care Medicine, 
Hospital Medicine, Pediatrics, and Radiology, 
established sedation services within their own spe-
cialties. In the United States, all these medical sub-
specialties follow sedation guidelines set by the 
Joint Commission but morph them to fulfill their 
unique needs within their own environment. In 
fact, such organizations, over the years, have 
gained substantial experience in sedation and con-
sidered themselves to be experts in this field. As a 
result, it is no surprise that anesthesia’s involve-
ment in sedation services has been slowly dimin-
ishing. In 2005, a survey that was conducted in 
North America showed that only half of the respon-
dents had indicated that they had a formal sedation 
service [13]. What was even more surprising was 
that when only one type of institution-wide service 

was provided, only 26% of such services involved 
either pediatric or general anesthesiologists [13].

The apparent diminishing presence of anes-
thesiologists is initially concerning and seems 
intuitively counterproductive. In fact, the short-
age of providers, particularly anesthesiologists, 
has been considered to be the most common bar-
rier to the development of a pediatric sedation 
service [13]. In response to this shortage, many 
institutions requested that anesthesia departments 
develop institutional guidelines for provision of 
sedation by nonanesthesiologists [14]. Initially, 
anesthesia departments appeared apathetic and 
disinterested, more focused on meeting the rising 
demand for anesthesiologists in satellite operat-
ing rooms, separate from the operating room. The 
economics of anesthesia practice relied heavily 
on revenue generated from the operating room 
and that area took priority. An editorial written by 
Wetzel, in Anesthesia and Analgesia in 2006, 
asked whether it was justifiable to refuse or pro-
vide care and, in turn, forbid others from provid-
ing such care [15]. He eloquently stated that:

We cannot eschew responsibility when the solution 
remains ours.

Development of Protocols

Pediatric anesthesiologists have at their disposal 
a wide armamentarium of drugs for sedation; 
many of these medications, such as remifentanil, 
have a lower margin of safety, but confer some 
advantages. Table 12.1 is a summary of sedation 
regimens that have been used by anesthesiolo-
gists [16]. Nonanesthesiologists, for the most 
part, have relied on a more limited array of older 
and more established medications such as chloral 
hydrate, pentobarbital, ketamine, and midazolam 
for many of their procedures [17–23]. There is, 
however, a willingness and enthusiasm among 
many of them to expand their expertise in using 
other sedation medications. While this may mean 
a better sedation experience for patients, the mat-
ter is not without controversy. For example, the 
use of propofol by nonanesthesiologists engen-
ders such controversy that it has created rifts 
between specialties [24–27]. 
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Controversies aside, as the proliferation of dif-
ferent drug regimens continue, particularly among 
nonanesthesiologists, it may be more prudent to 
redirect efforts to strengthening the credentialing 
and training process, rather than restrict certain 
sedative use. Realistically, it is likely that the term 
“deep sedation” in children could very well mean 
periods of general anesthesia. “Conscious sedation” 
in children is anything but conscious [28]. It seems 
intuitive then that the skills required to “rescue” a 

patient from a deep sedation which has progressed 
to general anesthesia needs careful delineation.

An Anesthesia-Supervised Sedation 
Team

Anesthesiologists possess specific expertise in 
the pharmacology, physiology, and clinical man-
agement of patients receiving sedation and anal-
gesia [7].

Table 12.1 Sedation regimens for children

Drug regimen Dose/route of administration Comments (general citations at end of text)

Propofol 100–100 g/kg/min IV Ideal agent for nonpainful diagnostic procedures. Only for 
use by expert airway managers with good back-up systems 
[62–64]

Pentobarbitol 4–6 mg/kg IV or PO Long history of effective use in radiology imaging. 
Emergence can be prolonged [65, 66]

Midazolam 0.5–0.75 mg/kg PO Track record of safe use both PO and IV. Paradoxical 
reactions are not infrequent. Intranasal route is so irritating 
we do not recommend it [67–69]

0.025–0.5 mg/kg IV
0.2 mg/kg intranasal

Chloral hydrate 50–100 mg/kg PO Still the most popular drug for radiologic sedation in 
community hospitals. Prolonged sedation and paradoxical 
reactions are reported. Monitoring required [62, 66, 70]

Etomidate 0.1–0.4 mg/kg IV Emerging use in emergency medicine for brief painful 
procedures, although no intrinsic analgesic effect [71–73]
Post-sedation nausea reported. Little effect on heart rate 
and blood pressure in most cases.

Methohexital (not readily 
available at this time)

0.25–0.50 mg/kg IV Effective sedation in IV form. Rectal route is not 
recommended because of high frequency of apnea/
desaturation events [74–76]

20–25 mg/kg rectal

Propofol with fentanyl Fentanyl 1–2 g/kg IV with 
propofol 50–150 g/kg IV

Best for deep sedation/anesthesia. Risk of requiring 
advanced airway management is high [77, 78]

Midazolam with fentanyl Midozolam 0.020 mg/kg IV Most common combination for painful procedures in the 
emergency department. Risk of apnea and hypoxia is 
significant [79, 80]

Fentanyl 1–2 g/kg IV

Ketamine 3–4 mg/kg IM Effective sedation and analgesia for painful procedures

1–2 mg/kg IV Relatively, common nausea and vomiting after procedure. 
Laryngospasm reported [81–83]
Best if combined with an anticholinergic for control of 
secretions. Combination with midazolam is common, 
although effectiveness in treating emergence dysphoria is 
debated

Remifentanil 0.1 g/kg/min Emerging use in pediatric sedation, exclusively by 
anesthesiologists at this point – apnea a significant risk 
[77, 84–86]

Nitrous oxide 50% in 50% oxygen, up to 
70% used by some

Long history of safe use providing moderate sedation for 
minimally and moderately painful procedures. Care must 
be taken when used in addition to other sedatives (local 
anesthetics) where deep sedation can easily result [87–89]

Note: This table shows different medications that are currently used in procedural sedation, with an explanation regard-
ing its use in common practice
Source: From Cravero and Blike [16]. Reprinted with permission from Wolters Kluwer Health
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Anesthesiologists are trained and proficient 
in the administration of sedation and have the 
necessary advanced skills to rescue from any 
depth of sedation or an inadvertent anesthetic. 
Providing an anesthesia-delivered sedation ser-
vice has many challenges. Sedation services are 
often provided outside the operating room, 
almost always in areas that are less familiar to 
the anesthesiologist. The operating room, on the 
other hand, is definitely within the comfort zone 
of anesthesia personnel where there is an inher-
ent level of consistency with regard to equip-
ment, space, medications, and availability of 
help nearby. The delivery of anesthesia in the 
operating room needs skills in problem recogni-
tion and management. These skills may be devel-
oped through training that applies a cockpit or 
pilot response management model designed to 
promote vigilance and situational awareness 
[29–31]. Although the pattern of anesthesia 
delivery in the operating room cannot be pre-
cisely duplicated in areas outside the operating 
room, these training programs can be applied to 
simulated sedation scenarios outside of the oper-
ating room.

Anesthesia-led sedation services consist of 
different models. In one model, there are anesthe-
sia directed and administered sedation services. 
All sedation is administered by anesthesiologists 
or nurse anesthetists. This model has some advan-
tages: anesthesia providers may deliver sedation, 
monitored anesthesia care (MAC), or general 
anesthesia,  thereby capable of providing all ser-
vices. The ability to provide all levels of sedation, 
deep sedation included, is an advantage to an 
anesthetic care provider model. In February 2010, 
the Center for Medicare and Medicaid Services 
(CMS) revised the Hospital Anesthesia Services 
Interpretive Guidelines – State Operations 
Manual (SOM) Appendix A [32]. The guidelines 
presented a proposed organization plan for 
Hospital Anesthesia Services [32] (see Fig. 12.1). 
Important amendments included the recognition 
of deep sedation as a service which falls under 
MAC. Moderate sedation, in contrast, did not fall 
under the requirement for anesthesia administra-
tion and supervision. MAC according to these 
guidelines could only be administered by:
 1. A qualified anesthesiologist
 2. An MD or DO (other than an anesthesiologist)

Fig. 12.1 Center for Medicare and Medicaid Services 
(CMS) revised Hospital Anesthesia Services Interpretive 
Guidelines – State Operations Manual (SOM) Appendix 

A [32]. The guidelines presented a proposed organization 
plan for Hospital Anesthesia Services [32]
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 3. A dentist, oral surgeon, or podiatrist who is qual-
ified to administer anesthesia under State law

 4. A CRNA who is supervised by the operating 
practitioner or by an anesthesiologist who is 
immediately available if needed

  A CRNA is defined in §410.69(b) as a “…registered 
nurse who: (1) is licensed as a registered profes-
sional nurse by the State in which the nurse prac-
tices; (2) meets any licensure requirements the State 
imposes with respect to non-physician anesthetists; 
(3) has graduated from a nurse anesthesia educa-
tional program that meets the standards of the 
Council on Accreditation of Nurse Anesthesia 
Programs, or such other accreditation organization 
as may be designated by the Secretary; and (4) 
meets the following criteria: (i) has passed a certifi-
cation examination of the Council on Certification 
of Nurse Anesthetists, the Council on Recertification 
of Nurse Anesthetists, or any other certification 
organization that may be designated by the 
Secretary; or (ii) is a graduate of a program described 
in paragraph (3) of this definition and within 24 
months after that graduation meets the requirements 
of paragraph (4)(i) of this definition” [32].

 5. An anesthesiologist’s assistant under the 
supervision of an anesthesiologist who is 
immediately available if needed

  An anesthesiologist’s assistant is defined in 
§410.69(b) as a “…person who – (1) works under 
the direction of an anesthesiologist; (2) is in com-
pliance with all applicable requirements of State 
law, including any licensure requirements the State 
imposes on nonphysician anesthetists; and (3) is a 
graduate of a medical school-based anesthesiolo-
gist’s assistant education program that – (A) is 
accredited by the Committee on Allied Health 
Education and Accreditation; and (B) includes 
approximately two years of specialized basic sci-
ence and clinical education in anesthesia at a level 
that builds on a premedical undergraduate science 
background” [32].

Subsequent to these guidelines, sedation pro-
grams which had relied on non-CMS-approved 
providers to deliver deep sedation, now elected to 
alter their delivery model. Children’s Hospital 
Boston is one such example. Prior to 2010, the 
Department of Anesthesia had organized, 
directed, written protocols for, and directly super-
vised sedation administered by Registered Nurses 
[22, 33–37]. The concept of a nurse-led sedation 
team is not new, and it has been described in hos-
pitals even as early as two decades ago [38, 39]. 

These nurses were trained in Pediatric Advanced 
Life Support (PALS) as well as Basic Life Support 
(BLS). They completed on-line web-based teach-
ing tools that were specific to sedation agents and 
regimen. Most nurses had critical care or emer-
gency medicine background and had worked in 
pediatrics. Subsequent to the revised CMS guide-
lines [32], Children’s Hospital Boston altered 
their sedation model by replacing these registered 
nurses with nurse anesthetists, a physician, anes-
thesiologists, anesthesia residents, and anesthesia 
fellows. All deep sedation now conforms to the 
February 2010 CMS guidelines.

Nursing administered sedation programs are 
still prevalent in the United States.  Careful phy-
sician oversight provides clear boundaries for 
sedation practice. One such example is the 
University of Iowa: The University of Iowa con-
tinues to maintain a Nurse Sedation Program. In 
most cases, the level of sedation provided by their 
sedation nurses is mild to moderate, with a unique 
model which incorporates propofol administra-
tion by registered nurses [40].

Protocols

Protocols developed by anesthesiologists are pri-
marily created for use by nonanesthesiologists. 
The expertise and knowledge base of anesthesi-
ologists has helped to design-training programs 
that not only teach sedation related skills, but 
also evaluate competencies of nonanesthesiolo-
gists in all aspects of sedation. The training and 
teaching can include airway skills, pharmacol-
ogy of sedation drugs, development of specific 
drug protocols and collection of Quality 
Assurance data. In addition to creating such a 
program, they also have the expertise to monitor 
sedation practices within an institution. 
Anesthesiologists have particular expertise and 
experience in using more than one drug for a 
sedation event. Their experience in titrating two 
or more drugs which have potential respiratory 
and hemodynamic effects has been very useful 
in developing protocols. We shall describe a few 
of the drug protocols developed primarily by 
anesthesiologists.
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Ketamine

Ketamine has been used as an adjunct analgesic 
and hypnotic medication for many procedures. 
The analgesic effects of ketamine are present in 
plasma concentrations that are significantly 
lower than those producing hypnosis (0.2 vs. 
1.5–2.5 g/mL) [41].

A sedation protocol using intravenous (IV) 
ketamine for radiological procedures is being 
successfully used by radiology nurses at 
Children’s Hospital Boston. During the develop-
ment of the protocol, ketamine doses and admin-
istration methods were studied and refined 
according to patient outcomes [21]. The out-
comes of sedated patients relies on an adequate 
screening process whereby patients were selected 
based on established criteria for nurse sedation, 
without any contraindications to ketamine use 
(see Fig. 12.2) [21]. There were many procedures 
that took less than 10 min duration. An intramus-
cular ketamine protocol was developed for chil-
dren without IV access who required sedation for 
insertion of a peripherally inserted central catheter 

(PICC) (see Fig. 12.3) [21]. The IV ketamine 
protocol was also developed to require the use of 
an infusion of ketamine for procedures longer 
than 10 min (see Fig. 12.4) [21]. The ability of 
radiologists to use this protocol independently 
for a select group of patients has allowed increased 
flexibility in scheduling of these cases, as well as 
provided an alternative to general anesthesia. 
However, the authors do recommend that an 
anesthesiologist be immediately available for air-
way emergencies [21].

Ketamine has also been used as an adjunct 
with propofol to provide adequate conditions for 
performing procedures. Though ketamine has 
analgesic effects, it is believed that using it as an 
adjunct would allow lower doses of propofol to 
achieve the appropriate sedation level. A protocol 
created for auditory testing (ABR), created by 
Akin et al., showed that addition of ketamine of 
0.5 mg/kg to an initial dose of 1.5 mg/kg of propo-
fol in kids aged 1–13 years decreased the need for 
additional boluses of propofol at half the starting 
dose [42]. Quite often, ketamine is used in combi-
nation with propofol for procedures associated 
with pain. A study performed by Tosun et al., 
showed that the combination of propofol and ket-
amine was very effective for pediatric burn dress-
ing changes [43]. In fact, it was found to be 
superior to using a propofol-fentanyl combination 
since more restlessness was found in the propo-
fol-fentanyl group. In this study, the propofol-
ketamine group received 1 mg/kg ketamine and 
1.2 mg/kg propofol, and the propofol-fentanyl 
group received 1 g/kg of fentanyl and 1.2 mg/kg 
of propofol for sedation induction. Additional 
propofol (0.5–1 mg/kg) was administered, as nec-
essary, for discomfort. A very similar study using 
the same drug combinations and doses, in which a 
ketamine-propofol combination was compared to 
ketamine and fentanyl [44], was performed for 
upper endoscopic procedures. The propofol-
ketamine combination provided better tolerance 
of the endoscope insertion and better hemody-
namic stability. However, there were more side 
effects with ketamine such as dizziness, diplopia, 
and vomiting. Restlessness during endoscopy was 
observed more often in the propofol-fentanyl 
group than in the propofol-ketamine group.

CONTRAINDICATIONS TO USE OF KETAMINE

1.  Active pulmonary infection or disease

2.  Know or potential (ie, risk of) airway compromise

3.  Pulmonary hypertension

4.  Age of 3 months or younger

5.  History of apnea, obstructive sleep apnea

6.  Craniofacial defect that would make mast ventilation difficult

7.  Complex caridiac disease

9.   Acute globe injury

10. Prior adverse reactions to ketamine
11. History of bipolar disease or schizophrenia
12. Head injury associated with loss of consciousness, altered
    mental status, or emesis

13. Any child in whom there is a question of increased intracranial
    pressure

14. Child with a potential ventriculoperitoneal shunt malfunction
15. Patient or parent refusal
16. Increased intraocular pressure

8.  Intracranial hypertension (ie, central nervous system 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 

Fig. 12.2 This figure outlines the contraindications on the 
use of ketamine in the protocol used by Children’s 
Hospital Boston for procedural sedation [21]



INTRAMUSCULAR KETAMINE FOR PROCEDURES (ONLY FOR PICC LINE PROCEDURE OR AFTER ≥ 3 FAILED IV
      ATTEMPTS(FILL IN BELOW)

<5 YEARS OF AGE

≥5 YEARS OF AGE

Midazolam 0.1 mg/kg x ______kg = ______ mg (max 3 mg/dose) IM x 1

Ketamine 1 mg/kg x _____kg = ______ mg (max 200 mg/dose) IM x 1

May repeat Ketamine 2 mg/kg x _____ kg = _____ mg (max 100 mg/dose) IM x 1 after 45 minutes.

Glycopyrrolate 0.005 mg/kg x______kg = ______ mg IM x1 Mix together in one syringe and give
IM x 1 in deltoid. Use concentrated
form of ketamine (100 mg/mL).

Mix together in one syringe and give
IM x 1 in deltoid. Use concentrated
form of ketamine (100 mg/mL).

Glycopyrrolate 0.005 mg/kg x______kg = ______ mg IM x1

May repeat Ketamine 2 mg/kg x ______kg = ______mg (max 100 mg/dose) IM x 1 after 45 minutes.

Ketamine 4 mg/kg x ______kg= ______ mg (max 200 mg/dose)Mx1

Fig. 12.3 This protocol is primarily for ketamine use when intravenous access is difficult or not attainable. The age 
groups are divided into children less than 5 years and children greater than 5 years [21]

INTRAVENOUS KETAMINE FOR PROCEDURES <10 MINUTES (FILL IN BELOW)

INTRAVENOUS KETAMINE FOR PROCEDURES >10 MINUTES (FILL IN BELOW)

<5 YEARS OF AGE

<5 YEARS OF AGE

≥5 YEARS OF AGE

Glycopyrrolate 0.005 mg/kg x ______ kg = ______mg  IV x1

Glycopyrrolate 0.005 mg/kg x ______ kg = ______mg  IV x1

Notify anesthesia if ketamine continuous infusion exceeds 60 minutes.

Notify anesthesia if ketamine continuous infusion exceeds 60 minutes.

Midazolam 0.1 mg/kg x ______kg = ______mg (max 07 mg/dose) IV x1.

Ketamine 1 mg/kg x ______kg = ______mg (max 07 mg/dose) IV x1.
May repeat x1 dose if patient still responsive to nailbed pressure after 1 minute.

Glycopyrrolate 0.005 mg/kg x ______ kg = ______mg  IV x1

≥5 YEARS OF AGE

Midazolam 0.1 mg/kg x ______kg = ______mg (max 07 mg/dose) IV x1.
May repeat x 1 dose after 60 to 80 minutes if sedation still needed.

Glycopyrrolate 0.005 mg/kg x ______ kg = ______mg  IV x1

Ketamine 1 mg/kg x ______kg = ______ mg (max 70 mg/dose) IV x1.
May repeat x 1 dose if patient still responsive to nailbed pressure after 1 minute.

Ketamine 1 mg/kg x ______kg = ______ mg (max 70 mg/dose) IV x1.
May repeat x 1 dose if patient still responsive to nailbed pressure after 1 minute.

Ketamine 1 mg/kg x ______kg = ______ mg (max 70 mg/dose) IV x1.
May repeat x 1 dose if patient still responsive to nailbed pressure after 1 minute.

Ketamine  100 mcg/kg/minx ______kg = ______mcg/min IV drip to be iniated immediately after
ketamine bolus above. Dilute ketamine to 10 mg/mL for continuous infusion. Assess patient
Q10min for response to nailbed pressure. Titrate ketamine drip as necessary between 50 -125
mcg/kg/min.

Ketamine  100 mcg/kg/minx ______kg = ______mcg/min IV drip to be iniated immediately after
ketamine bolus above. Dilute ketamine to 10 mg/mL for continuous infusion. Assess patient
Q10min for response to nailbed pressure. Titrate ketamine drip as necessary between 50 -125
mcg/kg/min.

Fig. 12.4 Ketamine protocol for those who have adequate intravenous access. The protocol is divided into procedures 
less than 10 min and procedures greater than 10 min. Within these subdivisions, the protocol outlines doses for children 
less than 5 years and children greater than 5 years [21]
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Another study compared a combination of 
dexmedetomidine and ketamine to a combination 
of ketamine and propofol for cardiac catheteriza-
tion. The dexmedetomidine group had increased 
recovery time and required more ketamine than 
the propofol-ketamine combination [45]. In this 
study, one group received a dexmedetomidine 
and ketamine combination (1 g/kg over 10 min 
and 1 mg/kg respectively) followed by dexme-
detomidine infusion of 0.7 g/kg/h and ketamine 
at 1 mg/kg/h.

Pentobarbital

The superiority of pentobarbital over choral hydrate 
was evident in a study of over 1,400 patients where 
pentobarbital was associated with a decreased 
incidence of adverse events [19]. In this study, the 
dose of oral pentobarbital used was 4 mg/kg that 
may be supplemented at aliquots of 2 mg/kg every 
30 min to a maximum dose of 8 mg/kg [19].

Although the relative safety of the drug has 
been demonstrated, the drug has a relatively long 
half-life ranging between 15 and 48 h [46].

Dexmedetomidine

Dexmedetomidine is a highly selective 2 adreno-
ceptor agonist that has sedative and analgesic 
effects [47]. It is unique in that it is FDA approved 

as a sedative and has been shown to induce non-
REM natural sleep [48, 49]. A sedation protocol 
using dexmedetomidine was developed at 
Children’s Hospital Boston for Computed 
Tomography (CT) imaging. Although dexmedeto-
midine does not have any contraindications, their 
protocol advocated relative contraindications 
which are based predominantly on medical condi-
tions [33] (see Table 12.2).

Patients would receive an initial loading dose 
of 2 g/kg IV dexmedetomidine over a 10-min 
period, with appropriate monitoring. Using the 
Ramsay Sedation Scoring System, the child 
would receive an additional bolus of 2 g/kg IV 
over 10 min to reach a Ramsay Sedation Score 
(RSS) of 4. Once the child achieves this level of 
sedation, the sedation is maintained with an infu-
sion dose of 1 g/kg/h until the procedure is fin-
ished. The patient is then transported to a recovery 
area until discharge criteria based on a modified 
Aldrete score is achieved [33]. This protocol has 
a low incidence of adverse events. The success of 
this protocol led to an expanded use of the drug in 
Magnetic Resonance Imaging (MRI), but the 
doses were increased to a 3 g/kg bolus over 
10 min which could be repeated if the level of 
sedation was not achieved. This was followed by 
an infusion rate of 2 g/kg/h for the duration of 
the MRI [34]. This high dose regimen was highly 
effective for completion of almost all MRIs. 
While use of high dose dexmedetomidine is asso-
ciated with decreases in heart rate and blood 

Table 12.2 Contraindications on the use of dexmedetomidine as outlined in the Children’s Hospital Boston guidelines

Dexmedetomidine
Active, uncontrolled gastroesophageal reflux
Active, uncontrolled vomiting
Current (or within the past 3 months) history of apnea requiring an apnea monitor
Active, current respiratory issues that are different from the baseline status (pneumonia, exacerbation of asthma, 
bronchiolitis, respiratory synctitial virus)
Unstable cardiac status (life-threatening arrhythmias, abnormal cardiac anatomy, significant cardiac dysfunction)
Craniofacial anomaly, which could make it difficult to effectively establish a mask airway for positive pressure 
ventilation if needed
Current use of digoxin, beta blockers, or calcium channel blockers
Moya Moya disease
Nononset stroke

Source: From Mason et al. [33]. Reprinted with permission of Wolters Kluwer Health
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pressure outside the established “awake” normal 
values, this deviation is generally within 20% and 
is not associated with adverse sequelae.

Dexmedetomidine sedation has probably rev-
olutionized sedation for imaging studies primar-
ily for its safety and recovery profile [34, 37, 50]. 
There has been a case report whereby a 21-month-
old female received 60 times the intended dose 
without any harm to the patient [51]. When 
administered as a sedative by non-anesthesiologists, 
dexmedetomidine may be supervised by an anes-
thesiologist who is not in continuous attendance 
but who may in fact be directing multiple sedation 
events in contiguous locations. 

Propofol

Propofol, as a sedation drug, is perhaps the most 
controversial sedative agent currently used. It is 
not Food and Drug Administration (FDA) 
approved as a sedative, but rather is considered 
an anesthetic agent [52]. Its controversy lies in its 
respiratory depressant and hemodynamic side 
effects. Therefore, it requires careful titration and 
monitoring during its use. The package insert 
specifies that its use be restricted to those who are 
able to administer general anesthesia. In April 
2004, the American Association of Nurse 
Anesthetists and American Society of Anesthesia 
made a joint statement on the need for restricting 
the use of propofol [53]:

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 surgical or di-
agnostic procedures. This restriction is concordant 
with specific language in the propofol package in-
sert, and failure to follow these recommendations 
could put patients at increased risk of significant 
injury or death.

This statement has created much controversy 
among many physicians, such as intensivists, emer-
gency room physicians, gastroenterologists and 
pediatricians who indicate that this position state-
ment significantly restricts the use of this drug. 
The American College of Gastroenterologists 
filed a petition to ask the FDA to remove the 
restriction as written on the propofol label [54]. 

However, the FDA denied the request. They con-
cluded that:

For general anesthesia or monitored anesthesia care 
(MAC) sedation, DIPRIVAN Injectible Emulsion 
should be administered only by persons trained in 
the administration of general anesthesia and not 
involved in the conduct of the surgical/diagnostic 
procedure [54].

While these concerns over the safety of propofol 
for use by nonanesthesiologists continue, it 
appears that the controversies surrounding use of 
propofol by nonanesthesiologists may be 
unfounded. A review of prospectively collected 
data on approximately 49,000 propofol sedations 
by both anesthesiologists and nonanesthesiolo-
gists showed a low incidence of adverse outcomes 
[55]. “Nonanesthesiologists” included advanced 
nurse practitioners, pediatric nurses, physician’s 
assistants, emergency physicians, pediatric inten-
sivists, and radiologists. At least 48 and 36% of 
the sedations were performed by intensivists and 
emergency physicians, respectively. It was, how-
ever, interesting to note that anesthesia-related ser-
vices using propofol were associated with fewer 
adverse events than nonanesthesiology providers 
[55]. A report of 25,433 propofol sedations to chil-
dren by emergency medicine physicians, most for 
radiological imaging studies, demonstrated a 
2.28% incidence of serious adverse events [56].

Nonetheless, the proliferation of use of propo-
fol by anesthesiologists (and nonanesthesiologists 
alike) shows that it is a remarkably versatile drug 
to use for sedation. There are several advantages in 
the use of propofol: a rapid onset of action, it is 
easily titrable, and it allows a rapid recovery. 
Despite its lack of a reversal agent, propofol’s 
duration of action is short. In addition, it has anti-
emetic properties. However, it has serious cardiac 
and respiratory morbidity and mortality risks and 
should only be used with appropriate training and 
monitoring. Sedation can be performed with this 
drug without compromising respiratory drive by 
appropriately titrating the agent. However, since it 
has no analgesic effects, there may be a need for 
appropriate concomitant analgesic agents. The 
combination of propofol-ketamine or propofol-
fentanyl has been described previously and can be 
safe and effective [43].
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Nursing Delivered Propofol

Nursing Delivered propofol has been controversial 
because its use needs to be restricted according to 
governing bodies such as the ASA and the Food 
and Drug Administration; both of which have 
issued statements that it should only be used by 
professionals trained in performing general anes-
thesia [53, 57]. The 2010 CMS amendment to 
the Hospital Anesthesia Services Interpretive 
Guidelines reflected these underlying concerns 
and was subsequently revised again [32]. These 
CMS guidelines were again revised in January 
2011 in the PUB 100-07 State Operations 
Provider Certification which revises Appendix A 
for various provisions of 42 CFR 482-52 con-
cerning anesthesia services [58]. These revisions 
were made in response to feedback from practi-
tioners. Important changes in these guidelines 
stem from the CMS acknowledgement that the 
individual hospitals may establish their own poli-
cies and procedures with respect to the qualifica-
tions of analgesia providers and the clinical 
situations which distinguish anesthesia from 
analgesia. The policies must follow nationally 
recognized guidelines and can include guidelines 
of one or more specialty societies.

The University of Iowa has developed and 
implemented a unique propofol-delivered seda-
tion program under the direction of the Department 
of Anesthesia. This program, initiated in 2008, is 
an example of a carefully designed and super-
vised model of propofol administration by regis-
tered nurses (RN). The history of the program is 
important and will be detailed below. The chron-
ological retelling of the history illustrates not 
only the politics, but also the evolution of the pro-
gram. The original premise of our consideration 
for use of propofol was that these RNs would 
always be carefully supervised by an anesthesi-
ologist, and they would be trained to possess the 
airway skills necessary for deep sedation. The 
training program already emphasized the need 
for advanced airway training, which included the 
use of rescue devices such as a laryngeal mask 
airway. We also took into account the skills of the 
nurses, the type of procedures, the duration of the 
procedures, and the location of the procedures as 
a preamble to initiation of propofol sedation. 

At the inception of the program, propofol was not 
introduced and would not be considered until the 
nurses acquired experience with already estab-
lished sedation protocols using pentobarbital, 
ketamine, midazolam, and fentanyl; most of 
which were protocols developed at Children’s 
Hospital Boston [20, 21]. In the meanwhile, the 
Iowa Board of Nursing, proactive to rumors of 
possible propofol delivery by RNs to nonintu-
bated patients, issued a statement: propofol could 
not be administered by nurses in the state of Iowa 
except on intubated patients in the Intensive Care 
Unit (ICU) and similar settings. Nurse anesthe-
tists had already voted against RN administered 
propofol and the Board followed with a position 
paper after voting “to find that it is not within the 
scope of practice of the registered nurse to admin-
ister Propofol (Diprivan) during operative, inva-
sive and diagnostic procedures in any type of 
health care setting effective December 1, 2007” 
[59]. Plans and education for RN-administered 
propofol at University of Iowa were subsequently 
aborted.

Our nurses, in the interim, continued to acquire 
sedation experience with drugs such as ketamine, 
pentobarbital, fentanyl and midazolam, as well as 
dexmedetomidine. The Pediatric Gastro-Intestinal 
Services team preferred propofol over ketamine, 
fentanyl, and versed combinations because there 
was a shorter recovery time and lower incidence 
of nausea and vomiting (despite pretreatment 
with anti-emetics). Physicians (including repre-
sentation from our Department of Anesthesia), 
advanced nurse practitioners, and registered 
nurses returned to the Iowa Board of Nursing in 
2008 and made a strong case for the negative 
impact on patient care caused by propofol restric-
tions [60]. The Iowa Board of Nursing subse-
quently rescinded the rule of restriction for the 
use of propofol by RNs [60].

Immediately after the rule was rescinded in 
September 2008, we initiated training of our RNs 
on the use of propofol for sedation purposes. The 
nurses already understood the use of End Tidal 
CO

2
 monitoring in addition to other standard 

monitoring modalities. They also understood the 
importance of a defined, structured, propofol pro-
tocol which was founded on published reports of 
successful drug doses and combinations [41, 61]. 
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Fig. 12.5 University of Iowa: 
Nonanesthesiologist delivered 
propofol protocol

Children <10 years of age would receive a drug 
combination of propofol and ketamine in the ratio 
10:1 up to a maximum dose of 125 g/kg/min. 
The ketamine was intended to provide some anal-
gesic and propofol sparing effect. The protocol 
evolved after review of Outcome and Quality 
Assurance data. Ketamine was not an adjunct to 
propofol for procedures in children >10 years of 
age, for fear of hallucinations, nausea, and vomit-
ing in that age group. Initially, the time interval 
between boluses was at 1 min intervals and was 
slowly reduced to 15 seconds after the nurses 
gained experience.

Propofol is now being administered using 
established protocols at the University of Iowa 
for endoscopies, bronchoscopies, and radiologi-
cal imaging studies. Every patient is assessed and 

consented by the anesthesiologist. (The sedation 
nurse independently assesses the patient first and 
also discusses the sedation process.) Each day an 
anesthesiologist is assigned to supervise sedation 
and has no concomitant operating room obliga-
tions. The anesthesiologist is usually present dur-
ing the initial phase of propofol sedation and will 
remain immediately available for the rest of the 
case. After the procedure is complete, the propo-
fol infusion is discontinued and the patient is 
transported on monitors (including end tidal 
CO

2
) to the recovery room. The recovery nurses 

are allowed to discharge the patient based on 
preestablished discharge criteria. The anesthe-
siologist will see the patient before discharge 
if there were any issues during sedation or if a 
concern was brought up by a recovery nurse. 
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Fig. 12.6 This graph outlines the sedation related events 
associated with the use of propofol alone and in combi-
nation with ketamine and versed. The events shown 
include side effects of drugs such as nausea and vomit-
ing, airway associated problems such as abnormal oxy-
gen saturations, quality of sedation such as inadequate 

sedation, IV site problems, and adverse events such as 
unplanned admissions. (University of Iowa Propofol 
Sedation Program. Incidence of Adverse Events 
n = 1,500+ sedations.) Created by Joss J. Thomas, 
MBBS, MPH; University of Iowa Hospitals and Clinics, 
Iowa City, IA

The anesthesiologist can supervise multiple seda-
tions in contiguous locations at the same time. 
However, the anesthesiologist can also restrict 
the volume to one sedation at a time, if it is 
deemed necessary for safety. For example, if a 
medically challenging patient needs closer super-
vision and monitoring, the schedule is modified 
to enable the anesthesiologist to only supervise 
this pre-sedation. A propofol template order set 
has been created on the electronic medical record 
system and these orders are signed by an anesthe-
siologist. The sedation nurses retrieve the propo-
fol from the the operating room pharmacy. The 
order set is exclusively used by the sedation team 
(see Fig. 12.5).

Since October 2008, there have been over 
1,500 propofol sedations. Initial unpublished data 
indicates a low incidence of adverse events (see 

Fig. 12.6). There were three unanticipated hospi-
tal admissions. The first admission was a 6-year-
old male who had multiple oxygen desaturations 
to the high 80’s during an endoscopy and was 
admitted to the hospital for observation. The sec-
ond case was a 4-month-old male who suffered 
protracted coughing episodes during G-J tube 
placement. He was transferred to the pediatric 
intensive care unit (PICU) intubated, and subse-
quently extubated with no further issues. Finally, 
a 35-month-old male desaturated to the low 80’s 
during upper endoscopy and required positive 
pressure bag-mask assisted ventilation. He was 
admitted to PICU and was intubated. Follow-up 
revealed that this child had an unrecognized upper 
airway condition which, had it been noted on the 
prescreening evaluation, would have contraindi-
cated the sedation. This experience reiterates the 
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Case 1: Bronchoscopy with Sedation

A 5-month-old female weighing 7 kg (52% of 
growth percentile based on length-for-age) is 
being evaluated by bronchoscopy for persis-
tent cough and expiratory wheeze. The child 
was otherwise healthy, with normal baseline 
vitals and saturations of 99% on room air. She 
had coarse expiratory crackles on ausculta-
tion, but other systems were normal. The pul-
monologist wanted to perform a dynamic 
airway evaluation as well as obtain a 
broncheoalveolar sample.

Considerations: The very nature of patients 
who require bronchoscopy makes them more 
susceptible to airway- and respiratory-based 
problems. These patients have a respiratory 
status that is already compromised secondary 
to an airway problem, such as laryngomalacia. 
They are likely to have sustained an infection 
such as unresolved pneumonia or a persistent 
reactive airway. It is advised not to sedate a 
patient until 4–6 weeks after a pneumonia 

or pulmonary infection. However, such 
recommendations do not apply to patients who 
require a bronchoscopic evaluation. Therefore, 
these patients are at an increased risk of 
respiratory decompensation during sedation. 

The level of sedation that is required 
changes with the indication for bronchoscopy. 
When a dynamic airway evaluation is required 
to assess for airway related problems, espe-
cially laryngomalacia, tracheomalacia, and 
bronchomalacia, a moderate level of sedation 
would allow the collapse of airways to be bet-
ter visualized during vigorous work of breath-
ing. Our pulmonologists have indicated that 
such potential diagnoses of airway problems 
can be missed when sedation is deeper than 
intended. On the other hand, a deeper level of 
sedation is ideal to attain bronchioalveolar 
lavage (BAL) samples. In some patients, a 
moderate level of sedation, followed by a deeper 
level of sedation, are both required as the pul-
monologist performs a dynamic airway evalu-
ation and subsequently obtains a BAL sample. 

Case Studies

importance of careful screening, protocols, and 
guidance as anesthesia develops sedation pro-
grams for nonanesthesiologists.

Conclusion

An anesthesiology-directed sedation team can 
provide a safe and efficient sedation service. 
While it would be ideal that anesthesia personnel 
are always available to provide such a service, the 
reality is that the priority for anesthesia resources 
remains with the operating room. Very few cen-
ters have adopted a model such as an anesthesia-
supervised nurse sedation team and, unfortunately, 
anesthesia’s presence outside the operating room 
as a sedation provider remains limited. In 
response to this shortcoming, various other spe-
cialties, such as gastroenterologists, emergency 
room physicians, pediatricians and radiologists, 

have taken up the responsibility to provide this 
service. It is important to recognize that the 
Department of Anesthesia still has to play an 
integral role in monitoring sedation practices in 
an institution and developing the standards of 
training, monitoring and credentialing nonanes-
thesiologists to provide sedation services. The 
Centers for Medicare and Medicaid (CMS) 
recently revised the guidelines regarding delivery 
of anesthesia services [32]. For the first time, 
deep sedation was included as part of anesthesia 
services. CMS proposed that there be a consoli-
dation of anesthesia services:

All services along the continuum of anesthesia 
services provided in a hospital must be organized 
under a single Anesthesia Service [32].

Apropos to these guidelines, the Department of 
Anesthesia may need to play a more active role in 
the management and oversight of sedation ser-
vices throughout the institution. 
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It has been our experience that changing the 
level of sedation can be a potential challenge 
during these procedures. Propofol allows rapid 
changes in depths of sedation with careful 
titration of the medication.

The Sedation: The patient was sedated with 
propofol, at 0.5 mg/kg boluses, after an initial 
dose of glycopyrrolate at 0.005 mg/kg and 
midazolam at 0.1 mg/kg. Local topical 
lidocaine was applied by the pulmonologist 
based on a weight-based protocol.

During the procedure, the pulmonologist 
performed an airway evaluation with the bron-
choscope via the nares. With moderate seda-
tion, they noticed no laryngeal or tracheal 
malacia, but it was difficult to note if there was 
malacia in the right middle lobe. Mucous secre-
tions were prominent in the right lobe and par-
ticularly in the right middle lobe. The patient 
was then deeply sedated during the BAL pro-
cedure with additional propofol. However, the 
patient required bag-mask ventilation for ten 
breaths after a bolus of propofol elicited a brief 
oxygen desaturation to the 70’s during the 
BAL. The patient required CPAP for approxi-
mately 10 min after the procedure (for persis-
tent desaturations to the 80s without CPAP). 
This was likely due to possible atelectasis post-
procedure and perhaps also related to sedation. 
The patient recovered uneventfully with satu-
rations of 97–100% on room air within 4 h. An 
aggregate total of 26 mg of propofol was 
administered to the child. The child was dis-
charged with a working diagnosis of inflamma-
tory airway disease of unknown etiology. 

Case 2

A 4-year-old male with a left suprarenal neu-
roblastoma, which was metastatic to multiple 
locations including the right maxilla and orbit, 
requires a surveillance scan under sedation. 
He had undergone multiple rounds of chemo-
therapy and resection of his left adrenal 

gland, and had subsequently undergone two 
stem-cell transplants and chemotherapy with 
thiotepa and cyclophosphamide. Radiation 
therapy was complicated by renal insuffi-
ciency. We were consulted to help with seda-
tion for a surveillance scan, which included a 
chest/abdomen/pelvis CT and a whole body 
nuclear bone scan. The child has had multiple 
imaging studies done before, and it was neces-
sary to use a nasogastric tube for oral contrast 
since he refused to drink any medication or 
fluids during earlier imaging procedures at the 
hospital. 

Considerations: He would need to have an 
intravenous line placed for intravenous fluid 
hydration and intravenous contrast prior to the 
scan. A nasogastric (NG) tube would need to 
be placed for oral contrast. The additional 
comorbidity of renal insufficiency necessitated 
using a radio contrast-induced nephropathy 
prevention protocol that included appropriate 
hydration with fluids and bicarbonate 
intravenous drip for renal protection prior to, 
and immediately after, the intravenous contrast 
load required for chest CT imaging. 

Further preparation for the nuclear scan 
indicated that there would be at least a 2 hour 
waiting time, during which the child need not 
be sedated. During this period he would get 
adequate hydration and a bicarbonate-based 
infusion. 

The Sedation: The child and parents were 
habituated to receiving intramuscular 
chemotherapy and requested this route of 
administration for sedation. A combination of 
0.1 and 5 mg/kg of versed and ketamine 
respectively were administered intramus-
cularly. The child was adequately sedated for 
placement of the NG tube, intravenous line, 
and oral contrast. The child was allowed to 
wake up after oral contrast was given. After 
about 2 hours, the child was re-sedated using 
propofol infusion at 125–150 g/kg/min, and 
the CT scan and bone scan were completed 
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without incident. While an intramuscular 
injection of sedation med ications is not 
routine for patients who require oral contrast 
imaging studies, it was necessary to tailor a 
regimen that would facilitate the process of 
attaining good imaging studies while keeping 
the child comfortable. In such situations, 
eliciting the help of parents to assist with the 
administration of medications is sometimes 
necessary. The option of general anesthesia 
has been proposed as an alternative to the 
sedation, but since this procedure was likely 
to be repeated every 3–6 months, the parents 
preferred  sedation.

Case 3

Three-year-old female with a past medical 
history positive for tracheomalacia, follicular 
bronchitis, subglottic stenosis, and esophageal 
reflux, needed a pH impedance probe placed 
by the pediatric gastroenterology team under 
sedation.

Patient was diagnosed with esophageal 
reflux since she was 3 weeks old. She had a 
persistent cough. She developed croup twice, 
and was diagnosed with laryngomalacia and 
follicular bronchitis.

Considerations: The anesthesia team was 
concerned with her respiratory status and 
tracheal stenosis. She had been easily 
intubated with a size 4 ETT tube 2 months 
prior. The concern about aspiration risk was 
discussed, but the gastroenterology (GI) 
service following her indicated that this was 
chronic micro-aspiration. The patient’s mother 
indicated that the child had no vomiting 
episodes. The placement of an impedance 
probe was a very short procedure routinely 
done under sedation. However, the 
anesthesiologist was concerned about the 
respiratory status since the patient probably 
had a low reserve (though her saturations were 
99% on room air). 

The Sedation: After having discussed the 
concerns with the pediatric GI team, it was 
agreed to proceed with sedation. The 
anesthesiologist was at the bedside throughout. 
The patient was sedated with a propofol-
ketamine mixture 10:1 ratio at 125 g/kg/min 
with boluses at 0.5 mg/kg every 30 seconds as 
necessary. Using an Olympus Q180 video 
endoscope, the patient’s esophagus was 
intubated without difficulty. The entire length 
of the esophagus was normal, without 
ulcerations, edema, erythema, or furrowing. 
The lower esophageal sphincter was normal. 
Upon entering the stomach, normal gastric 
mucosa was seen without erythema, ulcerations, 
or other lesions. The pylorus was normal and 
was easily traversed to enter the duodenum 
where, again, normal mucosa was visualized, 
with normal villi and no ulcerations or other 
abnormalities.

Following attempted placement of the pH 
impedance probe, the patient had a brief 
desaturation episode to the 30’s after cough-
ing for 30 seconds. She was mask ventilated 
after removal of the scope and probe. Her 
oxygen saturations responded immediately 
from low 30’s to high 90’s. It is likely that 
the impedance probe may have entered the 
airway. Once the oxygen saturations stabi-
lized, the impedance probe was replaced 
without difficulty. The rest of her hospital 
stay was uneventful. 

Summary Thoughts: This case would 
probably have benefited from general 
anesthesia with an endotracheal tube to protect 
the airway. Though the pediatric GI team 
routinely places these pH impedance probes 
under sedation, the probe can inadvertently 
enter the airway. This case highlighted 
different viewpoints of risk vs. benefit between 
specialties on issues such as aspiration risk. 
The consideration of an aspiration risk vs. 
potential edema and further comprise of an 
already stenosed airway secondary to 
intubation, persuaded the anesthesiologist to 
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Introduction

On a daily basis, infants and children in the 
Pediatric Intensive Care Unit (PICU) require 
sedation and analgesia during painful and inva-
sive procedures. Regardless of the patient’s age, 
underlying medical condition or comorbidities, 
admission to and subsequent care in the PICU 
can be a frightening and painful experience. As 
in other locations, procedures may be brief (burn 
dressing changes, placement of central venous or 
arterial cannulae), and require only a short period 
of analgesia, anxiolysis, or immobility. However, 
the PICU is often different from other locations, 
as the need for procedural sedation may last days 
or even weeks as children may require prolonged 
sedation to overcome the pain and anxiety asso-
ciated with the presence of an endotracheal tube 
(ETT) and the requirement for ongoing mechan-
ical ventilation. The pain and anxiety may be 
further magnified by various psychological fac-
tors including periodic separation from parents, 
disruption of the day–night cycle, unfamiliar 
people, the noise of imposing machines and 
monitoring devices, fear of death, and loss of 

self-control can lead to emotional distress, anxiety, 
and sleeplessness. In a recent prospective cohort 
study of adult patients, Mendelsohn et al. reported 
that 26.3% of their cohort remembered mechani-
cal ventilation and approximately 25% would 
have chosen not to receive mechanical ventila-
tion had it been any more painful [1].

Pediatric ICU Sedation

Preprocedure Preparation and Patient 
Evaluation

Before the administration of pharmacologic agents 
for the control of procedure-related pain and anxi-
ety, there should be an evaluation of the patient and 
preparation of the environment (Table 13.1). The 
Pediatric ICU patient is somewhat different in that 
treatable and potentially life-threatening causes of 
agitation such as hypoxemia, hypercarbia, cerebral 
hypoperfusion, necrotic bowel, or a compartment 
syndrome must be excluded before instituting seda-
tion or escalating doses. The injudicious use of 
sedative/analgesic agents without ongoing patient 
examination and monitoring may be deleterious. 
Alternatively, such concerns are less of an issue for 
a patient who is undergoing a brief invasive or 
 noninvasive procedure.

The basic components of the presedation 
assessment are outlined in Table 13.2. This 
assessment includes the performance of a focused 
history and physical examination. The history 
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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 significant comor-
bidities, as well as acute events which led to the 
PICU admission. Since the primary risks associ-
ated with sedation include adverse respiratory 
events (apnea, hypoxemia, hypercarbia, and upper 
airway obstruction) or cardiovascular events 
(hypotension, bradycardia, arrhythmias), the 
focus of the presedation evaluation and physical 
examination is placed on these systems or areas. 
Although many patients may already have an ETT 
in place, the assessment of the upper airway 
should still be performed in the event that the ETT 
become dislodged at some time such as during 
positioning for the procedure or patient transport.  
Upon completion of the history and physical 
examination, an ASA (American Association of 
Anesthesiologist) classification may be assigned  
and the various options for sedation regimens 
considered (Table 13.3) [2].

A final component of the presedation assess-
ment is the establishment of when the child last had 
any oral intake (nil per os or NPO status).  Recently, 
the need to adhere to strict NPO guidelines for 

procedural sedation has been challenged, particu-
larly by those working in acute-care environments 
such as emergency rooms where procedures 
may need to be performed more urgently [3–6]. 
In specific cases in the Pediatric ICU patient, such 
as patients who have recently eaten, those with 
comorbid conditions which affect gastric empty-
ing, those with altered mental status or impaired 
airway protective reflexes, and those with preex-
isting problems with respiratory or cardiovascular 
function, the safest way to proceed may include a 
rapid sequence induction and endotracheal intu-
bation to provide airway protection during the 
procedure.

Given that any of the agents used for proce-
dural sedation and analgesia can have deleterious 
effects on physiologic functions, patients should 
be monitored in accordance with guidelines set 
forth by the American Academy of Pediatrics 
(AAP) and/or the ASA during and following the 
use of these agents [3, 7, 8]. Although the PICU 
provides the optimal environment for the moni-
toring of a patient’s physiologic functions, this 
monitoring should be continued when patients 
are transported out of the PICU [3, 7]. 

Table 13.1 Preparation for procedural sedation in the 
pediatric ICU

Rule out treatable causes of agitation
Hypoxia and hypercarbia
Cerebral hypoperfusion

Bladder distention

Surgical lesion – necrotic bowel or compartment 
syndrome

Perform a presedation evaluation of the patient. This 
evaluation is similar to that performed prior to any 
surgical procedure performed in the operating room
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
Monitor patient according to the standards outlined by 
the American Academy of Pediatrics for procedural 
sedation and analgesia [2]
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
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

Table 13.2 The preprocedure 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
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Assessing the Depth of Sedation

During the use of sedative and analgesic agents, 
the repeated evaluation of the depth of sedation 
should be incorporated into the PICU routine with 
an increase or decrease in the doses used based 

on the patient’s response. Clinical practice has 
included the move from the use of subjective mea-
sures and assessments made by healthcare provid-
ers to the use of formal pain and sedation scoring 
systems, which are monitored at regular intervals 
with the recording of physiologic vital signs. 

Table 13.3 Suggested guidelines for dosing of sedative and analgesic agents a

Agent Dose Comments

Fentanyl 2–3 g/kg/h Modulates the postsurgical and sympathetic stress response thereby blunting 
increases in pulmonary vascular resistance (PVR). 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 g/kg/h 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 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 g/
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 g/
kg/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 g/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 effects are a 
decrease in myocardial function. Controversial effects on intracranial pressure 
(IP) and PVR although the recent literature demonstrates no deleterious effects

Pentobarbital 1–2 g/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 vasodilata-
tion and negative inotropic effects

Propofol 1–3 g/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 ICP or status epilepticus; however, 
intermittent monitoring of acid–base status is suggested to monitor for toxicity

Haloperidol 0.06–0.45 g/ 
kg/day

Limited clinical experience in the pediatric population. Anecdotal data in the 
adult population suggest benefits 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 -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 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

aThe 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
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These scoring systems include both those used 
during prolonged sedation during mechanical 
ventilation as well as those used for brief periods 
of time during procedural sedation.

The currently used PICU sedation scores eval-
uate either 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 scor-
ing of a patient’s response or movement in addi-
tion to various physiologic parameters [11]. It 
relies on the measurement of alertness, respira-
tion, blood pressure, muscle tone, agitation, 
movement, heart rate, and facial tension. This 
scoring system has been validated in the pediat-
ric-aged patient and may have utility in the 
assessment of sedation during mechanical venti-
lation [11, 12]. However, scales that use physio-
logic parameters can be misleading in an ICU 
setting where alterations in vital signs can occur 
unrelated to the level of sedation. Furthermore, 
patients with cardiovascular dysfunction requir-
ing vasoactive medications may not manifest 
increases in heart rate and blood pressure even in 
the presence of severe agitation or pain. 

Ista et al. have recently proposed a modifica-
tion of the original COMFORT score known as 
the COMFORT-B score which eliminates the use 
of physiologic variables and provides new cutoff 
points for the diagnosis of oversedation or under-
sedation [13]. Other scoring systems such as the 
Sedation-Agitation Scale (SAS) also eliminate 
the use of physiologic parameters. The SAS visu-
ally assesses the level of the patient’s comfort and 
grades it from 1 (unarousable) to 7 (dangerous 
agitation such as pulling at the ETT) [14]. 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 distin-
guish between the deeper levels of sedation [15]. 
Scoring for the Ramsay Scale varies from 1 
(awake, anxious, and agitated) to 6 (no response 
to a glabellar tap). The Hartwig score similarly 
uses a visual assessment of the patient, but as 
with the Ramsay Scale includes a response to a 
noxious stimulus, in this case, tracheal suctioning 
thereby eliminating its use in nonintubated 

patients [16]. Scales such as the Ramsay and the 
Hartwig that assess the response to a tactile 
stimulus require disturbing the patient to differ-
entiate between the deeper levels of sedation. 
Additionally, scales that evaluate a patient’s 
response to a stimulus or observe their behavior 
are not valid during the administration of neu-
romuscular blocking agents which prevent 
movement.

Various other scales have also been developed 
for assessing the patient during procedural seda-
tion. The Observers 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 [17]. The Vancouver Sedative 
Recovery Scale appears to be better able to dif-
ferentiate deeper levels of sedation, although it is 
likely too cumbersome to be easily utilized dur-
ing short procedures [18]. More recently, Malviya 
et al. developed and validated the University of 
Michigan Sedation Scale (UMSS) [19]. This 
scale was developed to be a simple and efficient 
tool to assess depth of sedation over the entire 
sedation continuum and one that could easily be 
applied by various healthcare providers. It uti-
lizes a simple scale ranging from 0 (awake and 
alert) to 4 (unresponsive).

However, none of these sedation scales meet 
all of the needs of the PICU provider. As such, 
there remains an interest in the use of monitoring 
technology to assess the depth of sedation through 
the  analysis of the electroencephalogram (EEG). 
The bispectral index (BIS monitor) (Aspect 
Medical, Newton, MA) uses a programmed algo-
rithm to evaluate the processed EEG pattern and 
provide a numeric value ranging from 0 (isoelec-
tric) to 100 (awake with eyes open). Its predomi-
nant clinical use has been to monitor the effects 
of general anesthesia.

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 [20, 21]. The BIS 
monitor has been used in settings outside of the 
operating room for assessment during procedural 
sedation or mechanical ventilation [22–30]. Gill 
et al. compared BIS values with Ramsay sedation 
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scores in 37 adults who received procedural seda-
tion in the emergency room setting [22]. There 
was a wide variability in BIS values at similar 
sedation scores. The BIS was most effective at 
differentiating moderate-to-deep sedation from 
general anesthesia.

Brown McDermott et al. compared BIS values 
with UMSS scores during procedural sedation 
administration in 86 children less than 12 years 
of age [23]. Although there was a good correla-
tion between the BIS value and the sedation 
score, a wide variability in the range of BIS 
values for each level of sedation was again noted. 
The BIS monitor was ineffective at determining 
the depth of sedation with ketamine or a combi-
nation of oral chloral hydrate, hydroxyzine and 
meperidine.

Despite these shortcomings, the BIS monitor 
may be able to effectively  identify patients who 
are becoming too deeply sedated and may there-
fore be at risk for adverse respiratory events. 
Motas et al. demonstrated that the depth of seda-
tion as judged by the BIS  monitor was predictive 
of adverse airway events  during the administra-
tion of procedural sedation (either propofol, 
midazolam or pentobarbital) by nonanesthesiolo-
gists [24].

BIS monitoring has also been evaluated as a 
means of evaluating the depth of sedation during 
prolonged mechanical ventilation. Although the 
results have been somewhat mixed, the majority 
of reports have demonstrated a clinically accept-
able correlation between the BIS monitor and 
commonly used ICU sedation scores including 
the Ramsay or the COMFORT score [25–31].

The more recent versions of the BIS probe 
incorporate a sensor to reduce electromyographic 
(EMG) interference. The BIS algorithm was 
developed for use with propofol or the potent 
inhalational anesthetic agents which work 
through the -amino butyric acid (GABA) sys-
tem. Therefore, the BIS monitor is not accurate 
with the administration of etomidate or agents 
which act through the N-methyl-d-aspartate 
(NMDA) system including xenon or nitrous oxide 
[32–34]

Despite these issues, our clinical experience 
suggests that some form of depth of sedation 
monitoring may be particularly efficacious in situ-
ations that preclude the use of conventional ICU 
scoring systems (patients receiving neuromuscu-
lar blocking agents and/or medications that may 
alter heart rate and blood pressure responses) 
[35–38]. 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 tabulate the various parameters

Basic Principles

Several variables should be considered when 
providing therapeutic sedation and analgesia for 
the PICU patient. Unfortunately, there is limited 
evidence-based medicine from which to develop 
guidelines for the use of sedative and analgesic 
agents in the PICU setting (Table 13.3). There 
are still limited studies which evaluate the phar-
macokinetics and pharmacodynamic properties 
of analgesic and sedative drugs in critically ill 
infants and children [39–41]. Pharmacokinetic 
studies are generally performed in healthy adult 
volunteers with the extrapolation of these results 
to infants and  children. The comorbidities pres-
ent in the PICU may affect several variables 
including volume of distribution and elimina-
tion half-life thereby further altering the phar-
macokinetics or these agents. Additional 
variabilities in the PICU setting are likely to 
result from drug–drug interactions, end-organ 
(hepatic, renal) failure or dysfunction, malnutri-
tion, low plasma proteins with altered drug bind-
ing, alterations in uptake of the medication if 
nonintravenous routes are used, and alterations 
in drug distribution. Pharmacogenetic factors 
may also affect responses to medications as we 
are beginning to learn that there are genetic dif-
ferences that affect the way we respond to acute 
illness and the way we metabolize various medi-
cations [42, 43].
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An example of such variability in the PICU 
population is demonstrated by an evaluation of 
fentanyl infusion requirements during mechani-
cal ventilation in neonates and infants [44]. The 
fentanyl infusion requirements varied from 0.47 
up to 10.3 g/kg/h to achieve a similar effect. 
Therefore, it is not feasible to approach the provi-
sion of sedation and analgesia in the PICU patient 
using a “cookbook.” The dosing recommenda-
tions provided in this chapter for the specific 
medications discussed are meant only as guide-
lines for starting doses which may be titrated to 
effect [45].

Despite the potential difficulties and risks of 
sedation and analgesia in the PICU patient, there 
may be significant benefits. Aside from humani-
tarian concerns, clinical trials have reported 
decreases in morbidity and mortality based on 
the analgesic regimen following cardiovascular 
surgery for congenital heart disease in neonates 
and infants [46, 47]. These effects are postulated 
to be the result of blunting of the endogenous 
physiologic stress response thereby decreasing 
release of endogenous catecholamines and adre-
nal cortical hormones. This physiologic stress 
response, when excessive, may have deleterious 
end-organ effects. Analgesia and sedation may 
facilitate cardiac and respiratory support such as 
permissive hypercapnia, reverse I:E ratio ventila-
tion, high-frequency ventilation, and extracor-
poreal support. It may also provide therapeutic 
benefits in the treatment of intracranial hyperten-
sion or to modulate pulmonary vascular resis-
tance (PVR) in patients at risk for pulmonary 
hypertension and limit the need for neuromuscu-
lar blocking agents and their associated adverse 
effects [48].

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 adminis-
tration. As no agent will be effective in every 
patient or scenario, basic knowledge regarding 
the various agents allows the healthcare provider 
to switch from one agent to another when the first 

line drug is either ineffective or associated with 
adverse effects. In the remainder of this chapter, 
a brief discussion of each agent is provided and 
its use in the PICU setting discussed.

Although the intravenous route is chosen in 
most clinical scenarios, alternative routes may be 
required in specific clinical scenarios or patient 
populations. Furthermore, there is expanding 
knowledge and interest regarding the use of alter-
native routes especially inhalational anesthesia or 
subcutaneous administration in the PICU setting. 
This chapter will review the clinical experience 
and the pertinent literature associated with the 
common sedatives and analgesics in the PICU.

Inhalational anesthetic agents

The potent inhalational anesthetic agents are used 
on a daily basis during the perioperative period to 
provide amnesia and analgesia during major sur-
gical procedures. Based on their chemical struc-
ture, these agents can be divided into alkanes such 
as halothane or substituted ethers. The substituted 
ethers include either methyl, ethyl ethers such as 
isoflurane, desflurane, and enflurane or methyl, 
isopropyl ethers such as sevoflurane. The charac-
teristics of these agents which 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. 
The potent inhalational anesthetic agents also 
provide specific therapeutic end-organ effects 
including bronchodilatation, myocardial precon-
ditioning, and cerebral protection. Although expe-
rience 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 [49–52]. 
Despite the fact that these agents are all consid-
ered 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 ino-
tropic and chronotropic effect on myocardial 
function, the potential for a proarrhythmogenic 
effect especially in the setting of increased cate-
cholamines or when used in conjunction with 
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other medications (e.g., aminophylline), and the 
potential for the development of hepatitis related 
to an immunologic reaction directed against the 
oxidative metabolite, trifluoroacetic acid [53, 54]. 
Although hepatitis may occur with the other 
inhalational anesthetic agents including isoflu-
rane, its incidence is less with isoflurane due to 
its limited metabolism of 0.2% compared with 
that of halothane (15–20%).

Given the potential for adverse effects on 
myocardial function and its association with 
perioperative cardiac arrests in infants and chil-
dren, halothane is no longer in use in the United 
States. Likewise, given its adverse effect profile 
and the introduction of newer agents, enflurane 
is disappearing from anesthetic practice through-
out the world. Adverse effects with the prolonged 
administration of enflurane include negative 
inotropism and the release of fluoride during 
metabolism. Plasma fluoride concentrations in 
excess of 50 mol/L can have deleterious effects 
on renal function with a decreased glomerular 
filtration rate and renal tubular resistance to 
vasopressin with nephrogenic diabetes insipidus. 
Three to five percent of sevoflurane also under-
goes metabolism and like enflurane, sevoflurane 
is highly substituted with fluoride. Therefore, its 
prolonged administration can also result in ele-
vated serum fluoride concentrations.

Desflurane is the newest of the inhalational 
anesthetic agents. Its beneficial properties include 
low blood:gas and blood:fat solubility coeffi-
cients thereby resulting in a rapid onset and rapid 
awakening upon its discontinuation. When com-
pared with propofol for postoperative sedation of 
adults requiring mechanical ventilation, there 
was a shorter and more predictable emergence 
time and a faster return of mental recovery with 
desflurane compared to propofol with no differ-
ence in the incidence of adverse effects [51]. 
Drug costs were lower with desflurane than with 
propofol (95€ for desflurane vs. 171€ for propo-
fol per 24 h) with additional costs of soda lime 
(5€) being comparable to the costs of infusion 
tubing for propofol (2.5€). Adverse effects with 
desflurane include hypotension primarily from 
peripheral vasodilatation, rebound tachycardia 
from stimulation of the sympathetic nervous system 

which occurs primarily with rapid increases in 
the inhaled concentration or the use of inspired 
concentrations in excess of 6% (a concentration 
not likely to be required in the ICU setting), direct 
irritant effects on the airway thereby making it 
less than optimal in patients with airway hyper-
reactivity, and rare reports of carbon monoxide 
formation due to desflurane’s interaction with 
dessicated soda lime.

Additional concerns with all of the inhala-
tional 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 medications. As nonspecific vasodilators, 
all of the inhalational anesthetic agents cause 
cerebral vasodilatation resulting in an increase 
in ICP in patients with compromised intracra-
nial compliance. Cerebral vasodilatation can be 
partially blunted by hyperventilation to a PaCO

2
 

of 25–30 mmHg [55, 56]. The inhalational 
anesthetic agents alter the metabolism of sev-
eral mediations which may be used in the PICU 
setting including lidocaine and other local anes-
thetic agents, -adrenergic antagonists, and 
benzodiazepines [57].

To date, there is a limited experience with the 
use of the potent inhalational anesthetic agents for 
sedation in the PICU setting. Arnold et al. reported 
their experience with isoflurane for sedation in ten 
pediatric patients (3 weeks to 19 years), who 
required endotracheal intubation and mechanical 
ventilation [58]. The duration of isoflurane admin-
istration ranged from 29 to 769 h (245 ± 225 h). 
Sedation was initiated with isoflurane at an 
inspired concentration of 0.5% and adjusted in 
0.2% increments as needed. There was adequate 
sedation 75% of the time, excessive sedation 4% 
of the time, and inadequate sedation 21% of the 
time. In the five patients who received isoflurane 
for at least 96 MAC (minimum alveolar 
concentration)-hours, there were no differences in 
blood urea nitrogen, serum creatinine, osmolality, 
bilirubin, and alanine aminotransferase between 
time 0 and 96 h. The duration of isoflurane admin-
istration correlated directly with the plasma fluo-
ride concentration. Five of the patients, who had 
received greater than 70 MAC-hours, manifested 
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signs and symptoms suggestive of withdrawal 
including agitation and nonpurposeful movements 
when the isoflurane was discontinued.

Despite the potential advantages of using the 
potent inhalational anesthetic agents for sedation 
in the ICU setting, logistic problems regarding 
delivery of these agents may limit applicability in 
the ICU setting [50].

Given the problems with the devices and tech-
niques currently available for the delivery of the 
potent inhalational anesthetic agents in the ICU 
setting, novel means of delivering these agents 
are needed. The Anesthetic Conserving Device 
or “AnaConDa®” (ACD, Hudson RCI, Upllands 
Väsby, Sweden) is a modified heat-moisture 
exchanger which may allow a simplified means 
of administering the inhalational anesthetic 
agents in the ICU setting. The device is placed 
between the Y-piece of the ventilator circuit and 
the ETT. There is also a port at the end of the 
device just proximal to its attachment to the ETT 
which allows gas sampling and monitoring of the 
agent concentration. The desired inspired con-
centration is titrated by adjusting the infusion 
rate on the syringe pump based on the manufac-
turer’s recommendations. Exhaled isoflurane is 
adsorbed to the lipophilic carbon particle filter in 
the device and redelivered to the patient thereby 
limiting environmental pollution.

Sackey et al. evaluated the ACD in the ICU 
setting in 40 adult patients requiring sedation for 
more than 12 h [59]. The patients were random-
ized to sedation with isoflurane administered 
with the ACD or a continuous infusion of mida-
zolam. The inspired isoflurane concentration was 
started at 0.5% (infusion rate on the syringe pump 
of 1–3.5 mL/h according to the manufacturer’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 percentage of time within the 
desired level of sedation was similar between the 
two groups (54% with isoflurane and 59% with 
midazolam) with no difference in opioid require-
ments or the need for bolus doses of sedative 
agents. The time to extubation (10 ± 5 vs. 
252 ± 271 min) and the time to follow verbal 
commands (10 ± 8 vs. 110 ± 132 min) were shorter 

with isoflurane than with midazolam. Anecdotal 
experience with the device has also been reported 
in three pediatric patients who required sedation 
during mechanical ventilation or in the treatment 
of status epilepticus [60]. 

Benzodiazepines

The benzodiazepines remain the most commonly 
used agent for sedation during mechanical venti-
lation in the PICU patient. These agents produce 
amnesia, anxiolysis, and sedation through their 
effects on the inhibitory neurotransmitter, GABA. 
Benzodiazepines bind to the -subunit of the 
GABA receptor thereby facilitating binding of the 
GABA molecule to the -subunit. This interac-
tion increases chloride conduction across the neu-
ronal membrane resulting in hyperpolarization. 
Benzodiazepines in common clinical use in the 
United States for sedation in the PICU include 
midazolam and lorazepam. Diazepam was for-
merly a commonly used agent for sedation in both 
pediatric and adult ICUs. Its high lipid solubility 
results in a rapid onset of action; however, its low 
water solubility requires administration in a 
 solution of propylene glycol which can cause pain 
and thrombophlebitis when administered through 
a peripheral vein. Diazepam is also available in a 
lipid formulation which has been shown to allevi-
ate the discomfort associated with the intravenous 
administration of the propylene glycol preparation 
[61, 62]. Diazepam has fallen out of favor as an 
agent for sedation in the PICU setting because of 
its prolonged duration of action as well as its 
metabolism to active compounds with elimination 
half-lives that far exceed the parent compound. 
With repeated administration, the metabolites can 
accumulate and result in prolonged sedation and 
delayed awakening once the drug is discontinued.

Midazolam is an imidazobenzodiazepine with 
a rapid onset of action and a short elimination 
half-life [63]. Clinical experience and years of its 
use have demonstrated the efficacy of continuous 
midazolam infusions for sedation in the PICU 
patient in doses ranging from 0.05 to 0.2 mg/kg/h 
[64–66]. Its availability in generic form makes it 
a cost-effective form of sedation.

Rosen and Rosen retrospectively reviewed 
their experience with midazolam infusions for 
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sedation during mechanical ventilation in 55 
pediatric patients [66]. Midazolam dosing was 
initiated with a bolus dose of 0.25 mg/kg followed 
by a continuous infusion of 0.4–4 g/kg/min 
(0.02–0.2 mg/kg/h). Midazolam was effective in 
all patients without significant hemodynamic 
effects. The authors noted that midazolam became 
ineffective in one patient following the institution 
of ECMO and related this to midazolam binding 
to the surface of the membrane oxygenator. 
Similar efficacy has been reported by other inves-
tigators [67].

Although intravenous administration is gen-
erally 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, nonintravenous routes of 
delivery have been used clinically including oral, 
rectal, transmucosal (nasal, rectal, sublingual), 
and subcutaneous administration [68–72]. With 
all of these nonintravenous routes except for sub-
cutaneous administration, increased doses are 
required due to decreased bioavailability. 

In many centers in the United States, oral 
midazolam is currently the preferred agent for 
premedication in the operating room. Doses for 
oral administration have ranged from 0.25 up to 
0.7 mg/kg. The primary disadvantage of oral 
administration is that the IV preparation (5 mg/
mL) is generally used which contains the preser-
vative, benzyl alcohol, thereby giving the drug a 
very bitter taste.

A commercially available preparation of 
midazolam in a cherry-flavored solution for oral 
administration is available (Versed syrup, Roche 
Laboratories Inc, Nutley, NJ). Because of the 
control of pH during the manufacturing process, 
clinical 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 [73]. Additional 
nonparenteral administration routes include 
intranasal and sublingual administration. The 
dose (0.2–0.4 mg/kg) is lower and the onset more 
rapid when compared to the oral route as midazo-
lam is rapidly absorbed across both mucosal sur-
faces with sedation occurring in as little as 

5–10 min. With intranasal administration, the 
preservative, benzyl alcohol, may burn the nasal 
mucosa. This is avoided with sublingual admin-
istration, but issues of taste and patient coopera-
tion may limit the usefulness of this route.

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 equipotent 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 insufficiency, 1-OH midazolam-
glucuronide accumulates thereby potentiating 
the effects of midazolam [74]. Several factors 
including age and underlying illness may also 
alter midazolam pharmacokinetics. With metabo-
lism dependent on the hepatic P

450
 system, clear-

ance changes from infancy to adult age and with 
alterations in hepatic function [75, 76]. Additional 
changes may occur related to critical illness. In a 
cohort of 21 PICU patients, midazolam clear-
ance was significantly longer (5.5 ± 3.5 h) than 
that reported in healthy age-matched children 
(1.2 ± 0.3 h) [77, 78].

Lorazepam is a water soluble benzodiazepine 
that is metabolized by glucuronyl transferase. 
Its metabolites are pharmacologically inactive. 
Medications known to alter the P

450
 system 

(anticonvulsants, rifampin, cimetidine) do not 
alter lorazepam’s pharmacokinetics. In advanced 
liver disease, phase II reactions (glucuronyl 
transferase) are better preserved than phase I 
reactions (P

450
 system) so that the pharmacoki-

netics of lorazepam remains unchanged. The 
Society of Critical Care Medicine guidelines 
for sedation of adult patients in the ICU setting 
has recommended lorazepam as the preferred 
sedative [79].

In comparison to midazolam, there are fewer 
reports regarding the use of lorazepam for seda-
tion in both the pediatric and the adult ICU pop-
ulation [80, 81]. 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 [80]. There were fewer infusion 
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rate adjustments per day with lorazepam than 
with midazolam (1.9 for lorazepam vs. 3.6 for 
midazolam). The mean time to return to base-
line mental status was shorter with lorazepam 
(261 min with lorazepam vs. 1,815 min with 
midazolam).

Lugo et al. suggested the use of enteral loraze-
pam to decrease intravenous midazolam dosing 
requirements and drug costs during mechanical 
ventilation in a cohort of 30 infants and children 
[82]. Midazolam was used for sedation until the 
requirements were stable for 24 h. Enteral loraze-
pam was dosed at 1/6th of the total daily intrave-
nous midazolam dose. There was a significant 
reduction in midazolam requirements on day 1 
and by day 3, the midazolam infusion was discon-
tinued in 24 of 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 mechan ical ventilation in the 
PICU population [83].

Each milliliter 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 admin-
istration, issues may arise related to the diluent 
used in the intravenous formulations, propylene 
glycol [84–86]. Signs and symptoms of propyl-
ene glycol toxicity include metabolic acidosis, 
renal failure/insufficiency, mental status changes, 
hemolysis, and an elevated osmolar gap. Propylene 
glycol is metabolized in the liver to lactic acid 
and pyruvic acid, which, in part, accounts for the 
lactic acidosis. Propylene glycol is also excreted 
unchanged in the urine making toxicity more 
likely in patients with renal insufficiency. 
Attention to the propylene glycol infusion rate 
and periodic calculation of the osmolar gap (mea-
sured minus calculated serum osmolarity) may 
be indicated during high dose or prolonged lora-
zepam infusions. An increasing osmolar gap has 
been shown to be predictive of increasing serum 
propylene glycol levels [86]. As neonates and 
preterm infants are unable to handle propylene 
glycol related to hepatic and renal immaturity, 
continuous infusions of lorazepam are not rec-
ommended 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 concen-
tration increased from 86 ± 93 g/mL at baseline 
to 763 ± 660 g/mL at the completion of the infu-
sion [87]. 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 hyperosmo-
larity during prolonged lorazepam infusions

Etomidate

Etomidate (Amidate, Abbott Pharma ceuticals) is 
an intravenous anesthetic agent, introduced into 
clinical practice in 1972. Its  primary effects of 
sedation and amnesia are  mediated through the 
GABA inhibitory neurotransmitter system. 
Unlike other sedative and hypnotic agents, only 
the R(+) enantiomer has clinical effects. 
Following intravenous 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 clear-
ance. Etomidate undergoes hepatic metabolism 
with an elimination half-life that varies from 2.9 
to 5.3 h [88]. Beneficial CNS effects include a 
decrease of the cerebral metabolic rate for oxy-
gen (CMRO

2
), cerebral blood flow (CBF), and 

ICP. Cerebral perfusion pressure (CPP)  is main-
tained because of minimal effects on myocardial 
function. In an animal model comparing the 
hemodynamic effects of an induction dose of eto-
midate (0.3 mg/kg) with propofol (2.5 mg/kg), no 
hemodynamic changes were noted with etomi-
date while propofol decreased systolic blood 
pressure by 19.9%, diastolic blood pressure by 
25.3%, cardiac output by 17.3%, and systemic 
vascular resistance by 11.6% [89].

Contrary to a relatively large clinical experi-
ence in the adult population, there are limited 
data regarding the use of etomidate in pediatric-
aged patients [90–93]. Despite the relatively lim-
ited clinical data regarding this agent, recent 
reviews continue to suggest its use as a single 
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bolus dose for critically ill pediatric patients 
requiring endotracheal intubation [94].

Like the barbiturates and propofol, 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. Lehman and Mainka evaluated the effects 
on CO

2
 responsiveness of alfentanil (15 g/kg) 

after premedication with etomidate (10 mg), 
diazepam (5 mg), or droperidol (5 mg) in adult 
volunteers [95]. All patients demonstrated a shift 
of the CO

2
 response curve to the right without a 

change in the slope. These effects dissipated in 
60 min. No difference was noted between etomi-
date and the other two premedications. Although 
both methohexital (1.5 mg/kg) and etomidate 
(0.3 mg/kg) decrease the slope of the CO

2
 

response curve, the effect has been shown to be 
more pronounced with methohexital [96]. Despite 
this relative sparing of respiratory function, an 
increased incidence of apnea has been reported 
following etomidate in patients pretreated with 
either opioids of benzodiazepines [97, 98].

Etomidate’s place as an agent for procedural 
sedation results from its negligible effects on 
myocardial function, even in patients with sig-
nificant alterations in myocardial function. It has 
beneficial effects on the CNS which include a 
reduction of the CMRO

2
 leading to cerebral vaso-

constriction, decreased CBF, and decreased ICP. 
Renou et al. noted a 34% decrease in CBF fol-
lowing the administration of etomidate in healthy 
adults [99]. As a result of the decreased CMRO

2
 

and CBF, etomidate decreases ICP while main-
taining mean arterial pressure thereby increasing 
cerebral perfusion pressure [100]. Despite its 
ability to lower CBF and ICP, induction or seda-
tive doses of etomidate can produce increased 
EEG activity and epileptic-like EEG potentials in 
patients with underlying seizure disorders 
[100–103].

Myoclonic movements are a frequently 
observed effect following the rapid intravenous 
administration of etomidate [104]. 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 myoclo-
nus. A trial of etomidate for sedation during com-
puterized tomography was discontinued due to 
an unacceptably high incidence of involuntary 
motor movements preventing completion of the 
scan [105]

The most significant concern with etomidate 
and the factor that limits its long-term adminis-
tration in the ICU setting is its effects on the 
endogenous production of corticosteroids. This 
effect was identified when an increased risk of 
mortality was noted in adult ICU patients who 
were sedated with a continuous infusion of etomi-
date [106]. Etomidate inhibits the enzyme, 11-  
hydroxylase, which is necessary for the produc-
tion of cortisol, aldosterone, and corticosterone. 
To date, significant controversy surrounds the 
clinical significance of the 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 
[107–109]. The duration of the adrenal suppres-
sion produced by a single induction dose of eto-
midate 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 [110]. 
Other authors have suggested a more prolonged 
suppression of adrenocortical function. Donmez 
et al. evaluated the effects of etomidate on plasma 
cortisol levels in children following cardiotho-
racic surgery [111]. The patients were random-
ized to anesthetic induction with either ketamine 
(1 mg/kg) or etomidate (0.3 mg/kg). Plasma corti-
sol levels were significantly lower during cardio-
pulmonary bypass, at the end of the operation, 
and at 24 h in the group that received etomidate 
vs. ketamine. Absalom et al. reported a similar 
effect with ongoing suppression of adrenal func-
tion at 24 h in a cohort of critically ill adult patients 
[112]. In a cohort of 40 critically ill adult patients, 
the incidence of adrenal insufficiency following a 
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single dose of etomidate was 80% at 12 h, 9% at 
48 h, and 7% at 72 h [113]. Despite these findings, 
no difference in outcome was reported following 
etomidate administration in a cohort of 159 adult 
patients with septic shock [114].

Perhaps the most compelling data against the 
use of etomidate, at least in patients with possible 
sepsis, comes from the CORTICUS trial [115]. 
Post hoc analysis revealed that patients who had 
received etomidate had a significantly higher mor-
tality rate. Additionally, this increased risk of 
mortality was not prevented by the administration 
of corticosteroids. These data suggest that etomi-
date should be avoided in patients with sepsis or 
septic shock.

In addition to its effects on adrenal function, 
reports regarding continuous etomidate infusions 
with increased mortality suggested an associa-
tion with infectious complications. Neutrophils 
 incubated in vitro with etomidate demonstrate 
depressed chemiluminescence, an index of oxy-
gen-free radical generation, suggesting that eto-
midate may interfere with white blood cell 
bactericidal activity [116].

Additional reported adverse effects with eto-
midate, related to the drug itself or the diluent, 
include anaphylactoid reactions, pain on injec-
tion, and an increased incidence of nausea and 
vomiting [117]. Issues related to the carrier vehi-
cle (propylene glycol) include pain on injection, 
thrombophlebitis, and propylene glycol toxicity 
[118]. The incidence of pain on injection has 
been reported to be as high as 50%. 

A newer formulation, which contains etomi-
date dissolved in a fat emulsion of medium and 
long-chair triglycerides, may limit the occurrence 
of injection pain and thrombophlebitis [119]. As 
with lorazepam, issues may arise with repeated 
dosing or continuous infusions of etomidate 
because of the diluent, propylene glycol (please 
note that given concerns regarding adrenal sup-
pression, long-term etomidate infusions are no 
longer used in the ICU setting) [120–122].

Despite these issues, given its beneficial effects 
on CNS dynamics and myocardial function, eto-
midate 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 [123]. Its lack of cardio-
vascular effects makes it particularly valuable in 
patients who may not tolerate a decrease in sys-
temic vascular resistance or myocardial contrac-
tility. Given its effects on cerebral dynamics, it 
also should be considered for patients with 
increased ICP with or without associated myocar-
dial dysfunction. Although of limited utility for 
the provision of procedural-sedation outside of 
endotracheal intubation, as with several other sed-
ative/analgesic agents, nonintravenous routes of 
delivery including oral, buccal and rectal adminis-
tration have been investigated [124–126].

Ketamine
Ketamine was introduced into clinical practice 
during the 1960s [127]. Ketamine’s sedative, 
analgesic, and amnestic properties are mediated 
through agonism of opioid receptors and antago-
nism of NMDA receptors. A unique attribute of 
ketamine, which separates it from the majority of 
other agents discussed in this chapter, is the pro-
vision of both amnesia and analgesia. Ketamine 
contains a chiral carbon in its structure and the 
preparation currently used most commonly in 
clinical practice is a racemic mixture of the two 
optical isomers [S(+) and R(−)].

In the United Kingdom and Europe, the 
enantiomer, S(+) ketamine, is available with the 
suggestion from preliminary clinic trails that it 
may provide effective analgesia and sedation 
while limiting adverse effects including emer-
gence phenomena (see below). Metabolism of ket-
amine occurs primarily by hepatic N-methylation 
to norketamine, which retains approximately one 
third of the analgesic and sedative properties of 
the parent compound. Given its dependence on 
hepatic metabolism, doses should be adjusted in 
patients with hepatic dysfunction. Dose adjust-
ments may also be required in patients with renal 
dysfunction since norketamine is dependent on 
renal elimination.

Beneficial properties of ketamine include 
preservation of cardiovascular function, limited 
effects on respiratory mechanics, and mainte-
nance of central control of respiration. These 
properties make it an effective and popular agent 
in the arena of procedural sedation during pain-
ful, invasive procedures in the spontaneously 
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breathing patient [10]. Incremental doses 
(0.5–1 mg/kg) can be administered every 1–2 min 
and titrated to achieve the desired level of seda-
tion and analgesia while generally maintaining 
spontaneous ventilation.

Given its effects at the opioid and NMDA recep-
tors, there is growing interest in the use of ketamine 
for the management of acute pain. When coadmin-
istered in low doses during morphine analgesia, 
ketamine has been shown to reduce postoperative 
opioid consumption and lower opioid-related 
adverse effects following major surgical proce-
dures in the adult population [128–131]. As NMDA 
receptor stimulation may be one factor resulting in 
the development of tolerance to opioid-induced 
sedation and analgesia, there is interest in the 
potential benefits of using a low-dose ketamine 
infusion to delay tolerance during prolonged ICU 
infusions of morphine and other opioids.

Ketamine’s popularity in the arena of proce-
dural-sedation, especially painful invasive proce-
dures, relates to its beneficial effects on cardiac 
and respiratory function. Ketamine generally 
increases heart rate and blood pressure as well as 
provides bronchodilatation due to the release of 
endogenous catecholamines [132]. Although the 
indirect sympathomimetic effects from endoge-
nous catecholamine release generally overshadow 
ketamine’s direct negative inotropic properties, 
cardiovascular collapse may occur in patients with 
diminished myocardial contractility [133, 134].

An issue of potential concern and ongoing 
controversy regarding ketamine is its effects on 
pulmonary vascular resistance (PVR) [135–138]. 
Williams et al. evaluated the effects of ketamine 
on PVR during sevoflurane 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) [139]. There were no significant 
changes in mean systemic arterial pressure, sys-
temic vascular resistance 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 venti-
lation for sedation during cardiac catheterization 
[140, 141]. 

Ketamine has also been shown to have limited 
effects on several respiratory parameters includ-
ing functional residual capacity, minute ventila-
tion, and tidal volume [142, 143]. The release of 
endogenous catecholamines generally results in 
improved pulmonary compliance, decreased 
resistance, and prevention of bronchospasm 
[144, 145]. Although generally effective in allow-
ing maintenance of protective airway reflexes and 
spontaneous ventilation, like any sedative/anal-
gesic/general anesthetic agent, ketamine can 
result in loss of protective airway reflexes, gastric 
aspiration, and apnea [146–148].

An additional area of controversy surround-
ing ketamine is its effect on ICP. These effects 
may be indirect, secondary to changes in PaCO

2
, 

or the result of a direct effect on the cerebral 
vasculature [149–152]. More recent data from 
both animal and human studies have shown no 
change or even a decrease in ICP following ket-
amine [153, 154].

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 mechanically ventilated to maintain a PaCO

2
 of 

35–38 mmHg [155]. 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. 
Similar results were reported by others [156, 157].

An additional potentially beneficial effect of 
ketamine in patients with CNS trauma is an 
alteration of transmembrane calcium and mag-
nesium currents through its effects on the 
NMDA receptor [158].

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 occa-
sional paroxysmal seizure activity [159, 160]. 
However, no clinical evidence of seizure activity 
has been reported with ketamine administration. 
Studies in laboratory animals have demonstrated 
the anticonvulsant effects of ketamine and there 
is at least one clinical report as well as animal 
data describing its use for the treatment of refrac-
tory status epilepticus [161–163].
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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. The ketamine solution that is in 
common clinical use is a racemic mixture of the 
two optically active enantiomers. The single 
enantiomer form, S(+) ketamine, has been 
released outside of the United States for clinical 
use [164–167]. 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 [167].

To date, there are only anecdotal reports 
involving small case series regarding the use of a 
ketamine infusion for sedation of the PICU patient 
during mechanical ventilation [168–170]. The 
largest series included ten patients, ranging in age 
from 1 week to 30 months. A ketamine infusion, 
1 mg/kg/h in five patients and 2 mg/kg/h in the 
other five patients, was used to provide sedation 
and analgesia following cardiac surgery in ten 
pediatric patients [169]. Supplemental doses of 
midazolam were administered as needed. The 
two groups had similar and acceptable levels of 
sedation. No adverse effects were noted.

Although it may never become a first-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 
spontaneous ventilation when using noninvasive 
ventilation techniques, in patients with status 
asthmaticus in whom the release of endogenous 
catecholamines following ketamine administra-
tion 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 [166, 171, 172].

Propofol

Propofol is an alkyl phenol compound (2,6-diiso-
propylphenol) with general anesthetic properties. 
Although its chemical structure is distinct from 

that of other intravenous anesthetic, its mecha-
nism of action is similar as it acts through the 
GABA system [173]. Propofol facilitates the 
binding of GABA to membrane-bound recep-
tors thereby increasing chloride conductance. 
Although propofol was initially introduced 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 [174, 175]. When compared with 
midazolam for sedation in adult patients, propo-
fol has been shown to provide shorter recovery 
times, improved titration efficiency, reduced 
posthypnotic obtundation, and faster weaning 
from mechanical ventilation [176].

Like the barbiturates and etomidate, propofol 
decreases CMRO

2
 leading to reflex cerebral 

 vasoconstriction and lowering of ICP [177].
Several animal studies have confirmed the 

potential beneficial effects of propofol on cere-
bral dynamics. In an animal model of cytotoxic 
and vasogenic cerebral edema, propofol lowered 
ICP and  maintained CPP in vasogenic cerebral 
edema, but had no effect in cytotoxic cerebral 
edema [178]. Watts et al. compared the effects of 
propofol and hyperventilation on ICP and soma-
tosensory evoked potentials (SEPs) in an animal 
model of intracranial hypertension [179]. The 
ICP decrease and the SEP increase were greater 
with propofol than with hyperventilation.

Despite these animal data, there are conflict-
ing results in regard to the effects of propofol on 
ICP from studies in humans. Although ICP is 
decreased in the majority of the studies, propo-
fol’s lowering of MAP may result in a decrease of 
the CPP [180]. Similar results have been reported 
in adults with traumatic brain injury or during 
cerebral aneurysm surgery [181–183].

If MAP is maintained at baseline with vaso-
active agents, propofol may lower ICP and 
increase CPP. When propofol (2–4 mg/kg/h) was 
used for sedation during mechanical ventilation 
in ten adult patients with traumatic brain injury, 
ICP decreased by a mean of 2.1 mmHg at 2 h 
and the CPP increased by 9.8 mmHg at 24 h 
[184]. Additional  beneficial effects of propofol 
in brain injury include animal data suggesting a 
protective effect of propofol in various types of 
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hypoxic-ischemic injury models as well as the 
preservation of the CBF reactivity to carbon 
dioxide [185–187].

When comparing the effects of propofol 
(2.5 mg/kg), etomidate (0.4 mg/kg), or thiopental 
(5 mg/kg) in 77 adults, respiratory resistance was 
lower after propofol [188]. Pizov et al. random-
ized a cohort of asthmatic and nonasthmatic 
patients to receive thiopental/thiamylal (5 mg/kg), 
methohexital (1.5 mg/kg), or propofol (2.5 mg) 
[189]. Following endotracheal intubation, auscul-
tation was performed. In asthmatic patients, the 
incidence of wheezing was 45% with thiopental/
thiamylal, 26% with methohexital, and 0% with 
propofol. In nonasthmatic patients, the incidence 
of wheezing was 16% with thiopental/thiamylal 
and 3% with propofol. Propofol’s beneficial 
effects on airway reactivity are further supported 
by animal studies [190, 191]. In both an animal 
model and a human study, these beneficial effects 
were present only with the propofol solution that 
has ethylenediaminetetraacetic acid (EDTA) as 
the preservative and not the newer formulation 
containing sodium metabisulfite [192, 193].

Propofol’s cardiovascular effects resemble 
those of the barbiturates with the potential for 
hypotension from peripheral vasodilation and 
negative inotropic properties. These effects are 
dose-dependent and can be accentuated follow-
ing rapid bolus administration and in patients 
with compromised cardiovascular function. The 
adverse hemodynamic profile of propofol admin-
istration can be prevented by the administration 
of calcium chloride [194]. Additional cardiovas-
cular effects may be caused by augmentation of 
central vagal tone leading to bradycardia, con-
duction disturbances, and asystole [195–197]. 
These effects are more likely with the concomi-
tant 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 move-
ments that may resemble seizure-like activity 
[198–200]. Myoclonus, opisthotonic posturing, 
and other 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 sei-
zures [201]. Propofol remains an effective agent 
for the termination of refractory status epilepti-
cus and remains in various published algorithms 
regarding recommendations for its treatment 
[202, 203].

Despite its potential benefits in the ICU set-
ting and its efficacy for providing sedation during 
mechanical ventilation, the routine use of propo-
fol 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 disor-
der includes metabolic acidosis, bradycardia, 
dysrhythmias, rhabdomyolysis, and fatal cardiac 
failure [204–206]. Eighteen children in the ICU 
setting with suspected propofol infusion syn-
drome were reviewed in a report by Bray [207]. 
The risk factors in the cohort for the development 
of the syndrome included propofol 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 development of the Propofol 
Infusion Syndrome. Additionally, 13 of the 18 
patients were 4 years of age while only one 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 [208–210]. In 
addition to the metabolic acidosis and cardiovas-
cular manifestations, additional clinical findings 
have included lipemic serum, hepatomegaly, 
rhabdomyolysis, and hyperkalemia.

The suggested treatment for Propofol Infusion 
Syndrome includes the immediate discontinuation 
of the propofol combined with symptomatic treat-
ment of cardiovascular dysfunction and acidosis. 
Reports in animals and humans suggest that this 
syndrome is related to a disruption in mitochon-
drial function [211–213]. Anecdotal evidence sug-
gests that hemodialysis may be helpful as a 
therapeutic tool by removing a yet undiagnosed 
metabolite or toxin [212, 213].
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Despite these concerns, it appears that the 
contention that we should abandon the use of 
propofol for sedation during mechanical ventila-
tion in the PICU setting has not been universally 
embraced. Although propofol has been used safely 
and effectively for sedation in small cohorts of 
PICU patients [214–218], the decision to use 
propofol should be considered in context of the 
“Dear Healthcare Provider” letter issued in March 
2001 by AstraZeneca (Wilmington, DE), the man-
ufacturers of Diprivan®, one of the commercially 
available propofol preparations [219]. The letter 
summarizes the results of a prospective clinical 
trial which compared propofol (a 1 or 2% solu-
tion) to other agents used for PICU sedation. 
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 specific 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 many centers, these 
concerns have eliminated the prolonged use of 
propofol for sedation in the PICU.

In specific clinical scenarios, propofol is still 
used as a therapeutic tool in the treatment of 
refractory status epilepticus or increased ICP. In 
such cases, intermittent analysis of acid–base sta-
tus and creatinine phosphokinase is suggested. If 
a base deficit 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 nonpainful invasive proce-
dures such as radiologic imaging. Although rare, 
when such procedures are long, concern has also 
been expressed regarding the potential develop-
ment of the Propofol Infusion Syndrome [220].

Additional concerns with propofol regarding its 
use for procedural sedation in spontaneously ven-
tilating patients include a relatively high incidence 

of respiratory effects including hypoventilation, 
upper airway obstruction and progression to gen-
eral anesthesia and apnea, many of which required 
bag-mask ventilation or repositioning of the air-
way [221, 222].

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 [223–225]. Cross-
reactivity may occur in patients with allergies to 
egg, egg products, soy beans, or soy products. A 
propofol infusion of 2 mg/kg/h provides approxi-
mately 0.5 g/kg/day of fat. To limit the impact of 
the lipid component, a 2% solution of propofol 
(twice the amount of propofol with the same 
amount of lipid per mL as the 1% solution) has 
undergone clinical evaluations [226–229]. Given 
the concerns regarding the lipid component, its 
fat content should be considered into daily caloric 
requirements if prolonged infusions are used.

Pain with the injection of propofol remains a 
significant 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 solu-
tion, mixing the propofol with thiopental, diluting 
the concentration of the propofol, 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 [230–234].

One final 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 [235, 236]. 
Various preservatives are used in the currently 
available propofol solutions including disodium 
EDTA or sodium metabisulfite. In clinical prac-
tice, there may be subtle yet clinically significant 
differences in these preparations, including dif-
ferential effects on airway reactivity which have 
already been discussed in this chapter [192, 193]. 
Trissel et al. have provided preliminary informa-
tion that the compatibility of various medications 
is different with the two propofol preparations 
[237]. This is an important issue for pediatric 
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patients in whom intravenous access may be 
limited. The literature contains contrasting infor-
mation regarding the anesthetic potency of the 
two preparations [238–239].  A theoretical disad-
vantage of disodium EDTA is the chelation and 
depletion from the body of essential trace miner-
als such as zinc. Although there are no formal 
studies to demonstrate that this is a problem, 
concerns related to this issue are outlined in the 
manufacturer’s package insert.

Barbiturates

The barbiturates were first synthesized in 1864 
by von Baeyer. Thiopental, a short-acting barbi-
turate was first administered for clinical use in 
1934. This class of anesthetic agent can be classi-
fied according to their chemical structure or their 
duration of activity. Short-acting agents such as 
methohexital, thiopental, and thiamylal have a 
clinical duration 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 dissi-
pate 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 depen-
dent on the duration of the infusion.

In the PICU setting, the barbiturates are occa-
sionally used by continuous infusion for sedation 
during mechanical ventilation (see below) 
although their more common use is based on their 
beneficial physiologic and therapeutic effects as 
anticonvulsants or to decrease ICP in patients 
with traumatic brain injury [240–245].

The ultra-short-acting barbiturates (thiopental 
and thiamylal) are used clinically in a 2.5% 
 solution with a pH 10.5. The high pH results in a 
bacteriostatic solution limiting concerns of bac-
terial contamination as well as limiting the pain 
that may occur with intravenous injection. 
However, the pH of 10.5 leads to incompati-
bilities with other medications and parenteral 
alimentation solutions, thereby necessitating a 

separate infusion site if a continuous infusion is 
used. Of particular note is the potential for the 
barbiturates to form precipitates when adminis-
tered with drugs such as rocuronium, mandating 
flushing the line during the rapid administration 
of medications during maneuvers such as rapid 
sequence intubation (to avoid loss of intravenous 
access during critical moments). Local erythema, 
thrombophlebitis, or skin sloughing may occur 
with subcutaneous infiltration. The barbiturates 
possess no analgesic properties and therefore 
should be used with an opioid in situations requir-
ing analgesia.

The barbiturates’ place in ICU sedation 
appears to be an alternative or second-line agent 
when primary agents, either alone or in combina-
tion, fail to provide adequate sedation or result in 
untoward side effects [246]. There are a limited 
number of reports regarding the use of pentobar-
bital infusions for sedation in the PICU setting. A 
retrospective report described the use of pento-
barbital for sedation during mechanical ventila-
tion of 50 infants and children, ranging in age 
from 1 month to 14 years [247]. 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). The cohort included seven 
non-neonatal ECMO patients in whom pentobar-
bital provided effective sedation. Tolerance was 
noted with the administration of pentobarbital. In 
the 14 patients who 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 significant adverse effects related to pento-
barbital were noted. Six of the 36 patients who 
had received pentobarbital for more than 4 days 
manifested signs and symptoms of withdrawal. 

Yanay et al. reported their retrospective expe-
rience with pentobarbital sedation for eight PICU 
patients [248]. Although pentobarbital 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 discontinuation of the drug 
in 25% of their patients.
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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 barbiturates for 
procedural sedation. As they have no intrinsic 
analgesic properties, the barbiturates are used 
most commonly for sedation during nonpainful 
procedures.

The short-acting oxybarbiturate, methohexi-
tal, has been used extensively via both oral and 
PR route as a sedative for CT or MR imaging 
with success rates of up to 80–85% [249]. 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 
administration of supplemental oxygen occurring 
in up to 4% of patients. The duration of action 
with intravenous use (0.75–1.0 mg/kg) is approx-
imately 10 min, making the drug attractive for 
short procedures such as CT imaging. However, 
the incidence of respiratory depression is greater 
with the intravenous route of administration, 
which may limit its usefulness. Unlike the other 
barbiturates, methohexital may activate the EEG 
and has been reported to precipitate seizures in 
patients with underlying seizure disorders.

Although used most commonly by the intra-
venous 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 [250, 251]. When compared with 
methohexital, the depth of sedation achieved and 
reported success 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 intrave-
nous 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) [252, 253]. 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, especially 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  opioid receptor 
[254]. 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, amnesia 
is not ensured. Therefore, additional agents are 
required in situations which demand amnesia such 
as the patient who is receiving a neuromuscular 
blocking agent. In patients with altered myocar-
dial function or at risk for pulmonary hyperten-
sion (such as an infant with a large preoperative 
left-to-right shunt), the synthetic opioids have 
been shown to provide cardiovascular stability, 
beneficial effects on pulmonary vascular resis-
tance, and blunting of sympathetic stress response. 
Due to their prompt redistribution and resultant 
short plasma half-lives following bolus adminis-
tration, the synthetic opioids are generally admin-
istered by a continuous infusion to maintain 
plasma concentrations adequate to provide seda-
tion and analgesia.

The synthetic opioids that are currently in 
common clinical use include fentanyl, sufenta-
nil, alfentanil, and remifentanil. Fentanyl is the 
least expensive of the synthetic opioids and the 
one with which there is the most clinical expe-
rience in the PICU setting. Fentanyl, sufentanil, 
and alfentanil are dependent on hepatic metab-
olism. 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 administered over an extended period 
of time. 
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Unlike the other opioids which undergo 
hepatic metabolism, remifentanil is metabolized 
by nonspecific 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 [255]. These pharmacokinetic parame-
ters hold true even in the neonatal population, 
making remifentanil the only opioid whose phar-
macokinetics is not altered by gestational or 
chronologic age [256]. 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. To date, there 
remains limited experience with its use in the 
ICU population.

Cavaliere et al. evaluated the efficacy of a 
remifentanil infusion in doses starting at 0.02 g/
kg/min and increasing up to 0.25 g/kg/min, in 
providing sedation during mechanical ventilation 
in a cohort of ten adult ICU patients [257]. 
Although sedation, assessed by clinical sedation 
scales, was adequate in the ten patients, the maxi-
mum infusion rate was achieved in only 4 of the 10 
patients due to the occurrence of adverse effects 
including hypotension and bradycardia at infusion 
rates 0.15 g/kg/min. Hypoventilation was noted 
at infusion rates as low as 0.1 g/kg/min. 

In a prospective, randomized trial, adults 
requiring mechanical ventilation received either 
a morphine infusion at 0.75 g/kg/min or a 
remifentanil infusion at 0.15 g/kg/min [258]. 
The percentage of optimal sedation hours was 
significantly greater with remifentanil. There was 
no difference in the incidence of adverse effects.

To date, there are only anecdotal reports 
regarding the use of remifentanil for sedation 
during mechanical ventilation in the PICU popu-
lation [259]. 

An issue that needs further investigation prior 
to its widespread application in the ICU setting is 
the rapid development of tolerance. In adult volun-
teers, tolerance to remifentanil may develop after 
only 60–90 min [260]. This has translated into the 
need to escalate doses rapidly when remifentanil is 
used for ICU sedation [259–261]. Although toler-
ance 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 infusion is dis-
continued [262–264]. Remifentanil has been com-
bined with midazolam or propofol for painful, 
invasive procedures such as bronchoscopy or for 
fiberoptic intubation of the trachea [263].

Two additional issues relevant to the synthetic 
opioids are potential effects on ICP and the risks 
of chest wall rigidity. Anecdotal reports sug-
gested the potential for the synthetic opioids to 
increase ICP and decrease CPP in adults with 
altered intracranial compliance [265]. Rather 
than a direct effect, the mechanism responsible 
for the ICP increase has been shown to be a reflex 
cerebral vasodilation in response to the decrease 
in mean arterial pressure or CPP [266].

A second adverse effect specific to the syn-
thetic opioids is chest wall and laryngeal rigidity 
[267, 268]. These effects are related to the dose 
and the rate of administration. They are centrally 
mediated responses which can interfere with 
respiratory function. The incidence can be 
decreased by premedication with the 

2
-adrener-

gic agonists, reversed with naloxone, and inter-
rupted with neuromuscular blocking agents. 
Although rare, its occurrence should be consid-
ered if respiratory dysfunction is noted following 
the use of synthetic opioids.

Given issues with the rapid development of 
tolerance following the use of the synthetic opi-
oids, morphine has regained popularity for seda-
tion and analgesia during mechanical ventilation 
in the PICU setting. Given that morphine has 
agonistic effects at both the mu and the kappa 
opioid receptor, 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 intravascular volume or comorbid 
 cardiac diseases.

When used by continuous  infusion for seda-
tion during mechanical ventilation in neonates, 
morphine has been shown to have no effect on 
intelligence, motor function, or behavior [269]. 
In infants, morphine infusions of 10–30 g/kg/h 
provided effective analgesia and sedation during 
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mechanical ventilation after surgery for congen-
ital heart disease without impairing the ability 
to wean mechanical ventilatory support [270]. 
Morphine infusions blunt the sympathetic 
response and reduce epinephrine levels in neo-
nates requiring endotracheal intubation and 
mechanical ventilation for hyaline membrane 
disease [271].

In a cohort of infants requiring sedation and 
analgesia during ECMO (mean duration of 
ECMO 4–5 days), morphine and fentanyl pro-
vided equivalent levels of sedation while decreas-
ing the need for supplemental bolus doses of 
opioid [272]. Infants receiving morphine had a 
lower incidence of withdrawal (13 of 27 with 
fentanyl vs. 1 of 11 with morphine, p < 0.01) and 
were hospitalized for fewer days after ECMO 
(31.1 ± 14 vs. 21.5 ± 7.0 days, p = 0.01).

Although administered most commonly via 
the intravenous route, rare circumstances such as 
limited intravenous access or drug incompatibili-
ties may occur which preclude intravenous 
administration in the PICU setting. In such situa-
tions, the subcutaneous administration of opioids 
is feasible [72, 273–276].

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 which appears to be 
relatively specific to the opioids is their potential 
impact on immune function [277–279]. Opioid 
receptors have been found on immune cells 
which participate in the inflammatory response 
and various host defenses [278, 279]. Although 
there are no studies directly linking these effects 
to adverse clinical outcomes, additional studies 
are needed to define these effects, their mecha-
nisms, and most importantly their impact on the 
PICU patient.

Phenothiazines and butyrophenones

The phenothiazines and butyrophenones are clas-
sified as the “major tranquilizers.” The majority 
of their clinical use is in the treatment of psychi-
atric 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 dop-
amine 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 elimi-
nation half-life of 18–26 h [280]. Although not 
formally approved by the FDA for intravenous 
administration, there is an abundance of clinical 
experience with its use by this route [281].

Riker et al. reported their experience with the 
continuous infusion of haloperidol in doses rang-
ing from 3 to 25 mg/h for sedation in eight adult 
ICU patients [282]. They proposed various ben-
efits of haloperidol including a rapid onset, mini-
mal respiratory depression, and lack of active 
metabolites.

A retrospective report regarding haloperidol 
use in a cohort of 989 adult patients, who required 
mechanical ventilation for more than 48 h, reported 
not only efficacy in controlling agitation and delir-
ium but also a lower overall in-hospital mortality 
in patients who received haloperidol [283].

Experience with haloperidol in the PICU pop-
ulation remains anecdotal. Harrison et al. reported 
their experience with haloperidol, administered 
by intermittent bolus dosing to five critically ill 
children (9 months to 16 years) who had become 
difficult to sedate despite escalating doses of ben-
zodiazepines and opioids [284]. Haloperidol’s 
efficacy was demonstrated by a reduction of opi-
oid and benzodiazepine requirements, decreased 
need for supplemental doses of sedative agents, 
decreased use of neuromuscular blocking agents, 
and improved clinical sedation. One patient devel-
oped a dystonic reaction which resolved in 36 h 
without therapy as the haloperidol had already 
been discontinued.

Potential adverse effects associated with the 
butyrophenones and phenothiazines include 
hypotension related to peripheral -adrenergic 
blockade, dystonic and extrapyramidal effects, 
lowering of the seizure threshold, the neuroleptic 
malignant syndrome, and cardiac arrhythmias 
including torsades de pointes due to effects on 
cardiac repolarization [282]. The potential for 
cardiac dysrhythmias due to alterations in repo-
larization may be exacerbated in critically ill 
patients with altered sympathetic function related 
to fever, pain, or the stresses of an acute illness. 
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Similar issues may occur with other drugs of this 
class including droperidol [285].

Through a black box warning issued by the 
United States Food and Drug Administration, 
concern has been expressed regarding the poten-
tial association of droperidol and postoperative 
cardiac events including torsades de pointes in 
adult patients [286]. Prolonged postoperative 
ECG monitoring is suggested in patients treated 
with droperidol during the perioperative period.

Alpha2-adrenergic agonists

Although used initially for clinical effects such as 
the control of blood pressure, the 

2
-adrenergic 

agonists including clonidine and dexmedetomi-
dine may also have a role in the PICU patient for 
the provision of sedation during mechanical 
ventilation, reduction of opioid requirements, the 
control of pain of various etiologies, and provi-
sion of sedation during noninvasive procedures. 
The physiologic effects of these agents are medi-
ated via stimulation of postsynaptic 

2
-adrenergic 

receptors [287 –290]. Activation of receptors in the 
medullary vasomotor center reduces norepineph-
rine turnover and decreases central sympathetic 
outflow resulting in alterations in sympathetic 
function with decreased heart rate and blood 
pressure.

Additional effects result from the central stim-
ulation of parasympathetic outflow and inhibition 
of sympathetic outflow from the locus cereleus in 
the brainstem. The latter effect plays a prominent 
role in the sedation and anxiolysis produced by 
these agents as decreased noradrenergic output 
from the locus cereleus allows for increased firing 
of inhibitory neurons including the GABA  system, 
resulting in sedation and anxiolysis [291]. This 
effect has been shown to be similar to that which 
occurs during non-REM sleep [292, 293]. The 
lack of non-REM sleep with the use of other seda-
tive agents including propofol, benzodiazepines, 
and barbiturates is one of the factors that may 
result in delirium in adult ICU patients. The 

2
-

adrenergic agonists also potentiate the analgesic 
effects of opioids by regulating substance P 
release within the central nervous system.

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 seda-
tion [294–298]. Although initially available only 
as a tablet, clonidine is now available as a trans-
dermal patch and as a preparation for neuraxial 
administration. The latter has been administered 
intravenously in various clinical scenarios. 

In an open label evaluation in children in the 
PICU setting, a continuous clonidine infusion 
starting at 1 g/kg/min was added to a continuous 
midazolam infusion of 1 g/kg/min [298]. No 
significant changes in heart rate, blood pressure, 
or cardiac index were noted. In 2 of the 20 
patients, the clonidine infusion was increased to 
2 g/kg/h. The clonidine infusion provided ade-
quate sedation for 602 of the 672 study hours 
with no sedation failures. 

Arenas-Lopez et al. reported their experience 
with the addition of enteral clonidine (3–5 g/kg 
every 8 h) as an adjunct to intermittent doses of 
morphine and lorazepam for sedation during 
mechanical ventilation in 14 children [299]. 
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.

More recently, dexmedetomidine has been 
released for clinical use and sedation [300–302]. 
Like clonidine, it is a centrally acting, 

2
-adrener-

gic agonist and  exhibits the same physiologic 
effects. However, it possesses an affinity 8 times 
that of clonidine for the 

2
-adrenergic receptor, a 

differential 
1
 to 

2
 agonism of 1:1,600, and a 

half-life of 2–3 h thereby allowing its titration by 
intravenous administration.

In healthy adult volunteers, the pharmacoki-
netic profile of dexmedetomidine includes a rapid 
distribution phase with a distribution half-life 
of approximately 6 min, an elimination half-life of 
2 h. Dexmedetomidine exhibits linear kinetics, is 
94% protein bound, and undergoes hepatic metab-
olism with minimal unchanged drug excreted in 
the urine and feces. Given its dependence on 
hepatic metabolism, dose adjustments are neces-
sary in patients with altered hepatic function.

To date, there is only one prospective trial 
evaluating dexmedetomidine for sedation during 
mechanical ventilation in pediatric-aged patients 
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[303]. Efficacy was evaluated using the Ramsay 
Scale and by comparing the requirements for sup-
plemental morphine. Dexmedetomidine at 0.25 g/
kg/h provided sedation that was equivalent to 
midazolam at 0.22 mg/kg/h. Dexmedetomidine at 
0.5 g/kg/h was more effective than midazolam as 
demonstrated by a decreased need for supplemen-
tal morphine and a decrease in the number of 
Ramsay scores of 1 exhibited by the patients. 
Dexmedetomidine was somewhat less effective in 
patients 12 months of age as 5 of the 6 patients 
who exhibited a Ramsay score of 1 during dexme-
detomidine were less than 12 months of age. The 
only adverse effect was bradycardia in one patient 
receiving dexmedetomidine who was also receiv-
ing digoxin [304].

In addition to its use for sedation during 
mechanical ventilation, other applications of dex-
medetomidine have included procedural sedation, 
prevention of shivering, and treatment of iatro-
genic opioid and benzodiazepine withdrawal fol-
lowing prolonged use in the ICU setting [300].

Koroglu et al. randomized 80 children (1–7 
years of age) to dexmedetomidine or midazolam 
during MR imaging [305]. Dexmedetomidine 
was administered as a loading dose of 1 g/kg 
over 10 min followed by an infusion of 0.5 g/
kg/h while midazolam was administered as a 
loading dose of 0.2 mg/kg followed by an infu-
sion of 6 g/kg/h. The quality of sedation was 
better and the need for rescue sedation was less 
(8 of 40 vs. 32 of 40) with dexmedetomidine 
compared to midazolam. Similar efficacy was 
reported in an open label trial of dexmedetomi-
dine for sedation during MR imaging in 48 pedi-
atric patients ranging in age from 5 months to 16 
years [306]. Fifteen patients had failed chloral 
hydrate and/or midazolam and 33 patients 
received dexmedetomidine as the primary agent. 
The mean loading dose of dexmedetomidine to 
initiate sedation was 0.92 ± 0.36 g/kg. This was 
followed by an infusion of 0.69 ± 0.32 g/kg/h. 
Effective sedation was achieved in all patients 
and the scan was completed without other agents. 
Recovery time was longer in patients who had 
received other agents prior to dexmedetomidine 
than in those who received dexmedetomidine as a 
primary agent (117 ± 41 vs. 69 ± 34 min). 

A second study by Koroglu et al. randomized 
60 children to dexmedetomidine or propofol dur-
ing MR imaging [307]. Although both of the 
agents were equally effective in providing seda-
tion, propofol provided shorter induction times, 
recovery times, and discharge times. However, 
adverse effects including hypotension and oxy-
gen desaturation were more common with propo-
fol. Oxygen desaturation requiring intervention 
including a chin lift, discontinuation of the infu-
sion, or supplemental oxygen occurred in 4 of 30 
children receiving propofol vs. 0 of 30 receiving 
dexmedetomidine. 

In a retrospective review of their Quality 
Assurance database, Mason et al. used escalat-
ing doses of dexmedetomidine for sedation in 62 
children during radiological imaging [308]. 
Dexmedetomidine was administered as a loading 
dose of 2 g/kg over 10 min and repeated to 
achieve effective sedation after which an infusion 
was started at 1 g/kg/h. The mean loading dose 
was 2.2 g/kg with 52 patients requiring only the 
initial dose of 2 g/kg. The time to achieve seda-
tion 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 treatment was necessary and no hemodynamic 
value was less than the fifth percentile for age. 
No changes were observed in the ETCO

2
 and no 

patient developed oxygen desaturation while 
breathing room air.

Given its limited analgesic effects, dexme-
detomidine may not be the ideal agent when used 
alone for painful procedures. However, anecdotal 
experience suggests that a combination of dex-
medetomidine with ketamine may be effective in 
such scenarios [309–312].

With the prolonged administration of any agent 
for sedation or analgesia, tolerance occurs and 
withdrawal may be seen if the medication is 
abruptly discontinued. Regardless of the agent or 
agents responsible, the potential role of dexme-
detomidine in treating such problems is supported 
by animal studies [313–316], case reports in adults 
and children [317–321], and one retrospective 
case series in infants [322]. The latter study was a 
retrospective review of seven infants (3 to 24 
months). Sedation had been provided during 
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mechanical ventilation with a continuous infusion 
of fentanyl supplemented with intermittent doses 
of midazolam. With discontinuation of the fen-
tanyl and midazolam, withdrawal occurred.  
Dexmedetomidine was administered as a load-
ing dose of 0.5 g/kg/h followed by an infusion 
of 0.5 g/kg/h. The loading dose was repeated 
and the infusion increased to 0.7 g/kg/h in the 
two patients who had received the highest doses 
of fentanyl (8.5 ± 0.7 vs. 4.6 ± 0.5 g/kg/h, 
p < 0.0005). Withdrawal was successfully 
controlled.

As with all of the medications discussed in 
this chapter, dexmedetomidine has been reported 
to effect cardiovascular function [302, 323–327]. 
Adverse hemodynamic effects include hypoten-
sion (mean arterial pressure 60 mmHg or a 
greater than 30% decrease from baseline) or bra-
dycardia (heart rate 50 beats/min) [302]. Talke 
et al. evaluated the efficacy of dexmedetomidine 
infusion in a cohort of 41 adults during vascular 
surgery [324]. There was a lower heart rate, less 
tachycardia, and decreased norepinephrine levels 
during emergence from anesthesia in patients 
receiving dexmedetomidine. 

Electrophysiologic effects were also 
reported in an intraoperative study by Peden 
et al. [325]. Two patients who received dexme-
detomidine experienced brief episodes of sinus 
arrest following laryngoscopy and propofol 
administration. These findings suggest that 
specific procedures (laryngoscopy), techniques 
(hypothermia to control ICP or for neuropro-
tection), and medications (propofol, fentanyl, 
digoxin) may potentiate the vagotonic effects 
of dexmedetomidine. 

Given these effects on cardiac conduction, it 
has been suggested that dexmedetomidine may 
not be a desirable agent for sedation in the car-
diac  catheterization suite when electrophysio-
logic studies are planned [326]. However, other 
authors have demonstrated that these negative 
chronotropic properties may be used as a ther-
apeutic tool in infants and children who develop 
tachyarrhythmias following surgery for con-
genital heart disease [327].

Data in animal and human studies demonstrate 
beneficial effects on cerebral dynamics including 

a decrease in CBF and ICP [328, 329]. However, 
given the potential effects on mean arterial 
 pressure, decreases in CPP may occur [330]. As 
with, the barbiturates, propofol and the inhala-
tional anesthetic agents, animal data suggest that 
 dexmedetomidine may provide some degree of 
cerebral protection during periods of global or 
regional cerebral ischemia [331–333]. The data 
in animal studies regarding its effects on the 
 seizure threshold are mixed depending on the 
provocative agent and the type of animal studied, 
with two studies suggesting a lowering of the 
 seizure threshold and two suggesting an anticon-
vulsant effect [334–337].

Chloral hydrate

Chloral hydrate, first synthesized in 1832, remains 
a commonly used agent for procedural sedation 
[338]. Its popularity results from several factors 
including its ease of administration by either oral 
or rectal route, healthcare providers’ familiarity 
with it, and misconceptions regarding its margin 
of safety. Following oral or rectal administration, 
chloral hydrate is rapidly absorbed. It undergoes 
hepatic metabolism to its active metabolite, 
trichloroethanol (TCE). Although generally 
effective as a one-time agent for nonpainful 
radiologic procedures, repeated dosing in the 
PICU setting leads to excessive and prolonged 
CNS depression due to a variable half-life rang-
ing from 9 to 40 h as well as the accumulation of 
active metabolites [339]. These issues have 
resulted in recommendations against such prac-
tices from the AAP [340].

Chloral hydrate is relatively contraindicated in 
neonates given its competition with bilirubin for 
protein binding sites. Additionally, the active 
metabolite, TCE, is related to the halogenated 
hydrocarbons and may cause ventricular arrhyth-
mias especially in patients at risk for such prob-
lems (tricyclic antidepressant ingestions or 
underlying arrhythmia) [341, 342]. Given these 
issues, chloral hydrate has a limited role in seda-
tion in the PICU setting; however, it may still 
have a place for sedation during nonpainful radio-
logic imaging [343]. Used for this purpose, doses 
of 75–100 mg/kg (maximum 2 g) can be admin-
istered by mouth or per rectum.
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Tolerance, Physical Dependency, and 
Withdrawal

Over the past several years, data demonstrating 
the potential deleterious physiologic effects of 
untreated pain combined with ongoing humani-
tarian concerns have led to the increased use of 
sedative and analgesic agents. These initiatives 
have led to new consequences including physical 
dependency, tolerance, and withdrawal that 
require definition and effective treatment strate-
gies. An appropriate place to begin the develop-
ment of an effective approach to the patient with 
tolerance and physical dependency is a consensus 
on definitions of these terms [343]. 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 
receptor, generally at the cellular level. Some 
authorities have divided tolerance into various 
subcategories including innate tolerance referring 
to a genetically predetermined lack of sensitivity 
to a drug, pharmacokinetic or dispositional toler-
ance 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 mecha-
nisms (learning to walk a straight line while 
 intoxicated by repeated practice at the task), and 
pharmacodynamic tolerance [343]. With pharma-
codynamic tolerance, although the plasma con-
centration of the drug remains constant, there is a 
decreased effect. For the purpose of this discus-
sion, the latter phenomenon will be referred to as 
tolerance as the other issues are not as relevant 
when considering the PICU patient. 

Withdrawal includes the physical signs and 
symptoms that manifest when the administration 
of a sedative or analgesic agent is abruptly discon-
tinued in a patient who is physically 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 (physical) dependence is the need 
to continue a sedative or analgesic agent to pre-
vent withdrawal. Psychological dependence is 
the need for a substance because of its euphoric 

effects. Addiction is a complex pattern of behav-
iors 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 with-
drawal in neonates and infants were first encoun-
tered in the 1970s and 1980s in infants of 
drug-addicted mothers [344–346]. 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 phar-
macologic treatment regimens as well as scoring 
systems that may be used to grade the severity of 
withdrawal and to evaluate the efficacy of the 
treatment regimens. Arnold et al. were among the 
first to recognize the problems of dependency 
and withdrawal after prolonged opioid adminis-
tration in the PICU population [347]. 

In a retrospective review of 37 neonates who 
required extracorporeal membrane oxygenation 
(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 fac-
tors for its occurrence. Fentanyl infusion require-
ments to achieve the desired level of sedation 
increased from 11.6 ± 6.9 g/kg/h on day 1 to 
52.5 ± 19.4 g/kg/h on day 8. By measuring plasma 
fentanyl levels, they were able to demonstrate that 
the tolerance was pharmacodynamic and not phar-
macokinetic (related to increased metabolism of 
the opioid). NAS was related to the total fentanyl 
dose and the duration of the infusion. A cumula-
tive fentanyl dose 1.6 mg/kg and an ECMO dura-
tion 5 days were risk factors for the development 
of NAS (odds ratio of 7 and 13.9, respectively). 

In a cohort of eight infants placed on ECMO, 
fentanyl infusion requirements increased from 
9.2 ± 1.9 g/kg/h on day 1 to 21.9 ± 4.5 g/kg/h 
on day 6 [348]. As in their previous study, they 
noted an increase in the plasma fentanyl con-
centration from 3.1 ± 1.1 ng/mL on day 1 to 
13.9 ± 3.2 ng/mL on day 6. 
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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. Sury et al. described benzodi-
azepine withdrawal in three children, who were 
4, 11, and 12 years of age, after prolonged seda-
tion with a continuous infusion of midazolam 
[350]. The patients had received midazolam for 
7, 14, and 17 days at mean infusion rates of 
0.17, 0.22, and 0.56 mg/kg/h. The midazolam 
infusions were stopped without tapering the 
infusion rate and within 24 h, withdrawal symp-
toms were noted includ ing visual hallucina-
tions, combative behavior, and seizures. The 
problems resolved once a benzodiazepine was 
administered. 

Van Engelen et al. reported similar problems 
after the prolonged administration of midazo-
lam to two pediatric patients [351]. The mida-
zolam infusion rates reached maximum values 
of 0.14 and 0.57 mg/kg/h with durations of infu-
sion of 12 and 29 days. After discontinuation of 
the midazolam infusion, both patients mani-
fested withdrawal symptoms that included agi-
tation, tachycardia, hyperpyrexia, and vomiting. 
Symptoms disappeared with reinstitution of the 
midazolam  infusion. 

Fonsmark et al. evaluated 40 children who 
received sedation during mechanical ventila-
tion. Sedation was provided by midazolam, 
pentobarbital, or a combination of the two [352]. 
Withdrawal symptoms occurred in 14 of 40 
patients (35%). A cumulative  midazolam dose 

60 mg/kg or a cumulative  pentobarbital dose 
25 mg/kg was associated with withdrawal, 

irrespective of the duration of infusion.
Other anecdotal reports have noted withdrawal 

following the use of pentobarbital for sedation in 
the PICU population [353]. The potential for the 
development of tolerance to barbiturates is fur-
ther supported by animal studies demonstrating 
the rapid development of tolerance after repeated 
administration and an increased susceptibility to 
pentylenetetrazol-induced seizures as a manifes-
tation of barbiturate withdrawal [354, 355].

Despite the concerns outlined above regarding 
propofol, it is still used for sedation during 

mechanical ventilation. In a retrospective review 
of acute withdrawal after prolonged sedation with 
propofol in the adult ICU patient, there was a cor-
relation of the incidence of withdrawal behavior 
in patients with both the use of propofol as part of 
the sedation regimen and the dose administered 
[356]. Anecdotal evidence supports the occur-
rence of propofol withdrawal in a 10-month-old 
girl who required mechanical ventilatory support 
for 2 weeks after an inhalation smoke injury 
[357]. Propofol was administered for 2 weeks 
during mechanical ventilation. When the drug 
was discontinued, the patient exhibited “general-
ized twitching and jitteriness.” No treatment was 
administered, and the symptoms subsided over a 
3-day period.

One of the more novel approaches for seda-
tion during mechanical ventilation is the admin-
istration of inhalational anesthetic agents, such 
as isoflurane. Arnold et al. reported their experi-
ence with the use of isoflurane to ten pediatric 
patients for sedation during mechanical ventila-
tion (see above) [58]. During the administration 
of isoflurane, the opioid and benzodiazepine 
infusions were gradually tapered and discontin-
ued. Although the inhalational agent proved 
effective in providing sedation, agitation and 
nonpurposeful movements occurred in 5 of the 
10 patients within 2 h of discontinuation of iso-
flurane. These five patients had received more 
than 70 MAC-hours of isoflurane. 

Arnold et al. subsequently reported tolerance 
and withdrawal phenomena after the prolonged 
administration of isoflurane to a 4-year-old boy 
for sedation during mechanical ventilation [358]. 
After 19 days of administration, with an end-
tidal isoflurane concentration of 0.8–1.2%, the 
patient was awake and able to follow commands. 
After 32 days of administration, mechanical ven-
tilation and the isoflurane were discontinued. 
Shortly after discontinuing the isoflurane, the 
patient developed agitation, diaphoresis, tachy-
cardia, hypertension, and profuse diarrhea. The 
symptoms were eventually controlled with pen-
tobarbital and midazolam infusions. Hughes 
et al. reported hallucinations and seizures after 
the prolonged administration of isoflurane for 
sedation to a 7-year-old boy [359].
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Clinical signs and symptoms  
of withdrawal

The development of strategies to provide effec-
tive treatment of physical dependency and related 
problems requires the accurate identification and 
recognition of withdrawal symptoms. 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 with-
drawal. In the PICU patient, these associated 
conditions may include central nervous system 
insults or infections, ICU psychosis, delirium, 
metabolic abnormalities, hypoxia, hypercarbia, 
and cerebral hypoperfusion 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 
specific agent. The time to the onset of with-
drawal symptoms varies depending on the half-
life of the agent and the half-life of active 
metabolites, which may be several times longer 
than the parent compound. 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 sympathetic nervous system. CNS manifesta-
tions are generally those of increased irritability 
including decreased sleep, tremulousness, hyper-
active deep tendon reflexes, clonus, inability to 
concentrate, frequent yawning, sneezing, delir-
ium, and hypertonicity. In neonates and infants, 
additional signs of central nervous system stimu-
lation include a high-pitched cry and an exagger-
ated Moro reflex. 

Seizures have been reported with withdrawal 
from opioids, benzodiazepines, barbiturates, 
propofol, and inhalational anesthetic agents while 
visual and auditory hallucinations have been 
described with opioid, benzodiazepine, barbitu-
rate, and inhalational anesthetic withdrawal. GI 
manifestations including emesis, diarrhea, and 
feeding intolerance may be especially prominent 
in neonates and infants. When such problems 
occur in the absence of other signs and symptoms 
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 is a 
prominent finding with  withdrawal from any of 
the above-mentioned sedative/analgesic agents. 
Additional signs and symptoms of sympathetic 
hyperactivity include nasal stuffiness, sweating, 
and fever.

Treatment of withdrawal and clinical 
scoring systems

As with most problems that arise in clinical med-
icine, effective 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 is optimal. There 
are currently no data to support or refute the effi-
cacy of 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 previ-
ously used infusion rate. This practice effectively 
provides the same rationale as using clinical 
sedation scores in that excessive infusion rates 
are avoided. However, many physicians and cer-
tainly 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, prospec-
tive trials in the pediatric population are needed 
to demonstrate not only their efficacy but also 
their safety. 

Prospective studies are needed to better address 
the efficacy of rotating sedation regimens, inter-
mittent vs. continuous infusions of sedative/anal-
gesic agents, and the role of other pharmacologic 
agents such as NMDA receptor antagonists and 
magnesium in preventing tolerance and depen-
dency. Until further investigations provide addi-
tional insight into the factors controlling opioid 
dependency and ways of preventing or delaying 
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it, PICU physicians will be faced with a group of 
patients who require specific actions to prevent 
the development of withdrawal symptoms. 
Treatment strategies and protocols are necessary 
so that the problems associated with tolerance, 
physical dependency, and withdrawal 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 pre-
viously in this chapter, risk factors that have been 
identified include not only the total dose of the 
sedative or analgesic agent that has been adminis-
tered 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 ventilation, Katz et al. deter-
mined the factors that could be used to identify 
the group who was at risk of withdrawal [360]:  
The total fentanyl dose and the duration of the 
infusion correlated with the risk of withdrawal, 
whereas the maximum 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 
fentanyl dose 2.5 mg/kg or an infusion duration 

9 days was associated with a 100% incidence of 
withdrawal. Fonsmark et al. reported an increased 
probability of withdrawal in patients who received 
a total dose of midazolam 60 mg/kg or a total 
dose of pentobarbital 25 mg/kg [352].

Scoring systems may be helpful in the man-
agement of patients presenting with signs and 
symptoms of withdrawal, not only in identifying 
the behaviors or withdrawal but also in grading 
its severity and judging the response to therapy. 
Unfortunately, the majority of scoring systems 
were developed to deal with neonates born to 
drug-addicted mothers and therefore may not be 
applicable to the PICU population [361]. 

To address such issues, Ista et al. reviewed the 
literature regarding withdrawal scoring systems 
and found that of the six available in the litera-
ture, only two were directed toward the PICU 

population [362]. The first of these included the 
Sedation Withdrawal Score (SWS), which assigns 
points (0–2) to 12 withdrawal behaviors, thereby 
providing a maximum score of 24. The signs and 
symptoms are grouped to the CNS (tremor, irrita-
bility, hypertonicity, high pitched cry, convul-
sions, and hyperactivity), the GI system (vomiting 
and diarrhea), and the autonomic nervous system 
(fever, sweating, sneezing, and respiratory rate) 
[363]. 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 reevalu-
ate 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 sensi-
tivity, specificity, validity, and reliability. 

The other scale is the Opioid and 
Benzodiazepine Withdrawal Scale (OBWS) 
[364]. The OBWS is a 21-item checklist that 
evaluates 16 specific 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 cut-off 
score for the presence of withdrawal, the sensitiv-
ity of the OBWS was only 50% with a specificity 
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.

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 with-
drawal scale [365]. 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 collected 2,188 observa-
tions in 79 children within 24 h of tapering off 
and discontinuing sedative and/or analgesic med-
ication. They noted that specific symptoms 
including agitation, anxiety, muscle tension, 
sleeping for less than 1 h, diarrhea, fever, sweat-
ing, and tachypnea were observed most frequently 
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and that longer duration of opioid or benzodiaz-
epine use and high doses were risk factors for 
withdrawal. Twenty-three observations were 
scored simultaneously and resulted in an inter-
observer correlation coefficient of 0.85 with a 
range of 0.59–1.0 for the individual items.

By maintaining a high index of suspicion and 
the use of withdrawal scores developed for the 
PICU patient, it seems that we are closer to our 
goal of identifying patients who are manifesting 
withdrawal symptoms. As mentioned previously, 
the mainstay of preventing withdrawal must be 
the identification 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 lim-
ited evidence-based medicine, it has been sug-
gested 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 [366, 367]. However, these studies have 
reported a significant 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 pop-
ulation [368, 369].

When prolonged administration of opioids or 
other sedative agents will be necessary, switching 
to the oral administration 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 availabil-
ity as a liquid. Although the first 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 [349]. Clinical experience of this 
author has indicated that higher doses of metha-
done 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 cross-over tolerance [370]. 
Similar considerations are necessary when 
switching from intravenous midazolam to oral 
lorazepam. 

Lugo et al. in a study evaluating enteral lora-
zepam to decrease midazolam requirements dur-
ing mechanical ventilation suggested starting at a 
lorazepam dose that was 1/6th that of the total 
daily dose of intravenous midazolam [82]. Once 
the appropriate enteral/oral dose is determined 
and started, the intravenous administration is 
tapered off quickly.

After the initial reports regarding the use of 
methadone, other authors have suggested varia-
tions in conversion ratios from fentanyl to meth-
adone as well as dosing intervals and most 
importantly weaning schedules [366, 367, 371–
373]. Some have used intravenous methadone 
prior to oral methadone during the initial con-
version process. Regardless of the protocol used, 
close observation during the conversion period 
is necessary to avoid adverse effects from over-
sedation or to recognize the early symptoms of 
withdrawal.

There remain some stigmata concerning the 
use of methadone. Therefore, a thorough discus-
sion with the parents is necessary to discuss why 
methadone is being used and to outline the differ-
ences between addiction and physical depen-
dency. Because of these issues as well as 
familiarity with long-acting morphine prepara-
tions, which are used in the treatment of children 
with chronic cancer-related pain, some physi-
cians prefer to use the latter agent. However, 
these agents are available only in tablets that 
 cannot be crushed so that administration and 
 subsequent weaning protocols may be more dif-
ficult in younger patients. Methadone on the other 
hand is available in a liquid formulation. More 
recently, concern has been expressed for the adult 
who is on maintenance methadone for drug addic-
tion regarding the potential for death, the poten-
tial for QT prolongation and arrhythmias [374]. 
To date, there are no such reports from the pediat-
ric population; however, these concerns have led 
to the consideration of obtaining periodic ECG’s 



22713 Sedation in the Intensive Care Unit: Challenges, Outcomes, and Future Strategies

prior to and after instituting therapy with 
methadone. 

A final issue with methadone is its metabolism 
by the P

450
 isoenzyme system of the liver making 

alterations in metabolism possible based on 
genetic factors and the coadministration 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, nonopioid 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. The benzodiazepine, 
diazepam, has been used to treat opioid with-
drawal in neonates and infants [375]. 

When benzodiazepines are used to treat opioid-
withdrawal in neonates born to drug-addicted 
mothers, clinical studies have demonstrated adverse 
effects on behavior including increased sedation 
and poor sucking as well as poor control of the 
autonomic hyperactivity that occurs with opioid 
withdrawal [376]. Similar results have been dem-
onstrated with the use of phenobarbital [377, 378]. 

Phenothiazines (chlorpromazine) have also 
been used in the treatment of infants of drug-
addicted mothers [379]. Despite relative success 
with an efficacy equivalent to that of phenobarbi-
tal, adverse effects including -adrenergic block-
ade with hypotension and a lowering of the 
seizure threshold have limited their widespread 
application [380].

The centrally acting, 
2
-adrenergic agonist, 

clonidine, has been used to treat and prevent 
opioid withdrawal in both neonates and adults 
[381–383]. Alpha

2
-adrenergic receptors mediate 

part of their pharmacologic actions through the 
activation of the same potassium channel as opi-
oid receptors. Because of its prolonged duration 
of action (12–18 h), once or twice a day dosing 
is possible. Starting doses range from 3 to 5 g/
kg/day. 

Adverse effects from clonidine include seda-
tion, bradycardia, and hypotension. Although 
the use of clonidine is becoming more wide-
spread in pediatric anesthesia as a premedicant 

in the operating room as well as for caudal/epi-
dural anesthesia; to date, there is limited clinical 
experience with its use in the treatment of opioid 
withdrawal.

Dexmedetomidine (Precedex®, Hospira 
Worldwide Inc, Lake Forest, IL) is the pharmaco-
logically active dextro-isomer of medetomidine. 
Like clonidine, it exerts its physiological effects 
via 

2
-adrenergic receptors. Regardless of the 

agent or agents responsible for withdrawal, the 
role of dexmedetomidine in treating such prob-
lems is supported by animal studies [313–316], 
case reports in adults and children [317–321], and 
one retrospective case series in infants [322]. 

The largest series reported in either the adult or 
pediatric population regarding the use of dexme-
detomidine to control withdrawal is a retrospec-
tive review of seven infants ranging in age from 3 
to 24 months [322]. The patients had received a 
continuous fentanyl infusion supplemented with 
intermittent doses of midazolam during mechani-
cal ventilation. Withdrawal was documented and 
successfully treated with a bolus and subsequent 
infusion of dexmedetomidine. More recently, the 
feasibility of subcutaneous administration to treat 
or prevent withdrawal in infant and children has 
been demonstrated [384].

Delirium

In addition to the myriad of issues surrounding 
the provision or sedation and analgesia to criti-
cally ill patients, recent attention in clinical prac-
tice 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 fluctuating disturbance of consciousness and 
cognition. In more general terms, the American 
Psychiatric Association’s (APA) Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV) 
has defined delirium as a disturbance of con-
sciousness and cognition that develops over a 
short period of time and fluctuates 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 
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syndrome, acute confusional state, encephalop-
athy, 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 criti-
cal 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 hospitalization 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 [385, 386].

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 [387]. Demographics 
including age, comorbidity scores, dementia 
scores, activity of daily living scores, severity of 
illness, and admitting diagnosis were similar 
between those patients who developed delirium 
and those who did not. Patients who developed 
delirium had a higher 6-month mortality rate (34 
vs. 15%, p = 0.03) and spent 10 days longer 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 requirements for mechani-
cal ventilation, and increased costs of care fol-
lowing hospital discharge [385–388].

Classification of delirium

Given difficulties with identification, even in the 
adult population, delirium may often go unrecog-
nized or attributed to other diseases processes or 
comorbid conditions such as dementia and 
depression or considered a natural, acceptable 
complication of a critical illness. Delirium can 
generally be divided into hypoactive and hyper-
active subtypes, which outside of the ICU popu-
lation 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 emo-
tional lability [389]. 

In a prospective evaluation of delirium in a 
cohort of adult medical ICU patients, Peterson 
et al. reported that purely hyperactive delirium 
was uncommon, occurring in 1.6% of the patients, 
hypoactive delirium occurred in 43.5% of the 
patients while 54.1% had mixed delirium [390]. 
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 [391]. 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 classified as having “clini-
cal delirium” while an intermediate state which 
the authors termed “subsyndromal delirium” was 
thought to be present in patients who manifested 
1–3 symptoms.

Diagnosis of delirium

Given its impact on short and long-term out-
come in the ICU patient, the accurate diagnosis 
of delirium is mandatory to identify its occur-
rence following critical illness and to facilitate 
trials to determine ways to limit its occurrence. 
As noted previously, the underdiagnosis and 
recognition of delirium remain a significant 
problem [392]. Such issues have led to the sug-
gestion by the Society for Critical Care Medicine 
that some type of delirium screening tool should 
be used in all critically ill patients. As with 
depth of sedation and withdrawal, there are 
instruments which have been validated for the 
assessment of delirium in ICU patients. To date, 
these instruments have only been studied in the 
adult population. Two such tools are (1) the 
Intensive Care Delirium Screening Checklist 
(ICDSC) and the (2) Confusion Assessment 
Method for the ICU (CAM-ICU) [393, 394] 
(Table 13.4). The scoring systems allow the 
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assessment and diagnosis of delirium in ICU 
patients by nonpsychiatric-trained physicians 
and healthcare 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 assess ment 
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 manifest a C, D, or E level, a 
further evaluation for the presence of delirium is 
undertaken. This includes assessing inattentive-
ness, disorientation, hallucination-delusional-
psychosis, psychomotor agitation or retardation, 
inappropriate speech or mood, sleep–wake cycle 
disturbances, and symptom fluctuation. 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.

Risk factors for the development  
of delirium

As with many outcomes in the ICU, the risk fac-
tors for the development of delirium include fac-
tors that may be present prior to the onset of the 
acute illness and those that relate directly to the 
acute illness or medications administered during 
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, respira-
tory disease, acidosis, anemia, and hypotension. 
Additionally, there may be some genetic predis-
position 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 [395]. Patients with the apolipoprotein-4 
polymorphism (a risk factor for Alzheimer’s dis-
ease) manifested delirium twice as long as those 
without this polymorphism. The duration of 
delirium (median and interquartile range) was 4 
days (3–4.5 days) vs. 2 days (1–4 days, p = 0.05).

Table 13.4  The intensive care delirium screening checklist

Patient evaluation Day 1 Day 2 Day 3 Day 4 Day 5

Altered level of consciousness* (A–E)      
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 fluctuation
Total score (0–8)

* 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
(reproduced from Bergeron et al. [393], with permission from Springer)
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Also of significant concern in the ICU patient 
is the potential association between delirium and 
medications used for sedation or analgesia. To 
date, the most  compelling evidence suggests that 
medications which 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 [396]. 

There are little or no data to demonstrate any 
relationship between the use of opioids such as 
morphine or fentanyl and the risk of developing 
delirium. Rather, the appropriate use of opioids 
for analgesia may decrease its incidence: Ouimet 
et al. reported that the mean daily dose of opioid 
dose was higher among patients without delirium 
than among those with delirium [397]. Similarly, 
in a cohort of 541 adult patients who were hospi-
talized for a hip fracture, those who received more 
than 10 mg/day of parenteral morphine or mor-
phine-equivalents were less likely to develop 
delirium than patients who received less analge-
sia [398]. Treatment with meperidine was an 
exception as meperidine has been shown to 
increase the risk of delirium when compared with 
other opioids.

Pathophysiology of delirium

The exact cellular or physiologic mechanisms of 
delirium remain poorly defined. Additionally, it 
is likely that it may result from a multifactorial 
process, resulting from a combination of underly-
ing patient factors, the critical illness, and medi-
cations used in the ICU setting. One theory that 
has been supported by clinical research is that 
delirium results from a neurotransmitter imbal-
ance. Derangements of several different central 
neurotransmitters have been theorized to result in 
delirium, although the greatest focus has been on 
alterations in the central concentrations of dop-
amine and acetylcholine [399, 400]. Specifically, 
an excess of dopamine or relative deficiencies in 
acetylcholine may result in delirium. Other 
potential central neurotransmitters which may 
play a role in the pathogenesis of delirium include 
GABA, serotonin, endorphins, and glutamate 

[401, 402]. Other evidence has pointed toward 
inflammation as a potential etiologic factor in the 
development of delirium. Animal studies have 
demonstrated that an inflammatory 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 [403]. The 
end result of this inflammatory process may pro-
voke delirium through alterations in CBF, by 
interfering with normal neurotransmitter func-
tion, or altering neurotransmitter concentrations 
within the CNS.

Prevention and treatment of delirium

Given the prevalence and adverse effects of delir-
ium in the ICU setting, appropriate interventions 
include not only treatment once delirium has 
occurred but also potentially strategies to limit its 
incidence. Although performed in a non-ICU 
population, 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 delirium 
[404]. The interventions included repeated reori-
entation of the patient, the provision of cogni-
tively stimulating activities, a nonpharmacologic 
protocol to improve sleep, ambulation and mobi-
lization 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 signifi-
cantly reduced the incidence of delirium (15.0% 
in the standard care group vs. 9.9% in the inter-
vention group). Given the outcome of this and 
other similar trials, such protocols have been rec-
ommended for use in the ICU. It must also be 
recognized that the use of sedative medications 
increases the incidence of delirium and efforts 
should be made to minimize dosages [405].

Haloperidol 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. Classified as a typical antipsychotic, 
haloperidol blocks dopamine

2
 receptors thereby 
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decreasing agitation, hallucinations, and delusions. 
Given the lack of prospective, clinical trials, the 
optimal dose regimen has not been defined. 
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 agitation 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, haloperidol has been shown to be 
effective when used as a prophylactic agent to 
prevent delirium in a cohort of elderly patients 
[406]. The atypical antipsychotics (risperidone, 
ziprasidone, quetiapine, and olanzapine) may 
also be helpful in the treatment of delirium, but 
only preliminary data exist supporting their use 
in the ICU [407]. 

Patients treated with haloperidol or other 
antipsychotics should be monitored for adverse 
effects including cardiac arrhythmias due to 
effects on repolarization (these effects are less 
common with the atypical antipsychotic 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 pro-
longed QT interval. Anticholinergic effects such 
as dry mouth, constipation, and urinary retention 
may also occur.

Summary

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 population. As no single 
agent will be effective in all patients and all sce-
narios, healthcare 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 benzodiaz-
epine or an opioid. There is an abundance of 
clinical experience 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 pop-
ulation and there may be concerns regarding 
accumulation of the diluent, propylene glycol. 

Although fentanyl is frequently chosen 
because of its hemodynamic stability and benefi-
cial effects on PVR, morphine is an effective 
alternative with data to suggest that the develop-
ment of tolerance may be slower and that there 
may be fewer issues with withdrawal when com-
pared to fentanyl. Long-term follow-up studies 
have demonstrated no adverse CNS developmen-
tal effects from morphine use in neonates and 
infants. In the critically ill infant at risk for pul-
monary 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 associated 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  beneficial properties are 
achieved in the  pediatric-aged patient; however, 
concerns of the propofol infusion syndrome have 
significantly 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 
dexmedetomidine. The use of dexmedetomidine 
may continue to increase as the incidence of delir-
ium has been shown to be less with its use when 
compared to commonly used benzodiazepines 
[408]. Suggested starting guidelines for sedative 
and analgesic agents are outlined in Table 13.3. 
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Case Studies

The second decision regarding PICU sedation 
includes the mode of administration. Effective 
sedation and analgesia are generally most easily 
achieved with the use a continuous infusion of a 
benzodiazepine or opioid supplemented with as 
needed bolus doses to provide additional analge-
sia or sedation. These bolus doses are given dur-
ing periods of breakthrough agitation or prior to 
noxious stimulation such as tracheal suctioning or 
other nursing interventions. Patients requiring fre-
quent bolus doses should have the baseline infu-
sion 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. 

The third decision regarding sedative and anal-
gesic agents is the route of administration. In the 
PICU setting, the intravenous route is used in the 
vast majority of patients. However, specific 
 circumstances may exist which necessitate the use 
of a nonintravenous route. Although medications 
such as midazolam have been administered via 

many nonparenteral routes including oral and 
transmucosal administration, these routes will 
have a limited role in the PICU population 
although they are viable options for procedural 
sedation. The subcutaneous route may be used in 
specific 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 admin-
istered, adverse effects on physiologic function 
may follow [341]. Monitoring of the patient’s 
physiologic function is mandatory whenever 
these agents are in use. There is also an increased 
understanding and recognition of withdrawal 
syndromes which may occur following the pro-
longed administration of sedative and analgesic 
agents. Strategies are needed to identify those 
patients at risk for withdrawal followed by appro-
priate interventions to prevent or treat it. With 
these caveats in mind, the goal of providing effec-
tive and safe sedation and analgesia for all of our 
patients is within reach.

Case 1

A 10-year-old, 48 kg boy is brought to the 
emergency room following a motor vehicle 
accident. His injuries included a closed head 
injury and a right femur fracture. A computed 
tomography scan is requested to rule out intra-
abdominal injuries. His vital signs are stable 
and his Glasgow Coma Scale is 11. His neck 
is stabilized in a hard cervical collat. He is 
sleepy, but has intermittent periods of combat-
ive behavior. Sedation is requested for the CT 
imaging.

Considerations: This patient’s altered mental 
status and potential for a full-stomach make 
sedation without control of the airway 
potentially problematic in that loss of airway 
reflexes may result in upper airway obstruction, 
the need for bag-valve-mask ventilation with 

the risks of aspiration. Given these concerns, 
the decision is made not to provide with 
sedation, but rather to protect the airway with 
endotracheal intubation and induce general 
anesthesia. Given the potential for associated 
injuries which may result in blood loss and 
decreased intravascular volume, etomidate 
is chosen for the induction of general 
anesthesia.

Drugs: Etomidate (Amidate, Abbott 
Pharmaceuticals) 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 
intravenous administration, loss of con-
sciousness is rapid (15–20 s) and as with 
propofol and the barbiturates, its duration of 
action following a single bolus dose is related 
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to redistribution rather than metabolism and 
clearance. Beneficial CNS effects include a 
decrease of the CMRO

2
, CBF, and ICP. CPP is 

maintained because of minimal effects on 
myocardial function. Although the bar-
biturates and propofol have similar effects on 
CHS dynamics, the latter agents are likely to 
decrease MAP and thereby decrease CPP. 
Myoclonic movements are also a frequently 
observed effect following the rapid intravenous 
administration of etomidate. Although these 
movements may simulate tonic-clonic seizure 
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. The most significant concern with 
etomidate and the factor that limits its long-
term administration in the ICU setting is its 
effects on the endogenous production of 
corticosteroids. This effect was identified 
when an increased risk of mortality was noted 
in adult ICU patients who were sedated with a 
continuous infusion of etomidate. Etomidate 
inhibits the enzyme, 11-b hydroxylase, which 
is necessary for the production of cortisol, 
aldosterone, and corticosterone. To date, 
signi ficant controversy surrounds the clinical 
significance of the 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 the 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 the adrenal suppression following a 
single dose of etomidate. Therefore, no 
definite 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. Given its 
effects on cerebral dynamics, it also should 
be considered for patients with increased 
ICP with or without associated myocardial 
dysfunction. A rapid sequence intubation is 
performed with manual in-line stabilization 
following the administration of etomidate and 
succinylcholine. This is followed by a propofol 
infusion starting at 25 mg/kg/min and titrated 
up based on the hemodynamic response to 
allow for completion of the CT scan. 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 26-month-old infant is recovering from sur-
gery for congenital heart disease. Following 
the surgical procedure, the infant is sedated 
with a fentanyl infusion with intermittent doses 
of midazolam for 4 days during mechanical 
ventilation. In anticipation of extubation, the 
fentanyl which was infusing at 8 g/kg/min 
and the intermittent doses of midazolam are 
discontinued. Three hours 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 with-
drawal; 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 evaluation including a 
complete blood count and blood gas analysis 
to rule out hypercarbia, hypoxemia, decreased 
cardiac output, and infection. Although this 
patient falls below the 50% incidence of 
withdrawal given that the infusion was 
continued for only 4 days, withdrawal may 
still occur in this patient. Some type of 
withdrawal scale that is specific for the 
Pediatric ICU patient may help to identify  
the severity of the withdrawal as well as the 
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response to therapy. The OBWS is a 21-item 
checklist that evaluates 16 specific withdrawal 
behaviors. The patient scores a 12 indicative 
of withdrawal. Given the brief duration of the 
fentanyl infusion, it is decided that weaning 
may be accomplished relatively rapidly 
without affecting the duration of the PICU 
stay. Therefore, the decision is made to 
reinstitute intravenous therapy.

Drugs: Given that this patient is extubated 
and breathing spontaneously, it is decided to 
use dexmedetomidine which may have less 
effect on ventilatory function than opioids 
or benzodiazepines. Dexmedetomidine is the 
pharmacologically active dextro-isomer of 
medetomidine. Like clonidine, it exerts its 
physiological effects via 2-adrenergic 
receptors. Dexmedetomidine and clonidine 
are members of the imidazole subclass which 
exhibits a high ratio of specificity for the 2 
vs. the 1 receptor. However, while clonidine 
exhibits an 2: 1 specificity ratio of 200:1, 
that of dexmedetomidine is 1,600:1 thereby 
making it a complete agonist at the 2-
adrenergic receptor. Dexmedetomidine has a 
short half-life (2–3 vs. 12–24 h for clonidine) 
and is commercially available for intravenous 
administration. Adverse effects are generally 
limited with dexmedetomidine although 
hemodynamic effects (bradycardia or hypo-
tension) may occasionally be seen. As with 
clonidine, there is increasing experience and 
interest regarding the use of dexmedeto midine 
in the prevention and treatment of withdrawal 
following the pro longed adminis tration of 
opioids and benzo diazepines in the PICU 
setting. Regardless of the agent or agents 
responsible for withdrawal, 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 (0.5 g/kg) was 
administered over 10 min followed by an 
infusion of 0.5 g/kg/h. Ongoing OBWS 
values decreased to 1–3 over the ensuring 

3–4 h. The dexmede tomidine was decreased 
in increments of 0.1 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 
vascular access.

Case 3

A 10-month-old infant is admitted to the PICU 
following direct laryngoscopy and airway 
laser in the operating room. Direct laryngos-
copy revealed a subglottic hemangioma which 
was effectively treated with the laser and the 
patient remains intubated with a 4.0 ETT 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 success-
fully extubated. On arrival in the PICU, the 
infant is initially comfortable with a Ramsay 
sedation score of 4. Sedation is initiated with 
morphine at 30 g/kg/h and midazolam at 
0.5 mg/kg/h. The patient gradually becomes 
more awake and then agitated with Ramsay 
scores 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 to 100 g/kg/hr 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 
control prior to endotracheal intubation. In a 
small subset of patients, the usual combination 
of an opioid (morphine 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 
awakening may occur following a brief-
duration infusion of more than 12–24 h.
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Drugs: There are a couple of options for this 
patient including the use of potent inhalational 
anesthetic agents, propofol or remifentanil. To 
date, there remain limited data regarding the 
use of the potent inhalational anesthetic agents 
for sedation in the PICU setting. A benefit of 
these agents is the ability to rapidly control the 
depth of anesthesia as well as rapid awakening 
upon their discontinuation. These agents may 
have some effect on hemodynamic function, 
but are generally well tolerated in patients 
without comorbid cardiac diseases of 
hypovolemia. The major obstacles to the use 
of the inhalational anesthetics in the PICU 
patient are issues with administration, 
monitoring, scavenging, and environmental 
pollution. Although techniques are available 
to allow the administration of these agents 
through ICU ventilators, the added cost and 
logistic issues limit their use. Given the 
problems with the devices and techniques 
currently available for the delivery of the 
potent inhalational anesthetic agents in the 
ICU setting, novel means of delivering these 
agents are needed. The Anesthetic Conserving 
Device or “AnaConDa®” is a modified heat-
moisture exchanger with a deadspace of 
100 mL which may allow a simplified means 
of administering the potent inhalational 
anesthetic agents in the ICU setting. The 
device is placed between the Y-piece of the 
ventilator circuit and the 15 mm adaptor of 
the ETT. There is also a port at the end of the 
device just proximal to its attachment to the 
ETT which allows gas sampling and moni-
toring of the agent concentration. The desired 
inspired concentration is titrated by adjusting 
the infusion rate on the syringe pump based on 
the manufacturer’s recommendations. Exhaled 
isoflurane is adsorbed to the lipophilic carbon 
particle filter in the device and redelivered to 
the patient thereby limiting environmental 
pollution.

Another option would be the short-term 
infusion of propofol. Propofol is an alkyl phe-
nol 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 [170]. Although propofol was 
initially introduced into anesthesia practice 
for the induction and maintenance of anesthe-
sia, its rapid onset and recovery times led to 
its eventual use for sedation in the ICU set-
ting. When compared with midazolam for 
sedation in adult patients, propofol has been 
shown to provide shorter recovery times, 
improved titration efficiency, reduced post-
hypnotic obtundation, and faster weaning 
from mechanical ventilation with limitation 
of issues surrounding context-sensitive half-
life. Despite its potential benefits in the ICU 
setting and its efficacy for providing sedation 
during mechanical ventilation, the routine use 
of propofol is not recommended and, in fact, 
is considered contraindicated by many author-
ities because of the potential for the develop-
ment of what has been termed the “propofol 
infusion syndrome.” First described in 1992, 
the disorder includes metabolic acidosis, bra-
dycardia, dysrhythmias, rhabdomyolysis, and 
fatal cardiac failure. Given these concerns, 
the manufacturer of propofol has cautioned 
against its use in the PICU patient. In specific 
clinical scenarios, propofol is still used as a 
short term drug (6–12 h) to transition from 
other agents such as fentanyl and midazolam 
to allow for more rapid awakening when we 
are ready for tracheal extubation. In these 
cases, intermittent monitoring of acid–base 
status is suggested with discontinuation of 
the propofol infusion should acidosis 
develop.

The final option is remifentanil. Remifen-
tanil is a synthetic opioid that is metabolized 
by nonspecific esterases in the plasma. It has a 
clinical half-life of 5–10 min and a brief dura-
tion of effect even following 12–24 h of con-
tinuous infusion. These pharmacokinetic 
parameters hold true even in the neonatal 
 population, making remifentanil the only opi-
oid whose pharmacokinetics is not altered by 
gestational or chronologic age. Given these 
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properties, it is a potentially useful agent for 
providing a deep level of sedation and 
yet allowing for rapid awakening with discon-
tinuation of the infusion even in the neonatal 
population. Although there is significant clini-
cal experience with the use of remifentanil 
during surgical procedures in patients of all 
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Unlike other opioids, remifentanil does not 
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its duration of action remains constant even 
with a prolonged issue. Issues include the 

rapid development of tolerance, limiting its 
efficacy for more than 24 h as well as cost.

Remifentanil is chosen to provide sedation. 
An infusion is started at 0.2 g/kg/min and the 
morphine infusion is discontinued after 
15 min. The remifentanil is increased to 
0.3 g/kg/min and the midazolam infusion is 
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Introduction

There is no single sedative or combined sedation 
regimen that has been identified as ideal for 
pediatric gastrointestinal (GI) procedures. 
General anesthesia and intravenous (IV) seda-
tion remain the two primary options. General 
anesthesia requires the presence and expertise 
of an anesthesiologist or Certified Registered 
Nurse Anesthetist, and may involve inhalational 
or intravenous anesthetics. IV sedation is aimed 
at maintaining the child’s ability to breathe 
spontaneously with intact protective airway 
reflexes. Depending on the targeted and 
achieved depth of sedation, it may be adminis-
tered by a physician or nurse, in the absence of 
an anesthesiologist.

Generally speaking, sedation or anesthesia is 
necessary for children to remain comfortable 
and cooperative during gastrointestinal proce-
dures. Complications during pediatric endoscopy 
are more commonly attributed to the sedation 
than to technical mishaps from bleeding or per-
foration [1–4]. Improving efficacy and safety for 
the pediatric sedation of gastrointestinal proce-
dures has been a topic of great interest among 

pediatric gastroenterologists (GI) for the past 3 
decades [1, 5].

A 2005 survey of members of the North 
American Society of Pediatric Gastroenterology, 
Hepatology and Nutrition (NASPGHAN) sug-
gests that there is a wide practice variation in 
types of sedation employed for pediatric gastro-
intestinal procedures [5]. One third of all respon-
dents reported performing the great majority of 
their cases with endoscopist-administered IV 
sedation, another third reported the majority with 
general anesthesia in hospital operating rooms, 
and the final third reported performing more than 
three quarters of their procedures with anesthesi-
ologist-administered propofol in a dedicated 
endoscopy facility, outside of main operating 
rooms. Only 10% of respondents reported using 
general inhalational anesthesia for all procedures 
performed. Although the great majority reported 
using the hospital operating room, one quarter of 
respondents stated that it was almost always 
inconvenient to schedule [5].

This chapter reviews the range of sedation 
approaches and techniques for pediatric gastroin-
testinal endoscopy, with a focus on method of 
delivery in addition to benefits, limitations, and 
pitfalls of various regimens. The “traditional” 
and innovative options will be discussed, con-
cluding with the controversial technique of Non-
anesthesiologist Administered Propofol Sedation 
(NAAPS), an approach now applied for adult 
gastrointestinal procedures.

Sedation for Pediatric Gastrointestinal 
Procedures

John A. Walker, Keira P. Mason, and Jenifer R. Lightdale 

J.R. Lightdale ( ) 
Gastroenterology and Nutrition, Children’s Hospital 
Boston, Harvard Medical School,  
Boston, MA 02115, USA 
e-mail: jenifer.lightdale@childrens.harvard.edu

14



250 J.A. Walker et al.

Goals and Optimal Levels  
of Sedation for Pediatric  
GI Procedures

The primary purpose of sedation for children under-
going upper and lower endoscopies is to perform 
procedures safely, with minimal emotional and 
physical discomfort. Secondary goals may include 
amnesia, efficiency, and cost-effectiveness.

Optimal levels of sedation may vary depend-
ing upon the procedure. For upper endoscopy, 
one major goal is to avoid gagging and to increase 
patient cooperation. For colonoscopy, the goal is 
often to avoid visceral pain as the endoscope 
loops through the colon. For upper endoscopy, a 
combination of topical local anesthetic with 
orally administered anxiolysis prior to intrave-
nous line insertion has been shown to improve 
pediatric patient tolerance and satisfaction [6, 7].

The goal of achieving moderate to light seda-
tion must be balanced against the potential to 
become deeply sedated [8]. In some clinical situ-
ations, relative immobility may be the primary 
objective, rather than achieving a particular level 
of sedation [9]. Neither societal nor regulatory 
guidelines to date recognize that the depth of 
sedation does not predict immobility in children 
[10]. Gastroenterologists have measured sedation 
outcome using a number of different benchmarks 
(Table 14.1). To objectively compare regimens, it 

is preferable to adopt independent observers and 
standardized scales.

Preprocedure Preparation 
and Patient Assessment

Sedation for pediatric gastrointestinal procedures 
should be tailored to a patient’s physical status, in 
accordance with guidelines from the American 
Society of Anesthesiologists (ASA) [11–13]. 
Consideration of the patient’s age, medical con-
dition (ASA level), and developmental status 
when tailoring a sedation regimen is important. 
Recent data suggests that the smallest and youngest 
pediatric patients with the highest ASA classifica-
tions are at greatest risk for complications during 
gastrointestinal procedures [3].

When working with children undergoing gas-
trointestinal procedures, it has been noted that per-
sonality and psychosocial development stages may 
vary widely and impact a child’s response to seda-
tives, the rapidity of effect and the depth achieved 
[14, 15]. Patients can be roughly divided into four 
different age groups: less than 6 months, greater 
than 6 months, school aged (4–11 years), and ado-
lescents. Infants under 6 months of age may have 
little anxiety and tend to be sedated easily. Infants 
greater than 6 months who have developed “stranger 
anxiety” may more smoothly be sedated if parents 
remain next to them during induction. School-aged 
children manifest “concrete thinking” and may be 
surprisingly difficult to sedate, concealing their 
high anxiety levels [16]. Adolescents also may 
appear composed during preprocedure prepara-
tions, 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 procedure, including the inser-
tion of an intravenous catheter, may decrease 
patient anxiety levels [15]. The use of topical anes-
thetics for IV insertion such as topical lidocaine 
cream, or oral anxiolytics, such as midazolam, may 
be warranted [7, 17]. Children who exhibit greater 
distress during the IV insertion have been shown to 
experience significantly greater distress and pain 
throughout the rest of the procedure [17].

Table 14.1 Parameters of a successful sedation program

Ability to match sedation levels to individual patients in 
clinical circumstances
Adequacy of sedation so procedures are not rushed or 
pressured
Adequacy of amnesia
Speed of recovery of cognition
Speed of recovery of locomotion

Creating a relaxed, humane work environment for the 
sedation team

Cost-effectiveness
Timeliness and efficiency
Furthering the public’s perception of the benevolence of 
the medical profession
Low incidence of sedation complications
Low incidence of incomplete procedures
Collegial willingness to learn and grow as experience 
accrues
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Regardless of sedation regimens employed, 
it is essential to perform airway assessments at 
every step of the endoscopic process, begin-
ning with the preprocedure evaluation and 
concluding in the recovery room. The decision 
to care for a child requires that the medical 
condition, ASA status, physical exam (airway 
in particular), and planned procedure is bal-
anced against the location of the facility (free-
standing vs. hospital based) and available 
resources.

All providers who care for children with gas-
trointestinal disorders should be schooled in air-
way assessment, including those who do the 
periprocedure assessment, the sedation provider, 
and the gastroenterologist. There is increasing 
interest among gastroenterologists to adopt a 
comprehensive grading system which incorpo-
rates the Mallampati score and a focused physical 
exam in order to determine a numerical score 
which represents airway risk and guides the plan-
ning (Table 14.2). In many endoscopy units, an 
Airway Assessment score of 4 prompts a man-
dated anesthesiology assessment.

Beyond airway assessment, a careful review 
of the patient’s gastrointestinal disorder, past his-
tory, as well as their prior experiences with seda-
tion and procedures guides the triage of a child 
undergoing a gastrointestinal procedure. Some 
gastrointestinal disorders increase the riskiness 
of the procedure. In particular, upper gastrointes-
tinal bleeds, anatomic or physiologic obstruction 
of the upper gastrointestinal tract, recent inges-
tion of blood or food, and septic patients who 
need common bile duct clearance will place a 
patient at higher risk for complications both from 
the procedures and from the sedation [18].

In addition, 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 [19, 20].

Common IV Sedation Regimens  
for Pediatric Gastrointestinal 
Procedures

There are a variety of IV sedation options that 
have been described for children undergoing 
these procedures [21]. Table 14.3 lists commonly 
used sedatives for sedation for pediatric gastroin-
testinal procedures and their recommended dos-
ages. In general, the most common IV sedation 
regimens used for pediatric endoscopy combine a 
narcotic analgesic (e.g., meperidine or fentanyl) 
with a benzodiazepine (e.g., diazepam or mida-
zolam). A brief review of the important phar-
macokinetic, pharmacodynamic, and clinical 
properties of those medications most commonly 
used for GI sedation, directed to the GI concerns, 
will follow. Chapter 8 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 

Table 14.2 Airway assessment

Score

Mallampati
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

0

0

1

2

Mouth opening
Greater than 3 cm
Less than 3 cm

0
2

Hyoid mental distance
Greater than 3 cm
Less than 3 cm

0
1

Neck flexion/extension
Normal
Limited
Rigid

0
1
4
Score ____________

Score of 4 or greater = anesthesiology consultation 
suggested

Dr. NAPS, LLC training syllabus, http://www.drnaps.org
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about 30–45 min. IV Fentanyl should always be 
administered slowly, as it has been associated 
with the dangerous side effects of chest wall and 
glottic rigidity after rapid administration [22].

Fentanyl is variably metabolized by the liver, 
especially in young children. Delayed fentanyl 
excretion has been reported in neonates with 
compromised hepatic blood flow [23]. Several 
studies have suggested that fentanyl may not 
represent an ideal sedative for infants. In particu-
lar, it has been associated with significant apnea 
in infants less than 3 months of age [24]. The 
unique pharmacokinetics of fentanyl is certainly 
relevant to pediatric endoscopists. In particular, 
fentanyl’s termination of action occurs with 
redistribution of drug metabolites from the 
plasma, rather than from metabolism, causing its 
potential respiratory depressive effects to outlast 
its opioid effects. Fentanyl should be adminis-
tered to children slowly and in small increments, 
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 administered 

IV, the onset of action is 1–5 min, with peak 
effect achieved at 30 min to 1 h. Several phar-
macokinetic studies have suggested that mida-
zolam may be metabolized and excreted more 
rapidly in children than adults [7, 25, 26]. 
Midazolam is relatively unique among benzodi-
azepines in that its clearance appears to be dose 
related, with increased clearance at escalating 
dosage [27]. Pediatric gastroenterologists have 
reported the need to require larger weight-
adjusted doses for pediatric vs. adult patients in 
order to achieve similar doses and duration of 
sedation [28].

Reversal Agents for Narcotics and 
Benzodiazepines

Reversal agents are available only for benzodiaz-
epines and narcotics. Table 14.4 lists reversal 
agents and their recommended dosages for chil-
dren. Although reversal agents have been used in 
adults to expedite recovery, it is important to rec-
ognize that there may be resedation as the effect of 
sedative outlasts that of the reversal agent [29, 30]. 
Most endoscopy and pediatric sedation guide-
lines stipulate that patients who receive a dose of 
a reversal agent should be monitored for an 
extended period, and administered repeat doses if 
necessary [31].

Table 14.3 Recommendations for dosages of drugs commonly used for IV sedation for pediatric gastrointestinal 
proceduresa

Drug Route Maximum dose (mg/kg) Time to onset (min) Duration of action (min)
Benzodiazepines
Diazepam IV

Rectal
0.1–0.3
0.2–0.3

1–3
2–10

15–30
15–30

Midazolam Oral
IV
Rectal

0.5–0.75
0.05–0.15
0.5–0.75

15–30
2–3
10–30

60–90
45–60
60–90

Opioids
Meperidine IV

IM
1–3
1–3

<5
10–15

120–240
120–180

Fentanyl IV 0.001–0.005 (1–5 g/kg in  
0.5–1.0 g/kg increments)

2–3 30–60

Ketamine IV
IM

1–3
2–10

1
3–5

15–60
15–150

a This table reflects common dosings and sedation considerations but must be interpreted and applied with caution. The 
table reflects the views of the author
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Ketamine

Ketamine is a dissociative agent that largely 
spares upper airway muscular tone and laryngeal 
reflexes, and may represent an alternative to nar-
cotics and benzodiazepines for sedating children 
for gastrointestinal procedures [32–40]. As a 
derivative of phencyclidine, ketamine binds to 
opiate receptors, and rapidly induces a trancelike 
cataleptic condition with significant analgesia. 
Routes of administration include oral or rectal, 
with intravenous or intramuscular more common 
for endoscopy.

Unlike most sedatives, ketamine is almost 
always effective at significantly immobilizing 
patients with minimal cardiac 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 abnormal-
ities, active pulmonary disease, cardiovascular 
disease, head injury, central nervous system 
masses, hydrocephalus, porphyria, and thyroid 
disease [36, 37, 41]. Ketamine is considered by 
many to be contraindicated in patients with a his-
tory of psychosis [36, 37].

To date, the main drawback noted about ket-
amine sedation for pediatric procedures has been 
its association with hallucinogenic emergence 
reactions in some children [42–44]. Although it 
has been suggested that these effects can be less-
ened by the prior administration of a short-acting 
benzodiazepine, such as midazolam, recent evi-
dence reveals that the midazolam does not 
decrease the agitation but rather may increase it 
in postpubertal children [44, 45]. Ketamine has 
also been associated with increased airway secre-
tions and increased incidence of postoperative 
nausea and vomiting. During upper endoscopy, 
ketamine has been associated with a potential for 

laryngospasm [46, 47]. Although in the past, the 
prophylactic administration of anticholinergics 
was believed to reduce the incidence of secre-
tions, laryngospasm, and respiratory complica-
tion, this is no longer held true. Rather, a recent 
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 admin-
istration of anticholinergics with the occurrence 
of laryngospasm [48]. This data is important 
because it identifies the occurrence of laryngos-
pasm as an unpredictable and idiosyncratic reac-
tion. All practitioners, thus, who administer 
ketamine should be prepared to identify and treat 
laryngospasm. Gilger et al. performed a retro-
spective review of 402 endoscopies (upper and 
lower) performed in children receiving different 
sedation combinations at Texas Children’s 
Hospital. There were three groups: Group 1- 
midazolam + meperidine, Group 2- midazolam, 
meperidine + ketamine, Group 3- midazolam + 
ketamine. The midazolam + ketamine group had 
the lowest rate of complications (0.8% incidence 
of O

2
 Sat <95%) [46]. Others have suggested that 

ketamine may be an alternative for sedation and 
analgesia during colonoscopies and liver biop-
sies, where upper airway stimulation is minimal 
[49]. The role of safe ketamine in pediatric 
colonoscopy has yet to be fully explored.

Nitrous Oxide

Nitrous oxide is an inhalational gaseous mixture 
which has analgesic, sedative, and amnestic prop-
erties. 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 studies 

Table 14.4 Reversal agents for benzodiazepines and opioids and recommended dosagesa

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
a This table reflects common dosings and sedation considerations but must be interpreted and applied 
with caution. The table reflects the views of the author
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have suggested that nitrous oxide may provide 
rapid and effective sedation for children undergo-
ing gastrointestinal procedures, without inducing 
deep sedation [50, 51]. Comparisons with midazo-
lam and fentanyl combinations suggest that nitrous 
oxide may not provide enough analgesia for 
colonoscopy [51]. Nitrous oxide may be adequate 
for endoscopy and rectosigmoidoscopy, two less 
painful and stimulating procedures.

Diprivan (Propofol)

Propofol may be administered during pediatric 
endoscopy either as a total intravenous anesthetic or 
in combination with inhalational agents. 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 [52–55].

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 levels, as well as 
to achieve anesthesia. Children who receive 
propofol have shorter induction times than chil-
dren who received midazolam and fentanyl. 
Nevertheless, this faster induction time has not 
been shown to improve procedural efficiency in 
pediatric endoscopy units [56].

A pharmacologic disadvantage of propofol is 
its relatively narrow therapeutic range. Pharma-
cokinetic studies of children who received propo-
fol demonstrate that average total propofol doses 
per kilogram of body weight to achieve targeted 
plasma propofol concentrations are higher in 
younger children [57, 58]. 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 propofol dosage was needed when propofol 
was given in combination with midazolam and 
fentanyl, than when propofol was given alone. 
Propofol conferred amnestic effects, indepen-
dently of those conferred by midazolam [59].

Titrating propofol to achieve sedation with-
out inducing general anesthesia requires clinical 

expertise and, even when administered by 
anesthesiologists, carries the risk of an inadver-
tent anesthetic. Kaddu et al. reported that 20% of 
pediatric patients receiving anesthesiologist-
administered propofol for upper endoscopy expe-
rienced transient apnea [53]. A recent study 
demonstrates that a slow administration of propo-
fol (over 3 min) confers less respiratory depres-
sion than more rapid delivery [60]. Given its high 
potential to induce respiratory depression and 
cardiovascular instability, propofol is often rou-
tinely administered by anesthesiologists for pedi-
atric endoscopy [53, 55, 61].

Non-Anesthesiologist Administered 
Propofol Sedation (NAAPS)

NAAPS is an acronym used to describe the 
administration of propofol under the direction of 
a physician by an appropriately qualified regis-
tered nurse or physician who has not been trained 
as an anesthesiologist [62]. Propofol may be used 
either alone or in combination with one or more 
other agents, and a level of moderate-to-deep 
sedation is targeted [63, 64]. NAPS or Nurse-
Administered Propofol Sedation refers to the first 
model used for nonanesthesiologist-administered 
propofol, and generally implies propofol admin-
istration by a registered nurse.

Propofol administration by nonanesthesiolo-
gists is an off-label use as its package insert iden-
tifies it as an anesthetic agent. The off-label use 
of propofol in NAPS and NAAPS has raised 
safety and liability questions for nurses, gastro-
enterologists, and facilities. In some states, regis-
tered nurses have maintained authority to refuse 
to administer sedation if they deem it to be unsafe. 
For example on 13 October 2005, the Minnesota 
Board of Nursing issued a Statement of Account-
ability for Administration of Medications Classi-
fied as Anesthetics by the Registered Nurse. It 
classified propofol as a sedative hypnotic at lower 
doses and gave the nurse the authority to “decline 
to administer medications classified as anesthet-
ics or other medications if the registered nurse 
perceives the administration would be unsafe 
under the circumstances” [65].
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Along these lines, one training syllabus for a 
GI-delivered NAPS manual begins with the fol-
lowing: “STOP! Do you need to do this patient’s 
procedure now? Is this the time that is optimal for 
the patient’s safety? Are all of your rescue sys-
tems and components ready? Are your rescue 
skills adequate? Does this patient need sedation, 
light sedation, varying levels of sedation or deep 
sedation? Are team members rested, relaxed, and 
attentive? Is this a case for which you should 
have an anesthesiologist?” [66].

In 2007, it was estimated that over 150,000 
adult patients had received NAAPS for endos-
copy [67]. To date, this number is approaching 
600,000 patients, with morbidity and mortality 
cited as comparable to more traditional IV seda-
tion regimens [62].

NAAPS for Adults: Could the Algorithms 
Apply to Children?

When considering a possible role for NAPS or 
NAAPS in pediatric gastroenterology, it is impor-
tant to recognize that the induction dose regimen 
for NAPS-delivered propofol was designed for 
the sedation of adults greater than 12 years of age 
only. There have been no publications regarding 
the use of NAPS or NAAPS solely intended for 
pediatric gastrointestinal procedures. A review of 
the strategies and regimens applied to adults may 
guide sedation care providers in the potential 
application of NAPS or NAAPS to pediatric use.

The Propofol Matrix (Table 14.5) represents 
one model for guiding dosing in response to clini-
cal cues and seeks to address the perceived need 
among adult gastroenterologists for more clearly 
defined algorithms [68, 69]. As with all published 
references for NAPS, the Propofol Matrix has been 
designed for use in adults, and relies on assess-
ments of patient responsiveness, both purposeful 
and nonpurposeful physical and verbal responses 
to guide propofol dosage. These responses are 
graded on a scale of 1–4, and referred to as Adverse 
Body Language (ABL) Levels.

In the Propofol Matrix, ABL 1 Level describes 
a patient who exhibits slight contraction of proxi-
mal limb flexors, mild grimacing, and low volume 

verbalization. Moderate limb movement and 
 verbalization at normal conversation volume con-
stitutes Level ABL 2. A loud outburst, “perfectly 
spoken” sentence or purposeful body movement 
describes ABL 3. “Restless leg syndrome” move-
ments, flapping of hands, and slight body twitch-
ing are generally not used for ABL scoring and do 
not affect dosing decisions. Each person has an 
ABL goal identified prior to the start of the proce-
dure, and this level may differ between patients 
and procedure, taking into account the patient’s 
medical condition and the procedure itself. In 
clinical applications, the ABL score should aug-
ment assessments of ventilation.

In adults, the initial dose of propofol is given 
in milligrams and calculated using the formula 
(100 – age) up to a maximum of 60 mg. All initial 
doses are given as a single bolus. The first dose 
represents “Time Zero,” the second dose is given 
at 60 s, and subsequent doses are administered 
every 30–40 s. The level of sedation is closely 
followed by the sedation team and the ABL level 
is used to determine subsequent, appropriate dos-
ing strategy.

There are a number of published studies of 
large numbers of patients that support the effi-
cacy and safety of NAAPS. A prospective cohort 
study of 27,061 adult patients in two ambulatory 
GI settings presented NAAPS data for adminis-
tration by an endoscopy nurse and supervised by 

Table 14.5 Propofol matrixa

Initial propofol  
dose (mg) ABL1 (mg) ABL2 (mg) ABL3 (mg)

20 0 5 10
30 5 5–10 10–20
40–60 5 5–10 10–20
70–110 10 10–20 20
120–160 10 20 20–30
160–200 20 20–30 40–60
200–300 20–30 30–50 50–70

DR.NAPS, LLC training syllabus, years 2002–2011. 
http://www.drnaps.org
ABL adverse body language level
a This matrix is an example of a propofol algorithm for 
adults. Subsequent propofol doses are based on the initial 
dose and the patient’s current ABL score. This matrix rep-
resents the algorithm designed by Dr. John Walker, the 
publication of which does not imply endorsement
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the endoscopist. Monitoring consisted of pulse 
oximetry and clinical assessment. The mean dose 
of propofol for EGD was 161 mg (range 
50–650 mg). The mean dose of propofol for the 
colonoscopy was 116 mg (range 30–500 mg) in 
addition to 25 mg of meperidine. Oxygen satura-
tion fell below 90% in 2.3% but normalized 
within 30 s of stimulation and increased oxygen 
delivery via nasal cannula. Six patients (ASA III) 
required brief positive pressure, airway assistance 
for less than 30 s [70]. This study suggests that a 
GI endoscopist with a specialized team consist-
ing of one physician endoscopist and one endos-
copy nurse may be able to administer propofol 
sedation with pulse oximetry and vigilant atten-
tion [71].

NAPS was used for 9,152 adult endoscopies 
in an ambulatory surgery center. Registered 
nurses, under the supervision of an endoscopist 
or gastroenterologist, described seven cases of 
respiratory compromise of which none required 
endotracheal intubation. 5/9,152 required posi-
tive pressure ventilation via face mask. On aver-
age, patients were discharged within 18 min of 
completing the procedure [72].

Rex et al. presented the outcomes of 36,743 
cases of NAPS administered at three endoscopy 
centers. The incidence of respiratory compromise 
was not statistically different between centers, 
ranging from <1:500 to <1:1,000. There were no 
cases of death or endotracheal intubation [73].

Worldwide, endoscopists-directed propofol 
(EDP) administration is being practiced by some 
as a substitute for anesthesia specialists. 646,080 
records from around the world were reviewed. The 
incidence of positive pressure mask ventilation 
was 0.1%. Eleven cases required endotracheal 
intubation and there were four deaths. The deaths 
occurred in two patients with pancreatic cancer, 
one who was severely developmentally challenged 
and one with severe cardiomyopathy [62].

To date, there is no such widespread, global 
adoption of NAPS for children. In fact, there are 
no published pediatric NAPS studies. A recent 
prospective study used NAAPS in children with 
a protocol of 1–2 mg/kg of propofol induction 
dose followed by 0.5–1.0 mg/kg supplements as 
needed. Propofol was administered by pediatric 

residents to 716 children for 811 procedures. 
The residents had been trained in cardiopulmo-
nary resuscitation and had completed a 4-week 
training period during which they had performed 
bag-mask ventilation and endotracheal intuba-
tion a minimum of 20 times. There were careful 
selection criteria for suitable sedation candi-
dates. Children were ASA I and ASA II only. 
Those with any indication of airway obstruction 
(existing or potential), respiratory disease, sei-
zures, or risk of aspiration were excluded. 
Overall there was a 0.7% (6/811) incidence of 
positive pressure ventilation, brief oxygen desat-
uration in 12%, and no occurrence of endotra-
cheal intubation [70].

Because of its high reliability as a safe, effec-
tive, and efficient sedative, propofol, as adminis-
tered by anesthesiologists in a dedicated 
endoscopy unit, separate from the operating 
room, has emerged as an attractive option for 
pediatric gastrointestinal procedures [53, 74–76]. 
A growing number of pediatric gastroenterolo-
gists are using, or planning to use, propofol in 
their own practices, almost entirely with the 
assistance or supervision of an anesthesiologist 
[5]. Recruiting anesthesiology assistance to the 
endoscopy unit will decrease the need for operat-
ing room time and should facilitate the schedul-
ing of procedures.

Monitoring of Children  
Undergoing Endoscopic  
Procedures with Sedation

The sedation of children for endoscopy requires a 
carefully coordinated team of physicians and 
nurses [30, 77]. In general, any evidence of poor 
ventilation – either by visual assessment or from 
physiologic monitors (pulse oximetry, precordial 
stethoscope, capnography) – should trigger 
immediate intervention.

Patient Positioning

All patients undergoing diagnostic upper and 
lower endoscopic procedures with sedation should 
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be placed in the left lateral decubitus position to 
avoid the supine position with its accumulation of 
secretions in the oral pharynx and associated risk 
of upper airway obstruction or laryngospasm. 
Patients undergoing endoscopic retrograde cho-
langiopancreatography (ERCP) may require the 
prone or prone-oblique position. Obviously, air-
way monitoring, access to the airway, and man-
agement of complications (i.e., airway obstruction, 
laryngospasm) are more challenging in the prone 
position.

Pulse Oximetry

Visual and clinical assessments are important 
adjuncts to physiologic monitoring for ensuring 
patient safety. Oxygen desaturation represents an 
objective means of detecting inadequate respira-
tion in children. Suboptimal ventilation by clini-
cal assessment may be missed or overlooked but 
will be identified by pulse oximetry. Oxygen 
desaturation tends to be a relatively late sign of 
suboptimal ventilation [78]. Supplemental oxy-
gen during upper GI endoscopy has been shown 
to decrease the incidence of desaturation (<92% 
for greater than 15 s) which occurs [79].

Capnography

The limitation of pulse oximetry during endos-
copy is that patients may be well saturated with 
coincident significant apnea and carbon dioxide 
retention. At some centers, precordial stetho-
scopes, visual inspection, and palpation are used 
to supplement the monitors. Compact microstream 
capnographs using aspiration flow technology 
allow the accurate real time electronic graphic 
display of ventilatory waveforms in nonintubated 
patients by measuring their end-tidal carbon 
dioxide [78, 80].

Microstream capnography has been shown to 
provide a highly reliable measurement of abnor-
mal ventilation [80]. Employing capnography in 
the pediatric endoscopy setting may reveal that 
abnormal ventilation is occurring during proce-
dures in children at rates higher than expected [81]. 

While no studies have compared capnography with 
palpation of the breath, one randomized controlled 
trial of children undergoing endoscopic procedures 
demonstrated capnography to be more effective 
than direct visualization at identifying patient 
hypoventilation [82]. Endoscopy staff documented 
poor ventilation in 3% of all procedures and no 
apnea, while capnography indicated alveolar hypo-
ventilation in more than half, and apnea during a 
quarter of procedures [82]. Integrating capnogra-
phy into patient monitoring protocols both in adult 
and pediatric endoscopy settings may ultimately 
improve the safety of nonintubated patients receiv-
ing moderate sedation. Recent multi-society 
guidelines published by the American Gastro-
enterological Association (AGA) Institute, the 
American Society of Gastrointestinal Endoscopy 
(ASGE), and the American College of Gastro-
enterology suggest that capnography may become 
a standard for patient monitoring [83].

Rescue Equipment for Sedated 
Gastrointestinal Procedures in 
Children

Emergency rescue equipment should be immedi-
ately and easily accessible in all gastrointestinal 
procedure rooms. In addition to pharmacologic 
agents, airway equipment is essential, in particu-
lar, all sizes of laryngeal mask airways and endo-
tracheal tubes, bag valve masks for delivering 
positive pressure ventilation, laryngoscopes, 
nasopharyngeal and oropharyngeal tubes, and 
dedicated suction. In an emergency, the gastroen-
terologist should be trained if administering deep 
sedation to rescue from an anesthetic [12, 84, 85].

The Future Direction of GI Sedation

As propofol grows in popularity among gastro-
enterologists, so does interest in developing 
sophisticated intravenous delivery systems 
capable of integrating patient data into comput-
erized programs to guide drug delivery. This 
delivery system has been denoted as CAPS or 
“Computer-Assisted Personalized Sedation.” The 
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goal of CAPS is to provide moderate sedation, 
with patients still able to respond to verbal or tac-
tile instructions. Initial CAPS outcome data in 
adult patients undergoing gastrointestinal endos-
copy appears promising. One thousand adults 
(ASA I–III) underwent upper or lower GI endos-
copy with either a CAPS system or a combina-
tion of benzodiazepines and opiates. Sedation 
depths were similar between groups although 
those who received CAPS had less oxygen desat-
uration, less adverse events, and faster recovery. 
CAPS received high satisfaction scores from both 
patients and endoscopists. Postprocedure assess-
ments by anesthesiologists generally agreed with 
clinically significant decisions made by the CAPS 
device [86].

Current Status of Sedation Among 
Pediatric Gastroenterologists

With the recent awareness of manpower short-
ages in anesthesia, nonanesthesiologists continue 
to search for safe alternatives to anesthesia-
delivered sedation for endoscopy [87]. Pediatric 
sedation for gastrointestinal procedures carries 
its own unique considerations and risks. The 
safety, efficacy, and application of nonanesthesia-
delivered propofol for pediatric endoscopy have 
yet to be fully examined. Over time, with CAPS 
and the growing recognition of the advantages of 
using propofol for gastrointestinal procedures, 
pediatric endoscopists may ultimately add 
NAAPS to their sedation options.

Case Studies

Case 1

A 15-year-old, 5  5 , 55 kg teenager with a 
known diagnosis of ulcerative colitis requires 
colonoscopy to evaluate the efficacy of her 
medical regimen. After discussion with the 
patient, it is decided to use moderate sedation 
with a midazolam/fentanyl regimen to per-
form the procedure. The patient is anxious 
upon arrival in the endoscopy unit, and is 
offered a dose of oral midazolam (10 mg) 
prior to placement of the intravenous line. 
Approximately 20 min after the po midazo-
lam, the IV is placed successfully and the 
patient is brought to the procedure room and 
placed in the left lateral decubitus position. 
A dual-purpose nasal cannula is placed in the 
nares to allow a baseline 2L NCO

2
 to be 

administered and capnography to be moni-
tored. Topical lidocaine jelly is applied to the 
anal canal. The patient is administered two 
doses of midazolam (2 mg each) every 3 min 
and two doses of fentanyl (50 g each) every 
5 min in a step-wise fashion, titrating to effect. 
The patient is able to open her eyes with ver-
bal command, but is comfortable for the pro-
cedure to begin.

Case 2

A 15-year-old with history of gastroesopha-
geal reflux disease presents for an upper 
endoscopy. It is noteworthy that he is 6  4  and 
weighs 265 pounds and has a body mass index 
(BMI) of 32.4.

Considerations in evaluation and triage of 
this patient for office-based sedation include 
the BMI, the airway, and aspiration risk. In 
adults, a BMI of greater than 45 generally 
excludes nonanesthesia-delivered sedation. In 
children and adolescents, BMI risk factors dif-
fer by age and a BMI <45 may pose a risk. 
This boy had a BMI of 32 and had an Airway 
Assessment (Table 14.2) of zero. Regardless, 
vigilance and anticipation of airway obstruc-
tion, laryngospasm, coughing, and apnea were 
implemented and discussed prior to the seda-
tion. Of interest, younger patients are note-
worthy for spontaneous rapid and sweeping 
movements of the right arm (in the left lateral 
decubitus). Care must be taken to avoid this 
arm from being injured by a metallic object 
(arm rail, C-arm) in the patient’s environ-
ment. NPO status must be verified, confirmed, 
and then renewed a final time: children and 
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adolescents are prone to inadvertently or sur-
reptitiously violate the NPO guidelines either 
with or without their parent’s knowledge. 
Undigested debris must be anticipated in the 
stomach or esophagus, particularly in the 
younger age groups. This patient underwent 
NAAPS and received 250 mg propofol for the 
short procedure which diagnosed Grade A 
erosive esophagitis.

Case 3

A 3-year-old boy with cerebral palsy, contrac-
tures of all four extremities, marginal oral 
aperture, and constant vomiting/regurgitation 
presents for upper endoscopy. He has a very 
poor muscle mass and greatly impaired cog-
nition. This case was evaluated by the endos-
copist and determined to be inappropriate for 
NAAPS because of the risk of aspiration with 
an unprotected airway and sedation. An anes-
thesiologist assumed responsibility for his 
care and illustrated the salient teaching points 

which warranted anesthesia management 
[88]. The anesthesiologist and endoscopist 
performed a physical exam and careful air-
way assessment together. It was assumed that 
regardless of NPO status, this patient would 
not have an empty stomach (25 cc/pH 2.5 or 
greater). Rapid acquisition and securing of 
the airway with an endotracheal tube was 
planned. Succinylcholine would usually have 
been chosen for rapid neuromuscular block-
ade and subsequent intubation. However, 
because of the risk of hyperkalemia in this 
patient who was being evaluated for myopa-
thy, a nondepolarizing muscle relaxant was 
chosen over succinylcholine. A shoulder roll 
improved visualization of the vocal cords 
along with head extension in the sniffing posi-
tion. Advanced airway skills to secure the air-
way should be anticipated in this patient with 
limited mouth opening supplemented with 
the availability of alternative airway devices 
(laryngeal mask airways, video laryngoscopes, 
fiberoptic bronchoscopes).
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Sedation in the Emergency 
Department: A Complex and 
Multifactorial Challenge
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Introduction

Why Procedural Sedation 
and Analgesia?

Painful therapeutic procedures are frequently 
necessary during emergency care of children, 
many of whom already have a painful and fright-
ening injury or illness. Immobility for diagnostic 
radiological procedures in young children is also 
often required. These procedures are distressful 
for the children, their parents, and their health-
care 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 depart-
ment (ED) has become expected [7]. It facilitates 
controlled accomplishment of therapeutic and 
diagnostic procedures [3, 8, 9], reduces psycho-
logical 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 procedural sedation 
and analgesia (PSA) for nonelective procedures 

in non-fasted patients in the ED have occurred 
over the past 20 years as a result of intense inter-
est in this concept and the development of general 
and pediatric emergency medicine specialties, for 
whom PSA is now considered core training [12]. 
Family and third-party payer’s desire for defini-
tive management of acute injuries during initial 
ED visits also seems to be increasing. This chap-
ter 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 indistin-
guishable, the combination will often be referred 
to as distress.

Long-Term Negative Impact of Painful 
Procedures
Elimination or relief of pain and suffering, when-
ever possible, is an important responsibility of 
physicians caring for children [13], as unman-
aged pain can result in a variety of negative long-
term consequences [14]. Accumulating evidence 
indicates that by the middle of the third trimester 
of human gestation, ascending pain fibers fully 
connect to the primary somatosensory cortex of 
the brain [15, 16]. Descending inhibitory pain 
pathways, on the other hand, appear to require 
postnatal development. Rather than being less 
sensitive to pain, young infants may actually 
experience pain more intensely than older chil-
dren [17]. As the brain rapidly matures during the 
first weeks to months after birth, recurrent painful 
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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 mal-
adaptive 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 
uncircumcised controls [24]. Similarly, toddlers 
who had painful postoperative care during the 
first 3 months of life demonstrated greater pain 
responses at their 14-month immunizations com-
pared with controls [25]. In older children, pain-
ful 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 ade-
quate 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 praising a 
child following a painful procedure, in an effort 
to modify negative memories, may lessen these 
memories and reduce distress during subsequent 
procedures [29], prevention of negative memo-
ries 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 sig-
nificant, albeit rare, risks. Emergency healthcare 
providers therefore increasingly are employing 
strategies that provide effective minimally painful 
techniques for local anesthesia or systemic anal-
gesia. Combined with psychological or behavioral 
approaches to reduce patient anxiety, these strate-
gies 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 lacera-
tions has become standard in many EDs. Locally 
compounded solutions 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 effective in scalp and facial lacerations 
than those on extremities or the trunk but their 
initial use markedly reduces the pain of subse-
quent injection of lidocaine, if such is needed. 
Careful application of limited amounts of these 
solutions onto lip or mucous membrane lacera-
tions, e.g., using a cotton-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 finger 
lacerations safe and effective [37].

Buffering Injected Lidocaine

Pain associated with injection of lidocaine can 
be markedly reduced by buffering the anes-
thetic, injecting slowly through fine needles (e.g., 
30-gauge) subcutaneously instead of intradermally, 
and warming the anesthetic to body temperature 
[38–42]. Buffering lidocaine, with or without 
epinephrine, 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 injec-
tion [43, 44]. Buffering also decreases onset time 
for anesthesia [44] without affecting efficacy or 
duration [44–46]. The buffered mixture is stable 
for at least 3 weeks when stored at room tem-
perature [45] and longer when refrigerated [47].

Psychological Interventions Reduce 
Distress and Need For PSA

Acute injury or illness causes significant anxiety 
and stress for most children and their parents. 
Lack of understanding of ED routines for care, 
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ongoing pain, prolonged waits, preconceived 
notions about emergency care, and numerous 
other known and unknown factors interfere with 
effective preparation of the child and use of the 
child’s and parents’ coping mechanisms [48]. 
Consequently, many young children are fright-
ened and unwilling to cooperate with necessary 
procedures, even when little or no pain is involved. 
A warm smile and a slow respectful and some-
times 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 providing them with an explanation of the 
plan for care, along with age-specific 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 pain-
ful procedures in the ED is of utmost importance 
for school-aged and younger children, despite real-
izing their parent can do little to alleviate proce-
dural pain [49]. Parents likewise believe their 
presence during procedures is important and 
beneficial to their children [50–52]. EDs increas-
ingly are enacting policies to give parents the 
option of staying with their child during all pro-
cedures and resuscitations, usually with a staff 
member dedicated to explain the care provided 
and to monitor the parent for signs of extreme 
distress, syncope, etc [53–55]. When sugges-
tions are given to parents on how to help their 
child, e.g., touching, distracting with stories, 
reciting the alphabet, counting, etc, parents can 
provide significant assistance in accomplishing 
anxiety provoking procedures without sedation 
[56, 57]. In addition, nonthreatening language 
should be used to characterize anticipated sen-
sations, e.g., “freezing, poking, or squeezing” 
instead of “burning, bee sting, or hurting.” 
Simply allowing young children to sit in their 
willing parent’s lap, with parents providing dis-
traction and hugs for mild restraint, markedly 
reduces the child’s distress during minor proce-
dures [58]. Combining this technique with 
L.E.T. for topical wound anesthesia, supple-
mented as needed with buffered lidocaine 
injected via a 30 gauge needle, the author rarely 

finds it necessary to employ PSA for suturing 
lacerations in young children.

What Makes ED PSA Different?

Children often exhibit significant distress when 
faced with ED procedures despite administration 
of analgesic medications and psychological inter-
ventions. They may be anxious about sounds 
and sights they do not understand, fearful because 
of prior experience or hearsay, or in pain because 
of incomplete analgesia or local anesthesia. 
Furthermore, their usual coping mechanisms 
may be in disarray because of the unexpected 
nature of their illness or injury and their percep-
tion that they have no control over the impend-
ing 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 detri-
mental patient, parent, and practitioner sequelae 
and facilitate accomplishment of the procedure 
[5, 59, 60].

ED PSA in children, however, has greater 
inherent risks when contrasted to elective seda-
tion. Patients frequently have not fasted for tradi-
tional 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, postpone-
ment to allow gastric emptying is likely ineffec-
tive because painful injuries and serious illnesses 
unpredictably delay emptying of stomach con-
tents; moreover, necessary administration of opi-
oids for pain management likely exacerbates this 
problem. Compounding these issues, children 
undergoing painful or anxiety provoking proce-
dures 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 overex-
tended ED staff may result in the sedating physi-
cian unpredictably being pulled away or distracted 
by other patients’ emergencies. Finally, thera-
peutic procedures performed by trainees in 
 academic EDs frequently are more prolonged 
and require longer periods of sedation.
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Deciding Whether to Perform PSA

The first and foremost goal of pediatric PSA is 
assurance of the patient’s safety and welfare dur-
ing the sedation and recovery. With this in mind 
and the limitations noted earlier, the clinician 
considering PSA must carefully consider the 
following:
 1. Is the procedure necessary? Some proce-

dures that would require PSA in many chil-
dren may be unnecessary. For example, it is 
likely that, as in adults, many lacerations of 
the hand and feet heal as well with bandag-
ing 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 para-
lytic drug for severe laryngospasm 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

Goals of PSA

Pediatric PSA by experienced providers has 
inevitable risks of adverse events including respi-
ratory depression, apnea, airway obstruction, 
vomiting, hypotension, and dysphoria [66]. The 
first and foremost goal of pediatric PSA is assur-
ance of the patient’s safety and welfare during 
the sedation and recovery [59, 67]. Within this 
context, additional goals include control of 
behavior (muscle relaxation or relative immobil-
ity) and minimization of procedure-related pain, 
anxiety, memory, and negative psychological 
responses [59]. Safe attainment of these goals 
requires careful patient screening for factors 
associated with increased sedation-related risk of 
adverse events or difficult airway management, 
preparation for management of possible adverse 

events, and meticulous assurance of effective 
patient cardiopulmonary and other vital func-
tions 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 management 
of adverse events, should they occur [68]. The 
systematic approach should include the follow-
ing steps:
 1. Pre-sedation patient assessment
 2. Informed consent
 3. Plan for sedation
 4. Documentation/sedation record
 5. Recovery/discharge
 6. Quality improvement
 1. Pre-sedation patient evaluation and risk 

assessment: Children should be screened for 
factors that may be associated with increased 
risk of adverse events or difficult management 
of these events during sedation. Identification of 
these risks allows for better preparation for 
management of untoward events or develop-
ment of alternative plans to reduce the likeli-
hood of undesired effects. In addition to general 
sedation screening in preparation for an ED 
procedure, a focused physical exam immedi-
ately prior to sedation should be repeated to 
detect any acute changes in the child’s physio-
logical status such as acute onset of wheezing 
or fever.

Pre-sedation history and physical examina-
tion should focus upon the patient’s cardio-
respiratory status and airway to determine the 
sedator’s ability to rescue breathe for this 
 individual, if necessary [59, 69, 70]. A focused 
history may be guided by the mnemonic 
AMPLE:
(A) Allergies to medications, latex, CT con-

trast, food (e.g., egg allergy prohibits use of 
propofol, shellfish allergies 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., psychi-
atric medications



26715 Sedation in the Emergency Department…

(P) Past medical history, including any com-
plications with sedation or anesthesia and 
chronic illnesses; history of snoring/stridor, 
recent URI/respiratory infections or asthma 
exacerbations, GERD, cardiac history, pre-
maturity, any neuromuscular disease (may 
contraindicate succinylcholine), and history 
of airway surgery/tumors/malformations

(L) Last meal/fluid intake
(E) Events leading to need for procedure, e.g., 

associated injuries
(a) ASA physical status classification

The patient physical status classification 
endorsed by the American Society of 
Anesthe siologists (ASA) [71] to predict risk 
for adverse events during general anesthesia 
[72, 73] is helpful in assessing sedation risks 
and is summarized in Table 15.1. ASA Class 
I and II children are at low risk for serious 
adverse events when carefully monitored. 
Events which are initially minor, such as 
upper airway obstruction during deep seda-
tion, usually can be easily addressed with 
simple interventions and catastrophic seque-
lae prevented. However, children with under-
lying illnesses often have less cardiopulmonary 
reserve and thus a greater risk for adverse 
responses to sedative and analgesic medica-
tions and their rescues often are more diffi-
cult and complex. Therefore, when possible, 

it is suggested an experienced sedation pro-
vider 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 classification
Factors associated with difficulty in airway 
management include those that make it hard 
to visualize the larynx or partially or com-
pletely obstruct the upper airway. Examples 
include: history of previous problems with 
anesthesia or sedation including prolonged 
intubation or unplanned hospitalization, stri-
dor, snoring, or sleep apnea, chromosomal 
abnormality (e.g., Trisomy 21), history of 
prematurity with prolonged intubation, sig-
nificant 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 appli-
ances, high, arched and narrow palate or his-
tory of cleft palate repair, large tongue, 
tonsillar hypertrophy, or no visible uvula 
(Fig. 15.1 Mallampati airway classification 
III, IV) [69, 70].

Problems associated with increased risk 
of adverse events and for which consultation 

Table 15.1 ASA physical status-E classification [71]

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, anemia

IIIa 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, poorly controlled seizure  
disorder

IVb 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, 
sepsis

Vb 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, 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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with an experienced sedation practitioner or 
anesthesiologist is suggested include: [74]

1

bronchodilator, obstructive sleep apnea

-
gestive heart failure

-
trolled seizures, central apnea

gastroesophageal reflux

cardio vascular, gastrointestinal, neurolog-
ical problems

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 anesthesia for elective 

Increasing difficulty with intubation or mask ventilation ------

-soft palate
-fauces
-uvula
-tonsillar pillars

-soft palate
-fauces
-uvula

Adapted from Benumof JL, (ed).  St. Louis, MO:
Mosby-Yearbook, Inc.; 1996, p 132; with permission.

-soft palate
-fauces
-uvula

I II III IV

-None of the
previous
structures

Fig. 15.1 Mallampati airway classification (adapted from Benumof [360]; with permission)

1 Note: Upper respiratory illness (URI) may increase the 
risk of laryngospasm, bronchospasm, and hypoxia during 
sedation. Mild URI symptoms alone (non-purulent rhini-
tis, afebrile, cough that clears) may not be an indication to 
cancel PSA but management should reflect anticipation of 
above potential complications. Severe URI (febrile, puru-
lent discharge, wet cough) should prompt consideration of 
cancelation of non-emergent or urgent procedures.
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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 [75]. However, as noted in 
these guidelines, “Published evidence is 
silent on the relationship between fasting 
times, gastric volume, or gastric acidity 
and the risk of emesis/reflux or pulmonary 
aspiration in humans.” In two more recent 
reviews of the literature examining whether 
children should undergo fasting prior to 
ED PSA [76, 77], it is noted that little 
 clinical data has been published to help 
answer this question. It is difficult to 
extrapolate directly to PSA from the long 
experience with safe general anesthesia. It 
is likely that risk of aspiration is less dur-
ing ED PSA compared to general anesthe-
sia in the operating room for several 
reasons. First, protective airway reflexes 
are generally preserved at the depth of 
moderate sedation [69, 78]. Second, airway 
reflexes are also relatively intact during 
sedation with the commonly used dissocia-
tive agent ketamine during deep sedation 
or even light general anesthesia [79]. Of 
concern, however, these reflexes are likely 
blunted  during deep sedation with opioids, 
benzodiazepines, barbiturates, propofol, 
and etomidate, especially if sedation is 
deep enough to cause apnea [77]. Third, 
intubation of the trachea, rarely performed 
in children undergoing ED PSA, likely 
increases the risk of pulmonary aspiration 
due to pharmacological abolition of protec-
tive reflexes to facilitate intubation and 
mechanical interference with these reflexes 
during  passage of the endotracheal tube 
into the trachea [72, 73, 80]. Fourth, the 
great majority of children receiving ED 
PSA meet ASA physical status class I or II 
 criteria [9, 61–63, 78, 81] and, compared to 
those in ASA physical status classes III 
and IV, are associated with less risk of 
adverse events during anesthesia [72, 73]. 
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 com-
pared to general anesthesia.

A more robust literature on identification 
of risk factors for aspiration in children 
undergoing general anesthesia has found no 
benefit from  routine preoperative adminis-
tration of antacids or pharmacological agents 
to increase gastric motility [75, 82]. Gastric 
fluid volume or pH were not different with 
NPO periods of 2, 4, and 12 h after drinking 
apple juice in one study [83] or after 30 min 
to 3 h, 3–8 h, or more than 8 h after clear 
liquid ingestion in another trial [84]. 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 [85].

The incidence of pulmonary aspiration 
during ED PSA is uncertain but appears to be 
very low. In a literature review of adverse 
events during ED PSA [76], after combining 
studies with a total of 4,814 children, clini-
cally apparent aspiration during PSA was 
reported in only 1 account of 2 children, both 
of whom had fasted standard NPO periods 
and did not appear to be ED patients. These 
patients were deeply sedated with opioid-
barbiturate combinations which blunt airway 
reflexes, one for a radiological  procedure and 
the other for bronchoscopy. Both required 
only supplemental oxygen and observation 
[68]. In nearly 50,000 elective propofol-based 
sedations, 4 children were noted to have 
 aspirated; all recovered without sequelae after 
positive-pressure ventilation and supplemen-
tal oxygen, and were discharged the day of or 
day after the procedure [86]. 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 [72] and Borland [73]. During 
emergency surgery, aspiration occurred as 
frequently as 1:373 patients in the Warner 
study [72]. Although only a rough  estimate, 
pooling of the available data in the  literature 
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suggests the incidence of clinically apparent 
pulmonary aspiration during ED PSA is no 
more frequent than 1:2,000 pediatric patient 
encounters [76]. Because of the rarity of its 
occurrence, much larger studies are needed to 
accurately estimate the incidence of aspira-
tion, and any relationship with fasting, during 
ED PSA. For now, given the many variables 
present, clinical judgment has to weigh the 
risk and  benefits for each patient [76, 77].

Vomiting, although not likely to result in 
aspiration when protective airway reflexes are 
intact, is a common adverse event during ED 
PSA in children, occurring in as much as 25% 
of patients, especially when opioids are coad-
ministered prior to sedation [87, 88]. As sup-
ported by literature reviews [76, 77, 89], recent 
series of children receiving ketamine or nitrous 
oxide for ED PSA suggest there is poor 
 correlation between the length of time of pre-
procedural fasting and vomiting [62, 63, 90]. 
No significant difference in frequency of 
 vomiting was found between children 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 unpredict-
ably delayed in ill or injured patients due to 

development of ileus [91]. 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 associated 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 [92]. This and 
other strategies need further investigation. It is 
the practice of the author to consider all sedated 
ED patients to have “full stomachs” and to man-
age them with vigilance and preparation for 
assisting them in clearing their oropharynx by 
rolling them to their side or assisting them in 
leaning forward. Suctioning of the mouth is then 
used, if needed, to “mop up.”
Pregnancy: Since many medications adminis-

tered for ED PSA have the potential for causing 
harm to a fetus, it is recommended that the men-
strual status be reviewed with post-menarchal 
girls and a urine pregnancy test performed prior 
to sedation. The United States Food and Drug 
Administration (FDA) has categorized medica-
tions based upon known or possible risk to a 
developing fetus as listed in Table 15.2. Increasing 
uterine size, greater tendency for vomiting, and 
many other changes also increase the complexity 
of PSA during pregnancy.

Table 15.2 United States FDA pharmaceutical pregnancy categories

Category A Adequate studies have failed to demonstrate a risk to the fetus in the first 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 benefits 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 investiga-
tional or marketing experience or studies in humans, but potential benefits 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 benefits
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 2. Informed consent
The physician responsible for the sedation 
should provide to the patient and/or parents 
information concerning the objectives of the 
sedation, behavioral changes associated with 
the sedative regimen (especially important 
when the parent/guardian plans to remain with 
the patient during the sedation/procedure) 
and potential adverse effects during and after 
the sedation [59, 69, 93]. Parents should 
understand that, albeit rare, there is a risk of 
pulmonary aspiration, cardiopulmonary com-
promise, hypoxic brain injury, and/or death. It 
is also recommended to discuss with them the 
possible need for muscle relaxation, intuba-
tion, hospitalization, and unsuccessful seda-
tion with inability to perform the procedure. 
These issues that have been discussed with the 
parent/guardian (and patient when appropri-
ate) 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:

 3. 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 regi-
men would provide acceptable analgesia, 
sedation and amnesia for residual aware-
ness 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 
over-sedation 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 there-
fore is based upon balancing desired effects 
with the potential for adverse effects. For 
procedures that are very painful, e.g., frac-

ture 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 anxi-
olysis, therefore sedation planning can be 
broadly organized into categories of these 
parameters.

Analgesia, hypnosis, anxiolysis or amne-
sia? Balanced sedation: Medication selection 
and dose can be organized by anticipation of 
whether the procedure is: (1) nonpainful/non-
invasive, 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 during 
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 15.3) [61, 94, 95].

Principle and secondary effects of seda-
tive/analgesic medications are summarized 
in Table 15.4. Although combining sedative/
analgesic medications generally increases 
the risks of adverse effects [96, 97], the actual 
depth of sedation is likely to be a better pre-
dictor of these risks [94, 98]. Thoughtful 
“balanced sedation” with anxiolytic and anal-
gesic drugs, carefully titrated to effect, can 
achieve very satisfactory sedation and typi-
cally 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 anxi-
olytic and amnestic agent with no analgesic 
effect. Combining fentanyl and midazolam 
results in effective procedural sedation but 
the combination causes significantly greater 
respiratory depression than either fentanyl or 
midazolam alone [96].
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Depth of sedation: Since increasing depth of 
sedation is associated with increasing frequency 
of adverse events [94, 99], use of the lightest 
effective sedation is usually preferred. However, 
frequently the depth of sedation required for a 
particular procedure cannot be accurately pre-
dicted in a specific patient [94]. Incompletely 
appreciated anxiety and lack of comprehension 
in younger children or those with developmen-
tal delay often cause need for deeper than antic-
ipated sedation for procedures in which local 
anesthesia or mild sedation would suffice in a 
self-controlled adolescent or adult. For intensely 
painful procedures, deep sedation is typically 
required. Clinicians providing sedation, there-
fore, ideally should be trained and prepared to 
administer increasingly deeper 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 administered, 
the patient is unlikely to recall clearly proce-
dure-related pain despite occasional moaning 
or crying out during intensely painful parts of 
the procedure [9]. However, it is unwise to 
promise complete amnesia during 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 reas-
suring to parents who have remained with the 
patient during the procedure. Because of amne-
sia for procedure-related pain, lighter and pre-
sumably safer levels of sedation may be 
acceptable when patient motion does not inter-
fere with accomplishment of the procedure. 

For this reason, the amnestic agent midazolam 
is combined with fentanyl for PSA because 
completely effective analgesia cannot be 
achieved with fentanyl without marked respira-
tory 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 anesthesia. 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 
satisfied with his experience of altered aware-
ness during the fracture reduction. When local 
anesthesia or other analgesic technique can be 
achieved, some children may prefer lighter 
levels of sedation without loss of awareness, a 
concept that needs further investigation.
(b) Staffing

For moderate sedation, a sedation provider 
trained in the sedation protocol and skilled 
in pediatric advanced life-support tech-
niques is responsible for the procedural 
sedation-analgesia, including monitoring 
of the patient’s status. In the ED, this is 
typically the emergency physician. If, after 
induction of adequate sedation, that indi-
vidual then performs the procedure  for which 
sedation is provided, a second individual,  

Table 15.4 Procedural sedation medication effects

Medication Sedation Analgesia Amnesia Anxiolysis Emetogenic

Barbiturates +++ – – –
Benzodiazepines +++ – +++ +++ Antiemetogenic
Fentanyl + +++ – ++
Ketamine +++ +++ ++ +
Propofol +++ – + + Antiemetogenic
Chloral hydrate ++ – –
Nitrous oxide ++ ++ +++ +++ ++
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typically a registered nurse, with sedation 
training and knowledgeable in pediatric 
basic life-support must be at the bedside 
and responsible 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, 67, 69, 100].

For deep sedation in the ED, a sedation 
provider, again, typically the emergency 
physician, with training in the pharmacol-
ogy 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 cardiorespira-
tory status and, in contrast to moderate 
sedation planning, should have no other 
responsibilities during induction of seda-
tion, the procedure and the early postpro-
cedure 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 procedure, primary responsi-
bility for monitoring the patient’s cardio-
pulmonary status may be designated to a 
second sedation trained clinician, typically 
a registered nurse, if the responsible pro-
vider can easily interrupt performance of 
the procedure to assist with or assume 
management of adverse events. It should 
not be planned that the clinician monitor-
ing the patient would assist with the proce-
dure as that may distract this clinician from 
monitoring the patient’s vital signs and 
clinical status or interfere with rapid inter-
vention [59, 67, 69, 100, 101]. Brief, 
 interruptible assistance with the procedure 

may be provided by this person but with 
caution and with assured concurrent atten-
tion 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 breathing and antici-
pation and early recognition of adverse 
events. Threats to ventilation and 
oxygenation usually are easily managed 
when rapidly recognized and interventions 
immediately implemented. Experience 
with deep sedation has shown that some 
patients (~5–25%) will develop oxygen 

-
way obstruction, both of which are usually 
easily 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, particularly when gaining ini-
tial experience with sedation protocols or 
using agents with narrow therapeutic indi-
ces, e.g., propofol, midazolam + fentanyl, 
or etomidate. This usually means a third 
provider is needed if assistance will be nec-
essary in performing the procedure. In 
addition, at least one provider should be 
present who is intimately familiar with 
location of resuscitation and other neces-
sary medical equipment.

In most hospitals, physician sedation 
providers and nurses must be credentialed 
to administer PSA. Credentialing typically 
includes didactic sessions on use of specific 
PSA medications, demonstration of safe 
and effective administration of PSA, and 
competency in skills needed for rescue from 
adverse events [93].

 (c) Monitoring and equipment
Direct patient observation: In addition to 
electrophysiological monitoring, airway 
patency, rate and depth of respiration, 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 
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have ended. This enables essential 
 immediate interventions for adverse events 
such as marked respiratory depression, 
positional obstruction of the upper airway 
as muscle relaxation occurs (snoring, para-
doxical 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, administer-
ing 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 con-
tinue by a designated healthcare provider until the 
patient emerges to a level of moderate sedation; 
thereafter direct monitoring can be designated to 
the child’s parent or another responsible adult 
with the healthcare provider immediately avail-
able until the patient returns to the pre- sedation 
level of responsiveness [59, 67, 100, 101].

Patients undergoing sedation should wear a 
loose fitting top or hospital gown to ensure easy 
direct observation of the chest. The patient’s 
mouth and nose should not be obscured and skin 
should be visible for monitoring of color. 
A stethoscope should be immediately available.

For moderate sedation, in addition to direct 
observation, measurement of oxygen saturation 
by pulse oximetry is strongly recommended [59, 
67, 100, 101]. Additional continuous electrophys-
iological 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 obser-
vation, routine use of noninvasive physiologic 
monitoring should include continuously mea-
sured oxygen saturation, heart rate, and respira-
tory rate, and, in addition, noninvasive automated 
blood pressure measurements after each medica-
tion bolus and/or every 5 min throughout seda-
tion and recovery [59, 67, 100, 101].

Pulse oximetry has been demonstrated to detect 
hypoxemia well before cyanosis occurs and is 
therefore critical for monitoring for respiratory 

compromise. In one study of infants, O
2
 satura-

tions were 83% before perioral cyanosis was 
detected by experienced emergency pediatricians 
[102]. Monitoring of oxygen saturation with pulse 
oximetry has been suggested as the most impor-
tant means of reducing sedation related injury and 
should be used for all but minimal sedations 
[59, 67, 69, 98, 100, 101]. 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
 capnog-

raphy has been found more sensitive than either 
direct observation or decreases in oxygen satura-
tion in detecting respiratory depression or airway 
obstruction. Changes in capnographic wave form 
and/or changes in end-tidal CO

2
 are frequently 

noted well before changes in oxygen saturation, 
including in patients breathing room air [103–
109]. Of note, no changes in end-tidal CO

2
 were 

found in children sedated with ketamine alone 
[110, 111]. Changes in end-tidal CO

2
 capnogra-

phy can aid in early recognition of respiratory 
depression and/or airway obstruction and allow 
initial interventions that may avert the need to 
administer positive-pressure ventilations, e.g., lim-
itation of further administration of sedative medi-
cations 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 insufflation of air 
into the stomach. At a depth of sedation that induces 
apnea or significant respiratory depression, there is 
likely concurrent relaxation of esophageal muscle 
tone and significant blunting of protective airway 
reflexes. Thus, there is likely increased risk of pul-
monary aspiration associated with positive-pres-
sure ventilation due to gastroesophageal reflux into 
the oropharynx.

Routine administration of supplemental 
oxygen has been recommended to prevent hypox-
emia during deep and moderate sedation [101]. 
However, sedation providers should recognize 
that administration of supplemental oxygen may 
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delay oxygen desaturation for several minutes 
during respiratory depression or apnea [112]. 
Therefore, use of supplemental oxygen may 
delay recognition of these adverse events with 
their likely concurrent depression of protective 
airway reflexes, unless the patient is also moni-
tored by end-tidal CO

2
 with capnography [113]. 

Similarly, recognition of airway obstruction is 
likely delayed [103–106, 108, 110, 114]. When 
capnography 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 strategy, administration of supplemental 
oxygen may be reserved for patients whose oxy-
gen saturations drop below 90% without rapid 
rise in response to airway maneuvers such as head 
tilt/jaw thrust and/or stimulation. Respiratory 
depression is sufficiently commonplace during 
sedation with propofol that many providers rec-
ommend as routine administration of supplemen-
tal oxygen during propofol PSA [105, 106, 115].
Equipment
Resuscitation equipment must be immediately 
available. A self-inflating (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, endotra-
cheal intubation equipment, and resuscitation med-
ications, with a dosing guide, including reversal 
agents such as naloxone and flumazenil, 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, 67, 69, 100, 101].

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 unrespon-
sive and emesis is noticed in the posterior  pharynx 

or mouth, the patient should be rapidly rolled to 
the side to allow emesis to passively flow out as 
suctioning of the posterior pharynx is performed; 
there is significant 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 margin of safety by 
enabling rapid administration of reversal and resus-
citation agents, if needed. When medications are 
administered intravenously, the intravenous access 
should be maintained throughout sedation and 
recovery. When medications are administered by a 
non-intravenous route, e.g., by intramuscular injec-
tion, whether to establish intravenous access should 
be decided on an individual basis. If vascular access 
is not established, the ability to immediately 
accomplish such must exist for all sedations, espe-
cially when a multiple drug sedation regimen is 
used. For agents that frequently cause hypotension, 
e.g., propofol, it is recommended that intravenous 
access be established with an indwelling catheter 
and maintained with a resuscitation fluid (lactated 
Ringer’s solution or normal saline). Patients who 
have been NPO for an extended period may benefit 
from an infusion of 10–20 mL/kg of LR or NS to 
counter any hypotensive effects of sedation medi-
cations. 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 fluids, 
facilitates controlled and complete administration 
of sedation medications. This setup allows a 
syringe containing the sedative to be connected to 
the stopcock and the medication injected near the 
hub as the IV fluids infuse. This reduces the pos-
sibility 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 sufficient; the ketamine can be flushed 
into the bloodstream with 5–10 mL boluses of 
saline following ketamine administration.

A mnemonic some find helpful to summarize 
equipment preparation is MS-MAID: Machine 
Suction – Monitors Airway (oral airway,  bag-mask, 
ETT, blade) IV Drugs.
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Preparation for and Management  
of Adverse Events

Anticipation
The rarity of serious adverse events in ED PSA can 
lull the provider into complacency [116, 117]. 
It is suggested the possibility of a life-threatening 
event during PSA should be thought of as inevita-
ble, as a matter of “when” rather than “if.” Since 
these events are so infrequent and variations in indi-
viduals’ responses to a medication are not always 
predictable, the provider must always be prepared.

Effective management of adverse events 
begins first and foremost with preparation for the 
planned sedation. Thorough pre-sedation evalua-
tion to identify patients at increased risk for 
adverse events or difficult airway management, 
monitoring and staffing based upon intended 
sedation depth, and immediate availability of 
resuscitation equipment and medications are crit-
ical. Factors associated with serious adverse out-
comes include late recognition of hypoxemia and 
inadequate resuscitation, thus emphasizing the 
importance of preparation and continual monitor-
ing during the sedation and recovery periods [98]. 
If recognized early, most adverse effects can be 
addressed effectively with relatively minor inter-
ventions. Stimulation, airway realignment, jaw 
thrust, and supplemental oxygen are usually all 
that is needed to avoid further deterioration to 
life-threatening events [117].

Management of Respiratory  
Depression and Apnea
Respiratory depression is one of the most com-
mon potentially serious effects of pediatric PSA 
[66, 116, 117]. A critical incident analysis of 
serious adverse outcomes in pediatric sedation 
found 80% initially presented with respiratory 
depression [98]. Widespread use of pulse oximetry 
has since dramatically improved early recognition 
of respiratory depression. Agents commonly 
associated with respiratory depression include 
the sedative-hypnotics (barbiturates, benzo diaz- 
epines, chloral hydrate, propofol), particularly 
when used in conjunction with opioids [99, 118]. 
Apnea has also been rarely reported with admin-
istration of ketamine [119–121].

Avoiding respiratory depression: (see also 
basic pharmacokinetics) Most sedative medica-
tions variably blunt brainstem receptor response 
to increases in plasma levels of CO

2
. Since 

response to rising levels of CO
2
 determines 

breathing rate and depth, significant increases in 
sedative concentrations 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, oxy-
genation) 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 excep-
tion to the recommended slow administration 
approach because of its unique relative lack of 
respiratory depression. Taking advantage of first-
pass kinetics, experienced sedators may choose 
to administer smaller doses rapidly for very brief 
procedures (see Section “Ketamine”).

At risk periods: Patients may experience respi-
ratory depression at any time during the sedation, 
but the greatest risks are immediately after 
medication administration and again after cessa-
tion of painful procedural stimuli [122].

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 impor-
tant means of recognizing respiratory depression 
and/or airway obstruction. The patient’s orophar-
ynx and chest wall should be directly visible at all 
times to facilitate observation for lack of respiratory 
effort, or respiratory effort without 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 sim-
ply require verbal encouragement to the patient to 
breathe as their sensitivity to rising CO

2
 has been 

blunted by the sedation medications. Patients who 
have received opioids such as fentanyl may be 
awake but “forget” to breathe. Stimulation, painful 
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if necessary, to arouse the patient may improve 
muscle tone and prompt breathing. If oxygen sat-
urations are falling despite these maneuvers, sup-
plemental oxygen administration and airway 
opening maneuvers and/or positive-pressure ven-
tilation may be necessary. See section below for 
management of upper airway obstruction.

Treatment: Respiratory  
Depression and Apnea

When monitors alarm, e.g., indicating dropping 
oxygen saturation, 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 
insufficient then

 2. Support airway (chin lift/jaw thrust); if insuf-
ficient then

 3. Administer supplemental oxygen
 4. If spontaneous ventilation continues to be 

inadequate, administer positive-pressure ven-
tilation via bag/mask

 5. If patient is on a continuous infusion (e.g., 
propofol) – slow down or stop medication 
infusion, then

 6. Call for help, if needed

Second Line: Reversal Medications  
for Opioids and Benzodiazepines
If respiratory depression occurs after administra-
tion of an opioid or benzodiazepine and does not 
readily resolve after the above supportive mea-
sures, or requires continued positive-pressure 
ventilation, consider use of reversal agents. Slow, 
titrated reversal is preferred if positive-pressure 
ventilation 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 agitation or 
seizure [123]. 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 stimulation, airway opening 
maneuvers, supplemental oxygen, and/or positive-
 pressure ventilations.

Dose: 1–2 g/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 g/
kg are recommended to “gently” reverse opioid-
induced respiratory depression yet maintain anal-
gesia. Larger doses, such as 10–100 g/kg may 
awaken the patient and reverse the analgesic 
effects resulting in significant pain, hypertension, 
pulmonary edema, vomiting, or seizures [123].

During the interval of apnea, the patient is sup-
ported with assisted ventilations until adequate 
spontaneous respirations are restored. Thereafter, 
the patient is observed closely as the reversal 
effects of naloxone may be briefer than the opi-
oid-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 [124].

Flumazenil (Romazicon®)
Indications: Benzodiazepine (e.g., Midazolam) 
induced apnea or respiratory depression not 
responding to stimulation, airway opening maneu-
vers, 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 nec-
essary. Flumazenil may reverse midazolam- 
induced hypnotic and amnesic effects but may 
not reverse ventilatory depression [125]. When 
appropriate, naloxone should be used as the first 
line in reversal therapy. Drug therapy does not 
obviate the need to protect the airway and sup-
port ventilation.
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Caution: Flumazenil may cause seizures in 
patients chronically on benzodiazepine medica-
tions and should be used cautiously in patients on 
medications that can lower seizure threshold. 
Also, benzodiazepine induced respiratory effects 
may outlast the duration of flumazenil and 
patients must be closely monitored for recurrence 
of respiratory depression, typically at least 2 h 
after flumazenil administration [126, 127]. 
Recurrence of sedation has been reported in up to 
7% of cases, most commonly in children under 5 
years of age [126] (Table 15.5).

Upper Airway Obstruction

The pediatric airway is particularly prone to 
dynamic obstruction due to the relatively large 
size of the tongue and tonsillar tissues. As seda-
tion depth increases, the muscles of the tongue, 
jaw, and oropharynx loose tone in a manner simi-
lar 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 occur-
rence. Placement of a shoulder roll in infants and 
a head roll in older children and adolescents to 
align the oropharynx, posterior pharynx, and tra-
chea may help align the patient’s airway and 
relieve this obstruction. Markedly, obese patients 
also may benefit 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 gen-
eral anesthesia may benefit from placement of 
an oro- or nasopharyngeal airway but because 
oropharyngeal airways may induce a gag reflex 
and vomiting, these devices should be used 
with caution. Laryngospasm is a special type 
of upper airway obstruction and is addressed 
below.

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 adminis-
tration or after the painful procedural stimulus 
has ended. Ketamine-related laryngospasm may 
occur in settings of current URI, unsuctioned 
secretions/vomitus, or stimulation of the hyper-
active gag reflex 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 satu-
ration and allows early detection of airway 
obstruction (or apnea).

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.

Table 15.5 Naloxone & Flumazenil for reversal of respiratory depression [127]

Agent Route Dose Frequency
Maximum  
dose (mg) Onset

Duration  
(min)

Naloxone IV, IM, or SC 1–2 g/kg for respiratory 
depression
100 g/kg (0.1 mg/kg)  
if unable to ventilate  
or wooden chest

Q 2–3 min  
as needed

2 1–2 min (IV)

15 min (IM/SC)

30–60

Flumazenil IV 10 g/kg (0.01 mg/kg) Q 1 min  
as needed

1a 1–2 min, maximum 
effect 6–10 min

20–60

aIf resedation after response to Flumazenil, 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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 3. If not responding to repositioning, consider 
continuous positive airway pressure (CPAP) 
with bag/mask (CPAP or anesthesia type bag 
is preferable to self inflating-type bag as CPAP 
can be delivered more effectively to open the 
airway by distending the posterior pharynx).

 4. If having difficulty maintaining an open air-
way, consider an oral airway (unconscious 
patient), or nasal airway.

 5. If unable to ventilate with CPAP, rapidly 
consider treatment 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 desaturation, caused by involuntary 
and sustained closure of the vocal cords and is 
not relieved by routine airway repositioning 
maneuvers, suctioning, or insertion of a nasal or 
oral airway. Laryngospasm may be intermittent 
or sustained, brief or prolonged [132, 133].

The incidence of laryngospasm during pediat-
ric ED PSA is difficult to determine as it is a rare 
event and large sedation databases are not avail-
able for estimation. Relative preservation of 
upper airway protective reflexes 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 [134–136]. 
A meta-analysis of pediatric ketamine-based ED 
PSA found an incidence of laryngospasm of 
0.3%; the only identifiable association with 
increased risk of laryngospasm was an initial 
intravenous dose of greater than 2.5 mg/kg but 
data was unable to be analyzed for associa-
tions with URI, wheezing, or other risk factors 
found to be associated with increased risk dur-
ing general anesthesia [137]. Of particular inter-
est, young age and oropharyngeal procedures 
(excluding endoscopy) were not associated with 

increased risk but prospective 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%) [86]. 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 [138, 
139]. The wide variability may be due to differences 
in definition and study design, patient populations, 
anesthetic techniques, and airway manipulation 
[140]. 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 [141, 142].

It is unclear whether prophylactic administra-
tion of atropine or glycopyrrolate with ketamine 
to reduce hypersalivation reduces the risk of lar-
yngospasm [143, 144]. 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; [137] this unexpected associa-
tion needs further investigation.

At risk periods: Laryngospasm may occur at 
any time during sedation, including recovery. 
In one report of non-intubated children undergo-
ing sedation/general anesthesia, laryngospasm 
occurred most frequently during emergence 
(48%), but was also seen during induction (29%) 
and maintenance (24%) phases [139]. Increased 
risk for ketamine-related laryngospasm may 
occur in children with current URI, especially if 
febrile, if secretions/emesis pool in the posterior 
pharynx, or if a procedure such as endoscopy 
stimulates the gag reflex [142, 145, 146].

Recognition of laryngospasm: Early signs of lar-
yngospasm may include coughing. A characteristic 
stridulous noise can be heard with partial laryngos-
pasm. 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 
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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 [112]. Capnographic changes are a very 
sensitive means of diagnosing laryngospasm. 
During partial laryngospasm, turbulence affects 

expiratory flow but the amplitude of the capno-
gram will correlate with the extent of hypoventi-
lation. During complete laryngospasm the CO

2
 

waveform will be lost despite chest wall move-
ment [108].

Treatment: (Fig. 15.2) [136] If the patient 
develops stridor during sedation:
 1. Remove stimulus to posterior oropharynx; 

consider gentle suction of excessive secre-
tions, emesis.

Recognize Laryngospasm

ApplyCPAP with 100% O2
and Airway Maneuvers

Assess O2 entry
bag movement

None Some

Eliminate stimulus
Deepen sedatioin if
propofol sedation

Reasess O2 entry
with CPAP

Consider Jaw Thrust or
pressure in Larygospasm
Notch to convert to partial
laryngospasm

Succinylcholine I.V. 0.1-2 mg/kg
Atropine 0.02 mg/kg I.V.

(or consider Propofol I.V.)

CPAP Ventilation with 100% O2
Attempt intubation if needed

Succinylcholine IM 3-4 mg/kg
Atropine 0.02 mg/kg I.M.

Call for help

CPR + ALS as indicated Stabilize and recover or resume procedure

Fig. 15.2 Laryngospasm treatment algorithm (Modified for sedation from Hompson-Evans et al. [361])
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 2. Reposition airway with jaw thrust; vigorous, 
painful intrusion of the thumbs in the laryn-
gospasm notch2 may help.

 3. Apply CPAP (continuous positive airway pres-
sure) 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 I.V. fol-
lowed by low-dose succinylcholine (0.1–0.25 
mg/kg I.V.) with ventilatory support as needed; 
[147] consider an additional dose of propofol 
if propofol sedation is underway.

 6. If still unable to oxygenate, administer full-
dose succinylcholine (1–2 mg/kg I.V. or 
3–4 mg/kg I.M.) followed by intubation.
Attempts to provide intermittent positive-

pressure ventilation with a face-mask may dis-
tend the stomach and make subsequent ventilation 
more difficult. In complete laryngospasm 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 considered [136].

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 treat-
ment for laryngospasm [148]. Transient apnea 
with this technique should be anticipated.

Low-dose succinylcholine (0.1 mg/kg IV) may 
be effective in relaxing laryngospasm [147]. Onset 
of neuromuscular blockade is generally more rapid 
at the larynx compared with the peripheral mus-
cles [149]. 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 intu-
bation should be considered if the patient is rap-
idly becoming severely hypoxic [136]. The 
intravenous route is preferred for administration of 
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 relaxation of the larynx occurs 
earlier than maximum suppression of the muscle 
twitch response and enables ventilation [150].

Succinylcholine administration following 
hypoxia may be associated with severe bradycar-
dia and even cardiac arrest. Atropine 0.02 mg/kg 
I.V. administered prior to succinylcholine is rec-
ommended [151].

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 [88, 152], whereas concurrent use of 
midazolam with an opioid [9] ketamine [87], or 
nitrous oxide [10] reduces the incidence of PSA-
related vomiting. Propofol appears to be less 
emetogenic and may not benefit from addition of 
midazolam to the regimen. Coadministration of 
ondansetron (Zofran®) with ketamine reduces 
vomiting both in the ED and after discharge [92]. 
Children with a history of prior postoperative 
nausea and vomiting or with a history of motion 
sickness are at increased risk for vomiting [153]. 
Further investigations are needed to better pre-
dict sedation associated nausea and vomiting 
and to determine strategies to significantly 
reduce this relatively minor but very undesirable 
adverse effect.

At risk periods: Emesis may occur at any point 
during procedural sedation, but most commonly 
is seen during the postprocedure recovery period 
[9, 10, 88]. 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 

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 defined mechanism. This maneuver may also be a 
modified jaw thrust.
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the patient to the side to clear the airway. Suction 
equipment should be prepared and immediately 
available during and after all sedations. This 
equipment is used to finish 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

clear own mouth during active vomiting, suc-
tion oropharynx with rigid large bore Yankaur 
type suction tip.

the mask to allow clearing of emesis and dis-
continue 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, is not routinely adminis-
tered to prevent emesis during ED PSA. However, 
one study of children receiving ketamine for ED 
PSA, vomiting in the ED or after discharge was 
less frequent with ondansetron coadministration: 
(8 vs. 19%), with 9 patients needing to be treated 
to prevent one episode of vomiting [92]. 
Ondansetron also may be considered in a child 
with significant prior history of postoperative 
nausea and vomiting. Further evaluation of the 
effectiveness of this antiemetic agent during ED 
PSA is needed. Other antiemetic agents such as 
prochlorperazine (Compazine®) or promethazine 
(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 simplified 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 fluids prior to 
discharge also may reduce vomiting. Historically, 
assuring patients can drink prior to discharge has 
been done to prevent postoperative “dehydra-
tion.” Given shortened fasting times and the com-
mon practice of administration of IV fluids during 
sedation, the risk of dehydration is low compared 
to the risk of inducing vomiting [152].

Pulmonary Aspiration

Clinically significant or life-threatening pulmo-
nary aspiration of gastric contents during pediatric 
procedural sedation is extremely rare. Aspiration 
occurs in approximately 0.1% of cases under gen-
eral anesthesia and was noted to have occurred in 
4 of 49,836 children undergoing elective propofol 
sedation/anesthesia but it has not been reported in 
association with ED PSA [72, 73, 78, 86]. Patients 
with ASA Physical Status Class III or higher and 
those requiring intubation 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 reflexes may be absent dur-
ing these periods and gastric contents may reflux 
into the trachea with little or no initial patient 
response. Because of the potential gravity of this 
adverse event, it is suggested clinicians consider 
using ketamine or nitrous oxide that better pre-
serve protective airway reflexes or, when possible, 
lighter sedation combined with local anesthesia 
for non-fasted emergency patients [154].

Recognition: Clinical symptoms of pulmonary 
aspiration may include cough, crackles/rales, 
decreased breath sounds, tachypnea, wheeze, 
rhonchi, or respiratory distress that were not pres-
ent before the sedation and present before the end 
of the ED recovery phase. These are usually 
accompanied by a decrease in oxygen saturation 
from baseline, requiring supplemental oxygen, 
and, if obtained, focal infiltrate, consolidation or 
atelectasis on chest radiograph [78, 132]. As noted 
previously, clinically significant pulmonary aspi-
ration may more likely occur in the unresponsive 
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patient when gastric contents passively flow 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 aspi-
ration may become evident as the patient emerges 
from sedation.

Treatment: If emesis is seen, turn patient to 
side, allow to retch, and suction posterior phar-
ynx 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 pulmo-
nary aspiration require only close observation 
and simple supportive care with supplemental 
oxygen with or without CPAP and recover with-
out sequelae [72, 73, 82, 86]. Endotracheal intu-
bation should be considered if definitive 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 particu-
late 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 intensive care unit.

Medications

Basic Pharmacokinetics, Simplified

Parenteral drugs effective for PSA are small, 
hydrophobic lipophilic compounds that rapidly 
diffuse out of the bloodstream into the lipophilic 
tissues of the brain and spinal cord where they 
cause sedation/anesthesia.

Since the brain receives a disproportionately 
high percentage of the cardiac output (15–25%) 
[155], a large portion of a sedative drug injected 
into the bloodstream circulates on first-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 
(first-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 re-
equilibration (“bi-phasic redistribution”) causes 
the patient to awaken or respiratory depression to 
lessen. These effects are relatively independent of 
metabolic clearance 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 [156].

The duration of action of a single intravenous 
dose is similar 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 accumulated in fat, and the drug’s metabolic 
clearance. The wake-up time of some drugs such as 
etomidate, propofol, and ketamine increase only 
modestly with prolonged infusions while others 
such as diazepam and thiopental increase dramati-
cally and midazolam less so [156].

A rapidly injected drug travels as a more con-
centrated bolus on the first-pass out of the heart 
into the brain circulation 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 por-
tion 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 
 significant 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 beneficial for brief procedures. 
Importantly, however, clinicians must be aware 
that rapid changes in the brainstem’s concentra-
tion of opioid and sedative drugs markedly 
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increase the potential for respiratory depression 
and apnea. As a practical point, this technique can 
be used only for ketamine administration because 
it causes markedly 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. 15.3).

A drug’s Therapeutic Window is used to 
describe the difference between the dose of that 
drug that results in the desired sedative or analge-
sic 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 rela-
tively little cardiopulmonary depression [157], 
whereas the same error with propofol will result 
in apnea and hypotension [158].

Many reasonable medication options exist for 
ED PSA [76, 159]. Use of analgesic medication 
when pain is the primary 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 specific 
agents or combination of agents that provide 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 refined with 
tailoring of regimens to a specific patient’s char-
acteristics. The following section summarizes 
medication effects and pharmacology in healthy 
children. Abnormalities in renal and hepatic func-
tion can significantly alter these parameters, par-
ticularly the duration of effects. In addition, 
significant variability in effect may occur between 
individuals due to genetically determined factors 
such as differences in drug receptor sites, meta-
bolic activation, or clearance. Patients with ASA 
Physical Status 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 
repeatedly administered small doses to achieve the 

Fig. 15.3 Plasma drug concentration and CNS drug concentrations and effects after a single IV dose
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desired clinical effect enables the practitioner to use 
the smallest effective dose and reduce the peril of 
over-sedation with its increasing risks of respira-
tory depression and aspiration, and, furthermore, 
hasten recovery [69, 96, 101, 160]. 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 spe-
cific medication is necessary to avoid “stacking” 
of doses when first gaining experience with titra-
tion. 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 exam-
ple, morphine has a peak effect of approximately 
10 min. If an additional dose of morphine is admin-
istered after 5 min because the patient is still in 
significant pain, by 15 min after the original dose, 
when both the first and second doses are near peak 
effects, the patient may have significant respiratory 
depression due to an excessive accumulative dose. 
For this reason, titration is difficult with drugs that 
have longer than 1–3 min to peak effect time.

When a “typical” total dose for a specific proce-
dure is known, that total dose may be divided and 
the increments administered at intervals shorter 
than “the time to peak effect” without likely over-
shoot. This strategy of repeated administration of 
fractional doses for fixed dose protocols, e.g., half 
of the anticipated total dose administered twice 
with administration separated by a short interval, 
reduces the risk for significant respiratory depres-
sion 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 specific 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 place-
ment of an IV catheter, it still requires a feared 
needlestick and makes titration to effect difficult. 
More importantly, if a serious adverse event 
occurs, e.g., severe laryngospasm, an emergent IV 
for resuscitation medications or fluids may be dif-
ficult to place. Specifically, 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 over-sedate some and 
result in greater frequency of adverse events [137], 
or painful repeat administration of a smaller dose 
if the original dose is insufficient. Since the onset 
of IM ketamine is 5–15 min, titration without over-
sedation is difficult. Due to the large dose typically 
administered IM, recovery is prolonged [161].

Sedative/Hypnotic Agents

Commonly used sedative-hypnotic medications 
for procedural sedation include the barbiturates, 
chloral hydrate, propofol, and etomidate. These 
drugs induce general depression of the central 
nervous system (CNS) by stimulation of inhibi-
tory gamma-aminobutyric acid (GABA) recep-
tors or other mechanisms which are not yet fully 
elucidated. None of these drugs have an analgesic 
effect. While deeply induced sedation, e.g., with 
propofol, may enable painful procedures to be 
accomplished, lighter sedation with less respira-
tory 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 litera-
ture from the speciality.

Chloral Hydrate [76]

Indications: Chloral hydrate may be used to  provide 
effective ED PSA in children less than 2 years of 
age, including those with congenital cardiac anom-
alies, who are undergoing painless diagnostic stud-
ies such as CT and MRI scans. Sedation is achieved 
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not be considered a first line agent in children older 
than 48 months because of decreased efficacy as 
compared with younger children. The drug may be 
administered orally or rectally. The oral prepara-
tion has a bitter taste that frequently requires 
administration in a flavored vehicle to disguise its 
taste; approximately a third of children may vomit 
soon after oral administration.

Contraindications/cautions/adverse  effects: 
Children receiving chloral hydrate should be 
properly monitored and managed 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 efficacy 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 finished; reports describe infant 
deaths due to slumping in car seats with obstruc-
tion of the airway after discharge. Many infants 
may have unsteady gait, hyperactivity, or irritabil-
ity the day after sedation. Other adverse effects 
include respiratory depression, hypotension, para-
doxical excitement (0–15%) vomiting (10–30%), 
and rarely, hepatic failure, areflexia, jaundice, 
gastrointestinal hemorrhage, and esophageal stric-
ture [76, 162, 163]. These disadvantages along 
with its highly variable effects on older children 
and inherent difficulty with titration of oral medi-
cations 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 [76].

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 sedative-hypnotic but no analgesic effects.

Metabolization: rapidly metabolized by hepatic 
alcohol dehydrogenase to its active compound 
trichloroethanol and subsequently excreted in 
the urine [156]. The elimination half-life is age 
dependent; 40 h in preterm infant, 28 h in term 
infant, 6–8 h in toddler.

Barbiturates

Barbiturates are pure sedatives with no analgesic 
effect. They potentiate the effect of gamma-
aminobutyric acid (GABA), the principal inhibi-
tory 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 [156].

Methohexital (Brevitol®)

Indications: Methohexital administered by either 
the intravenous, intramuscular, or rectal route can 
provide effective sedation for children undergo-
ing painless diagnostic studies such as CT or MRI 
scans. However, because of the readily induced 
respiratory depression associated with this medi-
cation, 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 admin-
istration but may occur with any route of admin-
istration. Hangover-like residual effects may last 
for 24 h.

Pregnancy category B
Dosages: 1 mg/kg IV; 10 mg/kg I.M.; 25 mg/kg P.R.

Onset/duration: IV: sedation within 30 s, 
recovery by 20–30 min [164]

PR: sedation within 6–9 min, recovery by 
40–60 min [165, 166].

Mechanism of action: ultrashort-acting, highly 
lipid soluble barbiturate with rapid CNS uptake 
and redistribution. It has marked sedative- 
hypnotic but no analgesic effects.
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Metabolization: Hepatic degradation with 
renal excretion results in an elimination half-life 
of 3.5 h and less accumulation of drug in body 
tissues compared to other barbiturates.

Pentobarbital (Nebutal®)

Indications: Pentobarbital is a short-acting barbi-
turate that induces relative immobility and can be 
safely used to sedate children to facilitate non-
painful diagnostic studies such as CT and MRI 
scans redundant, but supportive measures may 
include head positioning, supplemental oxygen, 
and occasional bag-valve-mask ventilatory sup-
port [159]. Pentobarbital successfully sedates 

higher success rates in children younger than 
8 years of age [167–169]. Pentobarbital is more 
effective in providing sedation than midazolam 
[170] or etomidate [171] and causes fewer adverse 
respiratory event than propofol [172]. The addi-
tion of midazolam with pentobarbital does not 
appear to increase success rates and prolongs 
time to discharge [168].

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%) [173, 174]. 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 effec-
tiveness and fewer respiratory complications 
compared with IV pentobarbital (2–6 mg/kg); 
time to sedation was slightly longer with PO than 
with IV pentobarbital (18 vs. 7 min), but time to 
discharge (~1 h 45 min) was similar. Total adverse 
events rate was similar (0.8% [PO] vs. 1.3% [IV]), 
but oxygen desaturation was slightly more fre-
quent for IV (0.2% [PO] vs. 0.9% [IV]). Sedation 
effectiveness was comparable (99.5% [PO] vs. 
99.7% [IV]), leading the authors to recommend 
consideration of PO administration for this age 
group, even when an IV is in place [175]. In a 
randomized comparison of IV pentobarbital 
(maximum 5 mg/kg in incremental doses) or oral 

chloral hydrate (75 mg/kg) prior to MRI, children 
who received pentobarbital had a higher incidence 
of paradoxical reaction (14 vs. 9%) and prolonged 
recovery with a similar failure rate [174].

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 [173, 174, 
176]. Mild respiratory depression is usually seen 
at doses required for hypnotic effect. The follow-
ing adverse events and frequencies have been 
reported; transient respiratory depression with 
oxygen desaturation of 10% below the baseline 
in 1–8%, vomiting in 1% [168, 177, 178], 
increased airway secretions, airway obstruction, 
coughing, and bronchospasm [167–169, 173, 
177–179], emergence reactions (hyperactivity in 
5–7%) [177, 179] 8.4% in children older than 8 
years [179], paradoxical reaction (sustained 
inconsolability and severe irritability and com-
bativeness for more than 30 min) in 0.01% with 
oral pentobarbital [173], and in 1.5% with intra-
venous pentobarbital [168]. Up to 35% of chil-
dren will have increased sleeping or hangover-like 
effects in the 24 h following pentobarbital seda-
tion [173, 179]. Pentobarbital should be avoided 
in children with porphyria.

Pregnancy category D
Dosages: IV: Protocol used by author: first dose: 
2.5 mg/kg; if needed, subsequent doses: 1.25 mg/kg, 

200 mg maximum.
IM: 2–6 mg/kg, to a maximum of 100 mg.
PO or PR 4 years): 3–6 mg/kg, to a maxi-

mum of 100 mg.
PO or PR 4 years): 1.5–3 mg/kg, to a maxi-

mum 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 [176].

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 [168, 170].
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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 [176]. 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 five subunits each of which has 
multiple subtypes. The varying combinations of 
subunit subtypes result in different pharmaco-
logical and clinical effects (Table 15.6). When 
the benzodiazepine binds to its site on the GABA

A
 

receptor, it causes the receptor to have a much 
higher affinity for the GABA neurotransmitter. 
This results in the associated chloride ion chan-
nel opening more frequently causing the neuronal 
membrane to become hyperpolarized [156]. 
Benzodiazepines have no analgesic effect. 
Benzodiazepines administered without other 
medications rarely cause severe adverse effects 
[180]. However, when benzodiazepines are com-
bined with other drugs such as opiates, marked 
respiratory depression and apnea can readily 

occur [96]. 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, resulting 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 disturbances from benzodiazepines. 
Paradoxical rage reactions from benzodiazepines 
are thought to be due to partial deterioration 
from consciousness, generating automatic behav-
iors, fixation amnesia, and aggressiveness from 
disinhibition with a possible serotonergic 
mechanism playing a role [181, 182]. 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 diphenhy-
dramine or administration of  caffeine [181, 183].

Midazolam (Versed®)

Indications: Midazolam is a water soluble ben-
zodiazepine 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 motionless (e.g., MRI scan). Midazolam 
has more potent amnestic effects, quicker onset 
and shorter duration of action compared to 

Table 15.6 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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diazepam [184–187]. Since it is water soluble, 
midazolam can be administered intramuscularly, 
as well as PO, IV, or intra-nasally (IN). Midazolam 
may be used for seizure control but longer-lasting 
agents such as lorazepam are typically used. 
Midazolam also has antiemetic effects, an addi-
tional benefit when coadministered with opioids 
or ketamine [188].

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 [96]. An 
important adverse reaction to benzodiazepines in 
children is the disinhibitory reaction, possibly 
mediated by central cholinergic mechanisms 
[181]. Paradoxical excitement or dysphoria dur-
ing recovery may be increased in older children 
when midazolam is coadministered with ket-
amine [87].

Pregnancy category D
Dosages:
IV/IM: Anxiolysis: 0.05 mg/kg IV with maxi-
mum 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 admin-
istered 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 volume, 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 effective to achieve 
mild to moderate sedation [189]. If the intrave-
nous solution is dripped into the nares without 
atomization most children complain of a burning 
sensation [190–192].

PR: 0.3–0.5 mg/kg, may not be preferred by 
older children [193, 194].
Onset/duration:
IV: sedation within 1 min, peak effect by 2–6 min, 
recovery by 30–60 min [195].

IM: sedation within 5–15 min, peaks by 
30 min, recovery by 30–60 min [196].

PO: anxiolysis and mild sedation peak within 
15–20 min, recovery by 60–90 min [190].

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 
[193, 194].

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.

Pregnancy category D
Reversal: Midazolam-induced apnea or respira-
tory depression may be counteracted by adminis-
tration of flumazenil 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 amnesic effects but not 
ventilatory depression [125]. The patient must be 
closely monitored, typically for 2 h after fluma-
zenil administration, for resedation and respira-
tory depression. Recurrence of sedation has been 
reported in up to 7% of cases, most commonly in 
children under 5 years of age [126]. Flumazenil 
may cause seizures in patients chronically on 
benzodiazepine medications and should be used 
cautiously in patients on medications that can 
lower seizure threshold.

Diazepam (Valium®)

Indications: Diazepam has excellent antianxiety, 
skeletal muscle relaxation, and amnestic proper-
ties 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 enterohepatic recircula-
tion and formation of active metabolites. Like 
other benzodiazepines, diazepam readily causes 
respiratory depression with rapid administration. 
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Diazepam’s propylene glycol carrier causes 
burning sensations on intramuscular and intrave-
nous injection, and erratic absorption with intra-
muscular administration. Administer with caution 
in patients with liver and kidney dysfunction.

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 dysfunction, as well as active metabo-
lites including desmethyldiazepam and oxaze-
pam, may prolong effects.

Pregnancy category D

Other Non-Analgesic  
Sedative Agents

Propofol (Diprivan®)

Propofol is a sedative hypnotic agent with no 
analgesic properties [156]. It is the most com-
monly used parenteral agent for induction and 
maintenance of general anesthesia in the United 
States, due in large part to rapid and pleasant 
recovery from anesthesia induced by this potent 
agent [156]. Little or no nausea is associated with 
propofol and it’s amnestic effect is similar to that 
from midazolam [197]. Many adults and older 
children remark on awakening that they feel as if 
they have just had a good nap. These characteris-
tics have resulted in propofol’s rapid increase in 
popularity as an agent for scheduled [86, 198] 
and ED PSA for children [159, 199].

Propofol, however, has a narrow therapeutic 
window which makes PSA titration to desired 
effect without over-sedation more difficult than 
with many other agents. Significant respiratory 
depression and hypotension are rela tively com-
mon (see Adverse Effects section) [86, 200]. 
Propofol can be used alone for painless proce-
dures such as MRI or CT scans, or, at greater 

doses, for painful procedures. However, because 
significant respiratory depression or apnea are 
associated with doses necessary for painful pro-
cedures, smaller doses of propofol have been 
combined with analgesic opiates or ketamine for 
ED PSA [200–202]. Although combining ket-
amine with propofol may have theoretical benefit 
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 efficacy compared with propofol 
alone. Studies conflicted regarding reduced 
hemodynamic and respiratory adverse effects 
with the combination compared with propofol 
monotherapy [203]. A comparison of propofol + 
ketamine to propofol + fentanyl for PSA in tod-
dlers undergoing burn dressing changes found 
similar minimal impact on blood pressure and 
respiratory rate but less restlessness with the 
addition of ketamine [204].

Use of propofol for ED PSA should be preceded 
by specific training and supervised experience. It 
is recommended that when propofol is adminis-
tered, an experienced provider with advanced 
 airway skills be dedicated to administering the 
sedation and managing the airway and cardio-
respiratory status of the patient. In-depth knowl-
edge 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 influx through slow calcium-
ion channels, and blocks sodium channels 
[205].

Pharmacokinetics [158]

Propofol is highly lipophilic and rapidly diffuses 
from plasma into body tissues, particularly the 
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highly perfused brain. The onset of action of 
propofol as determined by time to unconscious-
ness (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 administra-
tion. Since propofol is rapidly distributed from 
CNS to inactive storage sites such as muscle and 
fat, recovery from anesthesia is rapid with dura-
tion 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 pharmacokinet-
ics 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 metabo-
lized in the liver to less active conjugates which 
are excreted mainly in the urine. Since plasma 
clearance exceeds hepatic blood flow, it appears 
that the drug also is metabolized at extrahepatic 
sites. Mean total body clearance of propofol 
appears to be proportional to body weight; obese 
patients have a substantially higher body clear-
ance than leaner individuals.

Indications: Propofol sedation of children in 
the ED has been reported primarily for fracture 
reduction with fentanyl, morphine, or ketamine 
coadministered [200–202, 206]. Sedation or 
 distress scores were low during fracture reduc-
tion with propofol + morphine or fentanyl and 
similar to ketamine + midazolam or morphine + 
midazolam [201, 202]. 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 complex lacera-
tion 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 [207].

Contraindications/cautions/adverse   effects: 
Transient respiratory depression, apnea, upper 
airway obstruction, or laryngospasm may occur 
in many patients, especially during induction of 
sedation [86, 200, 208]. A recent study suggests 
that the administration of induction dosages of 
propofol slowly over 3 min decreases the inci-
dence of respiratory depression [209]. Increasing 
upper airway narrowing due to muscle relaxation, 
especially at the level of the epiglottis, has been 
shown with increasing depth of propofol seda-
tion/anesthesia [210]. Loss of protective airway 
reflexes during apneic periods may place patients 
at increased risk of pulmonary aspiration as the 
ensuing bag-mask positive-pressure ventilation 
increases gastric pressure and risk of passive 
regurgitation [86]. Therefore, candidates for 
propofol sedation must be carefully screened for 
risks of “full stomachs,” URI’s, and difficult air-
ways [211]. 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 ven-
tilation bag at the bedside [105, 106, 115].

The main adverse cardiovascular effect of 
propofol is hypotension, in part related to 
decreases in peripheral vascular resistance [158, 
212]. In spontaneously breathing patients, as 
much as a 30% decrease in blood pressure may 
be seen with little or no changes in heart rate 
[206, 213]. The decrease in blood pressure is 
dose and infusion rate-dependent and is potenti-
ated by coadministration of opioids such as fen-
tanyl [212, 214]. Propofol may rarely induce 
profound bradycardia and cardiac arrest in 
hypovolemic patients or in those at risk for 
hypotension or with cardiac dysfunction [86, 
215]. Administration of additional fluids 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 difficult airways, 
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cardiac dysfunction, brief fasting, or ASA 
Physical Status Classes 3, 4, or 5 [115, 200].

Propofol is formulated as an emulsion in 
soybean oil, glycerol, and purified egg products 
because it is essentially insoluble in aqueous 
solutions. Propofol therefore cannot be adminis-
tered to patients with allergies to eggs or soy. 
In addition, to inhibit bacterial growth, some prep-
arations contain sodium metabisulfite which may 
cause allergic-type reactions in susceptible indi-
viduals, including anaphylaxis and life- threatening 
or less severe asthmatic episodes [158].

Despite the addition of disodium EDTA or 
sodium metabisulfite to inhibit bacterial growth, 
significant bacterial contamination of open con-
tainers has been associated with serious patient 
infection. Using aseptic technique, propofol 
should be administered shortly after removal 
from sterile packaging [156].

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 procedural analgesia 
may reduce this effect [115]. 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 [158, 201].

Involuntary movement (myoclonus) has been 
reported in 15–20% of pediatric patients under - 
going propofol anesthesia, typically during 
induction [158]. Myoclonus significant 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 [86].

Dosages: Propofol can be administered intra-
venously in doses of 1–2 mg/kg to achieve seda-
tion. Note however, administration of 2–3.5 mg/
kg followed by continuous infusion of 100–300 

g/kg/min is commonly used for induction of gen-
eral anesthesia [115, 200–202, 206, 216, 217].

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 [200, 202, 206]. 
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 infusion to achieve 
the desired level of sedation [201]. In each of 
these studies propofol was administered shortly 
after morphine or fentanyl administration.

Administration: [158] Commercially avail-
able 1% propofol injectable emulsion (10 mg/
mL) may be used without dilution. If dilution is 
necessary, the drug may be diluted with 5% dex-
trose injection to a concentration of not less than 
0.2% (2 mg/mL) in order to maintain the emul-
sion. Propofol should be discarded if there is 
evidence of separation of the emulsion. The 
emulsion should be shaken well just prior to 
administration.

Using aseptic technique, contents of a vial 
may be transferred into a sterile, single-use 
syringe and administered shortly after removal 
from sterile packaging. The manufacturers state 
that propofol is compatible with several IV fluids 
(e.g., 5% dextrose, 5% dextrose and lactated 
Ringer’s, lactated Ringer’s, 5% dextrose and 0.2 
or 0.45% sodium chloride) when a Y-type admin-
istration set is used.

Pregnancy category B

Etomidate
Indications: Etomidate has potent hypnotic (sed-
ative) and amnestic but no analgesic effects. It is 
in an aqueous solution of propylene glycol there-
fore, burning on injection is a common complaint. 
Since etomidate rapidly induces unconsciousness 
with little hemodynamic effect and clinical recov-
ery occurs within minutes, it is frequently used in 
the emergency setting to induce unconsciousness 
prior to neuromuscular blockade during endotra-
cheal intubation [218–220].

Recent reports suggest etomidate may be safe 
and effective for brief nonpainful procedures 
such as CT scans and can be combined with fen-
tanyl for fracture reductions. Early reports were 
inconclusive about the safety and effectiveness of 
etomidate for ED PSA in children [159, 221–224]. 
However, a small study of ED pediatric patients 
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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 [171]. 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 inter-
vals, 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 eto-
midate in 446 fasted ASA-PS Class I, II children; 
duration of sedation was 34 min [225]. With a 
proximal tourniquet in place, 0.5 mg/kg lidocaine 
(maximum dose 25 mg) was first administered 
through the intravenous catheter to mitigate burn-
ing 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 ade-
quate, an additional 0.15 mg/kg bolus was admin-
istered within 1 min of the initial dose. If needed, 
an additional 0.15 mg/kg bolus was given during 
scans requiring multiple views or repositioning. 
Median total etomidate dose was 3.3 mg/kg. With 
this technique, 1 patient had apnea and the CT 
scan was not completed, otherwise significant 
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 intravenously over 60–90 s resulted in 
effective sedation in 92% of children compared 
to 36% with midazolam 0.1 mg/kg IV [226]. 
Both were combined with fentanyl 1 g/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 flow oxygen administration or head repo-
sitioning; 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 inter-
fere with the fracture reduction. Pain on injection 

of etomidate was noted in 46% of children. 
Further studies of etomidate are needed to define 
better safety and efficacy parameters for PSA, 
particularly in unfasted emergency patients.

Contraindications/cautions/adverse   effects: 
Similar to midazolam, transient apnea with rapid 
infusion may rarely occur when etomidate is 
administered alone [225] but respiratory depres-
sion may occur in 20% or more of children receiv-
ing etomidate coadministered with fentanyl or 
morphine [226]. Pain with injection in 2–20% 
and myoclonus in 8–40% of patients are associ-
ated with etomidate infusion [222, 227, 228]. 
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 [227, 229].

Although trials investigating etomidate- 
induced adrenal suppression associated with PSA 
in noncritically ill children are not available, 
studies in adults and children have demonstrated 
cortisol depression for up to 24 h with as little as 
a single dose of etomidate. This suppression may 
be clinically significant in patients with hemor-
rhagic 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 [230–233].

Pregnancy category D
Dosages: 0.2–0.3 mg/kg IV
Onset/duration: onset of sedation within 30–60 s, 
with duration of deep sedation 3–12 min when 
using a dose of 0.2–0.3 mg/kg [70]. Sufficient 
recovery for discharge may take 30–45 min 
[225].

Mechanism of action: Etomidate, like propo-
fol, is structurally unrelated to other anesthet-
ics. It is an imidazole derivative that is thought 
to induce sedation through enhanced gamma-
amino butyric acid (GABA) neurotransmission 
[156].

Metabolization: Etomidate is highly protein 
bound in blood and is degredated by hepatic and 
plasma esterases to inactive products. It exhibits 
a bi-exponential decline, with a redistribution 
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half-life of 2–5 min and an elimination half-life 
of 68–75 min [156].

Sedative-Analgesic Agents

The following are primary analgesic agents. 
Sedation generally requires higher doses of opi-
oids or addition of sedative-hypnotic agents, both 
of which significantly increase respiratory depres-
sion. Ketamine induces sedation and amnesia but 
opioid agents cause little amnesia.

Opiates (Narcotics) (Table 15.7)

Fentanyl (Sublimaze®)
Indications: Fentanyl is a high-potency synthetic 
opiate with minimal hemodynamic effects. Due 
to its lipophilic nature and rapid biphasic redistri-
bution, onset of analgesia and sedation occur rap-
idly 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 significant 
analgesia and mild sedation for painful proce-
dures but is not recommended for anxiety control 
or for control of spontaneous movement. Since 
fentanyl, unlike morphine, does not cause clini-
cally significant histamine release, it is the opiate 
of choice in patients who have increased potential 
for hypotension, e.g., trauma or sepsis [234].

Fentanyl has been administered in oral loz-
enges (oral transmucosal fentanyl citrate (OTFC)) 
for ED PSA for laceration repair. However, titra-
tion to effect is difficult with this technique and it 
has been associated with frequent nausea, vomit-
ing (20–50%), and pruritus [235–238]. OTFC has 
also been used for rapid (30 min) analgesia in 
children with fractures [239].

Of note, atomized intranasal administration of 
fentanyl in children in acute pain in the ED has 
been shown to provide significant pain relief by 
5–10 min [240, 241]. One small study of children 
1–4 years old undergoing suturing in the ED 
found intranasal sufentanil, a more potent analog 
of fentanyl, plus midazolam provided sedation by 
20 min without vomiting or other significant 
adverse events [242]. Further study is needed to 
clarify safety and efficacy 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 procedure. Since fentanyl 
induces minimal amnesia and cannot completely 
block procedure-related pain without extreme 
respiratory depression, it is typically combined 
with midazolam to induce amnesia for residual 
procedural pain. Although the combination of fen-
tanyl and midazolam can cause significant respira-
tory depression [96], both agents have competitive 
antagonists that readily reverse undesirable effects. 
If titrated carefully, a small dose of naloxone of 
1 g/kg will reverse respiratory depression but 
retain much of analgesia effect. This reversibility 
makes this combined technique an optimum and 
frequently used approach for ED PSA [159].

The dose of midazolam that maximizes amnes-
tic effect is not well established. Furthermore, 
while the onset of peak amnestic effect is indis-
tinct, the duration of action appears to be fairly 
long, hence a broad window within which to 
administer the analgesic agent, fentanyl. Thus, it 
is recommended to maximize the capability to 
administer sufficient 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 adminis-
ter sufficient amnestic agent if it is given after the 
fentanyl.

Adequate analgesia for painful procedures 
always requires sufficient narcotic to cause some 
degree of respiratory depression (assuming 
narcotic naive patients). Use of local anesthesia 
for the procedure, e.g., a hematoma block for 
fracture reduction, can significantly reduce the 
amount of systemic analgesic agent needed and 
thus reduce respiratory depression. It is important 

Table 15.7 Comparison of opioid medications

Opioid IV dose (mg/kg) Peak Duration

Fentanyl 0.001–0.002 
(1–2 g/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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to time the “peak analgesia effect” (peak brain 
concentration) with “maximal analgesia need” 
(at time of the maximally painful part of the pro-
cedure), hence the analgesic agent is adminis-
tered after the amnestic agent. The respiratory 
depression is typically counteracted by the pain 
of the procedure. Particular attention to ventila-
tory sufficiency should occur after the painful 
procedural stimulus ends, since respiratory 
depressant effects will persist for minutes to 
hours after the last dose of medication [122]. 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 depres-
sion characterized by decreases in respiratory 
rate, tidal volume, minute ventilation, and ventila-
tory response to carbon dioxide. Hypotension and 
bradycardia may also occur with rapid infusion or 
larger doses. Although return to relative alertness 
typically occurs within 20–30 min after IV admin-
istration, respiratory depressant effects may last 
several hours. Patients may be awake but need to 
be reminded to breathe due to the drug’s depres-
sion of the brainstem response to rising plasma 
CO

2
 [118, 122, 243].

Respiratory depression can be lessened by 
administering the expected total dose in divided 
amounts, e.g., 0.5 g/kg/dose, and infusing each 
dose over 30–60 s at 1–2 min intervals. Respiratory 
depression is markedly increased by coadminis-
tration of sedative-hypnotic medications such as 
midazolam or barbiturates [9, 96]. At the level of 
deep sedation, many children will have respira-
tory depression or partial upper airway obstruc-
tion due to muscle relaxation and may require 
airway opening maneuvers, supplemental oxy-
gen, or painful stimulation [9].

Respiratory depression is readily reversed by 
the competitive antagonist naloxone. Titration of 
naloxone in small doses of 1 g/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 significant pain, hypertension, tachycardia, 
vomiting, and other undesirable adverse effects.

Chest wall rigidity may occur with rapid infu-
g/kg), especially 

in infants. This life-threatening adverse effect 
will manifest by lack of spontaneous chest wall 
movement, dropping oxygen saturations, and an 
inability to ventilate the patient with positive 
pressure by bag and mask. Reversal with nalox-
one or paralysis with succinylcholine may be 
needed to manage this adverse event.

Pregnancy category C
Dosages: For analgesia: 1–2 g/kg, intravenously. 
Titrate to effect by administering doses of 0.5 g/kg 
over 15–30 s, repeated every 1–2 min. A total dose 
of 1–2 g/kg usually can be administered without 
causing significant respiratory depression, unless 
coadministered with midazolam. For significantly 
painful injuries, an initial dose of 1 g/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 first, titrated to an end-
point of drooping eyelids, slurred speech. A total 
dose of 10 mg likely is sufficient for amnesia 
in large adolescents. Then Fentanyl, 0.5 g/kg 
intravenously over 30 s, repeat to an endpoint of 
decreased patient responsiveness to a relevant pain-
ful stimulus such as squeezing the fracture site or 
palpating the abscess. If local anesthesia is used for 
the procedure, approximately 1 g/kg fentanyl 
may be sufficient. For intensely painful procedures, 
such as fracture reduction without a hematoma 
block, up to 2 g/kg may be necessary [9].
Respiratory depression is likely at this dose there-
fore, 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 
significant pain during longer procedures.

Fentanyl comes in 2 mL vials of 50 g/mL. 
Titration is easier and safer if the concentrated 
fentanyl is diluted to 10 g/mL by adding 2 mL 
of fentanyl to 8 mL of normal saline, resulting in 
10 mL of 10 g/mL.
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Onset/duration: Analgesia with mild sedation 
after IV administration of fentanyl is within 30–60 s 
with greatest sedative-analgesic effects lasting 
5–10 min. Although return to relative alertness typ-
ically occurs within 20–30 min after IV administra-
tion, 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
 [118, 122, 243].

Mechanism of action: Fentanyl is a high- 
potency mu agonist opiate 50–100 times more 
potent than morphine [234].

Metabolization: Fentanyl is metabolized in 
the liver and excreted in the urine. There are no 
active metabolites [234].

Morphine
Indications: While the “standard” for analgesia, 
morphine is typically not used for procedural seda-
tion because its slow onset of peak analgesic effect 
(~10 min) makes titration difficult. Repeating a 
dose before 10 min leads to “stacking,” i.e., admin-
istering a second dose before the peak effect of the 
first 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 admin-
istered for the procedure.

Contraindications/cautions/adverse  effects: 
Additional administration of a benzodiazepine 
for anxiolysis increases the respiratory depres-
sion associated with morphine administration. 
Morphine induces histamine release and may 
result in hypotension, nausea/vomiting, dizziness, 
pruritus; histamine release may exacerbate asthma. 
Pruritus can be treated with diphenhydramine.

Dosages: IV: 0.05–0.1 mg/kg, titrated to the 
effect of pain relief. Opioid naïve patients may 
experience less nausea if the expected dose is 
divided. For example, an 80 kg teenager will 
likely better tolerate two 4 mg doses administered 
10–15 min apart.

Onset/duration: 1–3 min, peak 10–20 min; 
duration of significant analgesia 1–2 h

Mechanism of action: mu agonist (analgesia), 
weak kappa agonist (respiratory depression).

Metabolization: glucuronidated in the liver 
and excreted in the urine: 10% metabolized to 
active metabolite which can accumulate in chil-
dren with renal failure.

Pregnancy category C

Meperidine (Demerol®)
Indications: Although a potent opioid, meperi-
dine, like morphine, is seldom used for proce-
dural sedation because its long time to peak effect 
(~10 min) makes it difficult to titrate without 
overshooting (stacking) the intended level of 
analgesia 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 hypertension, 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 
normeperidine may cause nervous system excita-
tion with tremors, muscle twitches, and seizures.

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 opi-

oid with potent analgesic effects.
Metabolization: hepatic degradation forms 

active metabolite normeperidine (elimination 
half-life of 15–40 h) which results in prolonga-
tion of effects and has adverse effects as noted 
earlier.

Pregnancy category C

Codeine
Codeine is well absorbed after oral administra-
tion 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 
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agent for many [244, 245]. Conversely, ultrarapid 
metabolizers may experience reduced analgesic 
effect but increased adverse effects from rela-
tively small doses [246]. For these reasons, oxy-
codone is the oral analgesic of choice in the 
author’s ED.

Oxycodone
Indications: Oxycodone, an opioid analgesic med-
ication originally synthesized from opium-derived 
compounds, is readily absorbed by the oral route 
and is often administered for painful conditions 
when no IV access is established, e.g., at triage for 
possible fractures or burns [247]. It can also be 
used to augment sedation for painful procedures, 
e.g., with nitrous oxide for abscess I&D or frac-
ture reduction [88]. Oxycodone is preferred 
because, unlike codeine, it does not require metab-
olism 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 analgesically similar doses [247].

Contraindications/cautions/adverse  effects: 
Oxycodone, as do other opiates, significantly 
increases frequency of vomiting when combined 
with other analgesic regimens, e.g., with ket-
amine or nitrous oxide. Vomiting prior to ED dis-
charge after PSA increased from approximately 
10% with ketamine + midazolam [9] or nitrous 
oxide [10] to 25% when oxycodone had been 
administered in triage [88]. Oxycodone also 
causes dose-dependent respiratory depression by 
blunting 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 [247]. 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.

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 
absorption after gastric administration has large 
interindividual variation in the rate and extent of 
absorption [248], the higher dose is not recom-
mended for home use due to the potential for over-
sedation. Similarly, oxycodone should be used 
with caution in infants younger than 6 months of 
age due to marked variation in clearance [249].

Onset/duration: Analgesia begins within 
30 min, peaks at ~1 h; duration 2–3 h.

Mechanism of action: mu agonist (analgesia), 
weak kappa agonist (respiratory depression).

Metabolization: Oxycodone is metabolized by 
the cytochrome P450 enzyme system in the liver 
with up to 20% excreted unchanged in the urine. 
Thus, patients with poor renal function may accu-
mulate higher plasma levels.

Pregnancy category B (D for prolonged use).

NMDA (N-Methyl-D-Aspartate) 
Antagonists

Ketamine (Ketalar®)

Ketamine is a phencyclidine derived lipophilic 
dissociative agent with rapid biphasic redistribu-
tion. 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 [159, 250]. 
The American College of Emergency Physicians 
(ACEP) has recently published a Clinical Practice 
Guideline for Emergency Department Ketamine 
Dissociative Sedation: 2011 Update [251]. The 
major changes in these guidelines as compared 
to  the former of 2004, are summarized in the 
Fig. 15.4 [79, 251]. During fracture reduction, 
children receiving ketamine demonstrated 
significantly less distress and less respiratory 
depression than those receiving fentanyl or propo-
fol coadministered with midazolam [9, 202]. 
Ketamine also induces significant amnesia and 
effective PSA for other intensely painful ED pro-
cedures such as burn debridement and abscess 
incision and drainage and relative immobility for 
procedures during which occasional spontaneous 
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movement is tolerated, such as complex lacera-
tion repair and brief radiological procedures such 
as CT scans or joint aspiration [79, 159].

Ketamine has unique and diverse mechanisms 
of action with beneficial and potentially adverse 
effects. Ketamine interacts with multiple binding 
sites including N-methyl-d-aspartate (NMDA) and 
non-NMDA glutamate receptors, nicotinic and 
muscarinic cholinergic and opioid receptors, and 
less so, peripheral neuronal sodium channels [252]. 
Ketamine’s primary site of anesthetic action is in 
the CNS in thalamocortical pathways and the lim-
bic system where it binds to a site on postsynaptic 
NMDA channels which regulate transmembrane 
calcium, sodium, and potassium flux. This bind-
ing inhibits glutamate activation of the channel in 
a noncompetitive manner and is time and concen-
tration dependent [119, 252, 253].

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 blocking 
reuptake of catecholaminergic hormones norepi-
nephrine, epinephrine, dopamine, and serotonin. 
These effects may increase intracranial pressure 
and caution has been suggested with its use in 
patients with known intracranial pathology 

causing increased intracranial pressure. However, 
use of ketamine in ventilated patients with head 
trauma has been shown safe and not to impact 
intracranial pressure differently from opioids 
[254, 255]. Use of ketamine in the ED for rapid 
sequence intubation of patients with head trauma 
has also been advocated as safe [256]. Of note, 
ketamine also has a direct negative inotropic effect 
on the heart that is usually clinically inapparent 
due to the sympathetic stimulation [257]. In criti-
cally ill patients whose catecholamines are 
depleted due to maximal compensation for hypo-
volemia, hypoxemia, fluid-electrolyte, acid-base, 
and other physiologic insults, administration of 
ketamine may cause marked hypotension and 
 bradycardia [258].

Ventilatory Effects
In marked contradistinction to other sedative- 
analgesic agents, doses of ketamine typically 
used for ED PSA rarely cause depression of pul-
monary gas exchange or relaxation of upper air-
way muscles [259]. Intravenous infusion of 2 mg/
kg of ketamine over 1 min characteristically 
causes no significant effect on respiratory rate, 
tidal volume, minute ventilation, or end-tidal 
CO

2
, thus maintaining adequate gas exchange 

during unobstructed spontaneous room air breath-
ing [260]. Furthermore, ketamine does not sig-
nificantly decrease thoracic or airway muscle 
activity [259, 261, 262], or impair lung ventila-
tion distribution, functional residual capacity, or 
minute ventilation with intravenous doses of 2 or 
4 mg/kg [134]. These effects and maintenance of 
positive end-expiratory pressure (PEEP) [263] 
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 breathing) 
was followed by increased respiratory rates and 
then large tidal volumes with low respiratory 
rates and occasional brief apnea, possibly com-
pensating for hypocarbia due to the preceding 
hyperventilation [264]. These findings are con-
sistent with the mild increase in respiratory rate 

Fig. 15.4 Major changes in the 2011 guideline (repro-
duced from Green et al. [251], with permission from 
Elsevier)
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with maintenance 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 [111].

Reduced responsiveness to increased CO
2
 and 

hypoxemia, however, have been demonstrated 
during the initial period after a bolus of ketamine 
when plasma levels are high and resolving as lev-
els decrease [260, 265, 266]. This suggests the 
possibility of apnea in sensitive individuals or a 
delayed response to hypercarbia if airway obstruc-
tion occurs during induction of sedation and may 
explain the case reports of brief respiratory arrest 
after administration of intramuscular ketamine 
for ED PSA [120, 267, 268]. 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 [157]. A meta-analysis of more 
than 8,000 children who received ketamine for 
ED PSA found that the overall incidence of air-
way 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 receiv-
ing more than 2.5 mg/kg initial or 5 mg/kg total 
doses, and those receiving coadministered anti-
cholinergic or benzodiazepine medications [137]. 
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 air-
way and respiratory adverse events in adolescents 
13 years or older was almost 3 times greater with 
more apnea but less laryngospasm. The overall fre-
quency 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 [87, 269].

Protective Airway Reflexes
Preservation of upper airway protective reflexes, 
even at deeper levels of sedation or anesthesia, 
reduces the risk of pulmonary 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 [134–136]. The incidence of 
laryngospasm in ketamine-based pediatric ED 
PSA is difficult 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 identifiable asso-
ciation 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 anesthesia. Young 
age and oropharyngeal procedures (excluding 
endoscopy) were not associated with increased 
risk [137]. Although in the past, the prophy-
lactic administration of anticholinergics were 
believed to reduce the incidence of secretions, 
laryngospasm, and respiratory complication, 
this is no longer held true. Rather, a recent 
matched case-control analysis of 8,282 ket-
amine 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 [270]. This 
data is important because it identifies the occur-
rence 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 continuous positive air-
way pressure (CPAP). If these are insufficient 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 emergence as well as 
induction or mid-procedure [133]. Please see 
section on “Management of Laryngospasm.”

Sedative-Analgesic Effects
Sedation and dissociation induced by ketamine 
likely occur primarily from blockade of the excit-
atory effects of glutamate, the most prevalent CNS 
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excitatory neurotransmitter. By binding to the 
neuronal membrane’s N-methyl-d-aspartate 
(NMDA) glutamate receptor complex associated 
with transmembrane calcium channels, ketamine 
prevents or reduces neurotransmission of pain and 
other stimuli by interfering with the calcium influx 
necessary for electrical propagation [252].

Dissociative Effects
Ketamine is classified as a dissociative general 
anesthetic agent because EEG and fMRI record-
ings demonstrate electrical activity of the thala-
mus that is no longer synchronized with or is 
“dissociated” from the limbic system after ket-
amine administration [271]. The thalamus is 
believed to process and relay sensory information 
selectively to specific areas of the cerebral cortex 
and plays a major role in regulating arousal, the 
level of awareness, and activity as well as pro-
cessing auditory, somatic, visceral, and visual 
sensory input [135]. 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 ket-
amine without an adjunctive sedative agent may 
have his 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 ben-
efit of ketamine use for ED PSA is reduction of 
wind-up and central sensitization [272]. Brief 
noxious stimulation of peripheral tissue receptors 
initiates rapid neural transmission along myeli-
nated and unmyelinated axons to the nerve’s cen-
tral terminus located within the dorsal horn of the 
spinal cord and induces release of excitatory neu-
rotransmitters, primarily glutamate, into the dor-
sal horn synapse. The glutamate initiates rapid 
firing of postsynaptic AMPA and kainate recep-
tors, resulting in sharp “first” pain and reflex 
withdrawal from the stimulus, soon followed by 
dull, aching, burning, and poorly localized “second” 
pain. Persistent noxious stimulation of these 

peripheral nerves induces pre- and postsynaptic 
neurons in the dorsal horn to undergo changes in 
function, chemical profile and structure that result 
in propagation of neural impulses at lower than 
normal thresholds, prolonged discharge, and wid-
ening of receptive fields. These changes have 
been termed “wind-up” and “central sensitiza-
tion” hyperalgesia wherein successive similar 
stimuli cause increasing pain or normally sub-
threshold stimuli, such as light touch, produce 
intense pain at and adjacent to the site of original 
injury. Wind-up and central sensitization occur 
primarily by greater and more prolonged opening 
of postsynaptic NMDA channels to allow Ca2+ 
influx which reduces transmembrane potential 
and facilitates postsynaptic depolarization [273]. 
This central facilitation manifests within seconds 
of a nociceptive stimulus and can outlast the 
stimulus for hours, days, or longer if the stimulus 
is maintained, even at low levels [274, 275]. 
Experimental and clinical studies in adults have 
demonstrated that a single small dose of ketamine 
reduces the magnitude of hyperalgesia and 
windup-like pain [276–279]. Adults undergoing 
elective orthopedic or abdominal operations, for 
example, had reduced postoperative 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 
[135, 280, 281]. Continued low-dose infusion of 
ketamine has also been shown to markedly aug-
ment morphine for analgesia after musculoskel-
etal injury in adults [282].

Paradoxically, opiates have been found to 
induce short-lasting analgesia and long-lasting 
hyperalgesia [283]. This opiate-induced hyperal-
gesia is also under the influence of excitatory 
neurotransmission and is similarly reduced by 
ketamine blockade of the NMDA-glutamate 
receptor [284–286]. Whether these prolonged 
beneficial effects occur with ketamine adminis-
tration 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 
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within specific areas of the midbrain of rats after 
administration of 40 mg/kg ketamine, but not 
after doses of 5, 10, or 20 mg/kg [287]. Other 
investigators found no evidence of neuronal 
injury (apoptosis) in 7 day old rat pups after sin-
gle 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 
[288]. Of possible pediatric relevance, neuronal 
vacuolization was not found even with large 
doses of a potent ketamine-like drug (MK-801) 
in animals prior to puberty [289]. In addition, 
GABAergic drugs (e.g., diazepam) and alpha

2
 

agonists (e.g., clonidine) markedly reduce the 
excitotoxic effects of ketamine-like drugs; it has 
been suggested these should be coadministered 
with ketamine as a neuroprotective strategy [290].

A marked increase in normal CNS apoptosis 
or programmed cell death and some evidence of 
subsequent learning disabilities in association 
with administration of ketamine, ethanol, benzo-
diazepines, propofol, and volatile anesthetics also 
has been found in rodent animal models [291–293]. 
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 redun-
dant cells are more affected [294]. While it is dif-
ficult to compare the effect of specific dosages 
across species, doses that achieve similar clinical 
effects as PSA have been shown to increase CNS 
apoptosis in infant mice [295]. Although ket-
amine has been used extensively in children 
without apparent ill effect, these studies raise 
serious concerns that are the targets of ongoing 
investigations.

Psychotomimetic Effects
Transient ketamine-induced schizophrenia-like 
symptoms including hallucinations, delusions, 
illogical thinking, poverty 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 
[296–299]. These symptoms 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 confirmed in children or in associa-
tion with ED PSA [87, 253, 257, 300–302]. 
Dependent upon definitions, overall emergence 
phenomena are well tolerated and occur in 
approximately 5–25% of children recovering 
from ED PSA with ketamine, as well as with 
other drug regimens, and in similar frequency at 
home within days of discharge [9, 87, 301, 303]. 
However, significantly unpleasant and disturbing 
phenomena (i.e., nightmares, hallucinations, and 
severe agitation) occur unpredictably in approx-
imately 5% or fewer children and are also seen 
with other drug regimens such as fentanyl plus 
midazolam [9, 87]. Midazolam routinely admin-
istered after ketamine or mixed within the same 
syringe does not appear to reduce significant 
recovery dysphoria and may increase agitation 
in postpubertal children [87, 304]. Of interest, 
preinduction anxiety and agitation have been 
correlated with emergence delirium for both ED 
PSA and general anesthesia [304, 305]. Whether 
pre-sedation midazolam for anxiolysis may 
reduce recovery dysphoria in significantly 
anxious children undergoing ED PSA, as has 
been shown with general anesthesia, is unclear 
[303, 306].

A potentially effective strategy to reduce 
emergence delirium, and one regularly employed 
by the author and others, is to inform the patient 
to expect transient funny dreams, diplopia, blind-
ness, etc., and to have pleasant thoughts during 
induction of sedation [307].

Other Adverse Effects
Ketamine administration occasionally causes an 
evanescent erythematous rash shortly after infu-
sion, and more commonly, double vision and 
dizziness during emergence from sedation, hyper-
salivation, 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 chil-
dren [87, 92]. Fortunately, vomiting almost 
always occurs during the recovery period and 
after discharge from the ED [9, 308].
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Coadministration of opioids such as morphine 
or oxycodone increases emesis whereas coad-
ministration of midazolam with ketamine 
significantly reduces the likelihood of vomiting 
(19 vs. 10%) [87] as does ondansetron (13 vs. 
5%) [92]. Since vomiting may be more likely 
to occur in older children, ondansetron should 
be especially considered in children older than 
5 years [92]. Vomiting does not appear to be 
linked to the length of pre-sedation fasting or the 
dose of ketamine administered [63, 90, 309].

Ketamine associated hypersalivation is thought 
to be mediated via cholinergic effects [135]. 
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 [119, 253]. However, 
an unblinded observational study of approximately 
1,000 children receiving intravenous ketamine 
without an antisialagogue for ED PSA, mean 
dose 2 mg/kg, found no significant hypersaliva-
tion or adverse airway effects [144]. In contrast, a 
randomized blinded trial of intramuscular ket-
amine, 4 mg/kg, with or without atropine, found 
increased salivation but no adverse airway events 
in those receiving ketamine [143]. These studies 
suggest hypersalivation may be dose related. 
Importantly, a meta-analysis found an increased 
occurrence of respiratory adverse events associ-
ated with antisialagogues [137]. Because of these 
studies and that “dry mouth” is a common com-
plaint after atropine or glycopyrrolate, the author 
no longer 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 specific effects).

While much less common than with other ED 
PSA regimens, respiratory depression, apnea, 
and upper airway obstruction may occur with 
ketamine administration [268]. When identified 
by close monitoring and direct observation, 
these adverse effects are usually easily managed 
with simple maneuvers such as jaw thrust and 
airway straightening [308]. 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 [258].

Psychotomimetic effects, e.g., hallucinations, 
paranoia, and other schizophrenia-like symp-
toms, occur unpredictably and usually become 
manifested as dysphoria during recovery. Some 
believe these symptoms may occur more fre-
quently in postpubertal children and in children 
with psychiatric disorders. Since the pathologic 
mechanisms of schizophrenia appear to be simi-
lar to ketamine induced effects, it is recom-
mended to avoid use of ketamine in patients with 
psychiatric disorders and those whose close rela-
tives carry these disorders. Although not well 
studied, children with attention deficit and hyper-
activity disorders (ADHD) do not appear to have 
increased susceptibility to psychotomimetic 
effects. Ketamine is used routinely with and with-
out midazolam in the author’s ED for intensely 
painful procedures in adolescents; all verbal chil-
dren are informed prior to sedation of what they 
might experience during recovery and given the 
suggestion to think of pleasant circumstances as 
sedation is induced. Midazolam routinely admin-
istered after ketamine or mixed within the same 
syringe does not appear to reduce dysphoria dur-
ing recovery from ketamine sedation and may 
increase dysphoria in teenagers [87, 304]. Highly 
anxious children may benefit from receiving anx-
iolytic doses of midazolam well before ketamine, 
as has been shown with general anesthesia [306, 
310, 311].

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 routinely 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, approxi-
mate ketamine distribution half-life is 24 s, redis-
tribution half-life 4.7 min, and elimination 
half-life 2.2 h [312, 313]. The redistribution 



304 R.M. Kennedy

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 coadministration with 
ketamine may delay hepatic metabolism, yet it 
does not seem to prolong recovery although the 
midazolam sedative effects may prolong dis-
charge [87, 314].

To reliably achieve the dissociated state for 
ED PSA, a minimum dose of ketamine 1.5–2 mg/
kg administered intravenously over 30–60 s or 
4–5 mg/kg administered intramuscularly are gen-
erally recommended [79, 251]. However, studies 
have found smaller intravenous or intramuscular 
doses to be effective, particularly when coadmin-
istered with midazolam [9, 88, 161, 315, 316]. 
Recent pharmacokinetic studies of ketamine ED 
PSA in children have helped elucidate why these 
different dosing strategies can be effective.

Age-specific ketamine pharmacokinetic pro-
files based upon measurement of plasma concen-
trations of ketamine in children 1.5–14 years of 
age who were undergoing ketamine ED PSA 
have been determined [317]. These profiles 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 consciousness, with painful 
stimulus) [160]. They predict, a typical 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 infu-
sion 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 followed 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 15.8.

As with most drugs, between-subject variability 
has been found in ketamine effect and clearance. 
The mean target ketamine 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 [160]. The rate of 
plasma clearance in children is similar to that in 

adults and correlates with hepatic blood flow. 
Clearance increases in a nonlinear function with 
decreasing age and is reflected 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 pharmacogenomics add. 
In an individual child, titration to the desired 
depth of sedation must be gauged clinically.

Concern has been raised that very rapid intra-
venous administration of ketamine may increase 
the risk for apnea or marked respiratory depres-
sion, presumably due to rapid changes in brain 
ketamine concentrations [79, 251]. 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 provide effective PSA for proce-
dures lasting for less than 5 min, such as simple 
fracture reductions or abscess incision and drain-
age (I&D).

Indications: Ketamine is particularly effective 
as PSA for intensely painful procedures such as 
fracture reduction, dislocated joint reduction, burn 
debridement, or abscess I&D [9, 159]. Ketamine 

Table 15.8 Ketamine dosing schedules to maintain very 
deep sedation levels for 15 min [160]

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
or
1 mg/kg +  
0.5 mg/kg  
at 6 min + 
0.5 mg/kg  
at 10 min

0.35 mg/kg +  
3.5 mg/kg/h
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is also an effective PSA technique for brief painful 
radiological procedures such as guided joint aspi-
ration or nonpainful CT scans, and repair of com-
plex lacerations. Procedures that involve the 
oropharynx, such as peritonsilar abscess I&D, or 
endoscopy may be performed with light ketamine 
sedation (see case examples) but the sedating phy-
sicians must be prepared for an increased risk of 
laryngospasm [146, 318, 319].

Dosages: When administered in doses greater 
than 2 mg/kg, ketamine readily induces general 
anesthesia with unresponsiveness to painful stim-
uli yet with continued spontaneous respirations 
and good cardiac output. However, initial intrave-
nous doses 2.5 mg/kg or total dose 5.0 mg/kg 
after repeated dosing have been associated with 
increased risk of adverse respiratory events [137]. 
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, 79]. Providers and par-
ents can be reassured (but not guaranteed) that 
most patients will have little or no memory of the 
painful procedure, even if moans occur during 
the most painful parts. It helps parents if provid-
ers confirm procedural amnesia by asking the 
patient what is remembered after recovery, espe-
cially when the parents have remained in the 
room during the procedure.

IV: (see Section “Pharmacokinetic”) total 
dose 1–2 mg/kg when used alone is sufficient for 
the most intensely painful procedures lasting less 
than 5–15 min. If coadministered with midazo-
lam, 1–1.5 mg/kg is often sufficient. 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, 315]. The smaller 
initial dose with additional doses as needed may 
shorten time for recovery [160]. Use of local 
anesthetics, when applicable, is highly encour-
aged 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 toler-
ate the procedure without losing consciousness; 
patients should be warned of feeling “weird” and 
monitored 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 [316, 320].

Onset/duration:
IV: sedation-analgesia within 15–30 s with 

initial deeper effects lasting 5–10 min and 
recovery by 60 min, depending upon dose 
administered.

IM: sedation-analgesia within 5–15 min, dura-
tion 30–150 min, depending upon dose 
administered.

Metabolization: Hepatic degradation of ket-
amine 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) [321].

Pregnancy category B

Adjuncts

Glycopyrrolate (Robinul®)
Indication: Antisialagogue is used by some clini-
cians before initial 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 [137, 143, 144, 251]. It is 
unclear whether use of antisialagogues are bene-
ficial in children with active URIs. Many children 
complain of “cotton mouth” for 6–8 h after gly-
copyrrolate administration [9].

Concentration: 200 g/mL.
Dose: 5 g/kg IV. Maximum dose is 200 g. 

Administer at least 5–15 min before the initial 
dose of ketamine.
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Atropine
Indication: Antisialagogue used by some clini-
cians in conjunction with initial dose of ketamine 
(instead of glycopyrrolate). Concern has been 
raised about potential CNS adverse effects with 
atropine, e.g., excitation, but this appears uncom-
mon [143]. Antisialagogues prior to single doses 
of 1–2 mg/kg of ketamine are likely unnecessary 
[137, 143, 144, 251]. It is unclear whether use of 
antisialagogues are beneficial in children with 
active URIs.

Dose: 0.01 mg/kg (minimum 0.1 mg, maxi-
mum 0.5 mg).

Nitrous Oxide (N
2
O)

Nitrous oxide (N
2
O) is a colorless, odorless, and 

tasteless gas that, in a linear dose-response pat-
tern, induces dissociative euphoria, drowsiness, 
anxiolysis, and mild to moderate amnesia and 
analgesia with onset and offset of effects within 
2–5 min [322, 323]. N

2
O is blended with oxygen 

(N
2
O/O

2
) and typically is described by the N

2
O 

component, e.g., “70% N
2
O” is 70% N

2
O + 30% 

O
2
 [324]. At a specific concentration 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 verbal stimulus), 
whereas moderate or deep sedation occurred in 
3% receiving 70% N

2
O and in none receiving 

50% [325]. Others report 2–10% of children may 
be poorly sedated during ED PSA with N

2
O 

[10, 325, 326].
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 suc-
cessful use for PSA. Guided imagery significantly 
augments N

2
O’s efficacy and helps allay anxiety 

[323, 327]. Children naïve to intoxication are 
 frequently frightened by the floating or tingling 
sensations caused by the gas, but they readily 
accept these effects when incorporated into 
non-frightening scenarios. The author often 
encourages preschool and school-aged children 

to imagine flying 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 figuratively “tag along,” as 
with a 5-year-old girl who portrayed in great 
detail her “chocolate ponies” as her radius frac-
ture was being reduced. Finally, some older chil-
dren and teenagers prefer the partial awareness 
with N

2
O sedation as they, like many adults, fear 

loss of vigilance or control associated with potent 
sedation or anesthesia.

Effective pain reduction by concurrent use of 
local anesthesia and/or systemic analgesia for 
painful procedures is also crucial for successful 
N

2
O ED PSA [328]. For examples, forearm frac-

tures can be reduced with minimal distress when 
N

2
O sedation is augmented by a lidocaine hema-

toma block [88, 329, 330], or lacerations repaired 
calmly in young children when they have also 
received topical anesthetic [10]. The lack of pain-
ful 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, 331, 332].

Indications: N
2
O, along with local anesthesia 

and/or oral analgesics, primarily is used for anxi-
olysis, mild analgesia and amnesia during brief 

repair, abscess incision and drainage, lumbar 
puncture, IV placement, and some fracture reduc-
tions. Use of 60–70% N

2
O or coadministration of 

opioids or sedatives may deepen sedation and 
improve efficacy [129–131]. The author fre-
quently 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 moni tored 
for respiratory depression before, during, and 
after the sedation.

Many find the gas more effective in children 
old enough to cooperate and use imagination, but 
significant reduction of procedure-related distress 
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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-
flow system, described later.

Suturing-related distress in children can be 
reduced by N

2
O [10, 326, 333–335]. We found 

2–6 year old children who had received topical 
anesthetic and were viewing cartoons with a par-
ent at the bedside, had less distress during wound 
cleaning, supplemental lidocaine injection, and 
suturing 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 insufficient in children 

younger than 8 years old in another study [333].
Mid to distal forearm fracture reduction can 

be effectively performed with N
2
O sedation, par-

ticularly when combined with a local anesthetic 
hematoma block [88, 329, 330, 336–338]. 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 effective in displaced 
mid to distal forearm fractures which have large 
fracture site hematomas that enable effective 
hematoma blocks, whereas, torus or green-stick 
fractures that require reduction likely have small 
or no fracture hematomas making the lidocaine 
block less effective; an effective fracture hema-
toma 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 other 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 proce-
dure [329]. 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 compared 

to ketamine-based sedation for fracture reduction 
(16 vs. 83 min) [88]. If the N

2
O is turned off as 

soon as any painful moulding of the cast at the 
fracture site after reduction is completed, the 
patient is typically recovered to near baseline 
before the casting or splinting is finished.

Children’s distress during other painful ED 
and outpatient procedures such as lumbar 
puncture, abscess drainage, dressing change, and 
intravenous catheter placement likewise can be 
reduced by N

2
O [325, 335, 339–344]. 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 [76].

Technique: As described previously, success-
ful N

2
O sedators engage the child in imaginative 

stories throughout the procedure. Distraction, 
imagery, and storytelling significantly enhance 
desired effects by giving the child a nonthreating 
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 
floating, frequently laugh, and occasionally chew 
or lick masks that have been scented with bubble-
gum spray or flavored lip-balm to enhance accep-
tance of the mask. Adolescent and school-aged 
children often begin giggling if it is suggested to 
them that this is expected and their parents typi-
cally also begin laughing when this occurs, pre-
sumably 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 vigilant 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 anx-
iolytic dose, and increasing the concentration to 
50–70% over 2 min may reduce children’s fear 
during induction. Others find 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 
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desired for 1–2 min, allowing full effect, before 
beginning the procedure.

Administration of 100% oxygen after cessa-
tion of N

2
O to prevent “diffusion hypoxia” is 

unnecessary unless the patient is emerging from 
deep sedation or general anesthesia. N

2
O diffus-

ing from the bloodstream into the alveoli and dis-
placing oxygen is readily exhaled without causing 
hypoxia in patients recovering from sedation 
with N

2
O alone [128, 345, 346]. As with any 

sedation technique, children should be monitored 
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 (fixed at 50%) in the ED has been by 

demand-valve systems designed for adult use 
(Nitronox/Entonox®). Children have difficulty 
generating the negative inspiratory pressure 
required to initiate gas flow with these devices. 
Continuous-flow systems, such as those used by 
dentists, oral surgeons, and anesthesiologists, in 
contrast, provide free flow 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 [324, 347]. 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 max-

imum of 70–75% as concentrations 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 [154, 348, 
349]. Providers must be very familiar with the 
mechanisms of the N

2
O delivery system used. 

A machine or systems check should be performed 
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 exposure to healthcare workers since 

chronic and repeated exposure 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 
[350]. It is beneficial 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 delivery during N

2
O administra-

tion [154]. A gas analyzer that measures inspiratory 
and expiratory N

2
O and end-tidal CO

2
 concentra-

tions adds additional assurance of patient safety 
and equipment function.

Administration of 50% N
2
O, without any 

other sedative, narcotic, or other respiratory 
depressant drug, to children 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 [154]. The child should be able to be 
verbally interactive throughout the sedation. If 

2
O is administered or if the patient 

receives concurrent narcotic or other sedative 
drugs, the patient should be observed closely for 
moderate sedation and monitoring should esca-
late accordingly with pulse oximetry, etc. Since 
oxygen is blended with N

2
O, even mild hypox-

emia is very unlikely and should cause immedi-
ate investigation to determine the cause.

Contraindications/cautions: At normal atmo-
spheric 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 [351]. Review of nearly 
36,000 administrations of 50% N

2
O for non- 

dental 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 attrib-
uted to the N

2
O [352]. In healthy patients (ASA-PS 

I, II), N
2
O has minimal cardiovascular or respira-

tory effects [76, 130, 345]. N
2
O, however, may 

enhance the depressed response to hypoxia and 
hypercarbia induced by other agents [129–131, 
325, 353].

N
2
O diffuses rapidly into air-filled cavities 

causing volume and or pressure increases pro-
portional to concentration and duration of N

2
O 

inhaled. Therefore, N
2
O should not be adminis-

tered to patients with areas of trapped gas such as 
pneumothorax, obstructive pulmonary disease, or 
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bowel obstruction. Albeit seemingly rare, patients 
with acute otitis media may experience painful 
increase in middle ear pressure. Other relative 
contraindications include significant head injury 
(N

2
O mildly increases intracranial blood flow), 

altered mental status, and psychiatric disorder 
(N

2
O may cause dysphoric effects similar to 

ketamine).
Bone marrow suppression, liver, CNS, and 

testicular dysfunction, decreased fertility and 
increased spontaneous fetal loss, and peripheral 
neuropathy may possibly occur with repeated 
and chronic exposure [76, 324]. None of these 
adverse effects have been found when scaveng-
ing 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 inadvertent administration of 100% nitrous 
oxide, with subsequent hypoxia [348, 349]. These 
occurrences primarily were in patients already 
sedated with other drugs as part of anesthetic 
regimens. These tragedies point out the essential 
need for clinicians to understand all aspects, 
including mechanical, of the gas delivery device 
being used.

Pregnancy category C
Adverse effects: Vomiting occurs in approxi-
mately 10% of children receiving 50% N

2
O, 

along with transient dizziness and headache in 
some [76]. 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, 88]. Some 
providers believe the risk of vomiting increases 
when the duration of administration exceeds 
5–10 min, especially with greater than 50% con-
centrations, but this is yet to be substantiated. 
Whether antiemetics such as ondansetron reduce 
N

2
O induced nausea and vomiting is unclear. 

Protective airway reflexes are largely intact when 
N

2
O is used alone [354–356]. Whether combin-

ing N
2
O with other sedatives or analgesics 

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.

Dosages: Concentrations of 30–50%, blended 
with oxygen, achieve Minimal to light Moderate 
sedation in most children without adverse cardio-
pulmonary effects [76]. More recently, routine 
use of 60–70% has been recommended and found 
safe in children undergoing sedation in the ED 
[325]. In the author’s ED, 50–70% concentra-
tions are typically used with initial higher con-
centrations 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 begin-
ning a procedure to allow brain concentrations to 
equilibrate with the delivered concentration of 
gas. Recovery occurs rapidly with children being 
able to sit alone by 3–5 min after cessation but 
initially they should be assisted with walking as 
ataxia may occur for a bit longer.

Mechanism of action: N
2
O has N-methyl-d-

aspartate (NMDA) glutamate receptor antagonist, 
opioid agonist, and GABAergic effects 
[357–359].

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 outlined 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 
classification, airway risks, time of last oral 
intake, obtain informed consent.

 2. Establish indwelling venous access main-
tained with normal saline or Ringer’s lactate.

 3. Attach patient monitors to continuously mea-
sure patient’s oxygen saturation (with variable 
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pitch indicator), heart rate, and respiratory rate 
and intermittently measure blood pressure. 
Consider pre-oxygenation and supplemental 
oxygen delivery during the sedation if capnog-
raphy if 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 obser-
vation, oxygen saturation (with variable pitch 
indicator), HR, RR, and monitor blood pressure 
after each medication infusion and at 5-min 
intervals. Patient monitoring and direct obser-
vation at increasing intervals is continued dur-
ing recovery until discharge criteria are met.

 3. Infuse medications near the hub of the cathe-
ter over 10–20 s, in small incremental doses to 
titrate to desired endpoint of analgesia, seda-
tion. Use of dilute solutions and precalculated 
dosage tables based upon patient weight is 
recommended.

 4. Administer medications intravenously when 
supportive staff present and prepared to render 
support if necessary and provider to perform 
procedure prepared to begin.

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, droop-
ing eyelids; typically effective dose: not 
more than 0.1 mg/kg to induce marked amne-
sia along with sedation. Then

 (b) Fentanyl (10 g/mL): 0.5 g/kg (0.05 mL/kg) 
at 2–3 min intervals; endpoint: decreased 
patient responsiveness to painful stimulus or 
decreasing oxygen saturations; typically 
effective dose: 1–1.5 g/kg.

Ketamine Technique
 (a) Midazolam may be reserved for anxious 

patients undergoing 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., glycopy-
rrolate 5 g/kg or atropine 0.01–0.02 mg/kg, prior 
to ketamine administration if it is an anticipated 
procedure will require multiple supplemental 
doses of ketamine.

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 vomit-
ing, reposition or suction patient’s airway, pro-
vide supplemental oxygen or positive-pressure 
ventilation until patient has returned to baseline 
physiologic status and recovered from sedation. 

Final Thoughts
This chapter has presented the sedation provider 
with a range of sedation techniques and options 
for painful and non-painful procedures which 
may need to be performed on an urgent basis.   
There is no doubt that sedation and analgesia are 
important components of the emergency depart-
ment care and should be an integral component 
of the emergency medicine physician’s practice.   
The training and credentialing process for seda-
tion 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 [362]. 
This Policy iterated that the chief of the emer-
gency medicine service at each institution will be 
responsible for establishing criteria for creden-
tialing and recommending emergency physicians 
for sedation privileges. Sedation training should 
“focus on the unique ED environment”. This 
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Case Studies

Case 1

A 12 year-old boy has closed displaced meta-
physeal fractures of his distal right radius and 
ulna and numbness in his 3rd and 4th fingers. 
He fell 30 min ago running in gym class and 
has no other injury. He takes methylphenidate 
for attention deficit- hyperactivity disorder. 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 anx-
ious and crying in triage.

Issues: Pain relief now and during radio-
graphs and exams; PSA for fracture reduction 
with consideration of his fasting status, anxi-
ety, ADHD, and neurovascular 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 pro-
vides significant pain relief.

 (b) Systemic analgesia: Administer before 
radiographs, even if the child indicates 

less pain after splinting. Repositioning 
of the injured limb for radiographs and 
subsequent exams will be quite pain-
ful. Options include:
(i) Oxycodone orally: In our ED, 

nurses follow standing orders to 
administer a first dose of oxycodone 
0.2 mg/kg orally (maximum dose 
10 mg) in triage to children with a 
potential isolated extremity fracture 
or other painful injury. This allows 
rapid and effective attention to the 
reduction of pain and high patient, 
family, and staff satisfaction. 
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 seda-
tion in children with painful inju-
ries. Doses for home use are 
0.05–0.15 mg/kg. Oxycodone is 
preferred over codeine because it 
does not require metabolic conver-
sion for analgesic effect. Codeine is 
slowly or poorly converted to mor-
phine in 2–40% of patients and thus 

Policy is important, 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 emergency physicians as well as emer-
gency medicine nurses by condoning the capa-
bility of qualified ED nurses to “administer 
propofol, ketamine, and other sedatives under the 
direct supervision of a privileged emergency 
physician”.  The Policy also recognizes that there 
may be occasions whereby the emergency medi-
cine environment may not lend itself to having a 

separate physician administer the sedative and 
another to perform the procedure: For these situ-
ations, the Policy states “Deep sedation may be 
accomplished…..by the same emergency physi-
cian both administering sedation and performing 
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 recom-
mend policies and guidelines to promote the safe 
and efficacious delivery of sedation in the emer-
gency medicine environment.
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provides poor or no pain relief to 
such children. If codeine previously 
has been effective for a specific 
child, a first dose of codeine 2 mg/kg 
orally is effective for these painful 
injuries with subsequent or home 
doses of 1 mg/kg.

(ii) Fentanyl intranasally, 1.5–2 g/kg, 
achieves significant pain relief 
within 5–10 min with duration of 
30–90 min. Use atomizer to spray 
small volumes of concentrated 
intravenous fentanyl solution 
(50 g/mL) to improve absorp-
tion. Divide total dose into 
repeated sprays of ~0.1–0.2 mL/
nostril. Use of small volumes 
reduces drainage 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 per-
formed by a physician in a treat-
ment room with patient monitoring 
for respiratory depression.

(iii) Opioids intravenously titrated to 
effect will provide the greatest 
pain relief. Fentanyl 1–2 g/kg 
IV will provide analgesia within 
1–2 min, lasting 30–60 min, 
whereas morphine 0.1 mg/kg IV 
will provide initial analgesia 
within 5–10 min with peak effect 
at 10–20 min and lasting 2–3 h. 
This strategy requires IV inser-
tion, typically in a treatment room 
after physician assessment and 
orders. Anxiety and pain associ-
ated with catheter insertion are 
significant for many children and 
are greatly reduced by use of local 
anesthesia such as buffered lido-
caine injected subcutaneously via 
a 30 gauge needle at the site of 
insertion.

(iv) Nitrous oxide 50–70% provides 
rapid pain relief. However, 
because continued analgesia 
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 typi-
cally requires physician assess-
ment 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 intes-
tinal motility. It is uncertain if delaying 
sedation for 2–4 h in these patients will 
allow significant additional gastric empty-
ing. Vomiting with PSA does not correlate 
with the length of fasting. Furthermore, ED 
PSA does not involve tracheal intubation, a 
procedure that significantly increases risk 
of pulmonary aspiration during general 
anesthesia. Of note, pulmonary aspiration 
has not been reported in children undergo-
ing ED PSA, despite most being incom-
pletely fasted. As with general anesthesia, 
no studies have determined if pulmonary 
aspiration risk is reduced in non-fasted 
patients by pre-sedation administration of 
medications to enhance gastric emptying, 
inhibit gastric acid production, or decrease 
pH of gastric contents and such strategies 
are not recommended. The author’s prac-
tice is to use PSA techniques that preserve 
airway reflexes 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 proce-
dure and monitor the patient.

 3. PSA techniques: Since this non-fasted 
patient has potentially increased risk of 
pulmonary aspiration of gastric contents, a 
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sedation technique that better preserves 
protective airway reflexes may increase 
patient safety. Ketamine and N

2
O are 

NMDA receptor antagonists that blunt pro-
tective airway reflexes less than the opioid 
and GABAergic agents such as fentanyl, 
midazolam, and propofol.
 (a) Nitrous oxide (50–70%) plus lidocaine 

fracture hematoma block, along with 
oxycodone administered at triage, is as 
effective in reducing distress associated 
with fracture reduction as intravenous 
ketamine, provided an effective hema-
toma block is placed. To reduce risk of 
nerve and vascular injury from injection, 
hematoma blocks are typically reserved 
for mid to distal forearm, and, occasion-
ally, ankle fractures. We administer 
50% N

2
O to the child as the orthopedic 

surgeon, using sterile technique and a 
dorsal approach, injects 1% buffered 
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 reduction. Aspiration of hema-
toma blood into the lidocaine-containing 
syringe confirms proper location of the 
needle for injection. Perhaps counterin-
tuitively, the worse the fracture, the 
more effective is fracture site anesthesia 
due to larger hematomas. The provider 
must be prepared for as yet unreported 
but potential seizure or dysrhythmia 
due to rapid intraosseous absorption of 
lidocaine. This theoretical risk is low 
since the injected lidocaine is within the 
drug’s therapeutic dose range. Some 
orthopedic surgeons prefer not to use 
this technique if the fracture and swell-
ing cause numbness in the hand, typi-
cally median nerve distribution, because 
of inability to reassess nerve function 
immediately postreduction. Use of lido-
caine instead of longer acting local 
anesthetics such as bupivacaine enables 
postreduction neurologic assessment 

within 1–2 h. Variable patient aware-
ness is present with N

2
O PSA, thus dis-

traction and guided imagery are crucial 
to improve efficacy of this technique. 
Some older children and teenagers, as 
many adults, prefer not to be uncon-
scious during a procedure if pain is suf-
ficiently reduced.

 (b) Ketamine I.V. with or without 
Midazolam more effectively reduces 
patient distress during intensely pain-
ful procedures and causes less respira-
tory depression than fentanyl or 
propofol-based techniques. Intravenous 
administration is preferred because 
multiple attempts likely will be needed 
to align both the radius and ulna, thus 
increasing potential need for addi-
tional 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 
approximately 15 min of very deep 
sedation with recovery to drowsiness 
and easy arousal by verbal stimulation 
by about 30 min. If longer deep seda-
tion is needed for repeated reduction 
attempts, additional dose of 0.5 mg/kg 
can be given as needed. Alternatively, 
an initial ketamine 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 effective PSA without vascu-
lar access but additional doses, if nec-
essary, will require 4–5 min to 
determine if sufficient. Recovery is 
significantly longer than with intrave-
nous ketamine and vomiting is more 
frequent (26 vs. 12%). Ability to obtain 
vascular access emergently (intraosseous, 
if necessary) must be present to manage 
life-threatening adverse events should 
they occur.
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Midazolam 2 mg total dose may 
reduce the child’s anxiety as prepara-
tions are made for PSA. Although yet 
unconfirmed with PSA, reduced anxiety 
at induction correlates with reduced 
dysphoria during recovery from gen-
eral 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 recovery dysphoria.

Glycopyrrolate or atropine to reduce 
ketamine associated increased saliva-
tion are recommended 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 
 prolonged procedures. The author no 
longer routinely administers an antisial-
agogue because these agents have been 
associated with increased likelihood of 
adverse respiratory events, and patients 
complain of dry mouth after recovery.

Vomiting: Administration of opioids 
such as morphine or oxycodone with 
ketamine increases emesis (10 vs. 
25%) whereas, administration of mida-
zolam decreases vomiting (19 vs. 10%) 
as does ondansetron (13 vs. 5%).

Cautions: Although unlikely to 
occur, providers must be prepared for 
hypoventilation, apnea, or laryngos-
pasm with ketamine. As with all deep 
sedations, this child must be monitored 
for adverse effects by an experienced 
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 cata-
tonic stare during sedation and possible 
dysphoria during recovery. Similarly, 
patients should be prepared for possible 

diplopia, dizziness, hallucinations, and 
a brief period of blindness during 
recovery. Getting the child to focus on 
pleasant thoughts during induction and 
recovery may reduce some of these 
psychotomimetic effects. Most patients 
will have no memory of even intensely 
painful procedures, even if they occa-
sionally 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.

 (c) Fentanyl + Midazolam or Propofol pro-
vides effective PSA but blunts protec-
tive airway reflexes 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, reduc-
tion should not be delayed long 
because of the apparent median nerve 
impingement. Of interest, general 
anesthesia with endotracheal intuba-
tion 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 multi-
ple 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 meta-
physeal fractures “minimally displaced” in the 
primary plane of motion because they will 
remodel to normal over the coming months. 
Standardized determination of how much 
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displacement will successfully remodel 
remains to be developed.
 1. Pain relief: please see Case 1. Splinting 

and oral oxycodone likely are sufficient.
 2. PSA technique options: Since this fracture 

reduction will take “one brief but painful 
push,” effective local anesthesia or brief 
deep sedation with rapid recovery is 
desirable.
 (a) Nitrous oxide (50–70%) plus fracture 

hematoma lidocaine block: This frac-
ture may not have a significant hema-
toma, 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 sufficient analgesia and partial 
amnesia for remaining 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 benefits 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 oxycodone) 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 

intravenously: Since this fracture reduc-
tion will likely be very brief, experienced 
providers may consider rapid adminis-
tration 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 per-
former of the fracture reduction should 
be ready as the ketamine is infused. With 
the single small rapid dose, deep seda-
tion will occur within 1 min and recov-
ery 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, 
ketamine 1.25 mg/kg provides deep 
sedation for 10–15 min with recovery by 
about 30 min or ketamine 2 mg/kg pro-
vides deep sedation for 15 min with 
recovery by an hour. Vomiting frequency 
after small dose ketamine is unknown. 
See Case 1 for additional information.

Intramuscular ketamine 4 mg/kg 
provides effective PSA but recovery is 
significantly longer than with intrave-
nous ketamine. See Case 1 for addi-
tional information.

 (c) Fentanyl with Propofol or Midazolam 
intravenously provides effective PSA 
for fracture reduction but with more 
respiratory depression than ketamine 
techniques (desaturation to less than 
90% in approximately 25%-FM vs. 
20%-FP vs. 5%-KM). Since respiratory 
depression/apnea occur frequently, pro-
viders should be experienced with this 
technique and well prepared to provide 
ventilatory support. Vomiting is less fre-
quent with propofol than ketamine-
based techniques. Recovery is faster 
with propofol/fentanyl than with ket-
amine/midazolam-based PSA (23 vs. 
33 min in one study), especially if 
repeated doses are needed. Recovery is 
described as more pleasant after propo-
fol sedation compared to ketamine. Time 
to discharge after fentanyl/midazolam is 
similar to that of ketamine/midazolam.

Case 3

A 3-year-old boy has blistering hot water 
burns to his right face and much of his ante-
rior 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 history of mild asthma without 
hospitalization, controlled with albuterol MDI 
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as needed. He has had a runny nose and cough 
without fever for 1–2 days; his usual snoring 
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, difficult vascular 
access, obesity, history of snoring, asthma 
with current wheezing, and upper respiratory 
infection.
 1. Rapid pain relief options:

 (a) Fentanyl intranasally 1.5–2 g/kg, 
achieves significant 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 g/kg dose for this child 
is 30 g 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 
analgesic, 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 provide the greatest pain relief, if 
vascular access can be achieved. 
Fentanyl 1–2 g/kg will provide 
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 pro-
vides rapid and marked pain relief and 
PSA without vascular access. Please 
see Case 1(b) for further information. 
If providers are available to monitor 
the patient and begin debridement, this 
may be a reasonable option. The great-
est risk with this technique is that 
emergent vascular access to manage a 
life-threatening adverse event such as 
laryngospasm would be difficult, but 
an intraosseous needle could be placed, 
if necessary. IV catheter insertion for 
ongoing care can be attempted concur-
rently with the burn debridement.

 2. Difficult vascular access: Buffered lido-
caine 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 impor-
tant because multiple attempts likely will 
be needed. Because of the prolonged onset, 
topical anesthetic creams are not an opti-
mum choice for local anesthesia. If avail-
able, N

2
O 50–70% will reduce IV 

insertion-related distress as well as provide 
systemic analgesia as described in (b).

 3. Obesity, snoring: As noted earlier, deter-
mine medication 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 resid-
ual capacity, increasing his risk of hypoxia 
with respiratory depression, and increases 
likelihood of upper airway obstruction as 
indicated by his history of snoring. Use of 
supplemental oxygen during sedation of this 
patient will provide a greater margin of 
safety by prolonging the time to hypoxia if 
decreased ventilation occurs. Monitoring 
with end-tidal capnography, in addition to 
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pulse oximetry, will facilitate early detec-
tion of ventilatory insufficiency and allow 
supportive interventions before adverse 
consequences 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 
administer additional asthma care if needed. 
The acute URI may increase the risk of lar-
yngospasm, especially if the patient is 
febrile. It is unclear whether administration 
of a drying agent such as glycopyrrolate or 
atropine reduces this risk.

PSA Technique Options
 (a) Ketamine with or without Midazolam: 

If vascular access is successful, the 
intravenous route is preferred as it 
allows titration to effect and use of the 
smallest effective dose, with repeat 
small doses as needed, thus decreas-
ing length of recovery. Please see 
Case 1 for further information on ket-
amine dosing. It is likely this patient 
will need multiple subsequent painful 
burn debridements. Therefore, effec-
tive analgesia and amnesia for this 
initial burn care are especially impor-
tant to establish the patient’s future 
expectations. A sedating dose of 
midazolam, 0.1 mg/kg, prior to ket-
amine infusion, may increase the 
probability of complete procedural 
amnesia. A potential additional bene-
fit for this patient is ketamine-induced 
reduction of central sensitization and 
windup from continued burn pain. 
While the risk of laryngospasm asso-
ciated with ketamine is quite low, the 
presence of an active URI may 
increase this risk and the sedation 
providers should be prepared to man-
age this potentially life-threatening 
adverse event.

Intramuscular ketamine 4 mg/kg: Please 
see Case 1 for additional information.
 (b) Fentanyl + Midazolam or Propofol: 

provides effective PSA but requires 
vascular access. Please see Case 2 for 
additional information.

 (c) Nitrous oxide 50–70% is unlikely to 
provide sufficient PSA for vigorous 
burn debridement in this young child 
unless it is coadministered with a 
potent systemic analgesic such as fen-
tanyl or ketamine. These combinations 
can readily induce deep sedation and 
general anesthesia and should be con-
sidered only by providers experienced 
in such techniques.

Case 4

A 2 year-old boy has a complex forehead lac-
eration that requires suturing. Topical anes-
thetic gel was applied in triage. Despite best 
efforts to calm him as he sits in his mother’s 
lap, he continues to cry and vigorously resists 
exam. His mother predicts he will not calm 
and indicates this is typical behavior during 
interactions with healthcare providers.

Issues: The laceration repair requires the 
patient’s forehead to be still, physical restraint 
will likely reinforce similar behavior during 
future health care; 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 continuous circuit or other 
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 nec-
essary 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 
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held closed. If the mother is amenable, 
this technique can be enhanced by admin-
istering 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 
administered with atomizer to spray small 
volumes of concentrated intravenous 
solution (5 mg/mL) to improve absorp-
tion. 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; alter-
nate nostrils, allow about a minute 
between repeat sprays into a given nos-
tril. 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 administra-
tion, 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 pro-
vides 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.

 (d) Propofol, Ketamine, or Fentanyl/ 
Midazolam intravenously: titration of any 
of these techniques will provide maxi-
mum effectiveness but intravenous access 
is required. Placement of an IV catheter in 
this resistant child certainly will require 
physical restraint unless it is inserted after 
sedation with N

2
O, intranasal 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 addi-

tional information.
 2. Fentanyl + Propofol or Midazolam: see 

Case 2 for additional information.
 3. Nitrous oxide + Oxycodone can provide 

acceptable PSA if effective local anesthe-
sia of the abscess can be achieved. Field 
blocks with buffered lidocaine are variably 
effective for smaller abscesses but usually 
unsuccessful for large abscesses. For larger 
and deeper abscesses, the author has occa-
sional success by partially draining the 
abscess through a small (~1 cm) incision 
through skin well-anesthetized with subcu-
taneous lidocaine. The abscess cavity then 
is gently refilled with the topical anesthetic 
solution commonly used for anesthetizing 
lacerations (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 debri-
dement of the cavity under N

2
O sedation.
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Case 6

You are asked to provide sedation for incision 
and drainage of a peri-tonsillar 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 peritonsil-
lar 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 
resistance. Deep sedation by any technique 
carries increased risk of pulmonary aspiration 
due to variable blunting of protective airway 
reflexes. This patient will have blood and pus 
draining upon his larynx during the procedure. 
This patient should be considered for abscess 
drainage in the O.R. under general anesthesia, 
likely with endotracheal intubation.

For light PSA for peritonsilar abscess I&D 
in cooperative children, 30–45 min prior to 
the procedure we administer morphine for 
baseline pain management and glycopyrrolate 
to dry secretions. Five to ten minutes prior to 
the procedure, we administer 2 mg of midazo-
lam for anxiolysis. If the patient has difficulty 
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 ketamine sedation, 
presumably due to direct stimulation of the 
larynx. Whether laryngospasm risk corre-
lates 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 peritonsilar 
abscess. Using this approach, none of our 
patients have developed laryngospasm during 
peritonsilar I&D in our ED.

Case 7

A 15-month-old boy has fallen through stair 
railings an hour ago and has a large hema-
toma 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 can-
not get the patient to lay 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 intracra-
nial pressure from hemorrhage.

PSA Options
 1. Pentobarbital intravenously will sedate 

patient but a full dose may cause mild 
reduction in blood pressure which impacts 
brain perfusion. The prolonged recovery 
from pentobarbital makes monitoring 
patient for neurologic deterioration diffi-
cult and may complicate plans for general 
anesthesia if emergent craniotomy is 
needed.

 2. Ketamine intravenously 0.25–0.5 mg/kg, 
pushed rapidly, will provide brief sedation. 
Some restraint may be necessary. Blood 
pressure likely will be maintained and brief 
increase in intracranial pressure probably 
is not critical.

 3. Propofol intravenously provides sedation 
but brief hypotension and respiratory 
depression may rapidly worsen patient 
condition.

 4. Etomidate intravenously will provide 
sedation and recovery within 5–10 min 
with less risk of hypotension. Myoclonic 
jerks during induction of sedation tend 
to be brief but may interfere with 
scanning.

 5. Midazolam intravenously may be insuffi-
cient for sedation.

 6. Fentanyl intravenously for pain may be 
sufficient to coax patient to be still for the 
brief period, as needed.
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The challenges of sedating a child for dental pro-
cedures are multifactorial [1]: The patient’s age, 
health, temperament and emotional status, paren-
tal concerns, clinician philosophy on patient 
management, extent and quality of clinician train-
ing and experiences with sedation, state dental 
board regulation of sedation, issues of third party 
coverage or parental reimbursement, knowledge 
of and adherence by clinicians to sedation guide-
lines, facility preparedness, and support staff 
experiences are but a few of many important con-
siderations. Equally important and challenging 
are the extent of the dental disease and the inher-
ent requisites of those dental procedures which 
require complete patient cooperation, good man-
ual dexterity, and dental materials whose out-
comes are technically sensitive to and dependent 
on local factors in the operative field (e.g., sali-
vary contamination). Probably the most discon-
certing issue is that dental disease, more 
specifically dental caries or cavities, is the single 
most common chronic disease of childhood and 
it is preventable [2].

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 certain bacteria over time slowly 
dissolve the mineralized portion 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 pri-
mary teeth begin erupting [3, 4]. Possible conse-
quences of the destruction 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. 16.1). Dental car-
ies affecting the primary dentition may often con-
tinue with the same degree and severity when the 
permanent dentition erupts.

Definitive 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 treat-
ment may require amalgam restorations or crowns 
as the carious lesions increase in size and involve 
more of the crown structure both in depth and lat-
erality. Sometimes the extent of caries 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.
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Dental treatment that enters into the dentinal 
aspect of the tooth usually requires local anes-
thetics for pain control associated with tooth 
preparation (i.e., instrumentation) or tooth condi-
tioning (e.g., etching and bonding). Administration 
of local anesthetics involves needles and syringes 
which in and of themselves may cause patient 
anxiety and discomfort. Nerve blocks and infil-
tration 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 discomfort, anxiety, and fear. Children, 
especially preschoolers, are particularly suscep-
tible to such conditioning and may have limited 
psychological, emotional, and social resources to 
cope with its effects. Pharmacological manage-
ment of the patient’s behaviors during dental 
treatment may then become necessary.

The number of children who require sedation 
for dental treatment is unknown. One can esti-
mate, based on information in a recent report [5], 
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 significant underesti-
mate of children who are sedated as the report 

involved a sample survey of pediatric dentists 
focusing primarily on orally administered seda-
tion; and there are significantly fewer pediatric 
dentists in the country compared to the number of 
general practitioners who may also be adminis-
tering sedatives to children. Furthermore, another 
survey report involving approximately the same 
magnitude of respondents as the previous study 
[5] indicated that the majority of pediatric den-
tists use nitrous oxide inhalation sedation on a 
routine basis [6].

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 [7, 8]. 
The ADA guidelines for Teaching Pain Control 
and Sedation to Dentists and Dental Students 
encourage psychological and pharmacological 
modalities [8]. Local anesthesia is stressed as the 
foundation of dental analgesia. The administration 
of local anesthesia, mild and moderate sedation 
are considered as skills which 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 manda-
tory 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 administration. 
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/American Academy of 
Pediatric Dentists Guidelines for Monitoring 

Fig. 16.1 Extensive dental caries
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and Management of Pediatric Patients During 
and After Sedation for Diagnostic and Therapeutic 
Procedures [7, 9]. The administration of deep 
sedation and/or general anesthesia (GA) requires 
separate, directed education as approved by the 
ADA Commission on Dental Accreditation 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 certification [7]. The dentist provid-
ing the deep sedation or GA is permitted to per-
form the dental procedures as long as there are 2 
BLS trained individuals present-one of which is 
designated to monitor the patient. All deep seda-
tion or general anesthetics require a minimum of 
three individuals, including the dentist providing 
the sedation/anesthetic [7]. 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 ini-
tiated [7].

Many state dental boards issue permits that are 
necessary before a dentist can perform sedation 
during dental procedures. The training requisite 
for permits varies according to individual state 
board rules and regulations and the permitting pro-
cess often may involve a system that is dependent 
on practitioner training and route of administration 
of the sedative. For example, a practitioner may be 
issued a permit limiting his/her sedations to oral 
administration only. A practitioner who is issued a 
parenteral IV permit can use any route of adminis-
tration 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 anesthesiolo-
gists or oral and maxillofacial surgeons.

The breadth and status of teaching received by 
dental students about pediatric sedation is mini-
mal [10, 11]. Furthermore, it is likely that such 
experiences vary widely and are probably depen-
dent primarily on faculty training, support ser-
vices, and resources at each dental institution. It 
is no longer possible since the introduction of 
sedation permits, to sedate a patient without prior 
experience or training.

Specialty training in pediatric dentistry requires 
a minimum of 2 years and includes required 
didactic and clinical experiences in pharmacolog-
ical management of children, according to the 
Commission on Dental Accreditation. The extent 
of those experiences in clinical context, quality, 
and quantity varies from program to program; and 
standardization of experiences among the 70 plus 
advanced training programs is unregulated and 
minimal. The overwhelming majority of programs 
primarily teach the use of the oral route of seda-
tion. Rarely, IV sedation is taught and if so, a den-
tal anesthesiologist or oral and maxillofacial 
surgeon provides that aspect of care. 

In the private practice setting of pediatric den-
tistry, typically a single dentist or small group 
utilizes an office remote from a hospital or surgi-
cal center. Local resources of dental/medical 
anesthesiologists or other personnel trained in IV 
sedation are rare. The practitioner is left with lit-
tle 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 programs indicated that as compared to a 
decade prior, there was an increase in the volume 
of sedations as well as more didactic hours devoted 
to sedation, and the management of sedation-
related emergencies [12]. More recently, the 
directors of these programs have the impression 
that there is a greater emphasis on sedation, likely 
reflective of the current influence of state board 
regulations, professional societies, litigation, and 
in particular, guidelines. Similar tendencies have 
been addressed in the medical community [13].

Sedation Protocols

Typically, a sedation appointment in a dental 
office or clinic involves multiple steps, all of 
which follow a protocol. The protocol encom-
passes all the steps: the informed consent process, 
preoperative instructions, presedation history and 
physical examination including airway assess-
ment, weighing the child, administering the agent 
orally, waiting for a latency period wherein the 
effects of sedation become noticeable, placement 
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of the child in the dental chair and the nitrous 
oxide (N

2
O) hood over the patient’s nose, attach-

ing monitors, proceeding with dental treatment, 
recovery, postoperative instructions, and discharge 
when appropriate criteria are attained (Fig. 16.2).

Sedative protocols used by pediatric dentists 
can be generally characterized as follows. The 
children selected for sedation are usually healthy 
(ASA I). Children who have medical conditions 
whose risk is more moderate to severe (greater 
than ASA II) are very likely to be sedated only in 
hospital-based settings with training programs. 
Most children are preschoolers although signifi-
cant numbers of children are anxious and require 
sedation. Sedatives are administered almost 
exclusively via the oral route consistent with the 
predominant type of training currently occurring 
in programs [12], and the behavior and physiol-
ogy are recorded while the child receives routine 
restorative care [14–27]. Usually, the behavior 
and physiology are documented on a time-based 
record by a dental assistant who performs inter-
ruptible tasks while working with the dentist. 
A standardized sedation recording sheet has been 
developed by the American Academy of Pediatric 
Dentistry, Committee on Sedation and Anesthesia 
that conforms to the protocol portion of the AAP-
AAPD sedation guidelines (see Fig. 16.3).

Other incidental protocol events often include 
patient immobilization or stabilization (i.e., 
Papoose board®) [15, 20, 28–37]. Pediatric den-
tistry views the use of restraint not as punishment 

but as an intervention to improve the outcome or 
success of the sedation and procedure [38]. Pulse 
oximeters, blood pressure cuffs, and pretracheal 
or precordial stethoscopes are standard. 
Occasionally, side stream capnography is used 
but electrocardiography is rarely followed.

The choice of monitors is somewhat depen-
dent on the behaviors exhibited by sedated chil-
dren, the depth of sedation, and sedation 
guidelines. Behaviors and physiological parame-
ters are fluid during the sedation, affected by the 
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 sig-
nificantly and predictably during the injection of 
local anesthetics compared to other times of the 
procedure [14]. Generally, pediatric dentists tar-
get minimal or moderate sedation.

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 vs. chloral hydrate [CH], respec-
tively). The length of time involved with dental 
treatment range 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 

Fig. 16.2 Sedated dental patient with 
monitors
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dental office under direct parent and dental staff 
observation and monitoring. Discharge is consis-
tent with the guidelines of the American Academy 
of Pediatrics and American Academy of Pediatric 
Dentistry [39].

Most older children can successfully cope 
with the experience of sitting cooperatively for 
routine dental procedures (including injections) 
and those who cannot tend to be preschoolers 
and toddlers. Age, cognitive and emotional 
development, maturational aspects of coping 

with challenging situations, and other charac-
teristics of the child are well recognized as 
important discriminators for the clinician in rec-
ommending certain management techniques to 
the parent. Another characteristic that has shown 
promise in discriminating how children may 
react to novel clinical situations is temperament. 
The temperament of a child may influence the 
outcome of sedations and other techniques used 
by pediatric dentists in managing child patients 
[23, 40, 41]. Generally, the more approachable a 

Fig. 16.3 (continued)
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child, the more likely the clinician can effectively 
interact and deliver care.

The oral route of administration remains the 
most popular route used by pediatric (and gen-
eral) dentists [5, 10–12, 42–45]. The most prob-
able reason for this route of administration is 
historical and related to individual experience. 
The IV route of sedation is the most popular for 
oral surgeons, although their need to sedate 

preschoolers is probably much less than that of 
pediatric dentists. The advantages and disadvan-
tages of the oral route of administration compared 
to other routes are widely appreciated and under-
stood even by parents.

The submucosal route is another fairly popular 
route of administration used by many pediatric 
dentists [23, 46–49]. This route of administration 
may limit the range and number of sedative agents 

Fig. 16.3 Sedation record consistent with American Academy of Pediatrics and American Academy of Pediatric 
Dentistry guidelines
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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 relatively rapidly because children 
usually have excellent blood supply in and around 
the maxillary vestibules. Caution is advised 
because inadvertent and rapid injection of seda-
tives directly into blood vessels or a venous plexus 
can result in a more profound effect than antici-
pated. The submucosal technique is relatively 
easy to perform, and similar to administering local 
anesthesia for dental procedures, hence its relative 
popularity among pediatric dentists.

Sedatives

Most of the studies reported in the literature 
involving pediatric dentists focus on drugs or drug 
combinations involving CH, meperidine, and 
midazolam used in conjunction with other agents 
such as hydroxyzine [12, 14–26, 29, 33, 34, 36, 
37, 41, 46, 48–95]. Occasional reports involve 
other benzodiazepines [32, 34, 93, 96–98] 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 combina-
tions [56, 61, 84, 99–106]. 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 chil-
dren [27, 36, 52, 56, 78, 107–114].

CH was once the most popular sedative agent 
in pediatric dentistry. It still remains very popu-
lar. 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 varies 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 
[21, 33, 51, 53, 54, 59]. Yet, some postoperative 
events may raise some concern, even if discharge 
criteria are met [22].

The concept behind this triple combination 
is that all three agents induce variable degrees 
of drowsiness in a dosage-dependent fashion. 
Meperidine also provides euphoria and analge-
sia, 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 pro-
vides procedural sedation for 60–90 min, suffi-
cient time for significant restorative dentistry. 
Most patients meet discharge criteria within 
30–60 min following the dental procedure 
[21, 33, 51, 53, 54, 59].

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 [28, 67, 79, 88, 115–118]. 
One of the shortcomings of orally administered 
midazolam is its short working time that is lim-
ited 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 seda-
tive drug of choice for short restorative or extrac-
tion cases for children who require sedation. 
Midazolam frequently is combined with other 
sedatives and analgesics which include meperi-
dine or hydroxyzine. One of the primary purposes 
of combining these agents is to increase the 
restorative working time. 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 findings and 
characteristics, and concerns of these sedative 
agents are shown in Table 16.1. Drugs such as 
etomidate are not utilized in the private practice 
community.
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A recent paper reviewed the efficacy and 
adverse event profile of midazolam adminis-
tered via different routes both alone and in 
combination with narcotics, also administered 
via different routes [119]. All patients received 
local anesthesia of lidocaine with epinephrine 
infiltrated into the gingiva. This was an impor-
tant study because it evaluated the efficacy and 
safety of midazolam via the oral (PO) and the 
intranasal (IN) route and then examined the out-
come when combined with oral transmucosal 
fentanyl citrate (OTFC) or IN sufentanil. There 
were four groups: PO Midazolam (1 mg/kg), IN 
midazolam (0.7 mg/kg), IN midazolam (0.5 mg/
kg) + OTFC (10–15 g/kg), IN midazolam 
(0.3 mg/kg) + IN sufentanil (1 g/kg). IN mida-
zolam had shortest time to onset (17 min) and 
similar efficacy to all the other groups. All 
groups were similarly efficacious (27% of seda-
tions 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 was important because it 

suggests that using midazolam via the IN route 
may be an efficacious method of delivery, elim-
inating need for parenteral administration and 
supplemental narcotics [119].

Nitrous oxide (N
2
O) is the most frequently 

used anxiolytic and analgesic agent used in pedi-
atric dentistry. Typically when used in dentistry, 
a nasal hood able to deliver nitrous oxide rests 
over the patient’s nose (Fig. 16.2). Nitrous is 
delivered in an open system, thus entraining a 
significant amount of room air. In fact, adults and 
some children can decrease the proportion of 
nitrous oxide entering the lungs by consciously 
breathing through their mouth instead of through 
their nose or via other similar mechanisms (e.g., 
crying). At least one study using a dental delivery 
system has shown that the amount of N

2
O enter-

ing into the lungs of patients is 30–50% less than 
the amount leaving the regulator portion of the 
dental N

2
O delivery system [120]. Thus, if the 

dentist sets the N
2
O flow to 50% at the regulator, 

only 25–35% of N
2
O actually enters into the 

patient’s lung.

Table 16.1 Most commonly used sedative agents in pediatric dentistrya

Drug Dose Characteristics Warnings

Sedation  
considerations  
(timing) Reversibility

Chloral  
hydrate

20–50 mg/kg,  
max: 1 g

Oily
Not-palatable
Irritability
Sleep/drowsiness

Airway blockage
Mucosal irritant
Laryngospasms
Respiratory  
depressant
Cardiac  
arrhythmias

Onset: 30–45 min
Separation time: 
45 min
Work: 1–1.5 hb

No

Meperidine 1–2 mg/kg,  
max: 50 mg

Clear
Nonpalatable
Analgesia
Euphoria
Dysphoria

Respiratory  
depression
Hypotension

Onset: 30 min
Separation time: 
30 min
Work: 1 hb

Yes (narcan)

Midazolam 0.3–1.0 mg/kg, max:  
15 mg (young child)  
20 mg (older child)

Clear
Nonpalatable
Relaxation
Anterograde 
amnesia

Angry child 
syndrome
Paradoxical 
reduction
Respiratory 
depression
Loss of head 
righting reflex

Onset: 10 min
Separation time: 
10 min
Work: 20 minb

Yes (flumazenil)

a This table reflects common dosing, warnings, and sedation considerations but must be interpreted and applied with 
caution. The table reflects the views of the author
b Work: the procedure duration usually tolerated following sedative effect
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N
2
O is an excellent anxiolytic and behavior 

management agent when used in the range of 
30–50%. It is also unique in that it provides mild 
analgesia at these concentrations, a mechanism 
which appears related to endogenous opioid sys-
tems [121]. For these reasons, N

2
O is very fre-

quently and effectively used with oral sedatives, 
primarily as the “titrating” agent for managing 
behavior. Another advantage for using a dental 
nitrous unit during sedation is that it provides sup-
plemental oxygen. Nonetheless, caution must be 
used in these situations as N

2
O in amounts often 

used in dentistry has been show to inhibit the swal-
lowing reflex [122]. There are limited studies inves-
tigating the association of vomiting during exposure 
to N

2
O for operative treatment in children and most 

suggest that vomiting is infrequent [123–125].

Morbidity and Mortality: Dental 
Sedation

The true number of adverse events that occur dur-
ing sedation of children for dental treatment is 
unknown. Sometimes mild “adverse” events are 
reported in the literature but rarely, if ever, are of a 
nature requiring medical stabilization or admis-
sion to a hospital [15, 17, 55, 57, 58, 71, 74]. These 
types of adverse events may be temporary desatu-
rations or apnea, usually associated with patient 
crying and behavioral posturing, vomiting, or par-
adoxical excitement. More significant adverse 
events such as laryngospasm, seizures, or coma 
are almost nonexistent in these types of studies. 
However, significant adverse events can and do 
happen and have been reported [126, 127].

The incidence of significant sedation-related 
adverse events in pediatric patients was reviewed 
and published in 2000. One-hundred and eigh-
teen case reports were reviewed, for which 60 
resulted in death or permanent neurologic injury. 
Twenty-nine of these critical events occurred in 
children sedated for dental procedures. The 
occurrence of death and permanent neurologic 
injury was associated with the administration of 
three or more sedatives. Nitrous oxide in combi-
nation with other sedatives was also associated 
with the negative outcome [95].

Reimbursement for Dental Sedation 
and Anesthesia

Financial considerations of sedation for dental 
care are noteworthy. Most insurance plans do 
not cover the cost of sedation (including, nitrous 
oxide) or anesthesiology for dental purposes. 
Therefore, the parent is left with the financial 
decision of whether to pay for pharmacological 
management of his/her child in addressing 
delivery of restorative care or exodontia. 
However, 32 of the states have mandatory GA 
legislation that will cover some costs associated 
with the medical fees when a child receives 
dental care under GA (see Fig. 16.4). The fees 
for sedation procedures vary considerably 
among dentists but may range from $100 to 
several hundred dollars per sedation appoint-
ment. Some states have implemented legisla-
tion requiring some third party payors to 
reimburse fees for GA used in delivering dental 
restorative care. Nonetheless, often stipulations 
such as the patient’s age or mental or emotional 
status may preclude some patients from receiv-
ing care.

Alternatives to Sedation

The alternatives to pharmacological interventions 
(i.e., sedation and GA) in managing fearful or 
uncooperative children during dental restorative 
or exodontia appointments may include, among 
others, psychological distraction techniques, 

Fig. 16.4 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 nonpharmacological techniques of manag-
ing children’s behavior and often the degree of 
success of these nonpharmacological techniques 
varies according to interpretation [38]. 
Anecdotally, there are many concurrent factors 
during operative procedures whose impact and 
interactions are acknowledged but unknown. 
These include the family’s cultural background, 
child rearing techniques, the child’s coping abili-
ties in defending against potential physical and 
emotional trauma, and the quality of the work 
provided. Some dentists and parents perceive that 
if the needed treatment was completed it was a 
successful outcome. This perception may be out 
of necessity because of the influence primarily of 
financial factors associated with the compensa-
tion for the delivery of oral health care and tradi-
tional training experiences. Others refuse or reject 
these alternative means of treatment and elect not 
to seek care; however, the untreated dental dis-
ease does not regress and may progress to a local-
ized abscessed condition or cellulitis. Cellulitis 
may be life threatening if it spreads to other 
organs (e.g., brain) and death may result.

Sedation Guidelines

Sedation guidelines for children have been fol-
lowed by most pediatric dentists since they first 
were published in the United States in 1985 
[128–130]. Coincidentally, the first guidelines of 
the American Academy of Pediatrics (AAP) were 
created in response to deaths in dental patients 
who received meperidine [130–132]. The most 
recent joint guidelines of the American Academy 
of Pediatrics and American Academy of Pediatric 
Dentistry emphasize, among other concepts, 
patient safety and rescue as well as practitioner 
education and training [39]. The impact of these 
latest guidelines (in terms of access to care, the 
number and types of sedations performed by 
pediatric dentists) remains to be seen. In that 
same vein, state dental boards regulate sedation 
performed by dentists. Most states require a 
licensed dentist to also have a special sedation 

permit. Different types of permits such as permits 
for enteral vs. parenteral routes of administration 
are issued to dental practitioners depending on 
several factors. Documentation of training, per-
formance of sedation in the presence of a board 
consultant, and on-site inspection of offices often 
are required along with a fee prior to issuance of 
a given type of sedation permit to a licensed 
dentist.

Future of Sedation for Dental 
Procedures

In the future, sedation of children for dental pro-
cedures will continue to be influenced by societal 
demands, regulatory agencies, guidelines, finan-
cial implications, alternative options, and practi-
tioner training as they are today. It has been 
promoted that in the future there are likely to be 
three groups of pediatric patients, classified by 
their response to the challenges of coping with 
dental procedures. The first group would be com-
prised of children who easily accept and adapt to 
dental procedures and thus would not require any 
pharmacological intervention. The second group 
may be slightly anxious and benefit 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 rou-
tine dental environment. This group would benefit 
from deep sedation or GA. The first two groups 
could easily be managed by pediatric dentists, 
even in today’s settings and situations. The latter 
group is a challenge for many reasons, largely  
based on the current state of resources in all geo-
graphic regions of the country.

The progression and evolution of pediatric 
sedation for dentistry must involve a change in the 
entire training process. Oral routes of sedation for 
mild and moderate levels are no longer considered 
as efficacious as other routes. New sedatives, dif-
ferent delivery routes and evolving techniques 
can only, however, be applied with careful train-
ing (didactic and clinical). Changes in training, 
with pediatric-focused specialty training programs 
are the most critical first step. Conceptually, more 
intense, prolonged periods of training with partial 
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or full standardization of experiences across all 
training programs would be desirable. The extent 
and context of training would exceed that which 
currently occurs and must include well-defined 
and measurable competencies in emergency man-
agement, sedation protocol, patient assessment, 
and research. There are significant logistical hur-
dles to achieving this goal. Intense scrutiny inno-
vative approaches, funding considerations, and 
administrative support are needed to achieve suc-
cess. A simple example would be a method to 
train or retrain a cadre of faculty that can be dis-
seminated to training programs in order to insti-
tute 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 cur-
rent 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 first 
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 identification of 
dedicated individuals from different disciplines 
who collaboratively desire to improve the treat-
ment options for pediatric dental care in the future.

Case Studies

Case 1

Patient is healthy (ASA I) and 3 years of age 
with no known allergies and parent seeks care 
for the child because of cavities noticed on the 
front teeth (chief complaint). Examination 
reveals 20 primary teeth, normal anatomy, and 
no soft tissue pathology. Of the 20 primary 
teeth, 13 involve frank carious lesions (4 max-
illary incisors, 2 maxillary canines, and 7 
molars). It is questionable as to whether the 
incisors can be saved. This presentation is 
referred to as early childhood caries which is 
currently defined by the American Academy 
of Pediatric Dentistry as “the presence of one 
or more decayed (noncavitated or cavitated 
lesions), missing (due to caries), or tooth-filled 
surfaces in any primary tooth in a child 71 
months of age or younger.” The tonsils at the 
time occupied approximately 30% of the air-
way 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 this age. The child 
weighed 16 kg.

When the child first saw the dentist, he 
demonstrated shy, withdrawn behaviors and 
sought comfort from his mother. Oral exami-
nation was difficult as the child was uncoop-
erative, 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. Dental radiographs were not possible 
to attain due to behavior. A discussion of the 
child’s oral condition and the scope of treat-
ment 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 seda-
tion using a payment plan. The child is sched-
uled for two sedation appointments; however, 
the mother is advised that depending on the 
child’s response to the drugs selected, includ-
ing local anesthesia, the number of appoint-
ments may be altered. The parent consents.

On the day of sedation, another oral exami-
nation including airway assessment is com-
pleted. The child has been NPO for 9 h. The 
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dentist decides, based on the number and type 
of procedures to be completed, to use a combi-
nation of sedatives that have been shown in 
the literature to be effective. CH (20 mg/kg), 
meperidine (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 are based on the expected amount of 
dentistry to be completed and the child’s tem-
perament and personality (i.e., clinically shy, 
uncooperative and difficult). Latency period 
refers to the time from administration of the 
oral agents to that 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 2 carpules. A car-
pule is the unit of local anesthesia that fits into 
a standard dental syringe which is typically 
1.7 mL of 2% lidocaine with 1:100,000 epi-
nephrine. This amount of local anesthetic can 
be distributed over two quadrants and includes 
an inferior alveolar block and buccal infiltra-
tion involving approximately half of the care 
needed to be finished.

At the end of the latency period, the child is 
placed supine in the dental chair. The child is 
awake, but drowsy and slightly less apprehen-
sive of the doctor. An oxisensor of a pulse oxi-
meter is attached to the second toe, a blood 
pressure cuff to the upper left extremity, a pre-
trachial stethoscope is placed over the upper 
airway above the manubrum, and plastic tub-
ing from a capnography 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, strug-
gle, and cry. The concentration of nitrous is 
raised to 70% (the maximum concentration 
attainable by a dental nitrous delivery system) 
and the hood held slightly above and over the 
nose and mouth of the patient. Within 5 min of 
distracting the child and administering the 

nitrous oxide, the child settles down and dem-
onstrates 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 administra-
tion, either the nitrous is no longer used and the 
decision is made with the parent and his/her 
consent to either proceed using local anesthe-
sia and a papoose board or reschedule the 
patient for another appointment during which a 
slightly different drug regimen is used or alter-
ing 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 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 crying and new struggling on 
the part of the child. Once again, the “settling” 
procedure is done after the anesthetic has been 
administered. The child settles. A rubber dam 
is applied to prevent aerosol spray, tooth debris, 
and water from the dental handpiece from 
going into the child’s airway. High speed suc-
tion to remove the debris and water is also 
done by the dental assistant. The child is reac-
tive and has low intensity crying, minor move-
ments, 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 capnogra-
phy is taped under nostril orifice of the child 
and the excursions monitored by the dentist 
and assistant. The dentist asks the child if they 
are “doing OK” and the child responds with a 
slight nodding 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 
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are all finished.” 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 struggling behav-
iors. This is “typical” of this particular regi-
men and younger children. The child is kept 
until discharge criteria is met (usually this 
occurs within 30 min after the dental proce-
dure is completed). Another sedation appoint-
ment is booked and the plans are to use the 
same drugs and dosages as this appointment.

Case 2

Patient is healthy (ASA I) and 2 years of age 
with no known allergies and parent seeks care 
for the child because of cavities noticed on the 
front teeth by the parent and the child is com-
plaining of sensitivity to cold (chief com-
plaint). Examination reveals 17 primary teeth, 
normal anatomy and no soft tissue pathology. 
Of the 17 primary teeth, the four maxillary 
incisors are grossly carious and a draining fis-
tula is noted above the right central maxillary 
incisor. The indicated treatment is extraction 
of these four incisors due to nonrestorability 
and periapical abscess. The tonsils are approx-
imately 60% of the airway and the parent indi-
cated the child snored occasionally during 
sleep. The head and neck were symmetrical in 
shape and the jaws and occlusion were normal 
in development for a child of this age. The 
child weighed 14 kg. Vital signs are within 
normal limits. The patient has been NPO since 
10 p.m. the previous evening.

The patient was approachable and inter-
acted with the dentist but was age-specific 
hesitant and exhibited facial expressions sug-
gestive of mild apprehension and anxiety for 
his age. He is classified temperamentally as 

“slow to warm up” and typical of a patient of 
his age. It was possible to obtain a maxillary 
dental radiograph confirming the abscess as 
well as caries encroaching on the pulp cham-
ber of the remaining incisors. The sedation 
plan is to use midazolam (0.75 mg/kg) admin-
istered orally.

The midazolam is drawn up, flavored, 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 parents consent gained 
previously along with that for the sedation). 
The patient is somewhat uncooperative ini-
tially but finally accepts the mask. A pulse oxi-
meter and blood pressure cuff are applied with 
a precordial handy on the assistant tray.

A dentipatch (concentrated lidocaine topi-
cal on a tiny “band-aid”) is placed in the max-
illary vestibule overlying the four incisors 
which had been thoroughly dried with a 2 × 2 
gauze. The patch is left in place for 10 min as 
is the nitrous oxide. Stories are told to distract 
the patient. The patch is removed. Next, a car-
pule (1.7 mL of 2% lidocaine with epineph-
rine 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 during which the heart rate and oxygen 
saturation are monitored and recorded. The 
child’s behavior is one of quietness but is 
beginning to cry intermittently; nonetheless, 
distraction techniques are effective.

The four maxillary incisors are extracted 
using a curette and forceps without incident. 
The heart rate rose slightly, the child was inter-
active and struggled mildly, but expressed little 
discomfort indicating that the local anesthetic 
was effective. Pressure and gel-foam were 
used to obtain hemostatis. The child is losing 
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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 
postoperative instructions are given. The child 
begins to settle down initially. The parent and 
patient are kept in the dental room but now the 
child is becoming agitated, nonconsolable, 
and crying intensely. The child rips the oxisen-
sor off the toe The child, although relaxed, 
tries to escape from the parent. The child is 
now exhibiting the “angry child syndrome” 
that is often seen (at 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 flumazenil is considered, but its shorter 
duration of action compared to the midazolam 
is a potential problem as explained to the par-
ent. The patient is kept another 30 min and can 
now ambulate with assistance but continues to 
be disruptive and angry. After 15 more min-
utes, the child is discharged into the care of 
the two parents. The family is called 2 h later 
and the child has now settled down, is con-
suming clear liquids and soup.

Case 3

A 10-year-old female is referred to the office 
by a general practitioner who was unable to 
talk the child into receiving local anesthesia 
due to extreme apprehension and needle pho-
bia for the extraction of a carious, nonrestor-
able first permanent molar and three other 
restorations. Patient is fearful and guarded but 
is complaining that the pain from the molar 
increases and ibuprofen is not helping any-
more. 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 dif-
ficulty and confirm the molar is nonrestorable. 
Vital signs and an airway examination are 

completed. They are within normal limits. The 
patient has not eaten since 7 p.m. 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 fla-
vored medications in a vehicle of ibuprofen 
(100 mg) elixir. The patient becomes more 
relaxed 30 min after drug administration 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 administra-
tion is done but the patient limits mouth open-
ing 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 incoordinated. 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 coop-
eration. The child is inconsolable and wants to 
go home. It is decided to cancel the session and 
perform the dentistry under 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 seda-
tion or GA for dental procedures. The parent 
wishes to wait and research possible financial 
resources. Two weeks pass and the patient 
returns to the office in chronic, moderate to 
severe pain, moderate trismus, and some local-
ized swelling which is affecting daily home 
functions. The patient is referred to an oral 
surgeon who reluctantly accepts a payment 
plan with the parents and uses deep sedation 
to remove the offending molar. The patient 
never returns to the office for follow-up on the 
three remaining carious lesions.
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Introduction

Every system of health care is imperfect because 
it has limited resources and must cope with 
increasing demand. Europe has many indepen-
dent countries and each health service has been 
influenced by historical, cultural, social, and eco-
nomic factors. For the management of children 
having minor diagnostic and therapeutic proce-
dures, there remains considerable variation in 
practice. Nevertheless, healthcare providers in 
Europe have been influenced by recommenda-
tions from within Europe and the United States 
(US), and this has led, and will continue to lead, 
to a general improvement in the quality of ser-
vices available.

This chapter avoids reiteration of what is com-
monly known in the United States, and instead is 
intended to describe and contrast what is differ-
ent or new in Europe. In doing so, we have drawn 
upon our personal knowledge, 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

Demand for Sedation and Anesthesia

In the last 15 years, the demand for procedures 
has increased and the availability of anesthesia 
services has decreased, if not in absolute terms, 
in proportion to the demand. Five services are 
prominent and each is discussed in detail. It is 
reasonable to state that, because of the character-
istics of the procedures, each service requires a 
different sedation strategy and set of techniques. 
Nevertheless there are similarities in terms of the 
facilities they need. For specialists planning and 
negotiating the development of a new service, it 
may be helpful to consider what facilities are 
needed. A basic but invaluable list was created by 
a group of London hospitals who are trying to 
measure their progress in their compliance with 
the standards set out in the UK (United Kingdom) 
Children’s National Service Framework (http://
www.ich.ucl.ac.uk/cypph/cnsf_audit_tool.pdf). 
In a section on Pain, Symptom Relief, and 
Sedation there are six facilities:

Analgesia
Procedural sedation
Rescue Anesthesia
Behavioral management (play therapy)
Long-term central venous access
Symptom control
All of these will help minimize distress and 

a comprehensive service should have them. 
There is debate concerning the pros and cons 
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of sedation verses anesthesia but the most 
important questions are about what happens 
when anesthesiologists are not available;
 1. What drugs are safe enough for nonanesthesi-

ologists to use?
 2. What minimal competences and skills should 

nonanesthesiologists possess to ensure an opti-
mal level of both safety and effectiveness?
Behavioral management is becoming an essen-

tial tool, [1, 2] and behavioral skills need to 
be embedded in training of everyone in the 
healthcare team– not just Play Specialists and 
Psychologists. Behavioral management skills help 
to reduce anxiety and the need for sedation drugs 
and their value should not be underestimated. Self 
hypnosis and other coping strategies are useful for 
cooperative children [3, 4]. Likewise, the early 
insertion of central intravenous lines avoids many 
painful venipunctures: interventional radiology 
services have radically reduced distress in chil-
dren. There is a wide and strong belief that if 
children, especially those who need repeated pro-
cedures, undergo their first procedure without dis-
tress, subsequent procedures are more easily 
managed and suffering is reduced overall. There 
is little published evidence for this view.

There are major cultural aspects to the demand 
for and the practice of sedation. A survey of prac-
tice in the US and Europe highlighted major dif-
ferences in the use of sedation and analgesia for 
oncology procedures [5] and although the replies 
may no longer apply, they could be taken as evi-
dence of an acceptance by many children and 
parents in the US that sedation and analgesia 
were not necessary for bone marrow aspiration 
and lumbar puncture. Perhaps the survey was not 
truly representative, but there is other evidence of 
cultural behavior having an effect. In France, 
many painful procedures are undertaken with 
nitrous oxide alone [6, 7], and it is surprising that 
this practice has not transferred to other coun-
tries; probably it is not transferable because 
patients and parents expect and prefer anesthesia. 
Nitrous oxide is given without the need for spe-
cial facilities or fasting, a clear advantage over 
anesthesia. In the Netherlands, a group of mid-
wives have given birth to infants with major con-
genital defects. Nitrous oxide was blamed and is 

no longer available in that country for obstetric 
analgesia (it is still available for dental sedation). 
A working group on pediatric procedural seda-
tion is trying to introduce nitrous oxide for proce-
dural sedation but is facing strong opposition.

Also in France, parents are discouraged from 
remaining with their children during procedures 
or at induction of anesthesia. In other countries 
parents are encouraged to be present in many 
situations, even during resuscitation [8].

There are, within Europe, large differences in 
choice of sedation drugs. Chloral hydrate is the 
first-choice drug in the Netherlands for sedation 
in diagnostic imaging because it has a high safety 
profile and success rate. In France it has been 
banned because of suspicion of genetoxicity and 
carcinogenicity [9].

Physical restraint is a taboo subject. The liter-
ature suggests that the application of “straps” in 
precooperative small children was acceptable in 
some hospitals or situations in the US [10–12] 
but perhaps less so in the UK [13, 14]. There are 
specific guidelines in the UK for the appropriate 
use of restraint and which prevents the restraint 
of an uncooperative child without effective seda-
tion of anesthetic drugs [15]. In Scotland it is ille-
gal to use physical restraint and there are aspects 
of European Law of Human Rights that prevent 
restraint also. Several European authors have 
postulated that procedural restraint is contrary to 
the Human rights act and the United Nations 
Convention on The Rights of the Child [16, 17]. 
The European Association for Children in 
Hospital states in their charter that avoidance of 
restraint should be a fundamental part of comfort 
policy in sick children (http://www.each-for-sick-
children.org). Nevertheless, restraint is still com-
mon practice within European pediatric medicine 
and it is our experience that in general, proce-
dural comfort is not yet considered essential.

Anesthesia Services are Limited

The following discussion may apply through-
out the developed world but is included here to 
help explain the practice of nonanesthesiologist 
led sedation. Anesthesia has been developed for 
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surgical operations and the development of 
 services outside the operating theater has been 
slow. Several reasons may explain this. Anesthesia 
has been developed to provide surgeons with 
efficient operating lists. Pediatricians, in contrast, 
have not scheduled their cases in a similar 
fashion and have not always pressed their need 
for services. Consequently they have tried to 
manage on their own with the intention of giving 
themselves control and responsibility; this has 
had limited success. Anesthesiologists have been 
reluctant to help them because resources have not 
been vouched safe and facilities may not have the 
standards of operating theaters – at least that was 
a common perception. There was also a fear of 
working unsupported at a site remote from other 
anesthesia colleagues. Given these problems, 
pediatricians, had no choice but to cope with pro-
viding sedation on their own. Anesthesiologists 
who could help provided anesthesia considered 
perhaps as unnecessary, out of proportion, higher 
risk, or more expensive than sedation. Finally, 
there was an underlying view that once a service 
was given to pediatricians, it would lead to a con-
siderable increase in demand that would not be 
possible to satisfy – it was a “bottomless pit.” 
Eventually, with reports of unsafe or ineffective 
practice, anesthesia services outside theaters have 
flourished. Today, at least one third of all pediat-
ric anesthetics are given outside surgical operat-
ing theaters. Nevertheless there are issues that 
slow the transition to ready access to good ser-
vices. We outline them below.

Small hospitals continue to be attractive to the 
public, who believe that they provide a good  service. 
These units are too small to provide tertiary 
 (specialist) care and possibly unable to provide sec-
ondary care if it involves nonstandard techniques – 
in current health services, pediatric care is classified 
as nonstandard and requires special training. This 
varies between countries. A small unpublished 
 survey last year showed that in Belgian regional 
hospitals, most MRI scans in children are done 
under modern general anesthesia while in the uni-
versity units, old-fashioned sedation cocktails are 
still in use because of limited anesthesia resources. 
In the Netherlands the opposite is true.

Mortality studies of surgery and anesthesia in 
the UK and elsewhere have identified that the 

very young and the very old have a higher risk 
than others [18]. Consequently, this led to spe-
cialization and a withdrawal of services to chil-
dren by anesthesiologists who thought their skills 
were not sufficient. Some hospitals withdrew 
pediatric surgery from their services – perversely 
some Emergency Departments continued to 
accept pediatric trauma and medical problems 
that may need anesthesia and intensive care. This 
remains a common scenario around Europe. Both 
national as well as European centralization of ter-
tiary care is a problem. Fortunately, the links to 
larger centers are usually well established and 
transfer is not difficult although there will be an 
inevitable delay in treatment. To avoid the need 
for transfer, some hospitals have developed seda-
tion protocols, mainly ketamine, to help children 
with minor injuries. A far reaching effect of spe-
cialization is the closure of small pediatric units 
and the expansion of others. This has lead to 
improvement of services because anesthesia ser-
vices can be developed economically to deal with 
larger numbers of cases in dedicated sessions and 
facilities outside operating theaters.

The European Working Time Directive has 
limited the hours that doctors can work. It is a 
statute developed in the EEC to prevent exces-
sive working hours and to encourage more equi-
table employment. For example, it may be fairer 
to employ two doctors to work 36 h per week 
rather than one for 72; night duty, even if the doc-
tor is in-hospital and asleep, counts as work. This 
directive, however, is allegedly not applied uni-
formly across the continent, but in the UK it has 
severely limited training experience for trainees. 
Since August 2009, the limit has been set to 
48 hours per week.

In 2003, a new UK consultant contract changed 
the behavior of many consultants. Before 2005, 
most consultants (nontrainees) worked sessions 
and provided services that were not fixed nor 
agreed by contract. Such an unclear system of 
employment was vulnerable to criticism of inef-
fective management and this persuaded the poli-
ticians to demand clear agreement and contracts. 
Now, work is fixed by contract. However, this 
does not seem to have increased patient through-
put but it may have encouraged improvements in 
efficiency. Yet, part of the debate has been about 
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quality of services rather than quantity. A system 
of fee for session and, as in the US, fee for ser-
vice, limits flexibility and prevents natural 
changes in service. If a pediatrician wants a seda-
tion service, and asks for anesthesiologists to 
provide it, will he deliver anesthesia rather than 
sedation? Reimbursement based on service can 
have perverse outcomes, such as preventing the 
use of simple effective techniques in preference 
to financially advantageous anesthesia. Another 
problem relates to the case throughput. If pay-
ment is too low there is incentive for fast tech-
niques that may not be safe or effective. Mindful 
of these problems, the payment by salary unre-
lated to number or complexity of cases, allows 
the practitioner to provide a service tuned to the 
needs to the patients.

In France, preoperative assessment by an 
anesthesiologist is compulsory, by law, at a mini-
mum of 24 h before any routine procedure. This 
has restricted the involvement of anesthesia ser-
vices in the delivery of sedation or minimal anes-
thesia for children and encouraged the use of 
nitrous oxide alone by nonanesthesiologists.

Nonanesthesia Practitioners

In the UK 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 physicians and 
not by surgeons. This system may develop in the 
UK but, because there is a surplus of trained 
anesthesiologists, it is not likely to grow signifi-
cantly in the foreseeable future. In pediatric anes-
thesia, almost all anesthesia services throughout 
Europe are physician led.

Because of the scarcity of pediatric anesthesi-
ologists, several professional groups have had to 
use drug techniques that have the potential to 
become accidental anesthesia. The dentists, emer-
gency physicians, and intensivist have been 
prominent. Their journey, from inexperienced 
sedationist to practitioner with proven but limited 
anesthesia skills, has not reached its end. It is 
inevitable that they must continue in the venture 

to provide effective and safe services for their 
patients. Once rigorous competences, skills, and 
safety precautions have been fulfilled, nonanes-
thesiologists in Europe have been given access to 
potent sedatives (e.g., Propofol) [19, 20]. 
However, this is as controversial in Europe as it is 
in the US: [21].

Challenges and Setbacks

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 wide-
spread 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 mixture because they 
failed to turn the gas flow 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 in the recovery area and, neither the 
nurse nor the doctor reacted quickly enough to 
prevent permanent hypoxic brain damage [22].
Lack of sufficient training was the prominent 

issue with these cases and although it is tempting 
to think that anesthesiologists would not have 
made those mistakes, it is important to accept 
that every professional is vulnerable to human 
error. The doctor in the dental sedation disaster 
was an anesthesiologist.

In the Netherlands there have been three 
severe accidents in the last decade (2 with a fatal 
outcome and 1 with permanent neurological 
damage) in hospitalized children during seda-
tion for MRI scanning. In all cases, sedation 
was provided by nonanesthesiologists, using 
combinations of long-acting sedatives. Health 
Inspectorate’s investigation clearly showed that 
existing safety guidelines were not implemented 
in these cases. The question rose whether these 
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were isolated incidents. Subsequently, adherence 
to safety guidelines on pediatric procedural seda-
tion in all hospitals in the Netherlands was inves-
tigated; adherence was not high and was 
unsatisfactory [23]. A nationwide survey of pedi-
atricians queried their adherence to Pediatric 
Sedation (PS) safety guidelines. These guidelines 
were divided into presedation assessment, moni-
toring during PS, recovery and facilities, and 
competencies for emergencies and rescue. 
Pediatricians from 88 of the 97 Dutch hospitals 
responded. Less than 25% of respondents adhered 
fully to safety guidelines [24].

In a pilot survey among European pediatric 
anesthesiologists, we have found that similar acci-
dents have happened elsewhere although none 
have been published. The exact characteristics of 
sedation practices by nonanesthesiologists have 
not been studied systematically but we believe 
that unsafe practice is still widespread [25].

Monitoring

Capnography and level of consciousness monitor-
ing are probably less frequently used in Europe as 
compared to the United States. Capnography is 
useful, that cannot be denied, but probably its 
general use in sedated patients may not be wide-
spread. A study from Turkey promotes its value in 
maintaining safety [26]. Limitations to its adop-
tion have included limited financial resources. 
BIS and other monitors are scarcely used in the 
operating rooms for children; yet, they do have a 
place in the management of children who cannot 
tolerate standard anesthesia [27].

Recommendations

Anesthesiologists throughout the world have been 
quick to state the problems of sedation by the 
untrained and have published guidelines to pre-
vent disasters. Excluding dentistry, the UK guide-
lines focused first on the Radiology setting [28] 
and then in 2001 the Academy of Medical Colleges 
responded to reports of unacceptable mortality in 
adult patients having esophago-gastroscopy [29]. 

They stated clearly, that “organizations should 
ensure that staff receive sedation training.” The 
Scottish Intercollegiate Guidelines Network [30] 
gathered a body of opinion from across many spe-
cialties and developed a clinical guideline that has 
been quoted and used widely. In Italy, a fine review 
and guideline was produced for pediatric neurora-
diology [31]. A guideline for nonanesthesiologists 
has been published for application throughout 
Europe [32]. However, in our own survey most 
respondents were not aware of any national or 
European guideline. National guidelines are avail-
able in the UK, Netherlands, and France.

Had any of these guidelines been applied, the 
aforementioned disasters would not have hap-
pened. Although these guidelines may have 
already, prevented many catastrophes, in the 
authors’ opinion they would benefit from endorse-
ment and dissemination by the specialty organi-
zations. The dentists have progressed the most in 
sedation management and their efforts are dis-
cussed later. Capnography, properly applied, 
would have warned of a respiratory problem and 
may have avoided fatal outcomes.

Definitions

Initially, conscious sedation was an accepted 
endpoint or landmark in the continuum of con-
scious 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 [33]. Nevertheless, 
conscious sedation remains a common term 
[28, 34]. In the UK, dentists prefer the term con-
scious sedation because they define this as a level 
of sedation at which the patient responds easily to 
commands rather than any other stimulus.

The term deep sedation was not approved [28] 
and still is not in some professional groups, because 
it was indistinguishable from anesthesia. While 
this point may be overstated, it has led to the rec-
ommendation that both deep sedation and anesthe-
sia must be managed by the same personnel, 
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equipment, and facilities. The definition therefore 
becomes more useful as a description of the 
intended conscious level rather than as a division 
on the basis of resources or risk. In a similar desire, 
two other descriptions of deep sedation/anesthesia 
have been used. Light anesthesia [35] or minimal 
anesthesia [36] are terms that could be used to 
describe a technique in which the patient seems 
unconscious although any appreciable stimulation 
is likely to rouse them. Propofol or sevoflurane 
[37] have been used to provide conditions with 
sufficient immobility 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 [38].

The question remains how well these defini-
tions reflect reality and to what extent the out-
come level can be predicted, especially when 
non-titratable drugs are used. These questions are 
relevant since procedural sedation by nonanes-
thesiologists is often performed using long-acting, 
nonintravenously administered medications. Motas 
showed that common drugs (e.g., chloral hydrate, 
midazolam, pentobarbital) in average doses cause 
wide variations in depth of sedation [39]. The 
goal of either conscious or deep sedation was not 
achieved in a significant number of children. 
Considering sedation levels as a sliding scale, 
rather than a step-by-step decline of conscious-
ness, the Dutch working group on Procedural 
sedation decided to define in their new evidence-
based guideline the same safety precautions for 
all levels beyond anxiolysis/mild sedation (www.
cbo.nl).

Training and Credentialing

With the exception of dental sedation, there are 
no national training programs or qualifications for 
sedation. It is difficult to design a universal train-
ing schedule for the many different types of seda-
tion, some of which will not be relevant for 
specialists. Four strategies that could move us 

towards credentialing have been clearly identified 
by Krauss and Green. [40] We favor the option of 
creating a safe and effective service controlled by 
the institution who takes their direction from 
national and professional guidelines. Such a sys-
tem should bring development of efficient train-
ing that may evolve into national training 
schedules.

A seemingly straightforward skill that all 
sedationists should have is airway management 
and resuscitation. Access to live patients is a lim-
iting factor and the development of life-like man-
ikins is a potential solution. European resuscitation 
courses are widespread but do not aim to teach 
the monitoring and proactive airway skills that 
sedationists need. This should be a common com-
ponent of specialty-specific sedation training 
courses.

Implementation

Several implementation factors separate Europe 
from the US. European standards of practice are 
mainly enforced by professionals themselves, 
whereas in the US the aspirations of profession-
als are enforced by financial penalty by insurance 
companies who demand that standards are main-
tained. In the UK, the National Institute of 
Clinical Excellence and Healthcare are produc-
ing guidelines for specific clinical problems and 
these will be enforced by government directive as 
well as by financial penalty to Hospitals. Clinical 
Governance is a term applied in the UK NHS to 
force individuals to bear responsibility for their 
actions and make sure that someone is account-
able for failings in the service; it has helped 
improve quality and safety.

The number of malpractice actions is reputed 
to be highest in the US and the threat of financial 
loss and public distrust has been a driver for 
change. The publication of the US closed claims 
analyses has been very helpful and although 
defense organizations publish case studies and 
recommendations, there is nothing in that scale 
available in Europe.

In the Netherlands, and elsewhere, the imple-
mentation of guidelines on Procedural Sedation 
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and Analgesia (PSA) has been encouraged by 
raising public awareness through media and 
charities.

Common European Sedation 
Practice for Selected Procedures

Radiology

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 alterna-
tive to anesthesia [41, 42]. Chloral hydrate [43] 
or Triclofos [44] 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 one hour and remain asleep for approxi-
mately 45 min. In older children, few drugs are as 
effective, leading most hospitals to abandon seda-
tion in this group [45]. Pentobarbital was with-
drawn in the UK in the 1960s due to its potential 
for abuse. Secobarbital has been used but causes 
paradoxical reactions (as in pentobarbital). 
Dexmedetomidine, although not widely available 
in Europe was trialed in Turkey [46, 47]. So-called 
lytic cocktails are still commonly in use in the 
Netherlands.

The unreliable nature of sedation has caused 
many, if not most, hospitals to develop anes-
thesia led services [48] because there is a gen-
eral acceptance that anesthesia is more efficient 
and maybe safer [49]. Certainly propofol [50] 
and sevoflurane [37] are standard techniques 
that are compatible with rapid recovery to 
street-fitness. Propofol may need to be com-
bined with other drugs to maintain immobility 
and recently a combination of midazolam, nal-
buphine and low dose propofol has been found 
to be reliable [51].

Interventional Radiology and Cardiology
Many intravenous lines can be inserted with a 
combination of moderate sedation and behavioral 
techniques; however, this requires appreciable 

effort to select children who can tolerate this 
course. Ketamine may be an alternative tech-
nique but we believe that interventional radiol-
ogy is more readily managed by an anesthesia 
service because of its flexibility and the ability 
to overcome almost any problem. For cardiol-
ogy some countries have managed to maintain 
an effective sedation service using a range of 
techniques involving combinations of propofol 
[52], ketamine [53], and remifentanil [54], but 
our view is that the practice of controlled venti-
lation using tracheal intubation and standard 
anesthesia techniques is more reliable and cre-
ates optimal conditions for imaging and mea-
surements [27, 55].

Gastroenterology

We believe that many hospitals in Europe use 
sedation for endoscopy with a combination of 
benzodiazepines and opioids [56]. Surveys in 
both the Netherlands and the UK showed that 
50% of endoscopies in nonuniversity hospitals 
are performed under this regimen. If there have 
been few problems, this is a credit to the judg-
ment of gastroenterologists because the litera-
ture suggests that sedation is difficult especially 
for esophagoscopy [57]. It is likely that most 
practitioners prefer anesthesia [58]. An exciting 
development for gastroenterologists is the use 
of propofol without tracheal intubation for upper 
and lower endoscopies [45]. Some anesthesiolo-
gists are confident that this is a safe approach 
[19, 45, 59, 60] provided the gag reflex is not 
completely suppressed during upper endoscopy; 
lower endoscopy 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 reliable and safe alternative 
to benzodiazepine-based sedation, but it radi-
cally increases the patient throughput. In finan-
cial terms, this technique seems unbeatable. 
However, there may be many circumstances 
when it is not appropriate and many anesthesi-
ologists believe that a technique involving tra-
cheal intubation remains the safest of all. 
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Propofol, remifentanil, and desflurane could be 
used in a technique that is equally rapid (espe-
cially for colonoscopies).

Oncology

Many techniques are possible for children who 
need repeated painful oncology procedures. 
With practice, nitrous oxide alone is potentially 
useful. In most countries we believe that intra-
venous anesthesia is preferred [61]. Without 
anesthesia services, ketamine is a reliable tech-
nique. The addition of a short acting opioid to 
propofol is probably a common technique 
because it reduces the dose of propofol. Propofol 
with remifentanil has the potential to provide 
the most rapid technique. The apnea that it can 
cause indicates that the child will remain immo-
bile during the procedure, albeit with assisted 
ventilation [62].

Emergency Medical Care

Procedural sedation and analgesia is being devel-
oped and applied on both sides of the Atlantic. 
There seems to be a gradual but steady progres-
sion by Emergency Physicians to develop their 
own standards and protocols such that in Europe 
and in the US, hospitals support the use of ket-
amine [63], opioids, and propofol to manage 
children for minor procedures. There may be a 
trend for emergency departments becoming 
focused on quality and safety. However, PSA is 
currently not incorporated in European training 
programs. A recent European study showed that 
in most Pediatric Emergency Departments (PED), 
PSA is practiced to the level of mild to moderate 
sedation. In about 20% of the PEDs deep seda-
tion is not provided by the staff, while 7.5% of 
departments had no PSA available for their 
patients [64].

Alternatively, some hospitals have made extra 
efforts to provide anesthesia services, usually at 
fixed times of the day, to meet maximum demand 
[65]. In the UK, a ketamine protocol has been 
produce by the College of Emergency Physicians 

(http://www.collemergencymed.ac.uk/CEC/cec_
ketamine.pdf); it is clear and explicit.

Dentistry

Dentists were pioneers of sedation and many are 
expert in their practice. They know that during con-
scious (moderate) sedation the patient should be 
rousable by verbal command but in addition they 
have observed that the mouth closes during deeper 
sedation. To keep the mouth open is a voluntary 
action and therefore mouth closure warns the den-
tist of a potential problem with the airway. It is 
important therefore to not use a mouth prop to keep 
the mouth open during sedation. Effective local 
anesthesia should make sedation much easier [66] 
yet many patients are fearful of the pain of needles 
in the mouth. For patients who will not, despite all 
behavioral techniques, accept the insertion of local 
anesthesia, sedation deeper than mild sedation is 
probably necessary. Mild sedation rarely, if ever, 
changes a yes to a no.

Nitrous oxide relative analgesia (RA) has been 
popular because it is remarkably safe and surpris-
ingly well tolerated by children [67]. Dental 
“gas” machines are designed with devices to pro-
tect the patient against hypoxic gas mixtures and 
the breathing system connects to a nasal mask 
from which scavenging is possible. In children 
who tolerate nitrous oxide, gas mixtures with less 
than 30% nitrous oxide are almost always effec-
tive. More than this causes dysphoria, dizziness, 
and nausea [38]. Recommendations accept that 
hypoxia is so unlikely that pulse oximetry and 
fasting are unnecessary (large meals beforehand 
are discouraged however) [68]. Nitrous oxide 
given in a 1:1 mix with oxygen has been used in 
many children for a variety of procedures [6]. 
Hypoxia was rare, as was any airway obstruction 
and these problems only occurred when the 
patient had a cerebral disorder or was having 
another sedative drug [7]. Furthermore, in obstet-
ric practice, fasting and pulse oximetry are not 
required during nitrous oxide analgesia (although 
nitrous oxide is self administered via a demand 
valve in contrast to the free flow apparatus used 
in Belgium and France).
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Standard sedation for children is limited to RA 
in most parts of Europe [69]. When nitrous oxide 
is insufficient to calm a patient, other drugs have 
been added. These may tip the patient into deep 
sedation, 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% sevoflu-
rane, the dental treatment was completed in 52% 
and 89%, respectively. The same team, in another 
study, found that sevoflurane (0.3%) added to 
nitrous oxide (40%) and intravenous midazolam 
was effective in 93% (249/267) of anxious chil-
dren who would have been given general anes-
thesia otherwise [70]. All children remained 
rousable and none required airway management 
or oxygen – nevertheless, all children were fasted 
and monitored and these techniques were deliv-
ered by trained anesthesia personnel in a special-
ist dental clinic.

Other dentists have tried oral drugs. Oral and 
rectal benzodiazepines are commonplace in 
Sweden [71]. Midazolam is often useful to calm 
children [72] but treatment may have to be lim-
ited to minor restorations only [73]. In uncoop-
erative toddlers (2–4-year old) a cocktail of 
chloral hydrate, meperidine, and hydroxyzine 
was effective in only 72% and adverse conditions 
including vomiting, desaturation, prolonged 
sedation, and an apneic event occurred in 3% of 
all sedations (but were reported as minor) [74].

Intravenous midazolam alone is recommended 
in the UK for anxiolysis in children over 16 [69] 
and may be appropriate and effective in younger 
adolescents [75]. Propofol has been used alone as 
a sedation technique but lacks the analgesic com-
ponent to enable insertion of local anesthesia 
[76]. Consequently, intravenous cocktails con-
taining midazolam, alfentanil, ketamine, and 
propofol are being explored [77, 78]. A recent 
review of experience in 1,000 cases shows that 
these drugs can be combined safely [79]; loss of 
verbal contact occurred in approximately 0.05% 
and nausea was a problem in 5%. Whether this 
“alternative” technique can be called sedation is 
debatable if it is unknown whether it will cause 
accidental anesthesia. Certainly, alfentanil can 
cause apnea when the pain of dental treatment 
has subsided [22].

Many of these specialist techniques may not 
be applicable outside specialist centers and there 
is some evidence to support the view that most 
dentists and anesthetists believe that uncoopera-
tive children should be managed with short act-
ing anesthesia in a hospital setting [80, 81]. 
Recently, in the UK, a group of dentists have 
pressed for conscious sedation techniques to 
progress beyond the limits of RA (and benzodi-
azepines for adolescents). They now have 
recommendations to develop new sedation tech-
niques using subanesthetic doses of potent 
anesthesia drugs. Time will show how safe these 
techniques are.

New and Future Developments

Training and accreditation are the most important 
objectives for sedationists around the world. 
Their skills need to be focused on the type of 
sedation that they need to administer and their 
protocols will need to restrict their practice to 
avoid unexpected problems. We believe that air-
way management and monitoring skills should 
be generic to any qualification.

A new guideline – Sedation for diagnostic 
and therapeutic procedures in children and 
young people – has been developed in the UK 
and published by NICE in December 2010 [82, 
83]. NICE is the National Institute for Health and 
Clinical Excellence of the UK. These guidelines 
incorporated evidence of safety and efficacy of 
selected sedation drugs, consensus statements 
about patient management, and cost effectiveness 
considerations. Important deviations in these 
guidelines from those of the United States are the 
recognition of propofol and sevoflurane inhala-
tion as agents appropriate for pediatric sedation 
[82] (Table 17.1). This NICE guideline is unique 
among other NICE guidelines because it speci-
fies the principles of training needed to use effec-
tive sedation techniques safely. It states that 
healthcare professionals trained in the delivery of 
anesthesia may administer sevoflurane, propofol, 
or a combination of opioids with ketamine. 
A treatment pathway and sedation algorithm is 
detailed in Fig. 17.1 [82].



360 M.R.J. Sury and P.L.J.M. Leroy

Table 17.1 Current licensing status for sedation drugs* (NICE Guidelines)

Drug Indication
Licensed use (taken from the British National 
Formulary for children (BNFc) 2010/113)

Chloral hydrate For mild to moderate sedation Not licensed for sedation in painless procedures. For 
dosing (by mouth or by rectum) for painless 
procedures in children from neonates to 18 years, see 
the BNFc

Fentanyl For analgesia and for improved  
anesthesia

Licensed for use in children older than 1 month with 
spontaneous respiration for analgesia, and during 
operations for improved anesthesia by intravenous 
injection over at least 30 seconds

For moderate to deep sedation If deep sedation is needed. a general anesthetic (e.g., 
propofol or ketamine) or a potent opioid (e.g., 
fentanyl) may be used; these should be used only 
under the supervision of a specialist experienced in 
the use of these drugs

Intranasal diamorphine For mild to moderate sedation  
in managing acute pain and short  
painful procedures

Licensed for intranasal route but listed in the BNFc as 
follows: acute pain in an emergency setting or short 
painful procedures; intranasally in children heavier 
than 10 kg

Ketamine Anesthesia Licensed for use in anesthesia for all ages; intrave-
nous and intramuscular

Lower doses are used  
for moderate sedation

If deep sedation is needed, a general anesthetic (e.g., 
propofol or ketamine), or a potent opioid (e.g., 
fentanyl) may be used. However, they should be used 
only under the supervision of a specialist experienced 
in the use of these drugs

Midazolam For mild to moderate  
(also referred to as conscious)  
sedation

Not licensed for use in children younger than 6 
months for premedication and conscious sedation
Not licensed for use by mouth or by buccal 
administration
Intravenous midazolam is not licensed for use in 
children younger than 6 months for conscious 
sedation
No UK marketing authorization for oral or intranasal 
midazolam for sedation. However, dosing for children 
from age 1 month is given in the BNFc

Morphine Analgesia and for deep sedation Licensed for analgesia in all ages; subcutaneous or 
intravenous. Other routes have restricted licensing; 
Oramorph solution (morphine) is not licensed for use 
in children younger than 1 year; Oramorph unit dose 
vials is not licensed for use in children younger than 6 
years; Sevredol tablets (morphine) are not licensed for 
use in children younger than 3 year; MST continuous 
preparations (slow release morphine sulfate) are 
licensed to treat children with cancer pain (age range 
not specified by manufacture); MXL capsules 
(morphine) are not licensed for use in children younger 
than 1 year). If deep sedation is needed, a general 
anesthetic (e.g., propofol or ketamine) or a potent 
opioid (e.g., fentanyl) may be used; these should be 
used only under the supervision of a specialist 
experienced in the use of these drugs

 (continued)
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Drug Indication
Licensed use (taken from the British National 
Formulary for children (BNFc) 2010/113)

Nitrous oxide For minimal to moderate sedation 
during relatively short procedures

50% nitrous oxide licensed for use in sedation for all 
ages (inhalation); nitrous oxide in concentrations > 
50% is not licensed for analgesia without loss of 
consciousness

Opioids For moderate to deep sedation If deep sedation is needed, a general anesthetic 
(e.g., propofol or ketamine) or a potent opioid 
(e.g., fentanyl) may be used; these should be used 
only under the supervision of a specialist experienced 
in the use of these drugs

Propofol Anesthesia Licensed for use in all children older than 1 month in 
intravenous doses of 0.5% or 1%

For moderate to deep sedation Licensed for use in people older than 17 years
The Guideline Development Group decided to 
recommend off-label use of propofol for sedation in 
children of all ages. This was because propofol is 
widely used in the UK for sedation in children of all 
ages and the doses used for sedation are much lower 
than those used for anesthesia. If deep sedation is 
needed, a general anesthetic (e.g., propofol or 
ketamine) or a potent opioid (e.g., fentanyl) may be 
used; these should be used only under the supervision 
of a specialist experienced in the use of these drugs

Sevoflurane Anesthesia Licensed for use in anesthesia for all ages (inhalation)
For moderate to deep sedation Sedation is outside the licensed use

* These drugs have been recommended for pediatric sedation. Informed consent should be obtained and documented for 
the use of any drug outside the licensed indications
Source: Reproduced from Sury et al. [82], with permission from BJM Publishing Group Ltd

Table 17.1 (continued)

Is the procedure painful (for example, suture laceration or manipulation of fracture)?

Is the procedure endoscopy?

No

No

NoYes

Yes

Yes

Is the procedure dental?

Consider a local anaesthetic

 Upper gastrointestinal: consider
   intravenous midazolam for minimal or 
   moderate sedation
 Lower gastrointestinal: consider fentanyl

   (or equivalent opioid) and intravenous
   midazolam for moderate sedation

 Do not routinely use ketamine or opioids
 For children and young people who are

  unable to tolerate a painless procedure
 (for example, during diagnostic imaging
 consider either:
   - chloral hydrate for children under 15 kg, or
   - midazolam
If these are not suitable, consider one of
the following drugs ministered by a
specialist healthcare professional with a
narrow margin of safety:
  - propofol
  - sevoflurane

 For minimal or moderate sedation consider using one of the
  techniques in A. If these are unsuitable consider one from B.
  If these are unsuitable consider C
A: Nitrous oxide (in oxygen); midazolam (oral or intranasal)
B: Ketamine (Intravenous or Intramuscular); intravenous midazolam
with or without fentanyl (for moderate sedation)
C: Specialist sedation technique such as propofol with or without
 fentanyl

 For children or young people who are unable to tolerate a painful
  dental procedure with local anasthesia alone, consider minimal
 to moderate (conscious) sedation with either nitrous oxide (with
 oxygen) or midazolam
 If these techniques are not suitable, refer to a specialist team

  for an alternative to achieve moderate (conscious) sedation

Fig. 17.1 Sedation algorithm and pathway (reproduced from Sury et al. [82], with permission from BJM Publishing 
Group Ltd)
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In the Netherlands, the Dutch Institute for 
Healthcare Improvement (CBO) commissioned 
Pediatric Guidelines for Procedural Sedation and/
or Analgesia (PSA) at Locations Outside the 
Operating Theatre from the Netherlands Society 
of Anesthesiologists and the Dutch Society of 
Pediatrics [84]. Recently published in 2011, the 
Guidelines were meant to represent six important 

cornerstones, notably including the optimal use 
of local or topical anesthesia, nonpharmacologi-
cal techniques, and the prohibition of forced 
securing and restraint [84] (Table 17.2).

These Dutch guidelines were noteworthy 
because they distinguished deep sedation from 
dissociative sedation [84] (Table 17.3). Sedation 
of ASA III and IV patients by nonanesthesiologists 

Table 17.2 Cornerstones of a comprehensive policy towards procedural comfort in Children, Dutch Institute for 
Healthcare Improvement

1. Prevention of procedural pain and stress
2. An active policy in relation to the prevention of forced securing and restraint
3. Optimal use of effective forms of local or topical anesthesia
4. The systematic application of effective non-pharmacological techniques (preparation, distraction, hypnosis, etc.)
5.  The application of the most adequate PSA technique, individually titrated and carried out by a trained 

professional
6.  A local policy towards the ready availability of the so-called “rescue anesthesia” if a PSA technique turns out to be 

inadequate or if it can be anticipated that the available PSA techniques may be insufficient or unsafe in an 
individual patient

Source: Reproduced with permission from [84]. Table 17.1. Note: The final version of the guidelines is pending approval 
by the Dutch Society of Pediatrics and the Dutch Society of Anesthesiology

Table 17.3 Definitions of different levels of sedation, Dutch Institute for Healthcare Improvement

1.  Light sedation/anxiolysis: Two states that are difficult 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 significant 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 1 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 reflexes are intact, and ventilation is adequate. If the response is not clearly adequate and purposeful 
but more of a withdrawal reflex, 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 reflexes 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 reflexes, 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

Source: Reproduced with permission from [84]. Table 17.2. Note: The final version of the guidelines is pending approval 
by the Dutch Society of Pediatrics and the Dutch Society of Anesthesiology
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is discouraged and, if performed, should be done 
only after consultation with an anesthesiologist 
and by a specially trained and credentialed nonan-
esthesiologist. Fasting status (NPO) deviates from 
guidelines of other specialty societies in that light 
sedation does not need NPO status. An emergent, 
acute condition in a child who does not have an 
empty stomach is not an absolute contradiction for 
PSA [84] (Table 17.4).

Propofol, in the Dutch guidelines, although 
preferably administered by an anesthesiologist, 
may be delivered, by an experienced nonanesthe-
siologist for ASA I and ASA II patients. Patients 

of ASA III status and higher can only receive 
propofol from an anesthesiologist [84] (Table 17.5). 
These guidelines are unique in that they have spe-
cific recommendations which are procedure based: 
Gastrointestinal procedures in particular should 
favor propofol, if necessary in combination with 
midazolam or an opioid [84] (Table 17.6).

It is hoped both the NICE and Dutch initia-
tives will be a fresh attempt to consider the evi-
dence about effective and safe sedation for 
children and that their output will further encour-
age an improvement in the services available to 
children in Europe and beyond.

Table 17.4 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 (two hours 
for clear liquids, four hours for breastfeeding, and six hours for other meals)

3.  A child in an acute condition without an empty stomach is in itself no absolute contra-indication 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 reflexes 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 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

Source: Reproduced with permission from [84]. Recommendation 10. Note: The final version of the guidelines is pend-
ing approval by the Dutch Society of Pediatrics and the Dutch Society of Anesthesiology

Table 17.5 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 nonanesthesiologist, 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

Source: Reproduced with permission from [84]. Note: The final version of the guidelines is pending approval by the 
Dutch Society of Pediatrics and the Dutch Society of Anesthesiology
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Introduction

Pediatric sedation for diagnostic and surgical 
procedures outside the operating room remains a 
controversial issue worldwide. Healthcare cen-
ters are, however, experiencing an increasing 
demand in this regard. The stage may even have 
been reached where the number of children 
requiring sedation outside the operating room 
may be approaching the number of children 
requiring general anesthesia. Pediatric sedation is 
probably one of the fastest growing areas in 
patient care as it can in appropriate situations 
offer a safe alternative to anesthesia in operating 
rooms of limited capacity. One of the challenges 
is that children probably represent a population 
with the highest risk/lowest error tolerance.

Pediatric sedation services can be defined as 
the formal allocation of identifiable resources and 
providers in order to provide scheduled sedation 
for children at various locations outside the oper-
ating room [1]. A wide variety of specialties and 
subspecialties, anesthesiologists as well as nonan-
esthesiologists, are involved in pediatric sedation, 
utilizing different drugs and administered by dif-
ferent routes. There is probably little agreement 
as to who should be the sedation provider or on 

the drugs to be administered, the techniques 
employed, the practice settings, and what support 
staff should be involved in pediatric sedation 
 outside the operating room. Unfortunately, few 
institutions have dedicated and structured pediatric 
sedation services in spite of the recommendations 
from various organizations in this regard [2].

Sub-Saharan Africa is a densely populated and 
resource-poor subcontinent and has unique chal-
lenges in patient care, including a lack of sufficient 
facilities and staff for performing operations in the 
traditional operating room. Therefore, a growing 
demand for sedation services for procedures out-
side the operating room exists and it will most 
probably continue to increase, especially in the 
rural areas of Africa. Pediatric sedation will thus be 
a big plus factor in providing affordable health care 
for certain procedures in such settings. Training in 
pediatric sedation services remains a major obsta-
cle and very few centres in Africa provide struc-
tured pediatric sedation training, let alone structures 
for the maintenance of competencies at all levels. A 
system is needed that can accredit individual seda-
tion practitioners and training must be expanded to 
include other healthcare professionals in order to 
meet this growing demand for sedation services. 
This is not a simple process because of the shortage 
of resources and the vast distances people have to 
travel in order to receive training and to maintain 
their clinical competence.

The shortage of healthcare professionals to 
provide sedation services outside the operating 
room needs to be addressed. There are simply not 
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enough trained healthcare professionals available 
to meet these demands and, with an ever-growing 
population and the attending economic realities, 
this is not about to change. A lack of knowledge 
on sedation and a lack of understanding that pedi-
atric sedation can be a safe alternative to general 
anesthesia for certain procedures outside the 
operating room, hampers the development of 
structured sedation services in most countries 
around the world. Information on the value of 
sedation should be made available in order to 
help inform healthcare personnel on sedation as a 
safe alternative to general anesthesia. In addition, 
more training opportunities for sedation practi-
tioners should be created. This is only possible by 
the enthusiastic collaboration between the disci-
pline of anesthesiology and other relevant health-
care disciplines/subdisciplines, especially in 
far-flung areas such as rural Africa with its unique 
problems. More research is necessary at univer-
sity level, with international collaboration, to 
assess the use of drugs and drug combinations 
that can be used for safe pediatric sedation out-
side the operating room in such circumstances.

The demand for sedation for procedures on 
children outside the operating room already 
seems to exceed the capacity for offering anes-
thetic services in the operating room. This is a 
serious problem that will have to be addressed to 
ensure that sufficient sedation providers are avail-
able to provide sedation services, and sufficient 
anesthesiologists to provide anesthetic services, 
especially in resource-poor settings. The short-
age of providers and lack of training is probably 
the most common barrier to the development of 
universal pediatric sedation services. In an effort 
to address the problem, this author has spent the 
last decade and more in developing training pro-
grams for sedation practitioners and in develop-
ing protocols for safe sedation services. The 
results of these endeavors are outlined below.

Sedation Training

Sedation training in Africa, on an organized and 
structured basis, was nonexistent before the year 
2000. Since then a Postgraduate Diploma in 

Sedation and Pain Control has been offered in 
South Africa to anesthesiologists and nonanesthe-
siologists in the principles and techniques of both 
pediatric and adult sedation, first at Stellenbosch 
University and later the University of the Western 
Cape. Anesthesiologists and dentists are trainers 
for this part-time modular program, which is pre-
sented over 2 years. During the first year of train-
ing, three contact sessions lasting 3 full days each 
are held – this period is spent on both theoretical 
and practical training, and involves both medical 
and dental cases for sedation. All students must 
have an Advanced Adult Life Support and 
Advanced Pediatric Life Support certification 
before they can proceed to the second year of 
training. Certification must be updated regularly. 

The second year of training involves again the-
oretical and practical training. Students must then 
also 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 during the 2 
years of study in order to acquire more practical 
training in other related areas of sedation and pain 
control. Students in possession of the diploma in 
sedation and pain control can then proceed to do a 
research Masters degree. The diploma and Masters 
programs attract students from all corners of 
Africa, and even from other countries outside 
Africa, as few structured sedation training pro-
grams are available elsewhere. The majority of our 
students are nonanesthesiologists, usually medical 
practitioners with a special interest in sedation 
practice – the self-proclaimed “professional seda-
tion practitioners.” This is a career pathway for 
them. Subsequently, other areas of Africa have 
requested development of similar sedation pro-
grams. The author has since initiated sedation 
training at universities in Nairobi, Kenya, and at 
institutions in other African states. Healthcare pro-
viders across Africa now recognize that sedation 
offers an acceptable alternative to general anesthe-
sia for some various and diverse procedures. 

As interest in creating formal sedation train-
ing programs grows, centers in developed coun-
tries are initiating sedation training programs. A 
collaboration with University College London in 
the United Kingdom has been established, 
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directed and taught by Dr. James Roelofse, the 
founder of the South African Postgraduate 
Diplomas in Sedation. A Postgraduate Certificate 
in Sedation and pain Control is now offered in 
London.

A review of world-wide opinions and guide-
lines begs an important question. Who qualifies 
for sedation training, i.e., are nonanesthesiologists 
in the developing nations with limited resources 
capable of providing safe sedation to children? [3] 
Particularly, in underdeveloped countries, anes-
thesiologists are limited. Healthcare practitioners 
would need to be trained as pediatric sedation pro-
viders to meet the growing need [2]. Therefore, 
nonanesthesiologists are accepted into the above-
mentioned training programs, as they can play a 
vital role in providing sedation services, particu-
larly in rural areas. Almost all the nonanesthesi-
ologists on our course, apart from dentists, have a 
diploma in anesthesia from the College of 
Medicine of South Africa. Everyone is required to 
have training in anesthesia. Nonanesthesiologists 
and anesthesiologists receive the same training 
for the diploma program. The diploma program 
provides didactics on all matters related to safe 
sedation practice and emphasizes that only ASA I 
and II patients qualify for their care. The collabo-
ration of anesthesiologists to train and educate 
nonanesthesia caregivers to safely sedate a clearly 
identified pediatric population (ASA I and II) is 
an important first step in Africa. By being involved 
in the training of nonanesthesiologists, the spe-
cialty of anesthesia will retain its influence on the 
quality and direction of patient care and sedation 
practice.

Complicated multidrug sedation techniques 
are not always necessary for children. All health-
care professionals involved in pediatric sedation 
must be trained in specific sedation techniques 
and must follow the accepted guidelines and pro-
tocols. Even anesthesiologists should be trained 
in specific sedation techniques i.e., in dentistry. 
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” [4]. The 
guidelines state that it is essential that there is 
“evidence of training (even for anesthesiologists) 
in specific alternative sedation techniques, in 
an appropriate environment.” Children under 12 
years of age are specifically mentioned as a group 
for whom sedation providers must receive formal 
training. The American Society of Anesthesiologists 
(ASA) has published guidelines for sedation 
services provided by nonanesthesiologists [5], 
and the guidelines have been endorsed by the 
American Academy of Pediatrics (AAP), and the 
Joint Commission [6–8].

Sedation Models

To find an acceptable pediatric sedation model 
that suits every case is difficult. Children under-
going diagnostic or therapeutic procedures are 
usually frightened and uncooperative. Anxiety 
and fear may be exacerbated by many different 
stressors especially previous unpleasant experi-
ences. The need to provide analgesia together 
with sedation for painful procedures has resulted 
in the proliferation of many pharmacological 
agents used in combination. Polypharmacy, with 
its possible adverse events/complications for the 
untrained, has become commonplace especially 
for painful procedures. Sedation provider ser-
vices outside the operating room are in demand 
inside the hospital environment, in the office/
surgery, or in other facilities that meet all the 
requirements for safe sedation practice [2].

The various pediatric sedation models that 
have been established throughout Africa will be 
reviewed below.

The Sedation Unit Model Within 
the Hospital

This model allocates a designated area of the hos-
pital 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 makes students appreciative of 
this ideal environment for safe sedation practice. 
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This designated area most commonly provides 
dental sedation and is adjacent to the operating 
room should a failed sedation case need to prog-
ress to general anesthesia. Children receive oral 
or transmucosal sedation in the recovery area and 
are then transported to the sedation room, and 
back to the recovery area after the procedure. The 
area also has a nitrous oxide/oxygen unit, includ-
ing a separate portable nitrous oxide/oxygen unit 
with a sevoflurane vaporizer. Low concentrations 
of sevoflurane (0.3%) can be added for very anx-
ious children, delivered by trained nonanesthesi-
ologists. Parents/escorts are allowed to accompany 
the child into the sedation room until the child is 
comfortable, but must leave once the procedure is 
commenced.

We have primarily embraced the pediatric den-
tal model for training purposes – this is a unique 
model as the airway is shared by both the sedation 
practitioner and the surgeon. This is an ideal situ-
ation for training safe sedation techniques. In our 
sedation unit, we provide intravenous sedation for 
over 800 cases a year. Only ASA I and II patients 
are done outside the operating room in our unit.

Pediatric dental care is still a problem in devel-
oping countries as in Africa. Many of the pediat-
ric cases we do under intravenous sedation need 
extensive dental surgery. Longer periods of intra-
venous sedation using a variety of agents are 
often necessary to complete the work. It is some-
times impossible to do dental fillings because of 
extensive damage to teeth – multiple extractions 
are often necessary. Our sedation unit is a day-
care facility. The sedation unit is staffed by both 
anesthesiologists and nonanesthesiologists who 
work in the unit on a part-time basis. Funding for 
the actual sedation service is provided by the 
government and the university.

The Mobile Sedation Model  
Within the Hospital

This model requires that sedation providers, i.e., 
both anesthesiologists and nonanesthesiologists, 
render a sedation service at a distant site within 
the hospital. This site is usually proximal to the 
inpatient hospital wards. For this, they use portable 

sedation equipment and the appropriate drugs for 
sedating children in multiple locations in the hos-
pital, e.g., for bone marrow biopsies [9]. Children 
are sedated, receive the procedure, and recover at 
the site of the procedure by the sedation provider 
and support staff. This approach avoids the need 
for the transport of the sedated child between the 
ward and procedure area.

A Combined Sedation Model  
Within the Hospital

A combination of the above-mentioned two mod-
els allows that some children are sedated in the 
unit and transported to fixed facilities, e.g., MRI 
imaging. The sedation unit is reserved for those 
procedures that may be performed on-site.

The Mobile Sedationist Model 
Outside the Hospital

A model that is growing, albeit controversial, is 
administration of sedation in the office or ambu-
latory center by a “mobile sedationist.” Mobile 
sedationists are especially popular for pediatric 
dental procedures and provide the dental practi-
tioner with the opportunity to do procedures in a 
familiar environment equipped with his own spe-
cialized 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 benefits for patients 
and their health insurance companies. As hospi-
tal-associated costs escalate, the demand for 
mobile sedationists by different specialists, such 
as dermatologists and plastic surgeons, is increas-
ing. This development in pediatric sedation ser-
vices makes structured training in specific 
pediatric sedation techniques even more crucial. 
One concern is at what age can one safely sedate 
a child in a remote setting? In South Africa, the 
mobile sedationist model is reserved only for 
ASA I and II children and delivered by healthcare 
professionals appropriately trained in all areas of 
safe pediatric sedation practice.
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The Operator-Sedationist Model

This model does not conform to guidelines and 
policies of some specialty societies outside of 
Africa. However, it tends to be used for simple 
procedures. In this model, the sedation provider 
also performs the procedure. This model is prac-
ticed by dentists and other healthcare profession-
als, usually administering nitrous oxide/oxygen 
inhalation sedation for dental procedures, the 
suturing of lacerations, application of burn dress-
ings, cannulation of veins, etc. In the author’s 
view, the activities of operator-sedationists should 
be confined to the use of single drugs, reserving 
combination drug therapy to the dedicated seda-
tion provider model such as that presented in the 
mobile sedationist model previously. The usual 
techniques for pediatric sedation by operator-
sedationists include standard sedation techniques 
with nitrous oxide/oxygen or oral/transmucosal 
benzodiazepines [4]. Intravenous routes of seda-
tion delivery are not generally used by operator-
sedationists. 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 alternative techniques of seda-
tion delivery, which include continuous infusion 
of drugs, target-controlled infusions, and multi-
drug therapy, are only used by dedicated seda-
tionists in Africa. Members of a pediatric sedation 
team using such alternative techniques must 
include at least two suitably qualified and experi-
enced people. The techniques are especially valu-
able for painful and more complicated procedures, 
as there is no single agent that meets all the 
requirements of an ideal agent.

African Guidelines for Safe Pediatric 
Sedation

Safe pediatric sedation requires that established 
guidelines be rigorously followed. Sedation prac-
titioners doing sedation outside the operating 

room are advised to follow the guidelines of the 
American Academy of Pediatrics (AAP), the 
American Society of Anesthesiologists (ASA), 
and the Joint Commission [5–7, 10, 11]. The 
pediatric sedation guidelines from the South 
African Society of Anaesthesiologists have 
recently been published [12]. These guidelines 
recognize deep sedation as part of the spectrum 
of general anesthesia, only to be administered by 
trained anesthetists. Sedation of children <3 years 
of age is recommended only to be performed by 
practitioners with extensive experience. Pre-
sedation evaluation is emphasized and the airway 
evaluation (physical and clinical history) will 
direct the triage decision. Those with specific air-
way factors should be restricted to sedation in 
hospital only (Table 18.1). Only ASA I and ASA 
II patients may be sedated outside the operating 
room. Fasting guidelines follow 2 h for clear flu-
ids, 4 h for breast milk, and 6 h for formula and 
solid food. Nitrous oxide (50%) does not require 
fasting of any limit. Propofol is identified as a sed-
ative hypnotic and may be administered by an 
“experienced sedationist skilled in airway man-
agement,” with capnography highly recommended. 

Table 18.1 Specific airway factors that exclude sedation 
outside the in-hospital setting

Children with obstructive sleep apnoea (OSA)
Children with known large tonsils approaching the midline 
or associated with loud snoring
Children who cannot lie flat because of airway 
obstruction
Children with stridor
Retropharyngeal masses
Neck masses
Tracheal deviation
Mallampati >2
Neck mobility – decreased range of movement including 
a hydrocephalus with a large head
Syndromic features (Pierre-Robin, Treacher-Collins)
 Enlarged tongue
 Micrognathia
 Abnormal ears
Beware of the child with malignancy – multiple level 
airway obstruction possible
Haemangiomas

Source: From Reed et al. [12]. Reprinted with permission
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Ketofol is identified as a combination of ketamine 
and propofol that work synergistically and may 
be administered as Boluses (Table 18.2); 50 mg 
ketamine with 90 mg propofol diluted to 10 ml 
is the recommended preparation for a 5-mg/ml 
ketamine and 9 mg/ml propofol concentration. 
These guidelines do not approve of remifentanil 
sedation for children but do sanction fentanyl 
and alfentanil in combination with other 
sedatives.

The qualifications of sedation providers are 
recommended to include core training in sedation 
technique in addition to knowledge of anatomy, 
monitoring, airway examinations, and ability to 
rescue.

The safe practice of pediatric sedation has 
three very important components:

Pre-sedation assessment, which is a critical 
component to exclude patient states that may 
affect the risk of sedation or may be a contra-
indication to sedation outside the operating 
room.
Sedation for the planned procedure, attention 
should be focused on safe premises; the 
equipment; the actual sedation process with 
its various aspects including monitoring, 
selection and administration of drugs; and 
documentation.
Recovery and discharge criteria, which may 
be the weakest link in pediatric sedation 
practice.
Hoffman et al. [13] structured a system for 
pediatric procedural sedation by nonanesthe-
siologists using a model based on ASA and 
AAP guidelines. This system includes a seda-
tion plan and a method for the identification of 
risk factors for sedation – colloquially referred 
to as “red flags” – that must be taken into con-
sideration before starting the sedation process. 
This is a very useful system to follow. A training 

program for pediatric sedation techniques, 
outside the operating room, emphasizes the 
need to have such a protocol in place and to 
rigidly adhere thereto.
In all cases, special attention must be paid to 

the following [4]:
Documentation and protocols must comply 
with contemporary guidance [4, 6, 11]. This 
includes documentation before, during, and 
after sedation. Particular attention must be 
paid to pre-sedation assessment and the iden-
tification of risk factors for sedation. 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. No child should be sedated 
without an escort being available to accom-
pany the child home. All the parameters that 
are monitored during sedation must be fully 
documented and any adverse events must be 
entered on the sedation chart.
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 appropriate 
staff and equipment must be available to mon-
itor and rescue a child. Recovery facilities 
must meet all the requirements for safe recov-
ery of the child after sedation. 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 whenever pediatric sedation is done.
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 single agent 
(oral or inhalation) technique should include 
ECG, blood pressure, and pulse oximetry. If 
available, an end-tidal carbon dioxide monitor 

Table 18.2 Dosing schedule for “Ketofol”

Route Dose Onset Duration of action Repeat dose Titration interval
IV 0.05 ml/kga 30–90 s 5–10 min 0.05 ml/kg 1–5 min

Ketofol: 5 mg/ml Ketamine, 9 mg/ml Propofol
a 0.25 mg/kg ketamine and 0.045 mg/kg propofol
Source: From Reed et al. [12]. Reprinted with permission
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should be used. Precordial stethoscope remains 
an inexpensive and practical monitor, espe-
cially in rural settings, which lacks resources. 
It is advisable to have a defibrillator on hand 
whenever pediatric sedation is done outside 
the operating room, especially when combined 
drug techniques are employed.
The team concept is an important aspect of 
pediatric sedation. The team must include 
either the operator-sedationist (for standard 
sedation techniques) or a dedicated sedation-
ist, and support staff. Support staff is required 
to assist with monitoring of the patient and 
must be able to render active support if the 
need for rescue should arise.
The question remains, however, what guidance 

is available to equip the mobile pediatric seda-
tionist who travels to a distant facility/office in 
order to provide a safe pediatric sedation service. 
The protocol for safe practice requires that the 
mobile sedationist must understand that he/she is 
responsible to ensure that the premises meet all 
the requirements for safe sedation practice, and 
also for pre-sedation assessment, intra-operative 
care, and postoperative discharge of the child. The 
sedation practitioner must be assisted by suitably 
qualified healthcare professionals who can assist 
with monitoring and rescue, if necessary.

A novel approach to sedation preparation 
adopts the terminology “hardware” and “soft-
ware.” It is essential that the mobile sedation 
practitioner has both the necessary “software” 
and “hardware” available to provide a safe pedi-
atric sedation service. The “software” includes 
training, skills, and experience that are crucial to 
safe practice. A mobile sedationist must also have 
access to the appropriate office infrastructure. 
This includes secretarial services to take care of 
appointments, the preparation of all the paper-
work that should be sent to the parents ahead of 
time in respect of pre- and postoperative instruc-
tions, and to gather information regarding the 
health status of the child. A patient follow-up 
 system should be in place to allow the parent/
guardian to give postoperative feedback. The 
questionnaire allows for feedback on patient sat-
isfaction and possible side-effects, inclusive of 

postoperative nausea and vomiting, pain during 
the procedure, double vision, and emotional dis-
turbances. The form also invites comment as to 
whether the parent/child would prefer sedation 
again, or rather opt for general anesthesia. This 
assists the sedation team in providing quality care 
to children and supplies valuable information on 
the quality of the pediatric sedation technique(s) 
employed.

What then about the “hardware”? This includes 
disposables, drugs, and equipment. The mobile 
kit must have the following contents:

“Hardware” critical for all procedures
“Hardware” that will be used for some cases 
only
“Hardware” used only occasionally
“Hardware” that one hopefully will never need 
to use
The above is crucial for the mobile sedation-

ist. A basic guiding principle is the assumption 
that the office/facility will provide only suction 
and light. Pack all the hardware personally, plac-
ing it in such a way that it can easily be accessed 
if needed. Bring even the hardware for which 
there is only a remote chance of need. Always 
have more hardware available than you think you 
might need in order to ensure that you never run 
out of anything. Check the contents of the mobile 
kit regularly.

What hardware does the mobile sedationist 
need in the developing world? It is routine to 
carry a stethoscope (preferably a precordial 
stethoscope), blood pressure monitor, and pulse 
oximeter. Mobile sedationists are encouraged to 
use an ECG monitor and capnography when deep 
sedation is intended and to carry a spare pulse 
oximeter. A thermometer is also advisable, espe-
cially as children often present with a runny nose 
for which an infectious process must be ruled 
out. It is also advisable to carry a glucometer. The 
mobile kit should also include items that will 
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, butterfly sponges 
to protect the airway from water in pediatric den-
tal cases, and a radio with earphones to play 
music for the older child.
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The kit must also contain items for when com-
plications may arise i.e., oxygen, nasal cannulae, 
a bag-valve-mask device with reservoir (Ambu-
bag®) and airways (nasal and oral) of all sizes. 
Items that may be needed when disaster strikes 
must be in the kit and these include a pediatric 
laryngoscope/blades, a suction, endo/nasotra-
cheal tubes, laryngeal mask airway, a Magil’s 
forceps, resuscitation medications, and a 
defibrillator.

Mobile sedationists usually operate in the pri-
vate healthcare environment where the patients 
are responsible for the expenses and most carry 
medical insurance.

Management of the Child

Probably the single most important aspect of any 
successful sedation is to gain the child’s trust. 
Earning a child’s trust is not always easy, particu-
larly if there have been past traumatic experi-
ences with general anesthesia or sedation. All 
sedation techniques must include behavioral 
management strategies, empathy, understanding, 
and a patient approach. The protocol for success-
ful behavior management must incorporate 
two strategies: how to “read the mind” of the 
child [14] and how to use the specific practical 
guidelines.

When trying to “read the mind” of the child, it 
is vital to try and establish a good personal rela-
tionship in order to gain their trust. This means 
that you have to place yourself in the child’s 
shoes and establish rapport. Five important points 
to remember when interacting with a child are 
imagine yourself to be the same age as the child 
you are dealing with; use words that children can 
understand; try not to lie to the child (this does 
not mean that one needs to disclose all details); 
offer encouragement by telling him/her that he/
she is good and brave to ensure that the child 
feels proud; and use information you get from the 
child to play mind games [14]. Always speak to 
children slowly/gently and talk to them about 
nice things, i.e., the smell of their favorite food, 
the ocean, 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 difficult to sedate and 
may need a different approach and deeper levels 
of sedation.

How then do we establish rapport with a child? 
The following practical hints may be useful:

The office, where procedures are to be per-
formed, 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, nonoperating room clothing – 
appearing too formal may create anxiety in 
children.
What you say is less important than the way in 
which you say it. The attitude of the sedation 
practitioner is an important determinant of 
success. It is essential that the sedation practi-
tioner shows confidence in what he/she is 
doing. The child and parent must be confident 
that the sedation provider 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 abil-
ity. Always have a positive attitude that, at 
times, may be quite difficult. 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. Confidence in one’s own suc-
cess as sedationist 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/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 find an “ice-breaker” when first meet-
ing the child by making a friendly nonthreat-
ening statement to start the conversation – this 
may be all that is needed to settle the child 
down. It is always good to find out about the 
interests of the child.
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Never look down at the child – if the child is 
seated or lying down, sit down beside him. 
It may even be advisable 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/her help and that sedation means a team 
effort. Children are very susceptible to sug-
gestion. Something like, “I cannot do this 
without your help” will go a long way toward 
making the child comfortable.
A final question: do cultural factors play a role 

in the outcome, success rate, and/or achievability 
of multidrug sedation in children over the age of 
5 years? A study of 354 children from eight dif-
ferent cultural groups showed that cultural fac-
tors do not influence the outcome, success, or 
achievability of multidrug sedation in children. 
The study, however, validated the importance of 
pre-operative assessment and the use of behavior 
management techniques [15].

Common Sedation Strategies  
in the Developing Nations

Oral Route: Single Agent

It is not routine practice to administer oral seda-
tives for surgical procedures. Children vary in 
their behavior patterns and it is therefore essen-
tial to do a behavioral assessment prior to the 
procedure. It is good practice to discuss this with 
the parent/guardian before sedation, as they usu-
ally can give the sedation practitioner guidance 
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.

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 [16]. The drug has no analgesic 

activities and the usual dose is 20–75 mg/kg, 
given orally.

Midazolam is a short-acting, water-soluble 
benzodiazepine 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 [17]. 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. The consumption of oral sedatives prior 
to arriving at the hospital is not permitted. 
Midazolam is not available in a syrup formula-
tion in Africa, so instead the tablet is crushed and 
diluted with paracetamol syrup. Alternatively, the 
aqueous formulation for intravenous midazolam 
is orally. Midazolam is a useful sedative to com-
bine with other oral drugs.

Oral ketamine provides excellent sedation, 
analgesia, and amnesia and can be used for pain-
ful procedures. In the developing nations, it is 
seldom used alone and is usually combined with 
midazolam. Oral ketamine is useful for burn deb-
ridement in children at a dose of 10 mg/kg, espe-
cially in rural settings because of its excellent 
safety profile [18]. 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%, but 
none were severe [19].

Nasal Route: Single Agent

Intranasal midazolam may be uncomfortable for 
children because it can produce a burning sensa-
tion, which may increase anxiety. It is, however, 
useful in children who refuse to take medication 
by mouth and for the mentally handicapped. 
Although a tuberculin syringe can be used to 
administer 0.2 mg/kg midazolam intranasally, a 
mucosal atomization device (MAD®) is currently 
available. This device has a nozzle attached to a 
syringe and makes nasal administration much 
easier.
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Rectal Route: Single Agent

Rectal administration of midazolam is a useful 
route for providing sedation for younger children. 
Acceptance is usually very good in small chil-
dren. The administration of midazolam by this 
route is especially indicated where children refuse 
to take oral drugs, are nauseous, vomiting, or 
very anxious. It can be used alone for painless 
procedures or in combination with other drugs 
when analgesia is regular. In one study, rectal 
midazolam was administered at 1 mg/kg to chil-
dren 30 min before dental surgery [20]. 
Satisfactory sedation and recovery outcomes 
were achieved.

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 procedure [20]. Rectal ketamine at a 
dose of 5 mg/kg is also a useful alternative for 
pediatric sedation [21].

Oral Route: Sedative and Analgesic 
Combination

The mere fact that no single sedative drug has 
achieved universal acceptance suggests that each 
agent has its disadvantages. There is no single 
oral drug available that meets all the require-
ments of an ideal drug. Drug combinations are 
therefore a useful alternative for the management 
of uncooperative children. A combination of 
midazolam with ketamine is useful for sedation 
for short, painful procedures. In a sedation study 
using oral midazolam at 0.35 mg/kg and oral ket-
amine at 5 mg/kg, in children 2–7 years of age, 
the results showed that the combination is a safe, 
effective, and practical approach to managing 
children for minor oral surgical procedures under 
local anesthesia [22]. When oral ketamine and 
midazolam are used, followed by an intravenous 
technique, a smaller dose of oral ketamine is 
advised (2 mg/kg). The latter oral dose of ket-

amine can also be used in children under the age 
of 2 years [23] but children must be monitored 
carefully.

The safe and effective management of chil-
dren for painful procedures outside the operating 
room remains a challenge. Dental procedures are 
common pediatric day-case procedures and are 
one of the standard and practical research models 
used for studying the efficacy of minor analgesic 
agents [24]. The severity of the postoperative 
pain is related to the number of teeth extracted, 
and by studying children after six or more extrac-
tions an effective clinical research model was 
established [25]. In addition, this study gave valu-
able information regarding pain after pediatric 
dentistry. Children, aged 4–7 years, undergoing 
dental extractions of six or more teeth, received 
either tramadol (Tramal®) drops at 1.5 mg/kg or 
placebo, 30 min before surgery. Both groups 
received oral midazolam at 0.5 mg/kg (max 
7.5 mg) 30 min before surgery. Postoperative res-
cue analgesia was administered to 19.4% of the 
tramadol group, compared with 82.8% of the pla-
cebo group [25]. This approach showed the value 
of using effective analgesic drugs, before seda-
tion, for minimizing postoperative pain in chil-
dren. Pharmacokinetic studies showed that 
postoperative analgesia lasts for up to 9 h follow-
ing administration of oral tramadol [26]. In 
another study, the experimental group of children 
received tramadol drops 3 mg/kg with oral mida-
zolam at 0.5 mg/kg (maximum 7.5 mg); the con-
trol group received only oral midazolam at 
0.5 mg/kg (maximum 7.5 mg) [27]. These results 
showed the analgesic effects of tramadol, its lack 
of respiratory depression in children, and normal 
recovery times when used in combination with a 
sedative. The combination of oral tramadol 
1.5–3 mg/kg with midazolam is therefore a use-
ful combination for sedation and pain control for 
children undergoing painful procedures outside 
the operating room.

Another useful oral combination of trimepra-
zine, at 6 mg/ml, and physeptone linctus, at 
0.4 mg/ml, in a syrup base [19, 22], can be used 
for sedation for smaller, painful surgical procedures 
where a local anesthetic is to be used. It is also a 
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useful sedative combination for painless proce-
dures as profound sedation is achieved. The usual 
oral dose is 0.5 ml/kg of the mixture up to a max-
imum of 10 ml. Unfortunately, the physeptone, 
an opioid, has a long elimination half-life and is 
not used as a first-line analgesic. In addition, 
trimeprazine (3 mg/kg), a phenothiazine deriva-
tive, is known to produce a prolonged hangover 
effect and thus does not make it the ideal combi-
nation drug. However, despite these limitations, 
the low cost makes this combination useful for 
oral pediatric sedation especially in rural areas. 
Deeper levels of sedation can be obtained by add-
ing 0.1 mg/kg droperidol to the mixture.

Nasal Route: Drug Combinations

The intranasal administration of drugs for sedation 
and pain control has some promising features, 
especially in preschool children with fear of sepa-
ration from parents and unfamiliar surroundings. 
Intranasal sufentanil (1.5–3 g/kg) has been found 
to facilitate separation of children from parents 
and can provide postoperative analgesia [28]. In 
another research study, children aged 5–7 years, 
weighing 15–20 kg, and having 6 or more teeth 
removed were studied [29]. The combination of 
intranasal sufentanil and midazolam was com-
pared with intranasal ketamine and midazolam for 
sedation and postoperative analgesia. Children in 
the sufentanil group received 1 g/kg of sufenta-
nil and 0.3 mg/kg of midazolam 20 min before 
induction of anesthesia. In the ketamine group, 
children received ketamine 5 mg/kg and midazo-
lam 0.3 mg/kg intranasally. The study demon-
strated the safety and efficacy of both methods. 
Key features were the ease of administration 
combined with rapid onset of action. Both groups 
were equally sedated. Effective postoperative 
analgesia for multiple dental extractions were 
provided in the sufentanil group and 72% of chil-
dren did not need rescue analgesia, compared to 
52% in the ketamine group. These combinations 
have promising features and could be used as sole 
agents for sedation and analgesia, but also in 
combination with intravenous drugs.

Multimodal Routes: Drug Combinations

The use of parental drug combinations is often 
necessary in Africa, particularly for dental proce-
dures on the many with poor hygiene. Multiple 
extractions and fillings in dentistry are common-
place and the waiting lists for general anesthesia 
are extremely long. The need for alternative treat-
ment options encourages the development of 
multidrug sedative plans.

Multimodal Analgesia with Opioids
Commonly, multimodal therapy begins with a 
benzodiazepine for anxiolysis. Midazolam is 
administered –by oral, nasal, intravenous, or rec-
tal route. This is then followed by the use of one 
of the ultra–short-acting opioids [30, 31], the 
phenylpiperidines, which are generally the drugs 
of choice. Alfentanil and sufentanil are used 
either for bolus administration or as part of an 
infusion technique. A research study on 270 
children (<8 years age) was designed to establish 
the safe bolus dosages and infusion rates of 
alfentanil when combined with propofol, ket-
amine, and alfentanil [32]. It was concluded that, 
with stable vital signs and no respiratory depres-
sion, an intravenous bolus dose of 1–2 g/kg 
alfentanil, titrated, would be safe and effective in 
children. As a bolus dose, alfentanil should be 
given 2 min before the expected painful stimu-
lus. As an intravenous infusion, and in combina-
tion with other drugs, a dose of 10–12 g/kg/h 
alfentanil is advisable.

Remifentanil is also available and has been 
used for children preferably in a sedation unit 
within hospital. The author has administered 
remifentanil to 154 children, aged 3–10 years, as 
a 0.05 mg/kg/h infusion for dental procedures. In 
a separate another 20 ml syringe, 200 mg of 
propofol is mixed with 20 mg of ketamine and 
titrated to effect. In our experience, a drop in 
oxygen saturation levels of <92% occurred in 9% 
of children. In children under the age of 5 years, 
desaturation occurred in 17%, coincident with 
flexion of the head, depression of the chin by the 
dentist, or excessive water in the mouth – all pre-
ventable. Flexion of the head caused desaturation 
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in 3% of children (5–8 years age). In children >8 
years of age, there were no incidences of desatura-
tion <92%. Remifentanil has also been used for 
analgesia for dermatology cases and laser treat-
ments of the face, situations that do not permit 
injection of local anesthetic.

Intravenous ketamine (0.1–0.5 mg/kg titrated) 
remains a valuable drug in the practice of polyp-
harmacy because of its unique sedative/analgesic/
amnestic properties. For short procedures, 50 mg 
ketamine is mixed with 90 mg propofol in a 10-ml 
syringe. 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 propofol.

Multimodal Analgesia Without Opioids
The use of nonopioid analgesic combinations 
helps to relieve and attenuate discomfort following 
painful procedures. Nonsteroidal anti-inflamma-
tory drugs, alpha-2 agonists, paracetamol, and ket-
amine can all provide beneficial analgesic effects 
when administered as part of a multimodal seda-
tion regimen. For painful procedures, an intrave-
nous infusion of 15 mg/kg paracetamol over 

20 min is initiated 30 min before the procedure. 
Immediately before the procedure, ketorolac is 
administered at a bolus dose of 0.5 mg/kg intrave-
nously. For longer procedures, ketorolac can be 
administered as an infusion of 0.17 mg/kg/h and 
supplemented with 0.5 mg/kg ketamine as needed 
[33]. Propofol is another option, administered as 
bolus or infusion.

In conclusion, the approach to pediatric seda-
tion in underdeveloped countries is based on the 
concept of multimodal pain management [34]. 
For potential painful procedures done under seda-
tion outside the operating room, an aggressive 
peri-operative analgesic and sedative approach 
that will provide effective analgesia, patient com-
fort, sedation, minimal side-effects, and safety are 
needed. In addition, postoperative analgesia is 
crucial. This can be achieved by using two treat-
ment options, i.e., multimodal analgesia without 
opioids or multimodal analgesia with the opioids. 
Opioids, used with discretion, play a crucial role 
in polypharmacy for painful procedures. It is 
anticipated that nonopioid analgesic drugs will 
assume a future key role as analgesics during pro-
cedural sedation outside the operating room.

Summary of the Three Case 
Presentations

Case 1:  A magnetic resonance imaging (MRI) 
brain scan of a 22-month-old child, 
with a slight cough following an 
afebrile grand mal seizure 12 h 
earlier.

Case 2:  A 2-year-old boy with cystic fibrosis 
requiring an endoscopic retrograde 
cholangiopancreatography (ERCP).

Case 3:  A 2-year-old girl requiring a vesiculo-
cysto-urethrogram (VCU) for recur-
rent urinary tract infections.

* These case studies are examples of didactic 
and practical material, which is Postgraduate 
Sedation Diploma Course.

Case 1

A 22-month-old boy was referred to the radi-
ology department for an MRI brain scan fol-
lowing on an afebrile grand mal seizure 12 h 
earlier. On examination, the child presented 
with a slight cough but otherwise appeared to 
be in good health. As the exact cause of the 
grand mal seizure was not known, all possible 
causes had to be kept in mind and the effect of 
the sedation on the intracranial pressure and 
the respiratory system had to be as minimal as 
possible. The following salient points, as 
applicable to this case, and as taught in the 
Postgraduate Diploma in Sedation Course:

Merely supplementing oxygenation with oxy-
gen using nasal prongs does not necessarily 
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mean that your child is breathing adequately, 
and not becoming hypercarbic. An unob-
structed airway without drugs that will depress 
respiration is mandatory.
The injected intravenous drugs work on 
“the organ under examination”! Unseen 
changes in cerebral blood flow and activity 
may occur with the drugs administered.
Concomitant drugs (especially anticonvul-
sants) that could interact with the sedation 
should be carefully considered. Generally, 
prescribed medication must be given as 
usual.
Copious notes on the pre-sedation mental 
condition of the child are essential to avoid 
later questions on the possible effect of the 
sedation on pre-existing pathology.
A partially obstructed airway and labored 
breathing will not necessarily cause signifi-
cant desaturation. This may be difficult to 
evaluate since the child will be lying inside 
the tube of the MRI apparatus and be 
largely out of sight.
Many children of this age have enlarged 
tonsils or adenoids and may be obligate 
mouth breathers. Allergic rhinitis is also 
extremely common and the mother should 
be able to inform you if the toddler snores 
at night!
A rolled-up towel or sponge wedge should 
be inserted under the shoulders of the child. 
This stabilizes and extends the head to pre-
vent possible airway obstruction. Soft com-
fortable MRI compatible sponges can be 
used as wedges between the head and ears 
and the cradle. These wedges help to block 
out the noise of the MRI.
A fiber optic pulse oxymetry probe, cor-
rectly attached to one of the fingers/toes, is 
absolutely essential. Capnography will be 
of great value if available.
Because the temperature in MRI rooms 
needs to be kept low, a blanket should be 
used to cover the exposed skin to prevent 
hypothermia, and to tuck in the arms as 
snugly as possible.

As a distance of 4 or 5 m away from the 
sedated child may need to be maintained, it 
may be necessary to connect two or three 
extension sets in order to administer the 
intravenous drugs.
Extreme caution should be exercised with 
devices such as infusion pumps as these 
devices, if placed close to the coil, may be 
attracted by the magnetic field and may fly 
into the tunnel and inflict possible fatal 
injury to the child.
The radiologist may request the adminis-
tration of an intravenous contrast agent. 
The agent must be administered at the level 
of the cannula inserted into the vein. If the 
drug is administered via existing extension 
sets, this may result in the inadvertent 
administration of a further bolus of the 
sedation combination.

Case 2

A 2-year-old child with cystic fibrosis was 
referred by the gastroenterology department of 
the local academic hospital for endoscopic ret-
rograde cholangiopancreatography (ERCP).

After induction of sedation, the gastro-
enterologist will need to turn the child onto 
his/her abdomen because a C-arm X-ray unit 
is employed to capture images of biliary tract 
filling with contrast medium, once the Ampulla 
of Vater had been cannulised by the endosco-
pist. A dedicated nursing professional is posi-
tioned at the head end of the table for the entire 
procedure to monitor the patient, to keep the 
airway clear of secretions, and position the 
head to maximize patency of the airway. Once 
the fiber optic scope enters into the second 
part of the duodenum, the stimulus in the 
pharynx is largely over and the maintenance 
of sedation, with i.e., a propofol infusion, is 
reduced to the lowest dose necessary to keep 
the child cooperative. Because the procedure 
subsequently can become painful, due to an 
obstruction needing a sphincterotomy and a 
stent, 0.2–0.3 mg/kg of incremental intrave-
nous ketamine can be administered – this 
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should provide sufficient analgesia. In this 
case, a small dose of an opioid e.g., alfentanil 
can also be used.

Salient points for consideration in compli-
cated cases like these include

The sedationist should remain acutely aware 
of the respiratory depressant effect of propo-
fol and the opioids. Due to the fact that the 
child is lying on his stomach during this 
procedure, respiration is already depressed 
and care should be taken to use doses of 
these drugs that will not depress respiration 
even further – titration of drugs is impor-
tant. Positioning of the child is crucial.
An ERCP under sedation should only be 
done by a skilled gastro-enterologist who is 
fully conversant with ERCP. This is clearly 
not an occasion to teach the procedure. On 
the other hand, the sedation provider should 
also have a good understanding of the tech-
nique in order to preempt possible sedation 
complications that may arise. Thus, a good 
team of skilled operator and skilled seda-
tionist will help to reduce the inherent risks 
and the concomitant stress.
At times, parents may be invited to be pres-
ent during an examination; however, in this 
particular instance, it is wise to exclude 
them. The presence of noncontributing 
members to the procedure is a distraction 
from the undivided attention one must give 
to the child in such a complicated case.
Cases like these may go on for longer than 
an hour and, as in the case of general anes-
thesia, co-morbidity increases proportional 
to the length of time of sedation. Thus, 
careful planning is essential.
Continuous oxygen administration at high 
flow rates, through nasal prongs, is manda-
tory throughout procedures of this nature.
Capnography is very useful in cases like 
this.

Case 3

A 2-year-old girl with recurrent urinary 
tract infections was referred by her urologist 
for a vesiculo-cysto-urethrogram (VCUG). 

The important teaching points from this sce-
nario, as emphasized in the Postgraduate 
Sedation Diploma Course, include

VCUGs are seldom urgent and it is prefer-
able to optimize the preparation of the 
patient prior to the procedure.
Urogenital abnormalities may be part of a 
broader syndrome and therefore possible 
impaired renal function must be kept in 
mind as it may affect the action of the drugs 
administered.
Hypothermia is possible in cases like these 
due to the low ambient temperatures of an 
air-conditioned X-ray suite with a hard 
noninsulated X-ray table and the exposure 
of the lower abdomen, perineum, and legs 
of the patient. The child can be placed on an 
insulated table with a linen saver and plas-
tic space blanket to prevent unnecessary 
heat loss during the procedure (plastic space 
blankets do not interfere with X-rays).
X-rays are taken at intervals while the 
radio-opaque contrast material is filling the 
bladder. Contrast media are iodine based 
and an allergic reaction is possible. 
Therefore, induction with an antihistamine 
is recommended.
Supplemental analgesia is required at the 
painful stages of the procedure, especially 
during urethral catheterization. It is therefore 
advisable to have this event follow closely 
on the induction phase of the sedation.
Another uncomfortable phase in the proce-
dure may occur when the radiologist applies 
pressure to the full bladder to elicit reflux 
to the ureters.
It is advisable to avoid high doses of glyco-
pyrrolate or atropine and an antihistamine, 
as these anticholinergic agents may inhibit 
spontaneous micturation and the evalua-
tion of reflux once the bladder is full.
Because X-ray exposure is a short event, 
the patient only requires to be immobilized 
for a few seconds at a time. The level of 
sedation therefore need not be as deep as 
for intensely painful procedures. The pres-
ence of the sedationist in the x-ray suite, at 
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the head of the patient, will help to ensure 
that an open airway is maintained through-
out the procedure.
Do not remove the intravenous infusion 
prematurely as the radiologist may decide, 
at the end of the procedure, to continue 
with an intravenous pyelogram and this 
may require sedation for a further 20 min 
or more. If the intravenous line was 
removed prematurely, it will mean that it 
needs to be re-established.

Special Considerations for All Cases

The facility being used for procedural seda-
tion outside the operating room should 
always meet all the criteria for safe seda-
tion practice. The mobile sedationist must 
ensure the availability of all the anesthetic 
and emergency equipment that may be 
required. In addition, a registered nursing 
professional with pedi atric life support cer-
tification must be in attendance.
The patient must be optimally prepared for 
the procedure. This includes a pre-sedation 
assessment, pre- and postsedation instruc-
tions, nil per mouth guidelines, and informed 
consent. In addition, ensure that the patient 
fully understands what sedation entails and 
is fully informed and understands the pre-
sedation and postsedation instructions.
When using an intravenous technique, a 
local anesthetic skin patch (EMLA®) with a 
pictorial description of how to apply it to 
the child’s hand, foot, or cubital fossa 
should be considered. Sometimes, the anes-
thetic patch may be positioned in the wrong 
place or be on for too short a period of time, 
this may create additional challenges.
An oral sedative, if administered, may not 
be very effective in reducing anxiety, and 
the child can still be very anxious. Consider 
the use of rectal midazolam in young 
children.
A very anxious or fearful child needs a 
sympathetic approach. However, despite 
the sedationist’s best efforts, some children 
may simply be beyond pacifying due to 

negativity and resistance – not uncommon 
in children.
Despite one’s best efforts, one may be 
unsuccessful in cannulating the vein and 
end up with the cannula being subcutane-
ous. Ketamine does sting when given sub-
cutaneously, but can be mixed with a small 
dose of lignocaine and given very slowly 
subcutaneously, through the intravenous 
cannula. This represents an escape route to 
sedate the child in a sticky situation.

Recommended Management Techniques

There is no one-size-fits-all drug, as some 
procedures may require more sedation, 
while others require more analgesia. Painful 
procedures need a combination of both. It 
helps to simplify matters and reduce vari-
ables if one uses a routine drug combina-
tion that suits most situations. The following 
combination drugs serve our purposes of a 
“standard combination” for most proce-
dures very well – midazolam, ketamine, 
propofol, mepyramine maleate (an antihis-
tamine), the nonsteroidal anti-inflammatory 
agents, and the opioids. How can we com-
bine some of these drugs that can be used 
for the above cases?
Select a 10-ml disposable syringe that can 
be filled to 12 ml. Draw up 1 ml of ket-
amine 100 mg/ml and add mepyramine 
maleate (an antihistamine) 50 mg/2 ml, into 
the 10-ml syringe with 100 mg ketamine, to 
make up 3 ml. Lignocaine 1% (10 mg/ml) 
is added to the ketamine/mepyramine mix-
ture. This is to reduce pain on injection of 
the subsequent drug, propofol. Fill up the 
balance of the syringe with propofol 1% to 
12 ml. The above mixture forms the basis 
of our sedation drug combination – other 
agents i.e., analgesic and anticholinergic 
drugs can additionally be administered if 
indicated. Intravenous ketorolac 0.5 mg/kg, 
administered intravenously, is a very useful 
analgesic drug in children.
With intravenous administration of drugs 
in children, one needs to titrate to effect. 
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Rules are difficult as body mass index, vol-
ume of distribution, metabolism, age, and 
concomitant pathology all have a profound 
effect on the response. This is where the 
experience and hard-earned training of the 
sedationist comes to the fore.
Proceed with the slow administration of 
1–2 ml of the combination and observe 
how quickly the child responds, and the 
depth of sedation achieved. Be sure to give 
the child at least 2 min in which to respond 
to the combination administered.
If the child is not settling down, two options 
are possible: administer another 1 or 2 ml 
of the combination, even more slowly this 
time. Consider converting to plain propofol 
with residual ketamine working in the 
background. If the child is nicely sedated 
with eyes closed, but you know that your 
next step of the procedure is going to be 
especially painful, then administer a bolus 
of 1 ml of the ketamine/propofol combina-
tion slowly and give 30 s for this to take 
effect.

A maintenance dose of the combination of 
between 2 and 8 ml per hour may be 
required to keep the child sedated. Expect 
to discard more than half of the combina-
tion for cases lasting less than 2 h.
If a dose of the combination of 1 ml per 
year of age is not settling down the child, 
consider adding another synergistic drug.
Always remember, sedation makes many 
procedures possible but the depth of seda-
tion is directly proportional to the risk pro-
file. Never take your mind off the risk you 
are generating in proportion to the thera-
peutic value of your intervention. There is 
a cut-off point. It is not the intention to 
duplicate the general anesthetic theater 
environment. Thus, be fully aware that if 
the procedure becomes surgically compli-
cated, it may require that the child be done 
under general anesthesia. Do not be tempted 
to push the envelope and find yourself out-
side your comfort zone. It is the safety of 
the child that should be the main concern 
and not the convenience of the surgeon.
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Disclaimer

The views expressed are those of the author. No 
official support or endorsements by the US Food 
and Drug Administration is provided or should 
be inferred. No commercial interest or other con-
flict of interest exists between the author and the 
pharmaceutical companies.

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 evi-
dence obtained from chemistry and manufactur-
ing data, toxicology and pharmacology studies, 
and clinical trials. Sponsors submit data for 
approval of a drug to the FDA in a New Drug 
Application (NDA), or biologic in a Biologic 
Licensing Application (BLA). During the review 
of the NDA or BLA, FDA assesses if the product 
works in a specific population to treat a specific 
condition (efficacy) and to assess the adverse 
events that occur with the use of a given product 

(safety). Approval of an NDA or BLA in the 
United States depends on an analysis that the 
benefit from the product outweighs the risk of 
adverse events associated with its use.

Imaging, invasive diagnostics, and minor sur-
gical 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 indi-
cation. This chapter will review the process of 
obtaining FDA approval for a drug or biologic 
with a focus on sedation.

General Drug Development

Under current U.S. regulations, any use of a drug 
or biologic not previously approved for market-
ing requires submission of an Investigational 
New Drug application (IND) to the FDA. The 
data gathered during the IND phase (chemical 
analyses, animal studies, and human clinical tri-
als) become part of the NDA. The development 
of a medication for sedation is a stepwise process 
involving an evaluation of chemistry, preclinical, 
and clinical information. While pediatric studies 
may begin during the IND phase for some prod-
ucts, for most products, it is likely that most of 
the clinical trials would begin after the adult 
development is complete (Fig. 19.1).

Initial studies in humans (Phase 1 trials) are 
the first stage of testing in human subjects. 
Normally, a small number (i.e., 20–50 people) of 
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healthy adult volunteers will be tested in trials 
designed to assess the first time use in human for 
safety, tolerability, proof of concept for efficacy, 
and pharmacokinetics.

Pharmacokinetics (pk) are often assessed in 
Phase 2 studies. PK studies provide information 
on the way a drug is handled by the body, and 
includes measures such as area under the curve 
(AUC) and maximum concentration (Cmax). 
There are also pk parameters calculated from 
these measures such as clearance, half-life and 
volume of distribution reflect the absorption (A), 
distribution (D), metabolism (M), and elimina-
tion (E). The overall process (ADME) ultimately 
controls the degree of systemic exposure to a drug 
and its metabolites after administration. The phar-
macokinetic parameters must be considered when 
establishing the appropriate dose of a drug.

Once the first human exposure has been com-
pleted, and some pk parameters assessed, addi-
tional studies (Phase 2 studies) are performed on 
a larger number of participants (i.e., 20–300 
patients) to assess the treatment effect size, pro-
vide safety assessments, and test the response to 
different doses in a larger group of volunteers and 
patients. The information obtained from Phase 2 
studies is critical in designing the definitive Phase 
3 studies.

The Phase 3 studies should leverage the data 
from all other preclinical and clinical studies to 
determine a dose, and to calculate the number of 
patients required to demonstrate efficacy based 
on the treatment effect, and specific safety signals 
that will need to be assessed. These studies are 
adequately controlled powered studies designed 
to demonstrate both safety and efficacy.

A NDA is submitted to the FDA once all studies 
have been completed to support a new pharmaceu-
tical for sale and 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 NDA (or sNDA) contains all information nec-
essary to market the product including:

A technical description of methods used in 
manufacturing (Good Manufacturing Practice, 
GMP), and data on the drug’s quality (sup-
porting the drug’s identity, strength, stability, 
and purity)
Complete data from preclinical and clinical 
studies to support the safety and effectiveness 
of the drug in its proposed use(s).
The drug’s proposed labeling (package insert).
The product labeling describes the conditions 

of study, to include the patient population stud-
ied, the doses used, and the endpoints assessed. 
Use of the product under the specific conditions 
described in the product label is known as “on 
label use.” Use of the product outside of these 
parameters (condition/disease studied, popula-
tion studied, dosage regimen used, etc.) is known 
as “off label” use.

Pediatric Legislation

Historically, many pharmaceuticals, including 
those used in sedation, were not studied in pediat-
rics, and thus, the majority of pediatric practice 
was “off label.” Approximately 75% of medicines 
used in children did not have prescribing informa-
tion on how to use the medicines specifically in 
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children prior to legislation encouraging and 
requiring the study of medication in the pediatric 
population [1]. While the number of drug labels 
with pediatric information has improved under 
this process, the majority of commonly used seda-
tives do not have pediatric labeling or lack robust 
data (Table 19.1).

Prior to the passage of important pediatric leg-
islation, many pharmaceutical manufacturers 
were reluctant to study drugs in children due to 
ethical and financial constraints or trial design 
challenges [2]. The pediatric population accounts 
for 25% of the U.S. population and represents a 
special population that must be addressed during 
product development [3].

Because of the historic lack of data from ade-
quate clinical trials, medication was often admin-
istered to children empirically, assuming that 
they were “little adults.” This assumption resulted 
in dosing based on the adult dose being fraction-
ated to the child’s weight rather than based on 
intrinsic factors due to differences in growth and 
development (e.g., volume of distribution and 
maturation of metabolic pathways). Safety and 
efficacy were always assumed to be the same in 
the pediatric and the adult population without 
taking into account the safety and efficacy differ-
ences that can be seen in a growing and develop-
ing 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 specific 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 volun-
tary pediatric studies using good scientific prin-
ciples, blocking the approval of generics for the 
entire product line and all indications already 
approved, resulting in financial return for the 
sponsor who performed the studies [4]. Although 
FDAMA sunset on 1 Jan 2002, the incentive was 

reauthorized by the Best Pharmaceuticals for 
Children Act of 2002 and again in 2007. The 
exclusivity was extended to biologic products 
under the Patient Protection and Affordable Care 
Act of 2010.

There is also an important section of BPCA to 
address off patent therapeutics where the exclu-
sivity provision provides no incentive to spon-
sors to study the drug, and Written Requests for 
which there is patent and the sponsor has declined 
to study the product as outlined in the Written 
Request. This section of BPCA allows for the 
FDA to issue a Written Request first to the appli-
cation 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 specific 
safety information included in labeling. Among 
those safety findings were rare cases of seizures 
reported in pediatric patients in association with 
sevoflurane use for induction/maintenance of 
general anesthesia. Most cases were in children 
and young adults, most of whom had no medical 
history of seizures [5].

The Pediatric Research Equity Act (PREA), 
first enacted in 2003, requires pediatric assess-
ments of new drugs and biologics for all new 
active ingredients, indications, dosage forms, dos-
ing regimens, and routes of administration. The 
pediatric assessment is data adequate to assess the 
safety and effectiveness and support dosing of the 
product for the claimed indications in all relevant 
pediatric subpopulations. PREA works in conjunc-
tion with BPCA but unlike BPCA, PREA applies 
only to those drugs and biologics developed for 
diseases and/or conditions that occur in both the 
adult and pediatric populations. Drugs with Orphan 
indications are exempt from PREA. Both BPCA 
and PREA were reauthorized under the Food and 
Drug Administration Amendment Act of 2007.

The pediatric legislation has generated almost 
400 product labels (1997–2010).

Pediatric studies resulted in an approved pedi-
atric sedation indication for midazolam, and an 
induction and/or maintenance of anesthesia indi-
cation for propofol. Other Written Requests for 
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dexmedetomidine and lorazepam have been 
issued, and studies are pending. Dexmedetomidine 
has required studies for sedation in pediatric 
patients as well. Both lorazepam and ketamine 
have been placed on a priority list by NIH to be 
studied under BPCA, and lorazepam studies are 
currently underway. A randomized, double-blind, 
dose-controlled clinical trial of fospropofol diso-
dium injection in adolescent patients (12–18 
years old) undergoing upper endoscopy and ran-
domized, double-blind, dose-controlled clinical 
trial in infants and very young children (ages 1 
month up to 3 years old) undergoing sedation for 
procedures such as lumbar puncture and/or MRI 
is still pending as a PREA study requirement. The 
studies of the youngest patients will not be con-
ducted until preclinical studies delineating risks 
of apoptosis are complete.

Drug Development for Pediatrics

Rational drug development depends on a thor-
ough evaluation of the preclinical and adult stud-
ies needed prior to initiation of pediatric studies 
and the trial design that will best support the dos-
ing, safety, and efficacy of the medication in 
pediatric patients.

The timeframe for consideration of trials in 
the pediatric population depends on what is 
known about the compound and the circum-
stances 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 benefit to the pediatric population. 
Drug development for the pediatric population 
requires a unique focus and a full review of the 
chemistry, manufacturing, preclinical, and clini-
cal data must be performed to assess the potential 
for effects unique to the pediatric population.

Chemistry and Manufacturing 
Controls

While most chemistry and manufacturing control 
issues are resolved once a product has been 
developed for adults, there are unique aspects for 

pediatrics that must be addressed. Many medica-
tions that are administered via the oral route are 
marketed initially as tablets or capsules. Not all 
children are capable of swallowing tablets or 
capsules, particularly young children or those 
with developmental delay. Most children 6 years 
of age and older can swallow tablets or capsules, 
but even up to 10% of patient ages 6–12 years 
cannot swallow this dosage form. PREA requires 
the development of an age-appropriate formula-
tion unless the sponsor can show reasonable 
attempts to produce a formulation have failed. 
Examples of age-appropriate formulations 
include, but are not limited to, oral suspensions 
and solutions, sprinkles, dissolvable strips, tab-
lets and capsules, and intravenous/intramuscular 
solutions.

Stratification 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 
specific formulations for a given age group, the 
route of administration may also affect stratifica-
tion due to dosing issues as well as safety con-
cerns. For example, absorption of oral medications 
in infants may be unpredictable due erratic and 
delayed gastric emptying, alkaline gastric pH, 
and diminished intestinal and biliary secretion 
[6]. Thus, drugs administered via the oral route 
may require enrichment of patient enrollment in 
younger age groups.

Ability to take the medication is important for 
pediatrics, and so is the availability of a flexible 
dosage form. Unlike adults, most pediatric 
patients are dosed on a milligram per kilogram 
basis, and dosage forms must be flexible. Age-
appropriate formulations must take into account 
the need to adjust the dosage administered. Even 
formulations that appear ready to use in all popu-
lations (intravenous or oral solution) may contain 
excipients such as benzyl alcohol which can 
cause gasping syndrome in preterm infants and 
thus render the product unsafe for use in this pop-
ulation [7].

If it is not possible to develop a commercially 
marketable formulation, compounding may be an 
option. A compounded formulation utilizes an 
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approved and marketed formulation that can be 
transformed by a licensed pharmacist, in a 
licensed pharmacy, using commercially available 
ingredients. Under this circumstance, a sponsor 
could submit instructions for compounding an 
age-appropriate formulation from commercially 
available ingredients that are acceptable to the 
Agency. The following information must be pro-
vided and included in the product labeling upon 
approval: active ingredients, diluents, suspend-
ing and sweetening agents; detailed step-by-step 
compounding instructions; packaging and  storage 
requirements; and formulation stability informa-
tion and bioavailability. A relative bioavailability 
study comparing the approved drug to the age-
appropriate formulation may be conducted in 
adults.

Preclinical Studies

Preclinical studies are required for the approval 
of all drugs and biologics, however, additional 
toxicology testing may be needed before pro-
ceeding into the pediatric population. The non-
clinical safety evaluation of pediatric drugs and 
biologics should primarily focus on potential 
effects on growth and development that have not 
been studied or identified in previous nonclinical 
and clinical studies. Juvenile animal testing may 
be useful in assessing potential developmental 
age-specific toxicities and differences in sensitiv-
ity between adult and immature animals.

The known pharmacological and toxicologi-
cal properties of the drug relative to the proposed 
patient population should be considered. Juvenile 
animal studies are especially relevant when 
known target organ toxicity occurs in adults in 
tissues that undergo significant postnatal devel-
opment, such as the nervous system. This is par-
ticularly relevant for the sedative class because 
the mechanism of action results from effects on 
the central nervous system.

Both rodent and primate studies have demon-
strated a potential risk of apoptosis in the devel-
oping brain when anesthetics such as ketamine 
are administered [8–10]. 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 (a.k.a. 
GABA-mimetics) induce neuronal injury and 
death in the brains of juvenile rodents [11]. Drugs 
that exert their effects at one or both of these 
receptors include benzodiazepines, and inhaled 
anesthetics, chloral hydrate, etomidate, propo-
fol, ketamine, and nitrous oxide. While evidence 
of neuronal susceptibility to neurotoxic insult 
has come from recent studies, the data also dem-
onstrates a variation of the toxicity based on 
stage of development, dose, and duration of 
exposure. While this finding have led to a rec-
ommendation to delay surgeries requiring seda-
tion if possible, no real changes in clinical 
practice have been recommended at this time 
[12]. The methodologies for assessing this type 
of toxicity in humans have not been developed, 
and while concerning, the clinical relevance of 
these findings in humans remains unknown. It is 
even more difficult to determine how this data 
translates into the risk for pediatric patients 
requiring sedation for a necessary procedure 
outside of the operating room (e.g., lumbar 
puncture, bone marrow aspirate, orthopedic 
intervention, suturing, dental work).

During drug development there is not only a 
need for the toxicological assessments to focus 
primarily on the active chemical , but testing the 
inactive ingredients in the clinical formulation 
can also be important, particularly when a drug’s 
pharmacodynamics or distribution are altered by 
the inactive ingredients or when uncharacterized 
excipients are present.

Clinical Trials

Ultimately, clinical trials must be performed in the 
pediatric population. The timing of such studies 
and the types of studies conducted depends on the 
condition being treated and the knowledge of the 
drug under study. There are many considerations 
that must be considered in pediatric clinical trials 
to include protection of pediatric study partici-
pants, determining the correct dose, extrapolation 
of efficacy, recruitment and retention of an ade-
quate number of patients, and choice of controls.
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Ethics

Studies in pediatric patients have specific ethical 
considerations that must be followed. These prin-
cipals 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 pro-
vide benefit to the pediatric population, and this 
should be established in the adult population if 
possible. Since studies will need to be performed 
in the pediatric population, there must be the 
potential for the enrolled child to benefit from the 
treatment. A minor child cannot legally consent 
to participate in a study, and this, coupled with 
the fact that the child must have the potential for 
direct benefit means that only children with the 
condition of interest can be enrolled in the clini-
cal trials. This principle holds for pharmacoki-
netic and pharmacodynamic studies as well as 
studies assessing safety and efficacy. Studies that 
can be performed in adults, such as bioavailabil-
ity studies, can be performed in adults.

Pharmacokinetics and 
Pharmacodynamics

Pediatric pharmacokinetics can differ from adult 
pharmacokinetics due to intrinsic factors, such as 
organ development, body weight, and body sur-
face area. Growth and developmental can also 
lead to changes in pharmacokinetic parameters. 
For the pediatric population where growth and 
development are rapid, adjustment in dose within 
a single patient over the treatment period may be 
important to maintain a stable systemic exposure 
depending on the therapeutic window.

The pediatric population includes a broad 
range of ages to include newborns and teenagers 
– two groups that are different in so many ways. 
The age breakout that is generally recommended 
is as follows, but may change based on the meta-
bolic pathway of the drug or if there is another 
scientific reason (Table 19.2).

While traditional pk studies in the adult popu-
lation may require intensive blood sampling, 

there are times when an alternate approach in 
pediatrics is required because of their limited 
blood volume. One strategy for obtaining ade-
quate pk information with fewer blood draws in 
children 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 
standard pharmacokinetic study. Samples can be 
collected at various times of day and repeatedly 
over time in a given subject, estimates of both 
population and individual means, as well as esti-
mates of intra- and intersubject variability can be 
obtained if the population pk study is properly 
designed. A large number of patients are needed, 
which can be a challenge in some pediatric dis-
eases and conditions, and while adult pk studies 
can often be performed in healthy volunteers; 
this is not the case in pediatrics. As stated previ-
ously, under most circumstances, only children 
with the condition of interest can be enrolled in 
the clinical trials because of special protections 
afforded to special populations under 21CFR part 
50, subpart D.

Pharmacokinetics studies should identify a 
lowest effective dose for the drug (i.e., the lowest 
dose that demonstrates a statistically significant 
difference between the to-be-marketed drug and 
the comparator), and a range of doses that can be 
used in the pivotal 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 the pk/pd 
study can be informed by literature, or current 
medical practice, and/or dosing in adults.

Pharmacodynamic endpoints should also be 
measured when collecting blood and/or urine 
samples to provide some understanding of 

Table 19.2 Age groups 
for pediatric studies

Age groups

1 month to <6 months
6 months to <2 years
2 years to <6 years
6 years to <12 years
12 years to 18 years
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 concentration-response relationships for both 
efficacy and toxicity. The term pharmacodynam-
ics, or the response component of the exposure-
response measurement, refers to both the desired 
and the undesired effects that the drug or biologi-
cal does to the body. 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 exposure-response) relation-
ship. 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, sev-
eral scales may be appropriate for use in nonver-
bal 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 sedation used the COMFORT scale 
to measure sedation. An objective measure derived 
from EEG recordings, the Bispectral Index (BIS) 
may also be useful for monitoring the depth of 
sedation. Capnography, along with pulse oxime-
try, may assist in detecting hypoventilation.

The data from the Phase 2 studies will provide 
support for dose selection and the statistical plan 
to adequately power the Phase 3 studies. In addi-
tion, it can provide proof of concept and may 
support extrapolation of efficacy from adequate 
and well-controlled adult trials.

Extrapolation

Extrapolation from adult efficacy data to the pedi-
atric population describes the reliance on adequate 
and well-controlled efficacy studies in adults to 
support a finding of efficacy in the pediatric popu-
lation. When extrapolation is used, it is generally 
supplemented by additional studies in the pediat-
ric population, usually pharmacokinetic and safety 
studies. Extrapolation is based on a prior conclu-
sion that the course of the disease or condition and 
the effects of the drug are sufficiently similar in 
adults and pediatric patients to allow extrapola-
tion. A separate study may not be needed in each 

pediatric age group if data from one age group can 
be extrapolated to another age group (older to 
younger or vice versa). However, the safety pro-
file can be different in adults when compared to 
children, and thus safety cannot be extrapolated.

In general, efficacy of sedative medications 
cannot be extrapolated from adults or older pedi-
atric patients to younger pediatric patients. 
However, there may be times when Phase 2 stud-
ies 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 utiliz-
ing extrapolation. In this case, the Phase 2 study 
may provide both dose and support for efficacy, 
leaving safety to be assessed. While safety studies 
can be difficult and large, the overall study burden 
is reduced with the introduction of extrapolation.

Pivotal Safety and Efficacy Studies

For approval of a new molecular entity in adult 
and adolescent patients (age 12 years and older), 
at least two adequate and well-controlled phase 3 
clinical trials are recommended to support either 
an indication for sedation in the intensive care 
unit or for procedural sedation.

Pivotal trials in the intensive care population 
are expected to be conducted in the same popula-
tion that will use the medication if it is approved 
and thus should enroll a representative range of 
patient demographics and disease likely to be 
encountered in clinical practice. The trials evalu-
ating procedural sedation should enroll patients 
for a specific procedure, for example, studies of a 
product for suturing and fracture reduction would 
probably only include pediatric patients who are 
ambulatory while studies for lumbar puncture or 
imaging should include pediatric patients down 
to the newborn period.

Many efficacy-related outcome measures in 
children are the same as for adults including time 
to sedation, time to reemergence and/or discharge, 
and the success of procedure (performance condi-
tions). 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 [13]. On the 
other hand, too little sedation may increase the 
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incidence of intraoperative awareness or prevent 
the procedure from being completed successfully 
[14]. Consensus regarding a “gold standard” for 
assessing sedation in young children has not been 
reached [15].

An adequate number of patients to provide suf-
ficient power to demonstrate efficacy is a common 
challenge in pediatric drug and biologic develop-
ment. Multiple centers must be utilized to recruit 
a sufficient number of patients. Some strategies 
to improve enrollment include multinational tri-
als (especially given that international regula-
tory authorities such as the European Medicines 
Agency (EMA) now require development of prod-
ucts for children), going to centers where the 
procedure requiring sedation is common (a 
large children’s hospital with a busy Emergency 
Department, a high acuity Neonatal Intensive Care 
Unit, a large Hematology/Oncology service), and/
or utilizing expert networks.

The choice of a control group can be a chal-
lenge for these trials. It would be difficult to jus-
tify the use of a placebo for sedation, and even 
more difficult to find parents and guardians will-
ing to enroll their children into a placebo con-
trolled trial. The use of an active comparator is 
also a challenge as most of the drugs commonly 
used for sedation, with the exception of midazo-
lam, in pediatrics are not studied or approved by 
the FDA for this indication. It is difficult 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 estab-
lished. Some companies and Institutional Review 
Boards have concerns about including an unla-
beled product in the study even if that same prod-
uct is the standard of care.

Safety considerations for study protocols 
include monitoring of vital signs, in particular, 
airway, ventilation, oxygenation, and hemody-
namic variables. Monitoring must be assessed by 
personnel who are able to safely rescue patients 
from oversedation. Laboratory assessments such 
as a chemistry panel, liver function testing, and 
complete blood count are needed. Special pediat-
ric subpopulation such as preterm infants need to 
be assessed for the occurrence of comorbidities 
of prematurity, such as intraventricular hemorrhage, 
necrotizing enterocolitis, sepsis, and persistent 

ductus arteriosus. All patients participating in 
studies must be monitored in a postanesthetic care 
setting or equivalent by appropriately trained 
healthcare providers until discharge criteria have 
been met.

Patient assessment and management of resid-
ual effects of study drugs after criteria for dis-
charge 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 inten-
sive 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 indi-
cate how adverse events will be appropriately cat-
egorized and followed until resolution. Whenever 
boundary conditions predefined as normal for 
vital signs are exceeded or when reversal agents 
or other interventions are needed to prevent an 
adverse event or sustain clinical vitality, the 
adverse event should be reported.

Assessing the depth of sedation in pediatric 
patients is critical. Pediatric patients younger than 
6 years of age and those who are developmentally 
delayed may require deep levels of sedation to con-
trol their behavior. In addition, this age group is 
especially vulnerable to the effects of the sedative 
medication on respiratory drive, airway patency, 
and protective reflexes [13]. Since a child’s coop-
eration with a procedure is dependent on the child’s 
chronological and developmental age, it is impor-
tant 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 smaller 
pediatric subpoplations may be needed for compre-
hensive 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 efficacy may be 
appropriate, safety cannot be extrapolated from 
older to younger patients. Since developing sys-
tems may respond differently from mature adult 
organs, some drug interactions and adverse events 
that occur in pediatric patients may not be identified 
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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 novel adverse events or toxicities of 
higher severity compared with young mature 
adults. Extended follow-up may be required to 
assess developmental progress in patients receiv-
ing sedation during period of neuronal expansion 
and interconnection. Evidence of behavioral 
abnormalities may result from accelerated neu-
ronal apoptosis that should be sought after admin-
istration of medication in suspected drug classes.

With the passage of legislation, and experi-
ence of conducting studies in the pediatric popu-
lation, significant advances have been made in 
obtaining studies of drugs in children that are 
adequate and well-controlled. In addition, there 
have been advances in assessing the safety and 
both short and long-term use of the sedatives in 
the developing child. Despite the progress, most 
products used for pediatric sedation have not 
been approved for this use by the FDA, and future 
development should narrow the knowledge gap 
between what is known about the use of these 
products in adults and pediatrics.

References

 1. Wilson JT. An update on the therapeutic orphan. 
Pediatrics. 1999;104(3):585–90.

 2. Roberts R, Rodriguez W, Murphy D, et al. Pediatric 
drug labeling: improving the safety and efficacy of 
pediatric therapies. JAMA. 2003;290:905–11.

 3. U.S. Census Bureau, Current Population Reports. 
http://www.childstats .gov/americaschildren. Accessed 
2 November 2010.

 4. Li J, Eisenstein E, Grabowski H, et al. Economic 
return of clinical trials performed under the pediatric 
exclusivity program. JAMA. 2007;297(5):480–8.

 5. Benjamin D, Smith B, Sun J, et al. Pediatric drug tri-
als: safety and transparency. Arch Pediatr Adolesc 
Med. 2009;163(12):1080–6.

 6. Anand K. Analgesia and anesthesia for neonates: 
study design and ethical issues. Clin Ther. 2005;27(6): 
814–43.

 7. Gershanik J, Boecler B, Ensley H, McCloskey S, 
George W. The gasping syndrome and benzyl alcohol 
poisoning. N Engl J Med. 1982;307(22):1384–8.

 8. Young C, Jevtovic-Todorovic V, Qin YQ, et al. 
Potential of ketamine and midazolam, individually or 
in combination, to induce apoptotic neurodegenera-
tion in the infant mouse brain. Br J Pharmacol. 
2005;146:189–97.

 9. Rudin M, Ben-Abraham R, Gazit V, et al. Single-dose 
ketamine administration induces apoptosis in neona-
tal mouse brain. J Basic Clin Physiol Pharmacol. 
2005;16:231–43.

 10. Slikker W, Zou X, Hotchkiss CE, et al. Ketamine-
induced neuronal cell death in the perinatal rhesus 
monkey. Toxicol Sci. 2007;98:145–58.

 11. Mellon RD, Simone AF, Rappaport BA. Use of anes-
thetic agents in neonates and young children. Anesth 
Analg. 2007;104:509–20.

 12. McGowan FX, Davis PJ. Anesthetic-related neuro-
toxicity in the developing infant: Of mice, rats, mon-
keys and, possibly, humans, editorial. Anesth Analg. 
2008;106(6):1599–602.

 13. Cote C, Wilson S and the Work Group on Sedation. 
Guidelines for monitoring and management of pediat-
ric patients during and after sedation for diagnostic 
and therapeutic procedures: an update. Pediatrics 
2006;118(6):2587–98.

 14. Johansen J. Update on bispectral index monitor-
ing. Best Pract Res Clin Anaesthesiol. 2006;20(1): 
81–99.

 15. Litalien C, Jouvet P. Validation of a sedation scale 
for young mechanically ventilated children: a pain-
ful challenge? Pediatr Crit Care Med. 2006;7(2): 
183–4.



401K.P. Mason (ed.), Pediatric Sedation Outside of the Operating Room:  
A Multispecialty International Collaboration, DOI 10.1007/978-0-387-09714-5_20, 
© Springer Science+Business Media, LLC 2012

Background

A significant and growing number of children 
receive sedation for procedures performed out-
side of the operating room each year [1–4]. The 
range of procedures performed and number of 
different providers of sedation have also been 
expanded appreciably. While a large number of 
studies have reported on adverse events occur-
ring in association with procedural sedation in 
many of these settings [1–14], benchmarks for 
sedation-related adverse event rates have not 
been established.

The intent of this chapter is to add some clarity 
to the concept that the occurrence of adverse 
events is unavoidable, acceptable rates of adverse 
events should exist, and sedation providers and 
programs should be able to compare their indi-
vidual outcomes to national standards. This chap-
ter 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.

Introduction

Procedural sedation and analgesia, commonly 
referred to as “sedation,” is the use of anxiolytic, 
sedative, analgesic, or dissociative drugs to atten-
uate pain, anxiety, and motion to facilitate the 
performance of a necessary diagnostic or thera-
peutic procedure, provide an appropriate degree 
of amnesia or decreased awareness, and ensure 
patient safety [15]. The American College of 
Emergency Physicians defines procedural seda-
tion 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” 
[16]. 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 continuum, dependent on multiple factors 
including type of drug and dose administered, 
route of administration, sedation provider in a 
given setting, and characteristics of the child 
receiving the sedation [17, 18]. Children can eas-
ily move from one level of sedation to a deeper 
level [19]. Regardless of the depth of sedation that 
is targeted, a subset of children will become unre-
sponsive and experience loss of airway protective 
reflexes (general anesthesia) for at least a brief 
period of time during sedation. The uncertainty of 
achieving targeted levels of sedation is one of the 

Incidence and Stratification  
of Adverse Events Associated  
with Sedation: Is There a Benchmark?

Mark G. Roback 

M.G. Roback ( ) 
Department of Pediatrics, Division of Emergency 
Medicine, University of Minnesota Children’s Hospital, 
Minneapolis, MN, USA 
e-mail: mgroback@umn.edu

20



402 M.G. Roback

reasons why we believe that children represent the 
highest risk and lowest error tolerance subgroup 
of patients who receive sedation outside of the 
operating room [20, 21]. The result is that children 
have a higher risk for experiencing sedation-
related respiratory depression and life-threatening 
hypoxia [22]. Importantly, serious adverse events 
associated with sedation such as cardiopulmonary 
arrest, apnea, laryngospasm, and pulmonary aspi-
ration, although uncommon, have been reported 
by many providers, using an array of sedation 
drugs, in a variety of settings [1–4, 8–11, 23, 24].

Sedation services are provided for children by 
a range of providers in various settings including 
sedation units, emergency departments, radiol-
ogy/imaging suites, hospital wards, and in outpa-
tient settings [1–4, 25, 26]. We should expect that 
sedation provided by anesthesiologists, pediatric 
intensivists, emergency and pediatric emergency 
physicians, certified registered nurse anesthetists, 
advanced practice nurses, pediatric nurse practi-
tioners, registered nurses, physicians’ assistants, 
pediatricians, and radiologists may have inherent 
differences [1–4, 27–34]. Sedation providers will 
differ in the types of patients for whom they pro-
vide sedation as well as the variety of procedures 
for which these patients receive sedation [1, 2]. 
The drugs administered and routes of administra-
tion used will also differ based on depth of seda-
tion targeted. Similarly, the procedures for which 
sedation is provided may also influence adverse 
event profiles. Sedation provided by a pediatric 
emergency physician in the emergency depart-
ment for a painful procedure will differ from 
sedation provided by the same individual, in radi-
ology for a Magnetic Resonance Imaging (MRI) 
scan, which is not painful.

When we propose rates of “acceptable” 
adverse events, we must consider not only the 
characteristics of the patient and provider but also 
the procedure performed and setting as well as 
sedation drugs used, dose, and routes of adminis-
tration. As we present the existing current seda-
tion literature in this chapter, we will examine 
specific characteristics of the sedation event 
which may be expected to influence adverse event 
rates. We must also recognize that different 
 providers will define and report adverse events 

differently based on their training and experience. 
Regardless of the variables involved in deter-
mining acceptable rates of adverse events, the 
end result of sedation services for children must 
always be the same: safe, effective sedation pro-
vided to facilitate the successful provision of nec-
essary, often times painful, procedures [17, 18].

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 knowledge regarding 
safety of sedation provided to children outside of 
the operating room comes from small, single-
center studies which comment on adverse events 
but are underpowered to draw definitive conclu-
sions about safety or particular risk factors for 
adverse events [35]. As a result, current sedation 
practice guidelines are not evidence-based, but 
instead are largely derived from incomplete data 
sets or are the products of consensus opinion 
[16, 22, 36–44]. Additionally, specific specialty-
based practice guidelines exist which may  provide 
divergent recommendations regarding similar 
sedation practice [22, 36, 39, 44].

Perhaps the most significant improvements in 
patient safety have been achieved for patients who 
receive general anesthesia. Anesthesia-related 
mortality in patients undergoing 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 [45]. The Closed Claims 
Project was established in 1984 by the American 
Society of Anesthesiologists (ASA) to identify 
anesthetic-related complications and their mecha-
nism of occurrence with the goal of improving 
patient safety [46]. This dramatic improvement in 
the safety of general anesthesia was found to be 
largely due to improvements in how patients were 
monitored [47]. A recent study of monitored anes-
thesia care found that appropriate use of monitor-
ing, vigilance, and early resuscitation could have 
prevented many of the adverse events seen [48]. 
However, to make further improvement in the 
safety of anesthesia, to definitively address the 
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many issues pertaining to anesthesia risk, and to 
further develop best practice guidelines, prospec-
tive multicenter studies designed to examine large 
numbers of patients must be conducted [49].

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 pro-
vided to children outside the operating room. 
This was a retrospective evaluation of national 
reporting systems over 27 years [20, 21]. This 
critical incident analysis attempted to identify 
factors that contribute to adverse sedation events 
associated with sedation provided to children 
undergoing procedures. Factors identified to be 
associated with adverse outcomes (i.e., perma-
nent neurologic injury and death) included: 
Sedation which occurred in a nonhospital-based 
facility, sedation performed with inadequate or 
inconsistent physiologic monitoring, sedation 
administered without adequate presedation medi-
cal evaluation, sedation performed in the absence 
of an independent observer with inadequate 
recovery procedures, and the occurrence of medi-
cation errors. Drug overdoses and drug interac-
tions, particularly when three or more drugs were 
used, were commonly associated with adverse 
sedation events [21]. 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 provid-
ers to rescue patients from sedation-related 
adverse events, like apnea and oxygen desatura-
tions. 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 
improvements in patient safety related to seda-
tion may be made and acceptable rates of adverse 
events determined. However, the Closed Claims 
Project and the critical incident analysis identify 

characteristics of complications only. No infor-
mation about the hundreds of thousands of cases 
which occurred without complication was gath-
ered for comparison. Although the safety of gen-
eral anesthesia and sedation outside the operating 
room has improved with strict adherence to mon-
itoring guidelines and timely intervention or res-
cue from adverse events, most would agree that 
more work is needed for further progress to be 
made. Additional data describing the circum-
stances 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 deter-
mined and the goal of developing best practice 
guidelines to eliminate poor outcomes will be 
realized.

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, 8–11]. The three largest prospective studies of 
emergency department sedation in children 
receiving a variety of sedation/analgesia drugs 
for the breadth of emergency procedures provide 
a good example of the variability in reported 
adverse events rates. Despite being conducted in 
three similar, large urban Children’s Hospital 
emergency departments, these studies report dis-
tinctly different rates of common adverse events 
such as oxygen desaturations (8.6 vs. 13.9 vs. 
0.8%) and vomiting (7.2 vs. 1.1 vs. 0.3%) as well 
as total adverse event rates (17.0 vs. 17.8 vs. 
2.3%) [4, 8, 9]. 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 
definitions 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 adverse event rates of less common 
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potential complications of sedation such as apnea, 
laryngospasm, pulmonary aspiration, and cardio-
pulmonary arrest.

In another example, comparisons between 
single center studies showed significant dispari-
ties in adverse event reporting despite having 
similar settings (emergency departments), types 
of procedure performed (painful), and sedation 
drug (ketamine) administered. Only the route of 
administration differed (intravenous vs. intra-
muscular) in these studies – yet reported adverse 
event rates such as vomiting still varied consider-
ably from 3.8 to 18.7% [4, 8, 10, 50–55].

Adverse event rates reported with sedation 
provided with propofol is a further example of 
disparities in adverse event reporting despite 
use of a common agent. With the administration 
of propofol, the variability of reported adverse 
event rates such as oxygen desaturation (0–30%) 
and apnea necessitating the use of positive pres-
sure ventilation (0–2.5%) may be due to differ-
ences in providers (pediatric intensivists vs. 
emergency physicians), setting (sedation unit 
vs. emergency department vs. radiology), type 
of procedure (painful vs. not painful), and pres-
ence of coadministered analgesic such as fenta-
nyl [3, 56–64]. In emergency department studies 
of sedation with propofol-based regimens, rates 
of adverse events varied from low 3.5% [65] to 
high of 31% [55] and 33% [57]. One study of 
sedation using propofol with fentanyl reported 
complications in an extremely high rate (84%) 
of patients [66]. Given the high degree of vari-
ability 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 
important, although infrequently reported, com-
plication of sedation outside the operating room 
[1–3, 24, 25, 67]. 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 pulmonary aspiration by adhering to preproce-
dural fasting recommendations [68]. Clinically 
apparent pulmonary aspiration events have been 

reported to have occurred in association with 
sedation in settings where ASA preprocedural 
fasting guidelines are routinely followed such as 
dedicated sedation units [1–3] and for radio-
logical procedures and bronchoscopy [25, 26]. 
However, in emergency departments, where 
adherence to preprocedural fasting guidelines has 
not been shown to be rigorously applied [5–7], 
aspiration has never been reported to have 
occurred in a child [43, 69, 70].

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 as opposed to that 
observed with oral chloral hydrate. Further rea-
sons for disparities in adverse event reporting 
may be as basic as how we define and report 
adverse events of interest.

Definition of Adverse Events  
and Reporting Recommendations

In addition to the clinical parameters described in 
the previous 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 differ-
ences in definitions of adverse events and report-
ing practices. The rate of total adverse events is 
dependent on how these events are defined and 
which events individual providers and sedation 
services choose to report as significant. For 
example, an anesthesiologist may consider sono-
rous breathing resulting in a pulse oximeter read-
ing of 87% (relieved by a simple jaw thrust) as 
inherent to propofol sedation 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 
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obstruction and oxygen desaturation. In another 
example, if oxygen desaturation is defined as an 
oximeter reading <90% in room air for greater 
than 30 s, a child who desaturates from 100% at 
the beginning of sedation to 90% during the pro-
cedure and who responds positively to an airway 
maneuver and the administration of oxygen, 
would not be reported as having experienced 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 events resulting from exist-
ing studies. As described above, sedation practice 
varies widely and the rate of adverse events is 
reported inconsistently. An important reason for 
this variability is that investigators do not have a 
standardized set of definitions and reporting 
guidelines to follow [4, 5, 8, 9, 59, 62, 71]. In 
order to facilitate comparisons between studies 
and the aggregation of data from multiple studies, 
definitions to describe sedation practices, inter-
ventions, and adverse events must be developed 
and routinely used. Only after clear definitions 

for adverse events and recommendations for 
reporting exist and are consistently followed in 
studies of large numbers of sedation, will mean-
ingful adverse events 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 to children in 
the emergency setting were devised by consensus 
of an expert panel of pediatric emergency physi-
cians and pediatric anesthesiologists [15]. 
Intervention-based definitions for adverse events 
were chosen because the panel believed that this 
framework would yield the greatest possibility of 
uniform data collection for clinically important 
events. Definitions using this approach require 
specific clinical 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 per-
formed with the intention of treating or managing 
the event [15]. Table 20.1 provides a list of 

Table 20.1 Intervention-based definitions for sedation-associated adverse events

Averse events Interventions performed in response
Oxygen desaturation Vigorous tactile stimulation

Airway repositioning
Suctioning
Oral or nasal airway placement

Apnea: central vs. obstructive (partial vs. complete) Administration of reversal agents
Supplementing/increasing oxygen
Application of positive pressure ± ventilation with bag mask
Tracheal intubation

Clinically apparent pulmonary aspiration Extended observation or admission to hospital
Retching/vomiting Administration of antiemetic
Cardiovascular events

Bradycardia
Hypotension

Chest compressions
Administration of medications
IV fluid administration

Excitatory movements Procedure was delayed, interrupted, or not completed
Paradoxical response to sedation Administration of reversal agents

Administration of sedation drugs
Unpleasant recovery reactions Allocation of additional personnel to care for the patient

Delay in discharge or disposition
Permanent complications (neurologic injury or death)
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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. Appendix provides complete Quebec 
Guidelines recommendations for definitions of 
adverse events within a template which may be 
used for data collection and documentation.

The Quebec Guidelines were intended to pro-
vide researchers with a template on which 
adverse events may be consistently documented 
and reported with the purpose of consistently 
collecting data which 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 edito-
rial states that the Quebec Guidelines are broadly 
applicable to all forms of sedation research or 
adverse event monitoring [72]. More directly, 
despite the pediatric intent, each definition and 
recommendation applies readily to adults. This 
approach and the principles put forth extrapolate 
to any setting in which sedation is performed 
[17, 18, 72].

Once data is generated from multicenter stud-
ies of large populations of patients using stan-
dardized definitions and reporting schemes, 
meaningful adverse event rates may be estab-
lished and definitive clinical care guidelines may 
be devised that will improve our ability to ensure 
the safety of sedation provided to children out-
side of the operating room.

Multicenter Investigations

Until just recently no studies of sufficiently large 
numbers of children who received sedation out-
side the operating room existed to allow for eval-
uation of acceptable rates of adverse events. The 
Pediatric Sedation Research Consortium (PSRC) 
has published an observational study of over 
30,000 children who received sedation at 26 
institutions for mostly elective procedures (8% 
emergency), performed by different providers 
(pediatric intensivists 28.4%, emergency physicians 

27.9%, and anesthesiologists 19.2%) using 
mostly the following drugs singly or in combina-
tion: propofol (50.1%), midazolam (27.1%), ket-
amine (13.6%), or chloral hydrate (11.7%) [1]. In 
this large cohort of children, 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 poten-
tially poor outcomes and 1 in 1,500 sedation 
events resulted in unexpected admission to the 
hospital.

A subsequent study examined propofol admin-
istration by a variety of specialists, under circum-
stances similar to their first study in almost 50,000 
children [2]. Again, no deaths were observed; 
however, apnea or airway obstruction was com-
mon (5.75%) and cardiac arrest (n = 2), pulmo-
nary aspiration (n = 4), and laryngospasm (n = 96) 
occurred. The authors emphasized that safety 
depends on providers’ ability to identify poten-
tially serious adverse events, usually respiratory 
in nature, and provide appropriate rescue. Further 
data is needed to identify specific 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 seda-
tion drugs other than propofol.

Ketamine has become the most commonly 
administered drug for the sedation of children in 
the emergency department [17, 18, 38, 39, 41, 
73–75]. A recent individual patient data meta-
analysis of over 8,000 ketamine administrations 
to children in 32 emergency departments sheds 
some light on adverse events rates and risk fac-
tors for emergency sedation with ketamine. Green 
et al. report an overall incidence of airway and 
respiratory adverse events of 3.9% [73]. Age 
younger than 2 years and age 13 years or older, 
high intravenous dosing and coadministration of 
anticholinergic or benzodiazepine were indepen-
dent predictors of airway or respiratory adverse 
events. Although this study represents the largest 
sample of children receiving emergency depart-
ment ketamine sedation to date and provides 
important information, the study design did not 
allow for definitions of adverse events to be 
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determined a priori, and many important clinical 
variables were not included.

Prospective studies of large cohorts of chil-
dren, using standardized definitions and report-
ing structures for adverse events, are required to 
generate the data needed to carefully examine the 
multitude of factors that contribute to adverse 
events before meaningful “acceptable” adverse 
event rates may be established.

Future Directions

As described previously, the works of the Pediatric 
Sedation Research Consortium and the ketamine 
individual patient data meta-analysis are impor-
tant first steps toward generating the data required 
to carefully assess sedation practice in children 
outside the OR [1, 2, 73]. Recently, the World 
Society of Intravenous Anesthesia (World SIVA) 
established an International Sedation Task Force 
(ISTF) represented by 26 members from multi-
specialties, both adult and pediatric, from 11 
countries. The ISTF has presented an Adverse 
Event Reporting Tool designed to standardize the 
collection of sedation outcome data (adult and 
children) worldwide (Table 20.2) [76]. This tool is 
an open-access web-based tool, available to pro-
viders globally (www.AESedationReporting.com or 
www.InternationalSedationTaskForce.com). The 
data collected will be available to individual and 
institutional users and will, in addition, populate 
the global ISTF sedation database. The collection 
of large data from multi specialists globally will 
be an important first step to identify and carefully 
evaluate the range of variables which effect seda-
tion-related adverse event rates. Such studies must 
be broad reaching in scope yet flexible 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 
standardized adverse events definitions and 
reporting structures (such as described in the 
Quebec Guidelines and by the ISTF), will stan-

dardized data sets be compiled. This will allow 
for the aggregation of data and meaningful com-
parisons of sedation studies. National and inter-
national multispecialty collaboration will be 
required to develop databases with sufficient 
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 feasibil-
ity of such a collaborative endeavor requires not 
only cooperation of multiple specialties using 
cutting-edge data collection technology but also 
a level of funding which to date has not been 
realized.

Summary

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, providers of sedation, and the set-
ting in which patients receive care. In addition, 
the definitions used to identify adverse events 
and existing reporting structures will also 
impact on rates of adverse events observed. As 
studies of larger numbers of children are per-
formed using standardized definitions and 
reporting of adverse events, we will gain a 
clearer picture of what may be the expected and 
acceptable adverse event rates. Further multi-
center, prospective research of international 
populations of children who receive sedation 
will identify risk factors for adverse events so 
that true evidence-based sedation best practice 
guidelines may be established.

Standards of adverse events rates will vary 
based on the characteristics of the sedation expe-
rience as described above. However, patient 
safety will ultimately be ensured by the careful 
assessment of risks and benefits of sedation which 
is performed in carefully monitored and con-
trolled clinical settings by skilled providers pre-
pared to provide cardio-respiratory rescue when 
needed.
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Source: From Bhatt et al. [15]. Reprinted with permission from the American College of Emergency Physicians.
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Introduction

Most children who receive sedation outside the 
Operating Room have a good outcome and ben-
efit from efforts to reduce pain and anxiety dur-
ing a procedure [1, 2]. However, administration 
of sedative and analgesic agents to children in 
the outpatient setting always carries some risk 
to the patient. One study showed that up to 17% 
of pediatric procedural sedations have some 
type of complication [3]. Most adverse events 
are respiratory and 1/200 requires interventions 
to maintain a patent airway and to ventilate the 
patient. One in every 1,500 sedations results in 
an event that requires unanticipated admission 
to the hospital [3]. Whenever a child has a bad 
outcome after receiving sedation, there is poten-
tial liability for the provider and it is quite pos-
sible that a malpractice suit will follow. There 
have been several settled cases that involve 
problems with sedation of children. These mal-
practice cases do not necessarily reflect poor 
care by the health professional, but that care 
will certainly be scrutinized whenever there is a 

lawsuit. It is wise to take precautions to prevent 
adverse outcomes and subsequent litigation.

When litigation ensues, the hospital or center 
where the event took place, the physician who 
ordered the sedative agent, and the provider who 
gave the medication may all be named in the 
lawsuit. Most malpractice lawsuits result in an 
out-of-court settlement, or they are dropped alto-
gether. Only about 10% reach a jury verdict [4]. 
Still, these legal actions can be quite burdensome 
and emotionally draining. They are also quite 
expensive.

Patients and families are likely to sue a hospi-
tal or a physician whenever there is a bad out-
come, if they perceive there was negligent care 
and when there is poor communication with the 
physician. Some families sue to seek revenge 
against a physician with whom they are angry or 
unhappy. Others sue to obtain resources they will 
need to care for a handicapped child. Others sue 
to relieve their own guilt, and some to “save 
another patient from the physician” who injured 
their child [5]. Often the suits are instigated by a 
relative (perhaps a physician or a nurse) who 
implies that the treatment given to the child fell 
below the standard of care. The Standard of Care 
is defined as that which a reasonable physician in 
a particular specialty would have given to a simi-
lar patient, under similar circumstances. Because 
most clinicians have similar access to informa-
tion and knowledge, most often they are held to a 
national standard of care, no matter where the 
individual practices [6].
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Preventing Litigation

Malpractice lawsuits are an unpleasant and unde-
niable part of medical practice. However, they 
are not necessarily inevitable. Many malpractice 
lawsuits involving sedation are predictable and 
preventable just like many pediatric diseases and 
childhood injuries. Some malpractice lawsuits 
can be prevented if the medical staff is commit-
ted to practicing “good medicine,” communicat-
ing well with family members and other hospital 
staff, and documenting the good care that is 
delivered [6].

Practice “Good Medicine”

The most effective way to prevent a malpractice 
lawsuit is to prevent the adverse outcome from 
occurring (see Table 21.1). Clinicians who are 
responsible for sedating a child should be qualified 
and credentialed. Hospitals and other medical cen-
ters must develop criteria and training to credential 
individuals caring for sedated children. There is no 
universal rule on what the credentialing process 
must entail. Many centers require the clinician to 
be certified in PALS, BLS, and perhaps take a 
course or complete an online module about spe-
cific sedative agents. Some recommend simula-
tion-based training of nonanesthesiologists to 
improve patient safety during pediatric sedation 
[7]. While training may vary at different institu-
tions, the clinician must be thoroughly knowledge-
able about the agents they use and their potential 

complications. The clinician must anticipate a 
deeper level of sedation than planned. Furthermore, 
the clinician must have appropriate skills to rescue 
a sedated patient if there is a complication.

Clinicians who work in a free standing facil-
ity (such as a dental office, gastroenterology 
suite) must be particularly cautious and they 
must have a plan in advance to activate emer-
gency medical services (EMS) for help when 
there is an adverse event. They must have proper 
equipment available and the necessary skills to 
use this equipment appropriately while awaiting 
help [8]. In the event of a bad outcome, practitio-
ners using sedative agents in an office setting, 
offsite from the hospital, will likely be held to 
the same standards as other clinicians who use 
the same agents.

It is wise to avoid the practice of giving sedat-
ing medications at home, prior to a procedure, as 
this is associated with an increased risk for airway 
obstruction while parents drive to the hospital [9]. 
Furthermore, the clinician should have a clear 
understanding of the goals of sedation and then 
use the drugs wisely to achieve the intended depth 
of sedation [10].

Pre Sedation Evaluation/Decisions

The clinician providing sedation must carefully 
evaluate the child prior to administration of any 
sedative agent. Inadequate evaluation prior to the 
sedation has been found to be a factor in many 
adverse events [9]. A presedation health evalua-
tion should at least include the patient’s age, 
weight, allergies, medications, relevant family 
history, and past medical history including physi-
cal abnormalities, history of snoring, and neuro-
logic impairment that may increase potential for 
airway obstruction. A focused assessment of the 
airway is crucial; assess for large tonsils or ana-
tomic airway abnormalities that may increase the 
risk for airway obstruction. The exam should 
always include vital signs [8, 10].

It is wise to involve the Anesthesia Department 
for high-risk patients – those with snoring, stridor, 
sleep apnea, craniofacial abnormalities, abnormal 
airway, vomiting, gastroesophageal reflux, bowel 

Table 21.1 Preventing adverse outcomes

Provider must be qualified 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 presedation 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
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obstruction, asthma exacerbation, pneumonia, 
and complex medical problems such as cardiac 
disease, hypovolemia, or neuro-muscular disor-
der. Also, involve the Anesthesia Department for 
children younger than 1 year of age or those with 
an ASA classification greater than 3 [8, 11].

Double check medication dosages before any 
drugs are given. Take time to make sure that all 
necessary equipment and medications are in 
place before giving sedative agents. The 
SOAPME checklist is familiar to many and 
reminds the clinician to plan in advance (Suction, 
Oxygen, Airway (appropriate-sized equipment), 
Pharmacy (drugs needed), Monitors, Equipment 
(perhaps a defibrillator)) [8, 11]. The Joint 
Commission advocates a “time out” before any 
medication is given to verify the correct patient, 
site, and medications [12]. Anticipate complica-
tions such as laryngospasm. Have a back-up plan 
for complications before they arise. The Joint 
Commission emphasizes the concept of “seda-
tion rescue,” which is essential to safe sedation 
[12]. The ability to rescue a patient after an 
adverse event is also emphasized by AAP guide-
lines [8]. Plan ahead and decide who will be con-
sulted and how an emergency will be managed.

Medication Errors

Whenever sedative or analgesic medications are 
used, there is always a chance for error. Often 
these errors are preventable. One study found 
that there are 3.99 errors for every 1,000 medica-
tions ordered for hospital patients and many are 
potentially serious [13]. This is due in part to 
look-alike and sound-alike drugs. Hospitals and 
clinicians must be careful with these and keep the 
medications separated and clearly labeled.

Many other medication errors are due to incor-
rect computation. Some of these may be prevent-
able by computer technology where only 
approved drug doses are accepted by the com-
puter. Serious medication errors often involve a 
misplaced decimal point, which can result in a 
tenfold error. It is thus recommended when writ-
ing medication orders, to place a zero before a 
decimal point to express a number less than one 

(e.g., 0.5 mL). However, one should never use a 
terminal zero (e.g., 5.0), since failure to see the 
decimal point may result in the patient getting 10 
times the dose desired. Likewise, avoid abbrevia-
tions such as: “cc, u” as poor handwriting can 
result in misinterpretation of these symbols. 
Preventable errors may also occur when the 
healthcare provider fails to obtain an adequate 
history of allergies, or fails to read the record that 
documents an allergy [14].

Postsedation/Discharge

Observe the patient for an appropriate period of 
time after giving sedation. No child who receives 
sedation should be discharged until he/she meets 
criteria proposed by the AAP [8]. Before dis-
charge, the child should have normal cardiovas-
cular function, an intact gag reflex, and a patent 
airway. The state of hydration should also be ade-
quate. The child should be easily aroused and 
able to sit and talk, if age appropriate. Younger 
children or those with neurologic dysfunction 
should be close to their presedation level of func-
tion before discharge. Consider prolonged obser-
vation if the only adult present has to drive the 
car or if a child has an underlying medical prob-
lem, such as neurologic impairment, partial air-
way obstruction, minor complications during the 
sedation, or previous problems with sedation [8]. 
Provide a 24 h phone number that parents can 
call with any questions about their child’s seda-
tion or behavior [11]. Give instructions about 
limitation of activity and appropriate dietary pre-
cautions. Premature discharge of a sedated patient 
from the ED can have disastrous consequences.

Policies and Protocols

Hospitals must develop and publish policies and 
procedures regarding sedation. Practitioners 
involved with sedation of a pediatric patient must 
be aware of them and follow the policies and pro-
tocols. Often, attorneys will use such hospital 
standards to show that a clinician deviated from 
the protocol [15]. Thus, it is important to make 
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sure that hospital protocols are reasonable, so 
that clinicians are comfortable with them and 
they do not lead to unreasonable monitoring or 
other requirements. For instance, capnography is 
“encouraged” for sedated children in AAP guide-
lines [8]. However, if the hospital does not rou-
tinely require end-tidal CO

2
 monitoring for every 

sedated patients, this should not be found as a 
requirement in the Policy and Procedure manual 
of the hospital.

Furthermore, proper supervision of trainees is 
important. Trainees often order sedation for chil-
dren. Lack of supervision is a common factor in 
medical errors by trainees and resulting malprac-
tice lawsuits [16].

A few years ago, the Joint Commission found 
significant variation in the level of care provided 
to children depending on where the sedation was 
administered in the same institution (emergency 
department, clinic, radiology suite, etc.) [12]. 
They mandated that each institution develop its 
own specific protocols for patients receiving seda-
tion that carries the risk of loss of protective 
reflexes. The Joint Commission also specified that 
the standard of care be the same for all sedated 
patients throughout the hospital. The institution 
must standardize its documentation process in 
terms of history, physical exam, and events of the 
procedure and recovery phase. Guidelines for 
informed consent for procedures must be unvar-
ied throughout the institution. Furthermore, moni-
toring guidelines and skills of the personnel who 
are providing care for the sedated child must be 
uniform in the institution [12]. Standards for how 
long a child must be “NPO” (nothing by mouth) 
before receiving sedation must also be standard-
ized throughout the hospital. Though NPO guide-
lines have been challenged recently due to lack of 
evidence, hospitals must still have a consistent 
policy. The NPO policy should not be different in 
the ED than elsewhere in the hospital. Even in the 
ED, use of sedation must be preceded by an eval-
uation of food and fluid intake. However, this 
policy may take an emergency situation into 
account and the fasting interval is sometimes 
shortened in the Emergency Department (ED). 
The hospital policy should reflect the fact that in 
an emergency, when proper fasting cannot be 

ensured, the increased risk of sedation must be 
weighed against its benefits. In general, use the 
lightest effective sedation in these emergency sit-
uations [8].

Hospital policy should also define which clini-
cians can order or administer specific sedative 
medications. Many hospitals permit nonanesthe-
siologists to administer agents such as propofol or 
ketamine after specific training, whereas some 
prohibit this. Such decisions are generally left to 
the discretion of the individual hospital, as the 
Standard of Care allows nonanesthesiologists to 
use such medications within appropriate guide-
lines. Package insert information about sedative 
agents is important, but does not necessarily dic-
tate clinical practice. In the event of a malpractice 
lawsuit involving sedative agents, evidence-based 
research and clinical usage protocols will be con-
sidered as well. If such evidence demonstrates 
safe and effective outcomes for agents utilized in 
procedural sedation in the ED, the clinician should 
be able to defend the administration of agents 
such as propofol, when used properly.

Hospitals should specify which medications 
can or cannot be administered by nursing staff. 
Such policies must be guided by local laws and 
regulations. In many states, nurses are not permit-
ted to give certain sedative agents in the ED. It is 
wise for nurses and other practitioners to follow 
these states, local, and hospital regulations. In the 
event of a bad outcome with sedation, such regu-
lations would undoubtedly be called up and devi-
ation from these rules may be difficult to defend.

Finally, hospital policies should address the 
issue of photographs and video recording of 
patients who receive sedation. In general, images 
that capture the appearance of a patient as part of 
his or her medical care become part of the 
patient’s medical record. Thus, they are subject to 
legal scrutiny as any other part of the record and 
they can be used as evidence in the event of a 
malpractice lawsuit. However, it is not clear if 
images acquired by a treating physician for pur-
poses other than medical care (such as for use in 
publications, lectures, or a clinical trial) would be 
considered part of the medical record. A court’s 
classification of these images may be influenced 
by the expectation of the patient and his/her 
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guardians. It is unlikely that a court would view 
images captured by someone who is not the 
child’s physician as part of the record [17].

Clinical Guidelines

Several organizations have published guidelines 
to assist healthcare professionals in sedating chil-
dren in a safe manner. The American Academy 
of Pediatrics recently revised and published 
guidelines for sedation in 2006 [8], as did the 
American College of Emergency Physicians in 
2008 and 2011 [18, 19]. Those involved with 
pediatric sedation should be familiar with pub-
lished clinical care guidelines and if these are not 
followed, he/she should be able to defend the 
deviation. In many cases, a particular patient does 
not fit the guidelines, and if the clinician acts rea-
sonably, he/she is not bound to these. However, 
guidelines from major organizations like the AAP 
will have great impact in court. A guideline does 
not automatically become the standard of care. A 
guideline must be widely accepted by a specialty 
before it is used as the standard of care in a mal-
practice case [20].

Guidelines for fasting prior to sedation are 
consensus based rather than evidence based and 
thus they are debatable. However, one should not 
disregard the fasting status of the patient entirely 
[8, 10, 18, 21, 22]. Documentation of the last 
oral intake is good practice and a Joint 
Commission requirement [12]. It is prudent to 
assume that all patients in the ED have a full 
stomach when planning the use of sedatives or 
analgesics. Consider the risk benefit ratio based 
on when the child last ate and the urgency of the 
procedure. Such consideration will help prevent 
an adverse event and will help defend any 
litigation.

Communicate Well

It is very important for those involved with seda-
tion to communicate well with families. The cli-
nicians should listen well and speak clearly. Tell 
the parents/family what to expect. Keep the 

 family informed as the procedure and sedation 
evolve. Develop a sense of trust with the family. 
One effective way to do this is to show compassion 
[23]. The clinician’s dress, posture, and manners 
also impact on the ability to develop a sense of 
trust.

Failure to communicate is often a factor in 
malpractice lawsuits. One study [24] showed that 
70% of lawsuits involve communication style or 
the clinician’s attitude. Patients who sued reported 
that the physicians involved inadequately 
explained the diagnosis or treatment to the fam-
ily. They failed to understand the patient/family 
perspective, and often discounted or devalued the 
patient/family views. In many cases the family 
felt rushed. In Hickson’s study of parents who 
sued, it was also found that families were dissat-
isfied with patient/doctor communication [5]. In 
this study, 13% reported the doctor would not lis-
ten, 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 outcome.

Informed Consent

Informed consent is more than just obtaining a 
parent’s signature on a piece of paper. The family 
of a child who receives sedation is entitled to infor-
mation about the procedure and the medications to 
be used. Parents have the right to know about the 
risks and benefits of the treatment to be given to 
their child, and any alternatives available. Their 
consent should be obtained prior to administration 
of any sedative agents. A general consent form 
signed at the time of arrival to the outpatient facil-
ity does not usually imply consent for use of seda-
tion and analgesic medications. Separate consent 
for sedation is advised. Whether consent should be 
in written or verbal form depends on local, state, 
and institutional requirements. In many states, ver-
bal consent is adequate for most emergency proce-
dures. Written consent forms have value in 
educating the guardian with respect to the proce-
dure, and they may provide some protection to the 
caregiver by documenting the steps taken to inform 
the family. However, signing a form does not 
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 necessarily imply informed consent [25, 26]. The 
guardian may still claim the risks and benefits 
were not adequately explained. If a specific consent 
form is not used, it must be clearly documented in 
the record as to what the parents were told and that 
they gave verbal agreement. In a true emergency, 
informed consent is not needed; it is implied and 
assumed that a reasonable parent would want 
immediate necessary care.

Pennsylvania law defines informed consent as 
giving the consenting person a description of the 
procedure 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 con-
cept of informed consent is followed by most 
states. The parents could conceivably bring a 
lawsuit against a physician for failing to obtain 
informed consent if they are not told of a risk of 
the treatment and the child suffers harm from the 
sedation. The parents would have to prove that 
reasonable people, properly advised, would not 
have consented to the procedure had they been 
previously informed [26].

Parents should be informed consumers. 
Information given to the guardian should include 
objectives of the sedation, anticipated changes in 
behavior during and after the sedation. Parents 
should be informed of alternatives such as use of 
local anesthesia, regional anesthesia, general 
anesthesia in the Operating Room, and alternate 
routes of administration. One study identified 
that parents most often wanted information 
regarding induction, adverse events, emergence 
reactions, and pain relief [27].

Information should be given in a clear straight-
forward manner. The care provider should be 
sure the guardian understands the information 
given, and it may be useful to ask the parent to 
paraphrase what they have been told. If a serious 
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 [8, 10, 28, 
29]. No parent should be forced to make a spe-
cific decision for a child. Most parents desire the 
opinion of the experienced caregiver, and advice 

from the doctor helps them make a reasonable 
determination of what is best for their child. 
Table 21.2 summarizes important features of the 
informed consent process.

Communicate Well with Staff

Good communication between staff members 
involved with sedation is also essential. Do not 
demean other staff members in front of parents. 
Instead, it is best to “manage up” and praise other 
staff in front of families. Avoid joking or stray 
comments nearby families as they may misinter-
pret what is said or get a wrong impression that 
the staff is not concentrating on their child. 
Transfer information carefully. There are numer-
ous errors related to poor sign-out of information 
among staff. Change-of-shift can be dangerous, 
as information can be lost during hand-offs [30].

Document Carefully

Careful documentation of the use of sedatives 
and analgesics is extremely important. The child’s 
medical record may be the first item reviewed by 
an attorney and a consulting expert physician in 
determining whether a complication was the 
result of negligence. Thus the medical record 
could be your best defense or the plaintiff’s best 
witness. A complete and thorough record may 
prevent a lawsuit, or at least it will help the 
healthcare provider to defend a legal action. 
Often, there is an extended length of time between 
the patient encounter and a subsequent malprac-
tice suit. A complete, well-prepared record will 
then prove very helpful when recall of the event 

Table 21.2 Important items of informed consent

Provide a clear explanation
Describe risks and benefits 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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has faded. The chart should reflect a neat, profes-
sional appearance and it should be maintained as 
if it were a public document [6, 25].

If an inpatient or outpatient chart already exists, 
there is no need to repeat the information previ-
ously documented. However, a brief note to 
indicate that the chart was reviewed before admin-
istration of sedative agents is recommended. 
Indicate the child’s presedation status. Note that 
the patient’s condition has not changed since 
arrival or since the last exam in the record [8].

A well-designed, time-based record will 
make it easier to find and record essential infor-
mation. The patient’s weight and allergies should 
be placed in an obvious location in the record 
so they can be easily noticed when medica-
tions are ordered. Checklists in the record may 
serve to remind the caregiver to ask specific 
questions or perform a specific part of the physi-
cal examination [11].

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 rel-
evant family history is also 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 [8, 11].

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 specific intervals [8, 11].

A time-based record should include all drugs 
and doses administered and the routes of admin-
istration. It should include at least the patient’s 
name, route, site, time of medication, dosage, and 
effect of the administered drugs on the patient. 
Certainly, any adverse effects should be recorded. 
Record findings while monitoring the patient, 
such as oxygen saturation. Document the child’s 
level of consciousness during the procedure, e.g., 
how he/she responds to verbal commands or tac-
tile stimulation [8, 11].

Prior to the patient’s discharge from the 
sedation unit, document the child’s level of con-
sciousness 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. Include a reminder to parents in the 
discharge instructions that the child should not 
be involved in play that requires coordination 
such as bike riding or skating for perhaps 24 h. 
Recommend adult supervision at home. 
Unsupervised bathing, use of electrical devices, 
or other possibly 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 a 24-h telephone number to 
call if any questions. Discuss safe transport home 
with the patient’s guardian [8, 11].

Never Alter Medical Records

It is never wise to alter a patient’s medical record or 
make a late entry after an adverse event has 
occurred. Appropriately correct errors in charting 
with a single line placed through the error; date and 
initial the correction. Do not attempt to cover up the 
mistake by blacking out words or phrases, as this 
will likely arouse suspicion. Should litigation 
ensue, it is usually easier to defend missing facts or 
a poor record than one that has been altered [31].

Managing Medical Errors

When a complication related to sedation occurs, a 
full investigation is needed. For hospital-related 
events, contact the hospital’s Risk Management 
office. This office is the division of the hospital 
that manages adverse outcomes and attempts to 
prevent them by careful monitoring of hospital 
“systems.” Risk Managers will generally guide 
the staff about documentation of the event and 
any further action that is necessary. Subsequent 
treatment rendered to the patient should be noted 
in the medical record. Some recommend that 
lengthy details of the problem should not be dis-
cussed in the record, but rather documented in an 
Incident Report. The Incident Report should be 
written as soon after the adverse event as possible, 
and the hospital Risk Management Office should 
receive the only copy. The Incident Report should 
contain a description of the incident, names, date, 



422 S.M. Selbst

time of the event, clinical impact of the problem, 
and actions taken. Incident Reports are often 
discoverable. Do not include a written apology 
or conclusion assigning blame to an individual. 
It is also unwise to make self-serving or defensive 
statements in the medical record [32].

When an error has occurred, full disclosure 
to the family is usually recommended. Offering 
a sincere apology to the family often diffuses 
anger. Studies have shown families are more 
likely to sue if they believe the doctor concealed 
the truth. Disclosure allows a good doctor–
patient relationship to continue and thus reduces 
risk. Families often seek advice from a lawyer 
to get information about what happened to their 
child. Open communication after an error may 
prevent the need to seek legal advice [33, 34].

When to Contact an Attorney

Whenever a medical error has occurred, or in the 
event of a bad outcome (even if no error took 
place), it is wise to contact the hospital Risk 
Management Office and give them a “heads up” 
notification of a potential legal problem. In some 
cases, the physician is not expecting a lawsuit, 
but may receive written notification of legal 
action, known as a “complaint.” This complaint 
should be taken seriously. Even if you disagree 
with everything in the complaint (charges are 
often exaggerated), do not ignore this. The 
complaint may list statements that are demoral-
izing or insulting, but they are only unproven 
accusations.

Notify your hospital Risk Manager as soon 
as you receive the complaint. Also, notify your 
malpractice insurance company and make cer-
tain that a defense attorney will be assigned. 
Your attorney, once assigned to the case, will 
discuss the matter with you and send an 
“Answer” to the complaint (generally denying 
the allegations) within a certain time frame [6]. 
The clinician has a right to hire a “private” attor-
ney to represent him or her, but this is usually at 
the clinician’s expense, and is rarely done. Some 
clinicians will hire a private attorney in rare 

cases when the insurance company wishes to 
settle the case, and the clinician disagrees with 
this decision.

If you are named in a malpractice lawsuit, do 
not panic! Being named in a malpractice lawsuit 
does not mean you are a “bad” clinician. It does 
not necessarily mean you have done anything 
wrong. Tell your attorney all you know about the 
incident and help him/her develop the case. Make 
some recommendations for a possible expert wit-
ness for your defense. Do not discuss the case 
with colleagues. Do not call the patient’s family 
to discuss the matter [6].

Quality Improvement

The Joint Commission requires each facility to 
perform quality improvement review of sedation 
practices. Each facility should track adverse 
events, such as the need for airway intervention, 
apnea, desaturation, and prolonged or unsatisfac-
tory sedation. These events should be examined 
to detect system flaws, and to reduce risk in the 
future [8, 11].

Family Member Presence  
for Procedures

No studies have been done to evaluate the effects 
of family member presence during sedation and 
procedures on litigation. However, studies show 
that most family members who witness a proce-
dure report favorable opinions of the process. This 
favorable opinion by families holds true for resus-
citation, even when the patient dies. In one study, 
94% of family members surveyed stated that they 
would participate again if given the opportunity, 
and 76% believed they adjusted better to the death 
of a relative by witnessing the resuscitation [35]. 
Thus, little information in the literature supports 
the belief that family member presence during 
sedation and procedures will increase legal risks 
for a clinician. Parent satisfaction may actually 
improve if they are present for a procedure 
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involving sedation and the likelihood of a lawsuit 
may decrease, as satisfied family members are 
generally less likely to file a lawsuit [35, 36].

Conclusion

Healthcare Costs and the Medical 
Liability System

The implications of the medical liability system in 
the United States are significant. As President 
Obama pushes for healthcare reform, the public is 
becoming increasingly aware of the expenditure 
related to medical liability. In 2004, the 
Congressional Budget Office estimated that mal-
practice costs, excluding defensive medicine, 
accounts for less than 2% of healthcare spending 
[37]. Defensive medicine, however, is a significant 
expense, reflecting the physician’s purposeful 
overuse of the healthcare system in order to protect 

themselves from liability. A recent publication 
looked at the total costs of the medical liability 
system, accounting for all expenses that could be 
quantified and expressed. The costs were put into 
categories: indemnity payments (cost to the mal-
practice defendant and their insurer as well as the 
payout to the plaintiff), administrative costs (attor-
neys etc.), defensive medicine costs, and other 
costs [38] (Table 21.3). It is estimated that the cost 
of a defense attorney averages 19¢ per indemnity 
dollar [39]. Other costs include expenses such as 
the risk management offices and fees spent by the 
hospitals, an estimate which in 2008 averages from 
$185,000 to $1.9 million per hospital – totaling a 
conservative estimate of $1.06 billion dollars 
annually for the 5,708 registered hospitals in the 
United States [38]. In total, the annual expenditure 
related to medical liability in the United States has 
been estimated at $55.6 billion (Table 21.3). This 
reflects by 2008 standards, 2.4% of national health-
care spending [38]. Thus, as physicians work 

Table 21.3 Estimates of national costs of the medical liability system

Component
Estimated cost (billions  
of 2008 dollars)

Quality of evidence supporting  
cost estimate

Indemnity payments $5.72 Good as to the total moderate as to the 
precision of the split among the components

Economic damages
Noneconomic damages
Punitive damages

$3.15
$2.40
$0.17

Administrative expenses $4.13a Moderate
Plaintiff legal expenses
Defendant legal expenses
Other overhead expenses

$2.00a

$1.09
$3.04

Good
Moderate
Good

Defensive medicine costs $45.59 Low
Hospital services
Physician/clinical services

$38.79
$6.80

Other costs
Lost clinician work time
Price effects
Reputation/emotional harm

$0.20
–b

–b

Moderate
Low
No evidence

Total $55.64

Source: Copyrighted and published by PROJECT HOPE/Health Affairs as Mello et al. [38]. The published 
article is archived and available online at www.healthaffairs.org
a Although plaintiff legal expenses are separately itemized, they are not included in the overall administra-
tive costs because, in the contingent fee system, they are already represented in the indemnity costs
b These costs are not estimable with the available data
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Case Studies

Case 1

A 2-year-old boy was brought to an Illinois 
medical center by his mother to check a “bump 
on his head,” sustained when he fell down 
some stairs at a family birthday party. A CT 
scan was performed several hours after the 
boy entered the hospital, and it was reported 
to be normal. After the test was completed, the 
child stopped breathing, allegedly as a result 
of an overdose of sedative medication admin-
istered for the CT scan. Although he was 
revived in the hospital emergency department, 
he suffered irreversible brain damage. Five 
days later he was disconnected from a respira-
tor and died. An autopsy by the Medical 
Examiner’s office found that he died from a 
sedative overdose.

The family sued the hospital and this resulted 
in a $3,000,000 settlement, including $2,000,000 
from the hospital and $1,000,000 from an indi-
vidual insurance policy held by a registered 
nurse who had given the sedative [40].

Teaching point – this case reminds us that 
giving sedation even for a “simple procedure” 
such as a CT scan adds significant risk. The 
child who receives sedation must be carefully 
monitored by staff who know the effects and 
side effects of the drugs used. Plans to rescue 
the patient must be in place, in the event of an 
apneic episode.

Case 2

A 4-year-old boy presented to a Michigan 
hospital for an MRI to evaluate a leg mass. He 

Table 21.4 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 Office
Do not attempt to cover up
Investigate errors thoroughly
Disclose errors to families
Apologize when appropriate

toward decreasing their liability, creating safety 
measures to improve outcome and reduce adverse 
occurrences, it is the responsibility of all in our 
society to recognize that we all share in the burden 
of medical liability.

Summary

The majority of children who receive sedation 
and analgesia outside the Operating Room have 
a good outcome, and benefit from efforts to 
reduce pain and anxiety during a procedure. 
Occasionally, there is a preventable or unavoid-
able complication. Those providing care to 
sedated children must take steps in advance of a 
procedure and vigilantly monitor the child dur-
ing a procedure in order to minimize potential 
adverse outcomes. Develop and follow policies 
to guide care. Act reasonably. Provide high qual-
ity care and be prepared to rescue a patient if 
there is an adverse event. Communicate well 
with patients, families, and staff. Document the 
good care delivered to help defend any litigation 
(Table 21.4).
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was given midazolam, fentanyl, and pentobar-
bital prior to the MRI. The patient suffered a 
cardiopulmonary arrest during the MRI. He 
was left with permanent central nervous sys-
tem damage, resulting in cerebral palsy and 
mental retardation. The family sued and 
alleged that inappropriate amounts of medica-
tion were utilized. They also alleged that the 
hospital staff failed to monitor the patient and 
failed to insure appropriate oxygen delivery. 
They believed that his permanent and severe 
brain injuries were a result of the incident. The 
defendant hospital contended that the child 
was unusually sensitive to the medications 
and was appropriately monitored. The case 
was settled for $2,950,000 [41].

Teaching point – While details are unavail-
able, one has to question whether the patient 
in this case was appropriately monitored. One 
should also question the use of fentanyl for a 
painless procedure such as a MRI. Sedation 
may have been desirable, but a narcotic anal-
gesic seems unnecessary and perhaps danger-
ous in this case. The clinician should have a 
clear understanding of the goals of sedation 
and then use the drugs wisely [10]. Also, 
decide whether deep sedation or just anxioly-
sis is needed.

Case 3

A 2-year-old boy was brought to a Texas ED 
for treatment of a tongue laceration that he 
suffered while playing. The boy was given 
midazolam and morphine for sedation to repair 
the laceration. Naloxone was given later. The 
patient was discharged from the ED 8 h after 
the procedure, apparently still asleep. He never 
woke up at home, and was later pronounced 
dead. The parents sued the hospital and the 
treating physician, claiming that the medica-
tion was given inappropriately and the child 
was not properly monitored. The hospital set-
tled the case for $975,000 [42].

Teaching point – Premature discharge of a 
sedated patient from the ED can have disas-
trous consequences. Before discharge, the 

child should have normal cardiovascular func-
tion, an intact gag reflex, and a patent airway. 
The state of hydration should also be adequate. 
The child should be easily aroused and able to 
sit and talk, if age appropriate. Younger chil-
dren or those with neurologic dysfunction 
should be close to their presedation level of 
function before discharge [8].

Case 4

In September 2002, an adult patient with 
Crohn’s disease arrived at a Minnesota hos-
pital for his scheduled iron infusion. He 
required premedication because he had 
developed hives with the iron transfusion in 
the past. He was given 50 mg of diphenhy-
dramine intravenously, along with 100 mg 
of steroids and 2 mg of lorazepam orally. 
Despite premedication he developed a reac-
tion when iron was infused and was given 
an additional 50 mg of diphenhydramine 
and 2 mg of lorazepam intravenously. The 
patient was released without a responsible 
adult to pick him up. Fifteen minutes after 
leaving the hospital parking lot, the patient’s 
car 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 adminis-
tered the sedatives. During discovery it was 
learned that the nurses who gave the medica-
tions were not familiar with the drugs or their 
actions. The family believed the nurses were 
negligent for failing to make certain the 
patient was discharged to a responsible adult. 
The case was settled before trial for $2.35 
million [43].

Teaching point – Medical personnel car-
ing for the sedated patient must be familiar 
with the drugs that are given and their 
actions. The patient must be carefully moni-
tored until back to baseline. A pediatric 
patient (teenager) should not be permitted to 
drive home alone after receiving sedation for 
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Background

While millions of children receive sedation every 
day, high-profile cases have brought medical 
errors in pediatric sedation to the public’s atten-
tion. Children of all ages feel pain and experience 
anxiety. Alleviating pain and anxiety in children 
is a key component during the care provided to 
hospitalized and ambulatory children. While 
reassurance, parental presence, distraction, and 
behavioral strategies may offer relief, pharmaco-
logic intervention is often required, especially in 
the acute-care setting. Sedation for children in 
the operating room and increasingly outside the 
operating rooms has been a growing industry. 
This growth is attributed to the proliferation in 
the volume and type of procedures outside the 
operating room, an increase in the demand for 
special conditions to produce better imaging and 
diagnostic results (i.e., MRI and dentistry), and 
an increase in the complexity of cases due to an 
increase in survival rates of children with com-
plex pathology.

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. The clinical purpose of pediatric seda-
tion and its setting define the essential compo-
nents of the microsystem which include the 
clinicians and support staff, information and 
technology, the specific care processes, and the 
comptencies that are required to provide care to 
its patients. Examples of clinical microsystems 
include a cardiovascular surgical care team, a 
community-based outpatient care center, a neo-
natal intensive care unit, and a pediatric sedation 
service. The clinical microsystem provides a con-
ceptual and practical framework for approaching 
organizational learning and delivery of safe care 
in pediatric sedation. To understand the function-
ing of these healthcare microsystems, and to 
improve perioperative patient safety and reliabil-
ity in children, it is necessary to study the compo-
nents that make up the system – humans, 
technologies, and their complex interactions. In 
health care, the premium placed on practitioner 
autonomy, the drive for productivity, and the eco-
nomics of the system may lead to severe safety 
constraints and adverse medical events.

Adequate pain control and sedation ensure the 
comfort, and cooperation of the child, influences 
the success of the procedure and can affect the 
child’s future attitudes toward healthcare providers 
and medical care. This chapter describes key 
developments in safety and reliability over the last 
several years – safety research, risk and reliability 
management approaches, the role of human factors 
and organizational practice models.
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Introduction

Safety Within the Context of Systems 
Thinking

Medical care itself has the potential to cause harm 
[1]. However, general acknowledgment that much 
iatrogenic injury may be due to preventable human 
error or system failure appears to have been slow. 
While medical errors have existed since before 
Hippocrates, the true magnitude of adverse events 
in health care was brought to the forefront of 
public debate after the Institute of Medicine 
(IOM) reported in 1999 that approximately 
44,000–98,000 deaths per year were attributable 
to errors in hospital care [2]. Simply being hospi-
talized, on average, carries a 200-fold greater risk 
of dying from the care process than being in traf-
fic, and a 2,000-fold greater risk than working in a 
chemical industry, or flying on a commerical flight 
[3, 4]. Patient safety is now a defined priority 
nationally and internationally, at the World Health 
Organization (WHO), as a key public health and 
quality improvement policy.

The elective and emergency use of sedative 
agents in the pediatric population has readily 
expanded with several excellent reviews [5]. The 
clinical microsystem in the perioperative setting 
provides a conceptual and practical framework 
for simplifying how sedation is  delivered and 
how to deliver it safely with no harm [6, 7]. 
Previous research on clinical microsystems has 
identified 10 success factors, as summarized and 
defined in Table 22.1 [82].

The microsystem construct allows one to 
invest safety and quality into these subsystem 
elements that are less dependent on the presence 
of a particular individual but on a process that 
performs in a more predictable and robust fashion 
[8]. Achieving high reliability requires a capacity 
to recognize unnecessary variability and the 
capability to reduce it either through process 
redesign or standardization [9]. While this is 
often done through “work arounds” which are 
designed to “fix” a specific problem at the time it 
arises, it does not allow for a deeper consider-
ation of the source of variability to avoid when 
faced with the same problem in the future [10].

Table 22.1 Characteristics of high-performing sedation microsystems

Microsystem  
characteristic Definition

Leadership The role of clinical leaders is to balance setting and reaching collective goals, and to 
empower individual provider autonomy and accountability, respectful action, and reflection

Organizational  
support

The hospital looks for ways to support the work of the sedation service and helps to 
coordinate the handoffs between other clinical microsystems (i.e., PACU, ICU, etc.)

Staff focus There is selective hiring of the right kind of people. The orientation process is designed 
to fully integrate new staff into a safety culture

Education  
and training

All clinical microsystems have responsibility for the ongoing education and training of 
staff including simulation and team training

Interdependence The interaction of staff is characterized by trust, collaboration, willingness to help each 
other, appreciation of complementary roles, respect, and recognition that contribute to a 
shared purpose of safer and high-quality pediatric care

Patient focus The primary concern is to meet all patient and parent needs – caring, listening, educating, 
and responding to special requests, innovating to meet patient needs, and service flow

Community focus The microsystem is a resource for the community and ensures all care is about enhancing 
community well being

Performance  
results

Performance focuses on patient outcomes, avoidable costs, streamlining delivery, using 
data feedback, reducing variation, and encouraging frank discussions about performance

Process improvement An atmosphere for learning and redesign is supported by the continuous monitoring of 
care, use of trigger tools and benchmarking, and staff who are empowered to innovate

Information technology Information is the connector – staff to patients, staff to staff, needs with actions to meet 
needs. IT facilitates effective communication, and multiple formal and informal 
channels are used to keep everyone informed all the time

Source: Adapted from Barach and Johnson [82]. Reprinted with permission from BJM Publishing
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Human Error and Performance 
Limitations

Although there was little research in the field of 
healthcare safety until the mid-1980s, in other 
fields (e.g., aviation, road and rail travel, nuclear 
power, chemical processing) the field of safety, 
science, human error and the intensive accident 
investigations have been well developed for sev-
eral decades [11, 12]. The rapidly rising rate of 
litigation in the 1980’s, and increasing interest 
from the media, brought medical accidents to the 
attention of both doctors and the general public. 
In parallel with these changes, researchers from 
several disciplines developed methods for the 
analysis of accidents of all kinds [13]. 

Theories of error and accident causation and 
high reliability theory have evolved that are appli-
cable across many human activities although they 
have not as yet been widely used in medicine [14]. 
These developments have led to a much broader 
understanding of accident causation, with less 
focus on the individual who makes an error, and 
more on preexisting organizational and system 
factors that provide the context that enables errors 
to occur. An important consequence of this has 
been the realization that the accident analysis may 
reveal deep-rooted, unsafe features of organiza-
tions. Reason’s “Swiss cheese” model captures 
these relationships very well [15] (Fig. 22.1). 
Under standing and predicting safe sedation per-
formance in ambulatory, emergency department 
or perioperative room settings requires a detailed 

understanding of both the setting and the human 
factors that influence the performance and out-
comes of the pediatric sedation team.

Standardized Definitions  
and Patient Safety Taxonomy

Patient safety monitoring and reporting systems 
are intended to act as surveillance systems that 
identify adverse events and provide early warnings 
of potential failure. For this monitoring or report-
ing system to be effective, it must be based on an 
accepted and standardized classification. In this 
emerging field of study, many different definitions 
are used and a common terminology has yet to 
emerge leading to confusion. Iatrogenic injury 
means injury originating from or caused by a phy-
sician (iatros, Greek for “physician”) [16]. 
However, the term has come to have a broader 
meaning, and is now generally considered to 
include unintended or unnecessary harm or suffer-
ing arising from any aspect of healthcare man-
agement [17]. The lack of an accepted standardized 
nomenclature for medical errors complicates the 
development of a response to the issues outlined in 
the IOM report, and makes comparison of different 
studies and reports problematic [18]. Error is 
defined as “the failure of a planned action to be 
completed as intended (i.e., error of execution) or 
the use of a wrong plan to achieve an aim (i.e., 
error of planning)” [16, 17]. It may occur any-
where along the patient care continuum, but may 

Fig. 22.1 The Swiss 
cheese model of how 
defences, barriers, and 
safeguards may be 
penetrated by an accident 
trajectory (reproduced 
from Reason [113], with 
permission from BJM 
Publishing)
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not always result in harm or injury. An error which 
is intercepted before reaching the patient, or which 
reaches the patient but does not cause harm, is 
known as a “near miss” or “close call” [18].

Reporting Systems

A comprehensive effort to record and analyze 
related data from these events in health care has, 
however, lagged other industries (e.g., aviation, 
nuclear power industry) [19].

The definition of Sentinel Events is more 
straightforward than that of “near miss” events. In 
April, 1998 the Joint Commission approved the 
Sentinel Event Policy which encourages reporting 
of Sentinel Events as those which affect recipients 
of care (patients, clients, residents) and that 
resulted in an unanticipated death or major 
permanent loss of function, not related to the 
natural course of the patient’s illness or under-
lying condition [20]. The reporting of “near miss” 
events is more difficult to capture than that of 
adverse events. The benefits of “near miss” reporting 
offer the advantage of identifying an adverse 
event which may have occurred. A “near miss” 
represents the opportunity to identify a potential 
safety problem which could have resulted in a 
significant injury [21]. 

Reason’s “Swiss cheese” model is an accepted 
model, which identifies multiple errors within a 
system as cascading into an adverse event [15]. At 
autopsy, up to 40% of patients have been identified 
as having medical errors which contributed to death 
[22–24]. Studies in the intensive care unit report an 
average of 1.7 errors per day per patient of which 
29% were “near miss” events, with the potential for 
serious or fatal injury [25]. Neither voluntary 
reporting nor mandatory enquiry captures all 
adverse events. Voluntary reporting detected 166 
(32%) adverse events among 100 patients, of which 
119 were undetected by mandatory reporting. 
Forty-nine events (9%) were detected by both 
methods. The number and severity of events 
reported by the two methods were significantly dif-
ferent. While the two methods both capture some 
events, mandatory reporting captures serious 
events, while voluntary reporting captures mainly 
insignificant and minor events [26].

The ability to identify “near miss” events and 
determine a root cause which could avoid future 
Sentinel events is important for all medical envi-
ronments and is one which will be explored for 
pediatric sedation.

Three Universal Ingredients  
of Accidents

There are three reasons why adverse events occur 
during pediatric sedation. (1) All human beings, 
regardless of their skills, abilities, and specialist 
training, make fallible decisions and commit unsafe 
acts. This human propensity for committing errors 
and violating safety procedures during sedation 
can be moderated by selection, training, well-
designed equipment, and good management, but it 
can never be entirely eliminated. (2) No matter 
how well designed, constructed, operated, and 
maintained they may be, all man-made systems 
possess latent failures to some degree. These 
unseen failures are analogous to resident pathogens 
in the human body that combine with local trigger-
ing factors (i.e., life stress, toxic chemicals, etc.) to 
overcome the immune system and produce disease. 
(3) All human endeavors involve some measure of 
risk. In many cases, the local hazards in complex 
socio-technical systems are well understood and 
can be guarded against by a variety of technical or 
procedural countermeasures. These three ubiquitous 
accident ingredients reveal something important 
about the nature of making care safer [27, 28]. We 
can mitigate the risk of adverse events during seda-
tion of children and increase its reliability by pro-
cess improvement, standardization, and an in-depth 
understanding of the safety degrades in systems. 
We cannot, however, prevent all risk.

The Organizational Accident

The accidents and adverse events that still occur 
within systems which possess a wide variety of 
technical and procedural safeguards (e.g., fire in the 
operating room, wrong patient procedure), have 
been termed organizational accidents [14, 28]. 
These are mishaps that arise not from single errors 
or isolated component breakdowns, but from the 
insidious accumulation of delayed action failures 
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lying mainly within the managerial and organiza-
tional spheres. Such latent failures, as we see often 
in analyzing pediatric sedation mishaps, may subse-
quently combine with active failures and local trig-
gering factors by clincians, to penetrate or bypass 
the system defenses. The etiology of an organiza-
tional accident can be divided into five phases [28]:
 1. Organizational processes giving rise to latent 

failures;
 2. Error and violation producing conditions 

within workplaces (operating room, pharmacy, 
intensive care units, etc.);

 3. The commission of errors and violations by 
“sharp end” individuals (clinicians);

 4. Breaching of defenses or safeguards; and,
 5. Outcomes that vary from a “free lesson” to a 

catastrophe.
The unsafe acts of those in direct contact with 

the patient are the end result of a long chain of 
events that originate higher up in the organization 
at the management level. One of the basic prin-
ciples of error management is that the  transitory 
mental states associated with error  production – 
momentary inattention, distraction, preoccupa-
tion, forgetting – are the least manageable links 
in the error chain because they are both unin-
tended and largely unpredictable [29]. These 
errors have their cognitive origins in highly adap-
tive mental processes [30]. Such states can strike 
healthcare providers at any time.

Applying Human Factors in the 
Clinical Environment

The study of human factors is an integral part of 
current safety research [31]. Human Factors 
(also called ergonomics) is the study of human 
interactions with tools, devices, and systems 
with the goal of enhancing safety, efficiency, 
and user satisfaction [32]. Human error in medi-
cine can range from medication errors while 
selecting and loading a medication syringe to 
errors while recovering the patient after seda-
tion. Knowledge about how people  interact with 
each other and with technology has been pro-
ductively applied to enhance human  performance 
in a wide range of domains, from fighter planes, 
to kitchens, to operating rooms to  emergency 

departments. One must carefully consider the 
impact of the many “performance shaping fac-
tors” that are known to play a role in optimizing 
sedation (see Table 22.2) [33, 34]. However, 
even though most error can be traced to action 
(or inaction) of an individual, the root causes of 
error go beyond a single individual [35].

Table 22.2 Examples of performance shaping factors 
affecting sedation care

Individual factors
Clinician knowledge, skills, and abilities
Cognitive biases
Risk preference
State of health
Fatigue (including sleep deprivation, circadian effects)
Breaks and boredom
Substance use/abuse (e.g., alcohol hangover effects)
Other stressors
Personality factors

Task factors
Task distribution
Task demands
Workload
Job burnout
Shift work

Team/communication
Teamwork/team dynamics
Interpersonal communication (clinician–clinician, 
clinician–patient)
Interpersonal influence
Groupthink

Environment of care
Noise
Lighting
Temperature and humidity
Motion and vibration
Physical constraints (e.g., crowding)
Distractions

Equipment/tools
Device usability
Alarms and warnings (alarm fatigue)
Automation
Maintenance and obsolescence
Protective gear

Organizational/cultural
Production pressure
Culture of safety (vs. toxicity)
Policies
Procedures
Documentation requirements
Staffing
Cross coverage
Hierarchical structure
Reimbursement policies
Training programs
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Factors that influence the pediatric sedation 
microsystem’s effectiveness include the perfor-
mance of individual team members, the equipment 
they use, the care environment (e.g., established care 
process and procedures), and the underlying organi-
zational and cultural factors. For example, distrac-
tors such as information overload, noise, key team 
absence can be a danger to both patient and health-
care professionals. Fear of reprisal and punitive cul-
ture can greatly diminish error reporting and learning. 
Research on Patient Safety Human Factors has 
expanded to study team interaction and collabora-
tive decision-making [36], the interaction of humans 
and technology [37], the importance of technology 
and alarms [38], organizational issues [39], institu-
tional functions, and national regulations.

Fatigue and Its Impact on Human 
Performance

There is extensive literature on the adverse effects 
of sleep deprivation and fatigue on individual 
clinician performance [40–42]. A series of studies 
have demonstrated that physicians-in-training 
who work traditional marathon shifts of 24–30 
consecutive hours [43]:

Make 36% more objectively documented 
serious medical errors in the care of critically 
ill patients;
Make 5 times as many serious diagnostic errors;
Have twice as many physiologically docu-
mented attentional failures during night work;
Suffer twice as many motor vehicle crashes on 
the drive home from work;
Inflict 61% more sharp injuries on themselves 
than physicians-in-training working regular 
day shifts; and,
By self-report, make 700% more fatigue-
related serious errors in patient care that harm 
patients, including 400% more errors that lead 
to their patients’ deaths when working more 
than five marathon shifts in a month.
Results of these studies and others have led to 

work-hour limits for clinicians in training but even 
after work-hour rules: 30 h consecutive shifts are 
still the norm in training programs [44]. Sleep loss 
is associated with reduced performance on tasks 

requiring vigilance (such as monitoring alarms), 
cognitive skills, verbal processing, manual dexterity, 
and complex problem-solving [45]. Performance 
decrements begin with a lack of appreciation of 
the skills being degraded, and accumulate with 
chronic partial sleep deprivation. Reducing health-
care worker fatigue was recognized as a goal for 
2009 by The Joint Commission. Recognizing the 
risks of fatigue, government regulatory bodies 
around the world have established consecutive 
work limits of 8–11 h for pilots, truckers, and 
healthcare providers [46].

The Role of Technology in Sedation

Technology plays both active and passive roles in 
pediatric sedation. The active role is reflected in 
functions like error detection (alerts and reminders) 
[47], information processing, and data mining. 
The passive role of information technology (IT) 
is exemplified by how it facilitates communica-
tion, eases workflow, and distributes information 
effectively and efficiently. It also serves as an 
important cognitive tool that enhances and aids 
decision-making [48]. The passive role of tech-
nology in facilitating patient safety is more indi-
rect and yet may be more important in that it 
strengthens and assists processes integral to 
patient safety, thus enhancing the resilience of 
the system [49]. Health care is being driven by 
technology, and pediatric proceduralist providers 
are at the forefront of this drive. Recent studies 
have highlighted the confusion caused by infu-
sion pumps [50], ventilators [51], and spinal cord 
implant pumps [52], in which poor interface 
design, complex navigation menus, and lack of 
clinical feedback to users contribute to unreliable 
and hard to operate medical devices. These tech-
nologies already have had individual and collec-
tive effects on some aspects of medicine and their 
influence is increasing [53, 54].

Infusion pumps, for example, use audible 
alarm signals (AAS) to announce the occurrence 
of nonroutine events that could lead to harm and 
alarm fatigue [55]. Investigations into the 
 performance of AAS revealed that the problems 
associated with their performance include, 
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urgency-mismatch and lack of standardization 
[56]. In our psychoacoustics lab, we found that 
there was large variation among providers in 
their responses to urgency signals [57]. A stan-
dard method for testing usability does not exist. 
Challenges in  prioritizing alarm signals will 
remain a barrier to safe and effective monitoring 
of patients as care environments get more com-
plex and more parameters are monitored. Careful 
and selective automation is needed due to the 
dangers and the unintended consequences of 
implementing new technologies that are not 
ergonomically sound [58, 59].

Engineering a Culture of Safety

National cultures arise largely out of shared norms 
and values, while an organizational culture is 
shaped mainly by shared practices. How do we cre-
ate an optimal organizational climate that fosters 
safe sedation outcomes? Culture can be defined as 
the collection of individual and group values, atti-
tudes, and practices that guide the behavior of 
group members [60]. Acquiring a safety culture is 
a process of collective learning and mindfulness 
that recognizes the inevitability of error and proac-
tively seeks to identify latent threats. Characteristics 
of a strong safety culture include a commitment of 
the leadership to discuss and learn from errors, 
communications founded on mutual trust and 
respect, shared perceptions of the importance of 
safety, encouraging and practicing teamwork, and 
incorporating non-punitive systems for reporting 
and analyzing near miss and adverse events [61]. 
There is a long tradition in medicine of examining 
past practices to understand how things might have 
been done differently.

Engineering a safety culture requires a process 
of collective learning and trust building. When 
the usual reaction to an adverse incident is “Write 
another policy” and “more training,” this does 
not make the system more resistant to future 
organizational accidents, but it may deflect the 
blame from the organization as a whole. However, 
morbidity and mortality conferences, grand 
rounds, and peer review share many of the same 
shortcomings [62]:

 1. A lack of human factors and systems thinking;
 2. A narrow focus on individual performance, 

excluding analysis of contributory team fac-
tors and larger social issues;

 3. Retrospective bias; a tendency to search for 
errors as opposed to the myriad causes of error 
induction; and,

 4. A lack of multidisciplinary integration of find-
ings and lessons into an organization-wide 
safety culture, thus perpetuating a “code of 
silence” and recurrence of similar events.
If sharp end clinicians who deliver sedation 

are not empowered by managerial leadership to 
be honest and reflective on their practice, rules 
and regulations will have a limited impact on 
enabling safer outcomes. Healthcare administra-
tors need to understand the fundamental dynam-
ics that lead to adverse events. Employing tools 
such as root cause analysis (RCA), and failure 
mode and effects analysis (FMEA) can help 
 clinicians and others better understand how 
adverse events occur. These totals can lead to 
resilience only if the culture is receptive [19].

Medication Errors

Medication harm to children occurs at relatively 
high frequency due to several inherent risk fac-
tors (see Table 22.3).

Medication errors have been the most exten-
sively investigated realm in patient safety 
because of a number of factors. Medication 
errors may be classified along the medication-
use continuum into prescribing, dispensing, 
and administration errors. Common factors con-
tributing to harm in all three stages is the use of 
error-prone abbreviations, dose expressions, 

Table 22.3 Special issues for children relevant to medi-
cation safety

Weight-based dosing (and weights change frequently)
Organ system development is variable, affecting 
metabolizing and excretion
Medicines mixed by pharmacists or nurses at time of use
Pediatric medicines often need to be diluted from adult 
formulations
Many pediatric medications come in multiple 
formulations
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symbols, drug abbreviations, and stems [17, 38] 
(see Table 22.4).

According to Phillips et al., the number of out-
patient visits in the United States increased by 75%, 
whereas the number of inpatient days decreased 
by 21% between 1983 and 1993; outpatient deaths 
related to adverse drug errors (ADE) increased 
8.48-fold during this 10-year period, as compared 
to a 2.37-fold increase for inpatient deaths [63].

In 1995, Bates et al. found 334 errors led to 264 
ADEs. The main reasons for the ADEs are as fol-
lows: (a) lack of knowledge of drug (29%); (b) lack 
of patient information (18%); (c) rule violation 
(10%); (d) slips and memory lapses; (e) transcrip-
tion errors; (f) faulty check and balance systems; 
(g) and communication among services [64]. 
Woods found that there were 2.3–11 ADE per 100 
pediatric admissions [65]. Kausahl et al. in 2001 
noted that there were ten potential ADE per/100 
children admissions, with 22–60% of ADEs pre-
ventable. [66]. Takata et al. showed using a drug 
trigger tool that the average ADEs occur 2.03 time/
per child and patients who had adverse events had 
a chance of 3.27 ADE’s per admission [67]. Opiates 
caused 51% of ADEs, with most harm occurring at 
the ordering and administration stages. 17% of all 
harm in the PICU setting was drug related. 

Malviya et al. found that sedation of children 
by nonanesthesiologists had a 20% adverse event 
rate with over 5.5% suffering oxygen desatura-
tion less than 90% [68]. Children with underlying 
medical conditions (ASA > 3) and those who are 
very young (<1 year) are at increased risk of 
adverse events, which indicates that a greater 
degree of vigilance may be required when these 
patients require sedation.

Cote et al. found that all sedative drugs sup-
press the CNS with respiratory depression being 

the most significant adverse effect following 
 sedative drug administration [69]. Cote et al. 
found 60 deaths with permanent CNS injury with 
80% of events related to a respiratory event. Poor 
outcome was associated with: >3 drugs used; 
inadequate resuscitation (outpatient > inpatient); 
inadequate monitoring, particularly SpO

2
; inade-

quate initial evaluation; and inadequate recovery 
phase. Impaired airway control was the single 
most serious adverse event leading to hypoventi-
lation in which mild sedation leads to general 
anesthesia.

Anesthesiology as a Model for 
Pediatric Sedation

The field of Anesthesiology is a celebrated exam-
ple in health care, in which an organized and con-
tinuous effort over a period of 20 years has led to 
major improvement in patient safety and system 
reliability [70]. The safety of anesthetic proce-
dures has improved up to an estimated tenfold in 
the last 30 years (from 2 deaths/per 10,000 to 1 
death/per 300,000 patients) [71]. Many feel that 
the overall approach in the field of Anesthesiology 
has led to a 100-fold safer profile than the rest 
of health care (see Fig. 22.2). The tools routinely 
deployed to make anesthesia safer include enter-
pise risk management team training [72], simula-
tion [73], incident reporting [74], and safety 
systems training [14]. The pediatric perioperative 
cardiac arrest (POCA) registry is ground break-
ing in its ability to collaboratively learn about 
rare events such as respiratory failures and has 
led to changing practices around Halothane use 
[74, 75].

Patient Handoffs

The nature of pediatric sedation can require several 
handoffs (or handovers) of kids leading to potential 
loss of vital information and potential harm [76, 
77]. Much can be learned from other high-risk 
industries that have been engaged in studying and 
improving handoffs. From direct observations at 
the National Aeronautics and Space Agency, 

Table 22.4 Common errors made in pediatric sedation 
and analgesia

Failure to fully evaluate the child prior to administration 
of pharmacologic agents
Administration of drugs to a child with a full stomach
Lack of appropriate monitoring
Incorrect use of two or more drugs (polypharmacy)
Lack of knowledge concerning the pharmacodynamics 
and pharmacokinetics of the drugs being used

Source: Data from [91]
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nuclear power plants, and transportation dispatch 
centers, a framework of strategies for handoffs has 
emerged [77, 78]. Certain strategies, such as map-
ping the process of care, standardization of ques-
tions and face-to-face  verbal updates, resonate 
directly with maximizing reliable handoffs. These 
processes are supported by evidence and expert 
opinion as best practices associated with improved 
handoff communication [79–81]. Functional sys-
tem mapping is based on a comprehensive task 
analysis which takes into consideration the sub and 
supra-system elements that allow the microsystem 
to function, as shown in [82].

Designing a Safe Sedation Service

Safe sedation requires coordinated teamwork, a 
learning culture and trust among the team mem-
bers. The role of effective teamwork in repeat-
edly accomplishing complex tasks safely is well 

accepted in many domains [83]. Teamwork 
during sedation care can be characterized in a 
number of different ways, and multiple deficien-
cies may interact to impair team success and 
patient outcomes (see Table 22.5) [84, 85]. The 
team evaluation must include the review of the 
secondary management including careful delinea-
tion of team structure and planning, on-going 
team training, effective support structures, and 
continuous feedback and quality improvement 
based on practice and immersive learning oppor-
tunities [35]. Valuable tools for training the seda-
tion team include the use of simulation [86], 
standardized patients, and videotape-based anal-
ysis and debriefing [87].

Sedation teams seem to make fewer mistakes 
than do individuals, especially when each team 
member knows both his responsibilities and 
those of the other team members. However, sim-
ply bringing individuals together to perform 

Fig. 22.2 Average rate per exposure of catastrophes and associated death associated with deaths in various industries 
and human activities. System challenges in gray boxes, postential solutions identified by arrows (reprinted with 
permission from Amalberti et al. [9])
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sedation on a child does not automatically ensure 
that they will function as a team. A safe pediat-
ric sedation team depends on a willingness of 
clinicians from diverse backgrounds to cooper-
ate toward a shared goal, to communicate, to 
work together effectively, and to improve [88]. 
Each team member must be able to: (1) antici-
pate the needs of the others; (2) adjust to each 
other’s actions and to the changing environment; 
(3) monitor each other’s activities and distribute 
workload dynamically; and, (4) have a shared 
understanding of accepted processes and how 
events and actions should proceed [89].

Turning physician and nurse experts into an 
expert sedation team requires substantial 
 planning and practice around explicit team-ness 
competencies [90]. There is a natural resistance 
to move beyond individual roles to a team 
mindset based on mutual accountability. 
Acceptance of the new required competencies 
is best achieved by a combination of clinically 
driven needs coupled with external educational 
and regulatory mandates; such as the American 
Academy of Pediatrics (AAP)/American Society 
of Anesthesiologists (ASA) Sedation Guidelines 
[91] and conducting a “time out” as set forth in 
the Universal Protocol to ensure fail-safe pre-
operative verification of the correct patient, 
procedure, site, and implants [92]. Adherence 
requires active discussion among all members 
of the surgical/procedure team, consistently 

 initiated by a designated member of the team. 
The procedure is not started until any questions 
or concerns are resolved.

The importance of active discussions and 
teamwork has fostered an important initiative: 
the adoption of checklists. In 2009, a multi- 
institutional, international group of eight hospi-
tals published  prospectively collected data on a 
total of 7,688 consecutive patients, before and 
after the adoption of a Surgical Safety Checklist 
[93]. This was an initiative of the WHO Safe 
Surgery Saves Lives Program. This 19-item 
checklist was a concept long utilized by the 
aviation industry to improve safety. When 
applied in the medical context, the checklist 
improved team communication and consistent 
care. The mortality rate (at 30 days) decreased 
from 1.5 to 0.8% following implementation of 
the checklist with a decline in inpatient compli-
cations from 11 to 7% [93]. The airline  industry, 
National Aeronautics and Space Administration 
(NASA), and federal aviation administration 
(FAA) have been developing checklists since 
before World War II [94–97]. As the surgical 
community has adopted lists to improve surgi-
cal safety and outcome [98], so too should the 
sedation community consider a global initiative 
at creating checklists to standardize care and 
improve patient outcome. One must also be 
aware that checklists can lead to automated 
behavior and reduced vigilance [99, 100]. 
Developing and implanting checklists that 
engender more systems awareness and clinician 
engagement are essential. 

One can facilitate the “teamwork” processes 
by: (1) fostering a shared awareness of each 
member’s tasks and role on the team through 
cross-training and other team training modalities; 
(2) training members in specific teamwork skills 
such as communication, situation awareness, 
leadership, follower-ship, resource allocation, 
and adaptability; (3) conducting team training in 
simulated scenarios with a focus on both team 
behaviors and technical skills; (4) training seda-
tion team leaders in the necessary leadership 
competencies to build and maintain effective 
teams; and, (5) establishing and consistently uti-
lizing reliable methods of team performance 

Table 22.5 Problems and pitfalls in pediatric sedation 
teamwork

Difficulties coordinating conflicting actions
Poor communication among team members
Failure of members to function as part of a team
Reluctance to question the leader or more senior team 
members
Failure to prioritize task demands
Conflicting occupational cultures
Failure to establish and maintain clear roles and goals
Absence of experienced team members
Inadequate number of dedicated sedation team members
Failure to establish and maintain consistent supportive 
organizational infrastructure
Leaders without “the right stuff”

Source: adapted and reprinted with permission from 
Barach et al. [114]
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evaluation. Future research on the role of team-
work and simulation training effectiveness in 
sedation needs to clearly address [88]:

The training objectives: What Knowledge, 
Skills, Attitudes (KSA) are being trained?
The design scenarios: How to directly link 
scenario events to training objectives. Ensure 
that the scenario includes events that trigger 
trainees to perform the specific competencies 
targeted for training using proven instructional 
design tools.
The observer-based measures of teamwork 
process. This will allow researchers to assess 
whether teamwork KSAs improve with 
training.
The training oriented to multidisciplinary teams 
so that medical team members are trained in the 
teamwork context in which they work.

Role of Risk Management and 
Patient Disclosure

When parents seek our medical care for their 
children, they entrust their child’s welfare to us. 
Healthcare providers have a responsibility or 
“fiduciary duty” to act in the best interests of the 
patient [101]. Properly assessing the type of pro-
cedure planned (e.g., invasive vs. noninvasive); 
type and risk factors of the patient (e.g., ASA 
1–4); type of drug to use (hypnotic vs. analge-
sic); type of team; and level of support is critical 
(see Table 22.6). When assessing the level of risk 
of the procedure, one should ask the following 

questions: What are the desired clinical effects? 
How quickly are effects desired? What is the 
desired duration of effects? Any adverse “other” 
clinical effects?

“Qualified individuals” conducting sedations 
must possess education, training, and experience 
in: evaluating patients prior to moderate or deep 
sedation; rescuing patients who slip into a “deeper 
than desired” level of sedation or anesthesia; 
managing a compromised airway during a pro-
cedure; and, handling a compromised cardiovas-
cular system during a procedure.

A growing driving force has been the push to 
encourage open and frank discussion with 
patients and their families after an occurrence of 
an adverse event with salutary effects [101]. 
Injured patients and their families want to know 
the cause of their child’s bad outcomes, espe-
cially if the adverse event was caused by an error 
[102]. Studies show that the most important fac-
tor in people’s decisions to file lawsuits is not 
negligence, but ineffective communication 
between parents and providers [102, 103]. 
Malpractice suits often result when an unex-
pected adverse outcome is met with no effort to 
apologize, with a lack of empathy from physi-
cians and nurses, and a perceived or actual with-
holding of essential information [103, 104]. 
Studies consistently show that healthcare provid-
ers are understandably reticent about discussing 
errors, because they believe that they have no 
appropriate assurance of legal protection [105]. 
This reticence, in turn, impedes systemic and 
programmatic efforts to prevent medical errors 
[101]. The identified risks of  non-disclosure after 
a perioperative event, are now  changing organi-
zational practices. Recent evidence from the 
University of Michigan supports the effective-
ness of an aggressive disclosure policy [106]. In 
2002, the University of Michigan Health System 
launched a program with three components: (1) 
acknowledge cases in which a patient was hurt 
because of medical error and compensate these 
patients quickly and fairly; (2) aggressively 
defend cases that the hospital considers to be 
without merit; and, (3) study all near misses and 
adverse events to determine how procedures and 
systems could be improved.

Table 22.6 Pediatric sedation risk factors

Airway obstruction history (snoring, stridor)
ASA risk stratification levels
Poor control of airway secretions
Craniofacial anomalies
Chronic lung disease
Myocardial dysfunction
Mental status changes
Poorly controlled seizures
Hydrocephalous, increased ICP
Acute illness – URI, cough, GI symptoms
GERD and bowel obstruction
Obesity

ICP intracranial pressure; URI upper respira-
tory tract infection; GI Gastrointestinal
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Disclosing an adverse event after pediatric 
sedation should occur when [107]: (1) a percep-
tible effect on the patient’s well-being has 
occurred that was not discussed in advance as a 
known risk; (2) an event necessitates a change 
in the patient’s care; (3) the event presents an 
important risk to the patient’s future health, 
even if that risk is extremely small; and, (4) an 
anesthetic/surgical treatment or procedure has 
occurred without the patient’s consent. From an 
ethical perspective, the disclosure process 
should begin at the time of discussing the con-
sent for procedures and anesthesia interventions 
with the patients [108].

The Role of Best Practice Guidelines

Does application of the national guidelines 
decrease the risk of pediatric procedural sedation 
[109]? The American Academy of Pediatrics 
(AAP) and American Society of Anesthesia 
(ASA) Guidelines for sedation are expert opinion 
and consensus-based, and were developed in 
response to the growing number of pediatric 
sedations performed by nonanesthesiologists 
outside the operating room [91]. A prospective 
quality improvement evaluation of 960 coded 
sedation records (prospective data collection, 
retrospective analysis) showed a 4.2% complica-
tion rate with 3.8% related to mild to moderate 
sedation, and, 9.2% related to deep sedation 
[109]. A structured risk reduction program 
including (a) presedation risk assessment; (b) 
adherence to guidelines (e.g., monitoring); and, 
(c) avoidance of deep sedation improved sedation 
efficacy and safety.

Recent reports from the Pediatric Sedation 
Research Consortium on the incidence and 
nature of adverse events during pediatric seda-
tion for procedures outside the operating room 
found that among 30,037 sedation encounters 
in 26 institutions, there was 1 ADE per 29 seda-
tions, no deaths and two patients who had seri-
ous morbidity [110, 111]. The authors 
concluded that the most common adverse 
events are related to airway obstruction, apnea, 
secretions, and vomiting. The core deficient 

competencies identified were management of 
airway obstruction and respiratory depression. 
The single most important risk factor was 
proper patient risk assessment backed by “res-
cue” capabilities of the clinical microsystem 
when things went awry [112].

Summary: Looking Toward the 
Future of Pediatric Sedation

The healthcare system has only recently begun 
to approach patient safety in a more systematic 
way. There is a clear need to improve the qual-
ity of child sedation that presently permits an 
alarmingly high annual rate of medical errors 
that harm children and drive up costs. Effective 
sedation, controlling pain and anxiety, improves 
patient and parent satisfaction. Pediatric seda-
tion is rapidly growing in its use around the 
world owing to its simplicity, cost savings, 
 tolerance, and rapid emergence. The usual 
approach within medicine has been to stress the 
responsibility of the individual, and to encour-
age the belief that the way to eliminate adverse 
events is to get individual clinicians to perfect 
their practices. This simplistic approach to the 
safety of pediatric sedation is a disservice to 
both clinicians and their patients: It not only 
fails to address the important and complex sys-
tematic flaws that contribute to the genesis of 
adverse events in sedation, and perpetuates a 
myth of infallibility [112]. The focus on the 
actions of individuals, without addressing the 
underlying microsystem, as the sole cause of 
adverse events inevitably results in continued 
system failures and the resultant injuries and 
deaths of children. 

Strategies to make sedation care more reliable 
and even safer might include: adoption of reliable 
engineering principles, setting up robust near 
miss reporting systems, applying critical event 
analysis tools, wide adoption of simulation and 
sedation team training, adopting checklists, stan-
dardizing medication protocols, implementing 
robust hand off protocols and patient identifica-
tion checklists, and adherence to the AAP-ASA 
Sedation practice parameters. Attributing errors 
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to system failures does not absolve healthcare 
professionals of their duty to care. Rather, 
acknowledging system failures adds to that duty: 
the responsibility to admit and disclose errors, 
investigate them, and participate in redesign of 
the system.
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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 intravenous routes.

Although administration of low doses of vola-
tile anesthetic 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 suf-
ficiently to tolerate a face mask or a “physiologi-
cal” mouthpiece and the odor and taste of the 
agent throughout the period of administration.

With oral or enteral, transnasal, rectal, or intra-
muscular 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 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, car-
diac output, and mucosal or muscular blood flow. 
This results in considerable 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 penetra-
tion of orally administered agents may be minimal. 
Thus, administration of standard doses of sedatives 
by these routes results in very variable blood con-
centrations and clinical effects, making it very dif-
ficult to judge in advance the required dose.

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 variabil-
ity 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.

For any sedative agent, the blood and effect-
site concentrations that will provide adequate 
sedation will depend on the sensitivity of the 
patient to the drug (pharmacodynamics), which 
can change with time and can be profoundly and 
unpredictably altered by coadministration of 
analgesics and other drugs. The required con-
centrations will also depend on the nature and 
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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 suf-
fers from the practical disadvantages discussed 
above. Of the remaining available routes of admin-
istration, 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 adminis-
tered 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 vascular tissues causes a rapid 
fall in blood concentrations and thus a decline in 
effect-site concentrations. With repeated boluses 
or an infusion, there is extensive redistribution of 
the drug into different tissues, but overall the drug 
does not “accumulate” significantly, in the sense 
that when administration ceases, blood concentra-
tions fall fairly rapidly because hepatic metabo-
lism 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 rap-
idly 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 adjust-
ments 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 remifentanil, which 
reaches steady-state blood concentrations after 
about 15 min of infusion at a fixed rate. The prob-
lem 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 who 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, par-
ticularly if venous access is difficult because of 
obesity, or obliteration of the veins caused by prior 
administration of irritant drugs. The pain and dis-
comfort of intravenous cannulation can be limited 
by prior application of a topical local anesthetic 
formulation, by distraction by a parent 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 
describes the relationship between drug dose and 
blood concentration, whereas pharmacodynam-
ics is the study of the clinical effects themselves 
and of the relationship between blood concentra-
tion 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 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 equili-
bration, lack of accumulation, a rapid decline in 
blood concentrations on stopping the infusion 
(and ideally a context-insensitive half-time). 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 becomes slower and the con-
text-sensitive half-time increases significantly, 
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making it unsuitable for use by infusion outside 
of the operating room or intensive care unit. Other 
intravenous agents that accumulate significantly 
and are not suitable for use by infusion or multi-
ple bolus administration outside of the ICU are 
morphine, midazolam, and thiopentone.

Of the currently available drugs, those with 
suitable pharmacokinetics for use by infusion 
include ketamine, etomidate, propofol, and dex-
medetomidine. Unfortunately, although ketamine 
has many suitable characteristics, such as main-
tained cardio-respiratory stability, bronchodila-
tion, and potent analgesia, ketamine can cause 
problematic psychiatric phenomena. In sub- 
sedative doses in adults, it has been shown to 
cause several of the negative symptoms of schizo-
phrenia [1, 2]. 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 com-
monly causes pain on injection and nausea and 
vomiting, and when used by infusion it is associ-
ated with significant adrenal suppression [3]. 
Indeed, in unwell adults, even single doses were 
shown to interfere with adrenal function for 24 h 
[4]. Another suitable agent is methohexitone, but 
unfortunately it is no longer widely available. 
Thus the only remaining agents which are suit-
able for use by infusion are propofol and 
dexmedetomidine.

Pharmacodynamics of Propofol  
and Dexmedetomidine

Propofol

The introduction of the intravenous hypnotic agent 
propofol into clinical practice has led to a signifi-
cant increase in the popularity of the technique of 
total intravenous anesthesia (TIVA) in most of the 
world. TIVA is the exclusive use of the intrave-
nous route for induction and maintenance of anes-
thesia. 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 propo-
fol is the favorable pharmacokinetic profile (see 
above, and later discussion), and the availability 
of infusion equipment to simplify 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 g/kg or an 
infusion rate in g/kg/min.

Another reason for the increase in popularity 
of TIVA is propofol’s beneficial pharmacody-
namic profile. At sub-sedative doses, propofol 
induces anxiolysis and amnesia [5, 6]. For proce-
dures 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 [7, 8]. In fact, 
propofol has been shown to possess direct antie-
metic properties at subhypnotic doses [9]. 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, step-wise 
decline in higher cognitive functions. For exam-
ple, although functional imaging studies suggest 
that neurophysiological responses associated 
with processing of complex sentences is lost at 
very light levels of sedation [6], basic auditory 
perception of words continues for some time after 
loss of responses to command [10].

Propofol doses of course possess some unde-
sirable pharmacodynamic effects. These include 
pain on initial intravenous injection, and dose-
related cardio-respiratory depression. Pain on 
injection can be attenuated by many methods, 
and virtually eliminated by using a new propofol 
formulation containing medium chain 
 triglycerides with added lidocaine [11]. The 
problems of respiratory and cardiovascular 
depression are dose-dependent, but can be some-
what unpredictable particularly in unwell patients. 
Propofol causes modest reductions in myocardial 
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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 coad-
ministered, marked synergism can occur, particu-
larly with the opioids. Modest doses of propofol 
and remifentanil have been shown to increase the 
apnea threshold and markedly obtund the ventila-
tory response to hypercarbia [12]. These adverse 
cardio-respiratory effects of propofol are part of 
the reason why, in some quarters, it is felt that 
sedation with propofol should only be adminis-
tered by anesthesiologists – for example the 
report of the Scottish Intercollegiate Guideline 
Network on procedural sedation in children rec-
ommends that propofol and other anesthetic 
agents should only be used by those “formally 
trained in paediatric or neonatal anaesthesia or 
intensive care” [13]. The ASA guidelines on safe 
sedation practices are not quite as proscriptive in 
the use of propofol by nonanesthesiologists, and 
rather only state that “practitioners administering 
propofol should be qualified to rescue patients 
from any level of sedation, including general 
anesthesia” [14].

Dexmedetomidine

Dexmedetomidine is an effective sedative agent, 
but produces a state of sedation which is unique 
among intravenous agents because the patient 
remains rousable even from relatively deep seda-
tion. This difference is probably related to the fact 
that most other intravenous sedatives exert their 
clinical effects via a different mechanism (an ago-
nist effect on GABA

A
 receptors on inhibitory 

neurons in the thalamus and other areas), whereas 
dexmedetomidine appears to exert its clinical 
effects by acting as a highly selective a2 adrener-
gic agonist (i.e., having minimal effects on the a1 
receptor sub-type), which results in enhanced 
activity in a NREM sleep-promoting pathway 
[15]. An agonist effect on a2 receptors results in 
inhibition of the locus coerelus, which is thought 

to disinhibit the ventrolateral preoptic (VLPO) 
nucleus, causing increased GABA release from 
VLPO neurons resulting in decreased activity in 
the tubo-mammillary nucleus (TMN). Natural 
NREM sleep is also associated with increased fir-
ing 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 ben-
efits 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 [16, 17].

Finally, the a2 adrenergic receptor agonists 
have several other beneficial effects. These 
include analgesia and an opioid sparing effect 
when used during painful procedures, and slow-
ing of the heart rate and protection against myo-
cardial ischemia (shown in adults). In high doses 
it can cause vasoconstriction, but in lower doses 
it causes mild vasodilation and only minor effects 
on the blood pressure. Respiratory drive is rea-
sonably well maintained.

These pharmacodynamic benefits, coupled 
with a pharmacokinetic profile that makes it suit-
able for use by infusion, have led to increased use 
of dexmedetomidine for sedation. When used as 
the sole agent for sedation for computed tomog-
raphy and magnetic resonance imaging studies, 
dexmedetomidine has been shown to produce 
reliable and effective sedation with acceptable 
hemodynamic stability and no adverse effects on 
respiratory parameters [18–21].

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 
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dose or an infusion of varying duration. Some 
types of models, such as recirculatory models, 
approximate human physiology by estimating 
blood volume, cardiac output, and blood flow 
to different organs or groups of organs 
[22–26].

The most commonly used models are the so-
called mammillary, compartmental models, as 
illustrated in Fig. 23.1. In order to understand 
these models, some understanding of the math-
ematics of exponential processes is necessary 
(see below). It is important to remember that 
compartmental models are purely mathematical 
models. They are typically derived by measuring 
the arterial or venous plasma concentration of a 
drug after a bolus or infusion in a group of 
patients or volunteers, and then estimating the 
pharmacokinetic parameters of the drug under 
investigation by performing nonlinear mixed 
effects modeling with software such as 
NONMEM® (Globomax LLC, Hanover, USA). 
During this process, the investigators typically 
begin with a simple model, and then make step-
wise increases in the complexity of the model. 
Increases in complexity that do not significantly 
improve the ability of the model to predict mea-
sured blood concentrations are rejected in favor 
of the simpler model.

Important Mathematical  
Concepts for Understanding  
of Pharmacokinetic Models

Many physiological processes depend on concen-
tration gradients and so display first-order kinet-
ics (Fig. 23.1). For most anesthetic agents, the 
enzymes involved in metabolism 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. 
Similarly, for the anesthetic agents, redistribution 
is a passive process in which the rate and direc-
tion 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 process, the variable may either 
increase or decrease exponentially. 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 
mathematically in the following general way (the 
formula applies equally well to other exponential 
process such as population growth, or the arterial 
blood pressure changes during diastole):

k t( ) (0) ,A t A e

V 2 V 3V 1

Peripheral
compartment

Peripheral compartment

Effect-site

k21

k10

k13

kle

keo

k31

k12

Central
compartment

Clearance 2 Clearance 3

Clearance 1

Drug input

Fig. 23.1 The three compartment pharmacokinetic model enlarged with an effect compartment. (Reprinted with per-
mission from Absalom and Struys [77])



452 A.R. Absalom

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 cal-
culated mathematically as the first differential of 
A(t) as follows:

kdA( ) / dt k A(0) e k ( ).tt A t

Thus although the proportional change is con-
stant, the absolute 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 concentrations than amounts, and we are com-
monly dealing with situations where gradients 
decline over time. For these situations, the fol-
lowing general equation will apply:

k(t) (0)e ,tC C

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 administration), C(t) is 
the concentration at time t, and k is the rate 
constant.

Half-Life, Time Constant,  
and Rate Constant

The time constant, t, is another rate descriptor, 
but it is described in units of time. Mathematically, 
it is calculated as the inverse of the rate constant 
(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 always intuitively 
easy to understand, 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:

t1 / 2 ln2 0.693 1 / k 0.693.

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 administra-
tion, 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 dif-
ferent rates. In these situations, an “initial volume 
of distribution” (V

1
 or V

c
) is often described. It 

can be calculated as follows:

d Dose / (0).V C

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, V

d
, is ~5 L then it is likely 

that the drug has initially mixed within the circu-
lating blood volume, whereas a drug with a V

d
 

closer to ~12 L is likely to have initially mixed 
within the extracellular fluid.

The volume of distribution at steady state, V
dss

, 
is the apparent volume of distribution once ade-
quate time has been allowed for complete 
equilibration of the drug across all tissues. In 
multi-compartmental models, V

dss
 is the mathe-

matical sum of the volumes of all compartments 
in the model. For drugs with extensive protein 
binding and/or high lipid solubility, the periph-
eral tissues will have a large capacity to absorb 
the drug resulting in a V

dss
 greater than the vol-

ume of the entire body.
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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 throughout a single 
volume, and thus the volume of distribution, V

d
, 

is equal to the volume of the single compartment, 
V, and the drug concentration in this compartment 
is the same as the plasma concentration. After a 
single bolus or an infusion, the drug concentra-
tion will fall because of metabolism or elimina-
tion, as described by the following equation:

elk
p p( ) (0) e ,tC t C

where C
p
(t) is the plasma concentration at time t, 

C
p
(0) is the initial plasma concentration, and k

el
 is 

the elimination rate constant, and t = 0 is the time 
of the bolus or the time at which the infusion 
ceased. Clearance (mL/h) can be calculated from 
k

el
 as follows:

el dClearance, Cl V .k

If the relationship between drug concentration 
and time is plotted on linear axes, then the expo-
nential decline results in a curved graph 
(Fig. 23.2). If, however, a semi-logarithmic graph 
is used (i.e., the logarithm of the concentration is 

plotted) a straight line will result. Figure 23.3 
shows the relationship between Log

e
 C

p
(t) and 

time.
As shown, the elimination rate constant can be 

calculated from the slope of the line in Fig. 23.3. 
If the natural logarithm (log

e
, generally abbrevi-

ated to “ln”) of the drug concentration is plotted 
against time, then the slope is simply equal to k

el
. 

As there is only one rate constant influencing the 
rate of decline in drug concentration, the decline 
in plasma concentrations has a constant t

1/2
 that 

can be calculated from k
el
 as shown above.

Three-Compartment Models

The pharmacokinetics of most anesthetic drugs 
can be described with reasonable accuracy by a 
three-compartment model. Each model describes 
the number of compartments, and their volumes, 
the rate of drug metabolism or elimination, and 
the rate of transfer of drug between the different 
compartments. The concept is summarized in 
Fig. 23.1.

By convention, the compartment into which 
the drug is injected is called the central compart-
ment (V

1
 or V

c
). This compartment may thus be 

thought of as including the blood volume, 
although it is often far larger than the blood vol-
ume. It is sometimes referred to as the initial 
volume of distribution. Elimination of active drug 
by metabolism usually occurs from within this 
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compartment (as in the case of hepatic or renal 
metabolism). The rate of elimination is described 
interchangeably by a rate constant (k

10
), or a 

clearance (clearance = k
10

 × V
1
). The second 

compartment, V
2
, is referred to as the “rapid 

 re-distribution” compartment since drug con-
centrations in V

2
 equilibrate rapidly with those 

in the central compartment. The rate constants 
k

12
 and k

21
 are used to describe the rate of drug 

transfer from V
1
 to V

2
 and from V

2
 to V

1
, respec-

tively. Fast redistribution clearance “Clearance 
2” can be calculated as:

12 1 21 2Clearance 2 .k V k V

The third compartment, V
3
, is often referred to 

as the “slow” compartment (because there is 
rather slower drug distribution between V

1
 and 

V
3
). Here the rate constants k

13
 and k

31
 are used to 

describe the rate of drug transfer from V
1
 to V

3
 and 

from V
3
 to V

1
, respectively. Slow redistribution 

clearance “Clearance 3” can be calculated as:

12 1 21 2Clearance 2 .k V k V

The second and third compartments are some-
times referred to as the “vessel-rich” and “vessel 
poor” compartments 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 V

1
, V

2
, and V

3
 gives the “volume of distri-

bution at steady state,” V
dss

.

Naturally the site of action of the anesthetic 
agents is 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 k

eo
 being 

used to describe the rate of equilibration between 
the central and effect-site compartments.

For a drug showing three-compartment kinet-
ics (such as propofol), the change in concentra-
tions after a bolus or infusion cannot be described 
by a single rate constant or half-life. Because the 
plasma concentration is influenced by several 
simultaneous exponential processes, the decline 
in concentration is more complex to describe, 
since the time required for the concentration to 
fall by 50% (or any other proportion) changes 
over time. Figure 23.4 shows a typical curve of 
the relationship between blood concentration and 
time after a single bolus dose of an anesthetic 
drug. The time course of changes in plasma con-
centration shown in Fig. 23.4 can be described 
mathematically as the sum of three exponential 
processes:

t t t
P (t) e e e ,C A B C

where A, B, C, a, b, and g are constants. As can 
be seen in Fig. 23.4, in the early phase after a 
bolus dose, the plasma concentration falls  rapidly, 
being mostly influenced by rapid redistribution 
(described by a rate constant a). Later on the rate 
of decline in plasma concentrations is influenced 
mostly by redistribution to less well- perfused 
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 tissues (described by a rate constant b). Eventually 
the predominant factor is elimination (rate con-
stant g). 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 simultaneous expo-
nential processes, and the relative contributions 
of the different processes change for most anes-
thetic drugs as the duration of infusion increases. 
These factors make it difficult to predict drug 
concentrations without the assistance of com-
puter 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 [27]. 
It describes the time taken for blood concentra-
tion 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 context-sensitive half-
time indicates the degree of drug accumulation, 
and the balance between redistribution and metab-
olism/elimination. This metric only 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 clini-
cal effects will cease, since these depend on the 
initial concentration, and pharmacodynamic fac-
tors 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

Tables 23.1 and 23.2 show the model parameters 
for the published pediatric propofol pharmacoki-
netic models.

During the early 1990, Marsh and colleagues 
studied the accuracy of TCIs using an adult 
propofol model in 20 children, and found it to be 
associated with a significant overestimation in 
the blood concentrations (i.e., measured blood 
concentrations were less than expected) [28]. 
This was consistent with the findings of several 
groups of workers who have found that the phar-
macokinetics of propofol differs between chil-
dren and adults [29, 30]. The Marsh adult model 
was then revised to produce a model specific to 
children (the size of the central compartment vol-
ume was increased, but remained a linear func-
tion of body weight), and when prospectively 
tested, the predictive performance was better than 
when the adult model was used [28]. 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 [31]. This model, which contains 
multiple covariates, and adjusts for mode of drug 
administration (bolus vs. infusion) and sampling 
site (arterial vs. 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 [32], but 
like the Schüttler model it is seldom used in clini-
cal practice. The parameters of these models are 
summarized in Table 23.1.

Two models are commonly used at present – 
the Kataria and Paedfusor models (Table 23.2). 
Despite the fact that they were developed in dif-
ferent ways, and that weight is incorporated in a 
different way in each model, the overall model 
parameters are fairly similar. Figure 23.5 shows a 
comparison of the cumulative propofol dose for 

Table 23.1 Comparison of model parameters for the 
Schuttler, Short and Marsh pediatric models for propofol

Schüttler (20 
kg, 5 years) Short

Marsh 
(pediatric)

V1 0.384 L/kg 0.432 L/kg 0.343 L/kg
K10 (min−1) 0.073 0.0967 0.1
K12 (min−1) 0.135 0.1431 0.0855
K13 (min−1) 0.06 0.0392 0.021
K21 (min−1) 0.05 0.1092 0.033
K31 (min−1) 0.00174 0.0049 0.0033
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children weighing 14 and 20 kg, when the Kataria 
and Paedfusor models are used to administer a 
target blood concentration of 2.5 g/mL.

Kataria et al. used three different pharmacoki-
netic 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 [33]. 
They found that a weight- proportional model 
performed significantly better than a model with 
fixed volumes and rate constants. Adjusting V

2
 

(and hence k
12

 and k
21

) 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 V

2
 for age is likely to 

yield an anomalous (negative) V
2
 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 [34] was adapted from 
one of the preliminary models developed by 
Schüttler prior to the publication of his final model 
[31], 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 correlation with age and weight.

Fig. 23.5 Cumulative 
propofol doses adminis-
tered 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 g/mL)

Table 23.2 Kataria and Paedfusor pediatric propofol models

Paedfusor [34, 78]

Kataria [33] Kataria

Weight proportional 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/V

2
0.1020

K31 (min−1) 0.0019 0.0019 0.0032 0.0032 0.0038 0.0038
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Pediatric Propofol Infusion 
Regimens

Disadvantages of Repeated Bolus  
Dose Administration

Although it is possible to maintain sedation or 
anesthesia with repeated boluses of an intrave-
nous sedative agent, this is far from ideal. First, 
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. Second, 
it is difficult to judge the dose required to pro-
duce adequate, but not excessive blood concen-
trations. Finally, it is also difficult to judge the 
required interval between doses. Figure 23.6 
shows the estimated blood concentrations aris-
ing 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 g/mL. As can 
be seen, as drug accumulates in peripheral tis-
sues, the rate of decline in blood concentration 
after successive doses gradually decreases, 
resulting in an increase in the interval between 
doses.

Commonly Used Regimens

Typically, blood concentrations of the order of 
2–3 g/mL are required for sedation in children. 
Naturally the concentration required is influenced 
by multiple other factors such as coadministered 
drugs. Thus, it is not surprising that after cardiac sur-
gery, Murray et al. found that the mean measured 
propofol concentration at recovery of consciousness 
was only 0.97 g/mL; whereas Rigouzzo et al. found 
that the EC50 (of measured blood propofol concen-
tration at steady state) associated with loss of con-
sciousness in healthy children was 4.0 g/mL [35].

In Cambridge a commonly used deep sedation 
regimen 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 23.7 shows a simulation of the regimen, 
with the concentrations estimated by the Paedfusor 
model. At about 10 min after the initial bolus, the 
blood concentrations reach a nadir of ~2.5 g/mL. 
If the infusion rate is kept constant at 10 mg/kg/h, 
the blood and effect-site concentrations, and clini-
cal effect will gradually increase (reaching ~5 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 

Fig. 23.6 Estimated blood propofol concentrations 
resulting from repeated 40 mg boluses of propofol in a 
20-kg child. In this simulation, a repeat bolus was admin-
istered each time the estimated concentration fell to 2 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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infusions of 100–15 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 [18]. With 
this propofol regimen, sedation was adequate in 
27 of the 30 children, cardio-respiratory stability 
were 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 stud-
ies involving single bolus administration [36], 
after short infusions [37], and after longer infu-
sions [38] for postoperative sedation. Further 
studies are needed to compare the predictive 
accuracy of these models to determine which per-
form optimally in clinically relevant situations.

Infusion Regimens for 
Dexmedetomidine

Typical infusion regimens comprise an initial 
bolus over 10 min, followed by a continuous 
infusion. Mason used an initial bolus of 2 g/kg 

over 10 min (repeated if Ramsay sedation score 
[39] of 4 not reached) followed by an infusion at 
1 g/kg/min, in 62 patients with mean age 2.8 
years and mean weight 15 kg, undergoing CT 
imaging [19]. 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 maintenance infusion. Two patients 
became agitated during the loading dose, and 
were given alternative agents for sedation. 
Subsequently, Mason et al. reported the results of 
a study of the use of higher doses of dexmedeto-
midine in >700 patients undergoing MRI scan-
ning, which is more stimulating, and in which 
movement causes significant image degradation 
[21]. With time their regimen evolved from an 
initial bolus of 2–3 g/kg, and from an initial 
infusion rate of 1–1.5 and 2 g/kg/h. The highest 
doses were associated with successful sedation 
and image acquisition in 97.6% of patients, but 
with reasonable cardio-respiratory 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 g/kg over 10 min, and 
this was followed by an infusion at 0.5 g/kg/h 
initially, but increased to 0.7 g/kg/h if a Ramsay 

Fig. 23.7 Blood and effect-site concentrations (heavy 
and light continuous lines respectively, as estimated by 
the Paedfusor model with a k

eo
 of 0.91 min−1), arising from 

an initial bolus of 2 mg/kg, followed by an infusion ini-

tially 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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score of 5 was not reached within 25 min [18]. 
With this regimen, additional midazolam was 
required in 16% of patients to facilitate success-
ful scan completion.

Target Controlled Infusions

Definition

A target controlled infusion (TCI) is an infusion 
of a drug administered by an infusion pump con-
trolled 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 explained above, 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 propofol, a 
drug with rapid kinetics, blood concentrations 
continue to rise for several hours when fixed rate 
infusions are used (see Fig. 23.7). There is thus a 
poor correlation between infusion rate and clini-
cal effect. During the course of any procedure, 
the effect-site concentration required for adequate 
sedation will vary widely according to several 
other factors such as the influence of coadminis-
tered drugs (especially opioid analgesics), the 
onset of natural sleep, changes in the environ-
ment, and the severity of any noxious stimuli. 
The changing relationship between infusion rate 
and effect-site concentration, and the delay in 
blood-effect-site concentration equilibration, 
makes rational, precise, and rapid titration of the 
infusion very difficult. As can be seen in Fig. 23.7, 

step-wise changes in the infusion rate of 2 mg/
kg/h result in very slow change in blood and 
effect-site concentrations, so that it is difficult to 
assess the response to an infusion rate adjust-
ment. These difficulties form an important part of 
the rationale for TCIs, where a computer or 
microprocessor is used to implement the infusion 
rates required to maintain steady-state blood con-
centrations. Since steady-state blood concentra-
tions arise quite quickly, TCI systems allow the 
user to judge the clinical effect of a blood con-
centration and then to adjust the target blood con-
centration accordingly, rather than adjusting the 
infusion rate accordingly. An analogy is to com-
pare the control 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 sys-
tem or speedometer.

When k
eo

 values for children have been vali-
dated and effect-site targeting is sufficiently 
developed for use in children, then a further 
refinement will be added since users will then be 
able to titrate the effect-site concentration accord-
ing to observed patient responses.

With blood and effect-site concentration tar-
geting, absolute accuracy of the pharmacokinetic 
model is not important, since steady-state con-
centrations arise very quickly, and there remains 
wide variability in pharmacodynamic sensitivity 
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 a TCI the user is able to set and alter a 
desired “target” drug concentration. The target is 
usually a blood concentration (although algo-
rithms do exist for effect-site targeting [40] and 
have been implemented for propofol, remifenta-
nil, and sufentanil use in adults). TCI systems use 
compartmental pharmacokinetic models with 
complex mathematical algorithms to calculate 
and implement the infusion rates required to 
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achieve the target concentration. Every 10 s the 
system software calculates the drug amount in 
each of the compartments, 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 concentration over 
the subsequent 10 s.

The theoretical foundations for a system 
designed to maintain and achieve a steady-state 
blood concentrations were laid by Kruger-
Thiemer in 1968 [41], and later developed and 
refined by Vaughan and Tucker [42, 43], and 
Schwilden [44] (who developed the first clinical 
application of this theory – the “computer-as-
sisted total intravenous anaesthesia system”). 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 × V

1
), followed by 

two superimposed infusions, one to replace drug 
lost by elimination and the other to replace drug 
lost by redistribution. Modern TCI systems con-
tinue to use methods based on this approach, 
except that most modern models comprise three 
compartments. After the initial bolus, three super-
imposed infusions are computed. When the target 

concentration is constant, drug lost by elimina-
tion is replaced by a constant rate infusion, since 
a fixed proportion of the total amount of drug in 
the central compartment is eliminated in each 
unit of time. By contrast, the amount of drug dis-
tributed to peripheral tissues declines exponen-
tially as the gradient between the central 
compartment and the peripheral compartments 
decreases. Thus two infusions at exponentially 
declining rates are required to replace drug “lost” 
from the central compartment by fast and slow 
redistribution. The sum of these three infusions is 
naturally an infusion at a decreasing rate.

When the user decreases the target concentra-
tion, the infusion systems stop infusing drug, 
until it calculates that the blood concentration has 
decreased to the target concentration, whereupon 
the infusion restarts (see Fig. 23.8).

The first commercially available TCI systems 
contained the Diprifusor®, a microprocessor that 
was embedded in intravenous infusion pumps 
sold by several manufacturers from 1996 onward 
(in numerous countries around the world, but not 
in the USA). The development of the Diprifusor® 
has been described in detail [45, 46]. TCI pumps 
controlled by it can only administer TCIs of 
propofol, and only if the microprocessor is able 
to detect the presence of single-use prefilled glass 
syringes of 1 or 2% propofol purchased from 
AstraZeneca. These syringes contain a program-
mable metallic strip in the flange that is detected 
by a sophisticated process called programmed 
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magnetic resonance. When the syringe is almost 
empty, the strip is “de-programmed” so that it 
cannot be reused.

In the years since the release of the first gen-
eration of TCI systems, the patent for propofol 
has expired. While the cost of the prefilled 
syringes from AstraZeneca has changed very lit-
tle, significantly cheaper generic forms of propo-
fol are now available. Until recently, propofol 
purchased from other manufacturers could not be 
used in TCI propofol systems, but this has now 
changed with the development and launch of sec-
ond generation of TCI system, the so-called 
“Open TCI” systems. These systems allow the 
use of a variety of drugs, administered from a 
variety of syringes and sizes. Thus, when used to 
administer generic propofol formulations, these 
pumps can generate cost savings of up to 80% of 
the cost of the original propofol formulation. Two 
currently available 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 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 sys-
tem does not remove the requirement for titration 
of the target concentration according to the clini-
cal 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 seda-
tion. 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 oesoph-
agogastroduodenoscopy in 12 children between 3 
and 11 years of age [47]. 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 g/mL 
when calculated using Dixon’s up–down method 
[47] and 3.7 g/mL when recalculated using 
logistic regression [48]. In 45 children between 6 
and 13 years of age, Rigouzzo et al. 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 g/mL, and the mean measured propofol 
concentration associated with BIS 50 was 4.3 g/
mL [35].

Predictive Performance of PK 
Models During TCI

Most studies of the validity and accuracy of mod-
els used for TCI have used the parameters recom-
mended by Varvel for assessing the predictive 
performance of a model during TCI – bias, impre-
cision, wobble, and divergence [49]. Generally, 
bias <20% and imprecision <40% are considered 
acceptable [50, 51].

Although not yet common in clinical 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 anesthesia in children. 
Absalom and colleagues assessed the predictive 
performance of the Paedfusor model in 29 chil-
dren aged between 1 and 15 years who were 
undergoing cardiac surgery or cardiac catheter-
ization [34]. Predictive performance was well 
within the acceptable range. Bias was 4.1% indi-
cating that on average the measured blood con-
centrations were 4% higher than predicted; while 
the imprecision was 9.7%, indicating that 50% of 
measured blood concentration samples were in 
the range from 90.3 to 109.7% of the target con-
centration [34].

Engelhardt and colleagues used a simple man-
ual infusion regimen designed to manually target 
three different propofol concentrations in chil-
dren, and then assessed the ability of the Kataria 
model to predict the measured concentrations 
[52]. In this study, the bias was 6.98% and the 
imprecision 17.3%. Rigouzzo and colleagues 
used the age-adjusted Kataria model for TCI 
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administration of propofol at target concentra-
tions varying between 2 and 6 g/mL [35]. They 
did not perform a formal analysis of predictive 
performance, but reported that the Kataria model 
generally underestimated measured concentra-
tions – mean measured concentrations at target 
concentrations of 2, 3, and 6 g/mL were 2.4, 
4.7, and 12.2 g/mL respectively [35].

There are, as yet, no studies of the predictive 
performance of PK models for dexmedetomidine 
in children and no studies specifically investigat-
ing the predictive performance of pharmacoki-
netic models for propofol in children undergoing 
sedation.

Future Directions

Model Development  
and the Open TCI Initiative

TCI systems are in common use for propofol 
sedation and anesthesia in adult patients in >100 
countries. A factor that is limiting the use of this 
technology in the pediatric population is the pau-
city of published data verifying the validity and 
accuracy of the current pediatric models in differ-
ent settings and patient groups. One of the goals 
of the recently established “open TCI initiative” 
is to set up multicenter collaborations to investi-
gate model performance at the extremes of age. It 
is hoped that this initiative will either verify the 
accuracy of current models or produce a better 
model for propofol for children. Once this is 
achieved, it is likely that the use of TCI technol-
ogy for sedation and anesthesia in children will 
increase.1

Drug Interactions

Studies in adults over the past 15 years have made 
advances in our understanding of interactions 
between different classes of anesthetic agents. 
These interactions include pharmacokinetic 

 interactions, in which the presence of one drug 
causes measured concentrations of another drug 
to be different from those expected, and pharma-
codynamic 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 pharmacodynamic inter-
actions between hypnotics and opioids result in 
potent synergism for the sedative, anesthetic, 
respiratory, and cardiovascular effects of the 
 hypnotic agents [12, 53–60].

Drover studied the pharmacodynamic interac-
tion of propofol and modest doses of remifentanil 
in children undergoing endoscopy, and found that 
remifentanil reduced the target propofol concen-
tration (Kataria age-adjusted model) required for 
tolerance of endoscopy from 3.7 to 2.8 g/mL 
[48]. At present there is very little other published 
data concerning 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 coadminis-
tered agents.

Effect-Site Targeted TCI Systems

So far we have only discussed blood-targeted 
TCI systems, which attempt to achieve the target 
blood concentration set by the user, while the 
effect-site concentration follows passively with a 
time delay determined by the rate of blood-effect-
site equilibration. When a suitable k

eo
 exists for a 

given drug, pharmacokinetic model and popula-
tion group, then it can be used in conjunction 
with the pharmacokinetic parameters to “target” 
the effect-site instead of the blood concentration. 
Because the anesthetic drugs have their 
mechanism of action in the brain rather than the 
blood, effect-site targeting is intuitively more 

1 http://www.opentci.org/doku.php. Accessed 6 December 
2008.



46323 Intravenous Infusions for Sedation: Rationale, State of the Art, and Future Trends

appealing than blood concentration targeting, and 
offers the potential or more rapid and precise 
control of the depth of sedation or anesthesia.

TCI systems operating in effect-site targeting 
mode manipulate the blood concentration to 
bring about the target (effect-site) concentration 
as rapidly as possible, by implementing an over-
shoot 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 targeting, the choice of k

eo
 value is 

critical, since it will determine the degree of over-
shoot or undershoot required. If the k

eo
 is too 

small for the patient and model, then an exces-
sively large under- and overshoots will occur, and 
these may compromise patient safety.

Effect-site targeting has been implemented in 
commercially available TCI systems programmed 
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 significantly differ-
ent infusion profiles for the same model in some 
patient groups [61]. It is hoped that the Open 
TCI initiative will be able to also resolve this 
controversy.

Although the commercially available TCI 
devices are generally also programmed with one 
or more pediatric propofol models, effect-site 
targeting has not been implemented for children. 
This is largely because there is currently no vali-
dated and generally accepted k

eo
 value for use 

with the pediatric propofol models. Munoz and 
colleagues recently used the time to peak effect 
methodology recommended by Minto et al. [62] 
to calculate k

eo
 values for use with the Paedfusor 

and Kataria models. Further studies are likely to 
be necessary to demonstrate the safety and bene-
fit of effect-site targeting 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) concen-
tration 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 [63–67]. These systems 
thus combine the benefits of TCIs (stable blood 
and effect-site concentrations) with the psycho-
logical and safety benefits of patient control. 
Although these systems have shown great prom-
ise in adult groups, they have not yet been inves-
tigated in children. It is highly likely that PMS 
systems suitable for use by children will be devel-
oped once issues regarding PK model validity 
have been addressed and safety of PMS has been 
demonstrated.

Closed Loop Control and The Future

Automated control systems are almost omni-
present in modern life and are accepted without 
question. They are found, for example, in many 
common household appliances, in autopilot 
systems on aeroplanes, and in systems control-
ling the flow of traffic on roads and on under-
ground train systems. Computer systems 
capable of automatic control of anesthesia and 
sedation have been developed and tested in 
adults [68–75]. The benefits of closed loop con-
trol – automated accurate titration of the anes-
thetic dose, based on rapidly repeated automated 
measurements of the pharmacodynamic effect 
of the anesthetic agent – have yet to be demon-
strated to translate into improved patient safety 
and better outcomes such as fewer incidents of 
inadequate or excessive sedation or anesthesia. 
An international collaboration between com-
mercial and academic groups has been pro-
posed, and a dialog with the FDA commenced, 
in an attempt to implement this technology into 
clinical practice [76]. Since the problems of 
dose titration for sedation and anesthesia 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.
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Introduction

Complementary and alternative medicine (CAM) 
describes any healthcare approach outside the 
area of conventional medicine. It is a group of 
diverse medical and health systems, practices, 
and products, and is commonly used in conjunc-
tion with conventional medicine.

The National Center for Complementary and 
Alternative Medicine groups these therapies into 
several domains (Table 24.1). It can come from a 
complete medical system of premise and prac-
tice, including homeopathic medicine, natur-
opathic 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 medi-
cine include meditation, biofeedback, relaxation, 
guided imagery, prayer, and music therapy. 

Manipulative practices are based on manipulation 
and movement of the body. These include mas-
sage, chiropractic, or osteopathic manipulation. 
Energy medicine employs the use of energy fields. 
Some examples include acupuncture, qi kong, 
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 complementary medi-
cine [1]. The surgical environment is one in which 
CAM has become particularly popular with pedi-
atric patients, families, and healthcare profession-
als. Pediatric patients require sedation more often 
than adults for medical procedures. These chil-
dren are at higher risk for respiratory depression 
and life-threatening hypoxia. Periprocedure anxi-
ety is directly related to fear, unfamiliar environ-
ments, and of loss of control. CAM can be used as 
a noninvasive modality for decreasing patients’ 
anxiety and assisting with sedation.

Music

Music has been 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 therapeutic purposes. It can serve 
as an adjuvant therapy in critical ill patients. In a 
randomized controlled trial, ten critically ill patients 
were allocated to music or no-music group. The 
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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 control subjects wore head-
phones without music. Music application was 
shown to significantly reduce the amount of seda-
tive medication needed to achieve a comparable 
degree of sedation. In those receiving the music 
intervention, plasma concentrations of growth hor-
mone 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 neuro-humoral 
pathway involving interactions between the hypo-
thalamo-pituitary axes with the adrenal medulla via 
mediators of the unspecific immune system [2].

The use of intraoperative music in awake 
patients decreases patient-controlled sedative 

and analgesic requirements. A randomized 
 controlled study of 35 adults undergoing uro-
logic 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 [3]. A randomized controlled 
study of 43 adults undergoing lithotripsy treat-
ment of renal or ureteral calculi and receiving 
patient-controlled intravenous opioid analgesia 
also randomly assigned patients to either a music 
or a no-music group. The patients who listened to 
music had a significant reduction in alfentanil 
requirements [3]. By using self-report validated 
behavioral and physiological measures of anxi-
ety, 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 [4].

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 [5]. A study of 123 
children was randomly assigned into one of three 
groups: interactive music therapy, oral midazo-
lam, and a control group. The children who 
received midazolam were significantly less anx-
ious 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 anesthesia 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 during the induction 
of anesthesia [6].

Sixty pediatric patients receiving either chloral 
hydrate or music therapy for electroencephalogra-
phy testing revealed that music therapy may be a 
cost-effective, risk-free alternative to pharmaco-
logical sedation [7]. There has been reports of a 
high success rate when utilizing music for pediat-
ric patients undergoing computerized tomography 
scans, echocardiograms, initiation of intravenous 

Table 24.1 Major types of complementary and alterna-
tive medicine

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
Qi kong
Reiki
Therapeutic touch

Source: Data from NCCAM, National Institutes of Health, 
Bethesda, MD
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lines, and electroencephalograms. Music therapy 
is a cost-effective intervention for most pediatric 
facilities [8]. It can be used as an adjuvant thera-
peutic measure in pediatric sedation.

Hypnotherapy

Hypnotherapy is the induction of a trance-like 
state to facilitate 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 abol-
ishing 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 [9].

Faymonville et al. did a study of positron 
emission tomography in 11 healthy volunteers to 
identify the brain areas in which hypnosis modu-
lates cerebral responses to a noxious stimulus. 
Hypnosis decreased both pain sensation and the 
unpleasantness of noxious stimuli. Noxious stim-
ulation caused an increase in regional cerebral 
blood flow in the thalamic nuclei and anterior 
cingulate and insular cortices. The hypnotic state 
induced a significant activation of a right-sided 
extrastriate area and the anterior cingulate cortex. 
The interaction analysis showed that how the 
activity in the anterior cingulate cortex was 
related to pain perception and unpleasantness 
was different from the hypnotic state than in con-
trol situations. Both intensity and unpleasantness 
of the noxious stimuli were reduced during the 
hypnotic state [10].

Lang et al. 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 sub-
stantially 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 nonspecific empathy conditions [11].

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 10 consecutive patients 
who received standard care. Hypnosis appeared 
to be a feasible method of managing anxiety and 
pain associated with colonoscopy, reduced the 
need for sedation, and may have other benefits, 
such as reduced vasovagal events and recovery 
time [12].

Ghoneim et al. did a randomized controlled 
trial of 60 patients to evaluate the usefulness of 
tape-recorded hypnosis instruction on periopera-
tive 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 contain-
ing hypnotic instructions, and there was an increase 
in the incidence of vomiting [13]. Balini et al. 
studied 46 patients undergoing percutaneous trans-
luminal coronary angioplasty of the left anterior 
descending coronary artery. They were randomized 
to receive medication or hypnotic sedation during 
the procedure. The increase in cardiac sympathetic 
activity associated with balloon inflation and myo-
cardial ischemia during percutaneous transluminal 
coronary angioplasty of the left anterior descend-
ing coronary artery was selectively eliminated by 
hypnosis but not by drug sedation [14].

A meta-analysis performed on 18 controlled 
trials suggested 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 nonhypnotic 
treatment. Hypnotherapy enhances the effects of 
cognitive-behavioral psychotherapy, including 
anxiety, insomnia, pain, and obesity [15].

Hypnotherapy is one of the oldest forms of 
psychotherapy. It encourages the patient to use 
his or her imagination to improve health and 
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health behaviors. While most of the current 
research is on its use in the adult population, hyp-
notherapy may be integrated into pediatric seda-
tion in the future.

Guided Imagery

Patients who undergo sedation usually experi-
ence some fear and apprehension about their pro-
cedures. 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 procedures, 
during the periprocedure period, and for 6 days 
after the intervention. The patients in the guided 
imagery group experienced considerably less 
preoperative and postoperative anxiety and pain, 
and required nearly 50% less narcotic medica-
tions than patients in the control group [16].

Guided imagery was successfully utilized in 56 
patients undergoing radiology interventional pro-
cedures. They were enrolled in a standardized pro-
tocol with script-guided imagery 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 vari-
able made prerecorded tapes or provider-directed 
imagery unlikely to be equally successful [17].

Anodyne imagery technique consists of con-
ditioned relaxation, induction of a trance state, 
and guided processing of the patient’s internal 
imagery. A study involved 100 patients undergo-
ing interventional radiologic procedures. 
Anodyne imagery eased patients’ anxiety and 
fears and reduced the amount of midazolam and 
fentanyl used during interventional radiologic 
procedures, possibly improving procedural safety 
and augmenting the speed of recovery [18].

Guided imagery technique can produce anal-
gesia and anxiolysis. Though the technique is 
highly individualized, it has a potential to be inte-
grated into pediatric sedation in the future.

Acupuncture and Related 
Techniques

Used for over two millennia, Acupuncture is one 
of the oldest medicinal practices in the world. It is 
part of traditional Chinese medicine. Since its 
reintroduction in the United States in the early 
1970s, acupuncture has become a widely used 
complementary medical therapy, used to maintain 
and restore health through the stimulation of acu-
puncture points by the insertion of hair-thin nee-
dles through the skin. Acupuncture promotes the 
flow of “qi,” which is equivalent to energy. 
Endogenous opioid peptides in the central ner-
vous system play a major role in mediating the 
effect of acupuncture [19]. 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 endo-
scopic and colonoscopy procedures. In a study of 
106 patients, those receiving midazolam rated the 
procedure as slightly less troublesome than those 
receiving acupuncture. Oxygen saturation, blood 
pressure, and heart rate were significantly lower 
in patients receiving midazolam [20]. In a ran-
domized controlled trial of 55 patients received 
colonoscopic examination 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 
concentration of beta-endorphin in both groups 
showed similar trends of change during colonos-
copy. Changes in serum concentration of epi-
nephrine, norepinephrine, dopamine, cortisol, 
and beta-endorphin were also similar between 
these two groups [21]. Another study of 30 
patients undergoing colonoscopy was random-
ized to receive acupuncture, sham, or no acu-
puncture. Midazolam was used for sedation for 
all three groups. The acupuncture group experi-
enced 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 discom-
fort and anxiety of the patients [22].
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In a study of 55 patients undergoing lithotripsy 
procedures, patients were enrolled into either an 
acupuncture or a sham group. In the acupuncture 
group, patients had less preprocedural anxiety 
and required less intraprocedural analgesia 
[23]. Another study involving 35 patient under-
going lithotripsy procedures showed that electro-
acupuncture was an effective method for inducing 
sedation with analgesia without any demonstra-
ble side effects [24].

Acupressure on the Extra-one, EX-HN3, (Yin-
Tang) acupuncture point is effective in producing 
sedation. The Extra-one, EX-HN3, (Yin-Tang) 
acupuncture point is located on the forehead, at 
the midpoint between the eyebrows (Fig. 24.1). 
Acupressure over this point produces analgesic 
and sedative effects. A study of 52 children under-
going 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. Children receiving the acupressure on 
the Extra-one (Yin-Tang) point experienced 
reduced anxiety. There were no significant 
changes in Bispectral Index values between the 
groups, and the total intraprocedural propofol 
requirements did not differ between them. 
Acupressure bead intervention at the Extra-one 
(Yin-Tang) acupuncture point reduced preproce-
dural anxiety in children undergoing endoscopic 
procedures, however [25]. A study involving 22 
healthy female volunteers was randomized to 
receive acupressure on either the Extra-one (Yin-
Tang) point or a sham point. Acupressure at the 
Extra-one (Yin-Tang) point significantly reduced 
needle insertion pain compared to acupressure at 
the sham point. Acupressure at the Extra-one 
(Yin-Tang) acupuncture point significantly 
reduced the low frequency/high frequency ratio 
of heart rate variability responding to needle 
insertion. This implies a reduction in sympathetic 
nervous system activity [26].

A crossover study of volunteers indicated that 
acupressure on the Extra-one (Yin-Tang) acu-
puncture point can significantly reduce bispectral 
index values and verbal stress scores [27, 28]. In 
a randomized controlled trial of 48 volunteers, 
5 min of acupressure on the Extra-one (Yin-Tang) 
acupuncture point significantly reduced the EEG 
spectral entropy values [29]. A randomized trial 
of 61 parents indicates that acupressure at the 
Extra-one (Yin-Tang) acupuncture point can have 
anxiolytic and sedative effects on parents in the 
preoperative holding area before their children’s 
surgery [30].

Ear acupuncture, also known as auricular ther-
apy (Fig. 24.2), is based on the principles of 
Traditional Chinese Medicine. It is practiced as a 
sole treatment or in conjunction with body acu-
puncture therapy, and is an effective treatment for 
acute anxiety. Ear acupuncture can decrease preop-
erative anxiety in adults undergoing outpatient sur-
gery [31]. A study of 67 patients undergoing dental 
extraction compared the efficacy of auricular acu-
puncture, intranasal midazolam, placebo acupunc-
ture, and no treatment for reducing dental anxiety. 
Patients having dental extractions were random-
ized to one of four groups: auricular acupuncture, 
placebo acupuncture, intranasal midazolam, and a 

Fig. 24.1 Extra-one, EX-HN3, (Yin-Tang) acupuncture 
point locates on the forehead, at the midpoint between the 
eyebrows
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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 significantly less anx-
ious at 30 min compared to patients in the placebo 
acupuncture group. Patient compliance assessed by 
the dentist was significantly improved if auricular 
acupuncture or application of intranasal midazo-
lam had been performed [32].

Auricular acupuncture points may be stimu-
lated for a longer 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 
seed. These seeds are held in place on the ear with 
a small piece of adhesive tape (Fig. 24.3). 
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 significantly less anx-
iety than patients in the sham group on arrival to 
the hospital [33]. 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 [34].

Acupressure is the application of pressure to 
the acupuncture points with the finger, which can 
achieve significant clinical effects. In a double-
blinded design study of 60 minor trauma patients, 
they were randomly assigned into one of the three 
groups, true acupressure, sham acupressure, and 

Autonomic Point Shen Men

HT Point

Fig. 24.2 Location of 
auricular acupuncture points

Fig. 24.3 Auricular acupressure press pellets, 1.2 mm diameter stimulating press pellets, are made from stainless steel



47324 Use of Complementary and Alternative Medicine in Pediatric Sedation

no acupressure. The group of patients who 
received true acupressure experienced signifi-
cantly less pain, anxiety, and had a lower heart 
rate, and reported greater satisfaction, than the 
other two groups [35].

Postsedation nausea and vomiting is a signifi-
cant problem that occurs frequently in the postse-
dation recovery care unit. It can cause electrolyte 
imbalance, delay discharge and other complica-
tions. Schlager et al. [36], using low level of laser 
stimulation of the PC6 acupuncture point 
(Fig. 24.4) in children undergoing strabismus 
surgery, found that the intervention significantly 
decreased postoperative vomiting. Chu et al. [37] 
applied acupressure with acuplaster to BL-10, 
BL-11, and GB-34 acupuncture points as prophy-
lactic treatment for postoperative vomiting in 
children undergoing strabismus surgery. The 
investigators randomized a total of 65 children 
between ages of 3 and 14 years into a placebo or 
an acuplaster group. They found that significantly 
fewer patients developed postoperative vomiting 
in the acuplaster group than in the placebo group 
during the first 24 h following surgery.

Schlager et al. [38] applied acupressure to 
acupuncture points in the hand 30 min before 
induction and kept the acupressure in place for 
24 h in a group of children undergoing strabis-
mus surgery. They found children in the acupres-
sure group had a significantly lower incidence of 
vomiting as compared to the placebo group. 
Somri et al. [39] compared the antiemetic effect 
of P6 acupuncture with ondansetron and a pla-
cebo in a group of children receiving dental sur-
gery. They found a significant decrease in the 
number of patients who vomited and also in the 
total number of vomiting episodes in two treat-
ment groups as compared with the placebo group. 
There was no difference between the acupuncture 
and ondansetron groups.

Rusy et al. [40] used electrical stimulation of 
acupuncture point P6 as a prophylactic postoper-
ative nausea and vomiting treatment for children 
undergoing tonsillectomy with or without ade-
noidectomy. The investigators also found that 
children who received true electrical stimulation 
at acupuncture points PC6 had significantly less 
postoperative nausea and vomiting. Butkovic 
et al. [41] compared the use of laser acupuncture 
and metoclopramide in preventing the develop-
ment of postoperative nausea and vomiting. The 
investigators found that bilateral laser acupunc-
ture PC6 stimulations are as effective as metoclo-
pramide in preventing the development of 
postoperative nausea and vomiting in children.

Kabalak et al. [42] applied transcutaneous 
electrical acupuncture point stimulation utiliz-
ing skin surface electrodes. They applied 20 Hz 
and 10 mA for 5 min to the P6 acupuncture 
points. It was as effective as ondansetron in pre-
venting postoperative vomiting following pedi-
atric tonsillectomy. A meta-analysis of the 
acupuncture points stimulation effect on postop-
erative nausea and vomiting in children indi-
cates that acupressure and acupuncture are as 
effective as medication in reducing postopera-
tive vomiting in children [43].

Most of the available studies involve the adult 
population, rather than pediatric patients. Evidence-
based medical research has indicated that acu-
puncture and related techniques can be used for 
analgesic, anxiolytic, and sedative effects. It is 

Fig. 24.4 PC6 acupuncture point locates on the anterior 
forearm, three-finger breadth proximal to the transverse 
wrist crease, between the tendons of palmaris longus and 
flexor carpi radialis muscles
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very effective in prevention and treatment of 
periprocedure nausea and vomiting [44]. It is esti-
mated that there are more than 20,000 licensed 
acupuncture providers in the United States among 
them 3,000 physicians perform acupuncture as 
part of their medical practice. Acupuncture and 
related techniques can be used in conjunction with 
conventional therapy for sedation and prevention 
and can ease discomfort after the procedure.

Is Sucrose a Sedative or Analgesic  
in Infants?

Sweetening agents have been recommended in 
position statements and consensus documents for 
procedural pain management in neonates. Sucrose 
is reported to stimulate the lingual receptors and 
initiate the release of endogenous opioids [45, 46]. 
A randomized study was performed on 113 healthy 
full-term newborns whose heels were pricked for 
the Guthrie test to detect phenylketonuria. The 
babies were randomized into four groups: one 
receiving 2 mL of 30% sucrose, the second 10% 
glucose, the third 30% glucose, and the fourth dis-
tilled water. Thirty percent sucrose is superior to 
10 and 30% glucose solutions in relieving pain 
[47].

Screening for retinopathy of prematurity 
(ROP) in infants is an acknowledged painful pro-
cedure. 0.2 mL of sucrose 24% has been shown 
to reduce the behavioral and physiological pain 
responses [48].

Johnston et al. studied 85 preterm infants 
between 25 and 34 weeks postconceptual age. 
They were randomly assigned to oral sucrose 
and/or simulated rocking, 15 min before a routine 
heel stick procedure. When 0.05 mL of 24% 
sucrose was placed on the anterior surface of the 
tongue just prior to the lancing of the heel, the 
pain was attenuated in preterm infants [49]. A 
single-blind randomized crossover study exam-
ined 90 preterm neonates undergoing heel-lancing 
procedures. The sensorial stimulations from skin-
to-skin contact that include tactile and olfactory 
sensations from the mother, are sufficient to 
decrease pain response in premature neonates. 
Other stimulations like rocking, sucking, and 

music were also efficacious for neonatal sedation 
[50]. There is strong evidence to support sucrose 
for minor invasive procedures in neonates [51].

Conclusion

Sedation for pediatric procedures can be distress-
ing for children and their families. Studies related 
to using CAM, nonpharmacological methods for 
reducing anxiety and improving cooperation, may 
avoid the adverse effects of sedation. A Cochrane 
review assesses 17 trials and the effects of CAM 
nonpharmacological interventions in assisting 
induction of anesthesia in children reducing their 
anxiety or distress or increasing their cooperation. 
Eight trials assessed parental presence. Parental 
presence was significantly less effective than 
midazolam in reducing children’s anxiety at 
induction. In children undergoing hypnosis, there 
was a nonsignificant trend toward reduced anxiety 
during induction compared with midazolam. 
Children of parents having acupuncture compared 
with parental sham-acupuncture were less anx-
ious during induction and more cooperative. 
Presence of parents during induction of general 
anesthesia does not reduce their child’s anxiety. 
Promising CAM nonpharmacological interven-
tions include parental acupuncture, clown doctor, 
hypnotherapy, low sensory stimulation, and hand-
held video games [52].

Most medical procedures increase the child 
and family’s fears and anxiety. Insufficient treat-
ment of pain and anxiety can cause cardiovascular 
strain and restlessness, possibly jeopardizing the 
success of the procedure. Pharmacologic overse-
dation can provoke respiratory and cardiovascu-
lar depression, thereby increasing the procedural 
risks and delaying the patient’s recovery. Pediatric 
sedation should be individually tailored to each 
child’s personal situation. CAM interventions are 
supplementary measures that can help children 
and their families adapt to the hospital environ-
ment. They can be integrated as part of pediatric 
sedation procedures. It may not be the sole ther-
apy, but CAM can be used in conjunction with 
conventional medical therapies to assist with 
sedation and decrease patients’ pain and anxiety.
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Over the past 2 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 
which encompasses multiple specialties. Policies, 
procedures, and guidelines have been created 
worldwide by specialty organizations and even 
governmental agencies, all designed to maximize 
safety and outcome. Clinical research continues 
in efforts to further our knowledge of sedation 
practice, predictors of adverse outcome, and 
improve safety. There still remain many opportu-
nities to optimize the safe practice of pediatric 
sedation as well as improve the efficiency and 
efficacy 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 phy-
sician to provide adequate analgesia and amnesia 
of the painful sedation, have a precisely control-
lable duration of action, and then quickly have 
complete recovery without any adverse events. 
Unfortunately, this agent does not currently exist, 
and we must adjust the protocols that we have to 
come as close as possible to this goal.

This concluding chapter will summarize the 
progress that has already been made and reflect on 

the opportunities and ongoing needs for advanc-
ing the field of pediatric sedation. The future of 
pediatric sedation will benefit 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, anticipate, prepare for and treat adverse 
events. The important areas which remain to be 
explored and advanced will be reviewed.

The Optimal Level of Sedation

Outcome Assessment and 
Standardization of Adverse Event 
Identification and Documentation

From the patient’s perspective, a swift return to 
preprocedure mental status in the setting of having 
achieved adequate amnesia and analgesia repre-
sents a good outcome measure of a successful 
sedation. To achieve this outcome measure, the 
sedation provider would need to achieve a deep 
level of sedation in order to avoid the recall associ-
ated with lighter levels [2–4]. The desire to bal-
ance patient satisfaction with safe outcome requires 
that the provider anticipate that at the deepest lev-
els of sedation, patients are at the highest risk for 
complications. These risks are most prone to occur 
within 3–20 min of receiving intravenous (IV) 
sedatives and when noxious stimuli are removed 
(immediately after the procedure) [3].
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In terms of an assessment of the risk to the 
patient, however, the presence and nature of any 
adverse events that occurred during the sedation 
procedure are a good measure of the procedure’s 
outcome. Adverse event rates for procedural seda-
tion 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 consti-
tute an adverse event, and it has varied among stud-
ies. The outcomes of sedation to a deeper level than 
intended, hypoxia, the need for assisted ventilations, 
clinically significant hypotension, aspiration, and 
endotracheal intubation are widely accepted indica-
tors of adverse events during a sedation procedure.

Ironically, the very indicators that we use to 
compare and assess sedation outcomes are not 
always clearly defined nor accepted. For example, 
the occurrences of hypoxia and hypotension are 
identifiers which have no standardized definition. 
A review of the published sedation literature indi-
cates that the definitions of hypoxia range from a 5 
to 20% drop in oxygen saturation and hypotension 
is defined as a 0–30% deviation from either the 
patient’s presedation vital signs or from established 
normal values. Without clearly defined, standard-
ized, and objective identifiers of adverse events, it 
is difficult to evaluate and compare sedation out-
comes in the literature. 

A recent set of recommendations [11] has advo-
cated for the adoption of objective, standardized 
definers which could be applied not only to clinical 
studies, but also to quality assurance programs. 
These recommendations advocate that the need to 
“intervene” is an easily identifiable and objective 
identifier of the occurrence of an adverse or note-
worthy event. This new benchmark would be robust 
to clinically insignificant events, but sensitive to 
events which are not necessarily captured with 
physiologic monitors. This benchmark would iden-
tify events which require physician intervention 
with the patient in order to avoid, treat, or resolve 
complications. This advance in research may help 
identify risk factors associated with the need for 
intervention and may ultimately highlight factors, 
predictors, and protocols which may be associated 
with adverse events. Identifying risk factors may 
allow us to refine our pediatric sedation techniques 
and guide our training and credentialing process.

Defining Depth of Sedation

The Sedation Continuum is another topic of inter-
est [12]. Clinical outcomes, policies, guidelines, 
and recommendations are usually founded on the 
depth of sedation and associated risks. For exam-
ple, which provider/specialist is qualified to 
administer deep sedation has become a contro-
versial topic. The specialty societies worldwide, 
the Center for Medicaid and Medicare Services 
in the United States as well as the government 
sponsored health services abroad, have all 
weighed in with different opinions and guidelines 
[9, 13–22; http://guidance.nice.org.uk/cg112]. 
The basic tenet of this controversy, the sedation 
continuum, is founded on a relatively subjective 
scoring system: The assessment of a patient’s 
response to verbal, tactile, and painful stimula-
tion in order to define a depth of sedation. The 
tenet of the sedation continuum is that the depth 
of sedation is fluid and a patient can fluctuate 
between levels. There are limitations to this scor-
ing system: It is subjective and not always a 
feasible method of assessment. Continuous mon-
itoring of this continuum is not always possible, 
appropriate, or safe, particularly when the sedated 
patient is far removed from the sedation provider 
(magnetic resonance imaging studies) or under-
going a procedure which discourages patient 
response (angiography) [23]. 

Other sedation scales have been proposed in 
efforts to minimize the subjective component of 
the scoring process [24]. None, however, have 
eliminated the subjective contribution. Rather, 
these markers are associated with increasing lev-
els of sedation and respiratory depression and are 
not accurate identifiers of procedural success, 
patient recall, and the incidence of adverse events 
[25]. In order to advance our ability to detect 
adequate sedation, more precise measures of the 
depth of sedation must be developed [1, 23, 26]. 

Green and Mason have advocated a reformu-
lation of the sedation continuum. Instead of bas-
ing the scale on subjective or semi objective 
criteria, scales based on objective physiologic 
monitoring would be devised. The reformulated 
sedation continuum would be based on an objec-
tive means of assessing and stratifying sedation 
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risk. The tool would be identified as the Objective 
Risk Assessment Tool for Sedation (ORATS) 
[26] (Figure 4.4). The ORATS tool would be 
used in conjunction with a Comfort Assessment 
Tool for Sedation (CATS) which reconfigures 
the existing sedation continuum to reflect and 
follow the degree of comfort [26]. The standard-
ization of adverse events, using the aforemen-
tioned “intervention based” approach and the 
application of a new tool to assess depth of seda-
tion, will be an important step to supplement our 
assessment of the depth of  sedation and associ-
ated risks at each level [11].

“Consciousness” Monitoring  
as an Indication of Sedation Depth

Amnesia and analgesia are important to our 
patients. Without a subjective “amnesia” monitor, 
we tend to target a deep level of sedation in order 
to minimize the risk of recall. The deeper the 
level of sedation achieved during procedural 
sedation, however, the higher the rate of respira-
tory depression, and therefore the higher the risk 
of adverse events [2]. Ideally, the optimal seda-
tion encounter would ensure amnesia and analge-
sia with minimal risk of respiratory depression 
and other adverse events.

To date, there is no means of ensuring amnesia 
during sedation [27]. Currently, a patient’s level of 
sedation is mainly determined through interactive, 
subjective assessments which integrate the physio-
logical 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. This technique is 
not always successful. Patients who appear alert 
may actually have no recall following a painful 
procedure with propofol [25]. 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 benefit from a 
physiological monitor that accurately follows 
“depth” of sedation and likelihood of amnesia. 
The Bispectral Index (BIS) is a monitor which was 
originally introduced to monitor the depth of anes-
thesia. It is a noninvasive monitor which monitors 
electroencephalogram (EEG) activity from adhe-
sive leads which are placed on the forehead. Using 
a 1–100 analog score, BIS denotes a number which 
is intended to reflect brain activity and provide an 
objective monitor of depth of anesthesia [2–4, 28]. 
Although initially hoped to be a monitor which 
could follow depth of sedation and provide a sur-
rogate marker for risk of patient recall, BIS is not 
an accurate nor reliable for most sedation [28–30]. 
It often defaults to high values in sedated patients 
when there is motion artifact, limiting its utility for 
pediatric sedation. Currently, its practical applica-
tion as a monitor for depth of sedation is contro-
versial, and its use remains investigational [2–4]. 
The future of sedation would benefit from the 
development of an objective monitor which would 
quantify the level of consciousness and improve 
the precision in achieving adequate sedation and 
amnesia without progressing to a deeper level of 
sedation [2].

Assessment of Oxygenation, 
Respiration, and Identification  
of Hypoxia

Pulse Oximetry
A patient’s oxygen saturation is typically moni-
tored during procedural sedation using pulse oxi-
metry and is a Standard of Care for most 
specialties who provide sedation [1, 4, 9, 17, 31–
33]. There are limitations: A variable lag time 
between the onset of hypoventilation or apnea 
and a change in oxygen saturation, especially in 
patients who receive supplemental oxygen 
[34–36].

Pulse oximetry measures oxygenation, and not 
ventilation. A patient breathing supplemental oxy-
gen may not exhibit changes in their oxygen satu-
ration until several minutes after the onset of 
hypoventilation. In a patient receiving supplemen-
tal oxygen, it can be a late sign of hypoventilation 
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[37, 38]. It is possible that in the future pulse 
oximetry may be replaced or supplemented with 
newer technology that uses near-infrared spectros-
copy to monitor nonpulsatile signals of arterioles, 
capillaries, and venules, a indication of cerebral 
oxygenation. Unlike conventional pulse oximetry, 
which monitors the pulsatile signal component 
reflecting arterial circulation, cerebral oximetry 
can be reliable in low perfusion states, shock, and 
cardiac arrest situations. The role of cerebral oxi-
metry has yet to be validated: A recent procedural 
sedation study, which demonstrated poor correla-
tion between cerebral oximetry, pulse oximetry, 
and capnography [39]. In this study, 100 children 
ages 9 months to 18 years were sedated with vari-
ous 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 the majority of changes in rSO
2
 occurred in 

the absence of changes in cardiorespiratory param-
eters. Although rSO

2
 appears to be a more sensi-

tive measure of cerebral oxygenation than pulse 
oximetry, there is no clear rSO

2
 threshold under 

which clinically significant brain hypoxia occurs 
[40]. Future studies need to be directed towards 
determining whether there is any application for 
this technology.

Capnography
Capnography is a monitor designed to follow 
ventilation. Changes in the capnogram shape can 
demonstrate changes in ventilation, while changes 
in end-tidal CO

2
 (the maximum CO

2
 concentra-

tion 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 [41]. Large 
changes in the end-tidal CO

2
 values and in the 

waveform shapes have been associated with 
respiratory depression in sedated patients [34, 
36] and may allow earlier identification of possi-
ble hypoventilation than oximetry [34, 36]. 
Capnography can rapidly detect apnea, upper air-
way obstruction, laryngospasm, bronchospasm, 
and respiratory failure [42–44]. Capnography is 

more sensitive than pulse oximetry in identifying 
impending hypoxia in patients who are receiving 
supplemental oxygen [34, 36]. It is not currently 
known, however, whether earlier detection of 
hypoventilation has any impact on outcomes and 
the benefit of adding capnometry and oximetry to 
interactive monitoring remains unclear.

There has been a great deal of research in cap-
nography during sedation. Currently, these find-
ings are made through gross visual examination 
of the waveform and trends in the end-tidal car-
bon dioxide value. As research in this area con-
tinues, it is likely that these monitors will be used 
to detect subtle changes in respiratory effort and 
ventilator capacity that will be associated with 
both the depth of sedation and the need for air-
way interventions prior to the onset of an adverse 
event. With more precise capability to predict 
and lower the incidence of hypoxia, capnography 
may someday be incorporated into sedation prac-
tice as a Standard of Care monitor.

Risk Assessment in Balancing  
the Urgency for the Procedure  
with the Associated Risk of Sedation

The urgency of the patient’s requirement for pro-
cedural 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 ill-
ness is the American Society of Anesthesiologists’ 
(ASA) physical status classification system [45]. 
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 [43].

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 cardiover-
sion for life-threatening arrhythmias, reduction of 
fractures or dislocations with soft-tissue or vascular 
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compromise, or intractable pain or suffering. Not all 
procedures are emergent, and the remainder must 
be triaged to either urgent, semiurgent, or elective/
nonurgent. The degree of urgency often guides the 
acceptable level of risk for adverse events for proce-
dural sedation. Patients with an emergent need for 
sedation are unlikely to benefit from a delay in the 
procedure if they have eaten food prior to the proce-
dure [46], whereas a patient with a nonurgent need 
for sedation is much more likely to benefit 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 identified before the procedure 
has begun. As our knowledge of procedural seda-
tion increases, the risk of adverse events subse-
quent to specific procedures and in patient 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 specific medical situ-
ation and sedation needs.

Analgesia, Prophylaxis, and Avoiding 
Conditioned Behaviors

Patients who present in pain would benefit from 
analgesics prior to initiating the sedation. The 
combination of sedatives and analgesics, how-
ever, may increase the likelihood of adverse out-
comes [8, 47, 48]. The optimal method to treat 
procedural pain during sedation, and the degree 
to which it should be relieved, has not been deter-
mined. It is likely that patients who receive more 
preprocedural analgesia are more prone to respi-
ratory depression during the sedation [48].

The determination of the optimal balance 
between pain management and safety is difficult 
and requires close assessment 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 situ-
ations in which the procedure is successfully com-
pleted albeit some pain, it will be important to 
determine whether the inability to recall this pain-
ful experience, because of the amnestic effects of 
the medication, could have enduring, subversive, 
psychological effects.

Since pain is a subjective experience, our knowl-
edge of a child’s pain is achieved by patient report. 
Due to the limitations of communication with chil-
dren, especially in younger children, the assess-
ment of pain is often done simply by observation 
and many methods of assessing exist [49–59]. It 
has been found in numerous studies that healthcare 
providers 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 health-
care providers) [60]. It is often difficult to distin-
guish a child’s pain and agitation from distress due 
to the situation surrounding the pain. The physio-
logic measurement of pain remains beyond current 
capabilities, and there is no blood test or physical 
sign that can predict how much pain a patient expe-
riences, leaving the situation more difficult in chil-
dren than it is in adults. In the setting of repeated 
painful experiences, children will begin to recog-
nize the activities of the event and develop condi-
tioned behaviors related to upcoming 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 technique to reduce the risk of sensitizing 
the child to future painful procedures.

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 set-
tings suggest that their outcomes are similar to 
that of busy nonacademic centers [61]. It is diffi-
cult to make conclusive comparisons regarding 
these two settings. Since many aspects of safe and 
effective procedural sedation rely on the interac-
tive monitoring, experience, and the judgment of 
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the operator, such as his ability to recognize depth 
of sedation and 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. Determining the point at which 
a provider can safely perform 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 mandate specific credentialing for moderate 
sedation, but leaves it to the organizations to 
determine the necessary and needed training and 
skills. In an update on 7 July 2010, the Joint 
Commission reiterated that “the individuals who 
are ‘permitted’ to administer sedation are able to 
rescue patients at whatever level of sedation or 
anesthesia is achieved either intentional or unin-
tentionally, e.g., when the patient slips from mod-
erate into deep sedation or from deep sedation 
into full anesthesia. Each organization is free to 
define 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 certification, a satisfactory score on a 
written examination developed in concert with 
the department of anesthesiology, a mock rescue 
exercise evaluated by an anesthesiologist”.

In the United States, some specialty organiza-
tions such as the American Dental Association 
(ADA) have released a policy statement which 
puts 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 seda-
tion and general anesthesia is highly recom-
mended. State dental boards have the responsibility 
to ensure that only qualified dentists use sedation 

and general anesthesia. State boards set acceptable 
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” 
[18].

The ASA has been much more specific in 
 making recommendations for training and 
 credentialing. They issued a Statement on 
Granting Privi leges For Deep Sedation To Non-
Anesthesiologist Sedation Practitioners on 20 
October 2010 [17]. It recommends that the nonan-
esthesiologist be able to bag-valve-mask ventilate, 
insert an oro/pharyngeal airway and laryngeal 
mask airway, and perform an endotracheal intuba-
tion. This should include a minimum of 35 patients, 
inclusive of simulator experience. Practitioners 
should be familiar with the use and interpretation 
of capnography. Deep sedation of children requires 
PALS and ACLS certification as well as separate 
education training and credentialing [62]. The 
ASA Statement recommends that non-anesthesi-
ologists be proficient in advanced airway manage-
ment for rescue when they deliver deep sedation. 
This proficiency and competency would be deter-
mined by the Director of Anesthesia Services of 
the facility in which the sedation is delivered [17]. 
In addition, the ASA specified that performance 
evaluation and a performance improvement pro-
gram would be required for privileging–both of 
which would be developed with and reviewed by 
the Director of Anesthesia Services [17]. 

The topic of training, credentialing and privi-
leging process of non-anesthesia specialists has 
become an area of debate. In response to the above 
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 [62]. This Policy iterated 
that the chief of the emergency medicine service 
at each institution will be responsible for estab-
lishing criteria for credentialing and recommend-
ing emergency physicians for sedation privileges. 
Sedation training should “focus on the unique ED 
environment”.
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The government has also issued guidelines via 
the Center for Medicaid and Medicare Services, 
and as recently as May 2010 and February 2011, 
updated the Hospital Anesthesia Services 
Condition of Participation 42 CFR 482.52 (a) 
[22, 63]. The ASA recognizes the Center for 
Medicare and Medicaid Services (CMS) as defin-
ing those qualified to administer deep sedation. 
The 2010 CMS guidelines limited deep sedation 
to be delivered only by an anesthesiologist, nonan-
esthesiologist MD or DO, dentist, oral surgeon, 
podiatrist, Certified Registered Nurse Anesthetist 
(CRNA), or Anesthesia Assistant (AA) [63]. 
These CMS guidelines towards nonanesthesia 
providers of sedation were revised in January 
2011 in the PUB 100–07 State Operations Provider 
Certification which revises Appendix A for vari-
ous provisions of 42 CFR 482.52 concerning 
anesthesia services [22]. These revisions were 
made in response to feedback from practitioners 
and allows the individual hospitals to establish 
their own policies and procedures with respect to 
the qualifications of analgesia providers and the 
clinical situations which distinguish anesthesia 
from analgesia. The policies must follow nation-
ally recognized guidelines and can include guide-
lines of one or more specialty societies.

In response to the January 2011 update to the 
CMS guidelines [22], 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 [62]. The 
emergency medicine physicians, physician assis-
tants, nurse practitioners and nurses could be cre-
dentialed to deliver sedation. Furthermore, the 
Policy acknowledges that the emergency medi-
cine physician may commonly administer general 
anesthesia for specific situations in the emergency 
department (intubation, postintubation, proce-
dures on intubated patients). It expands the role of 
the emergency physicians as well as emergency 
medicine nurses by condoning the capability of 
qualified ED nurses to “administer propofol, ket-
amine, and other sedatives under the direct super-

vision of a privileged emergency physician”. The 
Policy also recognizes that there may be occa-
sions whereby the emergency medicine environ-
ment 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 accom-
plished by the same emergency physician both 
administering sedation and performing the proce-
dure [62].”

California has taken the initiative to credential 
sedation care providers. Specifically, the California 
Board of Medicine recently sponsored and passed 
legislation (AB2637.Eng, Chap. 499) allowing 
the dental board to issue a dental sedation assis-
tant permit after a minimum of 12 months of work 
experience. The permit allows the assistant to 
monitor conscious sedation or general anesthesia 
from noninvasive instrumentation. They may also 
add drugs, medications, and fluids to intravenous 
lines using a syringe [64].

At a state level, the New York State Department 
of Health has already recognized the importance 
of safe delivery of sedation in the office-based 
setting. In 2007, the state required that office-
based surgery (OBS) be performed in an accred-
ited setting. Expounding on this, on 14 July 2009, 
the state became more specific: any physician per-
forming “office-based surgery” (OBS) must do so 
either in an Article 28 licensed hospital, ambula-
tory surgery center, diagnostic and treatment cen-
ter; or in a private physician’s office that is 
accredited. Accreditation may come from one of 
three organizations: The Joint Commission (TJC), 
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 anticipate that 
there will be increased requirements for accredit-
ing outpatient facilities to perform moderate or 
deep sedation and to credential practitioners in 
those settings [65]. Outpatient clinics and provid-
ers will likely be held to the same standards as 
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hospital-based centers. This will further increase 
the need for standardized and effective practitio-
ner 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 which specialty should be 
responsible for developing the sedation training 
programs as well as for credentialing the provider. 
One skill set required for the safe delivery of seda-
tion, however, remains universally accepted: the 
ability to recognize and manage a compromised 
airway. This skill set will remain a critical and inte-
gral component of the training and credentialing 
process and would benefit from a standardized 
approach. A possible approach to facilitate and 
standardize the credentialing process would be to 
develop simulation training as an added tool to the 
didactic and hands-on experience. These simula-
tors could develop scenarios that are specific for the 
specialty, patient population, and type of facility 
(office vs. hospital-based setting). They could also 
be used as a research tool to evaluate adverse 
events: By artificially 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 could also be used to train and assess 
the proficiency of providers. 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 subse-
quently crew and air traffic controllers [66; http://
www.faa.gov/about/initiatives/nsp/flight_train-
ing/bulletins/]. The roots of Crew Resource 
Management training in the United States are 
usually traced back to a workshop, Resource 
Management on the Flightdeck sponsored by the 
National Aeronautics and Space Administration 
(NASA) in 1979. This conference was the out-
growth of NASA research into the causes of air 
transport accidents. The research presented at 
this meeting identified human error aspects of the 
majority of air crashes as failures of 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 

flightdeck [http://www.mercadodaaviacao.com.
br/arquivos/17_04_2010_12_39_57_crm_evolu-
tion_-_faa.pdf].

The Federal Aviation Authority (FAA) as 
well as The National Aeronautics and Space 
Administration (NASA) have incorporated and 
mandated simulation training for credentialing, 
licensing, and continued education. The enact-
ment of incidences which occur with low inci-
dence, 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 important to ensuring the safety of the pas-
sengers 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 [67–76]. The 
importance of adopting sedation-directed simu-
lation scenarios into the training and credential-
ing process still needs to be explored and will 
likely play an important role in maximizing safe 
practice [77].

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 par-
ticular), and the risk of mixing multiple sedatives 
is in the spotlight. The National Institute of Health 
has even published a three page Patient Education 
brochure entitled Conscious (Moderate) Sedation 
for Adults [78] 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 proce-
dure is accredited. Any practices which perform 
such procedures with more than minimal seda-
tion and no accreditation are hence guilty of pro-
fessional misconduct and disciplinary action. 
Patient awareness and scrutiny of sedation prac-
tice, including the agents, qualifications, and 
experience of providers, emergency prepared-
ness, and outcome data should drive the field of 
pediatric sedation forward.
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Developing the “Safety Culture”  
of Sedation: Implementing Safety 
Measures

Establishing a “safe culture” around sedation 
practice is important. Credentialing, standardiz-
ing the definition of adverse events, improving 
sedation delivery methods and techniques, intro-
ducing new sedatives, incorporating simulation 
into provider training, and using more objective 
means of identifying depth of sedation and asso-
ciated risks are all important first 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 meth-
ods at ensuring safety. The industry has adopted 
the use of “check-lists” [79–82]. The airline 
industry, NASA, and FAA have been developing 
checklists since before World War II [79–82]. 
Checklists have begun to be adopted in the 
 medical community as a means to foster active 
discussions and teamwork [83–86]. In 2009, a 
multiinstitutional, international group of eight 
hospitals published prospectively collected data 
on a total of 7,688 consecutive patients, before 
and after the adoption of a 19-item Surgical 
Safety Checklist. This was an initiative 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% follow-
ing implementation [86]. A global commitment 
by the sedation community to develop checklists 
to foster teamwork and the “safety culture” may 
ultimately improve patient outcome [84, 87].

Collecting Outcome Data to Guide 
Safety and Practice Parameters: 
Adoption of Standardized 
Definitions 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 
first steps toward generating the data required to 
carefully assess sedation practice in children outside 
the OR [1, 2, 75]. Recently, the World Society of 

Intravenous Anesthesia (World SIVA) established an 
International Sedation Task Force (ISTF) repre-
sented 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 (Table 20.2) [88]. This tool is an 
open-access web-based tool, available to providers 
globally (www.AESedationReporting.com or www.
InternationalSedationTaskForce.com). The data col-
lected will be available to individual and institutional 
users and will, in addition, populate the global ISTF 
sedation database. The collection of large data from 
multi specialists globally will be an important first 
step to identify and carefully evaluate the range of 
variables which effect sedation-related adverse event 
rates. Such studies must be broad reaching in scope 
yet flexible 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 
standardized adverse events definitions and report-
ing structures such as described in the Quebec 
Guidelines and by the ISTF, will standardized 
data sets be compiled allowing for the aggregation 
of data and meaningful comparisons of sedation 
studies to be made. National and international 
multispecialty collaboration will be required to 
develop databases with sufficient patient numbers 
and the clinical data required to develop and eval-
uate sedation practice based on patient popula-
tions and providers, procedures performed, and 
drugs administered. The feasibility of such a col-
laborative endeavor requires not only cooperation 
of multiple specialties using cutting-edge data 
collection technology but also a level of funding 
which 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 analgesia, anxiolysis, amnesia, and som-
nolence rapidly and predictably with no adverse 
effects. Ideally, this drug would be devoid of 
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respiratory side effects and ensure hemodynamic 
stability. To date, such a drug does not exist. It is 
highly unlikely that such a sedative will ever be 
developed. Thus, alternatives could include the 
introduction of sedatives which are reversible or 
new delivery methods. Fospropofol is a medica-
tion which was originally intended to be offered 
as a sedative that confers the same advantages of 
propofol (relatively rapid onset of sedation, brief 
time to recovery) with the added benefit of hav-
ing less associated risk of respiratory depression 
[89–93]. It did not receive FDA approval as a 
sedative and instead has the same “anesthetic 
agent” labeling as propofol [89, 94]. Further stud-
ies are needed to determine the efficacy and 
safety profile of fospropofol, as currently the 
published studies are largely limited to adults 
undergoing gastrointestinal endoscopy proce-
dures [90–92].

There does not appear to be any new sedatives 
in development. Perhaps then, it may be benefi-
cial to explore alternate routes to deliver seda-
tives and analgesics which are currently already 
available. As different routes (intramuscular, sub-
lingual, intranasal, buccal, rectal, oral, intrave-
nous, subcutaneous) of delivery have different 
uptake and onset of action, perhaps their efficacy, 
outcome, and adverse event profile differ. The 
development of nonparenterally administered 
sedatives would offer alternatives to establishing 
intravenous access. This model already exists for 
some opiates. Fentanyl has been well described 
for transmucosal administration, but has not been 
developed for use in procedural sedation [95, 96]. 
Intramuscular ketamine has been well described 
in children and is currently a widely used option 
for those children who do not require intravenous 
access [20, 61, 97]. 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 [18, 19, 98]. 
Advances in nitrous oxide delivery systems may 
someday enable children to assist in the self-
administration of nitrous oxide via a patient-con-
trolled delivery system, which only delivers when 
triggered 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 differ-
ent 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 precise drug 
delivery. TCI infusion devices deliver a medica-
tion to a target blood concentration (brain) using 
validated pharamocokinetic models to achieve the 
targeted end point. TCI, as outlined in Chap. 23 
(Absalom), is already being used worldwide by 
the anesthesia community as a method to titrate 
the intravenous anesthetic to the patient’s physio-
logical vital signs and predicted plasma serum 
levels [99–101]. 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). To 
date, no TCI infusion pump has been approved for 
use in the United States and no company has 
applied to the FDA for approval [27]. Advances in 
patient-controlled infusions or TCI, and more 
importantly, the development of pediatric models 
for TCI delivery may allow currently used seda-
tives, analgesics, and anesthetics to be adminis-
tered to children in a more precise and safe 
manner.

Other delivery methods are also being 
explored. Currently, a computer-assisted person-
alized sedation device, CAPS, is being developed 
for adult usage. SEDASYS (Ethicon Endo-
Surgery Inc., Cincinnati, OH) is a CAPS device 
that recently completed a multicenter Phase III 
trial delivering propofol for GI endoscopy [102]. 
CAPS is designed to integrate patient data into 
computerized programs in order to guide drug 
delivery. The goal of CAPS is to provide moder-
ate sedation, with patients still able to respond to 
verbal or tactile instructions. Initial CAPS out-
come data in adult patients undergoing gastroin-
testinal endoscopy appear promising [102, 103]. 
In June 2009, the FDA Advisory Committee for 
Anesthesiology and Respiratory Therapy Devices 



48725 The Future of Pediatric Sedation

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 1 doctor or nurse. The 
advisory committee also recommended that the 
system be limited to adults aged 70 or younger 
and that additional studies were needed. The FDA 
has subsequently turned down the request for 
Sedasys approval [104].

The future of pediatric sedation may well rest 
in the development and introduction of TCI and 
CAPS (for those children who are developmen-
tally and cognitively able). A collaboration 
between the pharmaceutical and device industry 
as well as the clinical investigators will be essen-
tial not only to trial the CAPS, but also to create 
TCI models for children. The potential applica-
tion of CAPS for pediatric use could offer cogni-
tively able children the ability to control the 
delivery of their own sedation and analgesia. The 
future of CAPS and TCI for the pediatric popula-
tion in the United States and abroad depends on 
pediatric trials, industry initiative, financial sup-
port, and the FDA’s commitment to approach this 
new technique with an open mind.
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