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This book is primarily dedicated to my mother and father, whose sacrifice,
love, and encouragement enabled me to pursue my goals and dreams.
Leading by example, they showed me to persevere, remain positive,
optimistic, and always strive to achieve my personal best.

Thank you to my husband, Ed, for continuing in my parents’ footsteps

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

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

Those chapters that are clinically oriented conclude with Case Studies, which present chal-
lenging clinical scenarios. This is a unique 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
processes, and management options for each situation. Certainly there are many possible solu-
tions to each scenario: Exploring them through the eyes of the experienced author offers a
unique and valuable perspective.

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

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

This book represents a global collaboration. Currently the field of sedation is being chal-
lenged by politics, differing viewpoints and our inability to reach a consensus. Our ability to
come together, outside of this book, will be essential to the future of our pediatric patients who
receive sedation.
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There will continue to be new clinical and research studies that advance our knowledge of
sedation. New sedatives, physiological monitors, and sedation delivery systems will certainly
be introduced over the next decade. Regardless, the approach to sedation and the information
conveyed in these chapters is intended to distinguish this book as a timeless relic that marks an
important era in the field of sedation.

Boston, MA, USA Keira P. Mason, M.D.

April 15, 2014
b
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Robert S. Holzman

Abstract

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

through the ages.

Keywords

History ¢ Pediatrics ¢ Sedation ¢ Anesthesia * Analgesia * Opium ¢ Narcotics ¢ Ether ¢
Hypnosis ¢ Nitrous oxide * Micky Finn

Introduction

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

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

R.S. Holzman, M.D., M.A. (Hon.), EA.A.P. (0<)

Department of Anesthesiology, Perioperative and Pain Medicine,
Boston Children’s Hospital, Boston, MA 02115, USA

e-mail: robert.holzman @childrens.harvard.edu

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

Inebriation, Intoxication, Hallucination,

and Anesthesia

A Forme Fruste of the Sedation Continuum

Alcohol is a fermentation product of many fruits and cereals.

Winemaking was first practiced in the Middle East about
6,000-8,000 years ago, and was already well established in

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

K.P. Mason (ed.), Pediatric Sedation Outside of the Operating Room: A Multispecialty International Collaboration, 3
DOI 10.1007/978-1-4939-1390-9_1, © Springer Science+Business Media New York 2015
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ancient Egypt. Wine production was not well developed in
ancient Greece, but wine was imported from other countries
and often used for medicinal purposes. Benefitting from the
breadth of their empire, the Romans developed the art of
winemaking.

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

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

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

Ancient History
Much of what we know in the twenty-first century about

attempts to provide analgesia and sleep is derived from the
written records of ancient civilizations in widely separated

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

R.S.Holzman

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

Chinese Drug Lore

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

Hindu Drugs

Brahman priests and scholars were the medical leaders in the

earliest recorded histories, three of which are of primary

importance:

* Charaka Samhita (second century CE, but copied from an
earlier work)

*  Susruta (fifth century CE)

* Vagbhata (seventh century CE)

3The ideogram for “physician” (pronounced i) contained an arrow or a
lancet in the upper half and a drug—or bleeding glass—in the lower half.
4The name mafeisan combines ma (“cannabis; hemp; numbed”), fei
(“boiling; bubbling”), and san (“‘break up; scatter; medicine in powder
form”). Ma can mean “cannabis, hemp” and “numbed, tingling.” Other
historians have postulated that mandrake or datura was used rather than
cannabis, along with the wine. Still others have suggested hashish
(bhang) or opium.
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Fig. 1.1 Hua Tuo (c. 140-208 cE). The ancient texts Records of the
Three Kingdoms and Book of the Later Han record Hua as the first
person in China to use anesthesia during surgery, referring specifically
to mafeisan. The illustration portrays Hua Tuo’s surgical and medicinal
abilities as well as his use of moxibustion

The Susruta detailed more than 700 medicinal plants, the
most common of which were condiments such as sugar, cin-
namon, pepper, and various other spices. Included among
them were descriptions of the depressant effects of
Hyoscyamus and Cannabis indica. The eponymously named
text (Susruta, c. 700-600BCE) described Susruta’s use of
wine to the point of inebriation as well as fumitory cannabis
in preparation for surgical procedures. Part of the difficulty
with so many drugs was that they were not well codified and
were prescribed in casual ways by numerous practitioners,
who relied on (clinical) observation of effects [6].

Sumerian Drugs

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

Table 1.1 List of Egyptian medical records

Document Date Comment

Kahun Papyrus 1900BCE Primarily veterinary medicine

Edwin Smith Papyrus 1600BCcE Consists of 48 case histories;
a well-organized surgical text

Ebers Medical Papyrus 15508ce Deals with medical rather
than surgical conditions;
emphasizes recipes

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

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

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

The Berlin Papyrus 1350BCcE Poorly organized; a practicing

physician’s formulary

The Chester Beatty Papyrus 1200BcE Formulary for anal diseases;

one case report

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

Jewish Medicine

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

Egyptian Medicine

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



Fig.1.2 Comparison of an
opium poppy capsule and a base
ring juglet. An inverted opium
poppy capsule on the left, and a
base ring juglet from the Bronze
Age (dated to Egypt’s 18th
Dynasty). Note that the solid
pottery base ring takes the place
of the serrated upper portion of
the capsule, but the flaring angle
is almost identical. Overall, the
outline of the body of the

juglet almost parallels that of the
poppy head, and its tall slender
neck corresponds to the poppy’s
thin stalk

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

R.S.Holzman

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

Classical History
Greek Medicine

Chaldo-Egyptian magic, lore, and medicine were transferred
to the coasts of Crete and Greece by migrating Semitic
Phoenicians or Jews and the stage was then set for incorpo-
rating ancient Egyptian drug lore into Greek medicine.
Two prominent medical groups developed on the mainland
of Asia Minor: the group on Cnidos, which was the first, and
then the group on Kos, of which Hippocrates (460—380 BCE)
was one member. While they were accomplished surgeons,
they generally eschewed drugs, believing that most sick peo-
ple get well regardless of treatment. Although Hippocrates
did not gather his herbal remedies, he did prescribe plant
drugs, and a cult of root diggers (rhizotomoi) developed, as
did a group of drug merchants (pharmacopuloi). In Greece,
plants were used not only for healing but also as a means of
inducing death, either through suicide or execution; perhaps
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Fig.1.3 Stela of Ity (from the
British Museum EA 586).
Painted limestone Stela of Ity,
dated to the 12th Dynasty, c.
1942 BCE. Ity’s many titles and
the names of his mother, wife,
sons, and daughters are listed.
Note the illustration of the lotus
flower being sniffed

the best example was the death of Socrates. Later,
Theophrastus (380-287 BC), a pupil of Aristotle (384-322 BCE),
classified plants and noted their medicinal properties. This was
a departure from previous recordings, as Theophrastus ana-
lyzed remedies on the basis of their individual characteris-
tics, rather than a codification of combinations as in
Egyptian formularies. He provided the earliest reference in
Greek literature to mandragora [11].

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

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

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

The poets Virgil and Ovid described the soporific effects
of opium. Virgil (70-19BcCE) described the power of the
poppy through the personification “Lethaeo perfusa papav-

3The Greek word carotid means drowsiness, stupor, or soporific—hence
the carotid artery is the artery of sleep. Galen incorporated its use as an
adjective when he stated, “I abhor more than anybody carotic drugs.”

Fig.1.4 Herodotus (484—425BCE). Source: Marie-Lan Nguyen (2011)/
Wikimedia Commons

era somno” (“poppies steeped in Lethe’s slumber”),® while
Ovid (43 BCE-17/18 BCE) also invoked the personification
of Lethe by stating, “There are drugs which induce deep
slumber, and steep the vanquished eyes in Lethean night.”’

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

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

...(mandragora is) given for injuries inflicted by serpents and

before incisions or punctures are made in the body, in order to

insure insensibility to pain. Indeed for this last purpose, for some
persons the odor is quite sufficient to induce sleep.

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 [16]. Galen (129-199CE), another
Greek, in De Simplicibus (about 180 AD), described plant, ani-
mal, and mineral materials in a systematic and rational man-
ner. His prescriptions suggested medicinal uses for opium
and hyoscyamus, among others; his formulations became
known as galenicals.

Islamic Medicine

In 640cCE, 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. 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 (865-925cE) 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 pre-
served knowledge was transmitted back to Christian Europe
during the Crusades. Avicenna noted the special analgesic
and soporific properties of opium, henbane, and mandrake
[17] (Fig. 1.5).
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Fig. 1.5 Avicenna (930-1036¢CE). “If it is desirable to get a person
unconscious quickly, without his being harmed, add sweet-smelling
moss or aloes-wood to the wine. If it is desirable to procure a deeply
unconscious state, so as to enable the pain to be borne, which is involved
in painful application to a member, place darnel-water into the wine, or
administer fumitory opium, hyoscyamus (half dram dose of each); nut-
meg, crude aloes-wood (four grains of each). Add this to the wine, and
take as much as is necessary for the purpose. Or boil black hyoscyamus
in water, with mandragora bark, until it becomes red, and then add this
to the wine” [17]

Medieval Medicine

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

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

Conventional Greco-Roman drug tradition, organized and
preserved by the Muslims, returned to Europe chiefly through
Salerno, an important trade center on the southwest coast of
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Fig. 1.6 The Alcohol Sponge [46]. “Take of opium, of the juice of the
unripe mulberry, of hyoscyamus, of the juice of hemlock, of the juice of
the leaves of mandragora, of the juice of the wood-ivy, of the juice of the
forest mulberry, of the seeds of lettuce, of the seeds of the dock, which
has large round apples, and of the water hemlock—each an ounce; mix
all these in a brazen vessel, and then place in it a new sponge; let the
whole boil, as long as the sun lasts on the dog-days, until the sponge
consumes it all, and it is boiled away in it. As oft as there shall be need
of it, place this sponge in hot water for an hour, and let it be applied to
the nostrils of him who is to be operated on, until he has fallen asleep,
and so let the surgery be performed. This being finished, in order to
awaken him, apply another sponge, dipped in vinegar, frequently to the
nose, or throw the juice of the root of fenugreek into the nostrils; shortly
he awakes” [47]

Italy in the mid 900s. One of the more impressive practices
documented at Salerno was intentional surgical anesthesia,
described in Practica Chirugiae in 1170 by the surgeon
Roger Frugardi (Roger of Salerno, 1140-1195), in which he
mentions a sponge soaked in “narcotics” and held to the
patient’s nose. Hugh of Lucca (ca. 1160-1252) prepared
such a sleeping sponge according to a prescription later
described by Theodoric of Cervia (ca. 1205-1296). As an
added precaution, Theodoric bound his patients prior to inci-
sion. The description of the soporific sponge of Theodoric
survived through the Renaissance largely because of Guy de
Chauliac’s (1300-1367) The Grand Surgery and the clinical
practices of Hans von Gersdorff (c. 1519) and Giambattista
della Porta (1535-1615), who used essentially the same for-
mula of opium, unripe mulberry, hyoscyamus, hemlock,
mandragora, wood-ivy, forest mulberry, seeds of lettuce, and
water hemlock (Fig. 1.6).

Ether

Ether was discovered in 1275CE by the Spanish chemist
Raymundus Lullus (c. 1232-1315). This new discovery was
given the name “sweet vitriol.” In 1540cCE, 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 distill “strong biting wine” (alcohol) with “sour oil
of vitriol” (sulfuric acid). He recommended it for the relief of
cough and pneumonia [19]. Paracelsus (1493—-1541), a con-
temporary of Cordus, came surprisingly close to the recogni-
tion of ether as an anesthetic [20]. Later, in 1730, German
scientist W. G. Frobenius changed the name of sweet vitriol
to ether.

Varied Preparations of Varying Potencies

If the constituents of the plants were combined with fats or
oils, they would penetrate through the skin or could be easily
absorbed via the sweat ducts in the axillae or body orifices
such as the vagina or rectum. This would allow the psycho-
active tropane alkaloids, especially hyoscine, access to the
blood and brain without passage through the gut, thus avoid-
ing the risk of poisoning. A few prominent surgeons offered
statements about the mode of application of such salves or
“oyntments.” John Arderne (1307-1380) (Fig. 1.7), known
for his success-curing fistula in ano, and Andres De Laguna
(1499-1560) (Fig. 1.8), physician to Emperor Charles V and
Philip II, provided unambiguous descriptions of soporifics.
The uncertainty of the potency and action of the narcotic
drugs rendered their application dangerous and by the end of
the sixteenth century such anesthetics had largely fallen into
disrepute and disuse. Indeed, even if physicians tried to use
“narcotic” herbals in the middle of the seventeenth century,
they were condemned, arrested, and fined or tried for practic-
ing witchcraft [21]. Many of the early books were herbals, and
Gerard (1545-1612) warned of the alkaloids “...this kind of
Nightshade causeth sleepe...it bringeth such as have eaten
thereof into a ded sleepe wherein many have died” [22].

The Scientific or Modern Epoch

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

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



Fig. 1.7 John Arderne (1307-1380). “An ointment with which if any
man be anointed he shall suffer cutting in any part of his body without
feeling or aching. Take the juice of henbane, mandragora, hemlock, let-
tuce, black and white poppy, and the seeds of all these aforesaid herbs,
if they may be had, in equal quantities; of Theban poppies and of poppy
meconium one or two drachms with sufficient lard. Braise them all
together and thoroughly in a mortar and afterwards boil them well and
let them cool. And if the ointment be not thick enough add a little white
wax and then preserve it for use. And when you wish to use it anoint the
forehead, the pulses, the temples, the armpits, the palms of the hands
and the soles of the feet and immediately the patient will sleep so
soundly that he will not feel any cutting” [48, 49]

Jakob Wepfer (1620-1695) demonstrated dose-dependent
toxic effects in dogs of the alkaloids eventually isolated as
strychnine, nicotine, and conine [23, 24]. Thus, this early
quantitative approach gave rise to the development of modern
chemistry and pharmacology. This was 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 morphine, in
honor of the Greek god of dreams, Morpheus. This science
of pharmacology—the interaction of chemistry with living
matter—thus began to replace the ancient and descriptive
materia medica of herbalism, and set the stage for the
advances of the second half of the nineteenth century, which
included modern surgical anesthesia.
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Fig. 1.8 Andres de Laguna (1499-1560cE). “...a pot full of a certain
green ointment...with which they were annointing themselves...was
composed of herbs...such as hemlock, nightshade, henbane, and man-
drake...I had the wife of the public executioner anointed with it from
head to foot...she...had completely lost power of sleep...no sooner did
T annoint her than she opened her eyes, wide like a rabbit, and soon they
looked like those of a cooked hare when she fell into such a profound
sleep that I thought I should never be able to awake her...after a lapse
of thirty-six hours, I restored her to her senses and sanity” [S0]

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

By the 1830s, physiologists and elite doctors envisioned a
level of unconscious life separable from the higher functions
and the mind, including suffering. Advances in surgical
thought, including more conservative and slower surgery,
intensified the problem of pain for both patient and surgeon.
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Fig.1.9 Illustration of venous injection, from Clysmatica nova (1667).
Note the disembodied hands delineating the vascular anatomy and illus-
trating the technique

By the mid 1840s, pain no longer seemed physiologically
necessary or socially acceptable, but the intensive use of
drugs known to diminish surgical pain was dangerous, and
non-pharmacological alternatives such as Mesmerism were
highly contentious and controversial.

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

n

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

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

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

In a scathing letter to the editor in 1826, Hickman’s work
was brutally criticized in an article in The Lancet entitled
“Surgical Humbug” [34]. In his attempt to seek support
abroad, Hickman decided to try his luck in Paris in 1828 and
presented a paper to King Charles X. The paper was forwarded
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Fig.1.10 Mesmer practicing animal magnetism, from Hollander’s Die
Karikatur und Satire in der Medizin, 1921. The title “Le Baquet de
M. Mesmer” refers to Mesmer’s “tub” or cabinet, around which a group
of patients would sit in order to press their afflicted body areas against
the tub’s emerging metal rods. The patients would link their fingers to

to the Academie Royale de Medecine. A committee was set
up to investigate Hickman’s proposal for painless surgical
operations on humans but was unsupported by French scien-
tists. He went back to England to live out his remaining years
and work hard in his poor practice, dying of tuberculosis 2
years later at 30 years of age.

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

complete an “electric” circuit. The milieu was equally dramatic—an
incense-filled room, haunting background music, mirrors, heavy
drapes, and astrological symbols. There was a tremendous popular
interest in medical applications of electricity, and serendipitously,
Benjamin Franklin was the United States ambassador to France

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

The Modern Story of Anesthesia

The modern story of anesthesia began with the reaction in
Philadelphia to Humphrey Davy’s (1778-1829) account of
nitrous oxide and its biological effects. In 1808, William P. C.
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Barton (1786-1856) emphasized the brain disorientation
caused by inhaling nitrous oxide, and cited Davy. Meanwhile,
an anonymous note, often ascribed to Michael Faraday, indi-
cated that the inhalation of ether would produce effects simi-
lar to those of nitrous oxide [35].

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

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

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

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

“Modern” Sedation and Analgesia Services

There is an inseparable continuum, particularly in pediatrics,
between general anesthesia and sedation and analgesia.
Not surprisingly, it was the early efforts of dental surgeons at
the beginning of the twentieth century that spearheaded
ambulatory anesthesia, much as early general anesthesia was
associated with dental procedures. Many dentists produced,
purified, and stored their own nitrous oxide. The first Day
Surgery began at the Royal Hospital for Sick Children in
Glasgow with pediatric surgeon James Nicholl, who began
to operate on children as outpatients. In 1909 he reported a
10-year history of almost 9,000 operations on children as
outpatients; unfortunately, there is no mention of anesthesia
[41]. In 1916, Ralph Waters (1883—-1979) opened the
Downtown Anesthesia Clinic in Sioux City, Iowa, caring for
dental and minor surgery patients, but avoiding ether in favor
of nitrous oxide along with the selection of appropriately
short surgical procedures such as dental extractions, circum-
cisions, simple fractures, or incision and drainage of
abscesses [42]. Intermittently, pediatric anesthesiologists
filled the role of sedation experts in order for children to tol-
erate unpleasant diagnostic procedures (Fig. 1.11).
“Twilight Sleep” was also introduced in the early part of
the twentieth century; it is a term that persists to this day,
perhaps because of its colorful name, which originated from
the German Dammerschlaf, introduced by Gauss in 1906 to
describe the state of clouded consciousness produced by a
combination of scopolamine and morphine. The technique
had actually been introduced several years earlier, but Gauss
(and obstetrician Bernhard Kronig) broadened its use in hun-
dreds of patients at the Frauenklinik of the State University
of Freiburg and reported their results in 500 patients [43].
The impact, particularly among women, in the early twenti-
eth century was astounding—reporters from the Ladies’
Home Journal, the Women’s Home Companion, and
McClure’s journeyed to Germany to investigate the heralding
of a new age in obstetrical analgesia. Popular favorable



Fig.1.11 A cachectic child undergoing intrapulmonary contrast injec-
tion via an intratracheal catheter for radiographic evaluation of tubercu-
losis. The tracheobronchial tree was topically anesthetized with local
anesthetic, and intermittent sedation was provided by the inhalation of
nitrous oxide (From a pediatric anesthesia training film made by Dr.
M. Digby-Leigh in 1947)

reports rapidly followed, galvanizing a political movement
for obstetrical pain relief largely advanced by women. In a
rallying statement, the Ladies’ Home Journal correspondent
who eventually wrote Truth About Twilight Sleep stated [44]:
I now make my last appeal to every woman who has read this
book to take up the battle for painless childbirth where I left
off...Fight not only for yourself, but for your sisters, your sex,
the cradle of the human race...Through Twilight Sleep a new

era has dawned for woman and through her for the whole
human race.

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

It further highlighted a problem that Gauss faced every
day—his attempts to standardize the dose were difficult at
best. He expressed it clearly, “If you could trust to having an
average women, you could use an average dose; but the dose
is easier to standardize than the woman.” Competing institu-
tions adopted Gauss’ recommendations, with results ranging
from praise to condemnation. In America, similar ambiva-
lence was encountered. Twilight Sleep was adopted whole-
heartedly and enthusiastically at Long Island College
Hospital in Brooklyn (by patient request) but was abandoned
at Johns Hopkins. This controversy reflected the narrow
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therapeutic range of the technique, again summarized
succinctly by Gauss: “Twilight Sleep is a narcotic condition
of extremely narrow breadth, like a narrow mountain crest.
To the left of it lie the dangers of too deep action, with nar-
cosis and absence of birthpains; to the right, the danger of
shallow action, with retention of consciousness and sensibil-
ity of pain.” The tensions developed between the medical
profession, the medical press, and the public are outlined
very thoughtfully by Caton in What a Blessing She Had
Chloroform (1999).

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

The Future of Sedation

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

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

Introduction

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

J.P. Cravero, M.D. ()

Department of Anesthesiology, Perioperative, and Pain Medicine,
Boston Children’s Hospital,

300 Longwood Avenue, Boston, MA 02115, USA

e-mail: Joseph.Cravero@childrens.harvard.edu

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

The common dictionary definition of “guideline” 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 ‘“Recommen-
dations.” These documents range from those that contain broad
descriptions of appropriate monitoring and treatment to those
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offering specific guidelines on the use of particular drugs or nil
per os (NPO) intervals. There is variability in the manner in
which different pediatric subspecialties (and different coun-
tries) have addressed the specifics of sedation care, but the
common elements and considerations largely outweigh the
differences.

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

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

American Academy of Pediatrics Guidelines

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

The first AAP guideline for pediatric sedation was written
in response to three dental deaths in 1983 (published in
1985) [1] on behalf of the AAP Section on Anesthesiology.
Written in collaboration with the American Academy of
Pediatric Dentistry (AAPD) and the ASA, the purpose was to
develop a framework from which improved safety could be
developed for children requiring sedation in order to perform
a needed procedure. This initial guideline emphasized stan-
dardization on issues such as the need for informed consent,
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appropriate fasting prior to sedation, frequent measurement
and charting of vital signs, the availability of age- and size-
appropriate equipment, the use of physiologic monitoring,
the need for basic life support skills, and proper recovery and
discharge procedures. The concept of an independent
observer whose only responsibility is to monitor the patient
was introduced for deeply sedated pediatric patients.
Advanced airway and resuscitation skills were encouraged
but not specifically required for deep sedation providers.
These original guidelines defined three terms for depth of
sedation: conscious sedation, deep sedation, and general
anesthesia. The descriptive term “conscious sedation” was
defined as “A medically controlled state of depressed con-
sciousness that allows the protective reflexes to be main-
tained; retains the patient’s ability to maintain a patent airway
independently and continuously; and permits an appropriate
response by the patient to physical stimulation or verbal
command, e.g., “open your eyes”” [1].

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

The most current iteration of the AAP sedation guidelines
was published in Pediatrics in December 2006 [3]. This doc-
ument represents a significant landmark for the field of
pediatric sedation. For the first time, 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 idea that seda-
tion is a continuum and that the sedation provider must be
capable of rescuing a patient for a level of sedation one step
deeper than that which is intended. They recommend “ongo-
ing maintenance of critical skills for airway rescue” and
reference some resources, but stop short of specific direc-
tions for how best to teach or maintain critical competencies.
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The authors contend that deep sedation requires special

expertise and personnel resources.

Credentials required to administer deep sedation [3]:

1. There must be one person available whose sole responsi-
bility is to constantly observe the patient’s vital signs,
airway patency, and adequacy of ventilation and to either
administer drugs or direct their administration.

2. At least one individual, trained and competent to provide
advanced pediatric life support, airway management, and
cardiopulmonary resuscitation, must be present [3].

This iteration of the guidelines emphasizes that plans for
rescue by Emergency Medical Systems (EMS) must be put
in place for settings such as a free-standing clinic or office.

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

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

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

NPO Guidelines

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

¢ Breast milk: 4 h

¢ Infant formula, nonhuman milk

e Light meal and solid food: 6 h

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

weighed against the necessity of the procedure [3].

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

American Society of Anesthesiologists
Policies and Recommendations

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

e “Practice Guidelines for Sedation and Analgesia by
Nonanesthesiologists” [4]

e “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”

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

* “Statement on Safe Use of Propofol”

» “Standards for Basic Anesthesia Monitoring”

* “Statement on Granting Privileges to Nonanesthesiologist
Practitioners for Personally Administering Deep Sedation
or Supervising Deep Sedation by Individuals Who Are
Not Anesthesia Professionals™
The “Practice Guidelines for Sedation and Analgesia by

Nonanesthesiologists” [4] is probably the most widely

quoted document concerning sedation the ASA has pro-

duced. The latest iteration of this document was published in

2002 [4] as an update/revision of the original 1996 guide-

lines [12]. The stated purpose of the guideline is to “allow

clinicians to provide their patients with the benefits of seda-
tion/analgesia while minimizing the associated risks.” These
guidelines were developed by a task force using an
evidence-based “strength of the evidence” methodology.
The ASA guidelines are consistent with the AAP in many
respects. They describe the sedation levels identical to the

AAP and the Joint Commission guidelines. They require that

the sedation provider be able to rescue patients from a level

deeper than intended. The authors also apply the current

ASA recommendations on NPO times (2 h for clear 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 sim-

ilar to those of AAP in their recommendation for electrocar-
diogram (ECG), blood pressure, and pulse oximetry for all
deep sedation patients. In contrast to the AAP, the ASA
places more emphasis on capnography, stating that cap-
nography should be considered, but is not required, for
all patients receiving deep sedation and for patients whose

'All statements and other documents available at: http:/www.asahq.
org/publicationsAndServices/sgstoc.htm.
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ventilation cannot be directly observed during moderate

sedation. Continual monitoring of sedation depth through

stimulation/response analysis is also recommended.

In 2005 the ASA published the “Statement on Granting
Privileges for Administration of Moderate Sedation to
Practitioners Who Are Not Anesthesia Professionals.” This
is a detailed statement that defines the different groups/quali-
fications of sedation providers:

1. Anesthesia Professional—anesthesiologist, certified reg-
istered nurse anesthetist (CRNA), anesthesiologist assis-
tant (AA)

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

3. Supervised Sedation Professional—licensed registered
nurse, advanced practice nurse, etc.

This grouping has raised some controversy, as the term
“nonanesthesiologist” can represent physicians of various
levels of skill, training, and experience [13].

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

Most recently, in October of 2012, the ASA passed an
amendment of its original (2006) advisory on deep sedation
by nonanesthesiologists. In this iteration the statement is
worded “Because of the significant risk that patients who
receive deep sedation may enter a state of general anesthesia,
privileges for deep sedation should be granted only to non-
anesthesiologist physicians who are qualified and trained in
the medical practice of deep sedation and the recognition of
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and rescue from general anesthesia” [16]. This guideline goes
on to advise against nonanesthesiologists delegating or
supervising the administration of sedation by individuals
who are not similarly qualified [16].

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

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

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

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

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

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

The Joint Commission recommendations are important
when considering the credentialing and privileging of seda-
tion providers. The Joint Commission requires that hospitals
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 specifically gives permission to
staff to provide care in various clinical settings or perform
particular procedures in a given institution. With regard to
sedation privileging, each healthcare facility is mandated by
the Joint Commission to approve a plan to provide sedation
and anesthesia care. Each institution must outline the criteria
for determining which practitioners are 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
publications placed responsibility for sedation oversight on
the Department of Anesthesiology and its Chairman [22].
Subsequent revisions of this document have revised the lan-
guage: The Anesthesiology Department plays an important
advisory role but is not directly responsible for sedation care,
privileging, or quality assurance.

In the current 2007 Joint Commission manual there are
recommendations for the training that may be provided for
other sedation providers: “Individuals administering moder-
ate or deep sedation and anesthesia are qualified and have the
appropriate credentials to manage patients at whatever level
of sedation or anesthesia is achieved, either intentionally or
unintentionally” [23]. Referring specifically to deep sedation
it states, “individuals must be qualified to rescue patients
from general anesthesia and are competent to manage an
unstable cardiovascular system as well as a compromised
airway and inadequate oxygenation and ventilation” [23].
It goes on to specify, “Each organization is free to 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

Zhttp://www.jointcommission.org

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

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

American College of Emergency Physicians
Guidelines

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

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

The ACEP guidelines deviate from those of the AAP
and ASA with respect to NPO guidelines. Both the AAP and
ASA recommend fasting intervals for elective cases similar
to those required for general anesthesia—specifically 2 h for
clear liquids, 4 h for breast milk, 6 h for formula, and 8 h
for full meals. These guidelines do not make recommenda-
tions for the nonelective sedation case. The ASA guidelines
state “Patients undergoing sedation/analgesia for elective
procedures should not drink 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 potential for pulmo-
nary aspiration of gastric contents must be considered in
determining (1) the target level of sedation, (2) whether the
procedure should be delayed, or (3) whether the trachea
should be protected by intubation.” The AAP guidelines are
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a bit less specific, stating only “for emergency procedures
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
appropriate NPO criteria and are not having “elective” proce-
dures. In the last 10 years there have been several studies in the
emergency medicine literature that have reported very low
rates of aspiration or pulmonary complications in patients who
were sedated without meeting the NPO recommendations
from the AAP or ASA [26, 27]. Previous publications from
the ACEP have concluded that there is insufficient evidence to
conclude that fasting actually changes outcome for sedation
(see previous) [28].

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

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

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

published in corresponding journals [30, 31].

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

In February 2014, the ACEP released the most recent
clinical policy to date. Entitled “Clinical Policy: Procedural
Sedation and Analgesia in the Emergency Department,” it
updates the 2005 policy [33]. This paper highlights the value
of designing studies to specifically examine patient-specific
outcomes. It also recognizes that unique patient-care envi-
ronments and high-risk patient populations may pose unique
challenges which may require modification of the clinical
policy. Reviewing the literature, the College of Emergency
Physicians Clinical Policies Committee made evidence-
based recommendations for important clinical questions.
The following questions were addressed [33]:

1. Is preprocedural (nil per os/NPO) fasting necessary to
decrease risk of emesis and aspiration during sedation in
the emergency department?

2. Does capnography decrease risk of adverse events?

3. How many personnel are necessary to manage sedation-
related complications?

4. Are ketamine, propofol, etomidate, dexmedetomidine,
alfentanil, and remifentanil appropriate sedatives for the
emergency department?

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



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

STANDARD RISK

ORAL INTAKE Urgency of the Procedure
IN THE PRIOR
3 HOURS Emergent Urgent Semi-Urgent Non-Urgent
Nothing All levels of sedation All levels of sedation All levels of sedation All levels of sedation
Clear liquids only | All levels of sedation All levels of sedation Up to and including Up to and including
brief deep sedation extended moderate
sedation
Light snack All levels of sedation Up to and including Up to and including Minimal sedation only
brief deep sedation dissociative sedation;
non-extended
moderate sedation
Heavy snack or All levels of sedation Up to and including Minimal sedation only | Minimal sedation only
meal extended moderate
sedation
HIGHER RISK
ORAL INTAKE Procedural Urgency
IN THE PRIOR
3 HOURS Emergent Procedure Urgent Procedure | Semi-Urgent Procedure |Non-Urgent Procedure
Nothing All levels of sedation All levels of sedation All levels of sedation All levels of sedation
Clear liquids only | All levels of sedation Up to and including Up to and including Minimal sedation only
brief deep sedation extended moderate
sedation
Light snack All levels of sedation Up to and including Minimal sedation only | Minimal sedation only
dissociative sedation;
non-extended
moderate sedation
Heavy snack or All levels of sedation Up to and including Minimal sedation only Minimal sedation only
meal dissociative sedation;
non-extended
moderate sedation
Procedural Sedation and Analgesia Targeted Depth and Duration
N - .
% Minimal sedation only
2
.é Dissociative sedation;
©
3 brief or intermediate-length moderate sedation
<
-%’ Extended moderate sedation
(0]
°
o
2 Brief deep sedation
@
(0]
3}
i Intermediate or extended-length deep sedation

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

American Dental Association Sedation
Guidelines

The American Dental Association (ADA) guidelines regard-
ing sedation are posted on its website [34]. The guideline
acknowledges the depths of sedation consistent with that
described by the AAP and the ASA. It contains descriptions
of routes of administration for sedative medications, ASA
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 seda-
tion, including specific educational programs and life support
training. In this regard, the guidelines are more detailed than
those provided by other organizations. Deep sedation requires
the presence of a minimum of three individuals: one dentist
who is credentialed to administer deep sedation or anesthesia
and two additional personnel who have current certification
of successfully completing a Basic Life Support (BLS)
Course for the Healthcare Provider. There are two require-
ments to qualify for deep sedation certification: (1) comple-
tion of an advanced education program on the administration
and management of deep sedation or anesthesia, which must
be accredited by the ADA Commission on Dental
Accreditation, and (2) a current certification in both BLS for
Healthcare Providers and ACLS or an appropriate dental
sedation/anesthesia emergency management course. The den-
tist administering deep sedation or general anesthesia must
remain within the facility until the patient meets discharge
criteria (or is discharged) and must monitor the patient con-
tinuously until the patient meets the criteria for recovery.
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Those who provide pediatric sedation must have PALS in
addition to directed pediatric training and education [35, 36].

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

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

The Standards of Practice Committee of the American
Society for Gastrointestinal Endoscopy has recently pub-
lished guidelines for deep sedation, the administration of
propofol by nonanesthesiologists, and pediatric sedation for
gastrointestinal procedures and endoscopy [39]. All of these
guidelines were written after a review of the MEDLINE and

PubMed database. The recommendations are rated “A,”

“B,” or “C” based on the weight of the evidence available.

A level identifies statements supported by prospective ran-

domized trials and C level identifies expert opinion in the

absence of peer-reviewed evidence. The chronological his-
tory leading up to these 2009 guidelines will be detailed as
follows.

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

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

The majority of this guideline is devoted to the role of
propofol and the relative risks versus benefits of its use in
endoscopy. Personnel preparation and monitoring require-
ments for propofol sedation are carefully delineated [40]:

1. At least one person who is qualified in both basic and
advanced life support skills (i.e., tracheal intubation, defi-
brillation, use of resuscitation medications).

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

. Equipment for airway management and resuscitation.

4. Trained personnel dedicated to the continuous and unin-
terrupted monitoring of the patient’s physiologic param-
eters and administration of propofol.

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

does not appear to offer a significant advantage over standard

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

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

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

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

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

prophylaxis.

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

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

1. All sedation pediatric patients should receive routine oxy-
gen administration and should be monitored with a mini-
mum of pulse oximetry and heart rate monitoring.

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

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

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.
Most of these guidelines are consistent with the recommen-
dations from the AAP and ASA, others are not. Of particular
interest are the recommendations on effective and safe seda-
tion of children and young people undergoing common diag-
nostic and therapeutic procedures from the National Institute

J.P. Cravero

of Health and Clinical Excellence (NICE) in the United

Kingdom (2011) [46]. This document was written after a

comprehensive review of the best available evidence and

expert opinion. The recommendations are wide ranging and
include the mandate for a full presedation evaluation that
incorporates medical condition, current medications, airway
assessment, ASA physical status, and an evaluation of the
psychosocial makeup of the child. In addition, there is a clear
outline of indications for seeking advice from a specialist
before undertaking sedation based on the presedation assess-
ment. These referral indications include ASA status 3 or
greater, airway difficulties, and all infants and newborns.

Notably, these recommendations include an extensive descri-

ption of available sedation techniques. The authors include a

section that recommends specific drugs and drug combina-

tions for sedation encounters based on the targeted level
of sedation, the procedure, and patient/family preference.

Contraindications for sedatives are also covered. Recommen-

dations concerning other elements of sedation practice, such

as choosing appropriate resuscitation equipment, personnel,
and informed consent, follow closely with the guidelines put
forward by the AAP and ASA.

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

Notable sedation statements and guidelines published
worldwide include:

Scottish Intercollegiate Guidelines Network. “SIGN
Guideline 58: safe sedation of children undergoing
diagnostic and therapeutic procedures” [51]

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

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

A very brief statement of basic principles of sedation (prepa-
ration, staffing, facilities, medication, recovery) that is in
line with recommendations from British and American
organizations. Source material is not referenced.
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Canadian Consensus Guidelines. Canadian Association of

Emergency Physicians ‘“Procedural sedation and anal-
gesia in the emergency department’ [53]

This is a slightly dated consensus statement conceived in

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

British Society of Gastroenterology ‘‘Recommendations

for standards of sedation and patient monitoring during
gastrointestinal endoscopy” [54]

An older set of recommendations for sedation that is intended

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

Society for the Advancement of Anesthesia in Dentistry

(SAAD) Standards in Conscious Sedation for Dentistry
[55]

This is a set of general standards that were written for adult

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

General guidelines for education and training of providers

include the need for “practical training in the use of drugs
and equipment.” There is also a mandate for training in the
management of conscious sedation-related complications,
although no guidance is given as to how or what situations
should be tested. All members of the sedation team are rec-
ommended to have basic life support training. Supervised,
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hands on experience must be acquired by the sedation pro-
viders and their assistants in each of the conscious sedation
techniques used. The setting, timing, and number of these
experiences will vary with local circumstances but the
authors advise that the experience should be commensu-
rate with those specified by “appropriate authorities.”

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

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

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

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

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

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

The Working Group on Endoscopy, Austrian Society of

Gastroenterology, and Hepatology. “Austrian Society
of Gastroenterology and Hepatology (OGGH)—
guidelines on sedation and monitoring during gastro-
intestinal endoscopy” [57]

This is a very brief guideline of sedation specific to the gastro-

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

South African Society of Anesthesiologists “Guidelines

for the safe use of procedural sedation and analgesia
for diagnostic and therapeutic procedures in children:
20107 [58]

This is a comprehensive document that reviews multiple

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

These guidelines begin with an interesting listing of the

defined levels of sedation that is a blending of the AAP
and ACEP levels of sedation. The list includes the various
levels defined by the AAP and ASA, but adds the level of
“dissociative sedation” which is aimed at the sedation
provided by ketamine. The state is defined as one where
spontaneous breathing and cardiovascular stability are
maintained. The section includes the statement that this
anesthetic state “‘does not operate on the sedation contin-
uum.” The statement goes on to define “simple sedation” as
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that provided by single oral or transmucosal medications
and contrasts this to “advanced sedation,” which includes
sedation with multiple medications or that given by the
intravenous or inhalational route. “Failed sedation” is also
defined and includes sedation that fails to achieve the
desired level of sedation and results in the procedure
being abandoned. The guidelines go on to specifically
define patients that require a presedation evaluation by an
anesthesiologist or a “highly experienced sedation practi-
tioner.” These patients include those of young age <1 year,
as well as those with specific comorbidities such as con-
genital syndromes or congenital heart disease. The bal-
ance of the document includes an extensive section on the
presedation patient assessment, NPO guidelines (same as
AAP), and a detailed description of a wide variety of
sedation medications—ranging from minimal sedation
with oral midazolam to deep sedation/anesthesia (propo-
fol). There is a review of the key elements of the sedation
environment—which are independent of the setting
(office versus hospital)—and monitoring requirements.
The authors advise that even patients who are under
simple sedation require someone other than the procedure
operator to monitor the patient and those undergoing
advanced sedation should have a separate individual who
is responsible for the administration, monitoring, and res-
cue of the patient. This individual is recommended to be
a medical practitioner. Discharge criteria are described.
These are the most safety oriented and conservative
of any guidelines currently published. They include the
recommendation of the use of maintenance of wakeful-
ness criteria such as the ability to keep eyes open for at
least 20 min. The authors include a unique and thought-
provoking discussion of the various adverse events
associated with the sedation of children and subdivide
these events into those attributable to the procedure, the
skills of the sedation provider, and the environment. The
final portion of the document includes a discussion
of strategies for sedation aimed at specific procedures
or tests.

Sedation Guidelines for Gastrointestinal Endoscopy

(2008) of German Society for Digestive and Metabolic
Diseases [59]

This is a very detailed document available only in German.

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

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

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

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

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

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

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

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

Conclusion

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

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

For the welfare of children

—Motto, American Academy of Pediatrics

Introduction

Pediatricians, by their very nature, are patient advocates. As
such, it is no wonder that pediatricians have taken a leader-
ship role in trying to define standards around the manage-
ment of pain, anxiety, and motion in children undergoing
medical procedures. In 1985, the American Academy of
Pediatrics (AAP) published its 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 wide-
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spread availability of noninvasive monitoring, short-acting
opioids and sedatives, and specific opioid and benzodiaze-
pine antagonists has greatly increased our ability to provide
procedural sedation in a wide array of practice settings [4].

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

In a pediatrician’s practice, there are a number of indications
for the provision of procedural sedation. This chapter aims to pro-
vide a framework for procedural sedation from a pediatrician’s
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point of view, including understanding of the practice setting, the
patients, and the procedures themselves. This chapter is designed
to apply to all sedation providers across specialties. Additionally,
in trying to create an approach to procedural sedation, it is equally
important to consider when the risks of the sedation outweigh the
benefits that may be achieved by the procedure.

Questions to Be Asked

Prior to the initiation of any procedural sedation, the follow-

ing questions need to be considered:

1. What are the goals of the procedural sedation? Eliminating
or reducing pain (analgesia)? Alleviating or reducing
anxiety (anxiolysis)? Maintaining motionlessness for an
imaging procedure?

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

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

4. Am I prepared to handle an adverse reaction or unantici-
pated complication of the procedural sedation?

This chapter will attempt to provide a framework for these
questions and will lay the foundation for future chapters.

Setting

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

Personnel

Properly trained personnel are of the utmost importance in the
provision of procedural sedation and there should be, at a min-
imum, two trained professionals present at each sedation.
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The primary caregiver is the one who is responsible for
providing the sedation itself. This person must be credentialed
to provide sedation and should have current training in both
basic (e.g., BLS) and advanced (e.g., PALS) life support.
Simple certification, however, is not enough. This primary
practitioner needs to be able to recognize all potential compli-
cations of the sedation, especially the earliest signs of airway
difficulties, and to manage them accordingly [9]. According
to the Joint Commission, this level of competence requires not
only training and education, but experience as well [10].

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

Equipment

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

Monitoring

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

Protocols

Protocols or algorithms for how to activate back-up emer-
gency services are essential for every setting where proce-
dural sedation is practiced [5]. For nonhospital facilities, this
includes the activation of the Emergency Medical Service
(EMS) system and ambulance/transport services to the
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Table 3.1 Equipment required for procedural sedation

Code cart

Defibrillator

Emergency airway equipment

¢ Face masks

¢ Self-inflating bag-valve-mask setup

¢ Oro- and nasopharyngeal airways

¢ Laryngeal mask airways (LMAs)

¢ Laryngoscope handles and blades

¢ Endotracheal tubes and stylettes
Oxygen source

May be from wall or oxygen tank, but should be able to provide
positive pressure for at least 60 min or the minimum time required
to be able to continuously support a patient during transfer to
another medical facility or another area within the medical facility

Suction (both Yankauer-type and suction catheters for endotracheal
tubes)

Vascular access equipment
Intravenous catheters
Intraosseous needle

Equipment to place, secure, and use the catheters (i.e., tubing, tape,
arm boards, alcohol wipes, tourniquets, syringes, etc.)

Reversal agents
Naloxone or nalmefene for opioid reversal
Flumazenil for benzodiazepine reversal
Monitoring equipment
Pulse oximetry
Three-lead electrocardiogram
Noninvasive blood pressure monitoring
End-tidal CO, 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]

receiving hospital. It is implicit that the availability of EMS
services does not obviate the practitioner’s responsibility in
providing initial management and rescue of the potential
complications of the sedation.

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

Age of the patient

Weight of the patient

Health history

¢ Allergies and previous adverse drug reactions
¢ Medication history

* Relevant medical diseases, physical anomalies, or neurologic
impairment that might increase the potential of airway obstruction

* Pregnancy status
* Relevant past hospitalizations and surgeries

» History of sedation or anesthesia, especially with regard to
complications or adverse outcomes

¢ Relevant family history, especially with regard to anesthesia

Review of systems focusing on cardiac, pulmonary, renal, and hepatic
function that might alter the patient’s response to the medications used
in the procedure

Vital signs

Physical examination, including a focused evaluation of the airway
Physical status evaluation (i.e., ASA classification)

Name and contact information of the patient’s medical home

Source: Data from Cote et al. [5]

Patients

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

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

Timing refers to when one informs a patient about the pro-
cedure that is going to happen. Data suggest that information
provided too far in advance of a procedure may serve to
increase anxiety: Children may dwell on or exaggerate the
anticipated pain or forget the pertinent information com-
pletely [13]. On the other hand, inadequate time to process
the information about a procedure may heighten stress.
Patients undergoing a major medical procedure (e.g., surgery)
will need more advanced timing as compared to something
more routine, such as the administration of a vaccine.
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Table 3.3 Childhood developmental considerations for preprocedure preparation

Age (years) Characteristics

1-4 Understanding of world through

sensory experiences

Egocentric

Trusts primary caregiver

Animism

Understanding > verbal ability
4-10 Development of reasoning
Elimination of egocentrism
Improved verbal communication
Can think abstractly
Future thinking

10+

Heightened self-consciousness

Adapted from [15]

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.

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

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

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

Strategy for preprocedure preparation
Use real objects to help child master the situation

Reinforce good behavior
Keep parent with child as much as possible

Allow time for questioning

Provide detail

Use concrete teaching materials and simple medical terms
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

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

Procedures

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

While the choice of agents is covered in great detail in
other chapters, there are a few points that bear repeating.
It should be noted that while opioids do have some sedative
effects, sedation often enhances analgesic efficacy. In a
patient who is anxious or stressed, concomitant treatment
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Table 3.4 Procedures that may require procedural sedation

Radiologic imaging procedures (e.g., CT scan, MRI, ultrasound)
Laceration repair

Lumbar puncture

Foreign body removal

Abscess management (e.g., incision, drainage, and packing)
Burn or wound debridement

Relocation of a dislocated joint

Fracture reduction

Joint aspiration

Prepubescent gynecologic examination

Hernia reduction

Peripherally inserted central catheter (PICC) placement
Bone marrow aspiration

Central line placement

Thoracentesis

Chest tube placement

Cardioversion

Endotracheal intubation

CT computed tomography, MRI magnetic resonance imaging

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

Other Considerations

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

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

37

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

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

Future Directions

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

Conclusion

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

patient and procedure.

Case Studies
Case 1

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

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

Case 2

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

Considerations: Whenever a patient undergoes proce-
dural sedation, one has to weigh the risks and benefits.
In general, phlebotomy is not considered a typical pro-
cedure for which procedural sedation is used. That
being said, it does not mean one should not try to mini-
mize the discomfort associated with the procedure.
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For 2-year-olds, depending on the urgency, one could
consider the use of a topical anesthetic prior to a blood
draw. Also, this is a great age where distraction tech-
niques may help as well.

Case 3

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

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

In this chapter we will present the essentials of pre-sedation screening and risk stratification,
discuss fasting guidelines, and review the most commonly encountered scenarios and
comorbidities that impact sedation management and outcomes. Today’s practice of pediat-
ric sedation (PS) involves ever more complex patients whose care is coordinated with mul-
tidisciplinary teams. Technological advances have allowed for the development of various
invasive and noninvasive pediatric procedures and imaging modalities, resulting in a tre-
mendous demand for and growth in PS in children. Despite the increasing complexity and
patient volume, sedation providers generally meet the child and his family only minutes
before the scheduled (or unscheduled) procedure. The provider must assess the situation
quickly and accurately to ensure safety and optimal effectiveness. Important data from all
available resources should be gathered and synthesized before the procedure to formulate a
successful sedation plan within the context of the urgency of the procedure.
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Introduction

In this chapter we will present the essentials of pre-sedation
screening and risk stratification, discuss fasting guide-
lines, and review the most commonly encountered scenar-
ios and comorbidities that impact sedation management and
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tremendous demand for and growth in PS in children.
Despite the increasing complexity and patient volume, seda-
tion providers generally meet the child and his family only
minutes before the scheduled (or unscheduled) procedure.
The provider must assess the situation quickly and accu-
rately to ensure safety and optimal effectiveness. Important
data from all available resources should be gathered and
synthesized before the procedure to formulate a successful
sedation plan within the context of the urgency of the
procedure.

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

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

Pre-sedation Screening

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

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

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

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

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

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

Physical Examination

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

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

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

Fig.4.1 CT of the abdomen without administration of oral contrast in
a fasting 2-year-old child in supine position. CT shown in axial (A)
plane. Note fluid (labeled “F”) and air (Labeled “A”) in distended stom-
ach. Measured volume of fluid in stomach was 41.8 mL (3.3 mL/kg).
Courtesy of Mohamed Mahmoud, MD
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the sedation level can change rapidly and deepen subtly
with subsequent impairment of airway reflexes.

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

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

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

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

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



Table 4.1 Prudent limits of targeted depth of ED procedural sedation

STANDARD RISK

ORAL INTAKE Urgency of the Procedure
IN THE PRIOR
3 HOURS Emergent Urgent Semi-Urgent Non-Urgent
Nothing All levels of sedation All levels of sedation All levels of sedation All levels of sedation
Clear liquids only | All levels of sedation All levels of sedation Up to and including Up to and including
brief deep sedation extended moderate
sedation
Light snack All levels of sedation Up to and including Up to and including Minimal sedation only
brief deep sedation dissociative sedation;
non-extended
moderate sedation
Heavy snack or All levels of sedation Up to and including Minimal sedation only Minimal sedation only
meal extended moderate
sedation
HIGHER RISK
ORAL INTAKE Procedural Urgency
IN THE PRIOR
3 HOURS Emergent Procedure Urgent Procedure | Semi-Urgent Procedure |[Non-Urgent Procedure
Nothing All levels of sedation All levels of sedation All levels of sedation All levels of sedation
Clear liquids only | All levels of sedation Up to and including Up to and including Minimal sedation only
brief deep sedation extended moderate
sedation
Light snack All levels of sedation Up to and including Minimal sedation only Minimal sedation only
dissociative sedation;
non-extended
moderate sedation
Heavy snack or All levels of sedation Up to and including Minimal sedation only Minimal sedation only
meal dissociative sedation;
non-extended
moderate sedation
Procedural Sedation and Analgesia Targeted Depth and Duration
4 . .
% Minimal sedation only
2
_§ Dissociative sedation;
©
3 brief or intermediate-length moderate sedation
<
-‘é’ Extended moderate sedation
Q
°
o
2 Brief deep sedation
@
[0
3]
ﬁ Intermediate or extended-length deep sedation

Modified with permission from Green SM, Roback MG, Miner JR, Burton JH, Krauss B. Fasting and Emergency Department Procedural Sedation
and Analgesia: A Consensus-Based Clinical Practice Advisory. Ann Emerg Med. 2007; 49(4): 454-461

Brief: <10 min
Intermediate: 10-20 min
Extended: >20 min
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than 2 h before sedation-anesthesia is at odds with elective
NPO guidelines, and in theory would increase the risk of
aspiration pneumonia. Sedation practitioners are asked to
make an exception to the fasting guidelines and permit the
use of enteric contrast material with CT in order to obtain an
accurate study. There does not appear to be a perfect resolu-
tion to this issue, since waiting several hours after adminis-
tration of contrast often results in inadequate opacification of
the small bowel and a poor study [13].

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

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

When Not to Proceed

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

Asthma and Reactive Airway Disease

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

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

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

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

A recent prospective study found that patient factors
(readily known on pre-procedural assessment) such as active
respiratory symptoms, eczema, family history of asthma, rhi-
nitis, or exposure to tobacco smoke were associated with an
increased relative risk of peri-procedural respiratory adverse
events such as airway obstruction, oxygen desaturation
(<95 %), and severe or sustained cough [22]. In patients with
active symptoms, the practitioner should determine the sever-
ity of illness and weigh this with the urgency and importance of
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Table 4.2 Asthma severity assessment in children older than 5 years of age

Clinical features

A. Symptoms: wheezing,
coughing, chest tightness

Mild intermittent asthma
Symptoms <2 times/week
Asymptomatic between

Mild persistent asthma

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

Moderate persistent asthma
Daily symptoms
Exacerbations 2 or more

T. Horeczko and M. Mahmoud

Severe persistent asthma
Continual symptoms
Frequent exacerbations

brief exacerbations

B. Activity limitations No activity limitations
exacerbations

C. Nocturnal symptoms <2 times/month
D. Lung function PEF or FEV, >80 % of

predicted or personal best

Activity may cause
>2 times/month

PEF or FEV, >80 % of
predicted or personal best

time/week; may last days
Activity causes exacerbations Limited physical activity
>1 time/week Frequent nighttime
symptoms

PEF or FEV, <60 % of
predicted or personal best

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

Modified from: National Heart, Lung, and Blood Institute: National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines

for the Diagnosis and Management of Asthma. 2007

the procedure. The actively wheezing patient should have his
current illness addressed immediately, and if the procedure is
to go forward, a plan for pre-, intra-, and post-procedure
treatment should be formulated to anticipate and manage
potential complications such as bronchospasm.

Autism, Developmental Delay,
and Intellectual Disability

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

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

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

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

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

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

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

Anticipating behavioral disruptions and having a ready
plan for escalation of treatment are essential. Discussion
with the caregiver before the procedure may help to decrease
his or her anxiety, allowing for a capable, present, and calm
ally in the endeavor. This includes the timing and threshold
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for physical restraint if needed, based on the urgency and
nature of the procedure. A brief pre-sedation “team huddle”
with caregivers and staff to review the sedation plan may
promote a smooth procedure and help to avoid injury to the
patient, parents, practitioner, or staff.

Bronchopulmonary Dysplasia

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

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

Cerebral Palsy

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

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

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

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

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

Congenital Heart Disease

Congenital heart disease (CHD) occurs in approximately
8 in 1,000 live births [39]. The most common acyanotic
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Table 4.3 Classification systems of heart failure [45, 46]

Class NYHA classification  Ross classification

1 No symptoms No limitations or symptoms

I Symptoms with Mild tachypnea or diaphoresis
moderate exertion with feeding in infants; dyspnea

on exertion in older children

111 Symptoms with Marked tachypnea or diaphoresis
mild exertion with feeding or exertion

v Symptoms at rest Symptomatic at rest with tachypnea,

retractions, grunting, or diaphoresis

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

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

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

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

Stages A and B correspond to NYHA I, and stage C cor-
responds to NYHA II and III. Stage D patients typically
require inotropic and/or ventilator support. In addition to the
above, the assessment should include the child’s general
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Table 4.4 Heart failure staging for infants and children [43]

Stage Interpretation

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

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

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

D End-stage heart failure

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

Prosthetic cardiac valve or prosthetic material used for cardiac valve
repair

Previous infectious endocarditis

Unrepaired cyanotic CHD, including palliative shunts and conduits

Completely repaired congenital heart defect with prosthetic material
or device, whether placed by surgery or by catheter intervention,
during the first 6 months after the procedure

Repaired CHD with residual defects at the site or adjacent to the site
of a prosthetic patch or prosthetic device (which inhibit
endothelialization)

Cardiac transplantation recipients who develop cardiac valvulopathy

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

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

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

Cystic Fibrosis

Cystic fibrosis (CF) is the most common fatal inherited dis-
ease in Caucasians, and exists in smaller frequencies in
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other racial groups [49]. The basis of its pathophysiology is
a mutation in the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) protein, a chloride channel found in
all exocrine tissues. As such, CF is a multi-organ system
disease, involving impaired lung function, pancreatic
insufficiency and diabetes mellitus, hepatobiliary disease
and cirrhosis, bone disease, and genitourinary disease.
Pulmonary complications account for over 90 % of the
morbidity and mortality in CF patients [50].

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

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

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

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

If possible, a review of the medications given during pre-
vious procedures may be helpful in planning for sedation.
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Patients with CF may have higher opioid and benzodiazepine
requirements than patients without CF [56]. Plan to balance
titrating to effect with possible impairment of overall oxy-
genation and ventilation during the procedure.

Diabetes Mellitus

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

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

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

Endocrinopathies

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

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

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

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

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

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

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

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

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

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

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

Mitochondrial Disease
Mitochondrial disease (MD) is a group of disorders that arise

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

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

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

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

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

The prevalence of cardiomyopathy in children with MD is
reported to be 20 % [66, 67]. The severity of MD correlates
with the severity of impairment of cardiac function. Cardiac
impairment occurs in Barth syndrome, Kearns-Sayre syn-
drome, ocular myopathy, and MELAS. A pre-procedure
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Table 4.6 Factors that warrant initiation of a diagnostic evaluation in
mitochondrial disease

Possible indicators of mitochondrial disease
Neurologic

* Nonvascular pattern for cerebral stroke-like lesions
» Basal ganglia diseases

* Encephalopathy—either recurrent or induced by low or moderate
dosing of valproate

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

Adapted from [166]

baseline ECG is strongly recommended and can be extremely
valuable; red flags in the ECG include any form of heart
block or prolonged QT. If the screening ECG is abnormal, a
cardiology consult is recommended before proceeding with
elective sedation-anesthesia in these patients. For those with
cardiomyopathy, an echocardiogram within the past year is
recommended.
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There is no absolute contraindication to any particular
anesthetic-sedative agent for patients with MD. Many anes-
thetic agents adversely affect mitochondrial function in vitro
but adverse events in vivo are only sparsely reported.
Furthermore, the anesthetic agents implicated in these cases
have been used without incident in many other reports.
Opioids, ketamine, midazolam, and dexmedetomidine do not
appear to inhibit mitochondrial function. At the present time
there is no need to avoid volatile agents in patients with MD;
inhalational anesthetics have been used without ill effects
in these children. Keep in mind that patients with MD may
have impaired upper airway and respiratory response to
hypoxia and hypercarbia. Sedative agents should be titrated
carefully in order to avoid respiratory depression.

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

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

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

Multiple Allergies
The term “drug allergy” is often misused by clinicians and

patients to describe any reaction (proven or perceived) to a
medication. The preferred general term is adverse drug
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reaction, which encompasses the important subcategories.
Three clinically relevant subcategories are: drug allergy
(reaction resulting from an immunologic mechanism), drug
intolerance (reaction resulting from non-immunologic and/
or unknown reasons), and pseudo-allergy (reaction resem-
bling allergy, but with a multifactorial, unknown, or idiosyn-
cratic cause) [69].

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

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

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

Multiple drug allergy syndrome (MDAS) describes a con-
dition in which the patient experiences allergic or pseudo-
allergic reactions to related and non-related drugs [73].
Most cases involve urticarial and/or angioedema; however,
Stevens-Johnson syndrome and anaphylaxis have been
reported. Interestingly, skin testing in these patients may
be negative, even after significant clinical manifestations
have been documented. These patients typically are older,
most are adults, and many have multiple comorbidities and a
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long past medical history (with many opportunities to
become sensitized to many different types of drugs).
Information about the pathophysiology of MDAS remains
limited, as there is no criterion standard for diagnosis and
prospective studies are lacking [70].

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

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

Muscular Dystrophies

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

The disease is characterized by severe proximal muscle
weakness, progressive degeneration, and fatty infiltration of
the muscles. Symptoms typically appear at the age of 2—-6
years; delayed walking beyond 15 months of age is a com-
mon initial sign. Affected children never run properly and
have difficulty climbing stairs; only approximately 10 %
manage to jump with both feet together. Many children
require the use of a wheelchair by age 12, and may not live
past their 20s [77]. Most MDs involve some degree of car-
diomyopathy and all are at risk for heart failure [78].
Other manifestations include pseudohypertrophy of the
calves and markedly elevated creatine kinase levels. The pro-
gressive nature of the disorder results in restrictive pulmo-
nary disease, multiple contractures, and scoliosis. Due to
advances in medical management, many of these patients
may now be expected to live into adulthood.
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The pre-procedure assessment should focus on the child’s
overall function (ambulatory or wheelchair) with careful
attention to respiratory toilet. The child with disturbed sleep,
nightmares, daytime drowsiness, or early morning headaches
may have unrecognized nocturnal hypoventilation. This may
be a clue to a recent worsening trajectory of illness and make
the child more likely to benefit from noninvasive positive
pressure ventilation during sleep or sedation. Worsening
respiratory symptoms may preclude outpatient sedation.

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

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

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

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

Musculoskeletal Disorders

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

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

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

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

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

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

Obstructive Sleep Apnea

OSA is an increasingly recognized disorder in children that
can present unique challenges to the sedationist and pose
substantial morbidity to the patient. It belongs to the spectrum
of anomalies known as sleep-related breathing disorders in
which the airway may become completely (as in apnea) or
partially (as in hypopnea) occluded despite respiratory effort.
These abnormalities lead to abnormal gas exchange resulting
in increasing hypoxemia, hypercapnia, and sleep fragmenta-
tion. Common clinical manifestations include snoring
(pauses and gasps), disrupted sleep, daytime somnolence,
and behavioral problems. Systemic manifestations in the car-
diovascular, pulmonary, metabolic, and neurologic systems



4  The Pre-sedation Assessment and Implications on Management

Table 4.7 STOP-BANG scoring model?

BMI: BMI more than 35 kg/m?
Age: Age over 50 years

QzZp» wmT O3

Gender: Male

Snoring: Do you snore loudly (louder than talking or loud enough to be heard through closed doors)?
Tired: Do you often feel tired, fatigued, or sleepy during the daytime?

Observed: Has anyone observed you stop breathing during your sleep?

Blood pressure: Do you have or are you being treated for high blood pressure?

Neck circumference: Neck circumference greater than 40 cm
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Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No

Reprinted with permission from Mehta PP, Kochhar G, Kalra S, Maurer W, Tetzlaff J, Singh G, et al. Can a validated sleep apnea scoring system
predict cardiopulmonary events using propofol sedation for routine EGD or colonoscopy? A prospective cohort study. Gastrointest Endosc. 2013

Nov 9. pii: S0016-5107(13)02407-3

*High risk of obstructive sleep apnea: yes to >3 questions; low risk of obstructive sleep apnea: yes to <3 questions

occur secondary to recurrent hypoxemia, activation of the
sympathetic nervous system, and sleep disruption. There is
an increased incidence of OSA among children with syn-
dromes affecting the upper airway such as Down syn-
drome, Treacher Collins syndrome, and Pierre Robin
sequence.

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

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

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

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

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

In 2008, the STOP-BANG questionnaire was introduced
and validated as a screening tool to identify OSA in adults
(Table 4.7) [96]. This questionnaire consists of eight ques-
tions (yes/no answers) that together can total a score from 0
to 8. Chung et al. found that in adults, a high STOP-BANG
score (5-8) was predictive of moderate and severe OSA [97].
Cote et al. found that in adults high STOP-BANG scores (3
or greater) were predictive of the need for airway interven-
tion (chin lift, mask ventilation, nasal airway, endotracheal
intubation) and oxygen desaturation to <90 % with propofol
sedation [98]. This scoring tool has not been validated in
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children. Although one question pertains mostly to adults
(neck circumference greater than 40 cm), this screening tool
may be relevant to predict OSA and sedation-related compli-
cations in children. Future studies are needed in order to
determine whether there is a predictive application of this
questionnaire to extrapolate outcomes and the presence of
OSA in children.

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

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

Examination of patterns of dynamic airway collapse in
patients with OSA during sleep permits identification of ana-
tomic causes of airway obstruction and facilitates planning
for treatments required to relieve airway obstruction. MRI
sleep studies demonstrate airway motion abnormalities that
are related to OSA [108]. The most common challenge faced
during sleep MR airway imaging studies is the inability of
the child breathing via the native airway to tolerate an ade-
quate level of sedation or anesthesia without experiencing
significant oxygen desaturation. There is no strict consensus
among sedation providers as to when to interrupt airway
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imaging for interventions to improve oxygenation. Absolute
lower limits of oxygen saturation below which artificial air-
way adjuncts are required may differ from patient to patient
depending on the benefits to be gained from the imaging
study and the severity of the patient’s condition. It is helpful
to review overnight PSG reports, noting in particular the
severity of oxygen desaturations during natural sleep, as a
guide to acceptable minimal arterial oxygen saturations for a
particular patient. Dexmedetomidine provides an acceptable
level of sedation-anesthesia for MRI sleep studies in children
with OSA and makes it possible to complete the study suc-
cessfully in the majority of children without resorting to the
use of artificial airways [109].

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

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

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

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

Pregnancy

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

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

Table 4.8 Anatomic and physiologic changes in pregnancy [114]

System Anatomy

Cardiovascular Uterine obstruction of inferior vena cava — supine
hypotensive syndrome

Respiratory Elevation of diaphragm
Airway edema
| Upper airway caliber

CNS

Gastrointestinal | Lower esophageal sphincter tone

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

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

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

Premature Infant

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

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

Physiology

1 Plasma volume

1 Cardiac output

| SVR

1 Minute volume

1 Oxygen consumption

1 PaCO,

| Effective distribution of sedatives and hypnotics
1 Gastric volume and acidity
Delayed gastric motility

1 Activity of coagulation factors
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Table 4.9 United States FDA pharmaceutical pregnancy categories [115, 116]

Controlled studies in women fail to demonstrate a risk to the fetus in the first trimester (and there is no evidence

of a risk in later trimesters), and the possibility of fetal harm appears remote

Either animal reproduction studies have not demonstrated fetal risk (but no controlled studies in pregnant women

have been reported), or animal reproduction studies have shown an adverse effect (other than a decrease in
fertility) that was not confirmed in controlled studies in women in the first trimester (and there is no evidence of

Either studies in animals have revealed adverse effects on the fetus (teratogenic, embryocidal, or other) but no

controlled studies in women have been reported, or studies in women and animals are not available. Drugs
should be given only if the potential benefit justifies the potential risk to the fetus

Positive evidence of human fetal risk exists, but the benefits from use in pregnant women may be acceptable

despite the risk (e.g., if the drug is needed for a life-threatening condition or for a serious disease for which safer

Pregnancy Category A
Pregnancy Category B
risk in later trimesters)
Pregnancy Category C
Pregnancy Category D
drugs cannot be used or are ineffective).
Pregnancy Category X

Studies in animals or human beings have demonstrated fetal abnormalities or evidence exists of fetal risk based

on human experience, or both, and the risk in pregnant women clearly outweighs any possible benefit. The drug
is contraindicated in women who are or may become pregnant

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

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

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

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

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

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

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

Another important concern in these babies is the immatu-
rity of the renal and hepatic systems. Preterm infants do not
maintain fluids and electrolyte balance well, requiring
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care in the administration of the I'V fluids and electrolytes.
Liver immaturity (both in synthetic and metabolic capacity)
may lead to longer duration of action of sedative agents.

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

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

Psychiatric and Behavioral Disorders

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

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

Behavior disorders are multifactorial in nature, and rates
vary greatly by criteria used, population studied, and sur-
vey conducted. Attention deficit hyperactivity disorder
(ADHD) involves inattention, impulsivity, and hyperactiv-
ity. The National Health and Nutrition Examination Survey
reveals an overall prevalence of ADHD in children 8-15 to
be 8.7 % [130]. Conduct disorder (CD) and oppositional
defiant disorder (ODD) are characterized by a pattern of
disobedient, hostile, and defiant behavior toward authority
figures [131]. As a group, rates of CD and ODD are reported
to be as high as 5.5 % in recent US studies, but the rate var-
ies greatly by country and subpopulation [125, 132].
Children with behavior disorders are often prescribed
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stimulant or other psychotropic medications; they may
have an altered reaction to premedication (such as decreased
response to benzodiazepines), increased risk of post-proce-
dure nausea and vomiting, and a decreased seizure thresh-
old [133]. Although the literature is inconclusive regarding
the need for a special approach to the sedation of these chil-
dren, the clinician may use this information especially
when considering pre-procedural fasting requirements.

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

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

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

Sickle Cell Disease

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

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

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

Ask about recent illness, including any fever or atypical
pain. If possible, ascertain what medications have helped to
relieve pain in the past. Children with SCD typically have
high opioid requirements, thought to be due to a variety of
reasons, including severe pain, tolerance, and altered plasma
clearance of opioids [144]. Certain medications should be
avoided in the sedation or analgesia of SCD children, such as
meperidine. Multiple doses of meperidine may cause an
accumulation of its metabolite, associated with central toxic-
ity such as myoclonus and seizures [145]. Expert opinion
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varies on the use of nitrous oxide in children with SCD, but
it is generally considered safe [146—148].

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

Syndromes

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

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

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

Predisposing factors for OSA in these children include
midfacial and mandibular hypoplasia, glossoptosis, adenoi-
dal encroachment, increased secretions, and an increased
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Fig.4.2 Mallampati
classification of pharyngeal
structures. Reprinted with
permission from Samsoon GL,
Young JRB. Difficult tracheal
intubation: a retrospective study.
Anaesthesia. 1987;42:487-90

Class I

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

Anatomic consideration
Alanto-occipital joint abnormalities * Short neck
¢ Limited mobility

* Instability

Abnormal airway anatomy * Mandibular hypoplasia
* High arched/narrow palate

¢ Macroglossia

Midface abnormalities * Maxillary hypoplasia

¢ Nasal or choanal stenosis

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

The most common sedation-anesthesia-related complication
in these patients is bradycardia, especially during induc-
tion. This may occur even in the absence of heart disease.
Borland et al. reported the incidence of severe bradycardia
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Class IL Class 1L Class I

Associated syndromes
Down syndrome (Trisomy 21)

Goldenhar syndrome (incomplete development of the ear, nose,
palate, and mandible)

Juvenile Rheumatoid Arthritis (JRA)

Klippel-Feil syndrome (short neck, restricted upper spine mobility)
Airway mass/tumor

Arteriovenous malformation (AVM)

Arthrogryposis (congenital multiple contractures)
Beckwith-Wiedemann syndrome (exomphalos, macroglossia,
gigantism)

Cornelia de Lange syndrome (microcephaly, dwarfism, cleft palate)
Cri du chat (microcephaly, clinodactyly)

Crouzon syndrome (cranial synostosis, hypotelorism, hypoplastic
maxilla)

DiGeorge syndrome (velo-pharyngeal insufficiency, hypothyroidism)
Dwarfism (various)

Goldenhar syndrome (incomplete development of the ear, nose,
palate, and mandible)

Mucopolysaccharidosis (various)

Pierre Robin sequence (micrognathia, upper airway obstruction)
Treacher Collins syndrome (micrognathia, hearing loss)
Trisomies (especially 18, 21, 22)

Apert syndrome (hypertelorism, craniosynostosis, hydrocephalus)
Down syndrome (Trisomy 21)

associated with inhaled anesthetic induction (halothane or
isoflurane) in children with Down syndrome to be 3.7 %
[154]. Recently Kraemer et al. examined the incidence of
bradycardia in 209 children with Down syndrome and 268
healthy control patients who had inhaled induction of anes-
thesia with sevoflurane over an 8-year period. On univariate
analysis Down syndrome, low ASA physical status, CHD,
and mean sevoflurane concentrations were factors associ-
ated with bradycardia. However, multivariate analysis
showed that only Down syndrome and low ASA physical
status remained as independent factors associated with
bradycardia [155].
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Table 4.11 ATLS hemorrhagic shock classification [156]

Class I Class II
Percent blood loss (%) Upto 15 % 15-30
Heart rate Normal Mild tachycardia
Blood pressure Normal Normal to decreased
Respiratory Rate Normal Mild tachypnea
Urine Output Normal 0.5-1 mL/kg/h

(minimum goal)
Mental status Slightly anxious

Crystalloid

Mildly anxious

Fluid replacement Crystalloid

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

Trauma

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

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

Keep in mind that a child with one injury is at risk for
other obvious or occult injuries, due to the pliable thorax and
underdeveloped musculature of the pediatric abdomen.
ATLS describes four classes of hemorrhagic shock, initially
developed for adults (Table 4.11) [156]. Children will com-
pensate well with tachycardia (compensated shock) until a
precipitous fall in blood pressure is noted (decompensated
shock), and ominous sign [157].
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Class I1I Class IV

3040 >40

Moderate tachycardia Severe tachycardia
Decreased Decreased

Moderate tachypnea Severe tachypnea
0.25-0.5 mL/kg/h (markedly decreased) Negligible
Anxious/confused Confused/lethargic
Crystalloid and blood Crystalloid and blood

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

Tuberous Sclerosis

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

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

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

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

Upper Respiratory Tract Infection

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

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

Sedation practitioners need to differentiate allergic rhini-
tis from URI and uncomplicated URIs from other illnesses.
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Typical symptoms of uncomplicated URI include low-grade
fever, rhinorrhea, congestion, sneezing, sore throat, and lar-
yngitis. If the child has a disproportionally high fever or
shows signs of lower respiratory tract symptoms such as
increased work of breathing, wheezing, or mucopurulent
secretions, the pathology may have extended beyond the
upper respiratory tract.

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

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

Conclusion

The prepared provider should be as informed about the
patient as he is about the procedure to be performed. Eliciting
red flags in history and physical examination is the basis for
safe sedation practice. When faced with a less-than-ideally
prepared patient or situation, the provider should work to
optimize the patient’s status and anticipate complications
before the procedure takes place.
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Fig.4.3 Suggested algorithm Child with Upper Respiratory Infection (URI)
and management of a child with

upper respiratory infection. Symptoms

Modified with permission from *
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and appetite have been unchanged since onset of
rhinorrhea.

The main considerations for this child will be the
pre-procedure URI and understanding the needs and
requirements for MEG scan. This child appears to

Case Studies in Pre-sedation
Assessment

Case 1:Just Another URI?

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

have an uncomplicated URI. Based on the information
provided in this clinical scenario, proceeding with the
scan is the most appropriate decision. Understanding
the nature and demands of MEG is important to decide
on the appropriate sedative agent. MEG scan records

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

Case 2: Snoring Away

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

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

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

an anesthesiologist who is trained in and prepared for

the difficult airway. The anesthetic management is

detailed below.

Before inducing this infant, the authors would man-
age this case as follows:

1. Discuss the benefits and risks of the study with the
family and ordering physician and make arrange-
ments for post-procedure admission if required.

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

3. Confirm that advanced airway management instru-
ments are available including different sizes of face
masks, endotracheal tubes, laryngoscope blades
and handles, appropriate size LMA fiberoptic
equipment, video laryngoscope, and the difficult
airway cart.

4. Proceed with an inhalational induction with sevo-
flurane with maintenance of spontaneous ventila-
tion followed by placement of LMA when it is
established that the patient can be ventilated.

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

Case 3:1It’s All in Your Head

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

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

This is an emergent study, but the provider has
time to review any medical comorbidities, as well as
any history of previous sedation and the outcome. In
the proper context, with a calm and reassuring care-
giver, a tablet computer or smart phone may be
employed to distract the child for the very brief study.
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This would avoid any complication of sedation, allow
the provider to watch his mental status more closely,
and potentially ensure a more expedient discharge if
the work-up is negative.

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

Case 4: Broken Heart, Broken Bone

A 7-year-old boy with hypoplastic left heart syndrome
who is doing well as an outpatient falls off a slide and
sustains a right femur fracture. His vital signs are his
normal baseline, and he has no other evidence of
trauma. On radiograph, his right femur shows a mid-
shaft fracture with shortening of the thigh; he is neuro-
vascularly intact distally. He requires emergent
placement of a Steinmann pin and traction in anticipa-
tion for the operating room when it becomes available.
The urgency of this boy’s condition requires action.
Take a brief, focused history of previous cardiac surger-
ies, complications, and other comorbidities. Obtain a
cardiology consultation with a pediatric cardiologist, if
available, to discuss the patient’s physiology and man-
agement option and concerns. Collaborate with or
transfer this patient’s care to an anesthesiologist, if pos-
sible. This child has had palliative surgery for his cya-
notic heart disease; he has undergone a Fontan
procedure, and therefore his cardiac output is pre-load
dependent. His volume status should be optimized prior
to the procedure. Small boluses of 10 mL/kg of normal
saline may be given carefully to ensure euvolemia (with
careful attention not to cause volume overload). Prior to
proceeding, emergency medications and vasopressors
should be immediately available for administration.
This child may be best served with a femoral nerve
or fascia iliaca block, to avoid the potential problems
with volume and oxygenation status. If this is not pos-
sible, a medication that preserves systemic vascular
resistance, such as ketamine, would be a good option.
Although short acting, a medication such as propofol
would not be ideal in this child; propofol is a myocar-
dial depressant and causes transient hypotension. In
the otherwise healthy child, this is not an issue. In this
child with CHD and low reserve, it is best avoided.
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Abstract

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

Introduction

Assessing the depth of sedation in children is critically
important to determine whether the goals of sedation are met
without exposing the patient to the risk of adverse outcomes.
In Cravero’s model of pediatric sedation [1], the patient’s
state ranges from fully awake undergoing a painful procedure
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from oversedation (Figure 5.1). Clearly, having the sedated
child’s state in the goal zone is important, and objective tools
to assess sedation depth are necessary to standardize depth of
sedation. Additionally, having objective assessment scales
available to rate a child’s readiness for discharge from a
sedation recovery area is also important, as premature dis-
charge may lead to adverse events and even death [2—4].
This chapter will review commonly used pediatric sedation
scales, focusing on procedural sedation. Then methods of
sedation assessment using processed electroencephalogra-
phy (EEG) will be reviewed and compared to pediatric seda-
tion scales. Finally, commonly used scales to assess recovery
from sedation and readiness for discharge from sedation will
be discussed.
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Pain, Anxiety, Dangerous Movement

Goal Zone

Induction Procedure Recovery

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

Sedation Scales

The Joint Commission, the American Academy of Pediatrics,
and the American Society of Anesthesiologists have recently
revised their definitions of the levels of pediatric sedation
[5, 6] (Table 5.1, Figure 5.2). The four levels of sedation
are now minimal, moderate, deep, and general anesthesia.
The previously used term “conscious sedation” has been
eliminated because it was misleading, and particularly in
pediatric patients, they can change rapidly from minimal to
deep levels of sedation. Any assessment of levels of sedation
needs to take these basic considerations into account.
Sedation scales are indeed necessary for pediatric proce-
dural sedation, particularly when practiced by nonanesthesi-
ologists. For example, Reeves et al. [7] studied 16 children
undergoing propofol sedation for bone marrow aspiration by
nonanesthesiologists, and found that for all children, their
level of consciousness, motor activity score, and bispectral
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Table5.1 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 coordination
may be impaired, ventilatory and cardiovascular
functions are unaffected

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

A drug-induced depression of consciousness
during which patients respond purposefully to
verbal commands either alone or accompanied
by light tactile stimulation

No interventions are required to maintain a patent
airway, and spontaneous ventilation is adequate
Cardiovascular function is usually maintained
Deep sedation A drug-induced depression of consciousness
during which patients cannot be easily aroused
but respond purposefully after repeated or
painful stimulation. (Note: 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 consciousness during
which patients are not arousable, even to
painful stimulation

The ability to independently maintain
ventilatory function is often impaired

Patients often require assistance in maintaining
a patent airway, and positive pressure
ventilation may be required because of
depressed spontaneous ventilation or drug-
induced depression of neuromuscular function

Cardiovascular function may be impaired

Source: Data from American Society of Anesthesiologists. ASA
Standards, Guidelines and Statements, October

index score was consistent with either deep sedation or
general anesthesia at some point during the procedure. In the
largest pediatric procedural cohort reported to date, Cravero
et al. assessed 49,836 propofol sedations. Complications
were noted in 5.92 % of patients, including an airway or pul-
monary complication in 1.17 %, yet there was no assessment
of depth of sedation reported [8]. Sedation scales are essen-
tial to minimize complications from sedation by providing
early warning of sedation that is deeper than intended, to
allow the practitioner to intervene proactively, instead of
having to rescue the patient from an episode of hypoxemia
from airway obstruction or apnea. The ideal sedation scale
would be applicable to children of all ages, easy and rapid
to administer to allow repeated objective assessment, and
correlate both with depth of sedation necessary for success-
ful completion of the procedure and with adverse effects of
sedation, i.e., airway obstruction, hypoxemia, hypotension,
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Fig. 5.2 The sedation contin-
uum. A patient may readily pass
from a light level of sedation to |

ASA and JCAHO Definition of Sedation

deep sedation or general anesthe- Minimal Moderate Deep
. . . 3 General
sia. Healthcare providers must be Sedation —— Sedation/Analgesia — > Sedation/ —— Anesthesi
prepared to increase vigilance and “Anxiolysis” Analgesia pESISS S
intensity of monitoring consistent I
with the depth of sedation. One “Responds ues :: years RaSYs I |“Responds “Unarousable
should — consider all - children normally Ik nereisno .1 |purposefully to painful stimuli”
younger than the age of 6 years as conscious sedation
“ to verbal I |torepeated or or
deeply sedated because “con- ” . . oy " . ”
: o commands I | painful stimuli reflex withdrawal
scious sedation” in this age group “Responds
for most children is an oxymoron I
X rposefull i
(ASA,  American  Society  of E):Vzrbal uy Po|? Alr\{vay‘
Anesthesiologists; JCAHO, Joint d | maintained
Commission on Accreditation of c.omman S,{ I
Healthcare Organizations) light touch
(Adapted from [6].) !
Airway maintained |
|
|
|
Table 5.2 Ramsay Scale Table 5.3 Modified Ramsay Sedation Scale with American Academy
— of Pediatrics/Joint Commission/American Society of Anesthesiologists
Level Characteristics designation
1 Patient awake, anxious, agitated, or restless —
. . . . Score Characteristics
2 Patient awake, cooperative, orientated, and tranquil — — -
. . 1 Awake and alert, minimal or no cognitive impairment
3 Patient drowsy, with response to commands 5 wake b . ful bal 3
4 Patient asleep, brisk response to glabellar tap or loud auditory wake but t.ranqul » purposeful responses to verbal commands
stimulus at conversation level
5 Patient asleep, sluggish response to stmulus 3 Appears e}slcep, purposeful responses to verbal commands at
5 Pafient b f Tbed b conversation level
atlgnt a3 1O response to firm natl-bed pressure or other 40 Appears asleep, purposeful responses to verbal commands but
noxious stimuli . s
at louder than usual conversation level or requiring light
Source: Data from Ramsay et al. [9] glabellar tap
5P Asleep, sluggish purposeful responses only to loud verbal
commands or strong glabellar tap
and bradycardia. It would be validated against other accepted 0°  Asleep, sluggish purposeful responses only to painful stimuli
scales, and also an objective method of assessment suchasa /*  Asleep, reflex withdrawal to painful stimuli only (no

processed EEG technique. And, it would be further validated
in very large numbers of patients to determine that the
scale did correlate with outcomes. Unfortunately, no such
ideal sedation scale exists. However, there are a number of
objective and semiobjective methods, some validated, to
assess depth of sedation.

The Ramsay Scale

The Ramsay Sedation Scale (RSS) was described by Ramsay
and colleagues in 1974 for the purpose of monitoring seda-
tion with alphaxalone/alphadolone [9] (Table 5.2). It has
been validated by several methods including a 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 children, it is one of

purposeful responses)
8¢ Unresponsive to external stimuli, including pain
Source: Data from Ramsay et al. [9]
GA general anesthesia
2Minimal
"Moderate
¢Deep
I1GA

the most widely used scales for assessing and monitoring
pediatric sedation in daily practice, as well as in clinical
research. It spans the continuum of sedation but does not
clearly separate purposeful from nonpurposeful responses.
A later modification of the Ramsey scale more clearly
coincides with the AAP and Joint Commission guidelines
(Table 5.3) [6]. A score of 2-3 is anxiolysis, 4-5 is moderate
sedation, 6 is deep sedation, and 7-8 is general anesthesia.
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Table 5.4 The Observer’s Assessment of Alertness/Sedation Scale

Assessment categories

Responsiveness Speech

Responds readily to name spoken in normal tone Normal

Lethargic response to name spoken in normal
tone

Mild slowing or
thickening

Responds only after name is called loudly Slurring or prominent

D.B. Andropoulos

Facial expression Eyes Composite score level
5 (alert)
Glazed or mild ptosis 4

(less than half the eye)
Marked relaxation Glazed and marked ptosis 3

Normal Clear, no ptosis

Mild relaxation

and/or repeatedly slowing (slack jaw) (half the eye or more)

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]

The Observer’s Assessment of Alertness/ The COMFORT Scale

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

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

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

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

The University of Michigan Sedation Scale

The University of Michigan Sedation Scale (UMSS) is an
assessment tool that has been shown to be valid when
compared to the OAA/S Scale and other scales of sedation
(Table 5.6) [14]. It is a level of consciousness tool that read-
ily separates patients into the sedation categories 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 undergo-
ing computed tomography (CT) scanning with oral chloral
hydrate, 50-75 mg/kg, Malviya et al. [14] validated the
UMSS by comparing the scores assessed every 10 min
before, during, and after the procedure by the clinical
sedation nurse, with assessments made by trained, blinded
observers of the videotaped assessments, which were edited and
viewed in random order. UMSS was compared to a 10-point
VAS and the OAA/S. One hundred sixty-four observations
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Table 5.5 The COMFORT Score

Domain Characteristics

Alertness Deeply asleep
Lightly asleep
Drowsy

Fully awake and alert
Hyperalert

Calmness/agitation Calm

Anxious
Very anxious
Panicky

Respiratory No coughing and no spontaneous respiration

1

2

3

4

5

1

Slightly anxious 2
3

4

5

1

response 2

Spontaneous respiration with little or no
response to ventilation

Occasional cough or resistance to ventilator

B W

Actively breathes against ventilator or

coughs regularly

Fights ventilator; coughing or choking
Physical No movement
movement Occasional slight movement
Frequent slight movement
Vigorous movement limited to extremities
Vigorous movement including torso and head
Blood pressure Blood pressure below baseline

Blood pressure consistently at baseline

W N = B W = W

Infrequent elevations of 15 % or more
(1-3 observations)

Frequent elevations of 15 % or more 4
(more than three episodes)
Sustained elevation of >15 % 5
Heart rate Heart rate below baseline 1
Heart rate consistently at baseline 2
Infrequent elevations of 15 % or more 3
(1-3 observations)
Frequent elevations of 15 % or more 4
(more than three episodes)
Sustained elevation of >15 % 5
Muscle tone Muscle totally relaxed 1
Reduced muscle tone 2
Normal muscle tone 3
Increased muscle tone and flexion of 4
fingers and toes
Extreme muscle rigidity and flexion of 5
fingers and toes
Facial tension Facial muscles totally relaxed
Facial muscle tone normal; no facial 2
muscle tension evident
Tension evident in some facial muscles 3
Tension evident throughout facial muscles 4
Facial muscles contorted and grimacing 5

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

Table 5.6 University of Michigan Sedation Scale (UMSS)

Score Characteristics
0 Awake and alert

1 Minimally sedated: tired/sleepy, appropriate response to verbal
conversation and/or sound

2 Moderately sedated: somnolent/sleeping, easily aroused with
light tactile stimulation or a simple verbal command

3 Deeply sedated: deep sleep, arousable only with significant
physical stimulation

4 Unarousable

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

Dartmouth Operative Conditions Scale

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

Patient state Observed behaviors/points

Pain/stress Eyes closed or Grimace or frown: 1

calm expression: 0
Movement Still: 0 Random little movement: 1
Consciousness Eyes open: 0 Ptosis, uncoordinated, or “drowsy”: —1

Sedation side effects SpO, <92 %: —1 Noise with respiration: —1

Source: Data from Cravero et al. [1]

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

Modified Aldrete Score as a Sedation Scale

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

Processed EEG Monitors: The Bispectral Index

Several investigators have studied whether the Bispectral
Index (BIS, Aspect Corporation, Newton, MA), a single-lead
processed EEG that uses a proprietary algorithm to assign a
number from 100 (completely awake) to O (isoelectric EEG),
is meant to objectively assess the depth of sedation or anes-
thesia (Figure 5.3). The appeal of processed EEG methods is
that they are continuous, objective, and do not require awak-
ening of the patient for assessment. Problems with BIS
include that the sensor, when applied to the forehead, must
be secured with firm pressure to yield a valid signal, and this
in itself may awaken the patient. And, its ferromagnetic elec-
trode array is not compatible with MRI magnetic 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, pen-
tobarbital, propofol, ketamine, and opioids. There was a
moderate inverse correlation between BIS and UMSS in all
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Crying, sobbing, or screaming: 2 —
Major purposeful movement: 2 Thrashing, kicking, or
biting: 3

Eyes closed: -2 -

BP decrease of >50 %
from baseline: —1

Respiratory pauses: >10 s: —1

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

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

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

These studies and other data suggest that BIS has lim-
ited utility in assessing sedation level in children [20].
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Fig. 5.3 (a) The bispectral
index® (BIS™) pediatric sensor.
A one-channel EEG monitor with
reference electrode applied to the
forehead. (b) The BIS™ monitor
displays a single processed EEG
number from 0 to 100, as well as
the raw EEG waveform, and sig-
nal strength indicator. (c) The
sedation continuum using the BIS
algorithm. See text for details
(Copyright ©2013 Covidien. All
rights reserved. Used with the
permission of Covidien)

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

Auditory Evoked Potentials

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

P

Moderate
Sedation

Deep
Anesthesia

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

Other Sedation Scales

There are a number of additional sedation scales, such as the
Harris, modified Glasgow Coma Scale, Cambridge,
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Bloomsbury, Neurobehavioral Assessment Scale, Richmond
Agitation-Sedation Scale, PRST (pressure, rate, sweat, tear-
ing), Vancouver Sedative Recovery Scale, Motor Activity
Assessment Scale, and many others [10]. These scales are
largely not applicable to pediatric procedural sedation because
they were designed either for adult or for pediatric ICU care,
and many have not been validated. None were designed pri-
marily for procedural sedation. Most also measure physio-
logic variables as part of the assessment, and thus are long
and cumbersome to apply for procedural sedation. To under-
score the difficulty in selecting and employing valid subjec-
tive sedation scales, Robinson et al. performed a formal
psychometric analysis of 11 sedation scales for critically ill
adults. [23] A 0-20 scoring system was applied using pub-
lished data from each scale to assess quality of development
of each scale, including item selection and content validation,
reliability, construct validity, feasibility of use, and scale rel-
evance/impact. The Richmond Sedation—Agitation Scale had
“very good” psychometric properties, with a score of 19.5.
The Vancouver Scale (14.3) and Ramsay Scale (13.2) had
“moderate” psychometric properties, and the OAA/S Scale
(3.7) had a “very low” score. Similar assessment has not been
performed for pediatric procedural sedation scales.

Objective, Physiologically Based
Sedation Scales

As is evident from the prior discussion, the ideal sedation
scale for pediatric patients undergoing procedural sedation
does not exist at this time. Limitations of all scales include
the inherent subjectivity in assessing the patient’s response
to verbal or tactile stimulation, which is included in most of
the scales. In addition, the arousal of the patient necessary
for assessment can interfere with both the sedation level
itself, and interrupt the procedure. Also, many scales have
not been validated, and interobserver reliability is thus in
question. Finally, the ability to discriminate safe from dan-
gerous levels of sedation (i.e., deep sedation from general
anesthesia) is limited and has not been demonstrated for
most of the scales, or for processed EEG monitoring, and
thus the goal of preventing airway and cardiovascular com-
plications is also problematic using current schema.
Recently, Green and Mason [24] have advocated a reformu-
lation of the sedation continuum. Instead of basing the scale
on subjective or semiobjective criteria, scales based on
objective physiologic monitoring would be devised
(Table 5.8). Because most sedation-related adverse events
begin with airway and ventilatory problems, capnography
would be able to detect abnormalities (i.e., upper airway
obstruction from lax pharyngeal muscle tone and tongue
resulting in cessation of airflow) at its earliest occurrence
(Figure 5.4). This is substantially before arterial desaturation
is detected by pulse oximetry, or bradycardia or hypotension
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from prolonged hypoxia. Portable capnographic monitoring
is easily performed via widely available divided nasal can-
nulae made in infant, pediatric, and adult sizes, and can be
used in all situations, including the MRI suite [25]. Indeed,
capnography monitoring for procedural sedation has been
demonstrated to improve safety in children. Lightdale et al.
[26] reported 174 moderate sedations in children for gastro-
intestinal endoscopy procedures, with half receiving capno-
graphic monitoring and an intervention protocol and the
other half blinded capnography with only rescue interven-
tion, in a prospective randomized study design. Eleven per-
cent of patients in the intervention arm had SpO,<95 % for
greater than 5 s, versus 24 % in the control arm (p <0.03).

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

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

Recovery and Discharge Scales

The concept of postanesthesia recovery after a surgical
procedure has been expanded to procedural sedation, and
scales originally designed to assess anesthesia recovery read-
iness for discharge to a hospital ward (Aldrete, Steward—see
later) have also been expanded to include recovery from
sedation, and readiness for discharge to home after proce-
dural sedation without a painful operative procedure, e.g., an
outpatient brain MRI for assessment of seizure disorder or
developmental delay. Obviously the requirements for
discharge can be very different in these two circumstances.
The outpatient should be able to resume quiet ‘“normal”
activities before discharge from sedation, i.e., spontaneous
wakefulness, eating, voiding, drinking, and ambulating with
assistance. The inpatient may not need to meet all these
requirements. This raises the question of whether these types
of recovery scales have ever been validated for the purpose
of discharge readiness, and in the case of the postanesthesia
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Table 5.8 Preliminary sample
schematic for an Objective Risk
Assessment Tool for Sedation
(ORATS). The choice of four
levels here is arbitrary and for
illustration purposes only; the
final tool would contain the
minimum number of discrete
levels with independent

New levels (as
yet unnamed)

Escalating

of serious
adverse event

<1:10,000
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Recommended
b
resources

Recommended
sedationist skill
set

risk Physiological
monitoring
parameters
(singular or
combination) "
Consistent with
normal awake

pattern and

Appropriate for
risk level

Ability to
observe and
interpret the

predictive value frequency agreed-upon
physiological
monitoring
parameters
2 1:1,000 <« Objective Skills Appropriate for
monitoring appropriate for risk level
predicts this level — maintaining
of risk sedation at this
risk level and for
rescuing from the
subsequent level
3 1:100 < Objective Skills Appropriate for
monitoring appropriate for risk level
predicts this level — maintaining
of risk sedation at this
risk level and for
rescuing from the
subsequent level
4 >1:10 <« Objective Skills Appropriate for

monitoring appropriate for risk level
predicts this level maintaining a
of risk patient at this

risk level

aFocused 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 limited to evaluation of waveform, frequency, pattern, and/or numerical value on inspira-
tion or expiration

*To be determined at each level by consensus panel and would include but not be limited to recommenda-
tions on adjuvant personnel, intravenous access, availability of rescue medications, and airway equipment
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Fig. 5.4 (a) Normal capnograph in a sedated patient, obtained with
divided nasal cannula. Respiratory rate of 16, and end-tidal CO, 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, is only
10 mmHg, likely signifying small tidal volumes

recovery scales, they have not. Besides assessing readiness
to resume “normal” activities, the purpose of discharge and
recovery scales is to prevent adverse events. Respiratory and
cardiac events, including death, have occurred after premature
discharge following procedural sedation [2]. These events

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

The Aldrete score was introduced in 1970 [28], validated
in adults, and quickly became the standard for PACU dis-
charge from surgery for both adults and children. It rates 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 5.9). With the introduction
of pulse oximetry, the score was modified to include SpO,
instead of color [29]. Because of its familiarity, it has been
used as a score for discharge from sedation as well. A score
of 9 or 10 is standard to determine readiness for discharge.

The Maintenance of Wakefulness Test was devised to
assess daytime somnolence in patients with sleep disorders.
Polysomnography is used to measure the time taken for an
adult patient to fall asleep in a dark, quiet room, after they
have been instructed to stay awake [30]. The Modified
Maintenance of Wakefulness Test (MMWT) is a new modi-
fication of the original test, which was devised to help
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Table 5.9 The modified Aldrete Scale

Domain Response Points

Activity Able to move four extremities voluntarily or 2
on command

Able to move two extremities voluntarily or 1
on command

Unable to move extremities voluntarily or on 0
command
Respiration Able to breathe deeply and cough freely
Dyspnea or limited breathing
Apneic
BP+20 % of preanesthetic level
BP+20-49 % of preanesthetic level
BP+50 % of preanesthetic level
Fully awake
Arousable on calling
Not responding

Circulation

Consciousness

O, saturation Able to maintain SpO,>92 % on room air
Needs O, inhalation to maintain SpO,>90 %

Sp0,<90 % even with O, supplement

O = NRIO = DO =D O =N

Total

determine discharge readiness in children. In this score, the
patient has to maintain a state of wakefulness or alertness in
a quiet room for a minimum of 20 min after last being awak-
ened. Malviya et al. studied 29 infants receiving either chlo-
ral hydrate or midazolam/diphenhydramine oral sedation for
echocardiogram. The modified wakefulness test was com-
bined 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 modi-
fied wakefulness test of 20 min, was required to meet these
criteria. These data were compared with the bispectral index,
with a value of 90 or higher signifying adequate wakefulness
for discharge. Standard discharge criteria were stable vital
signs, oxygen saturation, and level of consciousness com-
pared to presedation baseline. Also, the patient must main-
tain a patent air way, manage oral secretions independently,
or demonstrate the ability to swallow or demonstrate a gag
reflex. In addition, the patient should be able to move or
ambulate safely consistent with their presedation baseline.
Combining the MMWT and UMSS criteria correctly identi-
fied infants with BIS values >90.88 % of the time, compared
with only 55 % of children assessed as “street ready” accord-
ing to usual hospital discharge criteria [30]. In addition, time
in recovery to discharge was only 16+ 13 min using the stan-
dard discharge criteria versus 75+76 min (p <0.007) using
the revised criteria. This very interesting study reveals that
many children discharged using standard criteria may indeed
not truly be back to their baseline status, and thus be poten-
tially at risk for delayed complications. These more objective
discharge criteria would need to be studied in a much larger
group of patients to determine whether late complications
were truly reduced.
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Table 5.10 The Steward simplified postanesthetic recovery score

Domain Level Points
Consciousness Awake 2
Responding to stimuli 1
Not responding 0
Airway Coughing on command or crying 2
Maintaining good airway 1
Airway requires maintenance 0
Movement Moving limbs purposefully 2
Nonpurposeful movements 1
Not moving 0
Total

Source: Reprinted from Steward DJ. A simplified scoring system for the
postoperative recovery room. Can Anaesth Soc J. 1975;22:111-3, with
kind permission of Springer Science + Business Media

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

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

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

A Practical Approach to Sedation Scales
and Discharge Scores

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



5 Sedation Scales and Discharge Criteria: How Do They Differ? Which One to Choose? Do They Really Apply to Sedation? 81
Table 5.11 Characteristics of sedation and recovery/discharge scales
Sedation,
recovery, or
Scale Parameters measured discharge scale Strengths Limitations Validated? References
Ramsay Level of consciousness S,R,D Simple No physiologic Adults [6,9, 10]
Sedation Scale parameters, must
awaken patient
OAA/S Responsiveness, speech, S, R, D Well validated, No physiologic Adults [11-13]
facial expression, eyes relatively simple parameters, must
awaken patient
Modified Responsiveness only S,R,D Simple No physiologic Adults [11]
OAA/S parameters, must
awaken patient
COMFORT Alertness, agitation, and S Comprehensive, well ~ Very complex, time Children [16]
multiple physiologic validated consuming, not
parameters appropriate for routine
procedural sedation
UMSS Level of consciousness S,R,D Relatively simple Does not rate pain or ~ Children [14]
physiologic
parameters, must
arouse patient
Dartmouth Pain, movement, S Comprehensive, rates  Relatively complex Children [1]
consciousness, pain and movement
physiologic parameters
Modified Activity, respiration, S,R,D Widespread use and Not designed as a Adults [26, 27]
Aldrete circulation, consciousness, familiarity sedation scale
oxygen saturation
Modified Maintenance of alertness R, D Simple Requires at least Children [28]
Maintenance 20 min to administer
of Wakefulness
Steward Consciousness, airway, S,R,D Simple No assessment of No [29]
movement oxygen saturation
Bispectral Processed S,R,D Semiobjective; one Continuous, no need  Adults, incomplete [17-20]
Index® electroencephalogram simple number to awaken patient validation in young
reported children; not
compatible with MRI
Capnography  End-tidal CO, S,R Objective; sensitive Many artifacts; Adults and children, [22-24]
based indicator of respiratory equipment not always as monitor

depression/obstruction

available

S sedation phase, R recovery phase, D discharge phase, OAA/S Observer’s Assessment of Alertness/Sedation Scale, UMSS University of Michigan

Sedation Scale

to standard monitoring with continuous ECG and SpO,,
automated oscillometric blood pressure measurement at least
every 5 min, the use of end-tidal CO, monitoring via a
divided nasal cannula is encouraged. The sedation scale is
not assessed if it would arouse the patient such that it would
interrupt the procedure (i.e., MRI sequence) and the patient
has not exhibited any signs of oversedation (i.e., hypotension
or respiratory depression). In this way, the frequent physio-
logic monitoring is used instead of a more extensive and dif-
ficult to administer scale that scores the vital signs, i.e.,
COMFORT scale. A recovery and discharge score is also
used—a modified Aldrete score of 9 or 10, a UMSS of 0 or
1, or a modified wakefulness test of 20 min. It may be sim-
plest to use the same scale for both the sedation and the
recovery phases, i.e., the Ramsey, UMSS, or modified
Aldrete could be used throughout. The exact tests and scales

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

Conclusion

Regular use of a sedation, recovery, and discharge scales for
pediatric procedural sedation is essential, given the wide vari-
ety of practitioners involved, as well as the variety of proce-
dures and agents used. Uniform assessment will minimize
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oversedation and complications, but also ensure that adequate
levels of sedation and analgesia are achieved. In addition, only
by more objective measurement of sedation will hospitals and
departments have accurate data to improve the quality and
outcomes of their programs. In the future, more objective
physiologically based scales, utilizing capnography, should
be devised. Any research on new agents or approaches must be
validated using sedation scores that are objective and allow
scientific comparison of different methods.
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Introduction
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Abstract

Physiological monitoring of vital signs is essential 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, the essential monitoring modal-
ities for procedural sedation and analgesia in children, and future directions in the field of
monitoring.
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Current Guidelines and Standards

Physiological monitoring of vital signs is essential for the
safe practice of procedural sedation and analgesia.
Oxygenation, ventilation, cortical activity, and hemodynam-
ics can all be monitored noninvasively in spontaneously
breathing patients. This chapter discusses the current guide-
lines and standards for patient monitoring, the essential mon-
itoring modalities for procedural sedation and analgesia in
children, and future directions in the field of monitoring.
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In the United States, there are numerous procedural sedation
and analgesia guidelines that have been created by specialty
societies to standardize procedural sedation and analgesia
practice in order to optimize patient safety (Table 6.1) [1].
Worldwide, specialty societies have also contributed and
championed sedation guidelines and recommendations.
(Refer to Chap. 2.) The most widely disseminated guidelines
in the United States are from the American Academy of
Pediatrics [2], the American Society of Anesthesiologists
[3], and the American College of Emergency Physicians [4].
In the early 1990s, the Joint Commission took a special inter-
est in procedural sedation and analgesia, and in 2001 released
standards for pain management, sedation, and anesthesia
care, with the central theme that sedation care should be
comparable throughout a given hospital [5]. Patients sedated
in settings outside the operating room should not receive a
significantly different level of attention or monitoring than
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those sedated for a similar procedure in the operating room.
To ensure this, the Joint Commission requires specific proce-
dural sedation and analgesia protocols that apply consis-
tently throughout each institution. These hospital-wide
sedation policies vary from site to site based upon the spe-
cific needs and resources available within each institution.
At each hospital accreditation survey, the Joint
Commission will evaluate whether clinicians practice pro-
cedural sedation and analgesia consistent with their
hospital-wide sedation policy, and whether they provide
sufficient documentation for such compliance. Physicians
must be familiar with their hospital’s sedation policies, and

Table 6.1 Specialty societies with published sedation guidelines [1]

American Academy of Pediatrics

American Academy of Pediatric Dentistry

American Academy of Periodontology

American Association of Critical-Care Nurses

American College of Critical Care Medicine

American College of Emergency Physicians

American Nurses Association

American Society for Gastrointestinal Endoscopy
American Society of Anesthesiologists

American Society of Plastic and Reconstructive Surgeons
Association of Operating Room Nurses

Emergency Nurses Association

Joint Commission on Accreditation of Healthcare Organizations
National Institutes of Health

Society of Gastroenterology Nurses and Associates
Society of Nuclear Medicine

Table 6.2 Levels of sedation (modified from [1])

Minimal sedation (anxiolysis) [7]
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should work with their medical staff to ensure that such
policies are suitably detailed. Most hospitals pattern their
sedation policies after the Joint Commission standards and
definitions.

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

Observational Monitoring

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

A drug-induced state during which patients respond normally to verbal commands

Although cognitive function and coordination may be impaired, ventilatory and cardiovascular functions

are unaffected

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

A drug-induced depression of consciousness during which patients respond purposefully to verbal
commands, either alone or accompanied by light tactile stimulation

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 [57, 58]

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 maintaining a patent airway and spontaneous ventilation may be inadequate

Cardiovascular function is usually maintained

General anesthesia [7]

A drug-induced loss of consciousness during which patients are not arousable, even by painful stimulation

The ability to independently maintain ventilatory function is often impaired

Patients often require assistance in maintaining a patent airway. Positive pressure ventilation may be
required because of depressed spontaneous ventilation or drug-induced depression of neuromuscular

function

Cardiovascular function may be impaired
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During deep sedation, the individual dedicated to patient
monitoring should be experienced with this depth of sedation
and have no other responsibilities that would interfere with
the required advanced level of monitoring and documenta-
tion. Individual hospital-wide sedation policies may have
additional requirements for how and when deep sedation is
administered based on their specific needs and available
resources.

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

Electronic Monitoring

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

Oxygenation Monitoring

Pulse oximetry is the noninvasive measurement of the per-
cent of hemoglobin bound to oxygen providing a continuous
means of estimating in real time the arterial oxygen satura-
tion. The underlying principles of oximetry were developed
in 1932 based on the Beer-Lambert law (the concentration of
an unknown solute dissolved in a solvent can be determined
by light absorption). Modern pulse oximetry technology,
using optical plethysmography and spectrophotometry, was
invented in 1974 and completed in 1980 with the addition of
a probe and a miniaturized computer in the monitor [7]. The
probe, consisting of red and infrared (IR) light sources and a
photoelectric detector, is positioned across a pulsatile vascu-
lar bed such as the finger, the foot, or the ear lobe [7, 8].
The most common type of oximetry (i.e., transmission
oximetry) places the light sources on one side of the tissue
bed and the photodetector on the opposite side. The pulsatile
variation of the emitted red and IR light transmitted through
the tissue bed is accessed by the oximeter, which divides the
signal into an arterial blood pulsatile component and a non-
pulsatile component (venous and capillary blood). Data
averaged over several arterial pulse cycles are represented as
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Fig.6.1 Oxyhemoglobin dissociation curve

the oxygen saturation (SpO,) [7-9]. There is a tight correla-
tion between the arterial hemoglobin oxygen saturation
(Pa0,) and the SpO, in a nonlinear fashion as described by
the oxyhemoglobin dissociation curve (Fig. 6.1) [8—10]. The
shape of the curve has important clinical implications. In the
hypoxic patient, small changes in SpO, on the steep part of
the curve result in large changes in the PaO,, while SpO,
values at high levels of oxygenation (on the plateau of the
curve) are relatively insensitive at detecting significant
changes in PaO,.

Patients with normal lung function and adequate gas
exchange have an SpO, between 97 and 100 %. Pulse oxim-
eters are accurate for saturations >70 % [10]. When SaO,
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 scat-
tered (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, probe sites include the
great toe, the heel, the sole, and the lateral aspect of the foot.

There are a number of important limitations to the accu-
racy of pulse oximetry: poor perfusion secondary to severe
vasoconstriction (e.g., low perfusion states, shock, hypother-
mia), artifact from excessive patient motion, severe anemia,
high-intensity ambient light, abnormal hemoglobins, venous
pulsations, synthetic fingernails and nail polish, or intrave-
nous dyes [8, 10]. Recent advances in motion control technol-
ogy have made pulse oximetry more reliable during patient
motion. Carboxyhemoglobin (COHb) and methemoglobin
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(MetHb) contribute to light absorption and cause errors in
saturation readings. The oximeter sees COHb as though it
were mostly OxyHb and gives a false high reading. In the
presence of high levels of MetHb, the SpO, is erroneously low
when the arterial saturation is above 85 % and erroneously
high when the arterial saturation is below 85 %. MetHb pro-
duces a large pulsatile absorbance signal at both the red and
IR wavelengths. This forces the absorbance ratio toward unity,
which corresponds to an SpO, of 85 %. Further, in dark-
skinned patients, false high readings and a higher incidence of
failure of signal detection have been reported [8—10].

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

Ventilation Monitoring

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

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

Carbon dioxide monitors measure gas concentration or
partial pressure using one of two configurations: mainstream
or sidestream. Mainstream devices measure CO, directly
from the airway, with the sensor located on the endotracheal
tube. Sidestream devices measure CO, by aspirating a small
sample from the exhaled breath through tubing to a sensor
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located inside the monitor. Mainstream systems, as the sen-
sor 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 intu-
bated patients is an airway adapter placed on the hub of the
endotracheal tube; and, for spontaneously breathing patients,
a nasal—oral cannula that allows concomitant CO, sampling
and low-flow oxygen delivery.

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

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

Patients with normal lung function have a characteristic
rectangular-shaped waveform and a narrow EtCO,—pCO,
gradient (0-5 mmHg), with the EtCO, accurately reflecting
the PaCO, [14, 19]. Patients with obstructive lung disease
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. o
breathing L RR ¥
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Fig.6.3 (a, b) Capnographic airway assessment for procedural sedation and analgesia. Source: Krauss and Hess [24]. *Varying waveform ampli-
tude and width. "Depending on duration and severity of bronchospasm. ‘Depending on duration of episode

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

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

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

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

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

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

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

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

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

Hemodynamic Monitoring

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

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

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

Depth of Sedation Monitoring

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

Bispectral Index

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

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

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

Dexmedetomidine, a selective alpha-2 adrenergic agonist
that provides sedation without respiratory depression, has
shown to correlate well with standard observational sedation
scores. In a study of 11 mechanically ventilated children in
an intensive care unit setting sedated with dexmedetomidine,
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significant correlations between Richmond agitation seda-
tion scale and BIS values were found [38].

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

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

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

Cerebral Oximetry

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

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

Although rSO, appears to be a more sensitive measure of
cerebral oxygenation than pulse oximetry, isolated decreases
in r1SO, do not appear to correlate well with short- or long-
term neurological outcome, as illustrated in a small study of
adult patients undergoing carotid endarterectomy. Importantly,
there is no clear rSO, threshold under which clinically signifi-
cant brain hypoxia occurs [44].

Noninvasive Cardiovascular Monitoring

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

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

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

Conclusion

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

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

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

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

Keywords

Sleep-disordered breathing (SDB) * Obstructive sleep apnea (OSA) ¢ Airway obstruction ®
Upper respiratory infection (URI)  Pharyngeal anatomy ¢ Laryngomalacia ¢ Anterior medi-
astinal mass * Obstructive sleep apnea syndrome (OSAS) ¢ Laryngeal mask airway (LMA)
* Pediatric advanced life support (PALS) * American Heart Association (AHA)

One of the most important aspects of planning sedation is
consideration of the airway of each individual patient.
Sedation may alter laryngeal anatomy, function, and respira-
tory mechanics; therefore, it is essential that the practitioner
has a thorough understanding of the pediatric airway.
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Department of Anesthesiology, Perioperative and Pain Medicine,
Boston Children’s Hospital, 300 Longwood Avenue,

Boston, MA 02115, USA

e-mail: lynne.ferrari @childrens.harvard.edu

Anatomy of the Pediatric Airway

Airway compromise in the infant or child may result from
abnormalities in the nasal cavities, nasopharynx, oral cavity,
pharynx, and neck. The airway is comprised of the larynx,
trachea, bronchi, and alveoli. The trachea in the infant is
smaller than that of the adult and since the function of the
trachea is passive during respiration, anatomic differences in
the infant and adult trachea are not as apparent as they are in
the larynx [1]. The infant larynx is not a miniature version of
the adult larynx and there are essential differences between
these two organs. The differences are related to size, location,
and configuration, and must be considered since the primary
function of the larynx is to protect the lower airway and regu-
late airflow during respiration by controlling the resistance
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DOI 10.1007/978-1-4939-1390-9_7, © Springer Science+Business Media New York 2015
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Fig. 7.1 Configuration of (a) the adult larynx and (b) infant larynx
(Reprinted with permission from Wheeler M, Coté CJ, Todres D. The
Pediatric Airway. Chapter 5. In: Coté CJ, Todres ID, Goudsouzian NG,
Ryan JF (editors). A Practice of Anesthesia for Infants and Children,
3rd edition. Philadelphia, PA: W. B. Saunders Company. 2001)
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Fig. 7.2 Relative effect of circumferential edema on the infant and
adult airway (Reprinted with permission from Wheeler M, Coté CJ,
Todres D. The Pediatric Airway. Chapter 5. In: Coté CJ, Todres ID,
Goudsouzian NG, Ryan JF (editors). A Practice of Anesthesia for
Infants and Children, 3rd edition. Philadelphia, PA: W. B. Saunders
Company. 2001)

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 cartilage is open at the posterior aspect in the
adult patients [3, 4] (Fig. 7.1). In the adult patient the vocal
cords are the narrowest part of the airway, providing the cylin-
drical shape of the adult larynx in contrast to the cone shape
of the pediatric larynx. This is an important distinction to
make since the resistance to airflow is inversely proportional
to the fourth power of the radius (R = 1/radius* [5]). One cen-

Fig.7.3 Child with post-intubation subglottic stenosis (Photo courtesy
of Reza Rahbar, DMD, MD, Children’s Hospital Boston)

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

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

The tongue of the infant is larger in relation to the oral
cavity than that of the older child and adult. In neonates, the
tongue is more anterior than the larynx so that the epiglottis
can contact the soft palate and allow respirations and sucking
simultaneously. This does, however, predispose the infant to
airway obstruction more readily than the older child. At
birth, the base of the tongue resides in the oral cavity and
gradually descends with the larynx to a more caudad position
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Fig.7.4 Plain X-ray of the
airway of a child with (a) severe
croup and (b) mild croup. Note
the subglottic narrowing and
appearance of the characteristic
“Chrysler Building” sign (Photo
courtesy of Reza Rahbar, DMD,
MD, Children’s Hospital Boston)

Fig.7.5 Normal infant larynx. Note the omega-shaped epiglottis (Photo
courtesy of Reza Rahbar, DMD, MD, Children’s Hospital Boston)

by the fourth year of life. The ratio of soft tissue to bony
structures is higher in the infant and thus predisposes this
group of patients to a greater risk of mechanical oropharyn-
geal obstruction. The combination of small nares, large
tongue, small mandible, excess soft tissue, and short neck
also increases the infant’s susceptibility to airway obstruc-
tion [7]. The ribs of the infant and small child are more hori-

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

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

Assessment of the Pediatric
Airway for Sedation

Physical examination reveals the general condition of a
patient and the degree of the airway compromise. Laboratory
examination may include assessment of hemoglobin, a chest
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Fig.7.6 Mallampati
classification of pharyngeal
structures (Reprinted with
permission from Samsoon GL,
Young JR. Difficult tracheal
intubation: A retrospective study.
Anaesthesia. 1987
May;42(5):487-490)

radiograph, and barium swallow, which can aid in identifying
lesions that may be compressing the trachea. Other radio-
logic examinations such as magnetic resonance imaging
(MRI) and computed tomography (CT) scan may be indi-
cated in isolated instances but are not routinely ordered.

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

The degree of mouth opening should be noted and full
examination of the oropharyngeal area should be com-
pleted. The distance from the temporomandibular joint to
the angle of the ramus is helpful in the assessment of the
adequacy of the mouth opening. The distance between the
angle of the ramus and the mentum is a good predictor of
the ability of the mandibular bony structure to accommo-
date the oropharyngeal soft tissue. The presence of loose
teeth should be documented. Special attention should be
paid to the condition of the soft and hard palates, the denti-
tion, and the size of the tongue. The relation of the tongue
to the other oropharyngeal structures should be noted. For
instance, a large thick tongue may pose minimal increased
risk for airway obstruction in a child with an otherwise nor-
mal oropharynx but may cause severe risk in the child with
a narrow oropharynx or a high arched palate (as may be
present in children with craniofacial abnormalities and syn-
dromes) where the tongue occupies a greater proportion of
the bony structure volume. The amount of the posterior
pharynx that can be visualized is important and correlates
with the 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. 7.6) [9, 10].
The soft palate, fauces, uvula, and pillars are visualized in
patients with a Class I airway. The soft palate, fauces, and
portion of the uvula but no pillars are visualized in Class
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Class IL Class 1L Class W

@

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

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

The rate, depth, and quality of respirations should be eval-
uated. The pattern of breathing should be noted as well as the
rate and depth of respiration. Use of accessory muscles may
indicate an increased work of breathing due to an effort to
overcome upper or lower airway obstruction. Nasal or upper
respiratory obstruction is indicated by noisy or labored
breathing. The color, viscosity, and quantity of nasal
discharge should be documented. If the child is coughing,
the origin of the cough (upper versus lower airway) and the
quality (dry or wet) can be evaluated even before ausculta-
tion of the lungs. The presence of wheezing, audible stridor,
or retractions should be noted. The airway should be evalu-
ated for ease of intubation in the case of urgent intervention.
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Fig.7.7 Classification

of tonsillar hypertrophy
(Reprinted with permission from
Brodsky L. Modern assessment
of tonsils and adenoids. Pediatr
Clin North Am. 1989;36:
1551-1569. WB Saunders)
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+1 (<25%) +2 (< 50% > 25%)

+3 (> 50% < 75%)

If the child will not open his or her mouth, a manual estimation
of the thyrohyoid distance should be made. Children with
micrognathia, as in Pierre Robin syndrome or Goldenhar
syndrome, may be especially difficult to intubate, especially
in an unanticipated situation.

Risk Factors for Airway Compromise
or Depression

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

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

+4 (>75%)

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 normal respiratory rate in infants under 1 year
of age is up to 30 breaths per minute. The respiratory rate
declines to 20 breaths per minute by age 8 years and equals
the adult rate of 1617 breaths per minute by age 18.
Alterations in the respiratory rate can indicate underlying
comorbidity such as fever, pain, acidosis, and sepsis in tachy-
pneic patients and impending cardiovascular collapse in the
bradypneic patient. Increased respiratory effort as recog-
nized by nasal flaring, chest retractions, and uncoordinated
chest excursions should alert the clinician that an increased
work of breathing may increase if excessive sedation is
administered.

Noisy breathing due to obstructed airflow is known as
stridor. Inspiratory stridor results from upper airway obstruc-
tion; expiratory stridor results from lower airway obstruction;
and biphasic stridor is present with midtracheal lesions. The
evaluation of a patient with stridor begins with a thorough
history. The age of onset suggests a cause since laryngotra-
cheomalacia and vocal cord paralysis are usually present at or
shortly after birth, whereas cysts or mass lesions develop
later in life. Information indicating positions that make the
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stridor better or worse should be obtained, and placing a
patient in a position that allows gravity to aid in reducing
obstruction can be of benefit during anesthetic induction.

Patients at risk for airway compromise may have either
anatomic or physiologic abnormalities that may predispose
them. Anatomic abnormalities may cause the oropharyngeal
or tracheobronchial airway to be compromised and ventilation
to be impaired by small changes in position. The anatomic
imbalance between the upper airway soft tissue volume and
the craniofacial size contributes to pharyngeal airway obstruc-
tion. Pharyngeal size is determined by the soft tissue volume
inside the bony enclosure of the mandible. The magnitude of
pharyngeal muscle contraction is controlled by neural mecha-
nisms and the interaction between the anatomical balance and
neural mechanisms, which are suppressed in sedated patients,
determines pharyngeal airway size and patient ability to main-
tain a patent airway. An anatomic imbalance between the
upper airway soft tissue volume and craniofacial size will
result in obstruction. Anatomic imbalance may be compen-
sated for by enhanced neural mechanisms that regulate pha-
ryngeal dilator muscles in patients during wakefulness. When
neural mechanisms are suppressed during sleep or sedation,
relaxation of pharyngeal dilator muscles occurs and the pha-
ryngeal airway severely narrows [12]. Small changes in func-
tion in the setting of normal anatomy may similarly cause
inadequate oxygenation. Increasing the distance between the
mentum and cervical column will transiently relieve
the obstruction. This is achieved by positioning the patient in
the 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-limited. It occurs during
inspiration and is most often due to a long epiglottis that pro-
lapses posteriorly and prominent arytenoid cartilages with
redundant aryepiglottic folds that fall into the glottis and
obstruct the glottic opening during inspiration (Fig. 7.8). There
is little obstruction during exhalation since the supraglottic
structures are pushed out of the way during expiration.
Intermittent low-pitched inspiratory stridor is the hallmark
symptom, which appears during the 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 laryngos-
copy and rigid or flexible bronchoscopy. Preliminary exami-
nation is usually carried out in the surgeon’s office. A small,
flexible fiberoptic bronchoscope is inserted through the nares
into the oropharynx, and the movement of the vocal cords is
observed [13]. Other etiologies include foreign body aspira-
tion, infection such as croup or laryngotracheobronchitis,
edema, or mass lesions such as cyst or tumor.
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Fig. 7.8 Larynx of an infant with laryngomalacia (Photo courtesy
of Reza Rahbar, DMD, MD, Children’s Hospital Boston)

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

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

One of the most challenging decisions in caring for chil-
dren is establishing criteria for cancelation of a procedure in
the presence of an upper or lower respiratory infection.
Children presenting with symptoms of uncomplicated upper
respiratory infection who are afebrile, with clear secretions,
and appear otherwise healthy should be able to safely
undergo sedation. A history of nocturnal dry cough, wheez-
ing during exercise, and wheezing more than three times in
the recent 12 months, or a history of present or past eczema
may be associated with an increased risk for bronchospasm,
desaturation, or airway obstruction [14]. Nasal congestion,
purulent sputum production, and a history of reactive airway
disease are predictors of adverse respiratory events, and chil-
dren with these advanced symptoms of upper and potential
lower respiratory disease should not undergo sedation [15].
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There are many syndromes that have anatomic components
related to the airway. A large tongue is associated with Down,
Hunter, Hurler, and Beckwith-Wiedemann syndromes.
Congenital hypothyroidism and Pompe disease are also
associated with a large tongue. Patients with Pierre Robin,
Treacher Collins, and Goldenhar syndromes, as well as chil-
dren with congenital hemifacial microsomia, have microgna-
thia, high arched palate, and a potential to have early airway
obstruction when sedated. Children with tonsillar hypertro-
phy are at risk for mechanical airway obstruction due to large
tonsils occupying a greater portion of the oropharyngeal air-
way than normal-sized tonsils.

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

Conditions that interfere with the integrity of the laryn-
geal inlet or upper larynx may impair effective ventilation as
a result of partial or complete airway obstruction. Upper
respiratory infections cause increased secretions, which may
occlude the larynx in addition to the 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 dramat-
ically in the past decade but may still be encountered. These
patients have not only inflammation of the epiglottis but
edema of the surrounding structures, which severely restricts
the size of the larynx and encroaches on the area for ventila-
tion to occur.

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

Fig.7.9 Larynx of an infant with congenital subglottic stenosis (Photo
courtesy of Reza Rahbar, DMD, MD, Children’s Hospital Boston)
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Fig.7.10 Larynx of an infant with acquired post-intubation subglottic
stenosis. (Photo courtesy of Reza Rahbar, DMD, MD, Children’s
Hospital Boston)

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

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

Children with an anterior mediastinal mass are at signifi-
cant risk for airway compromise during sedation due to com-
pression of the intrathoracic larynx (Figs. 7.11 and 7.12).
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Fig.7.11 A 20-month-old male with a large anterior mediastinal mass

Fig. 7.12 CT scan illustrating a large anterior mediastinal mass
compressing the lung and causing tracheal deviation

Although lymphomas constitute the largest group of masses
that arise in the anterior mediastinum, other masses that may
present in this location include teratomas, cystic hygromas,
thymomas, hemangiomas, sarcomas, desmoid tumors, peri-
cardial cysts, and diaphragmatic hernias of the Morgagni type.

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

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

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

Sleep-Disordered Breathing

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

Repetitive arousal from sleep to restore airway patency is
a common feature as are episodic sleep-associated oxygen
desaturation, hypercarbia, and cardiac dysfunction as a result
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of airway obstruction. Individuals who experience obstruction
during sleep may have snoring loud enough to be heard
through closed doors or observed pauses in breathing during
sleep. They may awaken from sleep with a choking sensa-
tion. Parents report restless sleep in affected children and
frequent somnolence or fatigue while awake despite ade-
quate sleep hours. These children fall asleep easily in non-
stimulating environments and are difficult to arouse at their
usual awakening time. Type 1 OSAS is characterized by
lymphoid hyperplasia without obesity, whereas type 2 OSAS
patients are obese with minimal lymphoid hyperplasia.
Approximately, 10 % of OSAS is present in preschool and
school-aged children and is thought to decline after 9 years
of age [4].

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

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

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

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

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

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

There is no agreement on the specific criteria that prese-
lect an elective OSAS patient for admission and monitoring
postprocedure [31].
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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 craniofacial syndromes or neuro-
muscular disease are included as children with complex or
cyanotic cardiac disease. Additional indications include
morbid obesity, known cor pulmonary and pulmonary
hypertension and preexisting asthma or other unrelated
respiratory comorbidities.

Identification and Treatment of Airway-
Related Adverse Events

The best way to minimize airway and respiratory compro-
mise is to optimize the situation and prevent it. When a child
is sedated, the best prevention is to ensure that the position
provides the best anatomic orientation for airway patency.
The patient should be in the supine position with the head in
a 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. 7.13). Supplemental oxygen should be
administered by nasal prongs, mask, or blow-by to keep oxy-
gen saturation above 95 %.

If, despite proper positioning, the airway becomes
obstructed and ventilation is compromised, an oropharyn-
geal or nasopharyngeal airway may be placed. Both of these
devices improve ventilation by maximizing the space for gas
entry between the tongue and posterior pharynx. The appro-
priate size must be chosen to prevent worsening of the
obstruction or irritation of the larynx resulting in laryngo-
spasm (Fig. 7.14). The appropriate oropharyngeal airway
size may be determined by measuring the distance between
the lips and the angle of the mandible. If the airway is too
large, the tip may rest on the epiglottis and cause laryngeal
irritation and spasm. If the airway is too small it may com-
press the tongue and cause it to move posteriorly, thus caus-
ing worsening of the oropharyngeal obstruction. The proper
nasopharyngeal size may be estimated by measuring the dis-
tance between the nares and the angle of the mandible.
Extreme caution must be used when placing a nasopharyn-
geal airway in a toddler or young child due to the presence of
hypertrophied adenoid tissue, which can bleed profusely
when dislodged [32]. If airway patency is not restored with
repositioning of the head and shoulders despite the use of an
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
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Fig. 7.13 Alignment of oral, pharyngeal, and tracheal axis variation
with head position (Reprinted with permission from Wheeler M, Coté
ClJ, Todres D. The Pediatric Airway. Chapter 5. In: Coté CJ, Todres ID,
Goudsouzian NG, Ryan JF (editors). A Practice of Anesthesia for
Infants and Children, 3rd edition. Philadelphia, PA: W. B. Saunders
Company. 2001)

useful adjunct if the patient has progressed beyond sponta-
neous ventilation and requires assisted or controlled venti-
lation. The LMA is an appropriate intermediate step to
maintain an airway that does not require endotracheal intu-
bation and is a part of the Pediatric Advanced Life Support
(PALS) algorithms of the American Heart Association.! The
LMA is inserted without the need to visualize the vocal
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Fig.7.14 Effects of different sizes of oropharyngeal airway placement
(Reprinted with permission from Wheeler M, Coté CJ, Todres D. The
Pediatric Airway. Chapter 5. In: Coté CJ, Todres ID, Goudsouzian NG,
Ryan JF (editors). A Practice of Anesthesia for Infants and Children,
3rd edition. Philadelphia, PA: W. B. Saunders Company. 2001)

cords and forms an airtight seal around the glottis rather
than plugging the pharynx. This positioning provides both a
patent path for gas entry during positive pressure ventilation
and simultaneously prevents the supralaryngeal structures
from encroaching on the glottis. The vocal cords move
freely during respiration and are not manipulated, thus
avoiding a potent stimulus for laryngospasm. The ideal
patient position for insertion is the supine sniffing position,
but it can be inserted in the neutral position as well.
In infants and young children, the epiglottis is prominent
and may provide a mechanical barrier to successful place-
ment. To overcome this, it is recommended that the LMA be
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Fig.7.15 Technique of laryngeal mask insertion in infants and chil-
dren (Reprinted with permission from Haynes SR, Morton NS. The
laryngeal mask airway: A review of its use in paediatric anaesthesia.
Paediatr Anaesth. 1993;3:65. Blackwell Publishing)

place with the vented side facing the palate and advanced
while turning in an attempt to flick the epiglottis out of the
way (Fig. 7.15) [33]. Assisted spontaneous ventilation may
be carried out in this manner. If undisturbed, the LMA pro-
vokes very little stimulus and can be left in place until the
patient’s protective reflexes have returned and respirations
resume spontaneously. If ventilation cannot be achieved,
endotracheal intubation with controlled ventilation may
have to be instituted.
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Conclusion

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

Case Studies
Case 1: Obstructive Sleep Apnea

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

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

(continued)



7 The Pediatric Airway: Anatomy, Challenges, and Solutions

cannula. Some head-up position should be maintained
as much as possible to facilitate diaphragmatic excur-
sion. Agents that maintain spontaneous respirations
and do not produce 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 tonsillec-
tomy and adenoidectomy in advance of sedation, the
radiologic study could be scheduled 2-3 weeks postop-
eratively. Waiting this amount of time ensures that the
hypopharynx would be well healed. In this case, if a
repeat sleep study was repeated and improved, the post-
sedation admission might be eliminated; however, in
the absence of a repeat sleep study, the overnight post-
sedation admission still is required.

Case 2: Anterior Mediastinal Mass

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

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

mise that may worsen when positive intrathoracic
pressure is generated.

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

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

Case 3:The Child with a“Cold”

A 4-year-old child presents for sedation for a brain
MRI. He was born at 36 weeks gestation and his
mother had an uncomplicated delivery. He was slightly
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hypotonic at birth and has not reached his expected
milestones. He walks but still exhibits some weakness
in both extremities. His pediatrician is concerned and
wishes to make certain that there is no intracranial
lesion or other central nervous system pathology. He
has a history of reactive airway disease and uses a
bronchodilator, but has not had to use it in the recent
6 months.

His mother reports that he had a “cold” 10 days ago
but is “fine” now. His symptoms initially included fever
to 101 ° F, purulent nasal discharge, and cough. He is
now sneezing and has an occasional cough and clear
runny nose, especially in the morning, and has been
afebrile for 5 days. He has not been given any acet-
aminophen in 5 days. His lungs are clear on ausculta-
tion and he does not have wheezing, rales, or rhonchi.

When considering whether or not to proceed with the
requested study in this patient, the first step is to deter-
mine the urgency of the procedure and if the result will
change therapy or inform a diagnosis. Each case is
unique and must be determined on the individual risk/
benefit basis. Acute symptoms of an upper respiratory
infection (URI) should be differentiated from the same
symptoms demonstrated in noninfectious chronic condi-
tions. For instance, sneezing and clear runny nose are
present in allergic rhinitis, which does not carry the same
risk for the patient as a URI. Identification of a mild URI,
severe URI, or lower respiratory infection must be made
since the implications are different with regard to risk
and potential cancelation. Mild URI consists of minimal
cough, no fever, clear runny nose, sneezing, a nontoxic
appearance, normal activity level, and clear lung fields
on auscultation. A severe URI is accompanied by symp-
toms of malaise, fever greater than 38.3 °C, sneezing,
productive cough, toxic appearance, and upper airway
congestion. A child with a lower respiratory infection
usually has a severe productive cough with purulent spu-
tum, wheezing, fever, rales, rthonchi, toxic appearance,
and tachypnea with or without respiratory distress.

Children under the age of 5 years usually experi-
ence 4—6 URIs each year, especially during the winter
season, and the inflammatory response and increased
reactivity of the lower airway may persist for up to 6
weeks after a viral infection. If a child’s procedure is
canceled for 6 weeks, he/she is usually into the next
URI, so the most prudent recommendation is to wait
until the acute symptoms have resolved and then
reschedule 2 weeks after that. Children with known
URI may experience an increase in respiratory events
when intubated or the airway is instrumented; how-
ever, there is no increase in laryngospasm or broncho-
spasm when there is a natural airway. There is, however,
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a significant risk of oxygen desaturation and hypox-
emia even with the use of supplemental oxygen.

Considerations for proceeding in this child include
the following: This is not an urgent procedure so the
procedure may be rescheduled. This child has a resolv-
ing URI and demonstrates only mild symptoms with-
out lower respiratory involvement. The reactive airway
disease is not an active problem and not a cause of
increased risk. Since there still is a risk of hypoxemia
and increased oxygen requirement if the study pro-
ceeds, he should have full monitoring and supplemen-
tal oxygen administered. He should also demonstrate
that he can lie flat without coughing prior to the start of
the case. If he cannot, and the case is postponed, the
end point should be no coughing and reschedule 2
weeks after all symptoms have resolved.
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Abstract

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

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

Many physiologic differences in respiratory physiology
between children and adults can be understood by anatomi-
cal differences in the airway and lungs [1]. The major ana-
tomical airway differences include the tongue, where the
infant’s tongue is relatively large compared to the adult, and
more prone to airway obstruction. The larynx of the infant is
more cephalad, lying at the C3—4 level, versus the adult posi-
tion of C4-5. The infant epiglottis is narrow and omega
shaped, versus the 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 airways, they are fully formed, including
the terminal bronchioles, relatively early in gestation.
However, alveolar number and development are incomplete
at birth, with the full-term infant having 20-50 million termi-
nal airspaces, which are immature alveoli. Lung develop-
ment occurs rapidly with nearly the adult number of 300
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million or more alveoli reached by 3 years of age [2]. Early
in postnatal life the lung volume of the neonate and young
infant is disproportionately small in relation to body size; the
functional residual capacity (FRC) is only about 25 mL/kg in
contrast to 40-50 mL/kg in the older child and adolescent.
In addition, metabolic rate and therefore oxygen requirement
in mL/kg/min are 2-3 times higher in the neonate compared
to the adult.

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

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

Pulse oximetry is the standard for monitoring of oxygenation
during all sedation procedures. (Refer to Chaps. 2 and 6.)
Pulse oximeter arterial saturation (SpO,) is a very useful
monitor, generally accurate to +2 % when compared to arte-
rial blood oxygen saturation measured by co-oximetry. In a
child without cardiac or pulmonary disease, normal SpO, is
96-100 % on room air and unsedated. Sedative medications
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often cause a degree of hypoventilation, both in slowing
respiratory rate, and decreasing tidal volumes and
FRC. Upper airway obstruction is also common, which may
interfere with oxygenation. These factors make it necessary
to deliver supplemental oxygen to virtually all patients
undergoing sedation procedures, either by nasal cannula or
face mask, to enable SpO, 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 common and can
usually be treated with increased supplemental oxygen.
A decrease of 10 % or more from baseline is cause for urgent
intervention to detect and treat upper airway obstruction or
hypoventilation—the two most common causes of arterial
desaturation during sedation. Children with cyanotic con-
genital heart disease may have resting awake SpO, ranging
from 70 to 95 %, and it is important to understand the anat-
omy, pathophysiology, and normal baseline saturations
before proceeding with sedation in these patients. The gen-
eral guidelines of a 5 % decrease from baseline being com-
mon and treated with additional supplemental oxygen, and a
10 % decrease, a cause for urgent intervention, are applicable
to this population as well. Other patients with chronic lung
diseases—i.e., bronchopulmonary dysplasia (BPD) or cystic
fibrosis—may also have decreased baseline SpO,, often
ranging from 85 to 95 %.

Monitoring of respiration also often includes end-tidal
CO,, which can easily be monitored using a special or modi-
fied 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, and end-tidal
CO,, it is a very sensitive monitor of airway obstruction, and
an accurate method to measure respiratory rate. In addition,
low cardiac output states or cardiac arrest is accompanied by
a sudden decrease or absence of end-tidal CO..

Common conditions in pediatric patients that reduce
respiratory reserve even further include BPD in former pre-
mature infants who suffered from respiratory distress syn-
drome (RDS) [7]. BPD is defined as a chronic condition of
fibrosis and loss of alveoli in the lung following RDS with a
requirement for supplemental oxygen beyond 30 days of life.
These infants may present for sedation months or years later,
and even though they have apparently recovered, pulmonary
reserve is often considerably limited. Other common chronic
conditions include asthma or reactive airway disease, affect-
ing an estimated six million children in the USA [§]. Pre-
sedation assessment must always include questioning about
asthma and a thorough airway and pulmonary examination;
elective sedation in the face of an asthma exacerbation is
contraindicated.
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Fig.8.1 Pressure—volume curves of the (a) infant and (b) adult respira-
tory systems. The rest volume is the volume at zero intrathoracic pres-
sure, where the outward recoil of the chest wall is equal to the inward
elastic recoil of the lungs. (a) In the neonate, this volume is very low
(10-15 % of total lung capacity) compared to the adult, and is just
above the FRC and often below the closing volume of the small air-
ways. (b) In the adult, this value is much higher at 30-35 % of the total

Children also have frequent upper respiratory infections
(URIs), which predispose them to increased airway com-
plications during a sedation procedure. Elective sedation
procedures should be performed in children with URIs
only after a thorough risk—benefit assessment.

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

lung capacity. During sedation, where quiet breathing or respiratory
depression may occur, the neonate and small infant are much more
prone to airway closure, resulting in intrapulmonary shunting and
hypoxemia (Adapted from Agostoni E, Mead J: Statics of the respira-
tory system. In Fenn WO, Rahn H. (eds): Handbook of Physiology.
Section 3: Respiration, vol 1. Washington, DC: American Physiological
Society, 1964. 387-409)

bia if sedated too deeply, and the practitioner must be vigilant
especially when sedating infants. Supplemental oxygen should
be used in almost every setting in which infants and children are
sedated, the only exceptions being in premature neonates where
retinopathy of prematurity may be a risk, and in relatively
uncommon congenital heart defects in neonates with a single
functional ventricle, such as hypoplastic left heart syndrome.
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Table 8.1 Age-dependent respiratory variables

Variable Units Neonate 6 months
Approx. weight kg 3 7
Respiratory rate Breaths/min 50+10 30+£5
Tidal volume mL 21 45
mlL/kg 6-8 6-8
Minute ventilation mL/min 1,050 1,350
mL/kg/min 350 193
Alveolar ventilation mL/min 665
mL/kg/min 222
Dead space/tidal 0.3 0.3
volume ratio
Oxygen consumption — mL/kg/min 6-8
Vital capacity mL 120
mL/kg 40
Functional residual mL 80
capacity mL/kg 27
Total lung capacity mL 160
mL/kg 53
Closing volume asa %
% of vital capacity
No. of alveoli Saccules x 10° 30 112
Specific compliance C/FRC:mL/cm H,O/L  0.04 0.038
Specific conductance ~ Ml/s/cm H,0/g 0.02
of small airways
Hematocrit % 55+7 37+3
Arterial pH pH units 7.30-7.40
PaCoO, mmHg 30-35
PaO, mmHg 60-90

Adapted from [2]

Cardiovascular Physiology

Development from Neonate
to Older Infant and Child

At birth the neonatal heart must suddenly change from a par-
allel circulation to a series circulation, and the left ventricle
in particular must adapt immediately to dramatically
increased preload from blood returning from the lungs, and
increased afterload as the placental circulation is removed.
The very high oxygen consumption of the newborn necessi-
tates a high cardiac output for the first few months of life.
However, animal models have demonstrated that the fetal and
newborn myocardium develops less tension in response to
increasing preload (sarcomere length), and that cardiac output
increases less to the same degree of volume loading [9, 10].
Resting tension, however, is greater in the newborn com-
pared to the mature heart. This information suggests that the
newborn heart is operating near the top of its Frank—Starling
curve, and that there is less reserve in response to both
increased afterload and preload. The newborn myocardium
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12 months 3 years Syears O9years 12years Adult
10 15 19 30 50 70
24+6 24+6 23+5 20+5 18+5 12+3
78 112 170 230 480 575
6-8 6-8 7-8 7-8 7-8 6-7
1,780 2,460 4,000 6,200 6,400
178 164 210 124 91
1,245 1760 1,800 3,000 3,100
125 117 95 60 44
0.3 0.3 0.3 0.3 0.3 0.3
34
870 1,160 3,100 4,000
58 61 62 57
490 680 1,970 3,000
33 36 39 43
1,100 1,500 4,000 6,000
73 79 80 86
20 8 4
129 257 280 300
0.06 0.05
3.1 1.7 1.2 8.2 134
3525 40+3 40+2 40+2 42+2 43-48
7.35-7.45 7.35-7.45
30-40 30-40
80-100 80-100

also has only a limited ability to increase its inotropic state in
response to exogenous catecholamines, and is much more
dependent on heart rate to maintain cardiac output than the
mature heart. One reason for this is the high levels of circu-
lating endogenous catecholamines that appear after birth,
necessary to make the transition to extrauterine life [11]. As
these levels decrease in the weeks after birth, contractile
reserve increases.

The neonatal myocardium is less compliant than the
mature myocardium, with increased resting tension as noted
previously, and a significant greater increase in ventricular
pressure with volume loading [12]. This implies that dia-
stolic function of the neonatal heart is also impaired com-
pared to the mature heart [13]. The myofibrils of the newborn
heart also appear to have a greater sensitivity to calcium,
developing a greater tension than adult myofibrils when
exposed to the same free Ca* concentration in vitro [14].
Table 8.2 summarizes the major physiological differences
between the neonatal and mature hearts [15]. With increased
metabolic needs, including oxygen consumption and glucose
for metabolic substrate, cardiac output indexed to weight in
the neonate is double that of the adult [16] (Fig. 8.3).
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Fig. 8.2 Comparison of oxyhemoglobin dissociation curves from
blood of infants at different ages. At birth the P50 is 19 mmHg, and by
8 months of age has shifted to the right and is 27 mmHg, a result of the
change from predominately fetal hemoglobin F to adult hemoglobin A
(Reproduced with permission from Delivoria-Papadopoulos M,
Ronceric NP, Oski FA. Postnatal changes in oxygen transport of term,
premature and sick infants: the role of red cell 2,3 diphosphoglycerate
and adult hemoglobin. Pediatr Res. 1971;5(6):235-40.)
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Innervation of the Heart

Clinical observations in newborn infants have led to the
hypothesis that the sympathetic innervation and control of
the cardiovascular system is incomplete in the newborn
infant compared to older children and adults, and that the
parasympathetic innervation is intact [17]. Examples of this
include the frequency of bradycardia in the newborn in
response to a number of stimuli, including vagal, and vago-
tonic agents, and the relative lack of sensitivity in the new-
born to sympathomimetic agents. Histologic studies in
animal models have demonstrated incomplete sympathetic
innervation in the neonatal heart when compared to the adult,
but no differences in the number or density of parasympa-
thetic nerves [18, 19].

Autonomic cardiovascular control of cardiac activity can
be evaluated by measuring heart rate variability in response
to both respiration, and to beat-to-beat variability in systolic
blood pressure [20]. The sympathetic and parasympathetic
inputs into sinoatrial node activity contribute to heart rate
variability changes with greater heart rate variability result-
ing from greater parasympathetic input into sinoatrial node
activity [21]. Studies using these methodologies for normal
infants during sleep suggest that the parasympathetic pre-
dominance gradually diminishes until approximately 6
months of age, coinciding with greater sympathetic innerva-
tion of the heart similar to adult levels [22].

Table 8.2 Summary of major differences between neonatal and mature hearts

Neonatal
Physiology
Contractility Limited
Heart rate dependence High
Contractile reserve Low
Afterload tolerance Low
Preload tolerance Limited
Ventricular interdependence Significant
Ca** cycling
Predominant site of Ca** flux Sarcolemma
Dependence on normal iCa** High
Circulating catecholamines High

Adprenergic receptors
p2, al predominant

Innervation

Downregulated, insensitive

Parasympathetic predominates;

Mature

Normal
Low
High
Higher
Better
Less

Sarcoplasmic reticulum
Lower

Lower

Normal

B1 predominant
Complete

Complete

sympathetic incomplete

Cytoskeleton
Cellular elements

High collagen and water content
Incomplete SR, disorganized myofibrils

Lower collagen/H,0O
Mature SR, organized myofibrils

Reprinted with permission from Andropoulos DB, Ogletree ML. Ch 3. Physiology and molecular biology of the developing circulation.
In: Andropoulos DB, Stayer SA, Russell IA, editors. Anesthesia for congenital heart disease. Malden, MA: Blackwell-Futura; 2005. p. 30-47
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Development from Child to Adult

Beyond the transition period from fetal to newborn life and
into the first few months of postnatal life, there is not much
human or animal information concerning the exact nature
and extent of cardiac development at the cellular level. Most
studies compare newborn or fetal to adult animals [23].
Cardiac chamber development is assumed to be influenced
by blood flow [24]. Increases in myocardial mass with nor-
mal growth, as well as in ventricular outflow obstruction, are
mainly due to hypertrophy of myocytes. Late gestational
increases in blood cortisol are responsible for this growth
pattern, and there is concern that antenatal glucocorticoids to
induce lung maturity may inhibit cardiac myocyte prolifera-
tion. In the human infant, it is assumed that the cellular ele-
ments of the cardiac myocyte—i.e., adrenergic receptors,
intracellular receptors and signaling, calcium cycling and
regulation, and interaction of the contractile proteins—are
similar to the adult by approximately 6 months of age.
Similarly, cardiac depression by volatile agents is greater
in the newborn, changing to adult levels by approximately
6 months of age [25].

Normal Heart Rate and Blood Pressure
Ranges at Different Ages

Heart rate must be monitored continuously by 3- or 5-lead
electrocardiogram (ECG) during all phases of a sedation

Age (years)

procedure, because of the frequent effects of sedative and
analgesic drugs on heart rate, and the added importance of
maintaining acceptable heart rates to maintain cardiac out-
put, especially in young infants. An understanding of the
patient’s baseline heart rates is important, and generally a
decrease or increase of 20 % or less is well tolerated and
will maintain adequate cardiac output [26]. Maintaining
normal sinus rhythm is obviously important, and any non-
sinus rhythm needs to be diagnosed, its effect on blood
pressure and cardiac output assessed, and treated if neces-
sary. The most common arrhythmias are sinus bradycardia
caused by decreased CNS sympathetic outflow from many
sedatives and sinus tachycardia caused by sympathomi-
metic effects of drugs. Slow junctional rhythms or supra-
ventricular tachycardias are also seen during sedation
procedures. It is important to understand the patient’s base-
line cardiac status, and rhythm, as many patients with pre-
existing arrhythmias will continue to experience them with
sedation and no ill effects.

Blood pressure must be measured at least every 5 min dur-
ing sedation procedures, and often more frequently (i.e., every
1-3 min) during the induction phase, or after a bolus of medi-
cation to deepen the level of sedation. Blood pressure is not
equivalent to cardiac output, but perfusion to vital organs,
especially myocardium and brain, needs to be preserved during
sedation procedures and thus blood pressure should be
maintained within acceptable limits, usually +20 % of the
baseline blood pressure, again taking into account the patient’s
baseline state, and pathophysiology of any disease states.
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Table 8.3 Normal heart rates and systolic blood pressure as a function
of age

Range of normal systolic
blood pressures, measured
by oscillometric blood

Range of normal
heart rates (beats

Age per minute) 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

Blood pressure is usually measured with an automated oscil-
lometric blood pressure device, and the cuff must be the
proper size for the patient, according to the manufacturer’s
instructions. A cuff that is too small for the patient will read
out a blood pressure that is falsely elevated, and a cuff that is
too large will display a pressure that is spuriously low. Under
normal circumstances, a cuff on the right or left upper arm is
standard, although a properly sized blood pressure cuff on
the lower leg will also provide accurate measurements. The
measured systolic pressure and mean pressure are very accu-
rate with the oscillometric devices, with the diastolic pres-
sure being subject to increased measurement errors. Since
the systolic blood pressure is most commonly used to deter-
mine high or low measurements, Table 8.3 includes this
parameter for normal values.

Systolic blood pressures more than 20 % below baseline
values, if accompanied by acceptable heart rate, oxygen sat-
uration, and end-tidal CO,, should be investigated and treat-
ment such as fluid administration to increase cardiac preload
and stroke volume, or decreasing the depth of sedation,
should be instituted. If heart rate, SpO,, or end-tidal CO, has
also changed, very urgent diagnosis and treatment must be
instituted, as this heralds a low cardiac output state, and pos-
sible impending cardiac arrest. Discontinuing sedation,
administering 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 analgesia,
but often can be due to the drugs themselves, especially ket-
amine. In the latter case, the dose of ketamine should be
reduced, or if sedation and analgesia judged to be inade-
quate, additional drugs other than ketamine should be used.
Table 8.3 displays normal heart rate and systolic blood pres-
sure for different ages.

17

CNS Physiology

Brain growth and development are very rapid during infancy,
with the brain weight at birth about 20 % of adult weight, but
by 2 years of age, the brain has attained 75 % of adult weight
[27]. The brain in the infant and young child receives a cor-
respondingly higher percentage of the cardiac output than in
the older child and adult. In addition, rapid proliferation and
migration of neurons to their cortical and subcortical zones
are taking place in early infancy, as are myelination and syn-
aptogenesis [28] (Fig. 8.4). The neurotransmitters gamma-
aminobutyric acid, and glutamate, and their corresponding
receptors, play a crucial role in synaptogenesis, and also in
the natural death of some neurons during the rapid prolifera-
tion phase (apoptosis). Most sedative agents, including ben-
zodiazepines, barbiturates, chloral hydrate, propofol
(GABA), and ketamine (NMDA) interact with these recep-
tors, giving rise to the concerns that sedative agents may
increase apoptosis and potentially have adverse long-term
neurodevelopmental effects [29]. Because of the relatively
larger brain size and blood volume/flow, the dose per
kilogram requirement for sedative agents is usually higher in
the young infant to produce the desired effects than it is in
the older child and adult. The exception to this is the neonate,
where the tight junctions of the basement membranes of the
intracerebral capillaries are not fully formed, meaning the
blood—brain barrier is not as fully intact, allowing passage of
higher drug concentrations into neurons, causing an exagger-
ated effect of most drugs in this very young age group.
Cerebral autoregulation is normally intact in the full-term
neonate and older patient, albeit at lower blood pressures
than in the adult patient. Responsiveness of the cerebral cir-
culation to carbon dioxide tension is also intact, with signifi-
cant hypercarbia causing maximal cerebral vasodilation.
Maturation of the EEG during infancy and childhood has
important implications for any technology proposing to mea-
sure depth of sedation using EEG parameters. (Refer to
Chap. 6.) All current depth of sedation monitors using pro-
cessed EEG parameters are based on the adult EEG, and
application of these monitors in infants and young children
especially is unreliable. Infants and younger children have
markedly different EEG 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 when sedating pediatric
patients. Table 8.4 presents some of the important milestones
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Fig. 8.4 Brain growth and development from conception to age
6 years. Note the very rapid brain growth and complexity of development
from birth to age 2 years, when the majority of postnatal brain develop-
ment occurs. This period of rapid development gives rise to the recent
concerns that sedative agents interacting with gamma-aminobutyric acid

in these areas [31]. In approaching the infant patient, with
normal children of age 6-12 months, they will not experi-
ence stranger anxiety and thus will go with practitioners for
sedation procedures with little to no protest. Extensive study
and clinical experience demonstrate that infants from the
premature neonate onward experience pain in the same man-
ner as older children, and so will react accordingly to painful
procedures such as IV catheter insertion. In the infant up to
age 6 months, 24 % sucrose, 0.2 mL placed on a 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 to 12 months, toddlers, and preschool children up to
age 5 can be expected to be quite fearful and resistant when
separated from parents or familiar caregivers, and the pro-

and n-methyl-p-aspartate receptors could have long-term effects on the
developing brain. See text for details (Reproduced with permission from
Kandt RS, Johnston MV, Goldstein GW. The central nervous system:
basic concepts. In: Gregory GA, editor. Pediatric anesthesia. 2nd ed.
New York, NY: Churchill-Livingstone; 1989. p. 161-199)

cess of separation must be planned to ameliorate this psy-
chological discomfort as much as possible with distraction,
familiar toys, or objects, or having the parent present during
initiation of sedation, if appropriate. School-aged children
of 5 or 6 years or older generally can accept simple explana-
tions of medical procedures and will often separate from
parents more easily. The patient aged 8—12 years is often the
easiest to approach for sedation procedures and often has a
very concrete understanding of explanations and instruc-
tions. The adolescent often has great concern about body
image, and respecting this is very important. The child of
any age who has been hospitalized frequently or has had
prior painful or stressful experiences may be very upset at
the prospect of separation from parents and sedation
procedures.
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Table 8.4 Age-specific anxieties of pediatric patients

Age
0—6 months

Specific type of perioperative anxiety
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
Reproduced with permission from Ghazal EA, Mason LJ, Cote CJ. Ch
4. Preoperative evaluation, premedication, and induction of anesthesia.
In: Cote CJ, Lerman J, Todres ID, editors. A practice of anesthesia for
infants and children, 4th edition. Philadelphia, PA: Saunders-Elsevier;
2009. p. 37-69

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 hemoglobin A, and
there is a decline to a physiologic nadir of about 11-12 g/dLL
of hemoglobin by 2—6 months of age. These values are main-
tained until about age 2 years, at which time they gradually
increase in boys and girls to 12-14 g/dL by about age 12.
With the onset of menstruation, hemoglobin remains at this
level in girls until adulthood. In boys, hemoglobin levels
continue to increase gradually to adult levels of 15-18 g/dL
by age 18 [33].

The concept of a physiologic nadir of hemoglobin at 2—6
months of age is important, because this is an age when oxy-
gen consumption is still twice that of the adult, yet oxygen
carrying capacity is low, with the result that there is even less
oxygen reserve in these young infants.

The blood volume of the neonate is approximately 90 mL/
kg body weight, and this decreases to about 85 mL/kg by
6 months, 80 mL/kg at 1 year, and 75 mL/kg until age

19

Table 8.5 Maintenance intravenous fluid requirements
Maintenance Maintenance

Weight fluid, mL/kg/24 h fluid, mL/kg/h
<10 kg 100 4.16
10-20 kg 50 2.08
Each 10 kg increment 20 0.83
above 20 kg

2 years, after which the blood volume assumes the adult
value of approximately 70 mL/kg.

Renal Physiology, and Fluid and Electrolytes

At birth the neonate has an expansion of total body water and
the extracellular water space, combined with renal function that
is decreased, with glomerular 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 gradu-
ally increasing to adult levels by 12 months of age [3]. Total
body water also decreases to adult levels by about 12 months of
age. However, fluid requirements remain high throughout the
first 34 years of life, because of the increased body surface-to-
weight ratio present in young children, which results in
increased insensible fluid loss. Table 8.5 displays the approxi-
mate daily and hourly maintenance fluid and requirements for
normal children at various weights and ages [3]. In children
with normal renal function, intravenous fluids of one-quarter
normal saline (38 meq NaCl/L) and 20 meq/L. KCL will pro-
vide maintenance of sodium and potassium, and 5 % dextrose
for maintenance of glucose requirements. In actual practice,
healthy infants and children over age 6 months will do well
with a standard intravenous solution such as lactated Ringer’s
solution during sedation procedures. This solution, which does
not contain dextrose but has a sodium concentration of
130 meq/L and osmolarity similar to plasma, will allow a fluid
bolus to be administered without producing hyperglycemia.

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

If NPO for greater than 6 h, many practitioners would cal-
culate the fluid deficit accumulated during those 6 h, admin-
ister 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 updated in 2011, after further literature review and rec-
ommendations of experts in pediatric anesthesia. They were
intended for healthy patients undergoing elective surgery
[34] (Table 8.6). The guidelines were not intended nor
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Table 8.6 American Society of Anesthesiologists’ summary of fasting
recommendations to reduce the risk of pulmonary aspiration®

Ingested material Minimum fasting period® (hours)
Clear liquids®
Breast milk
Infant formula

Nonhuman milk¢

AN

Light meal®

Reprinted with permission from the American Society of
Anesthesiologists Task Force on Preoperative Fasting. Practice guide-
lines for preoperative fasting and the use of pharmacologic agents to
reduce the risk of pulmonary aspiration: application to healthy patients
undergoing elective procedures. Anesthesiology. 1999;90:896-905
“These recommendations apply to healthy patients who are undergoing
elective procedures. They are not intended for women in labor. Following
the guidelines does not guarantee complete gastric emptying

"Fasting times apply to all ages

‘Examples: water, fruit juice without pulp, carbonated beverages, clear
tea, and black coffee

dSince nonhuman milk is similar to solids in gastric emptying time, the
amount ingested must be considered when determining an appropriate
fasting period

°A light meal typically consists of toast and clear liquids. Meals that
include fried or fatty foods or meat may prolong gastric emptying time.
Both the amount and type of foods ingested must be considered when
determining an appropriate fasting period

considered for sedation purposes, although they have been so
adopted by many.

Glucose requirement is predictably high in the neonate
and young infant, being 5-7 mg/kg/min in the neonate, which
is 2-3 times that of the adult. The neonate and young infant
less than 3—6 months of age are also prone to hypoglycemia
because of a paucity of glycogen stores, compared to the
older child and adult, thus it is especially important in this
age group to encourage ingestion of clear glucose-containing
fluids until 2 h before a sedation procedure. And, young
infants should have infusion of dextrose-containing intrave-
nous fluids during and after the sedation 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 function also matures relatively rapidly,
with normal function achieved by about 3 months of life.
This means that drugs that depend on hepatic metabolism for
clearance, especially the cytochrome P450 system, will often
have prolonged effects in the very young infant once thera-
peutic plasma levels are reached. In addition, coagulation
factor levels are low in the neonate because of this hepatic
immaturity, so that normal partial thromboplastin time,
which measures coagulation function in the extrinsic coagu-
lation system and depends on proteins synthesized in the

D.B. Andropoulos

liver, is elevated at birth to as high as 60 s. Despite this, the
protein factors that inhibit coagulation are also reduced in
concentration, and neonates and young infants are not more
prone to clinical bleeding than older patients.

As with other systems, the brush border of the neonatal
small bowel is not mature, and is more prone to insults such
as infections and ischemia, particularly in the premature
infant, which predisposes them to necrotizing enterocolitis.
The risk of this disease diminishes greatly toward term, but
the ability of the full-term neonate’s intestine to absorb high
osmolar loads is limited. With normal intake such as breast
milk or infant formulas, however, gastric emptying is rapid.
This normal gastric emptying has given rise to the standard
recommendation in most institutions that in patients of all
ages—who do not have bowel obstruction or other condition
known to delay gastric emptying—ingestion of solid food,
milk, or formula until 6 h prior to a sedation procedure is
acceptable. Breast milk ingestion until 4 h before sedation,
and clear liquids until 2 h before, has also been shown to
result in complete gastric emptying.

Temperature Regulation

Maintenance of temperature homeostasis during sedation

procedures is an important goal, and the young child in par-

ticular is prone to hypothermia during prolonged sedation.

Heat loss (or gain) into or from the environment is via four

basic routes [35, 36]:

1. Radiation—from difference in temperature between the
patient and the surrounding environment, e.g., a cold
room

2. Conduction—heat transfer between two surfaces in direct
contact, i.e., a cold irrigating solution

3. Convection—transfer of heat to moving molecules such
as air or liquid, i.e., a cold drafty MRI scanning room

4. Evaporation—Iloss of heat from vaporization of water
from the skin or mucosal surface
Under normal circumstances, the older infant, child, or

adult will sense temperature of the blood in the anterior

hypothalamus, the thermostat for the body, and use various
mechanisms to keep body temperature within 0.5 of 37 °C

[35]. In response to mild hypothermia, the CNS via

a(alpha)-adrenergic sympathetic activation will cause cuta-

neous blood vessels to constrict, especially in the extremi-
ties, reducing blood flow and thus conserving heat by
shunting warmed blood flow to deeper structures not vul-
nerable to radiation heat loss. With moderate hypothermia
shivering occurs, which through muscle aerobic metabo-
lism will generate additional heat and help return body tem-
perature toward normal. With hyperthermia, initially blood
flow to the extremities will remain at normal levels, but with
further warming vasodilation will occur, and heat loss from
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Fig. 8.5 Tllustration of the thermoregulatory thresholds and gains for
awake and anesthetized (sedated) infants, children, and adults in rela-
tion to the central (core) temperature. The distance between the edge of
the thermometer and each effector response represents the maximal
intensity of each response. The slopes of the lines (positive values for
awake and negative values for anesthetized) between the thermometer
and the response represent the gains of the responses. The threshold is
defined as the corresponding core temperature that triggers a response.
The sensitivity of the thermoregulatory system describes the range

radiation, convection, and conduction all increase. The next
response is sweating, with the evaporation of sweat result-
ing in significant heat loss.

Commonly used sedative agents, including propofol and
dexmedetomidine, affect the thermoregulatory thresholds
[35]. In general, the higher the dose of these agents, the
wider the range of “normal” temperatures tolerated by the
hypothalamus before the compensatory mechanisms
described earlier occur, meaning that temperatures will
need to decrease by 1.5-2.5 °C before vasoconstriction and
shivering will begin, rather than 0.5 °C in the awake patient
(Fig. 8.5).

Adverse effects of 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 metabo-
lism of drugs by kidney and liver. This can result in pro-
longed 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 experi-
ence in the case of older children, or agitation and crying
behaviors in the younger children.

The neonate is a special case, as in most other organ sys-
tems, in that with significant hypothermia the neonate cannot
shiver, but rather starts to metabolize special brown fat cells,

Patient anesthetized |

between the first cold response (vasoconstriction) 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 anes-
thesia (Reproduced with permission from Luginbuehl I, Bissonnette
B. Ch 25. Thermal regulation. In: Cote CJ, Lerman J, Todres ID, edi-
tors. A practice of anesthesia for infants and children. Philadelphia, PA:
Saunders-Elsevier; 2009. p. 557-567)

mostly located between the scapulae, and in the mediastinum
and perirenal areas, in order to generate heat to raise body
temperature, in a process termed nonshivering thermogene-
sis [35]. This is accompanied by a significant catecholamine
discharge and anaerobic metabolism, resulting in lactic aci-
dosis, which can have profound secondary effects on other
organ systems (i.e., the heart and circulation) resulting in
hemodynamic instability. Nonshivering thermogenesis is
either nonexistent or insignificant after the neonatal period.

Because of the high body surface area-to-weight ratio of
neonates, which decreases to adult levels by 8-9 years of
age, the young child is susceptible to hypothermia by radia-
tion. Thus, an infant or young child who is uncovered and
exposed to cool ambient temperatures, especially with a
draft or in a room cooled because of medical equipment
(e.g., MRI scanners) will cool rapidly.

Preventing hypothermia is a crucial task for every seda-
tion procedure in children, and often the simplest method is
to cover or wrap the child in warm blankets to prevent heat
loss by convection. Warming the room and employing forced
air warming devices where possible are other important mea-
sures to prevent hypothermia. Continuous temperature mea-
surement during sedation procedures in patients at risk for
hypothermia should be practiced, especially during lengthy
procedures such as MRI scans in infants. In these patients,
temperature should be monitored along with other routine
vital signs in the recovery area.
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Drug Pharmacokinetics
and Pharmacodynamics

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

Conclusion

Children, particularly the neonate and infant, have very sub-
stantial differences in physiology in all systems compared to
the adult. The increased metabolic requirements for the rap-
idly growing young patient result in higher demand for oxy-
gen and glucose, the major metabolic fuels. This translates
into a much smaller margin of error during sedation proce-
dures especially in patients less than 1 year of age, but to
some extent in all growing children, and the sedation practi-
tioner must be well aware of these physiologic differences
for the safe and effective sedation procedure.

References

1. Shaffer TH, Wolfson MR, Panitch HB. Airway structure, function
and development in health and disease. Paediatr Anaesth. 2004;
14(1):3-14.

2. O’Rourke PP, Crone RK. The respiratory system. In: Gregory GA,
editor. Gregory’s pediatric anesthesia. 2nd ed. New York: Churchill
Livingstone; 1989. p. 63-91.

3. McClain CD, McManus ML. Fluid management. In: Cote CJ,
Lerman J, Anderson BJ, editors. Cote and Lerman’s a practice of
anesthesia for infants and children. 5th ed. Philadelphia: Elsevier;
2013. p. 161-77.

4. Sly PD, Collins RA. Physiological basis of respiratory signs and
symptoms. Paediatr Respir Rev. 2006;7:84-8.

5. Smith CA, Nelson NM, editors. The physiology of the newborn
infant. 4th ed. Springfield: Charles C. Thomas; 1976, p. 205.

6. Delivoria-Papadopoulos M, Ronceric NP, Oski FA. Postnatal
changes in oxygen transport of premature and sick infants: the role
of red cell 2,3 diphosphoglycerate and adult hemoglobin. Pediatr
Res. 1971;5:235-40.

7. Moss TJ. Respiratory consequences of preterm birth. Clin Exp
Pharmacol Physiol. 2006;33:280-4.

8. Firth PG, Haver KE. Essentials of pulmonology. In: Cote CJ,
Lerman J, Todres ID, editors. A practice of anesthesia for infants
and children. Philadelphia: Saunders-Elsevier; 2009. p. 221-36.

9. Friedman WF. The intrinsic physiologic properties of the develop-
ing heart. Prog Cardiovasc Dis. 1972;15:87-111.

10. Friedman WF, George BL. Treatment of congestive heart failure
by altering loading conditions of the heart. J Pediatr. 1985;106:
697-706.

11. Eliot RJ, Lam R, Leake RD, et al. Plasma catecholamine concentra-
tions in infants at birth and during the first 48 hours of life. J Pediatr.
1980;96:311.

12.

13.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

D.B. Andropoulos

Romero T, Covell U, Friedman WF. A comparison of pressure-
volume relations of the fetal, newborn, and adult heart. Am J
Physiol. 1972;222:1285.

Teitel DF, Sisd D, Chin T, et al. Developmental changes in myocar-
dial contractile reserve in the lamb. Pediatr Res. 1985;19:948.

. Nassar R, Malouf NN, Kelly MB, et al. Force-pCa relation and

troponin T isoforms of rabbit myocardium. Circ Res. 1991;69:
1470-5.

. Andropoulos DB. Physiology and molecular biology of the devel-

oping circulation. In: Andropoulos DB, Stayer SA, Russell IA,
Mossad EB, editors. Anesthesia for congenital heart disease. 2nd
ed. Oxford: Wiley-Blackwell; 2010. p. 55075.

Rudolph AM, editor. Changes in the circulation after birth. In:
Congenital diseases of the heart. Chicago, IL: Year Book Medical;
1974, p. 9.

Baum VC, Palmisano BW. The immature heart and anesthesia.
Anesthesiology. 1997;87:1529-48.

. Friedman WF, Pool PE, Jacobowitz D, et al. Sympathetic innerva-

tion of the developing rabbit heart. Biochemical and histochemical
comparisons of fetal, neonatal, and adult myocardium. Circ Res.
1968;23:25-32.

Jacobowitz D, Koelle GB. Histochemical correlations of acetylcho-
linesterase and catecholamines in post-ganglionic autonomic
nerves of the cat, rabbit and guinea pig. J Pharmacol Exp Ther.
1965;148:225-37.

Pagani M, Montano N, Porta A, et al. Relationship between spec-
tral components of cardiovascular variabilities and direct measures
of sympathetic nerve activity in humans. Circulation. 1997;95:
1441-8.

Constant I, Dubois M, Piat V, Moutard M, et al. Changes in electro-
encephalogram and autonomic cardiovascular activity during
induction of anesthesia with sevoflurane compared with halothane
in children. Anesthesiology. 1999;91:1604—15.

Katona PG, Frasz A, Egbert J. Maturation of cardiac control in full-
term and preterm infants during sleep. Early Hum Dev. 1980;
4:145-59.

Fabiato A, Fabiato F. Calcium induced release of calcium from the
sarcoplasmic reticulum of skinned cells from adult human, dog, cat,
rabbit, rat, and frog hearts and from fetal and newborn rat ventricles.
Ann N'Y Acad Sci. 1978;307:491-9.

Rudolph AM. Myocardial growth before and after birth: clinical
implications. Acta Paediatr. 2000;89:129-33.

Friesen RH, Wurl JL, Charlton GA. Haemodynamic depression by
halothane is age-related in paediatric patients. Paediatr Anaesth.
2000;10:267-72.

Davignon A. ECG standards for children. Pediatr Cardiol. 1980;
1:133-52.

Kandt RS, Johnston MV, Goldstein GW. The central nervous
system: basic concepts. In: Gregory GA, editor. Pediatric anesthe-
sia. 2nd ed. New York: Churchill-Livingstone; 1989. p. 161-99.
Dobbing J, Sands J. Comparative aspects of the brain growth spurt.
Early Hum Dev. 1979;3:79-83.

Loepke AW, Soriano SG. An assessment of the effects of general
anesthetics on developing brain structure and neurocognitive func-
tion. Anesth Analg. 2008;106:1681-707.

Davidson AJ. Monitoring the anaesthetic depth in children: an
update. Curr Opin Anaesthesiol. 2007;20:236-43.

Ghazal EA, Mason LJ, Cote CJ. Preoperative evaluation, premedi-
cation, and induction of anesthesia. In: Cote CJ, Lerman J,
Anderson BJ, editors. Cote and Lerman’s a practice of anesthesia
for infants and children. 5th ed. Philadelphia: Elsevier; 2013.
p. 31-63.

Stevens B, Yamada J, Ohlsson A. Sucrose for analgesia in newborn
infants undergoing painful procedures. Cochrane Database Syst
Rev. 2001(4):CD001069. Review. Update in: Cochrane Database
Syst Rev. 2004;(3):CD001069.



8

33.

34.

Pediatric Physiology: How Does It Differ from Adults?

Dallman PR, Shannon K. Developmental changes in red blood cell
production and function. In: Rudolph AM, Hoffman JIE, Rudolph
CD, editors. Rudolph’s pediatrics. 20th ed. Stamford: Appleton &
Lange; 1996. p. 1167-70.

American Society of Anesthesiologists Committee on Standards
and Practice Parameters. Practice guidelines for preoperative fast-
ing and the use of pharmacologic agents to reduce the risk of pul-
monary aspiration: application to healthy patients undergoing
elective procedures: an updated report by the American Society of

35.

36.

123

Anesthesiologists Committee on Standards and Practice Parameters.
Anesthesiology. 2011;114:495-511.

Flick R. Clinical complications in pediatric anesthesia. In: Gregory
GA, Andropoulos DB, editors. Gregory’s pediatric anesthesia. 5th
ed. Oxford: Wiley-Blackwell; 2012. p. 1152-82.

Luginbuehl I, Bissonnette B. Thermal regulation. In: Cote CJ,
Lerman J, Todres ID, editors. A practice of anesthesia for
infants and children. Philadelphia: Saunders-Elsevier; 2009.
p. 557-67.



Randy P. Prescilla

Abstract

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 anxiety, minimize psychological trauma, and maximize the potential for amnesia,
(4) control behavior and/or movement to allow the safe completion of the procedure, and
(5) return the patient to a state in which safe discharge is possible.”

In order to achieve effective and safe sedation, it is imperative that sedation providers
possess a clear understanding of the pharmacology of the drugs that will be administered.
Knowledge of each drug’s time of onset, peak response, and duration of action is critical.
The American Society of Anesthesiologists (ASA) also mandates that the curriculum for a
formal training program in sedation for nonanesthesiologists should include, among others,
“the pharmacology of all anesthetic drugs...of moderate sedation.”

Keywords

Pharmacology * Sedatives ¢ Analgesics * Adjuncts * Reversal agents « Pharmacokinetics ®
Contraindications * Route of administration ¢ Clinical application * Adverse events
American Academy of Pediatrics (AAP) * American Society of Anesthesiologists (ASA) ¢
Food and Drug Administration (FDA) ¢ Off-label * Best Pharmaceuticals for Children Act
(BPCA) » Pediatric Research Equity Act (PREA) ¢ Alfentanil » Chloral hydrate * Codeine ®
Dexmedetomidine ¢ Opiod * Diazepam ¢ Etomidate ¢ Fentanyl * Fospropofol * Ketamine ¢
Ketofol » Lorazepam ¢ Meperidine (Demerol) * Methohexital (Brevital) ¢ Midazolam
(Versed) » Morphine ¢ Nitrous oxide * Pentobarbital (Nembutal) ¢ Propofol ¢ Remifentanil
¢ S-ketamine ¢ Sufentanil ¢ Flumazenil * Naloxone (Narcan) * Lidocaine * Ondansetron
(Zofran) ¢ Metoclopramide (Reglan) * Scopolamine * Diphenhydramine (Benadryl) e
Dexamethasone (Decadron)

Introduction

The overall objective in sedation outside the operating room
is to provide effective and safe sedation.
The American Academy of Pediatrics (AAP) provides
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movement to allow the safe completion of the procedure,
and (5) return the patient to a state in which safe discharge
is possible” [1].

In order to achieve effective and safe sedation, it is imper-
ative that sedation providers possess a clear understanding of
the pharmacology of the drugs that will be administered.
Knowledge of each drug’s time of onset, peak response, and
duration of action is critical [1]. The American Society of
Anesthesiologists (ASA) also mandates that the curriculum
for a formal training program in sedation for nonanesthesi-
ologists should include, among others, “the pharmacology of
all anesthetic drugs...of moderate sedation” [2].

Drug Selection and Administration

The AAP states that the goals of sedation can best be achieved
by selecting the lowest dose required, and selecting the
drug(s) with the highest therapeutic index for the procedure.
It is essential that in the selection process of which drug to
use, the practitioner should choose the least number of drugs,
while matching the drug(s) to the type and goal of the proce-
dure that is being planned. For example, analgesic medica-
tions such as opioids are indicated for painful procedures,
while for nonpainful procedures, sedatives/hypnotics may
suffice. Since children younger than 6 years and those with
developmental delay generally require deep levels of seda-
tion, the need for deep sedation should be anticipated [1].
Anxiolysis or mild sedation may be occasionally sufficient
for computerized tomography (CT), but is often not enough
in procedures such as magnetic resonance (MR) or nuclear
medicine imaging.

Selection of medications and dosages should be guided
by the desired key effect(s). An ideal regimen would provide
acceptable analgesia, sedation, and amnesia for residual
awareness of procedure-related pain or anxiety. It would
cause minimal adverse effects and work reliably with a wide
therapeutic index; i.e., small differences in doses would not
cause oversedation or adverse events, have rapid onset and
recovery, and be easy to titrate to effect. No single agent or
combination of agents fully achieves these goals. Selection
of procedural sedation medications therefore is based upon
balancing desired effects with the potential for adverse
effects. For procedures that are very painful (e.g., fracture
reduction), control of the pain will be paramount. For proce-
dures that require the child to be motionless (e.g., CT or MRI
scans) immobility may be most important. Most procedures
in children require some combination of analgesia and
immobility along with anxiolysis; therefore, sedation plan-
ning should consider all these parameters.

Because increasing depth of sedation is associated with
increasing frequency of adverse events [3, 4], use of the
lightest effective sedation is usually preferred. However,
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frequently the depth of sedation required for a particular
procedure cannot be accurately predicted in a specific patient
[3]. Underappreciated anxiety and a lack of comprehension
in younger children and those with developmental delay
often elicit a need for deeper-than-anticipated sedation. For
intensely painful procedures, deep sedation is typically
required. Sedation practitioners, therefore, should be trained
and prepared to administer increasingly deeper sedation as
guided by the patient’s response to the procedure.

Careful intravenous “titration” of medications uses
repeatedly administered small doses to achieve the desired
clinical effect. Titration enables the practitioner to use the
smallest effective dose and reduce the risk of oversedation
with its accompanying risks of respiratory depression and
aspiration [3, 5-7]. Individual variation in sensitivity to the
medication can also be detected, thus a smaller-than-expected
dose may be found adequate for a given individual.

Knowledge of the time to peak effect of the specific medi-
cation 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 preceding dose has occurred. In these situations, deeper-
than-intended sedation can easily occur. For example, mor-
phine has a peak effect at approximately 10 min. If an
additional dose of morphine is administered after 5 min
because the patient is still in 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 respira-
tory 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 intervals shorter than “the time to peak
effect” without likely overshoot. 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 depression induced by
some agents, such as the combined technique using fentanyl
and midazolam. This approach is suggested for practitioners
as they acquire experience with a specific medication.

Use of Multiple Drugs for Sedation

A strong knowledge of pharmacology is essential when
administration of several sedating agents is considered.
Drugs with long durations of action must be allowed to man-
ifest their pharmacologic actions and peak effects before
additional doses are considered. The practitioner must know
whether the previous dose of any drug has taken full effect
before administering additional medications [1].
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If the mechanisms of action of concomitant medications
are similar, synergistic effects may be potentiated, and the
risk of adverse events is 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 oth-
ers inhibit the cytochrome P450 system and concomitant use
of these medications can result in prolonged sedation with
midazolam and other medications that compete for the same
enzyme systems. Even herbal medications such as St. John’s
wort or echinacea can affect drug pharmacokinetics resulting
from altered cytochrome P450 effects.

Additional Pharmacologic Effects

One benefit that some sedatives provide is analgesia. This is
critical not only for patients who are in pain at the onset of
sedation but also for patients who will become uncomfort-
able or experience pain during the diagnostic study. Patient
as well as procedural factors can amplify the pain response,
for example, a child with scoliosis who may be required to
lay flat on an MRI table for an hour, or a child whose elbow
will need to remain flexed at a certain angle during a radio-
logic imaging study. By their nature as opioids, fentanyl, suf-
entanil, remifentanil, and alfentanil are known to produce
analgesia. Dexmedetomidine has also been reported to pro-
vide analgesic effects.

An additional effect that some sedatives provide is rela-
tive amnesia. This effect is helpful for young children whose
previous visit(s) may be marred by traumatic memory. An
amnesic effect is also most helpful in children who will need
additional sedation or procedures in the future. Drugs that
have been reported to produce amnesia include propofol [9—
12], fentanyl [9], ketamine [12, 13] and S-ketamine [14], and
the benzodiazepines midazolam [15, 16] and lorazepam
[17]. Ideally, the patient will be unable to recall procedure-
related pain despite occasional moans or crying out during
intensely painful parts of the procedure [18]. It is unwise to
promise complete amnesia during the informed consent
process.

Off-Label Use

Unfortunately, most drugs used for sedation in children do
not carry pediatric information that has been reviewed and
approved by the Food and Drug Administration (FDA) and
as such, these drugs are used “off-label.” Out of 106 drugs
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administered during anesthesia to pediatric patients from the
operating room pharmacy, drugs were administered off-label
in about 73 % of cases [19]. Implementation of legislation
such as the Best Pharmaceuticals for Children Act and the
Pediatric Research Equity Act has led to the addition of spe-
cific pediatric information in more than 500 product labels
from 1997 to 2013 [20].)

Readers are reminded that the current FDA guidelines on
off-label use state that “if physicians use a product for an indi-
cation not in the approved labeling, they have the responsibil-
ity to be well informed about the product, to base its use on
firm scientific rationale and on sound medical evidence, and
to maintain records of the product’s use and effects” [21].

In general, the off-label use of a marketed product for the
“practice of medicine” does not require the submission of an
Investigational New Drug Application from the FDA [21].
However, the institution at which the product will be used
may, under its own authority, require Institutional Review
Board (IRB) review or other institutional oversight. The
reader is advised to consult the IRB in his or her institution
for 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 practitioners try to be
innovative in order to decrease pain and discomfort in chil-
dren through a variety of ways. These include drug adminis-
tration via nasal, transdermal, oral, sublingual, and oral and
rectal routes. The American Academy of Pediatrics,
Committee on Drugs cautions that although new routes of
administration offer advantages, controlled laboratory and
clinical trials are necessary to determine safe use. When new
methods or routes of drug administration are introduced, the
Committee further recommends that the practitioner under-
stand the pharmacologic actions of the drug, as well as the
pharmacokinetic and pharmacodynamic implications that
may be unique for pediatric patients [22].

In March 2014, the AAP and its Committee on Drugs pub-
lished a policy statement on off-label drugs in children. The
policy concluded that “evidence, not label indication, remains
the gold standard from which practitioners should draw when
making therapeutic decisions for their patients.” The state-
ment made recommendations for off-label drug administra-
tion and the advocating of off-label drug research and
publication. Finally, the policy statement recommended,
“institutions and payers should not use labeling status as the
sole criterion that determines the availability on formulary or
reimbursement status for medications in children. Similarly,
less expensive therapeutic alternatives considered appropriate
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for adults should not automatically be considered appropriate
first-line treatment in children. Finally, off-label uses of drugs
should be considered when addressing various drug-related
concerns, such as drug shortages” [23].

Reversal Agents

The knowledge of pharmacology should also extend to that
of drugs that may be needed to “rescue” a sedated patient.
Currently, pharmacologic antagonists exist only for opiates
and benzodiazepines. This includes reversal agents such as
flumazenil and naloxone. Drugs that are not reversal agents
per se such as albuterol, ammonia spirits, atropine, diphen-
hydramine, diazepam, epinephrine, glucose, lidocaine,
methylprednisolone, fosphenytoin, rocuronium, sodium
bicarbonate, and succinylcholine may also be required in
specific cases [1]. As the need for resuscitation can occur
unexpectedly, the practitioner should familiarize him or her-
self with dosing and drug administration.

The Effects of Psychotropic Drugs
on the Developing Brain

There is growing concern about the neurotoxic effects of
anesthetics in the human developing brain. To date, there is
no direct evidence in humans of neurotoxicity. (Refer to
Chap. 27 [24].)

Formulary

The most common medications currently used in sedation in
children are presented in the next section. A brief description
of the pharmacologic nature of each drug is provided, along
with any available pediatric pharmacokinetic data, followed
by a brief discussion on the clinical applications in children
and common adverse events.

As the data indicate, there are limited published pediatric
data on most of these medications. The sedation practitioner
is encouraged to consult the latest appropriate formulary in
their institution, particularly for pediatric dosage and restric-
tions of use, if any. Pediatric sedation practitioners are also
encouraged to conduct formal clinical studies to add to the
literature in pediatric sedation.

This chapter is not intended to list which drugs are appro-
priate for which particular procedure.

The reader is advised to refer to the individual chapters
that discuss specific sedatives in the appropriate clinical con-
text, for indications and dosages.

Lastly, inclusion of a drug in this chapter does not imply
endorsement of an off-label use.
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Sedatives and Analgesics
Alfentanil (Alfenta, Rapifen)
Drug class: Opioid.

Route of administration: Primarily intravenous, although intra-
nasal administration in children has been reported [25, 26].

The pharmacokinetics of alfentanil can be described as a
three-compartment model. The liver is the major site of bio-
transformation; urinary excretion is the major route of elimi-
nation of metabolites [27].

The pharmacokinetics of alfentanil in children has been
described [26, 28-38].

Contraindications: Alfentanil is contraindicated in patients
with known hypersensitivity to the drug or known intoler-
ance to other opioid agonists.

Clinical application: Alfentanil is an opioid analgesic with a
rapid onset of action. As such it is used in sedation as an
analgesic adjunct in anesthesia or monitored anesthesia care.

Alfentanil is seldom used now [39].

Common adverse events [27] include respiratory depres-
sion and skeletal muscle rigidity, particularly of the truncal
muscles. Alfentanil may produce muscular rigidity that
involves the skeletal muscles of the neck and extremities.

Respiratory events reported during monitored anesthesia care
(MAC) included hypoxia, apnea and bradypnea, nausea, hypoten-
sion, vomiting, pruritus, confusion, somnolence, and agitation.

The incidence of certain side effects is influenced by the
type of use (e.g., chest wall rigidity has a higher reported
incidence in clinical trials of alfentanil induction) and by the
type of surgery (e.g., nausea and vomiting have a higher
reported incidence in patients undergoing gynecologic sur-
gery). The overall reports of nausea and vomiting with alfen-
tanil were comparable to fentanyl.

Chloral Hydrate

Drug class: Chloral derivative.

Chloral hydrate is rapidly reduced to the active compound
trichloroethanol, which exerts barbiturate-like effects on
GABA-receptor [40].

Route of administration: Primarily oral, but rectal adminis-
tration for sedation in children has been reported [41-44].

Chloral hydrate is extensively metabolized in the liver by
alcohol dehydrogenases and by erythrocytes to its major
metabolite, trichloroethanol [45]. Less than 10 % of chloral
hydrate is excreted in the urine.
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The pharmacokinetics of chloral hydrate in children has
been described [46, 47].

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

Contraindications: Chloral hydrate is contraindicated in
patients with marked hepatic or renal impairment and in
patients who have previously demonstrated hypersensitivity
or an idiosyncratic reaction to the drug.

Clinical application: Chloral hydrate continues to be used for
moderate sedation in children. The advantages and disadvan-
tages of chloral hydrate have been reviewed [48]. Disadvantages
include the long half-life: up to 48 h in children [46]. TCE has
also been found to be carcinogenic in mice [48, 49].

In 1993, the AAP issued a statement on the use of chloral
hydrate for sedation in children [49]. In it, the Academy
states that it is an effective sedative when administered in the
recommended dosage. However, repetitive dosing of chloral
hydrate is of concern, as well as theoretical long-term risk of
carcinogenicity. The need for additional studies was raised.

Common adverse events include prolonged sedation,
respiratory depression, nausea/vomiting, gastric and esopha-
geal irritation, diarrhea, headache, disorientation, dysphoria,
dizziness, rash, and hypotension (especially in neonates).

Codeine

Drug class: Opioid.

Codeine is mentioned in this formulary only to emphasize
that it is an unreliable analgesic because it is a prodrug of
morphine, and the enzyme (CYP2D6) that converts codeine
to morphine has many different genetic variants. This results
in some patients getting little to no analgesia from codeine
(poor metabolizers) and other patients overdosing because of
overactive metabolism (ultrarapid metabolizers). There have
been many deaths in pediatrics associated with codeine use
due to overactive metabolism [50].

The FDA issued the following Drug Safety Communication
in August 2012 [50] and later, a communication update in
February 2013 and eventually, issued a Black Box Warning
for use of codeine and contraindication on use after tonsil-
lectomy and/or adenoidectomy [51].

Dexmedetomidine (Precedex, Dexdor)
Drug class: Alpha2 receptor agonist.
Route of administration: Intravenous [52], although buccal

[53-56], intranasal [57-59], and intramuscular [60, 61]
administration in children have been reported.
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Dexmedetomidine ~ undergoes  almost  complete
biotransformation with very little unchanged dexmedetomi-
dine excreted in the urine and feces. Biotransformation
involves both direct glucuronidation and cytochrome P450-
mediated metabolism. About 95 % of the drug is recovered
in the urine and 4 % in the feces.

The pharmacokinetics of dexmedetomidine in children
has been described [62-66].

Approved indications: Sedation.
Contraindication: None.

Clinical application: Dexmedetomidine was originally indi-
cated for sedation of initially intubated and mechanically
ventilated adult patients during treatment in an intensive care
setting. It has recently been approved for sedation of non-
intubated adults prior to and/or during surgical and other
procedures.

Dexmedetomidine offers the advantage of providing seda-
tion and analgesia with little respiratory depression and in most
a tolerable decrease in blood pressure and heart rate [67].

Adverse events [52] include serious adverse reactions
such as hypotension, bradycardia, sinus arrest, and transient
hypertension in both Intensive Care Unit and procedural
sedation studies.

Hypotension and bradycardia were the most common
adverse reactions associated with the use of dexmedetomi-
dine during post-approval use.

Diazepam (Valium, Antenex)
Drug class: Benzodiazepine.

Route of administration: Rectal, intravenous, oral.

After oral administration >90 % of diazepam is absorbed
and the average time to achieve peak plasma concentrations
is 1-1.5 h. Absorption is delayed and decreased when admin-
istered with a moderate fat meal.

Diazepam is N-demethylated to the active metabolite
N-desmethyldiazepam, and is hydroxylated to the active
metabolite temazepam. N-desmethyldiazepam and temaze-
pam are both further metabolized to oxazepam. Temazepam
and oxazepam are largely eliminated by glucuronidation and
are excreted mainly in the urine, predominantly as their gluc-
uronide conjugates [68].

The clinical pharmacology of diazepam in children has
been reviewed [69].

Approved indications: Sedation. (+) Pediatric labeling.

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

Clinical application: Diazepam is administered to provide
anxiolysis, with accompanying mild sedation. This state usu-
ally suffices for short diagnostic procedures.

Common adverse events include drowsiness, fatigue, and
ataxia; venous thrombosis and phlebitis at the site of injec-
tion [68].

Etomidate (Amidate)
Drug class: Carboxylated imidazole.

Route of administration: Intravenous.

Etomidate is rapidly metabolized in the liver.

Approximately 75 % of the administered dose is excreted
in the urine during the first day after injection. The chief
metabolite is produced from hydrolysis of, and accounts for
about 80 % of the urinary excretion [70].

The pharmacokinetics of etomidate in children has been
described [71].

Contraindication: Etomidate is contraindicated in patients
who have shown hypersensitivity to it.

Clinical application: Etomidate was more effective and effi-
cient than pentobarbital in CT sedation in the emergency
department, with rare adverse events [72]. The use of etomi-
date for sedation has also been compared to midazolam [73]
and pentobarbital [74].

Common adverse events [70] include transient venous
pain on injection and transient skeletal muscle movements,
including myoclonus, hyperventilation, hypoventilation,
apnea of short duration, laryngospasm, hiccup, and snoring
suggestive of partial upper airway obstruction; all have been
observed in some patients; hypertension, hypotension, tachy-
cardia, bradycardia, and other arrhythmias have occasionally
been observed during induction; and maintenance of
anesthesia, nausea, and/or vomiting following induction of
anesthesia. One case of anaphylactoid reaction (severe hypo-
tension and tachycardia) has been reported.

Etomidate Analogs

Two derivatives of etomidate are in development. MOC-
etomidate is an analog that retains the important favorable
pharmacological properties of etomidate, such as rapid onset
of action, high hypnotic potency, and hemodynamic stability.
In addition, it is rapidly metabolized, ultra-short-acting, and
does not produce prolonged adrenocortical suppression after
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bolus administration [75]. Carboetomidate represents an
etomidate analog that contains a five-membered pyrrole ring
instead of an imidazole. The loss of the free imidazole nitro-
gen eliminates coordination interactions with heme irons,
thereby reducing adrenal suppression [76].

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

Drug class: A synthetic opioid related to the phenylpiperi-
dines [77].

Route of administration: Primarily intravenous, epidural, and
intrathecally. Transdermal [78—84], intranasal [85-98], and
transmucosal administration [99-125] in children have been
reported.

Fentanyl is primarily transformed in the liver, and is
excreted mainly through the kidneys.

The pharmacokinetics of fentanyl in children has been
described [126-128].

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

Clinical application: Fentanyl remains a popular drug for
sedation because of its relatively shorter time to peak
effect, rapid termination of effect after small bolus doses,
and relative cardiovascular stability. Its intravenous use
has been effective but limited by clinical concerns about
muscle rigidity [39], although no cases of rigid chest
syndrome have been reported in the procedural sedation
literature [129].

Common adverse events include respiratory depression,
apnea, rigidity, and bradycardia. Other adverse reactions that
have been reported are hypertension, hypotension, dizziness,
blurred vision, nausea, emesis, laryngospasm, and diaphore-
sis. Secondary rebound respiratory depression may occa-
sionally occur postoperatively [77].

When a tranquilizer such as droperidol is used with fen-
tanyl citrate, chills and/or shivering, restlessness, and postop-
erative hallucinatory episodes (sometimes associated with
transient periods of mental depression) can occur.
Extrapyramidal symptoms (dystonia, akathisia, and oculogy-
ric crisis) have been observed up to 24 h postoperatively [77].

Fospropofol (Lusedra)
Drug class: Alkylphenol derivative.

Route of administration: Intravenous.
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Fospropofol is a water-soluble prodrug of propofol (see
below). Since it is water soluble, fospropofol eliminates
some of the known lipid emulsion-associated disadvantages
of propofol such as pain on injection, narrow therapeutic
window with the potential to cause deep sedation, high lipid
intake during long-term sedation, and risk of infection result-
ing from bacterial contamination [130].

Fospropofol is metabolized in vivo to produce liberated
propofol (producing the sedative effect), phosphate, and
formaldehyde [131].

The use and the pharmacokinetics of fospropofol in
children have not been described.

Clinical application: Monitored anesthesia care sedation in
adult patients undergoing diagnostic or therapeutic
procedures.

Contraindications: None.

Clinical application: The pharmacokinetic and pharmacody-
namic profiles of fospropofol make it an attractive agent for
sedation for procedures of short duration.

Common adverse events include paresthesia, pruritus, and
cough. Serious adverse reactions include respiratory depres-
sion, hypoxemia, loss of purposeful responsiveness, and
hypotension [132].

Ketamine (Ketanest, Ketaset, Ketalar)
Drug class: Phencyclidine derivative.

Route of administration: Intravenous and intramuscular.
Ketamine is rapidly absorbed following parenteral admin-
istration and rapidly distributed into body tissues [133].
The pharmacokinetics of ketamine in children has been
described [134—138].

Contraindications: Ketamine is contraindicated in those in
whom a significant elevation of blood pressure would consti-
tute a serious hazard and in those who have shown hypersen-
sitivity to the drug.

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

Ketamine is used for premedication, sedation, and induc-
tion and maintenance of general anesthesia. Ketamine and its
S(+)-isomer are ideal anesthetic agents for trauma victims,
patients with hypovolemic and septic shock, and patients

with pulmonary diseases. Even subanesthetic doses have
analgesic effects, so ketamine is also recommended for post-
operative analgesia and sedation. The combination of ket-
amine with midazolam or propofol can be extremely useful
and safe for sedation and pain relief in intensive care patients,
especially during sepsis and cardiovascular instability [139].

The evolution of the applications of ketamine in children
has been reviewed recently [140].

Common adverse events include the following [133]:

Cardiovascular: Hypertension and tachycardia are common,
although hypotension and bradycardia have been observed.
Arrhythmia has also occurred.

Respiration: Although respiration is frequently stimulated,
severe depression of respiration or apnea may occur follow-
ing rapid intravenous administration of high doses of ket-
amine. Laryngospasms and other forms of airway obstruction
have occurred.

Eye: Diplopia and nystagmus have been noted. Ketamine
may also cause a slight elevation in intraocular pressure
measurement.

Psychological: Emergence reactions have been reported.

Neurological: In some patients, enhanced skeletal muscle
tone may be manifested by tonic and clonic movements
sometimes resembling seizures.

Gastrointestinal: Mild to moderate anorexia, nausea, and
vomiting have been observed.

General: Anaphylaxis, local pain, and exanthema at the
injection site have infrequently been reported. Transient ery-
thema and/or morbilliform rash have also been reported.

Ketofol (Ketamine + Propofol)

Ketamine (see previous) was approved by the FDA in 1970.
Propofol (see later) was approved by the FDA in 1989 and
remains labeled as an anesthetic agent. Both ketamine and
propofol are now available in generic form in the United
States.

The combination of ketamine and propofol has been used
successfully in anesthesiology for many years. In recent
years, this combination has become more popular in proce-
dural sedation and analgesia. The sedative effects of the two
drugs are additive, thus allowing the use of lower doses of
each drug. The other effects of propofol and ketamine appear
to be complementary: ketamine adds an analgesic effect,
unlike propofol, which in turn blunts the emetogenic and
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psycho-cognitive effects of ketamine. The adverse effects of
ketamine and propofol tend to offset each other, with less
pain on injection and evidence of reduced effect on cardiac
and respiratory suppression [141, 142]. Ketofol is usually
constituted as a 1:1 mixture. There is no premixed formula-
tion approved, available, or pending. There are no published
pharmacokinetic data on this empirical mixture.

In a large double-blind study in the emergency depart-
ment, there was no difference in adverse respiratory events
with ketofol versus propofol, 30 % versus 32 %, respec-
tively. Ketofol, however, reduced the need for supplemental
sedation to achieve Ramsay Sedation Score of 4 or greater
(46 % vs. 65 %) but did not offer an advantage on the inci-
dence of adverse respiratory events [143]. The advantage of
ketofol in procedural anesthesia for children has been a
reduction in narcotic and overall propofol requirement with
favorable hemodynamics [144]. The pros and cons on the
use of ketofol in pediatric procedural sedation have been
reviewed [145].

Lorazepam (Ativan, Temesta)
Drug class: 3-hydroxyl benzodiazepine.

Route of administration: Oral, intravenous, intramuscular.
Lorazepam is extensively conjugated in the liver and is
known to undergo enterohepatic recirculation. The inactive
metabolite is eliminated mainly by the kidneys [146].
The pharmacokinetics of lorazepam in pediatrics has been
described [147, 148].

Contraindications: Lorazepam injection is contraindicated
in patients with a known sensitivity to benzodiazepines or its
vehicle (polyethylene glycol, propylene glycol, and benzyl
alcohol), in patients with acute narrow-angle glaucoma, or in
patients with sleep apnea syndrome. It is also contraindi-
cated in patients with severe respiratory 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 contraindi-
cated because it may produce arteriospasm resulting in gan-
grene, which may require amputation.

Clinical application: Lorazepam has been used to provide
anxiolysis as well as preanesthetic medication. Compared to
midazolam, lorazepam has a less rapid onset of action and a
longer duration of action.

Common adverse events [1460] include depression of the
central nervous system such as excessive sleepiness and drows-
iness. Other symptoms include restlessness, confusion, depres-
sion, crying, sobbing, and delirium. Visual hallucinations were
present in about 1 % and were self-limiting. Hypertension and
hypotension have occasionally been observed.
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As with all benzodiazepines, paradoxical reactions such
as stimulation, mania, irritability, restlessness, agitation,
aggression, psychosis, hostility, rage, or hallucinations may
occur in rare instances and in an unpredictable fashion.

Fatalities also have been reported—usually in patients on
concomitant medications (e.g., respiratory depressants) and/or
with other medical conditions (e.g., obstructive sleep apnea).

Meperidine (Demerol, Isonipecaine, Lidol,
Pethanol, Piridosal, Algil, Alodan, Centralgin,
Dispadol, Dolantin, Mialgin, Petidin Dolargan,
Dolestine, Dolosal, Dolsin, Mefedina)

Drug class: Opioid.

Route of administration: Intramuscular, subcutaneous, and
slow intravenous.

The onset of action is slightly more rapid than with mor-
phine, and the duration of action is slightly shorter.
Meperidine is significantly less effective by the oral than by
the parenteral route, but the exact ratio of oral to parenteral
effectiveness is unknown.

Meperidine is metabolized chiefly in the liver, and exten-
sively excreted by the kidney [149].

The pharmacokinetics of meperidine in pediatrics has
been described [150].

Contraindications: Meperidine is contraindicated in patients who
have shown hypersensitivity to it and in patients who are receiv-
ing monoamine oxidase (MAO) inhibitors. Therapeutic doses of
meperidine have occasionally precipitated unpredictable, severe,
and occasionally fatal reactions in patients who have received
such agents within 14 days. The mechanism of these reactions is
unclear, but may be related to a preexisting hyperphenylalanin-
emia. Some have been characterized by coma, severe respiratory
depression, cyanosis, and hypotension and have resembled the
syndrome of acute narcotic overdose. In other reactions, the pre-
dominant manifestations have been hyperexcitability, convul-
sions, tachycardia, hyperpyrexia, and hypertension.

Although it is not known that other narcotics are free of
the risk of such reactions, virtually all of the reported reac-
tions have occurred with meperidine.

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

Common adverse events: The most frequently observed
adverse reactions include light-headedness, dizziness, seda-
tion, nausea, vomiting, sweating, respiratory depression and,
to a lesser degree, circulatory depression; respiratory arrest,
shock, and cardiac arrest have occurred [149].
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Methohexital (Methohexitone, Brevital)
Drug class: Barbiturate.

Route of administration: Intravenous, rectal.

Unlike thiopental and thiamylal, methohexital has a much
more rapid clearance and therefore accumulates less during
prolonged infusions. All three are primarily eliminated by
hepatic metabolism and renal excretion of inactive metabo-
lites [67, 151].

The pharmacokinetics of methohexital in pediatrics has
been described [152-159].

Contraindications: Methohexital is contraindicated in
patients in whom general anesthesia is contraindicated, in
those with latent or manifest porphyria, or in patients with a
known hypersensitivity to barbiturates.

Clinical application: Methohexital is labeled for use in pediat-
ric patients older than 1 month: (1) for rectal or intramuscular
induction of anesthesia prior to the use of other general anes-
thetic agents, (2) for rectal or intramuscular induction of anes-
thesia and as an adjunct to subpotent inhalational anesthetic
agents for short surgical procedures, and (3) as rectal or intra-
muscular anesthesia for short surgical, diagnostic, or therapeu-
tic procedures associated with minimal painful stimuli.

Methohexital is threefold more potent than thiopental and
thiamylal.

Common adverse events include extensions of pharmaco-
logic effects such as:

Cardiovascular: Circulatory depression, thrombophlebitis,
hypotension, tachycardia, peripheral vascular collapse and
convulsions in association with cardiorespiratory arrest.

Respiratory: Respiratory depression (including apnea), car-
diorespiratory arrest, laryngospasm, bronchospasm, hiccups,
and dyspnea.

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

Psychiatric: Emergence delirium, restlessness, and anxiety
may occur, especially in the presence of postoperative pain.

Gastrointestinal: Nausea, emesis, abdominal pain, and liver
function tests abnormal.

Allergic: Erythema, pruritus, urticaria, and cases of anaphy-
laxis have been reported rarely.

Other adverse reactions include pain at injection site, sali-
vation, headache, and rhinitis.
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Midazolam (Versed, Dormicum, Hypnovel)
Drug class: Benzodiazepine.

Route of administration: Intravenous, intramuscular and oral.

The absolute bioavailability of the midazolam adminis-
tered through the intramuscular route was greater than 90 %.
Midazolam is approximately 97 % bound to plasma protein,
principally albumin. Elimination is mediated by cytochrome
P450-3A4 to hydroxylated metabolites that are conjugated
and excreted in the urine [160].

The pharmacokinetics of midazolam in pediatrics has
been described [69, 161-179].

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

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

Clinical application: Midazolam is usually administered to
provide anxiolysis, with accompanying mild sedation. This
state usually suffices for short diagnostic procedures.

For children who do not require placement of an intrave-
nous line, the parenteral formulation of midazolam may be
orally administered 15-30 min before the procedure.

Common adverse events in pediatrics include desaturation,
apnea, hypotension, paradoxical reactions, hiccough, sei-
zure-like activity, and nystagmus. The majority of airway-
related events occurred in patients receiving other
CNS-depressing medications and in patients where mid-
azolam was not used as a single sedating agent.

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

Drug class: Opioid.

Route of administration: Intravenous, intramuscular, rectal.

Morphine is conjugated with glucuronic acid to form two
major metabolites: morphine-6-glucuronide and morphine-
3-glucuronide. The former has similar pharmacological
actions compared to morphine. Both metabolites are excreted
by the kidney [180].

The pharmacokinetics of morphine in pediatrics has been
well described [181-200].
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Contraindications: Morphine is contraindicated in those
medical conditions that would preclude the administration of
opioids by the intravenous route: allergy to morphine or
other opiates, acute bronchial asthma, and upper airway
obstruction. Morphine, like all opioid analgesics, may cause
severe hypotension in an individual whose ability to main-
tain blood pressure has already been compromised by a
depleted blood volume or a concurrent administration of
drugs, such as phenothiazines or general anesthetics.

Clinical application: Morphine and other opioid agonists
exert a wide range of physiological effects. In sedation, the
most pertinent effects are analgesia, drowsiness, changes in
mood, and mental clouding. At therapeutic levels, patients
report that the pain is less intense, less discomforting, or
entirely gone; drowsiness commonly follows [39].

Common adverse events include respiratory depression
and/or respiratory arrest. This depression and/or respiratory
arrest may be severe and could require intervention. Because
of delay in maximum CNS effect with intravenously admin-
istered drug (30 min), rapid administration may result in
overdosing. Single-dose neuraxial administration may result
in acute or delayed respiratory depression for periods at least
as long as 24 h [180].

In general, side effects are amenable to reversal by nar-
cotic antagonists.

Nitrous Oxide

Route of administration: Inhaled.

Nitrous oxide (N,O) is a colorless, odorless, tasteless gas
that produces dissociative euphoria, drowsiness, and a “float-
ing sensation” with anxiolysis and mild to moderate amnesia
and analgesia.

The pharmacokinetics of nitrous oxide in children has
been described [201, 202].

Contraindications: Nitrous oxide should not be used with
any condition where air is entrapped within a body and
where its expansion might be dangerous—artificial, trau-
matic or spontaneous pneumothorax, air embolism, decom-
pression sickness, following a recent dive, following air
encephalography, severe bullous emphysema, use during
myringoplasty, and gross abdominal distension.

Clinical application: Nitrous oxide is used primarily for
anxiolysis, mild analgesia, and amnesia during brief proce-
dures, especially in conjunction with local anesthesia, e.g.,
laceration repair, abscess incision and drainage, lumbar
puncture, intravenous line placement, and some fracture
reductions. Its advantages include rapid onset of action
(within 5 min), and N,O does not require vascular access or
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painful administration. Recovery from N,O sedation
typically is very rapid, with the child able to sit alone within
5 min and ready for discharge within 15 min [203].

The use of nitrous oxide in children for sedation has
been reported [203-222]. The applications of nitrous oxide
for procedural sedation in pediatrics have been reviewed
recently [223].

Common adverse events include vomiting, nausea, inad-
equate sedation, agitation/delirium, low oxygen saturation,
unresponsive episode with low oxygen saturation, stridor,
seizure, diaphoresis, burpy/hiccupy, gaggy, expectorated
large amount of clear phlegm, and screaming [224].

Pentobarbital (Nembutal)
Drug class: Barbiturate.

Route of administration: Primarily intravenous, although
oral administration has been reported in children [225].
Barbiturates are absorbed and rapidly distributed to all
tissues and fluids with high concentrations in the brain, liver,
and kidneys. Pentobarbital is metabolized primarily by the
hepatic microsomal enzyme system, and the metabolic prod-
ucts are excreted in the urine, and less commonly, in the
feces [226].
The pharmacokinetics of pentobarbital in children has
been described [227, 228].
Approved indications: Sedative-hypnotic, induction of
anesthesia. (+) Pediatric labeling.

Contraindications: Pentobarbital is contraindicated in patients
with known barbiturate sensitivity. It is also contraindicated in
patients with a history of manifest or latent porphyria.

Clinical application: Pentobarbital is a widely used barbitu-
rate used for sedation of children. However, its delayed onset
of action and prolonged sedation has led to the use of other
medications for sedation. The occurrence of paradoxical
hyperactivity reactions has also contributed to the decline in
its use.

Common adverse events: Somnolence is the most common
adverse event. Other adverse events include agitation, confu-
sion, hyperkinesia, ataxia, CNS depression, nightmares, ner-
vousness, psychiatric disturbance, hallucinations, insomnia,
anxiety, dizziness, and thinking abnormality.

Respiratory effects include hypoventilation and apnea.

Cardiovascular _system: Bradycardia, and

syncope.

hypotension,
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Digestive system: Nausea, vomiting, and constipation.
Other reported reactions include headache, injection site
reactions, hypersensitivity reactions (angioedema, skin
rashes, exfoliative dermatitis), fever, liver damage, and meg-
aloblastic anemia following chronic phenobarbital use [226].

Propofol (Diprivan)
Drug class: Alkylphenol derivative.

Route of administration: Intravenous.

Propofol promotes unconsciousness, in part, by GABA,-
mediated inhibition of release of the arousal-promoting neu-
rotransmitter  histamine in the cortex from the
tuberomammillary nucleus in the hypothalamus [229].
Propofol is extensively distributed and rapidly cleared from
the body. Clearance occurs by metabolic processes, mainly
in the liver, to form inactive conjugates of propofol and its
corresponding quinol, which are excreted in the urine [230].

The pharmacokinetics of propofol in children has been
described [231-249].

Approved indications: Initiation of monitored anesthesia
care sedation, combined sedation and regional anesthesia,
induction and maintenance of general anesthesia, and
Intensive Care Unit (ICU) sedation of intubated, mechani-
cally ventilated patients. (+) Pediatric labeling (induction
and maintenance of general anesthesia).

Contraindications: Propofol injectable emulsion is contrain-
dicated in patients with a known hypersensitivity to propofol
injectable emulsion or any of its components. It is contrain-
dicated in patients with allergies to eggs, egg products, soy-
beans, or soy products [250].

Older studies have shown severe reactions to propofol
[251-254]. Some more recent studies show otherwise. In a
retrospective case review over an 11-year period in Australia,
propofol was frequently administered to egg-allergic chil-
dren and it was concluded that propofol was likely to be safe
in the majority of egg-allergic children who do not have a
history of egg anaphylaxis [255]. Another study questioned
this contraindication; there was no confirmed report of
propofol-induced anaphylaxis by allergy testing, in egg-
allergic patients [256].

Clinical application: Propofol is a rapidly acting anesthetic
used in the induction and maintenance of general anesthesia,
as well as in sedation. Propofol sedation is of a similar qual-
ity to that produced by midazolam. Emergence from seda-
tion occurs quickly due to its rapid clearance.

The use of propofol by nonanesthesiologists was dis-
cussed in several chapters.
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The use of propofol in children for sedation has been
recently compared to midazolam [257], midazolam and fen-
tanyl [258], pentobarbital [259], midazolam + pentobarbi-
tal + fentanyl [260], ketamine [261], midazolam +ketamine
[262], and dexmedetomidine [263, 264].

Propofol (and thiopental sodium) have also been found to
be effective in the treatment of uncontrolled seizure activity
such as refractory status epilepticus. Coma is induced with
anesthetic drugs to achieve complete control of seizure activ-
ity [265].

The adverse events in 49,836 pediatric sedations with
propofol in 37 centers were recently reviewed [266].

Common adverse events include apnea in pediatric
patients. Adverse events in adults include bradycardia,
arrhythmia, tachycardia nodal, hypotension, decreased car-
diac output, hypertension, hypotension, burning/stinging or
pain at the site of injection, hyperlipidemia, apnea, respira-
tory acidosis, rash, and pruritus.

A rare complication, propofol infusion syndrome (PRIS),
has been described, and recently reviewed [267]. Initially
reported in children and in traumatic brain injury, PRIS typi-
cally presents as severe rhabdomyolysis, acute kidney injury,
hyperkalemia, metabolic acidosis, and hepatomegaly.
Myocardial injury may occur in several forms. Occurrence
of the syndrome, as well as its severity, appears to be dose
dependent, most cases occurring in patients who received
doses in excess of 5 mg/kg/h (80 pg/kg/min) for at least 48 h.
However, the syndrome has been described with short-term
high doses and long-term small doses. Additional well-
recognized risk factors for its development include the coad-
ministration of catecholamines or corticosteroids. PRIS has
not yet been reported in procedural sedation [129].

Remifentanil (Ultiva)
Drug class: A 4-anilidopiperidine derivative of fentanyl.

Route of administration: Intravenous.

Unlike other opioids, remifentanil is rapidly metabo-
lized by hydrolysis of the propanoic acid-methyl ester link-
age by nonspecific blood and tissue esterases. This
metabolite has minimal activity. The pharmacokinetics of
remifentanil is unaffected by the presence of renal or
hepatic impairment [268].

The pharmacokinetics of remifentanil in children has
been described [269, 270].

Contraindications: Due to the presence of glycine in the for-
mulation, remifentanil is contraindicated for epidural or
intrathecal administration. Remifentanil is also contraindi-
cated in patients with known hypersensitivity to fentanyl
analogs.
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Clinical application: Remifentanil has been shown to be
effective in providing analgesia-based sedation in pediatric
ICU patients requiring mechanical ventilation, in newborns
requiring mechanical ventilation, and in another group of
children who were being mechanically ventilated postopera-
tively [271].

The use of remifentanil in children (in Europe) has
recently been reviewed [272, 273].

Common adverse events include nausea, vomiting, and
shivering in children. Other adverse events reported in chil-
dren include onset of rhonchi, postoperative complication,
stridor, and cough.

S-Ketamine (Ketanest, Ketaset, Ketalar)

Drug class: Phencyclidine derivative; S-ketamine is the
active isomer of ketamine [274].

Route of administration: Primarily intravenous, although
intranasal [275], caudal block [276-282] and rectal [14, 283,
284] administration in children have been reported.
Ketamine is rapidly absorbed following parenteral admin-
istration and rapidly distributed into body tissues [275].
The pharmacodynamics [285] and the pharmacokinetics
[286, 287] of S-ketamine in children have been described.

Contraindications: S-ketamine is contraindicated in those in
whom a significant elevation of blood pressure would consti-
tute a serious hazard and in those who have shown hypersen-
sitivity to the drug.

Clinical application: Clinically, the anesthetic potency of the
S(+)-isomer is approximately three to four times that of the
R(-)-isomer.

Ketamine is a rapid-acting general anesthetic that pro-
duces an anesthetic (dissociative anesthesia) state character-
ized by profound analgesia, normal pharyngeal-laryngeal
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 premedication,
sedation, and induction and maintenance of general anes-
thesia, which is then termed ‘“dissociative anesthesia.”
Ketamine and its S(+)-isomer are ideal anesthetic agents for
trauma victims, patients with hypovolemic and septic shock,
and patients with pulmonary diseases. Even subanesthetic
doses have analgesic effects, so ketamine is also recom-
mended for postoperative analgesia and sedation. The com-
bination of ketamine with midazolam or propofol can be
extremely useful and safe for sedation and pain relief in
intensive care patients, especially during sepsis and cardio-
vascular instability.
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Common adverse events are similar to those reported for
ketamine.

Sufentanil (Sufenta)
Drug class: Opioid.

Route of administration: Intravenous. Sufentanil has an
immediate onset of action, with relatively limited accumula-
tion. Rapid elimination from tissue storage sites allows for
relatively more rapid recovery as compared with equipotent
dosages of fentanyl. Within anesthetic dosages, recovery
times are more rapid compared to equipotent fentanyl dos-
ages. The liver and small intestine are the major sites of bio-
transformation. Approximately 80 % of the administered
dose is excreted within 24 h and only 2 % of the dose is
eliminated as unchanged drug [288].

The elimination half-life of sufentanil is shorter in infants
and children, and longer in neonates compared to that of ado-
lescents and adults. The pharmacokinetics of sufentanil in
children has been described [289-292].

Contraindications: Sufentanil is contraindicated in patients
with known hypersensitivity to the drug or known intoler-
ance to other opioid agonists.

Clinical application: Sufentanil has been reported to be as
much as 5-10 times as potent as fentanyl.

At intravenous doses of up to 8 mg/kg, sufentanil is an
analgesic component of general anesthesia; at intravenous
doses >8 mg/kg, sufentanil produces hypnosis and a deep
level of anesthesia.

Common adverse events include respiratory depression,
skeletal muscle rigidity (particularly of the truncal muscles),
and hypotension. The return of normal bladder activity may
be delayed.

Reversal Agents

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

Drug class: Imidazobenzodiazepine.

Route of administration: Primarily intravenous [293],
although intramuscular [294], intranasal [295, 296], oral
[294], and rectal [290-300] administration in children have
been reported.

Flumazenil is completely metabolized in the liver.
Elimination is essentially complete within 72 h, with
90-95 % appearing in urine and 5-10 % in feces.
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The pharmacokinetics of flumazenil in children has been
described [300, 301].

Contraindications: Flumazenil is contraindicated in patients
with a known hypersensitivity to flumazenil or benzodiaze-
pines, patients who have been given a benzodiazepine for
control of a potentially life-threatening condition (e.g., con-
trol of intracranial pressure or status epilepticus), and in
patients who are showing signs of serious cyclic antidepres-
sant overdose.

Clinical application: Flumazenil is a benzodiazepine recep-
tor antagonist. Its primary use in sedation is to reverse seda-
tion resulting from the administration of benzodiazepines
such as diazepam, lorazepam, midazolam, and temazepam.

Common adverse events include convulsions in patients
with severe hepatic impairment and in patients who were
relying on benzodiazepine effects to control seizures, who
were physically dependent on benzodiazepines, or who had
ingested large doses of other drugs (mixed-drug overdose).
Serious adverse reactions include deaths, the majority of
which occurred in patients with serious underlying disease
or in patients who had ingested large amounts of nonbenzo-
diazepine drugs (usually cyclic antidepressants), as part of
an overdose [293].

Naloxone (Narcan, Nalone, Narcanti)
Drug class: Opioid, a synthetic congener of oxymorphone.

Route of administration: Primarily intravenous, although
naloxone may be administered intramuscularly or
subcutaneously.

Naloxone has also been administered orally for nonsedat-
ing purposes (e.g., constipation).

Naloxone is metabolized in the liver, primarily by gluc-
uronide conjugation. The drug is excreted in the urine.

The pharmacokinetics of naloxone in newborns has been
described [302-304].

Contraindications: Naloxone is contraindicated in patients
known to be hypersensitive to naloxone hydrochloride or to
any of the other ingredients.

Clinical application: Naloxone is an opioid antagonist. Its
primary use in sedation is to reverse sedation resulting from
the administration of opioids such as fentanyl and morphine.

It is indicated for the complete or partial reversal of opi-
oid depression, including respiratory depression, induced by
opioids such as propoxyphene, methadone, and certain
mixed agonist—antagonist analgesics: nalbuphine, pentazo-
cine, butorphanol, and cyclazocine.

137

The American Academy of Pediatrics, Committee on
Drugs issued guidelines on the use of naloxone in children in
1990 [305].

Common adverse events (in postoperative patients)
include hypotension, hypertension, ventricular tachycardia
and fibrillation, 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
analgesia and agitation. For patients in whom naloxone is
administered for opioid depression, abrupt reversal of opioid
depression may result in nausea, vomiting, sweating, tachy-
cardia, hypertension, tremulousness, seizures, ventricular
tachycardia and fibrillation, pulmonary edema, and cardiac
arrest, which may result in death.

Local Anesthetics
Lidocaine (Lignocaine)
Drug class: Aminoethylamide.

Route of administration: Topical; also administered intrave-
nously as an antiarrhythmic agent

Lidocaine is metabolized in the liver through CYP450
enzymes [306].

The pharmacokinetics of lidocaine administered topically
in children has been described [307-312].

Contraindication: Lidocaine is contraindicated in patients
with a known history of hypersensitivity to local anesthetics
of the amide type.

Clinical application: Lidocaine has a wide range of clinical
uses as a local anesthetic of intermediate duration. The com-
bination of lidocaine (2.59 %) and prilocaine (2.5 %) in an
occlusive dressing (EMLA anesthetic disk) is used as an
anesthetic prior to venipuncture, skin graft harvesting, and
infiltration of anesthetics into genitalia.

Common adverse events [313] are, in general, dose-
related and may result from high plasma levels caused by
excessive dosage, rapid absorption, or inadvertent intravas-
cular injection or may result from a hypersensitivity, idiosyn-
crasy, or diminished tolerance on the part of the patient.
Serious adverse experiences are generally systemic in nature.

Central nervous system manifestations are excitatory and/
or depressant and may be characterized by light-headedness,
nervousness, apprehension, euphoria, confusion, dizziness,
drowsiness, tinnitus, blurred or double vision, vomiting, sen-
sations of heat, cold or numbness, twitching, tremors, con-
vulsions, unconsciousness, and respiratory depression and
arrest. The excitatory manifestations may be very brief or
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may not occur at all, in which case the first manifestation of
toxicity may be drowsiness merging into unconsciousness
and respiratory arrest. Drowsiness following the administra-
tion of lidocaine is usually an early sign of a high blood level
of the drug and may occur as a consequence of rapid
absorption.

Cardiovascular manifestations are usually depressant and
are characterized by bradycardia, hypotension, and cardio-
vascular collapse, which may lead to cardiac arrest.

Allergic reactions are characterized by cutaneous lesions,
urticaria, edema, or anaphylactoid reactions. Allergic reac-
tions as a result of sensitivity to lidocaine are extremely rare.

Lidocaine hydrochloride injection should be employed
only by physicians who are well versed in diagnosis and
management of dose-related toxicity and other acute emer-
gencies that might arise and then only after ensuring the
immediate availability of oxygen, other resuscitative drugs,
cardiopulmonary equipment, and the personnel needed for
the proper management of toxic reactions and related emer-
gencies. Delay in proper management of dose-related toxic-
ity, underventilation from any cause, and/or altered sensitivity
may lead to the development of acidosis, cardiac arrest and,
possibly, death.

The mechanisms and treatment of local anesthetic sys-
temic toxicity has been reviewed [314].

Antiemetics
Ondansetron (Zofran)
Drug class: Selective serotonin 5-HT3 receptor antagonist.

Route of administration: Intravenous. Ondansetron is exten-
sively metabolized, with approximately 5 % of a radiola-
beled dose recovered as the parent compound from the
urine. The primary metabolic pathway is hydroxylation on
the indole ring followed by glucuronide or sulfate conjuga-
tion. In vitro metabolism studies have shown that ondanse-
tron is a substrate for human hepatic cytochrome P-450
enzymes, including CYP3A4 (predominantly), CYP1A2,
and CYP2D6 [315].

The pharmacokinetics of ondansetron in children has
been described [316-318].

Contraindication: Ondansetron is contraindicated for
patients known to have hypersensitivity to the drug.

Clinical application: Ondansetron is administered for the
prevention of nausea and vomiting associated with initial and
repeat courses of emetogenic cancer chemotherapy, and the
prevention of postoperative nausea and/or vomiting.
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Common adverse events in pediatric patients are wound
problems, anxiety or agitation, headache, drowsiness/sedation,
pyrexia, bronchospasm, postprocedural pain, and diarrhea.

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

Drug class: Dopaminergic blocking agent.

The antiemetic properties of metoclopramide appear to be
a result of its antagonism of central and peripheral dopamine
receptors. Dopamine produces nausea and vomiting by stim-
ulation of the medullary chemoreceptor trigger zone (CTZ),
and metoclopramide blocks stimulation of the CTZ by agents
like 1-dopa or apomorphine, which are known to increase
dopamine levels or to possess dopamine-like effects.
Metoclopramide also abolishes the slowing of gastric empty-
ing caused by apomorphine.

Route of administration: Intravenous and oral.
Metoclopramide is rapidly and well absorbed. There is
extensive distribution of drug to the tissues. Renal impair-
ment affects the clearance of metoclopramide [319].
The pharmacokinetics of metoclopramide in children has
been described [319-321].

Contraindications: Metoclopramide should not be used in
the presence of gastrointestinal hemorrhage, mechanical
obstruction, or perforation.

Metoclopramide is contraindicated in patients with pheo-
chromocytoma because the drug may cause a hypertensive
crisis.

Metoclopramide should not be used in patients with epi-
lepsy or those receiving other drugs that are likely to cause
extrapyramidal reactions, since the frequency and severity of
seizures or extrapyramidal reactions may be increased.

Clinical application: Metoclopramide stimulates motility of
the upper gastrointestinal tract, resulting in accelerated gas-
tric emptying and intestinal transit.

Common adverse events include restlessness, drowsiness,
fatigue, and lassitude. Insomnia, headache, confusion, dizzi-
ness, or mental depression with suicidal ideation occurs less
frequently. There are isolated reports of convulsive seizures
without clear-cut relationship to metoclopramide. Rarely,
hallucinations have been reported.

Extrapyramidal reactions (EPS): Acute dystonic reactions,
the most common type of EPS associated with metoclo-
pramide, have been reported in a few patients treated daily
with metoclopramide. Symptoms include involuntary
movements of limbs, facial grimacing, torticollis, oculogyric
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crisis, rhythmic protrusion of tongue, bulbar type of speech,
trismus, opisthotonus (tetanus-like reactions), and, rarely,
stridor and dyspnea possibly due to laryngospasm; ordinarily
these symptoms are readily reversed by diphenhydramine.
Parkinsonian-like symptoms may include bradykinesia,
tremor, cogwheel rigidity, and masklike facies. Tardive dys-
kinesia is often characterized by involuntary movements of
the tongue, face, mouth, or jaw, and sometimes of the trunk
and/or extremities; movements may be choreoathetotic in
appearance. Motor restlessness (akathisia) may consist of
feelings of anxiety, agitation, jitteriness, and insomnia, as
well as inability to sit still, pacing, and foot tapping. These
symptoms may disappear spontaneously or respond to a
reduction in dosage.

Rare occurrences of neuroleptic malignant syndrome
have been reported. This potentially fatal syndrome includes
hyperthermia, altered consciousness, muscular rigidity, and
autonomic dysfunction. In general, the incidence of adverse
reactions correlates with the dose and duration of metoclo-
pramide administration.

Scopolamine (Levo-duboisine, Hyoscine)
Drug class: Belladonna alkaloid.

Route of administration: Transdermal (at the postauricular
area only).

The system is programmed to deliver in vivo approxi-
mately 1.0 mg of scopolamine at an approximately constant
rate to the systemic circulation over 3 days.

Scopolamine is well absorbed percutaneously. Following
application to the skin behind the ear, circulating plasma lev-
els are detected within 4 h with peak levels being obtained,
on average, within 24 h.

The pharmacokinetics of scopolamine administered
transdermally in children has not been described.

Contraindications: Scopolamine is contraindicated in per-
sons who are hypersensitive to the drug or to other bella-
donna alkaloids, to any ingredient or component in the
formulation or delivery system, or in patients with angle-
closure (narrow-angle) glaucoma.

Clinical application: Scopolamine is indicated for preven-
tion of nausea and vomiting associated with motion sickness
and recovery from anesthesia and surgery. The patch should
be applied only to skin in the postauricular area.

The use of scopolamine in children is off-label [322].

Common adverse events include dry mouth and dizziness.

Other adverse events reported include acute angle-closure
(narrow-angle) glaucoma, confusion, difficulty urinating,
dry, itchy, or conjunctival injection of eyes, restlessness,
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hallucinations, memory disturbances, rashes and erythema,
and transient changes in heart rate.

Drug withdrawal/postremoval symptoms: Symptoms such as
dizziness, nausea, vomiting, headache, and disturbances of
equilibrium have been reported following discontinuation.
More serious symptoms include muscle weakness, bradycar-
dia, and hypotension.

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

Drug class: Ethanolamine H-receptor antagonist.

It is thought that the antiemetic properties of diphenhydr-
amine are due to its ability to suppress motion-enhanced ves-
tibular neuronal firing.

Route of administration: Intravenous, oral.
Diphenhydramine in the injectable form has a rapid onset
of action. It is widely distributed throughout the body, includ-
ing the CNS. A portion of the drug is excreted unchanged in
the urine, while the rest is metabolized via the liver.
The pharmacokinetics of diphenhydramine in children
has been described [323].

Contraindications: Diphenhydramine should not be used in
neonates or premature infants. Because of the higher risk of
antihistamines for infants generally, and for neonates and
premature infants in particular, antihistamine therapy is
contraindicated in nursing mothers. Because of the risk of
local necrosis, this drug should not be used as a local
anesthetic.

Clinical application: Diphenhydramine has significant anti-
cholinergic and sedative effects that contribute to its efficacy
as an antiemetic [324].

Common adverse events include diminished mental alert-
ness or excitation in children. Overdosage may cause hallu-
cinations, convulsions, or death [325].

Dexamethasone (Decadron)
Drug class: Steroid.
Route of administration: Intravenous and oral.
The pharmacokinetics of dexamethasone in children has
been described [326-328].
Contraindications: Dexamethasone is contraindicated in

patients with systemic fungal infections and in patients who
are hypersensitive to any components of this product.
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Clinical application: Dexamethasone is a well-established
antiemetic in patients receiving highly emetogenic cancer
chemotherapy. Its antiemetic mechanism of action is not
well understood, however.

Common adverse events include hypertension, weight
gain, increased intraocular pressure, infection, psychosocial
disturbances, thromboembolism, peptic ulcers, cataracts,
and osteoporosis [329].

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

The adverse reactions that have been reported with dexa-
methasone or other corticosteroids encompass almost every
system in the body such as allergic reactions, cardiovascular,
dermatologic, endocrine, fluid and electrolyte disturbances,
gastrointestinal, metabolic, musculoskeletal, neurological/
psychiatric, and ophthalmic.
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Abstract

This chapter will focus on the memory effects of diverse sedative agents. To best understand
the relationship between memory and sedation, an understanding of the physiology under-
lying not only sedation, but also sleep and memory is needed. This knowledge will not only
ground a discussion of drug mechanisms but also will prepare for future developments
providing the ability to put research and marketing initiatives into an appropriate context.
One might consider the brain as two interacting sets of systems: A deep-seated, lower-level
system containing subcortical/brainstem nuclei working in networks to control sleep and/or
sedation interacts with a higher level, cortically based system of networks that mediate
memory function and consciousness. To provide a contextual framework for understanding
sedation, memory processes, amnesia, and sleep, terminology will be tackled. First will be
the attempt to distinguish between sedation and anesthesia, only to become apparent
through this chapter that there is actually little distinction between the two. The blurry dis-
tinction between sedation and anesthesia underlies the difficulty in producing coherent and
consistent guidelines to match providers with sedation services. The key difference between
sedation and anesthesia principally reflects the dose of drugs administered, and to a lesser
extent the drugs administered.
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ties of each sedative agent, including their side effects. These

Introduction: Sedation, Sleep, Memory,
and Amnesia

“I don’t want to remember a thing!” is a common admonition
of the anxious patient, be they pediatric or adult. To provide
such a service the practitioner must be facile with the proper-
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can be used to advantage especially when combined with
other agents. This chapter will focus on the memory effects of
diverse sedative agents. To best understand the relationship
between memory and sedation, some understanding of the
physiology underlying not only sedation, but also sleep and
memory is needed. This knowledge will not only ground a
discussion of drug mechanisms but also prepare for future
developments and provide the ability to put research, and mar-
keting initiatives, into an appropriate context. One might con-
sider the brain as two interacting sets of systems. A deep-seated,
lower-level system containing subcortical/brainstem nuclei
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working in networks to control sleep and/or sedation interacts
with a higher level, cortically based system of networks that
mediate memory function and consciousness [1, 2].

Sedation Versus Anesthesia

In addition to providing a contextual framework for under-
standing sedation, memory processes, amnesia, and sleep,
the not insignificant problem of terminology will be tackled.
First will be the distinction between sedation and anesthesia,
and it will become apparent through this chapter that there is
actually little distinction between these two. Despite the
caveat that this publication does not deal with anesthesia, the
state of sedation we wish to produce in children is really next
door, if not in the yard of anesthesia. The blurry distinction
between sedation and anesthesia underlies the difficulty in
producing coherent and consistent guidelines for matching
providers with services. Is it justifiable for non-anesthetists
to administer propofol (this rhetorical question serves to
highlight these issues)?

The key difference between sedation and anesthesia prin-
cipally reflects the dose of drugs administered, and to a cer-
tain extent which drugs are used [3, 4]. Anesthesia can be
induced using high doses of sedative drugs, the best example
being propofol (but also etomidate and ketamine), and seda-
tion can be induced with low doses of prototypical anesthetic
drugs, examples being volatile agents used with inhalers, a
fashion that has come and gone ever since the first inhalers
were used hundreds of years earlier.

To Sleep, Perchance to Sedate

With better understanding of sleep physiology, much focus
has been placed on natural sleep pathways mediating the
anesthetic (read “sedative”) actions of drugs on arousal,
defined as those brain processes necessary to stay awake
[5-7]. The absence of arousal when it should be present
leads to narcolepsy, the pathologic inability to stay awake
[8]. Morpheus, the god of dreams, lends his name to one of
the first sedative agents, morphine. Anesthesia is not sleep,
as one cannot be aroused from this state, but great effort has
been expended to develop drugs that can mimic the idyllic
state of natural sleep while providing ideal sedative condi-
tions, namely non-movement during invasive procedures
without respiratory compromise. The propensity to move
during sedation relates to analgesia and sedatives with anal-
gesic properties (e.g., ketamine and nitrous oxide) can be
administered in relatively lower doses to provide good pro-
cedural conditions. On the other hand, when analgesics with
potent respiratory depression (i.e., opioids) are used in con-
junction with sedative agents, inevitably some respiratory
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catastrophes will occur if close attention is not paid to drug
synergies and potentiation.

Physiologic mechanisms responsible for sleep are impor-
tant for both sedation and anesthesia, explaining why seda-
tion is in the front yard of anesthesia. It is helpful to consider
sedation as being the opposite of arousal, and the terminol-
ogy of “arousal pathways” is frequently used to describe how
sedation is expressed in the brain. Sedation is closely inter-
twined with memory, and will be discussed in detail subse-
quently. The opposite of sedation, namely arousal—or, in
other contexts, “attention”—is a powerful mediator of mem-
ory performance. A substantial literature examines the
effects of attention on memory [9-12]. The bottom line is
that if no attention is paid to an outside stimulus, then it is not
remembered, at least consciously. If we divert attention from
what is happening—a state that may be termed “divided
attention”—then memory for what is happening is impaired
[10]. We routinely do this in clinical practice, for example,
by having an assistant engage the patient in conversation
when we are starting IVs. Thus, it should not be forgotten
that psychology is an important component of our sedation
armamentarium in addition to drugs themselves.

To stay awake, one needs arousal, and this is mediated by
the aforementioned deep-seated and brainstem nuclei pro-
jecting to each other and other parts of the brain including
the cortex (Fig. 10.1) [13]. Their effects on arousal are medi-
ated via certain neurotransmitters, two important ones being
norepinephrine (the adjective form being noradrenergic) and
histamine. Salient examples of these neurotransmitter sys-
tems are the noradrenergic projections from the locus ceru-
leus in the brainstem and histaminergic projections from the
tuberomammillary nucleus in the hypothalamus (just next to
the pituitary gland at the base of the brain) [7]. These brain
regions mediate certain of the side effects of drugs via actions
on their neurotransmitter systems. For example, drugs that
inhibit histamine (e.g., diphenhydramine) will cause drowsi-
ness, and it stands to reason that drugs inhibiting output from
the locus ceruleus will do the same. In fact, this is how dex-
medetomidine mediates sedation [14]. The fact that the locus
ceruleus is a critical component of sleep pathways also
explains why dexmedetomidine produces a sedative state
described as more “sleeplike” and seems different from that
produced by other sedatives (e.g., benzodiazepines) that
affect other receptor systems [15, 16].

On the opposite side of arousal are sleep-promoting nuclei,
the most important example being a nucleus in the hypothala-
mus called the ventrolateral preoptic nucleus (VLPO), a brain
region also referred to as the “preoptic area” to indicate how
close it is to the optic nerves. This nucleus is active during
sleep, and actually inhibits other arousal nuclei [17]. The neu-
rotransmitter mediating VLPO’s effects is gamma amino
butyric acid (GABA), which happens to be the target of
many sedatives (benzodiazepines, etomidate, propofol).
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Fig. 10.1 Sleep and arousal centers in the human brain. (a) Artistic
rendering of the human brain in the awake state illustrating important
arousal and sleep centers and pathways of neurotransmission.
Cholinergic input (orange) from the laterodorsal tegmental (LDT) and
pedunculopontine (PPT) nuclei project through the thalamus and facili-
tate thalamocortical transmission of arousal signals. A second pathway
projects through the hypothalamus to cortical centers and facilitates the
processing of thalamocortical inputs arising from midbrain centers
including the noradrenergic (blue) locus ceruleus (LC), the serotoner-
gic (purple) dorsal raphe (Raphe), the histaminergic (pink) tuberomam-
millary nucleus (TMN), and the dopaminergic (yellow) ventral

However, GABA receptors are also widely distributed
throughout the brain, being concentrated in certain brain
regions such as the medial temporal lobe [18]. Thus
GABAergic drugs act at many locations other than
VLPO. GABA receptors are not only widely dispersed
throughout the brain, but come in some 18 varieties, depending
on which and how particular subunits making up the receptor
are configured. Thus “GABAergic” drugs differ from each
other depending on how they interact with receptor subspecies
[19]. This will be further elaborated in the section on etomi-
date, which targets GABA receptors containing the alpha5
subunit [20]. GABA receptors are notably present in brain
regions important in memory processing, namely medial tem-
poral lobe structures comprising the hippocampus and amyg-
dala [21]. These brain regions are located close by the
brainstem and hypothalamus, and the collection of these struc-
tures may be considered as a functional unit upon which higher
cortical centers depend. It is no surprise that one of these sys-
tems (e.g., sleep pathways) will influence function of other
systems (e.g., memory). Thus, drugs acting at GABA receptors
will have effects on memory as well as arousal (sedation).
The known physiology of sleep pathways is ever expand-
ing, and increasingly complex interactions are teased out as
new pathways, neurotransmitters, and nuclei are discovered.
A recent example is the orexinergic pathway, so named
because the transmitter in question is orexin [22]. This neu-
rotransmitter may be familiar as a mediator of eating behav-
iors, and how this system relates to obesity is an active and
exciting area of research [23]. Turning back to sedation and
sleep, a lack of orexin leads to narcolepsy [8]. No doubt, in

<

Fig. 10.1 (continued) periaqueductal gray matter (VPAG). This path-
way also receives input from the cholinergic (orange) basal forebrain
(BF) and the peptidergic neurons of the lateral hypothalamus (LH) and
perifornical neurons (PeF), which contain orexin or melanin-concen-
trating hormone (light green). The melatonergic (red) neural network
affects arousal and sleep through the regulation of circadian rhythms.
This internal biological clock originates in the suprachiasmatic nucleus
(SCN) and projects through the dorsomedial hypothalamus (DMH)
sending inhibitory signals to the GABAergic (gray) ventrolateral pre-
optic nucleus of the hypothalamus (VLPO). (b) Artistic rendering of
the human brain in the sleeping state illustrating important sleep and
arousal centers and pathways of neurotransmission. The VLPO of the
hypothalamus sends descending GABAergic (gray) inhibitory signals
to the midbrain arousal centers including the PeF, TMN, VPAG, Raphe,
LDT and PPT, and LC. During the early hours of dark periods, the
pineal gland (Pin) releases melatonin (red), which has inhibitory
effects on the SCN and DMH of the melatonergic system. Nuclei that
control neural activity during rapid eye movement (REM) sleep have
been identified in the pontine midbrain. The pericoeruleus (PC) and
parabranchial (PB) nuclei send glutaminergic (green) projections
through the BF to affect cortical activity during REM sleep, and projec-
tions from the sublaterodorsal nucleus (SLD) send glutamatergic sig-
nals through the spinal cord to induce atonia that is characteristic of
REM sleep (Reprinted with permission from Wafford KA, Ebert
B. Emerging anti-insomnia drugs: tackling sleeplessness and the qual-
ity of wake time. Nat Rev Drug Discov. 2008 Jun;7(6):530-40)
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Fig.10.2 Serial parallel
independent memory (Adapted
from Schacter DL, Tulving

E. Memory systems 1994.
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the future, sedative drugs targeting the orexinergic pathways
will become part of our armamentarium, presumably after
pharmacologic congeners have been marketed for treatment
of obesity. It is fruitful to conceptualize arousal and sleep
nuclei and their neurotransmitters dancing in a carefully cho-
reographed harmony [24]. This careful seesaw balancing act
allows transitions between states of sleep and arousal over
short periods of time as one set of nuclei come on line and
inhibit the others. The behavioral correlate of this activity is
the seemingly rapid transitions between “nodding off” and
startling back awake. These mechanisms may play a role in
the quality of sedation experienced with dexmedetomidine
as patients seem to pass through similar rapid transitions.
It should be noted, however, that these transitions occur on
top of a background of tonic inhibition. One is not fully
awake and then suddenly asleep. Thus, nodding off occurs
only when a certain level of background sedation (non-
arousal) is present, such as occurs with sleep deprivation and
the accumulation of melatonin in the brain. This also seems
to be a characteristic when dexmedetomidine is given, and
further detailed in the section on dexmedetomidine. Sleep
(adequate sedation) is not possible until a given “tonic” state
of sedation develops as the drug is being infused. Even then,
arousal from dexmedetomidine sedation may occur quite
easily compared with other sedative agents.

To Sedate, Perchance to Not Remember!

If a patient is sedated to the point that they do not respond to
their surroundings, then they will also not remember what is
happening in their surroundings. Implementation of “I don’t

want to remember anything!” relies on this fact, and sedation
is usually administered at a dose that produces unresponsive-
ness. Clinically this is a much easier goal to target than pro-
ducing “amnesia,” where the patient is responsive, but will
not subsequently remember (more on this later) [25, 26].
The heuristic of producing unresponsiveness to ablate
memory formation naturally leads to the question of what is
it to “experience” something? This is not a trivial question,
and can certainly enter the realm of philosophy. For purposes
of this chapter, conscious experience is defined in terms of
brain processes [27]. Experience begins when information
from the outside world registers in the brain, the initial portal
being the sensory cortices via transmission through the thal-
amus. The thalamus is a deep-seated set of nuclei that one
can consider as analogous to the key Internet hubs through
which the world’s information flows [28]. But sensory
“experience” is by itself not sufficient for “Experience” with
a capital E [29]. Information from different parts of the brain
must be integrated into what is more formally termed a “per-
cept.” Integration occurs not only from sensory cortices, but
also from memory areas that represent knowledge of the
world, those being semantic memories. The integration of
these memories allows the events just experienced to be
deciphered as a conscious experience. After this percept
forms, it has the chance to be (consciously) remembered
[30, 31] (Fig. 10.2). As providers of sedation, we can inter-
fere with any of these stages using our armamentarium of
sedative potions. Our influence on these events may seem to
be greater than it actually is. In fact, even when fully anesthe-
tized, sensory experience still occurs, but as it happens that
sensory input remains pretty much localized to the sensory
cortices; how this happens will be explained later in this
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chapter [32-35]. The murky question is whether the arrival
of sensory input during full anesthesia has any influence on
anything afterwards—do we form unconscious memories of
some sort [36, 37]? As sedation is really anesthesia using
lower doses of drugs, this becomes even a more vexing issue
assuming a dose—response relationship. To this point there is
no literature to guide us. The state of affairs with auditory
input during sedation may be analogous to the not-so-distant
issue of whether neonates perceived pain, and whether this
was important to prevent. When it became evident that neo-
nates did, in fact, perceive pain, it was felt that it would be in
the best interest of the patient to prevent this. Narcotics (or
other methods of alleviating pain) became a requisite part of
the anesthetic management of neonates during surgery. So,
the philosophical question is whether children who are
sedated, who no doubt receive auditory input that is regis-
tered in the sensory cortices of the brain, should also be
afforded similar considerations. Fortunately for a significant
percentage of pediatric patients, they have foam earplugs
inserted for magnetic resonance (MR) scanning. But for oth-
ers, should we not be aware of the nature of auditory input
during sedation? This rhetorical question has no answer to
date, but does set the groundwork for interesting research in
the future. For example, at clinically relevant doses, pento-
barbital is associated with auditory activation, whereas pro-
pofol does not seem to be [38].

The ability to influence information processing after sen-
sory perception using sedative agents is much greater, as pro-
cesses of information integration and subsequent memory
formation are much more sensitive to drug action.
Consciousness is the binding of information across different
brain regions into a thought, if internally generated!, or a per-
cept generated from external sensory inputs. The percept
incorporates sensory parameters (nature of the object/sound
being experienced), previous knowledge (semantic memo-
ries; e.g., “This object is a red block™), and personal subjec-
tive memories of experiences (i.e., episodic memories; e.g.,
“I played with this block last time”) [39]. Another way to
think of sedation is that it is administered so as to prevent
information integration; i.e., when the child is “asleep,” they
are not able to integrate information into a percept [2, 33,
40-45]. Sensory input may (and undoubtedly does) arrive in
the brain, but it has nowhere to go. Processes connecting part
A of the brain with part B are rendered largely nonfunctional
by the sedative agent, so there is no chance for memory for-
mation—at least of conscious memory (which is the form of
memory we are most concerned with when we “don’t
remember a thing”) [46, 47].

!Certain authorities consider dreaming as a form of consciousness as
well.
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Memory: What Is It, Really?

Memory is not a unitary process, but rather a complex set of
interrelated physiologic processes, and as such is continually
malleable over time. At its simplest level, there are two dis-
tinct forms of memory—conscious and unconscious—and
this chapter will focus on the former [48]. Conscious memory
requires the formation of a percept, which is the sine qua non
of consciousness. In other words, one has to be conscious to
form a conscious memory. Thus, when someone is uncon-
scious, for the purposes of this chapter specifically as a result
of sedation, conscious memories will not be formed. As an
illustrative side point, questions of whether patients in persis-
tent vegetative states (PVSs) are “conscious” revolve around
the question of information integration, the ability to form a
percept from external or internal experience [49]. As some-
one in a PVS cannot respond, electrophysiologic evidence of
information integration is sought in these patients. Various
approaches have been used to identify electrophysiologic sig-
natures of information integration to use as a surrogate of
“consciousness.” However, even very sophisticated methods
suffer from statistical artifacts, and one still cannot be sure
whether consciousness is or is not present. On a much larger
scale, this also is the case during sedation/anesthesia. To date,
there is no reliable EEG-type monitor (or for that matter, any
other type of monitor) that can tell us whether a patient is suf-
ficiently sedated, sufficiently anesthetized, or sufficiently
amnesic for a particular situation [50-53]. Thus, it is not sur-
prising that even when we think a patient is well sedated, they
can be “playing possum” and suddenly wake up; i.e., they
have the ability to integrate information despite our best
efforts. This fear of sudden arousal leads to even higher dos-
ing of sedative agents, wandering dangerously close or actu-
ally into the state of anesthesia (by definition preventing
arousal in 50 % of patients when a surgical incision is made).
Thus, it would be desirable to utilize sedative agents that not
only sedate but can also affect the last stage of memory for-
mation, that of incorporation of the conscious percept into a
lasting conscious memory. This last process is the most sensi-
tive to drug effect, occurring at concentrations lower than
those producing sedation, as long as the drug has specific
amnesic properties [54-56]. These are much fewer in number
than those producing sedation, but they are widely used, con-
sisting of the benzodiazepines, propofol, and ketamine. These
drugs have the ability to impair formation of long-lasting
memories (defined as longer than 30-60 min) for conscious
percepts formed during periods of arousal sufficient for infor-
mation integration, a state often termed “awareness.”

To be aware is to experience your surroundings and can
be proven by responding appropriately to verbal commands
(e.g., “Squeeze my hands twice.” Parenthetically it is very
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difficult to prove or disprove awareness without any behav-
ioral measures, and that is why it is difficult to know if
patients in a PVS are conscious) [57, 58]. In fact, a signifi-
cant proportion of patients who are “fully” anesthetized can
be aware, but virtually none of them consciously remember
this experience of awareness afterwards [59].

The Last Building Block of a Conscious
Memory: Consolidation

This is the key section in which “amnesia” will be defined.
To be clear, amnesia in this chapter is being used in the con-
text of administration of sedative drugs [25, 60]. Amnesia
generally refers to any pathologic state in which memory is
affected (e.g., Alzheimer’s dementia, transient ischemic
amnesia, traumatic amnesia, etc.). These amnesias can be
classified as either anterograde or retrograde, depending on
which memories are affected. If the insult affects only mem-
ory after the insult, this is termed anterograde amnesia and is
the type of amnesia produced by drugs (more on this later).
A much more intriguing type of memory loss is retrograde
amnesia, subject of many movies. This refers to loss of mem-
ories before the insult, usually some type of traumatic event
(e.g., head injury, electroconvulsive therapy), where the time
frame of loss of memory ranges from minutes (not remem-
bering how the accident occurred, for instance) to months,
possibly years. Retrograde memory loss has never been con-
vincingly demonstrated for any drug to date. “Amnesia” as
used in this chapter (and generally any investigation of acute
drug administration) refers to the drug-induced inability to
remember a conscious percept and in many studies is dem-
onstrated by the lack of memory for pictures or words seen
or heard while drug was being given [56]. The presence of
conscious percepts allows one to be aware, in other words
able to integrate information either from external or internal
sources. We can only observe external awareness, as illus-
trated by the question of whether patients in a PVS are inter-
nally aware. Awareness is evidenced by appropriate behaviors
to the environment (e.g., ability to follow commands in the
presence of sedative drugs). Awareness occurs in the “here
and now,” but to remember being aware at some past point
requires further processing of information into a memory. In
order for this to occur, the conscious percept has to be con-
solidated into a lasting memory [55] (Fig. 10.3).
Consolidation is a fundamental area of neuroscience
investigation, finding its roots in the works of Donald
O. Hebb in the middle of the last century. Hebb was a psy-
chologist keenly interested in the basis of memory and pro-
posed that the brain was plastic; in other words, neurons
changed their connections (synapses) with each other based
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on how they were activated [61]. In essence, a memory
resides in the altered synaptic connections in the brain [62].
Thus, consolidation produces a brain different from what it
was before and that difference is a memory. These specific
changes, referred to as Hebbian learning, are the result of
many dozens of physiologic and molecular processes, each
having its own particular time frame [63, 64]. The sum total
of these processes are termed consolidation and become
active once a conscious percept is learned, defined as acquir-
ing information from the outside world. Consolidative pro-
cesses are present to varying degrees for the life of the
memory. A corollary of the fact that consolidative processes
are continuously active is that memories are continuously
malleable [65-68]. The whole question of the reliability of
eyewitness testimony revolves around this physiologic fact.
Other times, malleable memories can get out of hand, result-
ing in “flashbacks” of increasing intensity producing post-
traumatic distress syndrome where memories are closely
linked to flight or fight fear responses [69-71]. But the most
common fate of memories is that they decay over time [72].

Just as the thalamus is a key hub for sensory experience
and integration that allows consciousness to exist, a seahorse-
shaped structure in the medial temporal lobes (almost adja-
cent to the thalamus, as it turns out) called the hippocampus
is a similarly important mediator of conscious memory [73—
75]. The hippocampus connects incoming information with
diverse locations in the brain, where previous memories
reside, to allow new memories to be created (Fig. 10.4).
Without the hippocampus, no conscious memories can be
formed, and this was first appreciated in the famous neuro-
logic case involving a patient with the pseudonym HM. HM
had bilateral temporal lobectomies for the treatment of
intractable epilepsy in 1956 [75]. This operation was a well-
accepted form of treatment in the era where the brain was
considered to operate under the principle of equivalency.
This principle rests on the thought that if one part of the brain
was damaged or removed, another part would take over that
function, thus minimizing the impact of pathology or surgi-
cal intervention. Indeed, it was thought that surgical inter-
vention could remove the diseased focus in the brain, thus
ameliorating symptoms of the disease, in particular epilepsy
[76]. To a large extent this was true for epileptic foci in many
cortical regions. However, epileptic foci commonly reside in
the temporal lobes, and it soon became apparent that signifi-
cant removal of the medial temporal lobes bilaterally (which
happened to contain the hippocampi) resulted in severe
impairments of conscious memories. This was described
most famously by Scolville and Milner [75]. For those inter-
ested, a quite accurate depiction of what life would be like
without the ability to form conscious memories is made in
the film Memento [77]. The hippocampus is also important in
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Fig.10.5 Memory decay
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“readout” of newly formed memories, and in a sense this
readout is “practiced” during certain stages of sleep [78—81].
Sleep will improve conscious memories, and the adage “get
a good night’s sleep” is not without merit [82]. Not surpris-
ingly, detailed investigations of how hippocampal mecha-
nisms interact with memory are ongoing topics of research.

The First Building Block of Amnesia: Forgetting

The fate of virtually all memories is that they are forgotten
over time. This is a fortunate event, as otherwise our brains
would be filled with useless information. Some rare cases of
the inability to lose old memories have been described [83].
Ebbinghaus, a psychologist, first described the decay of
memories over time over 150 years ago [84]. Most memories
are forgotten soon after learning, but this process continues
at a slower pace as long as we measure it [72]. They key to
understanding the nature of drug-induced amnesia is to
understand the forgetting of memories over time. For, in fact,
memories can be and are formed in the presence of amnesic
drugs [85]. The fact that at low concentrations of, for exam-
ple, benzodiazepines, virtually all processes required to form
a conscious memory are operational-—namely, sensory per-
ception, information integration, learning, and initial con-
scious memory formation—explains why behavior is visibly
normal, other than possibly being affected by some sedation
(e.g., being “drunk”™). If we measure what happens to memo-
ries formed in the presence of an amnesic drug over time, we
find that they disappear very rapidly [54]. In fact, in the case
of midazolam or propofol, no discernible memory is present
after 30—60 min (Fig. 10.5). Thus, drug-induced amnesia is
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typified by the inability of memories to be remembered over
time. The mechanism(s) underlying this effect is (are) still
unknown, but could be summarized as the inability of con-
solidation to function normally, so that the memory cannot
be retained at its usual strength over time. These qualities set
the stage for an event such as date rape, where a small amount
of a substance active at GABAergic receptors is secretly
administered, usually with alcohol to mask any sedative
effect. No suspicion is aroused; observers note no particu-
larly abnormal behavior [86]. However, the victim experi-
ences a complete lack of even the most traumatic memories
of events transpiring in the presence of the drug. Fortunately
these same qualities are much more commonly used for ben-
eficial uses, where propofol or midazolam (and likely ket-
amine) can produce amnesia for events transpiring in the
presence of drug even when the patient is awake (or using
more accurate terminology: aware).

Mechanistic Implications
of Drug-Induced Amnesia

Long-term memory is the final stage of processing of infor-
mation acquired from the outside world, a process termed
“learning.” Learned information has thus experienced sen-
sory and cognitive manipulations located in diverse regions
of the brain. Thus, a sine qua non of memory function is that
different parts of the brain must be able to communicate
amongst themselves. These processes of communication
have become the mechanisms of most interest in terms of
understanding anesthetic and sedative drug actions on cogni-
tion and consciousness [44—47, 87]. Using quite sophisticated
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measurement and analytic techniques, connectivity between
different brain regions can be quantitated [88]. Measures of
the complexity of information (information content) flowing
between these regions can be obtained as well [89]. It is no
surprise that such complex processes are inhibited at low
doses of anesthetic sedatives. Memory impairment from
sedation is based on these inhibitory mechanisms [90].
At higher drug doses, key brain regions participating in the
maintenance of consciousness, namely, the thalamus, are dis-
connected from the rest of the brain (or, alternatively, the cor-
tical brain becomes disconnected from itself (clustered)
preventing information flow), and the person falls asleep, or
more correctly is anesthetized [88, 91, 92].

Similar inhibitory mechanisms of information processing
could be at play to produce amnesia when sedation is mini-
mal. As explained previously, amnesia is best characterized
as the inability to retain a memory over time, which means
that a memory was formed in the first place—in other words,
learning has occurred. Learning can only occur if all the pro-
cesses important in the formation memory function well.
Behaviorally, the person experiencing an amnesic concentra-
tion of drug will appear to be relatively normal, as most of
their brain functions are working well. Specifically, informa-
tion is transmitted through the thalamus to sensory cortices
of the brain, and this information is forwarded to other brain
regions for processing. The first way station after sensory
perception is working memory, which can be considered a
scratchpad containing information from different parts of the
brain, which are then collated into a percept [93, 94]. These
working memory processes are located in the front part of
the brain (prefrontal cortex) and involve communications
with the thalamus and hippocampus to process a memory
[95]. Working memory processes are transient and are most
sensitive to sedation [96, 97]. As sedation increases, these
processes become increasingly impaired, and information
cannot be then further processed and thus cannot be learned
as a memory. We all experience this when we are too sleepy
to remember some bit of information given to us (prototypi-
cally a telephone number, thus the popularity of napkins as
external scratchpads in bars). Ergo, for the amnesic effect 