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PREFACE

Pharmacologically induced sedation has become pervasive throughout
medical practice to accomplish diagnostic and minor therapeutic procedures
effectively and humanely. As diagnostic techniques and technical proce-
dures become more complex, the need for sedation in patients with varied
co-morbid conditions, in diverse settings produces a series of questions
regarding safety and effectiveness. The administration of sedation and anal-
gesia for diagnostic and therapeutic procedures has therefore evolved into a
unique discipline that is practiced by clinicians with varying skills and train-
ing. Disparities in sedation practices have led regulatory agencies to man-
date that patients receive the same standard of care regardless of the location
in which the care is provided within an institution. To ensure that the stan-
dard of care is of high quality, institutions are required to develop guidelines
for the practice of sedation, ensure that these guidelines are followed, and
provide quality data and outcome measures. In addition, practitioners who
administer sedatives and analgesics specifically for a diagnostic and/or a
therapeutic procedure require specific credentials for this practice.

It is the intent of Sedation and Analgesia for Diagnostic and Therapeutic
Procedures to review sedation and analgesia from a wide variety of per-
spectives starting with the basic neurobiology and physiology of the sedated
state, proceeding through clinical guidelines and practices, and concluding
with a section on quality-outcome measures and processes. The practical
aspects of this book have been further emphasized by incorporating a series
of tables and figures in each chapter that highlight protocols, regulatory
requirements, recommended dosages of pharmacologic agents, monitoring
requirements, and quality assurance tools. The target audience for this text
spans multiple disciplines that range from investigators, physicians, and
nurses to hospital administrators.

The editors are indebted to all the authors for contributing their knowledge,
time, and effort. Special thanks are due to Dr. Ralph Lydic who conceived this
project and to Ms. Terri Voepel-Lewis, MSN, RN for her invaluable assis-
tance throughout the development of this text. Finally, we thank Mrs. Colleen
Rauch and Mrs. Melissa Bowles for their administrative assistance.

Shobha Malviya, mp
Norah Naughton, Mp
Kevin K. Tremper, Mp, PhD
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Opioids, Sedation, and Sleep

Different States, Similar Traits,
and the Search for Common Mechanisms

Ralph Lydic, pnp, Helen A. Baghdoyan, php,
and Jacinta McGinley, MB, FFARCSI

1. INTRODUCTION

Sedation is an area of active research motivated by the clinical need for safe
and reliable techniques. An understanding of the cellular and molecular physi-
ology of sedation will contribute to the rational development of sedating drugs.
These important goals are hampered, however, by the complexity of sedation as
an altered state of arousal and by the diversity of sedating drugs. The purpose of
this chapter is to selectively review data in support of a working hypothesis that
conceptually unifies efforts to understand the neurochemical basis of sedation.

We hypothesize that brain mechanisms that evolved to generate naturally
occurring states of sleep (/) generate the traits that define levels of sedation
(2) and various states of general anesthesia (3-5). Our hypothesis offers
several key advantages. First, it is simpler and more direct than the alternate
hypothesis, which requires a cartography of cellular changes that are unique
to each disparate drug and associated co-variates such as dose, route of deliv-
ery, and pharmacokinetics. Even a decade ago, this alternate hypothesis
would have required evaluation of more than 80 different drugs and drug
combinations used to produce sedation (6). Second, our hypothesis encour-
ages characterization of alterations in traits such as the electroencephalo-
gram (EEQG), respiration, or muscle tone, which are characteristic of
sedation. Third, the hypothesis offers a standardized control condition (nor-
mal wakefulness) to which drug-induced trait and state changes can be com-
pared. Finally, the hypothesis is empowered by the fact that natural sleep is
the most thoroughly characterized arousal state at the cellular level (1,7,8).
Thus, sleep neurobiology offers a conceptual framework for unifying the
diverse collection of descriptive data that now characterize sedation.

From: Contemporary Clinical Neuroscience: Sedation and Analgesia for Diagnostic and Therapeutic Procedures
Edited by: S. Malviya, N. N. Naughton, and K. K. Tremper © Humana Press Inc., Totowa, NJ
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2 Lydic, Baghdoyan, and McGinley

During sedation, the effects of pharmacological agents are superimposed
on a patient’s emotional state and level of arousal. A patient’s endogenous
behavioral state is particularly relevant for the practitioners who use seda-
tion to enhance patient comfort. One study of 76 children aged 18—61 mo
noted that parental perception of a child being tired was related to poor seda-
tion (9). It has been noted that “the declaration of any given state may be
incomplete and that states can oscillate rapidly, resulting in bizarre and impor-
tant clinical syndromes” (/0). Narcolepsy provides one example during
which physiological and behavioral traits characteristic of rapid eye move-
ment (REM) sleep intrude upon and disrupt wakefulness (/7). A better
understanding of the endogenously generated traits outlined in this chapter
is likely to advance understanding of the mechanisms that actively generate
states of sedation.

2. SEDATION DOES NOT PUT PATIENTS TO SLEEP

There are compelling questions concerning the development of accurate
and medically sophisticated definitions of sedation. For example, is it disin-
genuous to advise a patient that they will be “put to sleep”? In both research
and purely clinical environments, patients are routinely told they will be
“put to sleep.” Examples from human drug research refer to “wake-sleep
transitions” displayed by patients receiving hypnotic infusion (/2) and refer
to children who are “asleep but rousable” following doses of ketamine/
midazolam (/3). Clinical sedation has been described as “light sleep” (14),
and textbooks note that “the terms sleep, hypnosis, and unconsciousness are
used interchangeably in anesthesia literature to refer to the state of artifi-
cially induced (i.e., drug-induced) sleep” (15). Is it any wonder that so much
thoughtful attention has been directed toward operationally defining “pro-
cedural sedation” (16), “monitored anesthesia care” (17), “conscious versus
deep sedation” (/8), and “sedation/analgesia” (2)? Practice guidelines rec-
ommend monitoring the level of consciousness during sedation (2,79).
Therefore, a clear understanding of the similarities and differences between
sedation and natural sleep are directly relevant to any objective assessment
of arousal level. Aldrich provides an example from the neurology of aki-
netic mutism reflecting frontal lobe lesion or diffuse cortical injury result-
ing in a state of silent immobility that resembles sleep (/7). A clear
distinction between natural sleep and sedation is likely to prove important
from a medical-legal perspective.

All arousal states are manifest on a continuum that is operationally defined
by physiological and behavioral traits (Fig. 1). The component traits are
generated by anatomically distributed neuronal networks (1,20). The traits
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>
LEVELS OF ALERTNESS

Fig. 1. Schematic illustrating dynamic changes in levels of alertness displayed
by the brain. The figure conveys continuity between states of naturally occurring
sleep and wakefulness. The individual states, such as wakefulness, are defined us-
ing a constellation of physiological and behavioral traits generated by the brain.
Pharmacologically induced states of sedation and general anesthesia are character-
ized by some of the same traits observed during naturally occurring sleep/waking
states. The broken lines between REM sleep and sedation and between wakefulness
and manic states indicate a discontinuity in the state transitions.

(e.g., activated EEG, motor tone, and orientation to person, place, and time)
are clustered into groups that define a particular arousal state, such as wake-
fulness. In many cases, central pattern-generating neurons are known to or-
chestrate the constellation of traits (2/) from which states are assembled as
an emergent process (22). It is clear that sleep is not a passive process result-
ing from the loss of waking consciousness. Rather, sleep is actively gener-
ated by the brain, and considerable progress in sleep neurobiology has
identified many of the neuronal and molecular mechanisms regulating sleep
(1). These basic data provide a knowledge base for the rational development
of a clinical sub-specialty referred to as sleep disorders medicine (7,11,23).
Cogent arguments for empiric definitions of traits and states have been pre-
sented elsewhere (10,24,25).

Many lines of evidence demonstrate that pharmacologic sedation is not
physiologic sleep. The remainder of this paragraph illustrates this point
through five examples of specific differences in sleep and sedation. First,
the duration of sedation is a function of drug, dose, and a host of patient
variables. In contrast, the duration and temporal organization of the sleep
cycle, like the cardiac cycle, are homeostatically regulated. Just as cardio-
vascular health requires a normal cardiac cycle, restorative sleep that enhances
daytime performance requires a normal sleep cycle. Throughout the night,
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Table 1

States are Defined by a Constellation of Traits
Traits defining Traits defining Traits defining

NREM/REM sleep sedation general anesthesia

* Hypotonia/atonia * Analgesia * Analgesia

* Slow/fast eye movements * Amnesia * Amnesia

* Regular/irregular breathing, * Obtundation * Unconsciousness
heart rate, blood pressure of waking * Muscle relaxation

* EEG slow, deactivated/ * Anxiolysis ¢ Reduced autonomic
fast, activated responses

the distinct phases of REM and non-rapid eye movement (NREM) sleep
occur periodically about every 90 min. This actively generated NREM/REM
cycle has particular relevance for patients who are sedated during periods of
the night that would normally comprise the sleep phase of their sleep/wake
cycle (for example, patients sedated in the intensive care unit). A second
difference is that sleep is reversible with sensory stimulation, whereas one
goal of sedation is to depress sensory processing in the face of noxious physi-
cal and/or aversive psychological stimulation. Third, nausea and vomiting
are not associated with sleep, but can be positively correlated with sedation
level (26). Fourth, a characteristic trait of REM sleep is postural muscle
atonia that is actively generated by the brainstem (27,28). Virtually all hu-
mans experience this motor blockade each night, yet are unaware of the pro-
cess. In contrast, motor blockade is not observed or induced during sedation.
Finally, sedation analgesia is a dissociated state comprised of some traits
characteristic of wakefulness (ability to follow verbal commands) and some
traits characteristic of natural sleep (diminished sensory processing, memory
impairment, and autonomic depression). Table 1 illustrates some of the traits
used to define states of sleep, sedation, and general anesthesia. The presence
of dissociated traits satisfies the diagnostic criteria for sleep disorders when
waking traits occur during natural sleep (7, /0) and disorders of arousal when
sleep traits intrude upon wakefulness (/7).

For more than 30 years, it has been known that opioids administered
acutely obtund wakefulness but disrupt the normal sleep cycle and inhibit
the REM phase of sleep (29). This finding from the substance abuse litera-
ture is directly relevant for sedation analgesia. Opioids administered to in-
tensive care unit (ICU) patients have been shown to contribute to the sleep
deprivation and delirium that characterize ICU syndrome (30).

Despite these differences between sleep and sedation, the two states share
remarkable similarities. For example, NREM sleep is characterized by slow
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eye movements and REM sleep was named (arbitrarily) for the “rapid,” sac-
cadic eye movements. Stereotypic eye movements can be observed in sedated
patients, and these eye movements may vary as a function of dose and drug
(12). Mammalian temperature regulation is disrupted during the REM phase
of sleep (reviewed in ref. 37), and sedation can alter the relationship between
body temperature and energy expenditure (32). Compared to wakefulness,
mentation during both sleep and sedation can be bizarre and hallucinoid.
For each of the foregoing examples, however, there are qualitative differ-
ences between the traits characterizing states of sleep and states of sedation.
The remainder of this chapter highlights data consistent with the working
hypothesis that the similarities between sedation and natural sleep are medi-
ated by common neurobiological mechanisms.

3. SEDATION AND SLEEP INHIBIT MEMORY AND ALTER
EEG FREQUENCY

A distinctive feature of both natural sleep and drug-induced sedation is
the blunting or elimination of normal waking consciousness. The diminu-
tion in arousal associated with both sedation and sleep has profound and
complex effects on recall and memory. The amnesic properties of sedating
drugs are widely regarded as a positive feature for preventing the recall of
unpleasant, frightening, or painful procedures. A caveat is that sedating
drugs also are known to disrupt natural sleep. This disruption can contribute
to the negative features of impaired alertness and delirium (30,33), resulting
in delayed discharge time from the hospital or clinic. Dose-dependent
impairment of memory by ketamine and propofol has been demonstrated
repeatedly, and the most reliable anterograde amnesia is produced by ben-
zodiazepines (34). This conclusion is supported by studies emphasizing that
benzodiazepines more potently impair implicit memory (word stem comple-
tion) than explicit memory (cued recall) (35,36). Papper’s insights into the
potential contributions anesthesiology can make to the formal study of con-
sciousness (37) also apply to sedation as a unique tool for understanding
learning and memory (38).

A large body of research has established a reliable and complex relation-
ship between natural sleep and memory. As reviewed elsewhere (39-41),
memory can be impaired by sleep onset and by sleep deprivation. Selective
deprivation of REM sleep impairs recall. Intense learning of new materials
significantly increases REM sleep. During NREM (slow wave) sleep, the
EEG is comprised of low-frequency, high-amplitude waves often referred
to as “sleep spindles” (Fig. 2). During waking and REM sleep, brainstem
systems that project to the thalamus and cortex produce an activated EEG
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WAKI

NREM

REM HALOTHANE HALOTHANE

Fig. 2. Electroencephalographic recording from the cortex of the cat during wakefulness,
NREM sleep, REM sleep, and halothane anesthesia. The left-most column illustrates that REM
sleep is an activated brain state. Note that the EEG during REM sleep is similar to the EEG of
wakefulness. The middle portion of the figure shows that the EEG spindles characteristic of
halothane anesthesia are similar to the EEG spindles generated during NREM sleep. The right
column shows the EEG spindles recorded at a faster sweep speed; note that these spindles are
comprised of waves with frequencies of 8-14 Hz. (Reprinted with permission from ref. [92],
Lippincott Williams & Wilkins, 1996).

containing high-frequency waves of 30-40 Hz known as gamma oscillations
(42). These state-dependent changes in EEG are consistent with data
suggesting that sleep may play a key role in the cortical reorganization of
memories (43). The ability of sleep to modulate recall and memory may
involve state-dependent modulation of thalamocortical plasticity (44). Cellular
and electrographic studies of learning have found that patterns of neuronal
discharge in the rat hippocampus during NREM sleep contain traces of
neuronal activity patterns associated with behaviors that occurred during
previous waking experience (45). This finding implies that normal sleep offers
a period during which the brain replays the neuronal correlates of some daily
experience. The degree to which sedating drugs alter such neuronal discharge
patterns has not yet been reported.

Many studies have examined the relationship between EEG power, memory,
and level of sedation. Many of these studies aim to derive an EEG
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index for the quantitative assessment of arousal level or as a marker of
amnesia. There is good agreement for slowing of EEG frequency into the
Beta range (Beta; = 15-20 Hz; Beta, = 20.5-30 Hz) caused by midazolam
(46) and propofol (47-49), and for EEG slowing caused by dexmedeto-
midine (50). Few studies have systematically compared sedating drugs from
different chemical families, but comparison of a benzodiazepine (midazolam),
an alkylphenol (propofol), and a barbiturate (thiopental) also revealed
increasing EEG beta-power resulting from all three drugs (517).

Historically, studies of EEG in relation to sedation employed spectral
analyses to identify a dominant frequency among a complex collection of
waveforms and frequencies (52). The complexities of EEG signal process-
ing and the time required for raw EEG interpretation have stimulated efforts
to obtain a processed EEG signal (i.e., a single number) that can be inter-
preted in near-real time. One such processed EEG signal for which there has
been enthusiasm in the context of anesthesia and/or sedation is referred to as
the bispectral index (BIS) (53). The BIS uses a scale of 0 to 100 to quantify
the degree of coherence among the different EEG components (54). In gen-
eral, quiet wakefulness is associated with high BIS values (53-55). A pre-
liminary study of five normal, non-drugged subjects reported mean BIS
levels during quiet wakefulness = 92, light sleep = 81, slow-wave sleep =
59, and REM sleep = 83 (55). This initial study of the BIS as a measure of
natural sleep acknowledged three limitations. First, the BIS values have not
been validated against a full 12—-16-channel polysomnographic recording.
Second, some periods of REM sleep and waking may have been mixed.
Third, NREM sleep was not divided into its four known stages: I-IV (55).
Even with these caveats, it is interesting to compare the BIS sleep data to
previous BIS values of <50 produced by propofol doses needed to inhibit
movement in response to surgical stimulation (56). The finding that the tran-
sition from waking to sleep produces BIS values (55), similar to the transition
to unconsciousness produced by sedation, is consistent with our working hy-
pothesis that sleep and sedation are mediated by some of the same neuronal
mechanisms.

BIS monitoring may prove useful for patients in intensive care, where
assessments of the depth of sedation are difficult (57). Data obtained from
14 sedated volunteers revealed a linear relationship between BIS value and
propofol blood concentration (58). BIS values also have been shown to be a
good predictor for the conscious processing of information during propofol
sedation and hypnosis (59). In a study of 72 healthy volunteers, the develop-
ers of BIS measured: i) blood concentrations of propofol, midazolam, and
alfentanil, and end tidal concentrations of isoflurane; ii) sedation level, and
iii) recall (60). None of the subjects in this study who received alfentanil lost
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consciousness, and none had a change in their BIS values. For propofol,
midazolam, and isoflurane, BIS values were significantly correlated with
level of consciousness and with recall. The BIS values at which 50% and
95% of volunteers were unconscious were 67 and 50, respectively. Thus,
this study showed that BIS values were a reliable predictor of sedation level
for all drugs tested. Practitioners who are interested in BIS monitoring as an
adjunct to oximetry and capnometry should be aware of the limitation that
the ability to predict hypoxia or airway obstruction using the BIS index is
confounded by co-administration of hypnotics and muscle relaxants (61).

Evoked potentials are a measurement of the electrical responses to ner-
vous system activation by sensory, electrical, magnetic, or cognitive stimu-
lation. Measurement of auditory-evoked potentials (AEPs) may be used to
evaluate wakefulness. Most tests of awareness require subjects who can
respond to verbal commands (62—64). Providing a standardized click to the
auditory canal produces AEPs. The click generates three distinct wave com-
plexes, brainstem (BAEP, 0-20 ms), midlatency (MLAEP, 20-80 ms) and
long latency (LLAEP, 80—100 ms). These responses correspond to transmis-
sion of the sound (BAEP), knowledge that one has heard the sound (MLAEP),
and understanding the meaning of the sound (LLAEP). It is assumed that if
the primary auditory cortex (MLAEP) is no longer receiving input (i.e., no
waveform) one is unaware. The general evoked potential response to propofol
is a dose-dependent decrease in amplitude and an increase in latency (65,66).
Studies that have compared MLAEP-derived information with BIS measures
agree that MLAEP derivatives more sharply define and predict the transition
between conscious and unconscious states (67-69).

Traditionally, the depth of anesthesia is correlated with the response to
painful stimuli during intravenous (i.v.) anesthetic drug administration or
minimum alveolar concentration (MAC). To assess the level of sedation,
one uses the MAC,,, .. or the drug concentration for which the subject
arouses to sound (a command) or touch. The Observer’s Assessment of
Alertness/Sedation Scale (OAA/S) was developed to measure the response
during MAC,,, .. (70) and is reviewed in detail in Chapter 9.

4. BRAINSTEM CHOLINERGIC NEURONS MODULATE EEG
SPINDLE GENERATION

More than 50 years ago, the neurotransmitter acetylcholine (ACh) was
shown to activate the EEG (71). EEG activation was next demonstrated to
be produced by a reticular system in the brainstem that sends ascending
projections to the thalamus and cerebral cortex (72). The discovery in 1953
of the REM phase of human sleep (73) further stimulated efforts to under-
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Image Not Available

Fig. 3. Schematic drawing of brain regions regulating cortical ACh release and
EEG. The top view shows a lateral section of brain with dotted lines at the level of
the cortex, thalamus, and pons. The lower portion shows these three brain regions
in coronal section. The point of the figure is to illustrate how discreet nuclei local-
ized to the pontine brainstem can modulate thalamocortical circuits generating EEG
spindles. The laterodorsal (LDT) and pedunculopontine (PPT) tegmental nuclei in
the pons project rostrally to the thalamus and caudally to medial pontine reticular
formation (mPRF) regions known to regulate arousal. (Reprinted with permission
from ref. [92], Lippincott Williams & Wilkins, 1996).

stand the cellular and molecular basis of arousal-state control. Data demon-
strating the active generation of sleep by the pontine brainstem is described
in a now classic monograph (74).

EEG spindles, one of the EEG traits characteristic of both sedation and
sleep, are regulated by pontine cholinergic neurons. These brainstem neu-
rons modulate the ability of specific thalamic nuclei to generate cortical EEG
spindles (Fig. 3). Within the thalamus, the centromedian nucleus and nucleus
reticularis generate cortical EEG spindles (75). Spindles occur when dimin-
ished cholinergic input to the thalamus decreases cholinergic inhibition of
nucleus reticularis, enabling the centromedian reticularis circuit to generate
cortical EEG spindles (76). Basic studies also have shown that muscarinic
cholinergic receptors of the M2 subtype within the medial pontine reticular
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formation (mPRF) modulate the amount of REM sleep (77). This is relevant for
the ability of opioids to inhibit REM sleep because the synthetic opioid fen-
tanyl binds to and antagonizes muscarinic cholinergic receptors and can pro-
duce negative side effects similar to central anticholinergic syndrome (78).
Microdialysis delivery of morphine sulfate or fentanyl to mPRF regions
regulating REM sleep significantly decreases ACh release (Fig. 4).

The dorsal pons contains neurons that produce ACh and provide cholin-
ergic input caudally to pontine reticular formation activating systems
(79,80) and rostrally to thalamic nuclei regulating the EEG (81,82). These
cholinergic neurons descriptively named for their location are referred to
as laterodorsal (LDT) and pedunculopontine (PPT) tegmental nuclei (re-
viewed in refs. /,8). Functional data from studies in which the electrical
activity of LDT/PPT neurons recorded from intact, sleeping animals dem-
onstrate a decreased discharge rate during NREM sleep relative to waking
(83). LDT/PPT neurons exhibit an increased discharge that begins 60 s
before—and persists throughout—the EEG activation of REM sleep (84).
Opioids also decrease ACh release within the LDT/PPT nuclei, and this
finding helps to elucidate one mechanism by which opioids inhibit the
REM phase of sleep (5).

Microdialysis data have quantified ACh release from LDT/PPT projections
caudally into the mPRF and from LDT/PPT projections rostrally into the thala-
mus. Microdialysis of the mPRF showed that electrical stimulation of the LDT/
PPT significantly increased ACh release (85). These ACh measures were
obtained from the same regions of the mPRF where EEG activation is evoked
by direct application of cholinergic agonists and acetylcholinesterase inhibi-
tors (reviewed in ref. 86). Microinjection of the acetylcholinesterase inhibi-
tor neostigmine into the mPRF causes a REM sleep-like state (87). In
humans, physostigmine administration during NREM sleep reduces the
latency to REM sleep onset and increases REM sleep (88). The finding that
propofol-induced unconsciousness can be reversed with physostigmine (89)
is consistent with data indicating cholinergic activation of EEG. Electrical
stimulation of the LDT/PPT regions of the cat brain also produces the EEG
activation of REM sleep (90). Within the thalamus, microdialysis revealed
that ACh levels originating from LDT/PPT neurons are high in association
with EEG activation of waking and REM sleep, and significantly decreased
during NREM sleep when EEG spindles are present (97). This anatomical,
electrophysiological, and neurochemical data are consistent with decreased
LDT/PPT discharge causing decreased acetylcholine release associated with
a synchronized EEG and sleep spindles. This is important in understanding
the neurobiology of sedation analgesia because opioids have been shown to
decrease ACh release within the LDT/PPT nuclei (5).
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Image Not Available

Fig. 4. Opioids inhibit ACh release in brain regions known to regulate EEG and
behavioral arousal. (A) Illustrates a microdialysis probe aimed for the mPRF. These
probes make it possible to measure neurotransmitter release during dialysis deliv-
ery of artificial cerebrospinal fluid (CSF) (Ringers). The schematic also shows cho-
linergic LDT/PPT neurons projecting ACh-containing terminals to the mPRF. (B)
Shows that mPRF dialysis delivery of the opioid fentanyl caused a dose-dependent
decrease in mPRF ACh release (mean + s.d.). (C) Shows that morphine sulfate also
decreased mPRF ACh release. Data such as these help identify the neural circuits
and neurotransmitters altered by sedating drugs. (Modified with permission from
ref. [5], Lippincott Williams & Wilkins, 1999).
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Image Not Available

Fig. 5. Cholinergic neurotransmission modulates EEG arousal. The top curve
shows that the number of EEG spindles of the type illustrated in Fig. 2 is increased
by low concentrations of halothane (0.6-1.2%) and suppressed by higher concen-
trations of halothane (2.4%). The bottom curve shows that the cholinergic agonist
carbachol decreases the ability of halothane to produce EEG spindles. Carbachol
was delivered into the pontine mPRF region illustrated in Fig. 3. These data imply
that the EEG spindles produced by halothane are regulated by cholinergic and
cholinoceptive pontine neurons. (Reprinted with permission from ref. [92],
Lippincott Williams & Wilkins, 1996).

Two additional lines of evidence provide direct support for our hypoth-
esis that the EEG spindles of sleep and anesthesia are regulated by the same
cholinergic LDT/PPT neurons. First, halothane anesthesia causes both EEG
spindle generation and significantly decreased acetylcholine release from
LDT/PPT cholinergic terminals in the mPRF (92). Since some LDT/PPT
neurons also project to the thalamus (82), the decreased pontine ACh release
data are consistent with halothane also causing decreased thalamic acetyl-
choline release. As described previously, decreased thalamic acetylcholine
release disinhibits thalamic neurons known to produce EEG spindle genera-
tion (75). Second, microinjection of the cholinergic agonist carbachol into
the mPRF decreased halothane-induced EEG spindles (92). This finding
indicates that enhancing brainstem cholinergic neurotransmission can acti-
vate the cortical EEG (Fig. 5).

Considered together, these results are consistent with the hypothesis that
the EEG spindles of both sleep and halothane anesthesia are caused by
brainstem cholinergic neurons localized to the LDT/PPT nuclei. Although
opioids have been shown to cause decreased ACh release in pontine net-
works regulating EEG and behavioral arousal (93), the extent to which other
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sedating drugs decrease pontine cholinergic neurotransmission has not yet
been studied. It will also be important to extend microdialysis studies to
additional brain regions such as the basal forebrain and cortex. Basal fore-
brain cholinergic neurons contribute to the regulation of wakefulness and
normal mentation. In sleeping animals, ACh release in the basal forebrain is
significantly decreased during NREM sleep over waking levels, and further
increased during the cortical activation of REM sleep (94). In mice anesthe-
tized with isoflurane, muscarinic autoreceptors modulate ACh in the pre-
frontal cortex (95).

5. GAMMA-AMINOBUTYRIC ACID A (GABA,) RECEPTORS
AND AROUSAL

GABA is the major inhibitory neurotransmitter in the nervous system,
and GABA is estimated to be present in 20-50% of all synapses (96). Ago-
nist activation of the GABA , receptor enhances chloride ion (C17) conduc-
tance. Barbiturates, benzodiazepines, and neuroactive steroids all alter
GABA, receptor function, leading to increased neuronal inhibition (96).
Data reviewed in this section support the conclusion that sedation and natural
sleep occur, in part, as a result of enhanced GABAergic neurotransmission.

Chloral hydrate administered orally is one of the most widely used seda-
tives in children undergoing magnetic resonance imaging (MRI) (97) and
dental procedures (98). Chloral hydrate is a sedative-hypnotic drug that pro-
duces little or no analgesia. Hepatic alcohol dehydrogenase rapidly converts
chloral hydrate to the active metabolite trichloroethanol, which causes seda-
tion. Similar to barbiturates, steroids, and halogenated volatile anesthetics,
trichloroethanol potentiates synaptic transmission at the GABA , receptor
(99). In vitro studies have shown that trichloroethanol prolongs inhibitory
postsynaptic currents resulting from CI~ (99). This finding is consistent with
the interpretation that chloral hydrate produces sedation by enhancing inhibi-
tory synaptic transmission mediated by the GABA , receptor.

The time-course for sedation produced by chloral hydrate is a function of
dose, patient age, and health. One study of 596 pediatric patients noted that
following oral chloral hydrate (68 mg/kg), effective sedation for MRI was
achieved in 26 min without respiratory depression (/00). Studies of chloral
hydrate metabolism following a single 50 mg/kg oral dose in critically ill
children 57-708 wk old found the half-life for trichloroethanol to be 9.7 h
(101). Another metabolite of chloral hydrate—trichloroacetic acid—failed
to decline within 6 d after the single oral dose (/07). The effect of these
metabolites on breathing is not clear. There is agreement in the available
literature that with careful medical screening, monitoring, and patient man-
agement chloral hydrate provides effective sedation without respiratory
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depression. Animal data indicating that chloral hydrate causes chromosome
changes has raised the question of long-term effects. Chloral hydrate is a
reactive metabolite of the known carcinogen trichloroethylene, and oral
administration of chloral hydrate to mice was found to be carcinogenic fol-
lowing a single dose lower than that typically used to produce sedation in
children (1/02). Although chloral hydrate came into use in the early 1900s,
its short-term actions and interaction with GABAergic neurotransmission
are not yet fully understood. The mechanisms by which chloral hydrate
causes the adverse reaction of paradoxical excitement are also unclear. These
questions represent important opportunities for sedation research.

Benzodiazepines remain the most frequently prescribed hypnotics. Oral
administration of benzodiazepines shortens NREM sleep-onset latency and
increases the duration of NREM sleep (96). The sedative and sleep-enhancing
actions of benzodiazepines are blocked by the benzodiazepine-receptor
antagonist flumazenil (103, 104). Midazolam has become the benzodiazepine
of choice for procedural sedation. Midazolam can be administered by a
variety of routes (oral, intranasal, rectal, intramuscular, and i.v.) but the i.v.
route is used most commonly. Benzodiazepines increase the C1~ current gen-
erated by GABA ,-receptor activation, potentiating GABAergic inhibition
and calming the patient, relaxing skeletal muscles, and producing loss of
consciousness in high doses (/05). There have been some concerns about
the possibility of direct neurotoxicity of nasally administered drugs, which
may travel along the olfactory nerves to the central nervous system (CNS).
High blood levels of midazolam (160 ng/mL at 10 min) were reported in an
infant who received 0.2 mg/kg intranasally and developed apnea (106).

Paradoxical excitement has been reported in up to 10% of patients after
oral, i.v., and rectal administration of midazolam, and may appear in the
recovery phase (1/07) or even after discharge. This complication is disturb-
ing for family members and healthcare personnel because the excitement
phase can be quite violent. The mechanism underlying this paradoxical
excitement is unknown.

There is a large body of evidence showing that the actions of GABAergic
neurotransmission on arousal level vary as a function of brain region. Direct
administration of bicuculline (GABA 4 antagonist) and muscimol (GABA ,
agonist) into the pontine reticular formation alters cycles of sleep and wake-
fulness in both the rat (/08) and cat (109). The REM phase of sleep has also
been shown to be enhanced following administration of muscimol into the
ventrolateral periaqueductal gray (//0). Nociception and arousal vary to-
gether, and in the periaqueductal gray of the rat the analgesic effect of ni-
trous oxide is mediated by opiate receptors (111).
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Microdialysis studies measuring the release of endogenous GABA across
the sleep cycle have revealed results consistent with a role for GABA in the
regulation of arousal. Nuclei in the pons, such as the locus coeruleus and the
dorsal raphe nucleus, exhibit cellular discharge rates that are positively cor-
related with wakefulness and inversely correlated with REM sleep (reviewed
in ref. 7). These findings have led to the suggestion that cessation of dis-
charge by cells in these regions is somehow permissive for REM sleep onset.
This interpretation is also consistent with an active modulation of arousal by
monoamine-containing neurons. The dorsal raphe nucleus contains a high
concentration of serotonin. Microdialysis of cat dorsal raphe reveals
increased GABA release during REM sleep, and microinjection of the
GABA agonist muscimol into the dorsal raphe increased REM sleep (112).
GABA levels in the locus coeruleus also increase during REM sleep (113),
and locus coeruleus administration of GABA , antagonist decreases REM
sleep (114). During sleep, noradrenergic neurons in the locus coeruleus are
also tonically inhibited by GABA (115), a finding consistent with monoam-
inergic modulation of arousal. In rostral brain regions such as the posterior
hypothalamus, known to be important for maintaining wakefulness, an increase
in GABA release occurs during non-REM sleep (/16). The emerging data
suggest that GABAergic transmission contributes to sleep and sedation by
inhibiting neurons and neurotransmitters that promote wakefulness. Further
illustrating the complexity of pharmacological interaction is the finding that
opiates administered into the locus coeruleus enhance non-REM sleep via
mu opioid receptors (//7). Additional effects of GABA on sleep and wake-
fulness are reviewed in detail elsewhere (118).

6. SEDATION AND SLEEP ALTER RESPIRATORY CONTROL

Drug-induced respiratory depression is the primary cause of morbidity
associated with sedation analgesia (2). This follows from the repeated obser-
vation that sedation produced by different classes of drugs depresses the
ability to generate an appropriate ventilatory response to hypercapnic and/
or hypoxic stimuli. For example, halothane depresses the ventilatory response
to isocapnic hypoxia and hyperoxic hypercapnia (/79). Isoflurane causes
dose-dependent reductions in the ability to respond to hypoxic and hyper-
capnic stimuli (/20). Comparative data show that the loss of consciousness
produced by isoflurane, sevoflurane, and desflurane was associated with
respiratory depression (/21/). Nitrous oxide sedation also enhanced apneic
episodes (respiratory pauses of 220 s) following hyperventilation, and led to
oxygen desaturation averaging 75% (122). Sedation produced by combina-
tions of midazolam and opioids causes apnea and hypoxemia (/23), and
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sedation produced by intrathecal morphine sulfate causes dose-related res-
piratory depression (/24). One important concern regarding sedation pro-
duced by opioids is that the respiratory rate and level of sedation did not
reliably predict hypoxemia (/24,125). Propofol infused at sub-anesthetic
doses can cause oxygen desaturation to 70% and a depressed response to
hypoxia (126). Opioids also increase apneas when injected into areas of the
brainstem that regulate the REM phase of sleep (Fig. 6).

As reviewed elsewhere (4), anesthesiologists have long appreciated the
respiratory-facilitatory effect of behavioral arousal as a “wakefulness stimu-
lus for breathing.” The safety of sedation analgesia will be greatly improved
by advances in understanding the cellular and molecular mechanisms com-
prising the wakefulness stimulus for breathing. However, it is now clear that
cholinergic neurotransmission in pontine regions known to regulate arousal
can significantly alter breathing (4). Basic studies have shown that pontine
administration of cholinergic agonists and acetylcholinesterase inhibitors
significantly diminishes upper-airway muscle tone, afferent responsiveness
to hypercapnic stimuli, and respiratory rhythm generation (reviewed in ref.
127). Of relevance for mechanistic studies of sedation is the finding that this
cholinergic respiratory depression was produced from regions of the mPRF
that contain no pre- or upper motor respiratory neurons (4,127). Thus, cho-
linergic mechanisms known to regulate levels of behavioral arousal can sig-
nificantly alter respiratory control (Fig. 7).

Cholinergic modulation of arousal and breathing can be direct, indirect
via interactions with other neurotransmitters and neuromodulators, or
through a mixture of direct and indirect actions. By 1987, existing data made
it possible to predict that “a leading candidate for neurons that mediate the
stimulating effect of wakefulness on respiration includes serotonin-containing
cells in the brainstem raphe nuclei” (/28). Subsequent studies have demon-
strated an excitatory serotoninergic drive to hypoglossal motoneurons (/29) and
microdialysis measurement of serotonin in hypoglossal nucleus reveals signifi-
cant decrements in serotonin caused by pontine administration of carbachol
(130). Sleep and sedation depress upper-airway muscle function, and the fore-
going data are consistent with the possibility that tongue muscle hypotonia can
contribute to upper-airway obstruction. Such obstructions comprise one of the
mechanisms by which deaths have occurred in children receiving chloral
hydrate (131).

Studies designed to foster an understanding of how sedatives alter neu-
rotransmitters and brain regions regulating arousal and breathing must also
contend with the complexity of non-uniform drug effects. Although anes-
thetics hyperpolarize vertebrate neurons, thereby decreasing neuronal excit-
ability (1/32), drug actions vary as a function of brain region, route of
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Image Not Available

Fig. 6. The effect of pontine opioid administration on respiratory pauses
(apneas). (A) Schematizes a sagittal brain section and a microinjection of morphine
made directly into the mPRF. Since the brain contains no pain receptors, these in-
jections can be made in intact, unanesthetized animals. (B) Shows a respiratory
trace recorded from a thermistor placed at the nose. (C) Shows that the number of
apneas was significantly increased by mPRF administration of morphine sulfate,
and that the morphine-induced increase in respiratory apneas was blocked by nalox-
one. Thus the mPRF, a region of the brain that contains no respiratory neurons but
does regulate arousal, can significantly alter breathing. (Reprinted with permission
from ref. [167], Lippincott Williams & Wilkins, 1992).
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Image Not Available

Fig. 7. Cholinergic neurotransmission in the medial pontine reticular formation
significantly alters respiratory control. (A) Shows that cholinergic drugs can be
delivered directly into the mPRF. (B) Shows that the posterior cricoarytenoid (PCA)
muscle activity in the upper airway is decreased following carbachol injections
producing a REM sleep-like state. The PCA activity during inspiration (I) and expi-
ration (E) is shown as a percent of waking discharge and the muscle EMG is shown
on the inserts labeled “WAKE” and “REM.” (Reprinted with permission from ref.
[168], FASEB Journal, 1989). (C) Shows minute ventilation during wakefulness,
REM sleep, and the REM sleep-like state produced by mPRF administration of
carbachol. Note that cholinergic compounds injected into the mPRF depressed
minute ventilation. (Reprinted with permission from ref. [169], Elsevier Science,
1989). (D) Shows that the ability to respond to CO, is diminished during both natu-
ral REM sleep and during the REM sleep-like state produced by carbachol. (Re-
printed with permission from ref. [170], The American Physiological Society,
1991). Thus, enhanced cholinergic neurotransmission in areas of the brain known
to regulate arousal states (A) depresses efferent upper airway motor output (B),
central respiratory pattern generation (C), and ability to respond to CO, (D).
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administration, and transmitter system studied. For example, ACh release in
brain regions regulating arousal and breathing is diminished by opioids (5),
volatile anesthetics (92), and ketamine (/33). Propofol can alter both
serotoninergic (/34) and cholinergic (/35) neurotransmission, although one
mechanism of propofol action occurs via receptor systems for the inhibitory
amino acids glycine and GABA (7136). As we have demonstrated for the
antinociceptive actions of morphine (/37), the effects of propofol on ACh
release vary depending on the brain region examined (/38).

Efforts to elucidate the mechanisms by which sedation alters breathing
are further complicated by the complexity of interacting autonomic control
systems. Generation of the normal respiratory rhythm (/39) and gasping
(140) arise from the medullary brainstem. Paralleling the effects of systemi-
cally administered opioids, NREM sleep is enhanced, whereas waking and
REM sleep are inhibited by delivering a mu opioid agonist directly into the
medullary nucleus of the solitary tract (/41). The rostral ventrolateral medulla
(RVLM) is the most potent pressor region in the brain (/42). The ability of
propofol to produce hypotension remains poorly understood, but available
data suggest that propofol can disrupt vasomotor control via the RVLM
(143). The specific mechanisms by which propofol causes hypotension are
not yet clear, but may be partially caused by central cholinergic neurotrans-
mission, since the RVLM is known to contain a high number of muscarinic
cholinergic receptors (/44). Opioids inhibit cholinergic neurotransmission
in many areas of the brain, and in humans the acetylcholinesterase inhibitor
physostigmine antagonizes the ability of morphine to cause respiratory
depression (145).

Alpha-2 agonist-induced analgesia and sedation are likely to involve brain
regions that are known to regulate naturally occurring states of arousal. As
noted previously, the locus coeruleus contributes to the maintenance of
wakefulness, and also modulates the ability of the o-2 agonist dexmedeto-
midine to produce antinociception (/46). The sedative action of dex-
medetomidine is altered by serotonergic (/47) but not by cholinergic (/48)
neurotransmission.

Central respiratory control is modulated by an interaction between adren-
ergic and cholinergic neurotransmission (/49). Activation of a-2 adreno-
receptors by norepinephrine and by clonidine inhibits medullary respiratory
neurons (/50). The sedative and analgesic actions of epidural clonidine,
mediated in part by o-2 adrenoreceptors, are accompanied by respiratory
depression (/57) and a diminished respiratory response to hypercapnia
(152). Hypotonia of oral-pharyngeal muscles such as the genioglossus likely
contributes to state-dependent airway obstruction (/53), and clonidine
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hyperpolarizes hypoglossal motoneurons (/54). Recent studies show that
dilator muscles of the upper airway are tonically activated by clonidine,
resulting in airway obstruction (/55) and disrupted respiratory rhythm gen-
eration (156). Thus, sedatives with mechanisms of action involving central
o-2 adrenoreceptors may be anticipated to have a negative impact on
chemosensitivity, maintenance of upper-airway patency, and respiratory
rhythm generation.

7. CONCLUSION: RESEARCH WILL ENHANCE PATIENT
SAFETY DURING SEDATION

In November 1999, the U.S. Institute of Medicine (IOM) released data
showing that medical errors are a leading cause of death and injury. This
report indicated that more people in the U.S. die from medical mistakes
each year than from highway accidents, breast cancer, or AIDS (/57). Dur-
ing the past 50 years, there have been tremendous advances in patient safety
for anesthesia delivered in the operating room environment. In 1952, the
potential for harm resulting from anesthesia was several times greater than
the odds of death from polio (/58). Presently, deaths from anesthesia in the
operating room environment are estimated at 1:250,000 cases (1/59). Cur-
rent data of the same scope as the Beecher and Todd study are unavailable
on morbidity and mortality associated with sedation and anesthesia outside
the operating room. Data showing high morbidity and mortality rates from
cardiorespiratory complications during diagnostic endoscopy have been pre-
sented (/60). Economic factors have made it routine to discharge ambula-
tory patients as soon as possible following even prolonged anesthesia or
sedation (161). The New York Times reported a study by the New York State
Senate Committee indicating that patients who undergo surgery in locations
remote from a hospital are protected by few regulations (/62). Non-hospital
venues for sedation have also been identified as an independent factor asso-
ciated with permanent neurological injury or death following sedation anal-
gesia (163). Office-based elective surgeries such as liposuction are expected
to rise from 6% in 1999 to 20% in 2001. Recent data suggest liposuction-
related death rates of 1 in 5224 (164). These death rates are 50 times higher
than current anesthesia-related deaths anticipated by the American Society
of Anesthesiologists (ASA) (165). This chapter has summarized data illus-
trating gaps in existing knowledge concerning the cellular and molecular
mechanisms that cause sedation. Improved anesthetic drugs are a key factor
contributing to enhanced anesthetic safety (/66). Therefore, basic and clini-
cal sedation research are essential for continued advances in patient safety
and comfort.
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Practice Guidelines for Pediatric Sedation

David M. Polaner, MD, FAAP

1. INTRODUCTION

The sedation of children for diagnostic and therapeutic procedures has
undergone quite an evolution from the days of “DTP (demerol, thorazine,
phenergan) cocktail” without monitoring. Although the use of sedation for
infants and children is often motivated by a desire to avoid both physical
and psychological trauma, these goals must be tempered by the realities of
risk and safety. Prior to the 1980s, there was often little or no awareness of
the potential consequences of effects and interactions of sedating drugs,
outside the specialty of anesthesiology. Practitioners had minimal recogni-
tion of the potential hazards of oversedation, including loss of airway, aspi-
ration, and cardiorespiratory compromise. Concerns about recovery and
premature discharge were either rarely acknowledged or ignored. Unfortu-
nately, such an attitude may persist today, although there has been increas-
ing recognition that sedation of infants and children can carry the same
inherent risks as general anesthesia. In response to the publicity surrounding
“sedation disasters,” specialized societies dedicated to the care and safety of
children have developed guidelines to provide a framework for the safe pro-
vision of sedation. The guidelines deal with the use of various sedating
agents, as well as the environment in which the sedation is administered,
monitoring of patients, patient selection, and the responsibilities of practi-
tioners who administer the agents. There has been an attempt to tighten and
restrict the use of terminology and definitions that have been used loosely
and inaccurately in the medical literature. Several different sets of guide-
lines have been promulgated by different specialty groups, which have
attempted to address the issues of safety and standards of care. These guide-
lines are not all the same, however, and it is instructive and important to
understand the differences between them and to recognize their potential
shortcomings and limitations. This chapter examines the practice guidelines
written specifically for pediatric sedation and discusses how they should be
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used in developing an institutional policy and plan, and how the systems or
organizational approach to the implementation of sedation guidelines may
decrease risk and increase safety.

2. HISTORY AND BACKGROUND

Until the 1980s, there was little oversight or attempt to organize and scru-
tinize the practice of sedation. Prompted by a series of disastrous outcomes
following sedation during dental procedures, the American Academy of
Pediatrics (AAP) requested that its Section on Anesthesiology offer guid-
ance in developing a set of guidelines that were eventually published by the
Academy in 1985. This document was authored by representatives from the
Section on Anesthesiology, the Committee on Drugs, and the American
Academy of Pediatric Dentistry (AAPD), and was entitled “Guidelines for
the Elective Use of Conscious Sedation, Deep Sedation, and General Anes-
thesia.” This title was chosen to emphasize that there was a continuum
between these three states. It became clear to the Academy and to the authors
of the original document that a revision was needed to address other con-
cerns and issues that were not adequately clarified. It was apparent that
discharge criteria were a major problem, and that a number of adverse out-
comes could be blamed on inadequate recognition of when a child was
“street ready” (/). For this reason, the title of the revised document was
changed to reflect the importance of applying the guidelines both during and
after the administration of the sedating agents (2). There were also a plethora
of papers appearing in the medical literature on the subject that stretched the
definition of “conscious sedation” beyond credulity (3,4). The use of numer-
ous anesthetic agents at doses that result in varying planes of general anes-
thesia was commonly described as sedation in an apparent attempt to extend
the boundaries of practice (5,6). For this reason, the strict definitions of “con-
scious” and “deep” sedation were given special emphasis. Many other aspects
of the guidelines were revised to reflect the reports of complications that
were culled from the literature, adverse drug reports, and popular press, in
an attempt to address the systems problems that led to adverse outcomes.

The guidelines were not met with uniform acceptance. Many of the pre-
scribers of sedation believed that the guidelines were overly burdensome
and represented an intrusion on practices they believed to be safe based on
historical impressions, despite mounting data to the contrary. Clearly, the
purchase of monitoring equipment and the use of trained observers imposed
additional costs on both individual practitioners and institutions. Ever-
increasing financial pressures from diminishing third-party reimbursement
added to this problem. The reference in the title of the guidelines to “general
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anesthesia” unfortunately led to the impression by some physicians that the
guidelines did not apply to them because they did not administer general
anesthesia (this led to the change in the title of the revised guidelines of
1992). Other specialties and subspecialties published their own sets of guide-
lines in response to the AAP guidelines (7-9). It is the belief of some physi-
cians that these latter sets of guidelines are attempts to redefine the standards
of practice to fit within the traditionally accepted practices of those special-
ties (10). Whether there are data to support these alternative guidelines, or
whether the potential consequences of adopting looser standards are worth
the risks in situations where adequate data are not available, will be exam-
ined later in this chapter. It should be recognized from the outset that clini-
cal and outcomes-based considerations are clearly not the only factors
involved here, and that several specialties have staked out claims to what
has traditionally long been the purview of the anesthesiologist. This has cre-
ated an environment that is laden with political and financial implications,
which have tended to cloud the objectivity of much of the “research” that
has been published.

3. WHY GUIDELINES?

The need for guidelines has been disputed, in most cases by clinicians
who have been prescribing sedating medications for years without recog-
nized or perceived mishaps. In many cases, the development of national
guidelines has been viewed as an intrusion and a limitation of medical prac-
tice and physician autonomy. There is little outcome-based data on which to
base many of the guidelines, and that which exists has significant limita-
tions of power and methodology. So why promote them at all? It is recog-
nized by all that adverse events in sedation are infrequent (/7). An individual
clinician may see them only rarely, although the precipitating events that
have the potential to lead to catastrophic outcomes may occur, albeit unrec-
ognized, far more often (/2). This is a particular problem in infants and
children, especially in adult or general hospitals, where the volume of pedi-
atric cases may not approach that of a large children’s hospital. Further-
more, adverse events may be defined differently by clinicians with various
levels of risk acceptance. At a recent hospital sedation committee meeting,
the author was stunned to discover that one group of clinicians did not con-
sider respiratory depression severe enough to require the use of naloxone as
an adverse event—this was simply considered routine practice. Such per-
ceptions clearly impact on the reporting of complication rates.

Many of the improvements in patient safety, and the reduction of adverse
events in medicine over the past 25 years, have come through advances in
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anesthesia practice. The report of the Institute of Medicine (IOM) not only
recognizes this, but suggests that similar methodologies and strategies can
be generalized to other areas of medical practice as well (13). Two prime
factors in the reduction of risk in anesthesia have been (i) the advances in
monitoring technology and the routine application of monitoring to provide
early detection of adverse events before they affect physiologic stability and
(ii) the aggressive use of risk reduction strategies in patient care. The phi-
losophy in anesthesia practice has been to be exceedingly cautious in addres-
sing various potentially risky situations, whether it is the patient with the
risk of a full stomach, the use of halothane in adults, or the routine use of
succinylcholine in children. This same philosophical view is embodied in
the idea of using guidelines for the practice of sedation in pediatric patients.
The overriding approach embodies several axioms:

1. Adverse events occur rarely, but inevitably.

2. Although an individual practitioner may not see a significant number of these
events, in the national aggregate they occur frequently enough, or have severe
enough preventable sequelae, that a change in practice is deemed desirable.

3. Because these events will invariably occur, a systems approach to prevention
and detection is most effective.

4. In order to reduce adverse outcomes, practices must be implemented that will
reduce the incidence of these events and provide early detection of the events.
This means both avoiding and eliminating practices with excessive risk and
using appropriate observation and monitors.

Guidelines are a foundation of the systems approach, which seeks to pro-
mote safe practices that result in both risk reduction and early detection of
adverse events.

4. PRACTICE GUIDELINES

Numerous sedation guidelines have been promulgated in the United States
by various organizations. Only two deal specifically with pediatric patients,
and both are from physician specialty organizations. There are other guide-
lines that impact on pediatric patients, two from physician specialty organi-
zations and one from the Joint Commission on the Accreditation of Health
Care Organizations (JCAHO). This section examines the AAP guidelines as
a prototype—because it was the first document to specifically address the
sedation of children, and thus served as template for others that followed,
and also because several of the subsequent documents were published as
reactions to the AAP guidelines. This chapter examines the AAP guidelines
in detail, and discusses the other guidelines and how they differ. The guide-
lines not written specifically for pediatric patients are addressed elsewhere
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in this volume, but issues especially relevant to pediatric practice are dis-
cussed here, particularly when they are in conflict with the AAP guidelines.

4.1. American Academy of Pediatrics Guidelines (1992 revision)

The current AAP guidelines, authored by the Committee on Drugs, have
attempted to deal with issues that were left ambiguous or were not addressed
in the first version. Monitoring—the use of observation and devices for
the early detection of adverse events—and the skills and responsibilities of
the clinician, are the primary focus of this document. The guidelines empha-
size that sedation is a continuum, which ranges from “conscious sedation”
to general anesthesia, and that monitoring must be geared to the depth of
sedation. The crucial complications of respiratory depression and loss of
airway reflexes and stability are explicitly acknowledged as potential events
in any infant or child who is sedated. These risks are emphasized, not mini-
mized, so that the practitioner is encouraged to maintain a heightened sense
of vigilance at all times. Monitoring standards must not be selected solely
on the basis of the anticipated usual effect of the drug administered, but
rather based on the actual effect observed. This is an essential point in the
AAP guidelines that cannot be overemphasized. The guidelines require that
the monitoring reflect the level of consciousness of the child, and that the
monitoring be used to detect early events that might progress to significant
complications without intervention. The guidelines further recognize the
inability of a single person to both perform the procedure and simultaneously
closely observe the patient. The importance of an independent observing
clinician is emphasized.

The guidelines first clearly define the terms that are used in the docu-
ment. This is crucial, since ambiguities in terminology, both intentional and
unintentional, became a rampant problem in the literature that followed the
initial AAP guidelines. The AAP defines three levels of sedation:

* Conscious sedation, a state in which consciousness is medically depressed, but a
patent airway and protective airway reflexes are maintained independently at all
times. The patient exhibits appropriate and purposeful responses to stimuli or
verbal command. These responses do not include reflex withdrawal.

* Deep sedation, a state in which the patient is not easily aroused and may be
unconscious. There may be partial or complete blunting of protective reflexes,
and the patient may or not be able to independently maintain a patent airway.
Purposeful response to stimuli may not be present.

e General anesthesia is defined as “a medically controlled state of unconscious-
ness accompanied by a loss of protective reflexes, including the inability to
maintain a patient airway independently and respond purposefully to physical
stimulation or verbal command.”
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This classification scheme was not promulgated to strictly classify the con-
dition of a sedated patient. The guidelines emphasize that these levels are in
reality a continuum, and that a patient may easily pass from one level to the
next. The levels are identified in order to define appropriate levels of physi-
ologic monitoring, not to strictly categorize the effects of a particular drug or
sedation regimen. This distinction is an important difference from several
other sedation guidelines. The AAP guidelines recognize that no particular
agent can be expected to produce consistent results in every patient, and that
it is the response to an agent, not the use of a specific drug, that determines
the patient’s level of sedation and thereby dictates the level of monitoring.
The definition of general anesthesia may be problematic, as some have in-
ferred from the guidelines that a state of general anesthesia does not exist if
a patient has the ability to independently maintain a patent airway, a conten-
tion that is obviously not accurate. Such an implication was not the intent of
the definition, but it demonstrates that these definitions, even when very
carefully crafted, can create ambiguities that the authors did not anticipate.
Despite the clarity and precision of the definition of terms, the use of “con-
scious sedation” remains problematic, because the term has entered the lexi-
con, where it continues to be frequently misused to describe deeper states of
sedation (/4). It would probably be best if this oxymoron is retired and re-
placed with “moderate sedation,” the term adopted in the most recent
JCAHO standards (15).

The guidelines also clearly define the levels of imperatives in the lan-
guage of the document: which items are mandated, and which items are
suggested, yet may have alternatives that can be employed.

The AAP guidelines are directed at personnel who provide sedation and
are not trained in anesthesiology, and thus advise that patients undergoing
sedation be American Society of Anestesiologists (ASA) physical status I or
II, and that physical status III and IV patients require special consideration.
Back-up facilities and services must also be clearly identified; these systems
must be in place so that a defined plan of action can be immediately
implemented if complications develop. The proper and appropriately
sized equipment to provide resuscitation from both respiratory and circula-
tory complications is required in the sedating location. These items include
a system for the delivery of positive pressure ventilation and supplemental
oxygen (FiO, > 0.90), suction apparatus, airway equipment in varied sizes,
and drugs necessary for resuscitation. It is emphasized that the equipment
and supplies must be immediately available to the sedating clinician, and
that they must be regularly checked and maintained. A list of suggested
drugs and equipment is appended to the guidelines.



Pediatric Sedation: Practice Guidelines 39

Documentation of both the pre-sedation evaluation and the intra-operative
events are mandated by the guidelines. Proper informed consent must be
obtained, as the administration of sedating drugs is not without risk, and
the parent or guardian must understand the benefits and risks in order to
permit the administration of these agents. A history, physical examination
(with special attention paid to the airway) and review of the patient’s medi-
cations is required. The ASA Physical Status score (listed in an appendix)
should be assigned. The parent or guardian must be issued instructions
regarding the care required following the completion of the sedation, and
they must be able to contact medical help at any time should problems arise
in the post-sedation period.

Fasting (NPO) status is referenced in the appendix of the document. The
risks of sedation, loss of airway reflexes, and aspiration of gastric contents
are acknowledged. The standard recommendations for NPO times in elec-
tive cases are cited, with 2-h fasting times for clear fluids, and 4-, 6-, and 8-h
fasting times for other foods and liquids for ages 0—6 mo, 6— 36 mo, and
greater than 3 yr, respectively. These recommendations are well supported
by data in the literature (/6—18). The problem of a full stomach in emer-
gency cases is discussed. The AAP guidelines recommend (i) delaying the
sedation, (ii) the use of pharmacological means to enhance gastric emptying
and raise gastric pH, or (iii) consider securing the airway when the case
cannot be postponed and the stomach cannot be effectively emptied.

From the time sedation commences until discharge criteria are met, docu-
mentation of vital signs and the level of consciousness, drugs administered,
and inspired oxygen concentration is required, using a time-based record.
The record must also document any significant clinical events that occur
during this period. At recovery, the record must document return to baseline
vital signs and level of consciousness, and a note stating that the child is
deemed ready for discharge from care must be entered in the chart. The
criteria for discharge are found in an appendix to the guidelines, and include
the return to baseline mental status and cardiovascular stability. The respon-
sible adult must be issued post-sedation instructions. Strict criteria for dis-
charge are particularly important in view of the number of sedation
complications that have been reported from premature discharge and subse-
quent airway obstruction and respiratory arrest (12).

The AAP document next describes specific guidelines for the three levels
of sedation previously defined. The continuum of sedation concept is reiter-
ated, and the clinician is reminded to be prepared to escalate the level of
monitoring if that occurs. Both conscious and deep sedation require an inde-
pendent monitor to observe the patient, assess vital signs, administer drugs,
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and attend to the airway. For conscious sedation, the guidelines list this per-
son under the heading of “support personnel”, and for deep sedation this
person is listed under “personnel”, implying a greater level of vigilance and
dedication to that single task. The conscious sedation requirements include
the practitioner performing the procedure in question as part of the monitor-
ing and sedation care team; for deep sedation, the practitioner is not men-
tioned, and all of the sedation tasks fall to the independent sedating clinician.
The emphasis on “constant observation” in the deep sedation section and the
emphasis on the observation of the airway further reinforce that idea, and
the wording of requirements for conscious sedation imply that the monitor-
ing person may be involved in other tasks during the procedure. The
increased vigilance demanded by a deeper state of sedation requires that the
monitoring clinician be completely devoted to that task, without distraction.
Both deep and conscious sedation require that one person be trained in at least
pediatric basic life support. Deep sedation also requires that the monitoring
person possess skills in pediatric airway management; pediatric advanced life
support skills are “strongly encouraged.” The level of care required during
the procedure is described, and should include continuous monitoring of
oxygen saturation and heart rate, and intermittent measurement of respira-
tory rate and blood pressure. Attention to the airway is again emphasized,
and for deep sedation, more intensive monitoring of respiration and airway
patency is required, such as the use of capnometry or a precordial stetho-
scope. In settings where it may not be possible to readily detect transitions
in the depth of consciousness—for example, in the magnetic resonance im-
aging (MRI) scanner—it may be prudent to implement a higher level of
monitoring even if minimal or conscious sedation is the goal. Documenta-
tion of drug administration and vital signs on a time-based record is man-
dated. Either vascular access or the ability to immediately obtain it is
necessary during deep sedation. Cautions about the potential for toxicity
from local anesthetics and the special risks entailed with the use of nitrous ox-
ide, especially the problems of synergy when used in conjunction with other se-
dating agents, are cited. The monitoring problems in MRI are mentioned, but
there are no specific cautions about the particular difficulty in assessing adequacy
of respiration and airway patency in that environment. The risks of thermal injury
caused by induction currents with electronic monitoring cables in the high-gauss
magnetic field are noted.

The AAP guidelines do not directly address the issue of credentialling
and the qualifications of the personnel administering sedation and monitor-
ing the patient except to advise regarding the training and certification in
pediatric life support (mentioned previously). These difficult issues are left
to the individual institution to decide (/9).
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4.2. American Academy of Pediatric Dentistry Guidelines
(1998 revision)

AAPD first published its own set of guidelines for sedation in 1985. These
were revised in 1996, and further revised in 1998 to include a section on
general anesthesia. The document describes the guidelines as “systemati-
cally developed recommendations,” which may be “adopted, modified or
rejected according to clinical needs and constraints.” The AAPD explicitly
states that the guidelines are not to be construed as setting standards or
requirements. This caveat is similar or identical to other guidelines, but is in
some contrast to the disclaimers in the introduction to the AAP guidelines,
which state that they “reflect our current understanding of appropriate moni-
toring needs,” and that they may be exceeded at any time, based on the judge-
ment of the responsible physician” [emphasis added]. The language used in
the AAP guidelines appears to be a greater call for compliance by the clini-
cian, although these, are guidelines and not practice standards, and these
semantic differences are highly nuanced. The language in the AAPD docu-
ment, by eliminating the term “exceeded,” may potentially weaken the
impact on practice patterns by individual clinicians. The practice settings
for pediatrics and for dentistry may be quite different. It is likely that a
greater percentage of dental care under sedation is administered in an indi-
vidual office, unlike the use of sedation in pediatric medical practice, which
is more likely to be hospital-based and under the greater oversight mandated
by JCAHO standards. There are no data to show if this results in any differ-
ence in compliance with the guidelines by dentists.

The guidelines begin with a section of definitions. Like the AAP guide-
lines, the document is careful to define levels of imperatives contained in
the guidelines. They delineate three levels of sedation (conscious, deep, and
general anesthesia), but also subdivide the conscious sedation category into
three sublevels, thus resulting in five levels. The descriptions of the levels
are defined as both behavioral goals and as levels of responsiveness. A table
in the appendix to the document details the definition and the personnel and
monitoring equipment appropriate for each level. Level 1 is anxiolysis; the
patient is totally awake, and only clinical observation is necessary. In Level
2, the patient has a minimally depressed level of consciousness. They eyes
may intermittently close, but the patient is still able to respond to verbal
commands. This corresponds to the “conscious sedation” stage described in
the AAP guidelines. Pulse oximetry is required, and precordial stethoscope
is recommended. The use of the precordial stethoscope to assess aeration is
a frequent recommendation (required for levels 3-5) in the AAPD guide-
lines, and allows the dentist to continually monitor airway patency and
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respiratory rate without continual visual observation. The AAPD guidelines
are unique in their emphasis on the means of monitoring of airway patency, a
prominence that is certainly born from the potential interference with the
airway by dental interventions. Emphasis on this device in situations where
direct observation of the patient is obscured would probably be advisable in
the AAP guidelines as well, and may be underemphasized in that document.
Like the auditory signal from a pulse oximeter, which falls in pitch as the
saturation declines, the precordial stethoscope permits the clinician to focus
the eyes on one task and the ears on another. The limitation, of course, is
that for full concentration to be focused on the monitoring of the sedated
patient, all the senses must be engaged in a task related to monitoring. In the
case of the dentist, attention is likely to be focused on the dental procedure,
since the monitoring is a secondary task. This is unlikely to be a problem for
patients sedated to Levels 1 and 2, but with Level 3, as discussed in the next
paragraph, or for patients who unintentionally descend to a greater depth of
sedation, one may be distracted from adequate vigilance. The goal is that the
auditory cues will alert the clinician that something is wrong with the air-
way, which will then result in refocusing of attention. This type of vigilance
is a skill that needs development and experience. Furthermore, the noise of
the handpiece and suction device may obscure the breath sounds or heart
sounds heard through the precordial stethoscope. Capnometry has been vali-
dated as an early warning device for airway patency and respiratory depres-
sion in several settings, but requires that attention be given to the waveform
trace (20-22).

Level 3, which the AAPD still defines as within the boundaries of con-
scious sedation, results in “moderately depressed levels of consciousness”
that “mimics physiologic sleep.” Despite the description of this state as con-
scious sedation, patients may not respond to verbal stimuli, may respond to
moderately painful stimuli with only reflex withdrawal, and may require
chin thrust to maintain the airway. It is this part of the AAPD guidelines that
most radically differs from the AAP document. The categorization of this
state is clearly inaccurate. If the patient is sedated to the point where he or
she does not respond to verbal stimuli, the patient is not conscious, and the
resulting state cannot honestly be described as conscious sedation. The main
problem with this categorization is that although blood pressure and the option
of capnometry are added to the monitoring, “conscious sedation” does not
require an independent monitoring clinician. Certainly, the use of continu-
ous auscultation via a precordial stethoscope or capnometry is useful, but
distractions are a concern when the monitoring clinician is busy concentrat-
ing on other complex tasks. The AAP guidelines and JCAHO standards
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would require an independent monitoring clinician for children who have
reached this stage of sedation.

Level 4 sedation is defined as deep sedation, with the patient expected to
require constant monitoring and frequent management of the airway. Rec-
ommended monitoring devices include the full array of noninvasive physi-
ologic monitors, including precordial stethoscope, capnometry, ECG,
noninvasive blood pressure, and oximetry. The presence of emergency
equipment, such as a defibrillator, is recommended. Patients in this state of
sedation have a “deeply depressed level of consciousness” and are not
expected to be responsive to most stimuli, but may respond to pain with
reflex withdrawal. An independent monitoring clinician with training in air-
way management is required.

Level 5 is general anesthesia. According to the guidelines, a dentist who
has completed training in oral and maxillofacial surgery is qualified to
administer general anesthesia. The duration of training in general anesthesia
for these practitioners is usually about 3 mo. The adequacy of such training
to qualify an individual to administer general anesthesia is an issue that is
beyond the scope of this chapter.

A preoperative evaluation is required for all patients, and standard NPO
recommendations are cited. Consent is required, and must be documented.
The guidelines permit the administration of minor pre-procedure tranquiliz-
ers such as diazepam or hydroxyzine by a responsible adult at home, but not
chloral hydrate or narcotics. Because even these drugs may have consider-
able variation in effect from patient to patient, there is some risk in permit-
ting the use of benzodiazepines in younger children and in many older
children with developmental or neurological problems. The use of sedating
medications outside of a medical facility was one of the risk factors cited by
Coté et al. that increases the risk of adverse sedation events (/2). Record
keeping is mandated for all levels of sedation, and adequacy of recovery
must be documented prior to discharge. The criteria for discharge are simi-
lar to the AAP guidelines, and continuous observation and monitoring dur-
ing recovery by a qualified individual experienced in recovery care is
emphasized. A responsible parent or guardian must be given appropriate
discharge instructions. Explicit and proactively determined emergency pro-
cedures are mandated. This is particularly important for the dental setting,
where sedation is commonly administered in a private office, remote from a
hospital where additional assistance such as a “code team” is readily available.

One would not think that the differences between the AAP and AAPD
guidelines are difficult to reconcile, and that the acceptance by the AAPD of
the few additional aspects of the AAP guidelines would be so onerous. There
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are clearly “turf” issues at play here, but the most glaring difference—that
of the definition of AAPD Level 3 as conscious sedation—actually has
greater implications, both financial and logistic, than one would notice at
first glance. Level 3 sedation has considerable latitude and breadth of defi-
nition, and it is not difficult to stretch most deeper levels of sedation to fit
within this rubric. It is likely that a large proportion of sedation performed in
the dental office may fall under this category. Levels 1 and 2 are often inad-
equate to deal with the needs of the majority of children who require more
intensive dental interventions. Thus, the additional requirement of an inde-
pendent monitoring clinician actually imposes an obligation on the dentist
that has significant financial and personnel implications. We are faced with
the decision of risk vs expediency, and must decide how much risk one is
willing to accept to prevent or allow early detection of a relatively uncom-
mon event. Since those events have the potential for serious or life-threatening
complications, and they are preventable with commonly available technol-
ogy or procedures, both the AAP and JCAHO have come down on the side
of minimizing risk, and the AAPD guidelines appear to offer some degree of
compromise in this regard.

4.3. The American College of Emergency Physicians (ACEP)

The American College of Emergency Physicians (ACEP) guidelines were
designed to cover sedation of all patients in the emergency room, not just
infants and children (9). The ACEP has also published a position paper on
the use of sedation and analgesia in pediatrics, but this policy statement is
not a set of guidelines, and makes no specific recommendations regarding
management, monitoring, or personnel, other than in very broad generalities
(8). There are no statements in the ACEP clinical policy that address the
unique needs of children or consider them separately from adults. Much of
the data referenced in the document are from adult studies, and may not be
applicable to infants and children. They have entitled their document a clini-
cal policy,” and acknowledge that many of the statements in the policy are
at odds with JCAHO criteria. They offer the clinical policy as a challenge,
as it were, to the JCAHO and others, to reinterpret which criteria should be
considered in sedation standards.

The ACEP clinical policy is clearly an outgrowth of the unique needs of
emergency physicians, who are called upon to provide care for unprepared
patients in urgent situations. The patients are often frightened or uncoopera-
tive, and either require interventions that cannot be postponed, or the logis-
tics and management issues in running the emergency room are considered
to take precedence over the ability to postpone an intervention. The emer-
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gency room is a rapid turnover environment in which efficiency is crucial to
avoid unmanageable back-ups and delays in care for other unstable patients.
Several of the cornerstones of the AAP document are at odds with these
administrative matters, and thus the ACEP was faced with either having
common practices in many emergency rooms be out of compliance with the
AAP and JCAHO guidelines, or write new standards of their own that con-
tested those that had been promulgated by others. Again, the questions that
arise are in many ways related to this central issue: at what point is one
willing to draw the lines that set the boundaries between patient safety and
expediency? Does one give priority to protecting a status quo standard of
practice over preventing an infrequent but possible adverse event? How
much risk is one willing to accept? These are the real questions posed by the
ACEP clinical policy, but they are not discussed in this document. Rather,
the ACEP document attempts to refocus the discussion in evidence-based
terms, and contest the authenticity of those risks.

The ACEP document begins with a statement that charges other guide-
lines with not being evidence-based, and implies that at least some of the
recommendations contained in those other documents are biased. The
authors claim that the ACEP clinical policy will be evidence-based, and will
only make recommendations that are founded on such data. However, under
scrutiny, there is a clear agenda underlying much of this document. The
authors clearly wish to shift the emphasis of guidelines from minimizing
risk to permitting certain practices because they have not, in the eyes of the
ACEP, been definitively proven as hazardous. Unfortunately, many of the
statements made in the document in this regard are not well-supported by
the cited data, or do not consider relevant data from the non-emergency
medicine literature. It appears from the description of methodology that the
ACEP views the Emergency Room as fundamentally different from any
other venue in medicine, and therefore excludes virtually all data obtained
in other settings from consideration in their “evidence-based” policy state-
ment. This enables them to state repeatedly that there are no evidence-based
standards for numerous issues. The two areas of greatest deviation from the
AAP guidelines are with regard to the unprotected airway in a patient with a
full stomach, and in issues of airway management. Other issues that are
contested are informed consent, monitoring standards, personnel and drug
choice, and administration.

The ACEP does not accept the long-held contention that the full, or poten-
tially full stomach, is a sufficient risk to avoid using deeper levels of seda-
tion without a secured airway. They believe that there are inadequate data to
prove that an unfasted patient in the emergency room is at increased risk of
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aspiration during sedation. This is in large part based on the assertion that
“procedural sedation and analgesia in the [emergency department] is not
reasonably expected to result in the loss of protective reflexes.” This state-
ment is based on studies that do not specifically look at that question, or
contain a requisite number of patients from which to draw that conclusion.
A Type II statistical error, in which it is assumed that a numerator of zero
implies absence of risk, is the problem here (23). They also assume that the
clinician is able to predict with a reasonable degree of certainty whether a
given sedation technique is likely to result in the loss of airway reflexes,
thus minimizing risks of aspiration. The data do not provide adequate evi-
dence to prove that the risk is as negligible as the clinical policy or original
papers imply.

Airway issues, such as oxygen desaturation and respiratory depression,
are largely dismissed by the ACEP policy, as they do not accept the conten-
tion that hypoxia has a significant potential to lead to adverse outcomes
during sedation. This has particular implications for pediatric patients, as
the majority of cardiac arrests in children outside of the operating room set-
ting begin as respiratory events. The policy again largely ignores the prob-
lem of inferring safety from studies of small numbers of patients.

4.4. American Society of Anesthesiologists (ASA)

The ASA published Practice Guidelines for Sedation and Analgesia by
Non-Anesthesiologists in 1996 (24). They have been referenced by JCAHO
(15) and adopted by the Governing Board of the American Society for Gas-
trointestinal Endoscopy. The guidelines use similar language to the AAPD
guidelines in the preamble defining their goals and limitations, but insert the
term “exceed” with regard to the recommendations. They also clearly reject
the term “conscious sedation” in favor of “sedation and analgesia.” The ASA
guidelines are unique in that a comprehensive review of over 1,300 scien-
tific articles was undertaken by the authors. 269 Articles selected from all
disciplines were found to have direct linkage to evidence to support or reject
the hypotheses regarding fourteen parameters of sedation care, including
pre-procedure evaluation, monitoring, training of personnel, record keep-
ing, drug administration, oxygen administration, airway management, and
special considerations. These papers were subject to review and statistical
analysis to determine recommendations for clinical practice. In addition,
these recommendations were reviewed by non-anesthesiologists who were
asked to evaluate the effect on their practices, including time and effort.
Even economic impact was considered, although the personnel costs may be
considerably underestimated, depending on the particulars of a given insti-
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tution (25). It must be emphasized that the depth of sedation that is intended
by this set of guidelines would have the patient remain communicative at all
times. This has some limits in its applicability in pediatrics, where greater
depths of sedation are often needed, but further emphasizes the need for
diligence in monitoring and care.

There are no pediatric-specific recommendations in the ASA guidelines,
other than in general terms the need to consider special patient needs at the
extremes of age. The importance of this document, however, is that a pains-
taking methodology was applied to evaluating the need for a wide range of
care parameters that cut across all medical disciplines. This document remains
the most scientifically rigorous set of sedation guidelines published to date.

4.5. Joint Commission for Accreditation of Healthcare
Organizations (JCAHO)

The JCAHO standards (15) differ in both scope and purpose from the
guidelines discussed thus far. Like the ASA and ACEP guidelines, they do
not specifically address the care of pediatric patients. Their primary distinc-
tion is that unlike the guidelines, these are a set of standards that a hospital
or institution must adhere to in order to obtain accreditation. The JCAHO
also maintains a policy regarding patient safety and the institutional responses
to sentinel events. Such events are defined as:

unexpected occurrence[s] involving death or serious physical or psychologi-
cal injury, or the risk thereof. Serious injury specifically includes loss of limb
or function. The phrase, “or the risk thereof” includes any process variation
for which a recurrence would carry a significant chance of a serious adverse
outcome (15).

This standard has clear implications for an institutional policy regarding
sedation, in that it mandates a review and quality assurance program, and
requires continual significant oversight of all sedation practices within an
institution. Failure to follow this mandate can result in punitive action by
the JCAHO both when accreditation is reviewed, and, were an adverse event
to occur, if an investigation is begun. Guidelines such as those promulgated
by the ACEP are not alternatives that the JCAHO accepts. The JCAHO ref-
erences the ASA guidelines as the prototype document that should be used
by institutions in setting up their own sedation guidelines.

The JCAHO has defined four levels of sedation. They have chosen to
dispose of the term ‘“conscious sedation” and have replaced it with terms
that are more descriptive. The first level, called minimal sedation or
anxiolysis, describes a drug-induced state of altered cognition in which con-
sciousness is not impaired, hemodynamic and ventilatory responses and
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equilibrium are not affected, and patients maintain verbal responsiveness.
Moderate sedation replaces the category previously termed conscious seda-
tion. In this state, patients still respond purposefully as described for mini-
mal sedation, although consciousness is more impaired. The airway remains
stable without intervention, and hemodynamic status is “usually” unaffected.
During deep sedation/analgesia, patients “cannot be easily aroused but
respond purposefully following repeated or painful stimulation.” Although
hemodynamic function is usually unaffected, airway patency and adequacy
of ventilation may be adversely impacted, resulting in the need for ventila-
tory intervention. The last level, anesthesia, consists of general and major
regional anesthesia. The most important characteristic of general anesthesia
in this framework is the inability to be aroused even in response to a painful
stimulus. The importance of this classification system is that the most
important characteristic of “grading” the level of sedation is the response of
the patient to stimulus. The idea that a given patient is not anesthetized
because certain drugs were or were not used, or because the airway and
ventilation remains intact without intervention is rejected. The guidelines
also note that reflex withdrawal to stimulus is not considered a purposeful
response.

The JCAHO mandates seven specific standards for moderate and deep
sedation and anesthesia, spanning the entire continuum of the patient’s care.

1. The individual providing the care must be “qualified.” The standards for quali-
fication must include the following criteria:

e training in the administration of drugs to produce a desired sedation level,
i.e., titration of sedating drugs to effect, and in carefully monitoring of
patients in order to maintain a stable and appropriate level of sedation.

» appropriate credentialling for the management of patients “at whatever level
of sedation or anesthesia is achieved, either intentionally or unintentionally”
[emphasis added]. This means that a clinician that is administering moderate
sedation must be qualified to rescue a patient who unintentionally becomes
deeply sedated, including the ability to manage an unstable airway. The
clinician who is permitted to administer deep sedation must be qualified to
rescue a patient who enters the level of general anesthesia.

* competency-based education, training, and experience commensurate with
the skills described here.

* There must be adequate staffing of trained personnel in addition to the cli-
nician performing the procedure so that pre-sedation medical evaluation,
drug administration, and monitoring during the procedure, and recovery
and discharge can be executed.

2. There must be appropriate resuscitation and monitoring equipment available.

Monitoring must include continuous measurement of heart rate, pulse oxim-

etry, and respiratory rate and adequacy of ventilation, and blood pressure mea-
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surement at regular intervals. Electrocardiogram monitoring is required for
patients with cardiovascular disease or in situations where dysrhythmias might
occur.

3. All patients must undergo an evaluation before receiving moderate or deep
sedation in order to assess the patient’s status and formulate the sedation plan.
Each patient must have a plan of sedation individualized for his or her under-
lying medical condition and appropriate for the procedure to be performed.

4. The JCAHO requires that the plans, options, and risks of the sedation plan are
discussed with the patient or guardian and that informed consent is obtained.

5. While the sedation is administered, monitoring of the patient’s physiologic
status appropriate to the patient’s condition, the level of sedation, and the com-
plexity of the procedure must be performed.

6. The patient’s status must similarly be assessed during the emergence period in
an appropriate post-anesthesia or post-sedation recovery area.

7. The patient must be discharged from care by a “qualified licensed independent
practitioner, or according to criteria approved by the medical staff.”

Compliance with these standards is evaluated during the JCAHO site vis-
its for accreditation. Revisions and updates to the standards occur frequently.
These, and clarifications of the intent of the standards, can be found at the
JCAHO website (www.jcaho.org).

5. EFFICACY

Has the use of guidelines led to changes in outcome for sedated children?
Are there data to suggest that the implementation of risk-reduction strate-
gies, improved monitoring, or observation by trained personnel have decreased
the incidence of adverse events? (/1) At this time, hard data are still lacking.
Because the incidence of those events is relatively small, virtually all of the
studies that purport to demonstrate the safety of various sedation recipes or
sedation systems lack the statistical power to draw those conclusions. Until
a controlled study measuring the incidence of complications and outcome in
many tens of thousands of patients can be performed, we are not likely to
have population-based information about safety that is meaningful. Further-
more, studies that focus on incidence alone may not provide the information
necessary to draw conclusions about the application of guidelines in clinical
practice. It may, however, be more useful to focus on a different approach to
determining best or safest practice, by using a systems approach to analyze
various practices and determine which are best able to minimize risk. The
best available data using this approach come from the study by Coté et al., a
retrospective analysis of adverse outcomes in children who underwent seda-
tion (/2). This study did not intend to measure incidence, prevalence, or the
“safety” of any one system, but instead focused on determining if there were
specific systems or practices that could be associated with adverse outcomes.
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The authors, a group of pediatric anesthesiologists, pediatric intensivists,
and emergency pediatrics specialists, analyzed 95 reports of critical inci-
dents during sedation, and sought to define practices that were shared among
the adverse events. In addition to identifying problematic practices, the authors
sought to identify factors that led to positive outcomes. This is particularly
important, since, as discussed earlier, adverse events inevitably occur, and it
is a primary goal of guidelines to maximize the likelihood of rescue from a
complication. Factors that were recognized as common to adverse outcomes
included sedation in a non-hospital setting, inadequate medical evaluation
prior to sedation, lack of an independent observer, medication errors, and
inadequate recovery procedures. The use of monitoring devices alone, despite
their warning of oxygen desaturation, were associated with better outcomes
specifically only when the alarms were answered by trained personnel. In
respiratory arrests that occurred in non-hospital facilities, the risk of perma-
nent neurological injury or death was three times as likely as in a hospital,
suggesting that the availability of trained personnel responding to an emer-
gency had a major impact on outcome. This conclusion was strengthened by
the finding that out of hospital respiratory events were much more likely to
be followed by cardiac arrests and inadequate resuscitation than in hospital
events. This was the case even though the initiating respiratory events occurred
equally among hospital and non-hospital patients. These findings appear to
validate the systems and practices recommended in the AAP guidelines.
They add strength to the idea that such systems have universal application,
and that they should be applied across specialties and settings. The institution
of such systems is likely to have the greatest impact on safety and outcome if
done as an integrated approach with all departments and practitioners so that
every patient will benefit.

6. CONCLUSIONS

Sedation guidelines are likely to engender controversy and opposition
until all groups of physicians and practitioners acknowledge that there is an
advantage to working from the common viewpoint of a systems approach to
minimizing risk. This has been designed as a primary goal in the current
decade by the Institute of Medicine reports of the past two years (13,26).
This approach also requires that one accept that scientific proof of the effi-
cacy of many interventions and procedures will be difficult or impossible to
obtain. Risk-reduction strategies offer the best answer to improving safety,
and have proven beneficial and effective in industry and other professions
such as commercial aviation. In the hospital venue, the JCAHO standards
are likely to override other interests in maintaining a stricter view of safe and
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prudent practice. Continuing refinements of guidelines will tighten the inter-
pretation of language and practice, and systems-based approaches have enor-
mous potential to improve both safety and efficiency. A major factor in
implementing safe practice will continue to be the considerable cost associ-
ated with independent clinician observers and limited resources in an era of
shrinking medical funds and reimbursement. It is clear that the JCAHO
mandates will provide the rubric under which most, if not all, hospitals and
health care institutions will need to operate. The AAP guidelines, supple-
mented by those promulgated by the ASA, appear to offer the most effective
approach to compliance with accreditation standards, together with the goal
of promoting safe systems for the sedation care of infants and children. The
ongoing identification of lowest-risk practices and continuing assessment
will be ongoing projects for the future.
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Practice Guidelines
for Adult Sedation and Analgesia

Randolph Steadman, mp and Steve Yun, MmD

1. INTRODUCTION

The goal of sedation and analgesia is to ensure patient comfort and safety
and allay anxiety during diagnostic and therapeutic procedures (/). A corol-
lary of improved patient comfort is improved cooperation, and as a result,
the enhanced potential for the timely completion of the procedure under
optimal conditions. The rapid growth of new technologies has led to the
increased use of novel, less invasive approaches to diagnosis and treatment
outside the operating room, and many of these require the use of sedation
and analgesia for a successful outcome. Anesthesiologists are logically
called upon to provide services; however, the volume of procedures in most
institutions exceeds the anesthesiologists’ availability because of operating
room duties and other commitments (2). This has increasingly led to the
provision of sedation services by non-anesthesiologists from a variety of
disciplines. The Joint Commission on the Accreditation of Healthcare Orga-
nizations (JCAHO) has recognized the need for comparable standards
throughout the hospital, suggesting in a sample policy accompanying their
standards that sedation policies and procedures “shall be monitored and
evaluated by the Department of Anesthesia” (3). This chapter, with a focus
on these regulatory standards and other guidelines (4-10) relating to the
provision of adult sedation and analgesia, will review the evidence upon
which they are based and offer recommendations on the development of
hospital policies.

2. LEVELS OF SEDATION: DEFINITIONS

Conscious sedation is a minimally depressed level of consciousness in
which the patient retains the ability to maintain a patent airway and to respond
appropriately to physical stimulation and verbal command. Deep sedation is

From: Contemporary Clinical Neuroscience: Sedation and Analgesia for Diagnostic and Therapeutic Procedures
Edited by: S. Malviya, N. N. Naughton, and K. K. Tremper © Humana Press Inc., Totowa, NJ
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a medically controlled state of depressed consciousness from which the
patient is not easily aroused. It may be accompanied by a partial or complete
loss of protective reflexes, and may include the inability to maintain a patent
airway independently.

In 1996, the American Society of Anesthesiologists (ASA) published
“Practice Guidelines for Sedation and Analgesia by Non-Anesthesiologists,”
in which the term “sedation and analgesia” was preferred over “conscious
sedation,” as the former “more accurately defines the therapeutic goal than
does the more commonly used but imprecise term ‘conscious sedation’” (4).
In this document, a cautionary note was issued that “reflex withdrawal from
a painful stimulus” amounted to more than sedation and analgesia, but this
Task Force stopped short of defining or suggesting guidelines for deeper
levels of sedation.

In 1999, the ASA House of Delegates, recognizing that sedation is a con-
tinuum, defined terms for the range of sedation beginning with minimal
sedation (‘“‘anxiolysis”), progressing to moderate sedation/analgesia (‘“‘con-
scious sedation”), deep sedation/analgesia, and finally, general anesthesia.
These terms are defined by the patients’ response to various stimuli (/7)
(Table 1). These states have implications for airway management: moder-
ately sedated (‘“‘conscious sedation”) patients should not require interven-
tions, and more deeply sedated patients may not be able to maintain a patent
airway or adequate ventilation without assistance. Cardiovascular function
is usually maintained during deep sedation, but may be impaired during
general anesthesia.

3. SCOPE

Sedation policies are used in patients receiving sedation/analgesia to
decrease anxiety, discomfort, and/or movement while undergoing proce-
dures, whether the procedures are diagnostic or therapeutic, noninvasive or
invasive. The JCAHO specifically includes as examples percutaneous aspi-
rations and biopsies, cardiac and vascular catheterizations, and endoscopies.
Examples of noninvasive procedures include radiologic studies such as com-
puterized tomography (CT) and magnetic resonance imaging (MRI).

Situations typically excluded from sedation policies include pre-operative
premedication given prior to transport to the operating room, general or
regional anesthesia administered outside the operating room by anesthesi-
ologists (these areas are addressed by department of anesthesia policies) (2),
postoperative analgesia (including patient-controlled analgesia) and sedation/
analgesia administered in the intensive care unit (ICU) to facilitate mechani-
cal ventilation.
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The JCAHO states that “the standards for anesthesia care apply when patients
receive, for any purpose, by any route, sedation which may be reasonably
expected to result in the loss of protective reflexes” which the Accreditation
Manual for Hospitals defines as the inability to handle secretions without aspi-
ration or to maintain a patent airway independently. The Commission’s Accredi-
tation Manual points out that it is “not often possible to predict how a patient
will respond to sedation” (12).

4. PERSONNEL/PRIVILEGING

Studies have not yet determined whether the number and training of staff
affects patient outcomes. However, the JCAHO and the ASA Task Force
appreciate that an individual who performs a procedure cannot adequately
monitor a patient’s condition. Both organizations agree that the minimum
number of personnel required during procedures in which sedation or anal-
gesia is administered is two—the individual performing the procedure and
the individual monitoring the patient. Both providers should be practicing
within their scope of practice as defined by law and hospital policy. One of
the two providers must be a licensed independent practitioner (physician,
podiatrist, dentist, or oral surgeon) with legal authority to administer con-
scious sedation. The licensed independent practitioner has primary respon-
sibility for patient care, for sedation/analgesia medication orders, and for
the supervision and management of the patient’s response to sedation. The
health care provider monitoring the patient may administer the sedative and/
or analgesic medication under written or verbal order from the licensed inde-
pendent practitioner if their scope of practice permits. During conscious seda-
tion, the provider monitoring the patient may assist the operator as needed,
with brief, interruptible tasks. During deep sedation, this is no longer the case,
and a third individual is required if the operator needs assistance (13).

4.1. Training

Health care providers involved in the administration of sedation should
be trained in clinical pharmacology and in airway management. Specific
concerns of the ASA Task Force regarding safe drug use include the poten-
tial for drug combinations to potentiate respiratory depression, too-frequent
dosing resulting in a cumulative overdose, and a lack of familiarity with
sedative and opioid antagonists (4). Airway management training should
focus on establishing a patent airway and maintaining oxygenation and ven-
tilation using positive pressure. Additional resources, such as respiratory
support equipment and a practitioner skilled in tracheal intubation and advanced
life-support, should be readily available. During procedures involving deep
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Table 2
Equipment Needs for Sedation/Analgesia

Present at the location

* Pulse oximeter, automated blood pressure cuff, temperature monitor
(patients < 5 kg)

* Suction

* Oxygen source and appropriate delivery devices (nasal cannula, face
mask, non-rebreathing mask)

* Bag-valve-mask devices with appropriate masks

* Reversal agents as appropriate to the drugs administered

Immediately available

* Defibrillator

* EKG machine

* Intubation equipment

* ACLS drugs and procedural equipment

* Personnel adequately trained to provide ACLS

sedation, the need for airway management training is greater, and a higher
level of skill should be required prior to privileging.

5. EMERGENCY EQUIPMENT

Numerous reports support the fact that respiratory depression and apnea
can occur as complications of sedation. Iber reported 10 episodes of apnea
or cardiopulmonary arrest, primarily involving patients over 60 years of age,
during the performance of 10,000 endoscopies (/4). Bailey noted that 78%
of the 80 deaths reported after the use of midazolam were respiratory in
nature; many of these were precipitated by concurrent opioid administration
(15). These and other reports of respiratory events suggest that the availabil-
ity of emergency equipment will reduce the risk of an adverse outcome dur-
ing sedation. Equipment should be immediately accessible, and in good
working order, and should meet the needs of the particular patient popula-
tion served—e.g., adult or pediatric. Such equipment includes a self-inflating
positive-pressure oxygen delivery system with appropriate sized masks, a
vacuum source, suction supplies, oxygen source and delivery equipment,
tracheal intubation supplies, resuscitation and reversal medications, an elec-
trocardiographic monitor, and a defibrillator (Table 2). The ASA Task Force
noted that there is insufficient evidence to support the need for defibrillators,
yet strongly supports their availability. Standard physiologic monitoring
equipment is discussed in Subheading 7.
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6. PATIENT CARE: PRE-PROCEDURAL ASSESSMENT

A recent (per medical staff policy) history and physical examination by a
physician and an assessment by the qualified health care provider adminis-
tering the sedation/analgesia must be available prior to each procedure in
which sedation/analgesia is given. This assessment should include the
patient’s age, any known allergies or drug reactions, current medications,
tobacco, alcohol or substance use, current health problems, and review of
systems with specific note of any airway or cardiopulmonary problems.
Additionally, the patient’s last food intake should be assessed for compli-
ance with institutional policies for elective procedures. The physical exami-
nation should include vital signs, weight and height, an airway and
sedation-directed evaluation, and a risk stratification using the ASA Physi-
cal Status classification (Tables 3, 4). The risk assessment allows outcome
monitoring (a JCAHO requirement) to be stratified by pre-existing illness.
Finally, the patient should be informed of the benefits, risks and alternatives
to sedation as part of the planned procedure (Table 5).

7. MONITORING AND CARE DURING THE PROCEDURE

During the procedure, the patient’s heart rate and oxygen saturation
should be continuously monitored; the level of consciousness, blood pres-
sure, and respiratory rate should be monitored intermittently at a frequency
determined by the depth of sedation/analgesia. Because the risk of loss of
protective reflexes, the monitoring of intermittently assessed variables
should be more frequent during deep sedation than the minimum require-
ment of every 15 min for conscious sedation (/6). The same monitoring and
documentation frequency during deep sedation as during general anesthe-
sia—every 5 min during the procedure—is used by some hospitals even for
conscious sedation (2). Table 6 contains recommendations for the frequency
of monitoring during sedation/analgesia.

7.1. Level of Consciousness

Level of consciousness monitoring assures a level of patient responsive-
ness sufficient to maintain an open upper airway and gag reflex. Patient
responsiveness allows an assessment of the effect of previously adminis-
tered sedative and analgesic agents and assists in determining, along with
the drugs’ pharmacokinetic profile (time to peak effect), whether further
titration of sedation/analgesia is required. In procedures in which the
patient’s verbal response is precluded, such as endoscopy, an alternate means
of signaling responsiveness such as a “thumbs up” sign should be used. Seda-
tion administered for procedures, in which lack of patient motion is desired,
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Table 3
Pre-Procedural Assessment

History

A recent (per institutional policy) H&P by a physician

An assessment by the health care provider administering the sedation/analgesia
prior to the procedure

Patient age

Allergies or drug reactions

Current medications

Tobacco, alcohol, or substance use

Current health problems

Review of systems with specific note of any airway or cardiopulmonary problems
Last food intake assessed for compliance with institutional policies for elective
procedures

Physical

Vital signs

Weight and height

An airway and sedation directed evaluation

Risk stratification using the ASA Physical Status classification

Informed consent

Including benefits, risks, and alternatives to sedation

such as MRI, carries a higher risk, particularly in uncooperative patients.
Drugs and dosing schemes used during such procedures should have a wide
margin of safety.

7.2. Pulse Oximetry

Oxygen saturation monitoring has been extensively studied under a vari-
ety of conditions. Oral surgeons (17,18), plastic surgeons (/9), interventional
radiologists (20), endoscopists (21), and colonoscopists (22) have all noted
clinically significant hypoxemia diagnosed by pulse oximetry before “clinically
detectable signs of respiratory depression” (20) and earlier than with other
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Table 4
American Society of Anesthesiologist Physical Class

Risk stratification

Class I Normal, healthy patient
Class II Mild systemic disease
Class III Severe systemic disease
Class IV Life-threatening illness
Class V Moribund patient

Table 5
Sample Consent

(May be incorporated with procedural consent)

For the procedure you are to undergo, sedation and analgesic medications are
frequently required. The benefit of sedative and analgesic medication is to allow
the safe, comfortable completion of your procedure. The primary risk of these medi-
cations is respiratory depression (decreased breathing effort), which can be serious
or even fatal if not treated. This risk is minimized by careful administration of these
medications and by close monitoring of your blood pressure, heart rate, and breath-
ing. You may be asked to take a deep breath periodically during the procedure and/
or administered oxygen. Infrequently, allergic reactions to medications can occur.
If you are known to be allergic to any medications or have any concerns about
receiving sedation/analgesia, please let us know so that we may address your con-
cerns directly. You may decline the administration of sedatives and analgesics or
wish to discuss other alternatives, which include general anesthesia, regional anes-
thesia, or local anesthesia. If you elect to receive sedation and analgesia, by signing
below, you consent to allow us to administer, as appropriate, the medication
required for the comfortable completion of your procedure.

Table 6
Recommendations for Frequency of
Monitoring and Documentation During Sedation/Analgesia

Conscious sedation Deep sedation
Heart rate Continuous Continuous
Oxygen saturation Continuous Continuous

Respiratory rate

Noninvasive blood pressure

Level of consciousness

Minimum of
every 15 min

Minimum of
every 15 min

Minimum of
every 5 min

Minimum of
every 5 min

Minimum of
every 5 min

Minimum of
every 5 min
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methods of monitoring (/9). In a study evaluating nursing interventions for
hypoxemia, knowledge of the oxygen saturation influenced the timing of
interventions and was believed to improve quality of care when compared to
a second group of patients whose oxygen saturation values were revealed
only if they fell below 85% (23).

The accuracy and reliability of pulse oximeter values have also been
evaluated. At low saturation values (below 80%), the pulse oximeter over-
estimates the true value as measured by co-oximeter (24). Variations in
accuracy between manufacturers occur below saturation values of 70%
(25,26). This is probably most clinically relevant in patients with cyanotic
heart disease, for whom co-oximetry should be used to verify the pulse
oximeter. Situations producing low signal-to-noise ratios, such as patient
motion, may produce artifactual pulse oximetry values. Recently introduced
signal extraction technology reduces the incidence of erroneous and dropped
readings (27,28).

Despite these minor limitations, pulse oximetry is strongly advised in all
sedation settings because of its considerable benefit, low cost, and negli-
gible risk. However, pulse oximetry should not be viewed as a substitute for
monitoring ventilatory function.

7.3. Respiratory Rate

As drug-induced respiratory depression is the primary cause of morbid-
ity associated with sedation/analgesia, ventilation monitoring by observa-
tion or auscultation should be assessed on all patients (4). A decreasing
respiratory rate may represent the earliest warning of medication over-
dose, particularly during oxygen administration, when desaturation may
be a late indicator of respiratory depression (4). In situations that require
access to the patient, the evaluation of exhaled carbon dioxide can serve as
an indicator of upper airway obstruction (29) or apnea.

7.4. Heart Rate and Blood Pressure

Autonomic stimulation occurring during procedures may indicate inad-
equate sedation/analgesia; conversely, sedation/analgesia may blunt appro-
priate responses to procedural stress or hypovolemia. In a study of 100 patients
undergoing endoscopy, 20 developed a tachycardia of over 120 beats per
minute (bpm) (30). During colonoscopy, 16% of 223 patients had vasovagal
reactions manifested by bradycardia to 60 bpm, hypotension, or diaphoresis
(31). The only predictors of such a reaction were a higher mean dose of
midazolam (4.6 mg vs 3.9 mg) and a higher rate of diverticulosis in those
experiencing vasovagal reactions. About one-third of patients with vasova-
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gal reactions required treatment. Electrocardiographic monitoring is not rou-
tinely used in all ages, but is recommended in the elderly or in patients with
known or suspected cardiovascular disease. Matot studied 29 patients over
the age of 50 undergoing elective fiberoptic bronchoscopy and found that
five patients (17%) had myocardial ischemia lasting 20 + 8 min, associated
with a mean increase in heart rate of 30 bpm (to 120 bpm) and a decrease in
saturation from 95-90%, in the absence of blood pressure changes (32). He
warned against the dangerous combination of hypoxemia and tachycardia, sug-
gesting routine oxygen administration and avoidance of routine atropine usage.

The routine monitoring of heart rate and blood pressure is recommended
for all patients undergoing sedation/analgesia.

7.5. Temperature

Although care should be taken to avoid hypo- or hyperthermia, there is no
evidence that routine temperature monitoring improves outcome in adults.
Temperature should be monitored in small infants or in children who are
placed under warming lights.

7.6. Oxygen Administration

Routine oxygen administration has repeatedly been shown to be beneficial
during sedation/analgesia when used to avoid or delay the onset of hypox-
emia. During endoscopy, oxygen administered at 2 L/min was as effective
as 3 L/min and oral administration via a bite guard was as effective as nasal
cannula-administered oxygen (33). In patients over the age of 60 undergo-
ing endoscopic retrograde cholangiopancreatography (ERCP), the group
randomized to receive nasal oxygen at 2 L/min required fewer interven-
tions for hypoxemia and maintained significantly higher oxygen satura-
tions throughout the procedure than the group that did not receive oxygen
(34). The higher oxygen saturations did not protect patients who received
oxygen from tachycardia, as both groups had short periods of significant
tachycardia.

Bowling found similar results during endoscopy in patients over 60 yr of
age: oxygen saturation values improved with supplemental oxygen admin-
istration, but the frequency of ventricular and supraventricular ectopic beats
was not decreased (35). During colonoscopy in patients sedated with
midazolam (2.6 + 0.2 mg) and meperidine (48 = 3 mg), those receiving oxy-
gen at 3 L/min were less likely to desaturate to less than 90% than those
breathing room air (10 of 28 vs 22 of 28) (36). The authors concluded that
supplemental oxygen decreases the risk of, but does not prevent, hypoxemia.
The period of risk for hypoxemia does not end with the completion of the proce-
dure. Hardeman showed that 20 of 100 patients breathing room air became hypo-
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xemic in the postanesthesia recovery room (vs 3 of 100 patients receiving supple-
mental oxygen) after intravenous (iv) sedation for oral surgery (37).

The clinical significance of the frequent finding of hypoxemia during
sedation/analgesia is unclear. In fact, decreases in oxygen saturation to less
than 90% occurred during sleep in 43% of asymptomatic men (13% had
oxygen saturations <75%) (38). There are no studies showing that detection
of a decrease of oxygen saturation alone, in the absence of other findings
such as unresponsiveness, has an effect on patient outcome (39). However,
because of the known risk of cardiopulmonary complications during seda-
tion/analgesia and the fact that such complications represent more than 50%
of the reported complications during gastrointestinal (GI) endoscopy (3),
monitoring for—and the prevention of—hypoxemia should be routine.
Because oxygen administration decreases the incidence and magnitude of
hypoxemia, its routine administration should be strongly encouraged, par-
ticularly in elderly patients or patients with co-existing disease. However, as
its administration delays the recognition of respiratory depression by pulse
oximetry, another means of evaluating ventilation—such as assessment of
the quality and rate of respirations—should be routinely employed.

7.7. Drugs

Knowledge of onset time, appropriate dosing frequency, the potential for
side effects, and the appropriate agents to reverse respiratory depression are
essential when administering sedation/analgesia. When inhalational agents
such as nitrous oxide are used the maintenance of an adequate oxygen con-
centration must be assured. (See Chapters 6 and 7 in this book for a detailed
discussion of the drugs commonly used for sedation/analgesia.) Table 7 pro-
vides suggestions regarding drug use during sedation/analgesia.

Hospitals may define dosages of drugs that require the application of the
sedation policy. For example, the JCAHO sample policy does not require
adherence to sedation guidelines for adults who receive benzodiazepines in
doses below a predetermined threshold, such as 5 mg of midazolam in
patients under 60 yr of age. However, this sample policy applies to adults
who receive any narcotic or combination of drugs and all pediatric (18-yr-old)
patients (40).

7.8. Intravenous Access

In adult patients receiving iv medications for sedation/analgesia, vascular
access should be maintained throughout the procedure and until the patient
is no longer at risk for sedation-related respiratory depression. In patients
who have received sedation/analgesia by non-intravenous routes or whose
iv line is no longer functional, the decision to establish or reestablish iv
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Table 7
Drug Principles for Sedation and Analgesia

1. Avoid making changes to a successful drug regimen.

When a drug regimen for adults must be changed, use the safest intravenous

drug with the shortest duration of effect appropriate for the procedure.

Avoid suggesting drugs that require infusion pumps for safe administration.

Benzodiazepines alone rarely cause apnea.

Benzodiazepines produce anxiolysis and amnesia, not analgesia.

The shortest-acting benzodiazepines have durations of action considerably

longer than the shortest-acting opioids.

Opioid-induced apnea frequently responds to tactile stimulation.

Opioids produce analgesia, not amnesia. They may produce apnea prior to

sedation.

9. Benzodiazepines markedly potentiate opioid-induced respiratory depression.

10. Flumazenil antagonizes benzodiazepines; naloxone antagonizes opioids.

11. Ketamine and propofol are intravenous general anesthetics, and their use
should be restricted to individuals with the expertise and privileges to use such
agents.

N

SAE
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access should be considered on a case-by-case basis. In all instances, an
individual with the skills to establish iv access should be immediately avail-
able (4).

8. DOCUMENTATION

Documentation should include the patient’s diagnosis, planned procedure,
the sedation/analgesia plan, the pre-, intra- and post-procedural assessment,
the care provided, monitoring results, and discharge information.

9. RECOVERY AND DISCHARGE

In the post-procedural period, the removal of stimulation exposes the
patient to the unopposed effects of residual sedation. This is illustrated by a
report of apnea occurring after reduction of a shoulder dislocation (41).
When sedation/analgesia is administered to outpatients, the clinician should
assume that they will not have immediate access to medical care or advice
after discharge. Therefore, patients should have returned to their pre-procedural
level of consciousness and no longer be at risk for respiratory depression,
have stable vital signs, be adequately hydrated without active vomiting, have
minimal discomfort, and be able to ambulate. If reversal of narcotics or ben-
zodiazepines has been used, the observation period should be sufficient to
assure that resedation does not occur. Patients should be given instructions
for follow-up care and guidelines for when and how to seek emergency
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Table 8
Recommendations for Discharge Criteria
Inpatient Outpatient

Stable vital signs Required Required
Independently maintains a patent airway Required Required
Return to baseline level of consciousness Not required Required
Ambulation Not required Required
Absence of nausea/vomiting Preferable Required
Pain well-controlled Preferable Required

care should problems arise. Patients should be discharged accompanied by
a responsible adult and instructed not to drive for 24 h. Inpatients should
not require assistance to maintain a patent airway and should have stable
vital signs before discharge. If vital signs are unstable, admission to an
acute care area is indicated. Table 8 contains a summary of suggested dis-
charge criteria.

10. GUIDELINES FOR ANESTHESIA CONSULTATION

Consultation with appropriate specialists should be considered prior to
sedation if the patient’s condition requires expertise or skills beyond those
of the practitioner performing the procedure. Patients with neurological,
cardiopulmonary, or other organ system disease believed to represent a sig-
nificant hazard may be at increased risk during sedation/analgesia. Morbid
obesity, sleep apnea, pregnancy, drug or alcohol abuse, and concerns related
to airway management, fasting status, or extremes of age also warrant con-
sideration for consultation before the procedure. For patients who are likely
to develop complications during sedation/analgesia or those who experi-
ence difficulty achieving optimal sedation/analgesia, consultation with an
anesthesiologist is recommended.

11. OUTCOMES
11.1. Failed Sedation

Very little documentation exists regarding the frequency of failed sedation/
analgesia. Inadequate sedation/analgesia can result in cancellation of the
procedure, a suboptimal evaluation, procedural complications, or the need
for general anesthesia. Many factors can influence the probability of a
procedure’s successful completion, including patient age, ability to cooper-
ate, co-existing disease, tolerance to drugs, and the nature of the procedure.
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During cerebral angiography and embolization, the consequences of pa-
tient movement (such as during the “hot flush” that occurs during injection
of contrast media) include cerebral infarction and hemorrhage. Neurologi-
cal assessment may provide the first clue to the development of ischemia
during interventional neuroradiology (42).

Of 1200 endoscopic retrograde cholangiopancreatographies (ERCP) per-
formed over a 2-yr period, 65 patients required general anesthesia, the major
indication being substance abuse (43). The complication rate of ERCP dur-
ing general anesthesia was believed to be comparable or lower than that of
ERCP performed under sedation/analgesia.

11.2. Hypoxemia

The incidence of hypoxemia is determined by the characteristics of the
patient, the procedure, the sedatives or analgesics given (dose, frequency,
single drug or combination of medications), the oxygen concentration of the
inspired gas and stimulation provided by the health care providers. The inci-
dence of hypoxemia (SaO, < 90%) during endoscopy has been reported to
be 4% of 508 patients (with four episodes of apnea) (44). During ERCP the
mean saturation in 132 sedated patients decreased from 95 = 2% to 88.9 *
6.4%, and the same author reported saturations falling from 97 = 1.9% to
93.9 £ 3.3% in non-sedated endoscopy patients (45). During cardiac cath-
eterization 11 (38%) of 29 patients had episodes of hypoxemia (SaO, < 90%)
(46). The minimum oxygen saturation was directly related to the baseline
saturation and inversely related to the duration of the procedure and the ven-
tricular end-diastolic volume. Fifty-four of 100 patients undergoing
colonoscopy became hypoxemic (22), and age, body-surface area, drug dose,
smoking, and cardiac or pulmonary history did not predict which patients
would become hypoxemic. Woods et al. have also investigated variables
associated with hypoxemia during sedation; during ERCP, age and weight
appeared to be most significantly associated (47). Others have not found the
same variables to be good predictors of hypoxemia (48,49).

In trials comparing sedated patients with patients not receiving sedation
during upper gastrointestinal endoscopy, hypoxemia was noted to occur in
both groups, although less frequently in the group without sedation (16% of
sedated vs 11% of non-sedated patients had SaO, values < 92%) (50). In
481 non-sedated patients, desaturation to 90% occurred in 6.4% of patients
and was associated with basal SaO2 values < 95% (odds ratio 67), respira-
tory disease (odds ratio 30), more than one endoscopic intubation attempt
(odds ratio 39), an emergent procedure (odds ratio 15), and ASA Physical
Status III or I'V (odds ratio 4) (57). Hypoxemia has also been shown to occur
in dental patients who received only topical lidocaine anesthesia (52) and in
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patients undergoing bronchoscopic procedures who received topical
lidocaine and intramuscular atropine (53).

11.3. Morbidity and Mortality

Morbidity incidence data have been extensively evaluated during gas-
trointestinal procedures. The complication rate for upper endoscopy is about
0.1%; for colonoscopy: 0.2%; procedural complications (bleeding, perfora-
tion, and infection) and sedation-related complications are included in these
rates (5). Cardiopulmonary complications are believed to account for more
than 50% of reported complications, with aspiration, oversedation, hypo-
ventilation, vasovagal reactions and airway obstruction accounting for most
of these events (54). The complication rate of therapeutic procedures (such
as ERCP, polypectomy, or stent placement) and emergency procedures is
higher than the complication rate of non-emergent diagnostic procedures
(54,55). This higher rate of complications is the result of bleeding, infec-
tion, pre-existing disease, the condition being treated, the increased proce-
dural duration, and/or the need for deeper levels of sedation. In reviewing
morbidity data, it is apparent that the exact frequency of complications
caused by sedation/analgesia (vs the procedure) is unknown.

In the 1974 survey of endoscopists reported by Silvis, 17 deaths occurred
in a series of over 240,000 GI procedures (about 1 in 15,000); excluding
deaths attributed to perforation (4), bleeding (/) and cholangitis/sepsis (4),
eight of the deaths remain as possibly sedation-related (an incidence of 1 in
30,000) (54). These eight deaths were caused by cardiac arrest (six), myo-
cardial infarction (one), and aspiration (one). Conceivably, any or all of these
deaths may have been related to underlying disease, topical anesthesia predis-
posing to aspiration, or inadequate rather than excessive sedation/analgesia.

McCloy pointed out that “exact data on the morbidity and mortality of
endoscopy are surprisingly sparse,” but estimated the mortality at 0.5 to 3
per 10,000 (about 1 in 3000 to 1:20,000), and agreed that most are cardiop-
ulmonary (56). Although he concedes that many factors may be related to
procedural safety, he emphasized the role of sedation, stating that “success-
ful sedation should achieve anxiolysis and amnesia rather than ptosis and
hypnosis.” He points out the 24-57-h plasma elimination half-life of diaz-
epam (with an active metabolite with a 5-d half-life), noting that it is com-
monly used for diagnostic endoscopy lasting 5-10 min. Other issues he
raised regarding safety include infrequent use of continuous iv access during
the procedure (43% of cases in England) and the use of opioids in conjunction
with benzodiazepines (5% of cases in the United Kingdom and 87% of cases in
the United States). He noted the overall mortality for general anesthesia in the
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Table 9
Continuing Quality Improvement Indicators

If any of the following occur and are caused by the sedatives and/or analgesics
administered, and not the pre-existing and underlying disease or its treatment, a
review of the chart will be performed and appropriate action taken:

1. Oxygen saturation 90% and a drop of 5% from baseline for greater than 1 min
2. Use of opioid or benzodiazepine reversal agents

A decrease in blood pressure or heart rate requiring pharmacologic interven-
tion or rapid fluid administration

Failure to respond to physical stimulation

Assisted ventilation and/or unanticipated endotracheal intubation

Unplanned admission

Cardiac or respiratory arrest

[98]

Nk

United Kingdom at the time of his report (1992) to be 1:185,000; current estimates
of mortality for general anesthesia range between 1:250,000 and 1:400,000 (57).
In another retrospective survey of oral and maxillofacial surgeons in Mas-
sachusetts, there were no mortalities reported of the 1.5 million office treat-
ments conducted during the 5 yr (1990-1994) covered by the survey (58). An
Illinois survey of oral surgeons and dentists holding permits for deep seda-
tion/general anesthesia (86% of respondents, 97% of these did not routinely
intubate) or conscious sedation (14% of respondents) revealed one death in a
patient with cardiac disease during just over 150,000 anesthetics (59). In a
closed-claims analysis of 13 dental cases resulting in death or permanent
injury, the majority of patients had pre-existing conditions such as morbid
obesity, or cardiac, pulmonary, or neurological disease; and most were at the
extremes of age. Hypoxemia resulting from airway obstruction and/or respi-
ratory depression was the most common cause of adverse outcome (60).

In order to improve patient safety and determine the incidence of adverse
events, the outcome of all procedures requiring sedation/analgesia should
be monitored (see Table 9 for suggested outcome variables). By auditing the
outcome of each procedure requiring sedation, performance improvement
can be evaluated by department, procedure, and provider.

12. FUTURE DIRECTIONS
12.1. Patient-Controlled Sedation

In an uncontrolled pilot study, 16 healthy patients received a mixture of
alfentanil and propofol (alfentanil :12 mcg; propofol: 5 mg per dose) via
patient-controlled infusion pump during colonoscopy; all tolerated the pro-
cedure and found the pump easy to use (61/). A trial of patient-controlled
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sedation comparing two different doses of propofol (20 mg/dose, 0.3 mg/kg/dose)
with a propofol-alfentanil mixture (propofol: 0.2 mg/kg/dose; alfentanil:
4 mcg/kg/dose) concluded that propofol alone was inadequate for pain relief,
but the propofol-alfentanil combination was acceptable. The authors noted
that most patients had recall (62). Ten patients in a dental fear clinic who
were given midazolam via patient-controlled sedation received more
midazolam, were less anxious, and moved less during treatment than patients
given iv boluses or intranasal midazolam (63).

12.2. Capnography

In the Australian Incident Monitoring Study, pulse oximetry and cap-
nography were the most useful monitors for incident detection in patients
undergoing general anesthesia (64). Fifty-two percent of 2000 incidents were
detected first by a monitor; oximetry (27%) and capnography (24%) detected
over one-half of the monitor-detected incidents. In a U.S. closed claims
analysis, pulse oximetry and capnography were believed to be most useful
in preventing adverse outcomes. However, the efficacy of these two moni-
tors varied between those patients who were given regional anesthesia (a
situation more closely resembling sedation/analgesia) compared to those
given general anesthesia. Capnography was believed to be useful in only
17% of preventable adverse outcomes during regional anesthesia, but in 60%
of preventable adverse outcomes during general anesthesia. Pulse oximetry
theoretically would have prevented 80% of preventable regional anesthesia
mishaps, but only 32% of preventable general anesthesia events (65).

In an emergency department evaluation of 27 patients, capnography, obtained
via nasal cannula, was believed to be useful. It identified post-procedure apnea
in one patient, although the nurse observer also detected apnea. The author noted
the benefit of the detection of respiratory pattern changes by the waveform of
the capnograph, but concluded that further research and experience were
required before routine use could be recommended (66).

Cost, lack of portability, and lack of familiarity with the technology has
slowed acceptance of capnography during sedation/analgesia in areas out-
side of the operating room. Whether the benefits of capnography outweigh
the risks (misinterpretation, technology-caused distraction) or the disadvan-
tages (cost of equipment, training) is unknown.

12.3. BIS Monitor

For four decades, anesthesiologists have attempted to catalog electroen-
cephalographic changes induced by anesthetic drugs (67). The Bispectral
Index (BIS) is a number derived from a processed EEG signal using propri-
etary technology. Higher numbers (the maximum value of 100 corresponds
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to an awake state) indicate less sedation than lower ones. Some evidence
suggests that BIS scores measure sedation/analgesia (68). Studies conducted
in the ICU suggest that BIS may be useful to guide sedation/analgesia in this
setting, particularly for patients who are receiving mechanical ventilation
and neuromuscular blocking drugs (69). The cost of the sedation/analgesia
used in the ICU for this purpose makes the BIS monitor an intriguing option.

12.4. Assessment of the Need for Sedation

In arandomized trial in Finland, two groups receiving either iv midazolam
or iv placebo were compared with a third group (control) without iv access
during colonoscopy. There was a difference between the sedation and pla-
cebo (iv saline) groups in how they rated the difficulty of the exam on a
visual analog scale (30 vs 40 mm respectively on a 100-mm scale; 0 = not
difficult; 100 = difficult). However, there was no difference between the
midazolam and control (no iv cannulation) groups (70). In a study in the
United Kingdom, where iv sedation is routinely used, 50 patients received
midazolam 5 mg if under 65 years of age (3 mg if older) and another 50 pa-
tients were randomized to receive no sedation during upper GI endoscopy.
Both received topical oropharyngeal local anesthesia. The group given no
sedation had shorter, easier procedures (per the endoscopists’ assessment),
although the difference was not significant. The group given sedation re-
ported greater comfort, but both groups preferred any future procedure re-
peated in a similar fashion (7/). In the United States, where sedation is
routine, 70 of 250 patients (28%) agreed to participate in a randomized trial
of routine vs as-needed sedation. Interestingly, 16 of the 250 patients
declined to enroll because they preferred no sedation. In the “sedation as
needed” group, 94% completed colonoscopy without sedation but had higher
pain scores. Three of the sedation-as-needed group rated the experience as
less than optimal and all patients in the routine sedation group were very
satisfied (72). In another study of 80 patients who elected to have colonos-
copy without sedation, 18% believed they would request sedation on repeat
exam, 10% were undecided; and 73% would undergo a repeat procedure
without sedation although 54% of these patients described their pain as
“moderate to severe” (73). The authors concluded that “sedation by choice
is more cost-effective, may be safer, and should be offered.”

13. CONCLUSIONS

Numerous societies and organizations have issued guidelines regarding
sedation and analgesia administered for procedures. The intent of these
guidelines is to provide a safe, uniform level of care when procedures are
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performed. Although conclusive evidence of improved patient safety is still
needed, guidelines such as those described provide a deliberate, rational step
toward a safer environment during sedation/analgesia. Although following
the described guidelines does not guarantee prevention of an adverse out-
come, adherence to them makes it less likely. However, the ultimate respon-
sibility for patient protection lies with the practitioner, not with the policy,
the assistant, or the monitors.
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Procedure and Site-Specific Considerations
for Pediatric Sedation

Shobha Malviya, MmD

1. INTRODUCTION

The appropriate management of anxiety and pain for diagnostic and thera-
peutic procedures in children frequently requires the administration of drugs
with sedative properties. Sedation for these procedures has been associated
with considerable risk for adverse events (/-3). In light of reports of life-
threatening adverse events, the American Academy of Pediatrics (AAP) (4),
American Society of Anesthesiologists (ASA) (5), and Joint Commission
on the Accreditation of Health Care Organizations (JCAHO) (6) have man-
dated guidelines in order to reduce continuing variability in practice, and
the risk associated with sedation. These guidelines, as detailed in Chapter 2,
emphasize the importance of uniformity of monitoring and care for sedated
children, regardless of the nature of the procedure and the setting in which
it is performed or the intended depth of sedation. Despite the availability
of nationally publicized guidelines, there is great variability in sedation
practice.

The general goals of sedation for any procedure are listed in Table 1.
With these goals in mind, the needs for sedation for painful procedures are
different than for nonpainful procedures. Most cooperative adults are able
to undergo noninvasive procedures such as computerized tomography (CT),
bone scans, and echocardiography without sedation. Children, on the other
hand, frequently require sedation even for such painless procedures to allay
their anxiety, to facilitate their cooperation and to enable them to lie still for
the procedure. This chapter reviews practical approaches to the sedation of
children in diverse settings and addresses specific considerations relevant to
the administration of sedatives and analgesics in children for commonly
performed diagnostic and therapeutic procedures.
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Table 1
Goals of Sedation for Diagnostic and Therapeutic Procedures

Analgesia

Anxiolysis

Amnesia

Enhance patient comfort

Facilitate cooperation/immobilization
Promote patient safety

2. RADIOLOGIC PROCEDURES

The use of neuroimaging studies such as CT and magnetic resonance
imaging (MRI) has dramatically increased over the last two decades as a
diagnostic tool for many pediatric neurological and other disorders. Although
these procedures are painless, children frequently require sedation to
decrease apprehension and to facilitate immobilization, thereby mini-
mizing the deleterious effect of movement on diagnostic information.
Non-pharmacological measures such as reassurance, presence of a parent,
and distraction techniques may permit completion of short painless proce-
dures in some children. However, the majority of painless and virtually all
painful procedures in children require the use of sedative and/or analgesic
agents. Furthermore, most children require deep sedation to assure scans of
diagnostic quality, since mild and moderate planes of sedation do not consis-
tently provide the extent of immobilization needed to perform these studies.

2.1. Personnel and Practitioner Issues

Most diagnostic radiologic procedures are associated with little to no risk;
however, sedation for these procedures adds considerable risk for adverse
events, some of which may pose the threat of permanent sequelae and even
death. Despite the recognition of these risks, children who are sedated for
radiologic procedures receive varying levels of care at different institu-
tions—and frequently even within the same institution depending on the
time of day, staffing levels, and acuity of the patient. The responsibility of
providing sedation care may therefore be assigned to the practitioner order-
ing the test, the radiologist, or to the anesthesiologist. Although the practi-
tioner ordering the test is most familiar with the patient’s underlying medical
history, this individual is usually not present at the diagnostic site where the
test is performed. Therefore, radiologists frequently assume the responsibil-
ity for provision of sedation care to children. This may be viewed as a bur-
den by the radiologist who is required to review the medical history of all
sedated children, order the sedative medications, and be immediately avail-
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able for a procedure that would otherwise have been performed by a techni-
cian alone. The advantage of this approach, however, is minimization of
variability in sedation practice and immediate availability of the physician
ordering the sedative drugs in case of an adverse event. At the author’s insti-
tution, all practitioners ordering procedures with sedation are required to
provide a detailed history and physical examination (H&P) prior to the day
of the scheduled test. Sedatives are ordered by the radiologist after review-
ing the H&P, and administered by a pediatric nurse trained in the use of
sedatives, airway management, and monitoring and resuscitation techniques.
This approach may be practical and fiscally sound at institutions where a
large number of procedures are performed using sedation. However, at
smaller centers where sedation is performed less frequently, it may be pru-
dent to relegate the care of sedated children to anesthesiologists or to desig-
nated trained personnel who perform these services throughout the
institution. Medina et al. have described a novel approach to train and evalu-
ate radiologists’ responses to critical incidents in sedated patients (7). This
approach utilizes interactive computerized simulators with 13 different clini-
cal scenarios, and incorporates several critical incidents including hypox-
emia, aspiration, and cardiac arrest. The user must make appropriate and
timely interventions to save the simulated patient.

The risks of sedation are further heightened by unique considerations that
are very specific for individual procedures. It is very important for practitio-
ners who are responsible for sedation to be familiar with these consider-
ations to assure the safety of children sedated for such procedures.

2.2. Magnetic Resonance Imaging

MRI is a noninvasive procedure that provides multiplanar, high-contrast
images that are sensitive to myelin maturation and blood flow. The MRI
also produces excellent contrast between gray and white matter and permits
easy differentiation between normal and pathologic tissues of the central
nervous system (CNS) (8). It has therefore become the imaging technique of
choice, particularly for non-traumatic pediatric neurologic conditions. Despite
the noninvasive and painless nature of this procedure, the majority of chil-
dren between 6 mo and 8 yr of age require deep sedation to facilitate MRI
scans. Prior to undertaking sedation in the MRI scanner, the practitioner
must be aware of specific considerations, which are listed in Table 2. The
pounding noise generated by the scanner and the claustrophobic sensation
that may be experienced by patients within the enclosed tunnel of the MRI
unit present a frightening environment for most young children and even
some older children and adults. In addition, scanning time typically requires
45-60 min for each site to be scanned. Furthermore, the quality of the image
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Table 2
Specific Considerations for MRI

Patient considerations Noisy/claustrophobic environment
Implanted devices may preclude MRI
Obesity—space constraints

Safety issues Poor visibility of patient
Limited access
Strong magnetic fields, non-ferromagnetic equipment
Monitoring limitations

Quality of scans Complete immobility
Degradation of image quality because of electronic devices

obtained is very sensitive to patient motion. The management of sedation in
the MRI suite is complicated by the fact that the MRI equipment prevents
easy access to the patient. Depending on the size of the patient and the area
to be scanned, the head of the patient lies several feet within the housing of
the electromagnetic coils of the scanner. Thus, poor visibility of and diffi-
cult access to the patient are the primary issues that limit the safety of chil-
dren who are sedated for MRI.

In addition to these limitations, the strong magnetic field and radio-
frequency (RF) pulses interfere with the function of monitoring equipment
comprised of ferromagnetic parts, and electric and electronic controls. Arti-
facts produced by electronic devices and monitoring cables may also adversely
affect the image quality. These problems have been largely overcome with
the development of a variety of MRI-compatible monitoring devices includ-
ing electrocardiographs, pulse oximeters, capnographs, and noninvasive
blood pressure monitors. Additionally, anesthesia machines and airway
equipment with non-ferromagnetic materials have been devised for use
within the MRI suite.

The strong magnetic field precludes the use of MRI as a diagnostic study
in certain patients (Table 3), including those with implanted metallic devices
such as cerebral aneurysm clips, metal spiraled reinforced tracheostomy
tubes such as the Bivona tubes, cochlear implants, and metallic foreign bod-
ies. The magnetic field may further reset implanted electromechanical devices
such as pacemakers and automatic defibrillators, and the presence of such
devices constitutes an absolute contraindication for an MRI scan. The first
trimester of pregnancy is another contraindication for the use of MRI. On
the other hand, the presence of metallic limb prostheses, prosthetic cardiac



Pediatric Sedation 81

Table 3
Contraindications for MRI

Implanted metallic devices*
Cerebral aneurysm clips
Cochlear implants
Metallic foreign bodies

Implanted electromagnetic devices
Pacemakers
Automatic defibrillators

Pregnancy

* Metal spiraled reinforced tracheostomy tubes (Bivona) need to be replaced
and pulmonary artery catheters need to be removed prior to MRI scan.

valves, metallic sutures, and spine fusion rods are not considered con-
traindications for MRI. All patients who present for a MRI scan should be
meticulously screened for these conditions prior to scheduling the scan. In
addition, all medical personnel and family members of the patient who enter
the MRI suite should be similarly screened prior to entry into the scanner.
Finally, any objects containing ferromagnetic material must be left outside
the MRI scanner because these may be pulled into the magnetic field, with a
risk of patient injury. Indeed, failure to observe these precautions recently
resulted in fatal head trauma to a 6-yr-old boy from a metal oxygen tank
being pulled into the magnet (9).

2.2.1. MRI-Compatible Monitoring

The safety of the child who is sedated for an MRI scan depends on careful
patient selection, titration of sedative agents with a wide therapeutic margin
of safety, and appropriate monitoring by trained personnel. Several MRI-
compatible monitors are now available for monitoring, including electrocar-
diograms (ECG), pulse oximeters, blood pressure monitors, and capnograms
that work well with 1.5-Tesla (T) scanners. Most of these monitors are com-
prised largely of non-ferromagnetic materials, and incorporate a variety of
shielding mechanisms and filters to prevent distortion of the monitoring sig-
nal and of scanned images. Although some monitors may be affected by the
strong magnetic field when placed close to the magnet, they may function
adequately if placed beyond the 50-Gauss line (usually 15-20 ft) using long
cables. ECG is usually transmitted through fiberoptic cables installed for
cardiac gated images. To minimize image distortion, carbon-fiber ECG leads
must be used and placed in a single line in close proximity to each other.
The electrical currents induced in all conductive materials exposed to the
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RF energy of the magnetic field during imaging may cause a rise in tem-
perature of monitoring cables, placing patients at risk for thermal injuries.
Pulse oximeter probes and ECG leads must be placed with caution because
full-thickness burns have been reported if the cable adjoining the probe is
placed within the bore of the magnet (/0). Pulse oximeter sensors must be
placed as far from the imaging site as possible, and thermal insulation should
be placed between any essential wires or cables and the patient’s skin.
Finally, the wires and cables should be periodically inspected for potential
fraying, which can occur with repeated use. MRI-compatible monitoring is
addressed in greater detail in Chapter 8.

2.2.2. Sedation Techniques

Since complete immobility is necessary to obtain a diagnostic study, some
large centers have specific sedation protocols in place that take into consid-
eration the child’s age, previous sedation experience, underlying medical
history, and anticipated duration of the procedure (//—14). These protocols
have been used with a high degree of success. Chloral hydrate (75-100 mg/kg
orally) is commonly used to sedate children for MRI scans, and has been
found to be adequate in 93-95% of cases (1,15—17). However, its use has
been associated with delayed recovery and prolonged side effects such as
motor imbalance, agitation, and nausea and vomiting (/8,79). Furthermore,
the incidence of failed sedation for MRI scans with chloral hydrate has been
found to be inversely proportional to age, with a higher incidence of seda-
tion failures after 3 yr of age (/,17). Therefore, several centers use pentobar-
bital (2-6 mg/kg intravenously) in older children to facilitate sedation for
MRI (12,20-22). The advantage of pentobarbital is that it produces a rapid
and more predictable onset of sedation, thereby facilitating patient through-
put and efficient use of the MRI scanner. However, its use has also been
associated with severe oxygen desaturation, paradoxical excitement, seda-
tion failure, and delayed recovery (12,23,24).

The failure rate with chloral hydrate and pentobarbital and their unpre-
dictable duration of action have led to an interest in the use of short-acting
agents such as propofol to facilitate MRI (20). In most centers, the use of
this agent is restricted to anesthesiologists because of its narrow therapeutic
margin and high likelihood to cause apnea.

2.2.3. Cardiopulmonary Resuscitation in the MRI Scanner

The strong magnetic field and limited access to the patient precludes ade-
quate cardiopulmonary resuscitation in the MRI scanner. In the event of a
life-threatening adverse event such as cardiac or respiratory arrest, the patient
must be immediately taken out of the scanning room to an adjoining proce-
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Fig. 1. The open, low-field MRI scanner is open on three sides, affords greater access
to and visibility of the patient, and minimizes anxiety related to claustrophobia. Repro-
duced with permission from Hitachi Medical Systems America, Inc., Twinsburg,
Ohio.

dure room. This will permit the use of resuscitation equipment such as
defibrillators, which do not work near the magnet. Furthermore, it affords
members of the “cardiac arrest team” access to the patient without the need
for screening prior to entering the scanning room. It is faster to remove the
patient from the MRI scanning room than to turn off the magnetic field,
since it takes several minutes to completely eliminate the magnetic field.
Additionally, when the magnetic field is turned back on, it takes several
hours to re-establish the magnetic field strength, resulting in prolonged
downtime of the scanner.

2.2.4. Recent Advances in MRI Technology

Recent technological advances such as open MRI scanners (Fig. 1) and
ultrafast MRI may limit the need for sedation in some children undergoing
MRI scans. Indeed, Rupprecht et al. found that only 74 of 274 (27%) chil-
dren with a median age of 9 yr required sedation for an open low-field MRI
system compared to 47% of a sample of children undergoing closed MRI
(25). However, unless further advances eliminate the problems arising from
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movement, the need for sedation to facilitate these procedures will continue
for at least some children. Open MRI scanners circumvent the problems of
claustrophobia and anxiety and allow easier access to the patient. Addition-
ally, the open scanner has extended the use of MRI to the morbidly obese
patient who would have to forgo a MRI study because of the space con-
straints in the closed high-field systems. Further advances with the open
MRI systems are likely to include the possibility of performing surgical pro-
cedures under continuous MRI guidance.

The development of a MRI-compatible audiovisual system has further
reduced the need for sedation, particularly in older children. This system is
compatible with magnets up to a strength of 4 Tesla, and is comprised of
goggles and a headphone unit that permits patients to view a videotape of
their choice on a small binocular headset (26). Harned et al. reported an 18%
reduction in the need for sedation for MRI following installation of this sys-
tem, with a significant potential for cost savings (26).

2.3. Computerized Tomography

Since the original introduction of CT in 1973, it has become an important
technique for the evaluation of several pediatric diseases. As for MRI, an
immobile patient is important for optimal imaging with CT scanning. Con-
ventional CT techniques are associated with long image acquisition times,
with most scans typically lasting 30-45 min, depending on the number of
areas to be scanned. The CT scanner, however, does not present as frighten-
ing an environment as the MRI scanner, since the scanning table is less con-
fining and the procedure is less noisy. Yet some children may require
sedation to ensure the immobility needed to obtain a diagnostic scan. The
use of helical CT technology that became available in the mid 1990s has
significantly reduced the scanning time, and thereby the need for sedation
(27,28). Indeed, Kaste et al. reported a 49% decrease in the frequency of
sedation with the use of helical CT compared to conventional CT (27). More
recent availability of multisection helical CT scanners have further improved
scanning efficiency with a three- to fivefold decrease in scanning time and a
similar decrease in frequency of sedation (29).

Unlike MRI, the risk of radiation exposure during CT scanning precludes
the continuous presence of health care workers or family members in the
room. Intermittent remote observation of the sedated child during periods of
radiation exposure requires a high degree of vigilance and positioning of the
monitoring devices so that they can be viewed from the control room. Also,
children who are undergoing abdominal and pelvic CT scans frequently
require oral contrast solutions that may increase the risk of pulmonary aspi-
ration in a sedated patient. Some contrast solutions, such as 1% Hypaque,
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are clear. Barium sulphate, however, is an opaque, white liquid, which
should not be considered a clear fluid. Data regarding the gastric emptying
times of oral contrast materials are insufficient. The risk of aspiration of oral
contrast material is greater in patients who require emergent CT scans fol-
lowing trauma, and in one study was found to be 2% (30). Optimizing the
quality of the scan while minimizing the risk of aspiration requires a careful
assessment for each patient by balancing the potential for vomiting and as-
piration with the timing of the procedure and target depth of sedation. In
some cases, it may be prudent to administer contrast materials via a
nasogastric tube placed following induction of general anesthesia and endo-
tracheal intubation. In such cases, the administration of metoclopramide may
hasten the passage of the contrast material through the gastrointestinal tract
and allow adequate quality of the scans.

2.3.1. Sedation Techniques

Chloral hydrate (50-100 mg/kg PO) remains the most commonly used
agent for sedation of children for CT scans, with reported success rates of
93-98% (1,31,32). Since CH has been found to be unpredictable in its onset
and duration of action, pentobarbital (3—8 mg/kg iv) has been used in an
effort to improve success. It has been associated, however, with similar fail-
ure rates and prolonged duration of action as chloral hydrate (33). Metho-
hexital, a shorter-acting barbiturate (25 mg/kg to a maximum of 500 mg
rectally) has been used with 95% success and a recovery time of 79 = 31 min
from drug administration to discharge (34). However, significant hypox-
emia occurred in 6% of children, with oxygen saturations as low as 70% in
2% of cases. All children who experienced hypoxemia required airway
manipulation, including bag-and-mask ventilation in 3% of cases. This study
illustrates the risks of using agents with a narrower margin of safety by per-
sonnel without anesthesia training. Midazolam has also been administered
intravenously (0.2 mg/kg) or orally (0.5 mg/kg), but its use has been associ-
ated with very high failure rates, with 19-50% of children requiring supple-
mentation with other sedatives (35,36). Therefore, until a sedative agent with
a quick and reliable onset of action, a short duration of action, and with
minimal potential to produce respiratory depression becomes available,
chloral hydrate and pentobarbital remain good choices for sedation for
nonpainful procedures such as CT scanning.

2.4. Interventional Radiologic Procedures

Invasive radiologic procedures that require sedation include angiography,
embolization, arteriography, myelography, percutaneous insertion of drains,
nephrostomy tubes and gastrostomy tubes, and CT-guided procedures such
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as biopsies or abscess drainage. These procedures involve varying degrees
of pain and discomfort for the patient. The anxiety associated with these
procedures, particularly in children, further heightens the perception of pain
and decreases their ability to cooperate. The goals of sedation for these pro-
cedures, therefore, include anxiolysis, analgesia, and amnesia, especially
for children who require repeated procedures. Adequate anxiolysis and anal-
gesia facilitate the patient’s cooperation and ability to remain immobile, and
greatly enhance their comfort during these procedures. Administration of
sedation in the interventional radiology suite frequently poses a challenge
for a number of reasons. The radiologic equipment greatly restricts access to
the patient. The procedures are often performed in varied positions—includ-
ing prone and lateral—to maximize imaging while allowing access to the
site of the procedure. Positioning and restricted space may allow minimal to
no access to the patient’s airway. Furthermore, potential radiation exposure
may place the sedation care provider at a distance, further limiting direct
physical or verbal contact with the patient. This limits the ability of the
monitoring individual to judge the depth of sedation and detect changes in
level of consciousness, or to monitor the adequacy of ventilation. Addition-
ally, patients who present for these procedures have comorbid conditions
such as intracranial pathology and hepatic and/or renal failure, which may
place the patient at increased risk for sedation-related adverse events. For
these reasons, the responsibility of sedation for these procedures is relegated
to anesthesiologists in most centers. The decision to use sedation or general
anesthesia is influenced by the availability of trained personnel to monitor
the patient, the experience of the interventional radiologist in managing pedi-
atric sedation, the child’s medical history, and the anticipated duration and
complexity of the procedure.

2.4.1. Sedation Techniques

Sedation for interventional radiologic procedures requires the adminis-
tration of anxiolytics, systemic analgesics, and local anesthetic infiltration
in combination. A variety of drug combinations have been used with suc-
cess. Midazolam, a short-acting benzodiazepine, may be administered via
the oral, intranasal, and iv routes for its anxiolytic and amnestic effects. It is
supplemented with incremental doses of fentanyl to provide analgesia and
to improve the tolerance of local anesthetic infiltration. Kaye et al. have
touted the safety and efficacy of pentobarbital, fentanyl, and midazolam used
in combination. They report an incidence of <5% for minor complications
such as paradoxical reaction, skin rash, mild respiratory depression, and
bronchospasm, and <0.01% incidence of major complications such as car-
diac arrest, respiratory arrest, and aspiration (37). Ketamine has been used
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as a sole sedative because it provides both amnesia and analgesia, maintains
airway tone and patency, and is less likely to cause respiratory depression
than other sedatives (38). Cotsen et al. have reported a 91% success rate
with the use of ketamine for short interventional radiologic procedures in
children (38). However, its use was associated with a 5% incidence of tran-
sient oxygen desaturation that responded to airway manipulation and supple-
mental oxygen, and one case of apnea (0.05%) that responded to bag-mask
ventilation. These data highlight the risk of serious adverse events with the
use of ketamine. Indeed, previous investigators have reported a high inci-
dence of laryngospasm with its use (39,40). In most centers, therefore, the
use of ketamine is restricted to personnel with airway management and endo-
tracheal intubation skills because of its potential to rapidly produce a state
of general anesthesia or laryngospasm.

3. CARDIOLOGY PROCEDURES
3.1. Cardiac Catheterization

The prevalence of congenital heart disease (CHD) is approximately 1 in
every 100 live births. Three infants of every 1000 live births require cardiac
catheterization as a diagnostic or therapeutic measure (4/). Cardiac cath-
eterization and angiography were introduced as diagnostic tools for CHD in
1947 (42), and interventional catheterizations were first used as therapeutic
maneuvers in 1966 (43). Diagnostic cardiac catheterizations are now being
performed less frequently because of improved trans-thoracic and trans-
esophageal echocardiography (TEE) techniques. However, interventional
techniques are being used more often, and the patients who present for these
procedures often have complex heart defects. Indications for cardiac cath-
eterization procedures are listed in Table 4.

3.1.1. Specific Considerations

Cardiac catheterization procedures are usually prolonged, and require a
cooperative and sometimes motionless child. Table 5 presents specific issues
that must be considered when sedating a child for cardiac catheterization.
The cardiac catheterization suite and its equipment present a frightening
environment to children. Other considerations include limited access to the
child and the airway, and the potential for sudden devastating complications
such as life-threatening arrhythmias, rupture of a blood vessel, or perfora-
tion of a cardiac chamber. Balloon dilatation of valves or blood vessels
causes sudden disruption of forward flow for several seconds during balloon
expansion that may not be tolerated in children with poor cardiac function.

Changes in oxygen saturation and carbon dioxide tension in children with
congenital heart defects may significantly alter pulmonary artery (PA) pres-
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Table 4
Indications for Cardiac Catheterization
Diagnostic
Hemodynamic evaluation Measurement of chamber pressures

Pulmonary hypertension and reversibility
Quantification of shunts
Calculation of PVR and SVR
Anatomic characterization Presence of septal defects
Valve stenosis/regurgitation

Therapeutic
Occlusion of defects ASD, PDA, VSD
Coil embolization of vessels ~ Systemic to pulmonary artery collaterals
Balloon valvuloplasty Aortic, pulmonary, or mitral valves
Balloon angioplasty Peripheral pulmonary artery stenosis,

coarctation of aorta

Stent placement Pulmonary arteries, conduits, baffle
Treatment of arrhythmias Radiofrequency ablation

PVR = Pulmonary vascular resistance; SVR = Systemic vascular resistance; ASD = Atrial
septal defect; PDA = Patent ductus arteriosus; VSD = Ventricular septal defect.

sure, pulmonary vascular resistance (PVR), and the magnitude and direction
of intracardiac shunts. Therefore, for diagnostic catheterizations, most car-
diologists prefer to use sedation with the child spontaneously breathing room
air so that the hemodynamic data obtained are representative of baseline/
awake values. Conversely, most sedation regimens produce clinically sig-
nificant hypoxemia and hypercarbia with resultant increases in PA pressure
and PVR. Indeed, Friesen et al. have demonstrated significant increases in
end-tidal carbon dioxide tension and decreases in SpO, in children who are
deeply sedated for cardiac catheterization (44). Furthermore, these changes
were observed more frequently in children with pulmonary hypertension.
Sedation for these procedures, therefore, requires careful titration of seda-
tives and analgesics to promote the comfort of the child while maintaining a
patent airway and adequate spontaneous ventilation, thereby avoiding hypo-
xemia and hypercarbia.

3.1.2. Sedation Techniques

A variety of sedation regimens have been successfully used, but with a
varied incidence of adverse events. DPT or “lytic cocktail” is a combination
of demerol (meperidine 25 mg/mL), phenergan (promethazine 6.5 mg/mL), and
thorazine (chlorpromazine 6.5 mg/mL) that was once extensively used for
cardiac catheterization. When administered in doses of 0.02-0.2 mL/kg, this
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Table 5
Cardiac Catheterization: Specific Considerations

Comorbidity, high-risk patients

Frightening environment

Limited access to patient

Balance between PVR and SVR

Effects of O, and hyperventilation on PVR

Effects of sedative/anesthetic agents on conduction system
Interruption of forward flow with balloon expansion

Potential devastating complications—arrhythmias, vessel rupture

PVR = Pulmonary vascular resistance; SVR = Systemic vascular resistance.

combination reliably produces deep sedation. However, its effects are very
prolonged (mean duration + S.D. of 19 £ 15 h), and frequently outlast the
procedure. In addition, its use has been associated with a number of serious
side effects including respiratory depression, hypotension, seizures, and
death (24,45—48). Therefore, the use of DPT is strongly discouraged, and
this regimen has largely been replaced with others that include opioids, ben-
zodiazepines, ketamine, and pentobarbital, usually in combinations of
two or more drugs.

Ketamine, in intermittent bolus doses of 0.2-0.5 mg/kg or infusion of
1 mg/kg/h, is a popular choice because it provides intense analgesia and
does not cause respiratory depression. Furthermore, it produces minimal
hemodynamic effects and is well-tolerated in most children with congenital
heart defects. However, it must be used with caution in children with long-
standing heart failure because ketamine acts as a direct myocardial depres-
sant in children with depleted catecholamine stores. Additionally, ketamine
causes an increase in salivary secretions and depresses airway reflexes, plac-
ing patients at risk for laryngospasm (39). This risk may be decreased by
concomitant administration of an antisialogogue such as glycopyrrolate.
Another undesirable side effect of ketamine is the occurrence of hallucina-
tions and dreaming that may persist for 24 h after its administration. Benzo-
diazepines given in conjunction with ketamine decrease the incidence of
these effects. Although ketamine remains a good choice for children under-
going cardiac catheterization, it must be administered only by individuals
skilled in bag-mask ventilation and endotracheal intubation skills and with a
high degree of vigilance because of its potential to produce a state of general
anesthesia with loss of airway reflexes and the potential for laryngospasm.

A recent expert consensus statement from the North American Society of
Pacing and Electrophysiology (NASPE) agrees on the safety, efficiency, and
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efficacy of sedation for a wide range of electrophysiologic procedures in a
wide age range of patients including children (49). However, the NASPE
recommends that sedation or general anesthesia for these procedures should
be administered by anesthesia providers for children less than 13 yr of age
because of their potential for a rapid transition from light sedation to
obtundation. Furthermore, most children are unable to lie still for the num-
ber of hours needed to complete these procedures unless they are deeply
sedated or anesthetized.

The effects of sedative, analgesic, or anesthetic agents on the conduction
system including normal atrioventricular and accessory pathways must be
considered prior to selection of a sedation regimen for these procedures.
Volatile anesthetics have been shown to prolong the refractoriness of the
normal as well as the accessory pathways (50). Similarly, droperidol has
been found to increase the refractory period of the accessory pathways (57).
On the other hand, opioids including fentanyl, sufentanil, and alfentanil, and
benzodiazepines including midazolam and lorazepam have been found to
have no clinically significant effects on the refractory period of the acces-
sory pathways in patients with Wolff-Parkinson-White Syndrome (50-52).

3.2. Echocardiography

Echocardiography is a fundamental part of the evaluation of a child with
suspected or known heart disease, and is used to characterize cardiac anatomy,
assess cardiac chamber sizes and dynamics, identify valvular disease, and
evaluate cardiac function. Epicardial echocardiography is noninvasive, yet
young children frequently require sedation to facilitate cooperation for these
procedures. Chloral hydrate is commonly used to provide sedation for epi-
cardial echocardiography. Napoli et al. evaluated the use of chloral hydrate
for echocardiography in 405 children with congenital heart defects (53).
They reported a 98% success rate, with no clinically significant hemody-
namic effects. Six percent of their sample experienced hypoxemia that
responded to repositioning of the head or supplemental oxygen. Further-
more, they found that children with trisomy 21 were more likely to become
hypoxemic compared with other children. Intranasal midazolam has also
been used with some success in children undergoing echocardiography (54).

TEE provides an unobstructed view of the heart because of the proximity
of the probe to the cardiac structures, and permits superior visualization of
the left atrium and the mitral and aortic valves compared to the epicardial
approach. The availability of neonatal TEE probes now permits this proce-
dure to be performed in small infants who weigh 2.4 kg or more. TEE is an
invasive procedure, and requires deep sedation or general anesthesia for all
children. In most cases, general anesthesia with endotracheal intubation is
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Table 6
Dental Procedures: Specific Considerations

Inadequate support services in non-hospital venues

Trauma to surrounding tissue/eye from sudden movement during procedure
Risk of aspiration of blood, secretions, debris in oropharynx

Feeling of suffocation from placement of rubber dam

Increased anxiety, fear caused by noise of handpiece

preferred because of the risks of aspiration and bronchial compression by
the probe with resultant hypoxemia.

4. DENTISTRY AND ORAL SURGERY

The prevalence of dental caries has decreased since the 1960s, yet it remains
the most common chronic childhood disease. Preschool-aged children and
children from low-income groups account for 25-50% of dental caries in
children (55). These children frequently present for restorations and extrac-
tions of carious teeth, and depending on the age and maturity of the child
and the complexity and extent of the planned procedure, many of these chil-
dren require sedation for successful completion of these procedures. Other
dental procedures that require sedation include removal of impacted teeth
and minor prosthetic surgery.

4.1. Specific Considerations

Sedation of children for dental procedures poses a tremendous challenge
for a number of reasons (Table 6). First, most of these procedures are per-
formed in a non-hospital venue without readily available back-up services
in case of an adverse event. Indeed, a recent critical incident analysis of
sedation-related disasters including permanent neurologic injury and death
found that a disproportionate number of such events occurred in children
undergoing dental procedures and that the non-hospital venue was an inde-
pendent predictor of a poor outcome following sedation (2). Although the
Joint Commission on the Accreditation of Health care Organizations
(JCAHO) regulates hospital-based sedation, state dental boards regulate
sedation in dental offices. Secondly, there is wide variability in the training,
skill levels, and extent of specialization among dentists, and in compliance
with national sedation guidelines from the American Academy of Pediatrics
(AAP) and the American Academy of Pediatric Dentistry (AAPD). The
majority of adverse events reported in children who undergo dental proce-
dures occurred as a result of inadequate skill levels, lack of appropriate
equipment, insufficient monitoring, or a failure to adequately resuscitate the
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child once an adverse event had occurred (2,3,56). However, the AAPD
contends that they are unaware of any deaths from sedation in dental offices
when the AAPD guidelines have been strictly observed.

The dental literature is replete with reports of studies that evaluate the
usefulness of pulse oximetry and/or nasal cannula capnography for sedated
children (57-59). Verwest et al. reported a 20% incidence of major oxygen
desaturation (=5% decrease from baseline values) in children undergoing
dental restorative procedures (59). Additionally, they reported significant
interrelationships between hypoxemic episodes and young age (<7 yr), ton-
sillar hypertrophy, and high lidocaine doses (=1.5 mg/kg). Other investiga-
tors have also demonstrated an inverse relationship between tonsillar size
and the ability to spontaneously recover from an obstructed airway in chil-
dren who are sedated for dental procedures (60). Iwasaki et al. and Croswell
et al. found that nasal cannula capnography provided an earlier indicator of
respiratory compromise than pulse oximetry (57,58). Croswell et al. reported
85 abnormal capnographic readings in 39 children who are sedated with
chloral hydrate, hydroxyzine, and meperidine for dental procedures (58).
Although 75 of these incidents were false-positives, 10 cases of obstructive
apnea were identified by absence of exhaled CO, All 10 incidents were
identified and treated by repositioning the head prior to any decrease in oxy-
gen saturation. It is likely that early detection of respiratory compromise
and appropriate intervention averted potential episodes of hypoxemia in
these patients. Additionally, only three of these incidents were identified by
clinical signs such as loss of breath sounds via the precordial stethoscope.
These data support the routine use of capnography in conjunction with pulse
oximetry in children who are sedated for dental procedures.

Specific procedure-related considerations include the need for coopera-
tion, particularly during local anesthetic injection. Sudden unexpected move-
ment or struggling during injection may result in injury to surrounding
structures such as the eye or lip, or even breakage of the needle in the tissue.
Therefore, many dentists prefer to use physical restraint in addition to phar-
macologic sedation. It is important to minimize psychological trauma in all
children, but especially in those who require repeated treatment, since suc-
cess with subsequent procedures largely depends on previous sedation and
dental experiences. The presence of blood, secretions, sponges, pledgets,
and other debris in the oropharynx places patients at risk for aspiration and
laryngospasm. Therefore, a rubber dam is frequently placed to protect the
airway. Some children may experience a feeling of suffocation from place-
ment of the rubber dam, and others fear the sound and sensations generated
by the handpiece.
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4.2. Sedation Techniques

In the United States, dentists are required to have a permit to administer
sedatives intravenously. Most dentists use oral sedative agents alone or in
combination with nitrous oxide administered by a nose mask because of the
ease of administration and safety profile. Chloral hydrate (50-70 mg/kg) alone
or in combination with hydroxyzine, and/or nitrous oxide remains the agent of
choice for sedation for dental procedures (6/,62). Hydroxyzine (1-2 mg/kg)
is frequently added for its antiemetic properties and to potentiate the sedative
effects of chloral hydrate. Previous investigators have reported that the addi-
tion of hydroxyzine (2 mg/kg) to chloral hydrate (70 mg/kg) significantly
reduced crying and movement compared with chloral hydrate alone (63).
However, both groups of children experienced a high incidence of hypox-
emia (oxygen saturation <90%) that required repositioning of the neck with
a trend toward more frequent episodes in children who received chloral
hydrate and hydroxyzine. These data highlight the need for continuous pulse
oximetry and careful observation by trained individuals to promote the safety
of sedated children, particularly those who have received a combination of
sedatives.

Since chloral hydrate and hydroxyzine do not have analgesic properties,
oral meperidine (1.1-2.2 mg/kg) has been added to the sedative regimen in
an effort to minimize the response to noxious stimuli such as local anes-
thetic injection, placement of the mouth prop, or cavity preparation (64).
Using a crossover design, Hasty et al. compared the efficacy and side effects
of chloral hydrate (50 mg/kg) and hydroxyzine (25 mg) with and without
meperidine (1.5 mg/kg) in children undergoing restorative procedures (64).
They reported that the addition of meperidine significantly improved toler-
ance of and cooperation with the invasive/painful parts of the procedures,
with no increase in respiratory depression. However, these investigators did
note a trend toward more prolonged drowsiness and disorientation follow-
ing the procedure with the use of meperidine. They recommended routine
supplementation of oxygen, the ready availability of naloxone and airway
equipment, and stringent recovery protocols when opioids are added to a
sedative regimen.

Nitrous oxide has been extensively used to facilitate dental procedures as
a sole agent and as an adjunct to orally or intravenously administered seda-
tives (61,65,66). Its main attributes are its ease of administration, wide mar-
gin of safety, analgesic and anxiolytic effects, and rapid reversibility.
Needleman et al. have reported a 74% success rate for dental procedures
performed with chloral hydrate and hydroxyzine supplemented with 55%
nitrous oxide (617). The incidence of complications included vomiting in
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8.1% of cases and oxygen desaturation to <95% in 21% of cases. Other
investigators have reported that the addition of 30% or 50% nitrous oxide
via face mask to oral chloral hydrate usually produces a state of deep seda-
tion with a significantly higher incidence of hypoventilation compared with
the use of chloral hydrate alone (67). It is prudent to extrapolate the results
of this study to the dental setting, however, since dentists administer nitrous
oxide through a nasal mask that permits the entrainment of room air with
dilution of nitrous oxide concentrations. It is advisable to monitor children
who receive nitrous oxide in combination with other sedatives with pulse
oximetry and to monitor the concentration of nitrous oxide using an oxygen
analyzer in accordance with AAP guidelines. Interestingly, a recent large
survey of the membership of the AAPD found that 15% of respondents used
no monitors and 25% never used pulse oximetry when administering seda-
tive combinations containing nitrous oxide (66). Of greater concern is that
30% of the respondents indicated that they had encountered a compromised
airway as a result of deep sedation in children who had received these seda-
tive combinations.

Another caveat with the use of nitrous oxide for sedation is the concern
regarding atmospheric contamination and exposure of personnel. In fact,
this is the primary reason that nitrous oxide is used very infrequently or not
at all for sedation by non-anesthesiologists in other settings such as labor
and delivery. In the previously described survey, the majority of respon-
dents (96%) used scavenging or some other means of removing exhaled
gases. However, 69% of respondents had never tested the ambient levels of
nitrous oxide in their offices. Taken together, the results of these studies
indicate that nitrous oxide is a valuable adjunct to the sedation armamen-
tarium for dentistry. However, it is imperative for dental practitioners who
use this agent to comply with AAP and AAPD guidelines to ensure the safety
of both the patients and personnel (4,68).

5. PROCEDURES IN THE EMERGENCY DEPARTMENT

A wide variety of painful procedures are performed in the emergency
department (ED). These include laceration repair, abscess drainage, reduc-
tion of fractures and dislocations, lumbar puncture, foreign body removal,
and endotracheal intubation. Most of these procedures are brief but intensely
painful, and the majority of children who undergo these procedures require
sedation and analgesia. Previous emergency medicine literature has alluded
to the undertreatment of acute pain in the ED due to a number of reasons,
including failure to prioritize pain management over other aspects of care
and concerns about interfering with the diagnostic assessment of conditions
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Table 7
Emergency Department Procedures: Specific Considerations

Full stomach consideration

Chaotic environment

Need for rapid throughput/expediency
Emergent/urgent procedures
Incomplete medical history
Hemodynamic/respiratory instability
Intensely painful procedures

such as abdominal pain and closed head injury (69,70). However, signifi-
cant progress has been made in the management of acute and procedural
pain with the availability of newer and potent, yet short-acting sedatives and
analgesics. Sedation and analgesia for procedures in the ED presents a
unique set of problems (Table 7).

Most emergency departments present a chaotic and noisy environment,
where efficiency is imperative to assure prompt care for patients with condi-
tions of varying acuity. The majority of the procedures performed in the ED
cannot be postponed, and all of them are unplanned. Some of the patients
such as trauma victims may have been transported by ambulance to the ED
and may not be accompanied by parents or caregivers, making it difficult to
obtain an adequate medical history. Additionally, some of these patients
may present the added risks of hemodynamic or respiratory instability.

The majority of patients who undergo procedures in the ED have not
fasted, thereby placing them at risk for aspiration if a sufficiently deep level
of sedation with loss of airway reflexes is achieved. This risk is increased in
the presence of comorbid conditions such as obesity, gastro-esophageal
reflux, tracheoesophageal fistula, ileus, trauma, and pain. The incidence of
aspiration in emergency patients who have not fasted is unknown. However,
case reports of aspiration in children sedated with ketamine for emergency
procedures (71,72) underscore the importance of careful consideration of
the following issues: risks vs benefits of sedation in children with full stom-
ach considerations, the timing and urgency of the procedure, and the target
depth of sedation. In some cases, the use of local anesthetic infiltration in
conjunction with nonpharmacologic measures such as distraction may be
the safest alternative. Some children may require the addition of mild seda-
tion with preservation of airway reflexes to allow completion of the proce-
dure. Furthermore, the use of pharmacologic prophylaxis including antacids,
prokinetic agents (metoclopramide) and H,-receptor blockers should be
strongly considered in patients with conditions that increase the risk of aspiration.
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Finally, for some children general anesthesia with endotracheal intubation
for airway protection may be the only safe alternative for completion of the
procedure.

5.1. Sedation Techniques

Since most of the procedures are painful, it is rarely appropriate to use a
sedative agent alone without the concomitant administration of analgesics
or infiltration of local anesthetic. The use of nonpharmacologic techniques
such as verbal reassurance, parental presence, distraction, guided imagery,
or hypnosis may permit some children to tolerate the injection of local anes-
thetic with subsequent completion of the procedure with minimal to no seda-
tion. The success of this approach largely depends on the age, maturity, and
past medical experiences of the child, the duration and nature of the proce-
dure, and the experience and skills of the caregivers to calm an anxious child.

The need for expediency and rapid patient throughput and the short dura-
tion of the procedures makes it important to use sedatives and analgesics
that have a quick onset and short duration of action. A variety of agents
administered via the oral, transmucosal, iv, and inhaled routes have been
used to facilitate procedures in the ED. The choice of sedatives used and the
frequency of sedation in children vary with the nature of the treatment facil-
ity. Previous investigators have demonstrated that sedation is used more fre-
quently, and with a preference for shorter-acting and more potent agents
such as fentanyl and ketamine when children are treated in a pediatric hospi-
tal ED compared to an ED in a general community hospital (73). Yet regard-
less of the setting, midazolam administered alone or in combination with an
analgesic remains the most common agent used for sedation in the ED (73).

For painful procedures such as fracture reduction, the therapeutic index
between adequate sedation and pain relief and the potential for adverse
events is very narrow. A large retrospective study evaluated the use of fen-
tanyl (mean dose 1.5 micrograms/kg) and midazolam (mean 0.17 mg/kg) in
338 children undergoing fracture reduction (74). Ninety-one percent of the
fractures were successfully reduced. However, 11% of children experienced
adverse respiratory events including hypoxemia, airway obstruction, and
hypoventilation. Several of these children required intervention, including
supplemental oxygen, airway repositioning, verbal breathing reminders, and
naloxone. Of greatest concern is that 8% of children were unresponsive to
pain and voice because they had progressed beyond a state of deep sedation.
The mean time to discharge following the last dose of sedative was 92 min.

Since most of the procedures performed in the ED are rapid in duration,
and since emergency physicians are skilled in airway management and car-
diopulmonary resuscitation, there has been increasing interest in the use of
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iv anesthetics including propofol, etomidate, methohexital and ketamine to
provide sedation and analgesia in the ED (75-81). Each of the cited studies
found a high degree of success with completion of the procedure with shorter
induction times, and reported good patient acceptance of the sedative regi-
men. However, all these studies report a significant incidence of excessive
sedation, with some patients exhibiting only reflex withdrawal to pain—a
state of sedation in which preservation of airway reflexes is highly unlikely.
Furthermore, these studies found a small yet significant incidence of ad-
verse events including hypoxemia, hypoventilation, apnea, severe vomit-
ing, and laryngospasm. Although no patient in any of these studies
experienced any permanent sequelae or morbidity, the experience with the
use of these potent agents in the emergency department setting is simply not
sufficient to justify their routine use, particularly in patients with full stom-
ach considerations.

It remains difficult to balance the goals of providing patient comfort and
efficiency, and above all maintaining the safety of children who undergo
procedures in the ED. Further evaluation of sedation practices in the ED,
with close collaboration between emergency physicians, anesthesiologists,
and perhaps hospital administration, is urgently required to assure the safety
of sedated children.

6. SUMMARY AND FUTURE DIRECTIONS

Significant progress has been made with regard to sedation practices in
both adults and children over the past two decades. These developments
have largely encompassed the recognition of risks related to sedation and
development of guidelines that emphasize consistency of sedation practices.
Recent advances that have reduced the requirement for sedation in selected
cases include the availability of open MRI scanners, ultrafast CT scans, and
the use of the cyanoacrylate polymer adhesive Dermabond® for laceration
repair in lieu of suturing. Existing comparative studies evaluating different
sedation regimens lack the power to compare the incidence of adverse events
or to capture the occurrence of major complications that are fortunately rare.
Large, prospective, multicenter trials are needed for the evaluation of differ-
ent sedation techniques to delineate their safety profile and identify those
regimens that are most suited for individual procedures in terms of safety
and efficacy.

With further advances in imaging and other medical technology, children
will continue to require sedation with increasing frequency and in more
diverse settings. Each of these settings is likely to pose individual and
specific considerations and challenges. For each of these procedures, it is
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necessary to carefully balance the objectives of optimizing patient comfort
and allaying anxiety while minimizing potential risks to the patient. The
prudent practitioner realizes that regardless of the nature of the procedure,
the setting in which it is performed or the need for efficiency, the highest
standards of monitoring and vigilance, and the selection of sedative agents
with a wide therapeutic margin will enhance the safety of the sedated child.
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5
Adult Sedation by Site and Procedure

Norah N. Naughton, Mp

1. INTRODUCTION

Procedures and diagnostic studies previously reserved for an operating
room or intensive care unit (ICU) setting are now performed in outpatient
ambulatory care centers, emergency departments, radiology, cardiology, and
gastroenterology suites, and dental offices. Procedures of greater complexity
and length are performed on patients with increasingly complex co-existing
diseases. Elderly patients comprise a greater proportion of the population.
This is coupled with the economic pressures to expedite care and maximize
utilization of the diagnostic center. Although the practice of sedation anal-
gesia has moved from the operating room to non-anesthesiologists, Joint
Commission on the Accreditation of Health Care Organizations (JCAHO)
standards of care for the assessment and treatment of patients is identical to
that expected of anesthesiologists (/). Essentially, practitioners must con-
sider themselves anesthesiologists and maintain standards associated with
their practice similar to those upheld in the operating room.

Certain principles apply to the practice, regardless of the location. The
same standard of care must exist in all settings in the same institution (/).
Consistently applied and well-understood definitions of moderate and deep
sedation and anesthesia must be accepted throughout all settings. Accurate
clinical assessment of sedation level by the practitioner is crucial to main-
taining the expected standards of care. Anesthesia may be considered deep
sedation if the definitions are unclear. This may have an impact on patient
safety, and can lead to practitioners practicing anesthesia when they are not
credentialed. Countless clinical studies in the literature have addressed the
efficacy and safety of a particular sedation “cocktail.” These studies should
be reviewed critically prior to adoption to clinical practice. Desaturation,
airway management, cardiac arrest, and death are frequently evaluated to
determine safety of a particular technique. However, the few available stud-
ies addressing the incidence of critical events suggest that the overall rate is
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low. Critical event incident rates have been reported between 0.54 and 1.6%
(2,3), and the incident rate associated with death is estimated at 0.03% (2).
As a result, few clinical studies are large enough in scale to make accurate
statements regarding the safety and efficacy of a particular sedation regime.
The introduction of midazolam for sedation in 1986 serves as a cautionary
tale. Over a 4-yr period a total of 86 deaths were reported to the Food and
Drug Administration (FDA), and all but three occurred outside of the oper-
ating room (4). The majority of deaths were associated with the concurrent
administration of an opioid. A subsequent volunteer study found that admin-
istration of midazolam alone did not cause hypoxemia or apnea; however,
co-administration of fentanyl resulted in hypoxemia in 92% of volunteers
and apnea in 50% (4). Recognizing the high risk of hypoxemia and apnea in
patients receiving the combination of midazolam and opioid took 4 years.

A similar debate on the safety and efficacy of propofol for sedation by
non-anesthesiologists continues. The answer is unlikely to be determined in
a single study, and caution must be exercised before widespread adoption of
its use. In addition to the low incident rate, clinical controlled trials are asso-
ciated with investigators who are extensively trained in the use of the drug
and skills associated with safe patient monitoring and support. This situation
may or may not apply to the clinician who contemplates the use of the drug.

Fasting (NPO) guidelines for elective cases should be strictly maintained.
The benefits of the procedure should be balanced with the risk of aspiration
in urgent cases when the patient has a full stomach. Additional risks for
aspiration include co-existing diabetes, trauma, opioid use, extremes of age,
and obesity. The competency of the individuals involved in sedation prac-
tice must be maintained at the standards expected, regardless of the fre-
quency of cases performed. Provisions for patient care should be a priority
for low-volume sites, where maintenance of skills is difficult. Patients who
are considered at risk and high risk to develop sedation analgesia-related
complications are listed in Table 1. The presence of one or more of these
risks warrants consideration of an anesthesiology consultation prior to ini-
tiation of the procedure.

2. RADIOLOGY
2.1. Interventional

Procedures associated with interventional radiology practice are listed
in Table 2. A 1997 survey of interventional radiologists in academic and
private practice revealed that the top three procedures performed were
diagnostic angiography, abdominal or chest biopsy, and abscess or fluid
drainage (5).
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Table 1
Factors Associated with Increased Risk
of Complications Associated with Sedation Analgesia

At-risk

High ASA classification

History of difficult intubation

Mallampati classification of II1

Craniofacial abnormalities

Respiratory insufficiency

Sedation analgesia not expected to be successful

High risk

Morbid obesity

Extremes of age

Severe underlying cardiac, pulmonary, renal, hepatic, or central nervous system
disease

Sleep apnea

Pregnancy

(Presence of one or more may suggest the need for anesthesiology consultation.)

Table 2
Procedures Associated with the Need for Sedation Analgesia

Categories of Interventional Procedures

Category Procedure
Vascular Peripheral angiography, pulmonary angiography
diagnostic

Therapeutic ~ Angioplasty, atherectomy, placement of inferior vena cava
filter, chemoembolization, transjugular intrahepatic
portosystemic shunt (TIPS), vascular stent, venous access
placement, and thrombolysis

Visceral Abdominal, retroperitoneal, or chest biopsy; diagnostic
diagnostic ~ thoracentesis, or paracentesis

Therapeutic ~ Biliary drainage, percutaneous nephrostomy or nephrolithotomy,
cholecystostomy, percutaneous abscess drainage, gastrostomy
or jejunostomy, placement of biliary or ureteral stent, tube
manipulation or change, and drainage of empyema

From ref. (5): Mueller, P. R., Wittenberg, K. H., Kaufman, J. A., and Lee, M. J. (1997)
Patterns of anesthesia and nursing care for interventional radiology procedures: A national
survey of physician practices and preferences. Radiology 202, 339-343.
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In general, investigators found that most diagnostic vascular and visceral
procedures required less sedation, usually no greater than moderate. Thera-
peutic procedures usually required moderate to deep sedation. Examples
included TIPS, biliary dilatation and drainage, nephrolithotomy, and stric-
ture dilation. The group of patients that required general anesthesia were those
who underwent catheter manipulation through solid organs, such as, trans-
jugular intrahepatic portosystemic shunt (TIPS) and nephrolithotomy. Patients
selected for neuroradiological procedures with altered mental status, increased
intracranial pressure, and those who are uncooperative, may require general
anesthesia (7).

Patients may be positioned supine, lateral, or prone. The patient may be
at a distance from the individual responsible for monitoring, making the
level of consciousness and airway patency difficult to evaluate. Careful titra-
tion of sedation medication is important in these situations.

A prospective survey of patients showed that those who had previously
experienced a similar procedure were less anxious, had a greater understand-
ing of the procedure, and anticipated less pain (6). All patients, whether
undergoing a vascular or nonvascular procedure, overestimated their antici-
pated pain. In particular, patients scheduled for diagnostic visceral proce-
dures significantly overestimated their pain. This may have occurred because
a high percentage of those patients had no previous experience. In addition,
pain and patient satisfaction were not necessarily correlative.

2.2. Noninterventional

Magnetic resonance imaging (MRI) examinations comprise the majority
of noninterventional radiographic procedures that require sedation in the
adult population. This is primarily because of a history of claustrophobia
(3=7%) or anxiety over the unnatural space, movement restrictions, and the
loud “drumming” noise of the scanner. Three to 10 percent of examinations
cannot be completed because of such stresses (§8). This may have a consider-
able impact on the cost related to utilization of the scanner.

Complying with standards of care as well as the need for personnel and
resources necessary for intravenous (iv) sedation require time and money,
and may slow the patient flow of scheduled cases. Anticipating who may
require sedation before the procedure starts may reduce the number of failed
examinations. Factors associated with the need for sedation include gender,
women utilizing sedation more than men, patients having a brain MRI, and
patients who had undergone prior MRI procedures (8). Several investigators
have found that the use of intranasal midazolam significantly reduces the
percentage of patients with claustrophobia that required iv sedation (9,10).
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Bluemke et al. reviewed a sedation analgesia database of 6,093 scheduled
cases between 1991 and 1998 to assess safety, effectiveness, and the effect
of the skill level of nurses on the examinations (/7). Of this group, 78.1%
required sedation, primarily because the majority of patients were in the
pediatric age group. However, 20% of patients were adults. They observed a
complication rate of 0.42%, and no deaths occurred. The most common com-
plication was oxygen desaturation, and 93.5% of examinations were com-
pleted. Specialized nurses took less time to adequately sedate the patient
compared to general radiology and inpatient nurses. Inpatient nurses from
hospital wards had the longest sedation time and the greatest variability.
From these results, one can conclude that sedation for MRI is safe, and effec-
tive, and utilization of specialized nurses in a busy center can decrease the
cost associated with down time of a scanner.

Challenges are posed by the magnetic field generated by the scanner, and
are reviewed in detail in Chapter 8. Patients with cardiac pacemakers, cer-
tain heart valves, vascular clips, large metallic prosthetic implants, cochlear
implants, ferromagnetic stapedial replacement prostheses, and pregnant
women in the first trimester are not candidates for MRI examinations. Loose
ferromagnetic objects such as scissors, clipboards, oxygen cylinders, keys,
and stethoscopes can become uncontrolled accelerating objects within the
magnetic field. Conventional anesthesia machines cannot be used near the
magnet, and special monitoring equipment is required to measure blood
pressure, oxygen saturation, electrocardiogram (ECG), body temperature,
and end-tidal CO, (/2). Nonetheless, these vital signs must be documented
during intended moderate or deep sedation.

3. PULMONARY
3.1. Bronchoscopy

Bronchoscopy is performed for a variety of diagnostic and therapeutic
procedures. A postal survey in 1989 of bronchoscopic practice in North
America indicated that 74% of physicians either sometimes or routinely
administer sedation for fiberoptic bronchoscopy (/3). Both anxiety and pain
can contribute to the patient’s experience. Sixty-two percent of patients are
anxious, and fear pain and difficulty in breathing during the procedure (/4).
Pain is caused by passage of the bronchoscope through the nose and glottis.
However, some investigators consider sedation unnecessary to obtain a sat-
isfactory examination and a comfortable patient. Most practitioners directly
apply local anesthetics to the nasopharyngeal airway, glottis, and broncho-
tracheal tree. Good patient satisfaction has been reported using only local
anesthesia (/5). Bronchoscopy generally lasts between 30 and 40 min, and
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is performed on an outpatient basis. The argument has been made that seda-
tion for this short procedure may prolong the hospital stay and increase cost.
In addition, sedation may be associated with oxygen desaturation. Desatura-
tion episodes occur often during bronchoscopy, regardless of whether seda-
tion is used or not (/6,17). The hypoxemia has been attributed to the presence
of the fiberoptic bronchoscope itself (/6) or to the respiratory depressant
effects of the sedative medication (/8). Sedation may be associated with up to
half of the major life- threatening complications associated with bronchoscopy.

Despite these findings, pre-procedure sedation is commonly used. Improved
patient tolerance, satisfaction, and acceptance of repeat examinations has
been associated with the use of sedation. These benefits are believed to out-
weigh the risks (/9). Interestingly, physicians rated the patients’ tolerance
much higher than the patients’ rating, suggesting that physicians do not fully
appreciate patients’ responses to the procedure. Agents commonly used by
bronchoscopists to facilitate the examination include local anesthesia—
usually lidocaine, anti-cholingerics to reduce secretions, codeine as an anti-
tussive, benzodiazepines for anxiolysis and amnesia, and opioids for
analgesia. Co-administration of clonidine facilitates sedation, blunts the
hemodynamic responses to bronchoscopy, and reduces requirements of other
sedative agents. A comprehensive review of these agents and their use in
bronchoscopy is beyond the scope of this section; however, a recent review
was published by Matot and Kramer (20).

Sedation can be accomplished in a variety of ways using a variety of
agents. However, the usual hemodynamic response to bronchoscopy—an
increase in heart rate and blood pressure together with episodes of oxygen
desaturation—should be anticipated. The incidence and severity of respira-
tory depression is probably correlated to the medication dose, an effect
greater with the combination of benzodiazepines and opioids than either
agent used alone (4).

4. GASTROENTEROLOGY

A variety of diagnostic and therapeutic procedures are performed by gas-
troenterologists, and in some cases, surgeons. Commonly performed proce-
dures include esophagogastroduodenoscopy (EGD), esophageal dilatation,
endoscopic retrograde cholangiopancreatography (ERCP), colonoscopy, and
flexible sigmoidoscopy (21). Operative endoscopy (esophageal dilatation
and stenting, percutaneous endoscopic gastrostomy) which may be painful
and unpleasant, and long procedures, specifically ERCP, are usually per-
formed with sedation analgesia. Controversy exists as to whether sedation
analgesia is necessary for flexible sigmoidoscopy and colonoscopy. In the
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United Kingdom and the United States, the majority of colonoscopies are
performed with sedation analgesia, usually a combination of benzodiaz-
epines and opioid. In France, 80% are completed under general anesthesia,
and in Germany and Finland, sedation analgesia is rarely if ever used (22).
Rex et al, conducted a study in the United States to find factors associated
with patients willing to try colonoscopy without sedation (23). Male sex,
increasing age, and lack of abdominal pain were associated with undergoing
colonoscopy without sedation. Twenty-seven percent of patients approached
agreed to be randomized to receive routine sedation with meperidine and
midazolam or as-needed sedation only, and 7% requested no sedation.

In the sedation as-needed only group, 94% of examinations were com-
pleted. Colonoscopists and patients both rated their pain higher than the rou-
tine sedation group. Mean time to discharge was 10.1 min vs 54.6 min
respectively, and medical charges were $104 more in the sedation group.
Despite having more pain, all patients in this group said they would return to
the same endoscopist. The authors contend that 34% of patients were either
willing or requested colonoscopy without sedation, and suggested offering
sedationless colonoscopy to select patients. Advantages cited for sedation-
less endoscopy include shorter recovery time, quicker return to work, and
decreased use of monitoring, pharmacy, and staff costs, believed to account for
30-50% of overall procedure cost (24). In addition, serious cardiorespira-
tory complications associated with sedation, estimated to occur at a rate of
5.4/1,000 cases, could potentially be avoided.

Mortality associated with endoscopic procedures is estimated between
0.5 and 3/10,000 procedures and morbidity at 6—-54/10,000 (4). Many inves-
tigators believe that the benefits of sedation outweigh these risks because
patient tolerance and willingness to undergo repeat examinations is improved
with sedation (25). In addition, only a minority of patients in the United
States are willing to undergo endoscopy without sedation (26).

Cardiopulmonary complications are believed to account for more than
50% of deaths related to endoscopy, although the pathogenic mechanisms
are unknown (27). A combination of tachycardia and hypoxia may explain
the complications (22). Of patients undergoing colonoscopy under sedation
analgesia, 35% exhibited tachycardia (rate > 100), and 45% exhibited arterial
oxygen desaturation in a study from Denmark (28). In a study comparing
midazolam to propofol sedation for ERCP, 5% of patients experienced tem-
porary desaturations to <85% (29), and almost one-third of patients under-
going endoscopic ultrasonography (EUS) examinations under minimal
sedation experienced desaturation to < 90% (30). A direct association between
desaturation and myocardial ischemia has not been shown, and supplemental
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oxygen has not reliably reduced the incidence of these complications. How-
ever, the routine use of supplemental oxygen should be seriously considered
in all patients, particularly the elderly and those with co-existing cardiopul-
monary disease.

A combination of benzodiazepine and opioid is the most common regi-
men utilized for endoscopic sedation. A variety of agents, administrative
routes, and combinations have been suggested to provide successful seda-
tion. The most commonly used agents include midazolam, valium, fentanyl,
and meperidine (22).

It is advisable to keep the dose of agent as low as possible for the desired
effect; however, this is particularly true for endoscopists who face the patient
with cirrhosis. Assy et al. demonstrated the majority of patients with well-
compensated cirrhosis had subclinical hepatic encephalopathy that was
worsened for a minimum of 2 h with even modest doses of midazolam (mean
dose 2 mg) (31).

Propofol, a short-acting anesthetic agent, has been proposed for use in
sedation by non-anesthesiologists. Considerable controversy exists concern-
ing its use in this setting. Proponents cite its rapid onset, improved tolerance
to the examination, and quicker recovery times as reasons for its use. How-
ever, its narrow therapeutic range must be acknowledged. Wehrmann et al.
(29) reported on the use of propofol for routine ERCP. Although the advan-
tages cited here were noted, one patient had an episode of apnea lasting
8 min and required management by mask ventilation. It has been stated that
the “psychology of the endoscopist needs to be more akin to that of an air-
line pilot or anaesthetist” to avoid complications associated with sedation
(32). This is certainly the case if hypnotic agents such as propofol, with
narrow therapeutic ranges, are to be used. It is unlikely that skills similar to
those of an anesthesiologist would be universal, or easily maintained by
endoscopists to support the routine use of propofol and be associated with
an acceptable complication rate. Two recent editorials on the subject of
propofol use consider this an anesthetic agent to be used only by anesthesi-
ologists (33,34),

The intended use of opioid and benzodiazepine antagonists should be dis-
couraged. A 1989 American Society for Gastrointestinal Endoscopy (ASGE)
survey of endoscopic sedation and monitoring practices showed that 30% of
endoscopists regularly use naloxone as part of their sedation analgesia plan
(39). The administration of sedation agents should be titrated to the mini-
mum amount to achieve the desired effect. Naloxone administration can be
associated with the acute onset of hypertension, myocardial ischemia, and
pulmonary edema. Several investigators have advocated the routine use of
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the benzodiazepine antagonist flumazenil following sedation with midazo-
lam. Postsedation observation times were significantly shortened with
flumazenil, an effect that could reduce costs and increase patient throughput
in a busy diagnostic center (22). However, when patients were almost fully
awake by the end of the procedure, there was no difference in recovery times
between patients who did and did not receive the antagonist (27). Therefore,
its use is unnecessary when appropriate doses of midazolam or valium are
administered. A randomized double-blind crossover study was performed in
human volunteers to assess the effects of flumazenil on alertness and psy-
chomotor function. Although alertness had returned to baseline within 60 min
of flumazenil administration, gait stability had not (40). The authors recom-
mended that discharge time should not be based on subjective assessment of
alertness in patients whose iv midazolam is reversed with flumazenil. Taken
together, the results of these studies do not support the routine use of rever-
sal agents as a part of the sedation plan. The use of these agents should be
reserved for those patients who inadvertently reach a level of sedation that is
deeper than intended and experience cardiorespiratory instability. Further-
more, the use of a reversal agent must not be considered a substitute for
standard resuscitative measures that may be indicated. Finally, once a rever-
sal agent is used, the patient must be monitored until the anticipated effects
of the sedative agent have worn off, because the half life of most reversal
agents is shorter than that of the sedative agents.

Although elderly patients are managed by a variety of specialists, 30% of
all patients undergoing upper gastrointestinal endoscopy in the United King-
dom are over 70 yr of age (35). Bell and associates found that the dose of
midazolam needed to adequately sedate for upper gastrointestinal endos-
copy decreased markedly with age in both sexes (36). The mean dose of
midazolam required in patients over 70 was approximately 2.0-5.0 mg, with
only 7.2% requiring more than 5.0 mg. Clearly, the potential for accidental
overdose is greater in patients over 70 yr of age. The ASGE recently reviewed
modifications in endoscopic practice for the elderly (37).

A clinical situation unique to gastroenterology is emergency upper GI
endoscopy for gastrointestinal (GI) bleeding. Significant hepatic impair-
ment, hypovolemia, anemia, labile hemodynamics, and the greater risk of
vomiting and aspirating blood exist (2/). A recently published survey of
prominent gastroenterologists examined the practice of intubation, aspira-
tion prevention, and use of sedation analgesia in the patient with an acute GI
bleed (38). All of the respondents used sedation analgesia under this cir-
cumstance at doses necessary to achieve the required sedation level. Mea-
sures used to prevent aspiration in this setting were not mentioned.
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As previously mentioned, the cirrhotic patient is at increased risk of com-
plications secondary to sedation analgesia. There is a reduced ability of the
liver to metabolize, detoxify, and excrete many of the agents commonly
used. Drug elimination half-lives are usually increased. Therefore, drug dos-
ages should be decreased compared to the healthy patient, with longer inter-
vals between redosing. Midazolam in cirrhotics has been shown to have
prolonged clearance and sedation up to 6 h following administration. Opioid
actions are secondary to the effects on the central nervous system (CNS),
and should be used with caution in patients with hepatic encephalopathy.
The respiratory depressant effects may be exaggerated in patients with
hepatopulmonary syndrome, hepatic hydrothorax, tense ascites, or hepatic
encephalopathy. It is recommended to decrease the dose of agents by one-
half of that given to a standard healthy patient, and to administer the medi-
cation in small increments.

5. DENTISTRY AND ORAL SURGERY

Procedures performed under sedation analgesia include removal of par-
tially impacted teeth, carious teeth restoration, and minor prosthetic sur-
gery. Patients with severe learning disabilities and challenging behavior are
frequently managed under general anesthesia. However, a recent review of
the literature suggests that sedation analgesia, initially administered via the
oral or nasal route to allow for iv cannulation followed by iv maintenance,
can result in a high percentage of procedure completion (47). Intrave-
nous techniques combined with local anesthesia represent the most com-
mon approach, yetsupplemental inhalation sedation with nitrous oxide is
also used. Delivery of concentrations of nitrous oxide less than 50% pro-
vide analgesia with minimal respiratory depression. Caution must be
exercised when titrating additional iv sedation, as deep sedation may
occur.

Two studies have characterized the morbidity and mortality associated
with sedation and general anesthesia in the office setting (42,43). A closed-
claim analysis of anesthetic related deaths and permanent injuries reviewed
13 cases between 1974 and 1989 (42). A disproportionate number of pa-
tients were over the age of 35. The majority were classified as ASA 2 or 3
with multiple co-existing comorbidities including obesity, cardiac disorder
(mitral valve disease, uncontrolled cardiac symptoms, hypertensive cardiac
disease with cardiomegaly), heavy smoking, epilepsy, and chronic obstruc-
tive pulmonary disease (COPD). Use of multiple sedative agents was common.
No patients were monitored by a physician anesthesiologist. Intra-operative
monitoring revealed a common lack of vigilance. Four patients had no moni-
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Table 3
Common Cardiology Procedures that Require Sedation Analgesia

Cardioversions

Permanent pacemaker insertion

Electrophysiology testing

Radiofrequency catheter ablation

Automatic implantable cardioverter-defibrillator (AICD) placement
Cardiac catheterization

Percutaneous transluminal coronary angioplasty

Transesophageal echocardiography

toring, and in three instances, blood pressure and ECG monitoring was avail-
able, but only used when an emergency was identified. The main cause of
morbid events was hypoxia secondary to airway obstruction or respiratory
depression. All patients died except one, who suffered severe brain damage.
Ten of 13 cases were considered avoidable, either by improved patient selec-
tion or intraprocedure monitoring.

One year later, Krippachne and Montgomery published their review of
morbidity and mortality associated with 43 cases obtained from nine state
dental boards (43). The majority of morbidity and mortality occurred in
young (mean age 18) healthy (75% ASA 1) patients who received multiple
sedative agents with limited monitoring and resuscitative efforts. In these
cases, deficiencies in patient management surrounding underused monitor-
ing and resuscitation efforts, rather than poor patient selection, may have
led to the undesirable outcomes.

Airway obstruction is a genuine hazard in oral surgery and sedation. Vari-
ous dental devices occupy the airway, and manipulation of the tongue can
lead to swelling. Blood, secretions, and foreign bodies can be aspirated, lead-
ing to oxygen desaturation.

6. CARDIOLOGY

Numerous cardiac procedures are performed under sedation analgesia
(Table 3) and vary in the sedation depth required for a successful examina-
tion. Local anesthesia is commonly used to reduce the pain associated with
insertion of cannulas and instruments.

It is common for patients to have serious co-existing medical conditions
in addition to their cardiac disease. A cardiac pre-procedural medical review
should include assessment of the ECG, left ventricular function, history of
angina, peripheral vascular disease, respiratory status, renal/hepatic func-
tion, fluid status, and chronic medications. Medications required for control
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of dysrhythmias, angina, and hypertension should be continued until the time
of the procedure.

Diagnostic electrophysiologic studies, pacemaker implantation, cardiac
catheterization, and transesophageal echocardiography (TEE) usually require
levels of sedation defined as anxiolysis or moderate (sedation analgesia).
Deep sedation is rarely, if ever, required (44). This statement is based on
how deep sedation is defined. The North American Society of Pacing and
Electrophysiology (NASPE) Expert Consensus Document on the use of
sedation analgesia by nonanesthesia personnel defines a single category for
light (anxiolysis), three subcategories of moderate sedation, and single cat-
egories for deep sedation, and general anesthesia (44) (Table 4). Advanced
sleep is defined as absent response to verbal stimuli, limited response to
physical stimuli, present to limited maintenance of a patent airway, and lim-
ited respiratory function for a total SED score of 3—4. Deep sedation is de-
fined as absent response to physical stimuli, in addition to absent response
to verbal stimuli, and absent to limited patent airway and respiratory func-
tion, for a total SED score of 0-2. The Society further states that deep seda-
tion requires the presence of an anesthesiologist or nurse anesthetist.
However, the consensus by the JCAHO and American Society of Anesthe-
siologists (ASA) defines deep sedation to include a response to a vigorous
physical stimulus, which by strict interpretation of the NASPE document
would be equivalent to advance sleep. The Society recommends cardiover-
sion, radiofrequency (RF) catheter ablation, and automatic implantable
cardioverter-defibrillator (AICD) placement be performed under advanced
sleep. But is this really deep sedation, and according to the consensus state-
ment, would it require the presence of an anesthesiologist? These examples
underscore the importance of universally accepted sedation definitions and
rating scales. This would eliminate confusing interpretations of subtle defi-
nitions and should result in appropriate monitoring for any given sedation
level.

Published experience with the safety and cost-effectiveness of anesthesia
delivered by non-anesthesiologists must be interpreted with caution prior to
adoption of the practice. Tobin et al. reported on 1,473 consecutive elective
cardioversions performed between 1993 and 1995 (45). Methohexital was
administered as needed to achieve an asleep and sluggish or unresponsive
patient (Ramsey score 5 or 6). The authors concluded that the practice is
safe and results in considerable cost savings. However, the sedation analge-
sia team consisted of one cardiology fellow, one attending cardiac electro-
physiologist, and two registered nurses. Physicians had on-the-job training
in airway management and formal training in iv sedation analgesia tech-
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niques. Registered nurses completed a formal competency-based education
program that was formally reassessed on an annual basis. Practical skills
were acquired by on-the-job supervised training. It is possible that many
cardiac sedation teams do not have a similar rigorous training program to
acquire this level of educational and clinical skills. The complication rate
was 0.7% (10/1,473). There were no deaths; however, 30% of patients with
complications required endotracheal intubation by an anesthesiologist. The
authors emphasized that the availability of emergency anesthesia back-up
should be a prerequisite for the administration of general anesthesia by non-
anesthesiologists. It is debatable whether this practice is safe, despite the
cost savings. What is the acceptable, possibly life-threatening complication
rate from sedation for an elective procedure? In my opinion, it should be as
close to zero as possible. This is most likely to be achieved when general
anesthesia is administered by anesthesiologists. It is currently recognized
that deep sedation is required for patient comfort and satisfactory comple-
tion of the examination for many cardiac procedures. Currently, most
institutions have created credentialing requirements for the practice of
moderate and deep sedation by non-anesthesiologists. Staff should agree
upon and meet these deep sedation requirements if patients are intention-
ally rendered responsive only to a deep physical stimulus. Patients who are
intentionally rendered under general anesthesia should be managed by an
anesthesiologist.

Historically, radiofrequency (RF) catheter ablation and AICD placement
were primarily completed with the patient under general anesthesia man-
aged by an anesthesiologist. Reports of successful RF ablation and AICD
implantation with patients under moderate to deep sedation managed by non-
anesthesiologists have changed this practice (46). Indications for RF cath-
eter ablation are listed in Table 5. This procedure may take an indefinite
period of time. Physical sensations experienced by patients range from mod-
erate to severe pain. Back pain may result from lengthy immobilization. RF
energy application has been experienced as mild chest discomfort to severe
pain (47). Anticipation of the need for general anesthesia in some patients
should be part of the preassessment. A review of the electrophysiologic
effects of commonly used sedative and analgesic agents has been reviewed;
however, the clinical importance appears to be negligible (47). Recent
developments in transvenous placement of AICD devices along with place-
ment of the pulse generator in the pectoral region have resulted in successful
placement under local anesthesia and moderate sedation. However, patients
experience discomfort during defibrillation threshold testing, when multiple
discharges are delivered. During these periods, deep sedation and possibly
general anesthesia are necessary for patient comfort (48).
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Table 5
Indications for RF Ablation

Paroxysmal supraventricular tachycardia
AV nodal reentrant tachycardia
Accessory pathway tachycardia
Atrial tachycardia

Atrial flutter

Atrial fibrillation*

Ventricular tachycardia
Bundle branch reentrant tachycardia
Monomorphic idiopathic tachycardia
Monomorphic tachycardia from CAD

CAD, coronary artery disease.

*May require AV nodal ablation for control.

Reproduced with permission from ref. (47): Rodeman, B. J. (1997) Conscious sedation
during electrophysiology testing and radiofrequency catheter ablation. Critical Care Nursing
Clinics of North America 9(3), 313-324.

7. AMBULATORY CENTERS

Cost containment, efficiency in patient management, and a desire for
increased control have contributed to the success of ambulatory surgicenters
and office-based practice. However, patient assessment and care standards
expected by the JCAHO are identical to those expected of a traditional oper-
ating room setting and anesthesiologists, surgeons, and nurses. Appropri-
ately credentialed staff and required emergency resuscitation equipment and
plan for back-up help is expected. Adequate intraprocedure monitoring and
an acceptable recovery area with appropriate discharge criteria are required.

Patient selection is one of the components of a successful operation. Sev-
eral societies that represent specialists who engage in practice in these settings
suggest that only physical status ASA 1 or 2 patients should be managed in the
office setting (50-52). Heart rate and mean arterial pressure increased by 3.9%
and 4.7%, respectively, in patients undergoing a procedure under local anes-
thesia. Patients with a history of pre-existing hypertension or cardiovascular
disease exhibited increases of 12.0% and 21.4%, and 25.0% and 75.0%,
respectively (50). The psychological perspective of the patient should also be
considered. Patients should be motivated to have a procedure performed while
they are sleepy but responsive, and should understand that the overall experi-
ence is different from that expected under major anesthesia.

Intended deep sedation is discouraged and recommended by some to be
administered only by an anesthesiologist or nurse anesthetist under the direction
of an anesthesiologist (57 ). The objective is to maintain adequate sedation with
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minimal risk. A review of 100,000 anesthetic cases showed that those performed
under conscious sedation had the highest mortality rate (209/10,000) compared
to those performed under general (36/10,000 inhalational with narcotic) or ma-
jor regional anesthesia (146/10,000 spinal and 112/10,000 epidural) (53). The
Federated Ambulatory Surgery Association (FASA) surveyed over 87,000 cases
completed among 40 freestanding surgicenters, and found that those performed
under local anesthesia with sedation had the highest complication rate com-
pared to those managed with local only, general, or major regional anesthesia
(50). Overall, the majority of adverse outcomes associated with sedation anal-
gesia are cardiorespiratory, and this is also true for the ambulatory setting.
Another review of 700 incidences of moderate sedation revealed a 28% inci-
dence of significant transient hypoxemia (SaO, <90%) (50).

Sedation analgesia can be safely performed in the ambulatory setting.
However, careful patient selection, skilled personnel, appropriate monitor-
ing during and after the procedure, and acceptable discharge criteria are
required to optimize the outcome and patient satisfaction.
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Pharmacology of Sedative Agents

Joseph D. Tobias, MmD

1. INTRODUCTION

Over the years, various pharmacologic agents have been developed to pro-
vide sedation, anxiolysis, and amnesia. These agents have been used both as
therapeutic agents (barbiturates to control intracranial pressure, propofol to
treat refractory status epilepticus) and to provide sedation, anxiolysis, and
amnesia in various clinical scenarios. In the setting of diagnostic and thera-
peutic procedures, these agents usually are used to induce amnesia and to
provide a motionless patient, which may be required to facilitate a procedure
or achieve an accurate radiologic examination. When used during invasive
and/or diagnostic procedures, although these agents provide amnesia,
anxiolysis, and sedation, most—except for ketamine—possess limited intrin-
sic analgesic properties and therefore are often combined with an opioid if
analgesia is required (see Chapter 7). Although the majority of patients ex-
perience few and mild cardiorespiratory effects, these agents can be potent
respiratory depressants and may have adverse effects on cardiovascular func-
tion. Therefore, these agents should be administered only by those who are
well-acquainted with their use and pharmacologic properties and only in a
controlled, monitored setting (see Chapter 8). This chapter reviews the more
commonly used sedative agents, including propofol, ketamine, the barbitu-
rates, the benzodiazepines, nitrous oxide, and chloral hydrate.

2. SPECIFIC AGENTS
2.1. Propofol

Propofol is an intravenous (iv) anesthetic agent of the alkyl phenol group.
Because of its insolubility in water, it is commercially available in an egg
lecithin emulsion as a 1% (10 mg/mL) solution. Its chemical structure is
distinct from that of the barbiturates and other commonly used anesthetic
induction agents (/). Like the barbiturates, its mechanism of action involves
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an interaction with the gamma-aminobutyric acid (GABA) receptor system;
increasing the duration of time that the GAB A molecule occupies the recep-
tor. This results in increased chloride conductance across the cell membrane.
Propofol is a sedative/amnestic agent and possesses no analgesic properties.
Therefore, it should be combined with an opioid when analgesia is required.

The anesthetic induction dose of propofol in healthy adults ranges from
1.5 to 3 mg/kg with recommended maintenance infusion rates of 50 to 200
mcg/kg/min, depending on the depth of sedation that is required. Following
iv administration, propofol is rapidly cleared from the central compartment
and undergoes hepatic metabolism to inactive water-soluble metabolites,
which are then renally cleared. Propofol’s clearance rate exceeds that of
hepatic blood flow, suggesting an extrahepatic route of elimination.
Propofol’s rapid clearance and metabolism account for its beneficial prop-
erty of rapid awakening when the infusion is discontinued. There is no evi-
dence to suggest altered clearance in patients with hepatic or renal dysfunction.

Following its introduction into anesthesia practice, propofol’s pharmaco-
dynamic profile—including a rapid onset, rapid recovery time, and lack of
active metabolites—eventually led to its evaluation as an agent for intensive
care unit (ICU) sedation (2,3), as well as for procedures outside of the oper-
ating room. When compared with midazolam for sedation in adult ICU
patients, propofol resulted in shorter recovery times, improved titration effi-
ciency, reduced post-hypnotic obtundation, and more rapid weaning from
mechanical ventilation (4). Lebovic et al. demonstrated the beneficial prop-
erties of propofol for sedation during cardiac catheterization in children (35).
Children received an initial dose of fentanyl (1 mcg/kg) followed by incre-
mental bolus doses of propofol (0.5 mg/kg) until the appropriate level of
sedation was achieved. Once an adequate level of sedation was achieved, a
propofol infusion was started with the hourly rate equivalent to 3 times the
induction dose. When compared with a group who received ketamine, the
authors noted significantly less time to full recovery with propofol (24 + 19 min
vs 139 £ 87 min, p < 0.001).

In addition to its favorable properties with regard to sedation and recovery
times, propofol has beneficial effects on central nervous system (CNS)
dynamics including a decreased cerebral metabolic rate for oxygen (CMRO,),
cerebral vasoconstriction, and lowering of intracranial pressure (ICP) (6). The
latter effect is much the same as that seen with the barbiturates and etomidate.
These CNS effects suggest that propofol may be an effective and beneficial
agent for sedation in patients with altered intracranial compliance, provided
that ventilation is monitored and controlled when necessary to prevent
increases in P,CO, related to the respiratory depressant properties of propofol.
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The preliminary laboratory and clinical experience with propofol have
demonstrated its possible therapeutic role in regulating CNS dynamics and
controlling ICP. Nimkoff et al. evaluated the effects of propofol, metho-
hexital, and ketamine on cerebral perfusion pressure (CPP) and ICP in a
feline model of cytotoxic and vasogenic cerebral edema (7). Vasogenic
cerebral edema was induced by inflation of an intracranial balloon. Cyto-
toxic cerebral edema was induced by an acute reduction in blood osmolarity
using hemofiltration. Propofol lowered ICP and maintained CPP in vaso-
genic cerebral edema, but had no effect in cytotoxic cerebral edema. The
authors theorized that the loss of autoregulatory function with diffuse cyto-
toxic edema uncoupled CMRO, from cerebral blood flow (CBF) and thereby
eliminated propofol’s efficacy.

Watts et al. evaluated the effects of propofol and hyperventilation on ICP
and somatosensory evoked potentials (SEPs) in a rabbit model of intracra-
nial hypertension (8). Following inflation of an intracranial balloon to
increase the ICP to 26 = 2 mmHg and produce a = 50% reduction in SEPs,
the animals were randomized to: group 1 (propofol followed by hyperventi-
lation) or group 2 (hyperventilation followed by propofol). The ICP decrease
was significantly greater in group 1 (final ICP: 12+2 mmHg vs 16 + 5 mmHg,
p =0.008). When comparing propofol with hyperventilation, propofol resulted
in a greater ICP decrease: 16 £ 2 mmHg with propofol vs 21 + 5 mmHg with
hyperventilation, p = 0.007). When propofol was administered first, there
was a significant increase in the amplitude of the SEPs. The mean arterial
pressure (MAP) was maintained at baseline levels by the infusion of phe-
nylephrine. More phenylephrine (p < 0.02) was required to maintain the
MAP with propofol than with hyperventilation.

Despite these encouraging animal studies, the review of the literature con-
cerning propofol in humans provides somewhat contrasting results. Although
several studies demonstrate a decrease in ICP, propofol’s cardiovascular
effects with a lowering of the MAP can result in a decrease in the CPP.
Without the maintenance of MAP, a decrease occurs in CPP that may lead to
reflex cerebral vasodilation to maintain CBF, which may result in an in-
crease in ICP and negate the decrease in ICP induced by propofol.

Herregods et al. evaluated the effects of a propofol bolus (2 mg/kg
administered over 90 s) on ICP and MAP in six adults with an ICP greater
than 25 mmHg following traumatic brain injury (9). The mean ICP decreased
from 25 =3 to 11 £ 4 mmHg (p < 0.05). However, there was a decrease in
the MAP and consequently a decrease in the CPP from 92 = 8 mmHg to a
low of 50 + 7 mmHg. The CPP was less than 50 mmHg in four of six patients.
No vasoconstrictor agent was administered to maintain the MAP.
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Similar results were obtained by Pinaud et al. during their evaluation of
the effects of propofol on CBF, ICP, CPP, and cerebral arteriovenous oxy-
gen content difference in 10 adults with traumatic brain injury (/0). Although
propofol decreased ICP (11.3 2.6 to 9.2 + 2.5 mmHg, p < 0.001), there
was also a decrease in MAP, which resulted in an overall decrease in CPP
from 82 + 14 to 59 + 7 mmHg, p < 0.01. Other investigators in patients with
traumatic brain injury (//) or during cerebral aneurysm surgery (/2) have
noted similar effects of propofol on ICP and MAP with an overall lowering
of CPP caused by the greater decrease in MAP than ICP.

Farling et al. reported their experience with propofol for sedation in 10
adult patients with closed head injuries (/3). Propofol was administered as a
continuous infusion of 2—4 mg/kg/h for 24 h. Additional therapy for increased
ICP included mannitol and hyperventilation. The mean rate of propofol infu-
sion was 2.88 mg/kg/h. There was a statistically significant decrease in the
mean ICP of 2.1 mmHg from baseline achieved at 2 h following the start of
the propofol infusion. No decrease in MAP was noted. The CPP increased
during the 24-h study period, and the difference was statistically significant
at the 24-h point (CPP increase of 9.8 mmHg, p = 0.028). The authors con-
cluded that propofol was a suitable agent for sedation in head-injury patients
who required mechanical ventilation.

Spitzfadden et al. reported their experience with the use of propofol to pro-
vide sedation and control ICP in two adolescents (/4). Dopamine was used to
maintain MAP and CPP. Propofol resulted in adequate sedation and control of
ICP. When compared with barbiturates, the usual time-honored therapy for
pharmacologic control of ICP, the authors suggested that a significant advan-
tage of propofol was a much more rapid awakening. The latter effect may be
most evident following prolonged (>48 h) administration of barbiturates.

Further study will be required to fully evaluate the role of propofol in
controlling ICP. With control of MAP, the initial clinical and laboratory
evidence suggests that propofol can be used to decrease CMRO,, CBF, and
ICP. Additional benefits of propofol in patients with altered intracranial
compliance include maintenance of CBF autoregulation in response to
changes in MAP and P,CO, as well as preliminary evidence that suggests a
possible protective effect of propofol during periods of cerebral hypoperfu-
sion and ischemia (15,16). These latter effects are similar to those reported
with the use of barbiturates (/7). It is postulated that the neuroprotective
effects may result from alterations in CMRO, or propofol’s antioxidant prop-
erties related to its phenol ring structure.

Following its increased use both in and outside of the operating room,
certain adverse effects have been reported with propofol (Table 1). Propo-
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Table 1
Adverse Effects Reported with Propofol

Hypotension

Negative inotropic effects

Vasodilation

Bradycardia, asystole
Neurologic sequelae

Opisthotonic posturing

Seizure-like activity

Myoclonus
Respiratory depression, apnea
Anaphylactoid reactions
Metabolic acidosis and cardiac failure (with prolonged

administration in the pediatric population)

Pain on injection
Bacterial contamination of solution
Hyperlipidemia
Hypercarbia

fol’s cardiovascular effects are similar to those of the barbiturates, including
an overall lowering of the MAP related to both peripheral vasodilation and
negative inotropic properties (/8). Propofol also alters the baroreflex responses,
thereby resulting in a smaller increase in heart rate for a given decrease in
blood pressure. These cardiovascular effects are especially pronounced fol-
lowing bolus administration. Although generally well-tolerated by patients
with adequate cardiovascular function, these effects may result in detrimen-
tal physiologic effects in patients with compromised cardiovascular func-
tion. Tritapepe et al. have demonstrated that the administration of calcium
chloride (10 mg/kg) prevented the deleterious cardiovascular effects of
propofol during anesthetic induction in patients undergoing coronary artery
bypass grafting (19).

In addition to the negative inotropic properties, central vagal tone may be
augmented, leading to bradycardia (20) or asystole when combined with
other medications known to alter cardiac chronotropic function (fentanyl,
succinylcholine) (21). Although the relative bradycardia is generally con-
sidered a beneficial effect in patients at risk for myocardial ischemia, it may
be detrimental in patients with fixed stroke volumes whose cardiac output is
heart-rate-dependent.

Unusual neurologic manifestations including opisthotonic posturing,
myoclonic movements (especially in children), and seizure-like activity have
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been reported with propofol administration (22—25). Although some of the
initial reports suggested actual seizure activity, these concerns have most
likely been overemphasized, since no electroencephalographic evidence of
seizure activity has been documented during the abnormal movements seen
with propofol administration. Additionally, propofol is considered a valu-
able agent in the treatment of patients with refractory status epilepticus that
is unresponsive to conventional therapy (26).

Although many studies have examined the cardiovascular effects of
propofol, the respiratory-depressant effects of propofol should not be over-
looked. Although propofol has become a popular agent for deep sedation in
the spontaneously breathing patient, reports demonstrate a relatively high
incidence of respiratory effects including hypoventilation, upper airway
obstruction, and apnea (27). As with any sedative agent, some degree of
hypoventilation is likely to occur in all patients breathing spontaneously.
These effects may be detrimental related to the alterations in P,CO, and its
obvious deleterious effects on CBF, ICP, and CPP. Despite these potential
deleterious effects on respiratory function, recent laboratory and clinical
studies suggest that propofol may be advantageous when instrumenting the
airway of patients with reactive airway disease. In an animal model, Chih-
Chung et al. demonstrated that propofol attenuates carbachol-induced air-
way constriction (28). The mechanism involves a decrease in intracellular
inositol phosphate accumulation, thereby limiting intracellular calcium
availability. The latter results from a decrease in calcium release from intra-
cellular stores as well as a decrease in transmembrane movement.

In children, a significant issue with the prolonged use of propofol—such
as ongoing sedation in the pediatric ICU setting—are reports of unexplained
metabolic acidosis, brady-dysrhythmias, and fatal cardiac failure (29,30).
The initial report of Parke et al. published in 1992 included five children
with respiratory infections and respiratory failure who received prolonged
propofol infusions, although in higher than usual doses (up to 13.6 mg/kg/h).
Other anecdotal reports subsequently appeared, followed by a review by
Bray examining the reports from the medical literature of 18 children with
suspected propofol infusion syndrome (37). Risk factors for the syndrome
identified by Bray included propofol administration for more than 48 h or
doses greater than 4 mg/kg/h. However, several children received doses
greater than 4 mg/kg/h for longer than 48 h, suggesting that factors other
than dose and duration are necessary for development of the syndrome.
Other associated factors included age; 13 of the 18 patients were 4 yr of age
or younger, and only 1 of 18 was more than 10 yr of age. Since the review of
Bray et al, the syndrome has been reported in a 17-yr-old patient (32). As
suggested by the initial report of Parke et al., there may be an association of
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an respiratory tract infection in the etiology of the syndrome, as 82% of the
reported cases have been in children with such infections. In addition to the
cardiovascular manifestations, other features have included metabolic aci-
dosis, lipemic serum, hepatomegaly, and muscle involvement with rhabdo-
myolysis (32). Suggestions for treatment include discontinuation of the
propofol followed by symptomatic treatment of the cardiovascular dysfunc-
tion. In patients with rhabdomyolysis and renal failure, hemodialysis has
been used. Although hemodialysis has been effective in the management of
these patients, it is yet to be determined whether its only effect is in the
management of the renal dysfunction, or whether it may also have a thera-
peutic effect through the removal of a suspected toxic metabolite. Until fur-
ther data are available, caution is suggested with the administration of
propofol by continuous infusion in the pediatric ICU patient less than 10-12 yr
in doses exceeding 4 mg/kg/h or for longer than 48 h. However, because of
the previously described beneficial properties, propofol may have a role in
providing short-term sedation in younger patients and for more prolonged
use in older patients.

Additional problems with propofol relate to its delivery in a lipid emul-
sion. The latter is the same lipid preparation as that used in parenteral
hyperalimentation. There have been rare reports of anaphylactoid reactions
(33). These may be more likely in patients with a history of egg allergy. Pain
occurs with propofol administration through a peripheral infusion site. Vari-
able success in decreasing the incidence of pain has been reported with vari-
ous maneuvers, including the preadministration of lidocaine, pretreatment
with thiopental, mixing the lidocaine and propofol in a single solution, di-
luting the concentration of the propofol, or cooling it prior to bolus adminis-
tration (34,35). Another alternative is the administration of a small dose of
ketamine (0.5 mg/kg) prior to the administration of propofol (36). Since
propofol has limited analgesic properties, ketamine and propofol can be ad-
ministered together to take advantage of the analgesia provided by ketamine
and the rapid recovery with propofol. This combination can be used for brief
invasive procedures or for ICU sedation. For these purposes, ketamine can
be added to the propofol solution to produce a mixture containing 3—5 mg/
mL ketamine and 10 mg/mL propofol. For brief procedures, incremental
doses of 0.1 mL/kg can be administered, resulting in the delivery of 0.3-0.5
mg/kg of ketamine and 1 mg/kg of propofol.

Unlike many other medications, the initial formulation of propofol did
not contain preservatives. Laboratory investigation has demonstrated that
the lipid emulsion is a suitable culture medium for bacteria (37). Systemic
bacteremia and postoperative wound infections have been linked to extrinsically
contaminated propofol (38). A modification of the initial preparation by
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AstraZeneca Pharmaceuticals, manufacturer of propofol, included the addi-
tion of ethylenediaminetetraacetic acid (EDTA) as a preservative, which
may limit the risk of bacterial contamination and growth. Recently, another
preparation of propofol, manufactured by Baxter Pharmaceuticals, has been
released for clinical use. This latter preparation contains sodium metabisul-
fite as a preservative. There remains some controversy over the possible
association of sodium metabisulfite with allergic reactions, especially in
patients with asthma and other atopic conditions. Despite the recent changes,
meticulous aseptic technique is required when using propofol. Opened but
unused vials should be disposed of promptly and not saved for later use.
When used by continuous infusion for ICU sedation, the vial and tubing
should be changed every 12 h.

Additional problems related to the high lipid content of the solution have
included hypertriglyceridemia (39). A case report suggests the anecdotal
association of high-dose propofol infusion with an increasing PaCO, during
prolonged mechanical ventilation in the ICU setting (40). The latter report
describes a patient that required up to 200 mcg/kg/min of propofol to main-
tain an adequate level of sedation. This resulted in a total caloric intake of
4500 calories/d (53% from the lipid in the propofol diluent). The PaCO,
increased from 67 mmHg to a maximum value of 78 mmHg, despite increas-
ing the minute ventilation from 11 to 13 L/min. The lipid content of propofol
should be taken into consideration when calculating the patient’s daily caloric
intake. A propofol infusion of 2 mg/kg/h provides roughly 0.5 gm/kg/d of fat.
Possible solutions to these problems include the potential production of a
2% solution to limit the total lipid administration.

2.2. Ketamine

Ketamine is a sedative/analgesic agent that is structurally related to phen-
cyclidine. It was introduced into clinical practice in the 1960s (47). A unique
feature of ketamine, which makes it particularly attractive for sedation dur-
ing procedures, is the provision of both amnesia and analgesia. Its molecu-
lar structure contains a chiral center at the C, carbon of the cyclohexanone
ring, resulting in both a (+) and (-) enantiomer. Ketamine’s anesthetic/anal-
gesic properties result from its interactions with the limbic/thalamic sys-
tems, resulting in what has been termed dissociative anesthesia. Additional
postulated sites/mechanisms of action include the NMDA receptor as well
as subgroups of opioid receptors.

Commercially available ketamine is a racemic mixture of these two opti-
cal (+,-) isomers. It is available in three different concentrations, including
1% (10 mg/mL), 5% (50 mg/mL), and 10% (100 mg/mL). Preliminary data
suggests that the (+) isomer may possess some clinical advantages, includ-



Pharmacology of Sedative Agents 133

ing a more potent anesthetic/analgesic effect with a more limited duration of
action allowing for a more rapid awakening and a more rapid return to nor-
mal cognitive function (42).

Metabolism occurs primarily by hepatic N-methylation to various metabo-
lites, including norketamine, which is further metabolized via hydroxylation
pathways with subsequent urinary excretion. Norketamine retains roughly
one-third of the analgesic and sedative properties of the parent compound.
Bioavailability is 100% following iv/intramuscular administration. How-
ever, the bioavailability is markedly decreased with oral or rectal adminis-
tration because of limited absorption and a high degree of first-pass
metabolism. Higher concentrations of norketamine are noted following oral/
rectal administration because of the greater degree of first-pass hepatic metabo-
lism and may account for a significant part of the anesthetic effect following
oral/rectal administration. As ketamine is primarily dependent on hepatic
metabolism, doses should be reduced in patients with hepatic dysfunction.

The beneficial properties of ketamine include preservation of cardiovas-
cular function and limited effects on respiratory mechanics. These proper-
ties make it an effective agent for the provision of amnesia and analgesia
during painful, invasive procedures while allowing the maintenance of spon-
taneous respiratory function (43).

In the majority of clinical scenarios, ketamine results in a dose-related
increase in heart rate and blood pressure, which are mediated through the
sympathetic nervous system response with the release of endogenous catechola-
mines (44,45). In most clinical circumstances, ketamine results in increased
heart rate and blood pressure, which can increase myocardial oxygen con-
sumption. These effects can alter the balance between myocardial oxygen
demand and delivery, inducing ischemia in patients with ischemic heart dis-
ease. The hypertension and tachycardia that occur with ketamine administra-
tion can be decreased by the administration of ketamine with a benzodiazepine,
a barbiturate, propofol, or synthetic opioids (fentanyl or sufentanil).
Ketamine’s indirect sympathomimetic effects generally overshadow its
direct negative inotropic properties. However, hypotension may occur in
patients with diminished myocardial contractility (46,47). In these patients,
it is postulated that ketamine’s direct negative inotropic properties predomi-
nate because the endogenous catecholamine stores have been depleted.

Although somewhat controversial, ketamine may adversely effect pul-
monary vascular resistance (PVR), and should be used with caution in adults
with diminished right ventricular function or altered PVR. This issue remains
controversial, as varying results have been reported in the literature, espe-
cially when considering both adult and pediatric patients. The initial studies
were performed during spontaneous ventilation, and the alterations in PVR
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may have been related to increases in PaCO, and not the direct effects of
ketamine on the pulmonary vasculature. Following ketamine administration
to infants with congenital heart disease during spontaneous ventilation,
Morray et al. noted statistically significant increases in pulmonary artery
pressure (from a mean of 20.6 mmHg to 22.8 mmHg) and increases in PVR
(48). In contrast, Hickey et al. found no change in PVR in intubated infants
with minimal ventilatory support (4 breaths/min and an F,0, of 0.4) (49).
The latter study included 14 patients—7 with normal and 7 with elevated
baseline PVR. Pending further investigations, ketamine should be used cau-
tiously in patients with pulmonary hypertension, especially during spontaneous
ventilation. However, the available literature in children with cyanotic and non-
cyanotic congenital heart disease continues to show beneficial effects of
ketamine on overall cardiovascular performance and oxygen saturation (50).

One significant advantage of ketamine over many other sedative/analgesic
agents is its lack of significant effects on respiratory function. Functional
residual capacity, minute ventilation, and tidal volume remain unchanged
following ketamine administration (57 ), while other investigators have dem-
onstrated improved pulmonary compliance, decreased resistance, and pre-
vention of bronchospasm (52). These effects on respiratory mechanics have
been partially attributed to effects from the release of endogenous catechola-
mines (53). Although minute ventilation is generally maintained, elevations
of P,CO, and a rightward shift of the CO, response curve have been reported
(54), and there remains controversy concerning ketamine’s effects on pro-
tective airway reflexes. Although clinical use and experimental studies sug-
gest that airway reflexes are maintained, aspiration and laryngospasm have
been reported following ketamine in spontaneously breathing patients with-
out a protected airway (55). In higher doses or in severely compromised
patients, ketamine can cause apnea, proving again that all sedative/analge-
sic agents, especially when administered to critically ill patients, should be
administered only in a controlled environment with appropriate monitoring.
An additional effect that may influence airway patency is increased oral
secretions. The concomitant administration of an anti-sialogogue such as
atropine or glycopyrrolate is recommended. Ketamine increases salivary and
bronchial gland secretion through stimulation of central cholinergic recep-
tors. Ketamine increases CBF/ICP, and should be avoided in patients with
altered intracranial compliance (56,57). The effects on ICP are the result of
direct cerebral vasodilatation, mediated through central cholinergic recep-
tors. They are not secondary to alterations in the CMRO, or changes in
PaCO, (58,59).

Perhaps the most well-known adverse effect related to ketamine is the
occurrence of emergence phenomena or hallucinations. Emergence phe-
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nomena are dose-related, occurring more commonly in adolescents and
adult patients. Their incidence can be decreased by the pre- or concomitant
administration of a barbiturate, propofol, or benzodiazepine (60). It is pos-
tulated that emergence phenomena result from the alteration of auditory
and visual relays in the inferior colliculus and the medical geniculate
nucleus, leading to the misinterpretation of visual and auditory stimuli (60).
The administration of a benzodiazepine (lorazepam or midazolam) 5 min
prior to the administration of ketamine is generally effective in preventing
emergence phenomena, and may allow for the use of ketamine even in older
patients. The combined use of propofol and ketamine has been previously
discussed.

Another option with ketamine is to use non-intravenous routes of deliv-
ery. Intramuscular (im) administration in doses of 3—4 mg/kg can be used in
uncooperative patients who lack venous access. Although the bioavailability
of im administration is 100%, the onset of action will be delayed, requiring
10-15 min to achieve a peak effect. Alternatively, in the pediatric popula-
tion, both intranasal and rectal administration of ketamine have been
reported for premedication for the operating room (617 ), and oral administra-
tion has been reported for sedation/analgesia during bone marrow aspiration
and for the suturing of lacerations in the emergency room setting (62,63).
When the non-parenteral routes are used, larger doses of 6-10 mg/kg are
required, since the bioavailability is only 10-20%.

Although it is most often administered in intermittent bolus doses, there
are limited reported clinical experiences with the use of ketamine for seda-
tion of the ICU patient. Tobias et al. reported their anecdotal experience
with the use of ketamine infusions for sedation in five pediatric ICU patients
(64). Four of the patients had experienced adverse cardiorespiratory effects
following the administration of benzodiazepines and/or opioids. Hartvig et
al. used a ketamine infusion to provide sedation and analgesia following
cardiac surgery in 10 infants and children ranging in age from 1 wk to 30 mo
(65). A continuous infusion of ketamine in a dose of 1 mg/kg/h was admin-
istered to five of the patients, and the other five received 2 mg/kg/h. Both
groups received intermittent, as-needed doses of midazolam. The mean
plasma clearance of ketamine was 0.94 = 0.22 L/kg/h with an elimination
half-life of 3.1 £ 1.6 h. Norketamine demonstrated an elimination half-life
of 6.0 = 1.8 h. Both ketamine infusion rates provided similar and acceptable
levels of sedation.

2.3. Etomidate

Etomidate is a carboxylated, imidazole-containing iv anesthetic agent that
was first synthesized in 1964 and introduced into clinical anesthesia prac-
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tice in 1972. Since the aqueous solution of etomidate is unstable at physi-
ologic pH, it is available in a 0.2% (20 mg/mL) solution with 35% propy-
lene glycol. The pH of 6.9 of this solution and the carrier vehicle—propylene
glycol—account for the high incidence of pain and the development of
thrombophlebitis with administration through peripheral iv sites. Although
the propylene glycol is not an issue with single, short-term administration,
toxicity from the carrier vehicle has been reported following long-term infu-
sions (66).

Like the barbiturates, propofol, and benzodiazepines, it is postulated that
etomidate provides its anesthetic effects by interactions with the GABA system
and alterations of chloride conductance across the cell membrane (67). Unlike
the barbiturates and propofol, etomidate has little effect on cardiovascular per-
formance, even in patients with altered myocardial contractility (68,69).

Anesthetic induction doses ranging from 0.2-0.4 mg/kg provide a rapid
onset of amnesia and sedation with a rapid emergence time following a
single bolus dose. Following iv administration, etomidate undergoes ester
hydrolysis by the liver with the formation of inactive water-soluble metabo-
lites. The elimination half-life is prolonged in the setting of hepatic dysfunc-
tion. As etomidate possesses limited analgesic properties, it may not
effectively blunt the hemodynamic response to endotracheal intubation in
patients with normal cardiovascular function. Co-administration of an opioid
such as fentanyl may provide a more stable hemodynamic profile.

Like the barbiturates and propofol, etomidate decreases the CMRO,, result-
ing in cerebral vasoconstriction and a decrease in CBF and ICP. With its
limited effects on cardiovascular function, CPP is maintained, making it a
suitable induction agent for patients with altered myocardial contractility and
increased ICP. Etomidate produces EEG changes similar to that seen with the
barbiturates; however, it can also produce epileptic-like EEG potentials in
patients with underlying seizure disorders. These potentials are produced with-
out accompanying motor activity, making it a useful intra-operative agent to
identify seizure foci during seizure surgery. Etomidate has also been used to
treat status epilepticus (70).

To date, the vast majority of experience with etomidate centers around its
use as a single dose for the induction of anesthesia in adults. Kay noted a
rapid onset of anesthesia with etomidate and limited effects on cardiovascu-
lar function in 198 children ranging in age from 1 d to 15 yr (71). However,
no data is given concerning the cardiovascular status of these patients.
Tobias reported anecdotal experience with the use of etomidate for anes-
thetic induction in three children including a 33-mo-old with a dilated cardi-
omyopathy, a 9-yr-old trauma victim with hypovolemia and increased ICP,
and a 10-yr-old with aortic stenosis and respiratory failure (72).
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Because of its limited effects on cardiovascular function, there is a con-
tinuing interest in the use of etomidate for sedation during procedures out-
side of the operating room. Ford et al. compared incremental doses of
thiopental at 50 mg or etomidate at 4 mg for sedation during cardioversion
in 16 ASA (American Society of Anesthesiologists) class II or III adult
males, age 55-66 yr (73). Both drugs provided adequate levels of sedation.
No significant difference was noted in heart rate and blood pressure. There
was a statistically significant increase in respiratory rate with etomidate,
and a decrease in respiratory rate with thiopental, and recovery times were
similar. Mild myoclonus was noted with the use of etomidate.

Canessa et al. evaluated four anesthetic agents (thiopental 3 mg/kg,
etomidate 0.15 mg/kg, midazolam 0.15 mg/kg, and propofol 1.5 mg/kg)
during cardioversion in 45 adults (74). All patients received 1.5 mcg/kg of
fentanyl 3 min prior to the procedure. Etomidate produced mild pain on
injection and myoclonus, but was the only one of the four agents that did not
lower MAP. Propofol resulted in hypotension and a higher incidence of apnea.
The duration of effect was similar with propofol, thiopental, and etomidate,
but was prolonged with midazolam.

The information concerning the use of etomidate for sedation in children
is more limited. McDowall et al. compared etomidate, propofol, and
ketamine for sedation during procedures in pediatric oncology patients (75).
Ketamine was associated with vomiting (14.6%), agitation (15%), and tachy-
cardia (19.5%). Etomidate was associated with vomiting (9.9%) and agita-
tion (1.2%). Propofol resulted in hypoxemia in 15.7% of patients, which
was usually managed by the administration of supplemental oxygen, but
occasionally required bag-mask ventilation. Propofol resulted in a low inci-
dence of vomiting (0.5%) and agitation (1.2%). Behrens et al. reported their
experience with the use of etomidate for sedation during placement of per-
cutaneous endoscopic gastrostomies in 139 patients (76).

Etomidate has also been administered by the non-parenteral route.
Streissand et al. evaluated the possible use of etomidate as a premedicant
administered as a transmucosal lozenge in 10 adult volunteers (77). The
volunteers ingested transmucosal etomidate in doses of 25, 50, 75, and 100 mg
on four study days. The peak plasma concentration was achieved at 20-30 min.
Two volunteers experienced brief episodes of involuntary tremor after the
100-mg dose. Drowsiness and light sleep occurred in a dose-related manner.
The authors concluded that this preparation might be effective when brief,
mild to moderate sedation was needed.

Various adverse effects have been reported with etomidate (Table 2).
Those related to the carrier vehicle include pain on injection, thrombophle-
bitis, and propylene glycol toxicity. The latter was reported only with pro-
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Table 2
Adverse Effects Reported with Etomidate

Myoclonic movements

Nausea/vomiting

Pain on injection

Thrombophlebitis

Propylene glycol toxicity (with prolonged infusions)
Adrenal suppression (with prolonged infusions)

longed infusions. The most significant concern remains etomidate’s effect
on the endogenous production of corticosteroids. These effects limit its use
for prolonged sedation in the ICU setting (78). Etomidate inhibits the func-
tion of an enzyme system (11-beta hydroxylase), which is necessary for the
production of cortisol, aldosterone, and corticosterone. Although inhibition
is present after a single dose of etomidate (79), this effect is not believed to
be of clinical significance.

2.4. Barbiturates

The barbiturates are one of the oldest class of agents used in anesthesia
practice. They can be classified according to their duration of activity. Short-
acting agents include methohexital, thiopental, and thiamylal. Pentobarbital
is considered an intermediate-acting agent, and phenobarbital is considered
a long-acting agent. The short-acting agents have a duration of action of
5-10 min following a single bolus dose and are usually used by iv, bolus
administration for brief procedures such as the induction of anesthesia and
endotracheal intubation. When a more prolonged effect is needed, a con-
tinuous infusion may be used to maintain constant plasma levels. Thiopental
and thiamylal are thiobarbiturates, and methohexital is an oxybarbiturate.
Thiopental and thiamylal are commercially available as racemic mixtures of
the two optical isomers. The L-isomers of both drugs are twice as potent as
the D-isomers. Methohexital has two asymmetric centers, resulting in four
isomers. Since the beta isomers produce excessive motor activity, metho-
hexital is available as a mixture of the two alpha isomers. The three agents
are reconstituted with sterile saline to solutions of 1-2.5%. Induction doses
vary based on the potency of the agent. Methohexital is the most potent
(2.5-3 times that of thiopental) and thiopental is the least potent. Induction
doses are also higher in neonates and infants. Anesthetic induction doses for
thiopental vary from 3-5 mg/kg in healthy adults, 5-6 mg/kg in children, and
6—8 mg/kg in neonates and infants. The barbiturates undergo predominant
hepatic metabolism except for phenobarbital, which is also dependent on
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renal elimination. The rapid dissipation of anesthetic effect is not related to
hepatic metabolism, but rather redistribution from the central compartment.
During prolonged infusions, the peripheral compartments are saturated and
a prolonged effect is seen.

Beneficial physiologic effects of the barbiturates include a decrease of
the CMRO, with a reduction in CBF, cerebral vasoconstriction, and a
decrease in ICP. They produce varying dose-dependent degrees of EEG sup-
pression, and in sufficient does produce electrical silence. The barbiturates
are potent anticonvulsants, and may be used to treat status epilepticus that is
unresponsive to other agents. Although still controversial, it has also been
suggested that the barbiturates may provide some degree of cerebral protec-
tion during periods of cerebral hypoxia or hypoperfusion. This effect has
not been shown to occur if these agents are administered after the event. The
CNS properties of the barbiturates are much the same as those described for
the benzodiazepines, etomidate, and propofol.

As with many of the agents described, the barbiturates’ effects on cardio-
respiratory function are dose-dependent. In healthy patients, sedative doses
have minimal effects on respiratory drive and airway protective reflexes,
yet larger doses—especially in patients with cardiorespiratory compro-
mise—can produce respiratory depression, apnea, or hypotension. The car-
diorespiratory effects are additive when the barbiturates are used with other
agents such as opioids. Hypotension results from both peripheral vasodilation
with a decrease in preload/afterload and a direct negative inotropic effect.

Although the barbiturates are used most often in the operating room for
the induction of anesthesia and in the ICU for their therapeutic effects (as
anticonvulsants or to decrease ICP), these agents may play a role in provid-
ing sedation outside of the operating room. Sanderson et al. reported the use
of iv pentobarbital to provide sedation during radiologic procedures in 149
children ranging in age from 3 mo to 7 yr (80). One hundred forty-one of the
patients received only pentobarbital, and eight also received midazolam and/
or fentanyl. The mean dose of pentobarbital was 4.6 mg/kg with a range of
2-10 mg/kg. The mean time from the start of sedation to the start of the scan
was 7 min (range: 2—50 min). Sedation was successful in all cases. Adverse
effects were noted in 22 of the 146 patients (14.7%), and included oxygen
desaturation, vomiting, airway secretions, airway obstruction, coughing, and
bronchospasm. No patient required endotracheal intubation or bag-mask
ventilation. Similar success with iv pentobarbital for radiologic procedures
has been reported by other investigators (81,82). In addition to iv adminis-
tration, rectal thiopental sodium has been successfully used in many centers
for sedation for radiologic procedures (83).
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The barbiturate, pentobarbital, has also been used for sedation during
mechanical ventilation in the pediatric ICU population. Tobias reported a
retrospective evaluation of pentobarbital use in 50 children for pediatric ICU
sedation (84). The 50 patients ranged in age from 1 mo to 14 yr, and ranged
in weight from 3.1 to 56 kg. Prior to switching to pentobarbital, the level of
sedation was inadequate despite midazolam doses of 0.4 mg/kg/h with either
fentanyl (10 mcg/kg/h) or morphine (100 mcg/kg/h). No significant adverse
affects related to pentobarbital were noted.

One problem that may limit the use of barbiturates in the ICU setting is
that the solution is alkaline, thereby making it incompatible with other medi-
cations and parenteral alimentation solutions. Therefore, the barbiturates
should be administered separately from other medications. Local erythema
and thrombophlebitis can occur with subcutaneous infiltration.

2.5. Nitrous Oxide

Nitrous oxide (N,O) was first synthesized in 1776 by Priestley, and its anes-
thetic properties were first described by Humphrey Davy in 1799. Despite
Davy’s suggestion of the potential effects of this agent, it was not until 1844 that
Gardner Colton used nitrous oxide as an anesthetic agent during a tooth extrac-
tion. Today, nitrous oxide remains one of the most widely used anesthetic agents.

Nitrous oxide possesses many of the characteristics of an ideal agent for
sedation. It has a rapid onset of action, is relatively easy and inexpensive to
use, its effects dissipate rapidly once discontinued, and it provides amnesia,
sedation, and analgesia. Because of its low blood-gas partition coefficient
(relative insolubility in blood), its alveolar concentration rises rapidly, result-
ing in a rapid onset of activity. Holst reported an astonishing experience of
3 million pediatric dental patients treated with 30-60% nitrous oxide with-
out a single serious complication (85). Griffin and colleagues describe its
use in children in an emergency room setting for treating burns, suturing
lacerations, and orthopedic reductions (86).

Nitrous oxide is not a complete anesthetic. Its minimum alveolar concen-
tration or MAC, (a measure of anesthetic potency, which describes the anes-
thetic concentration at which 50% of patients move in response to surgical
incision), is 105%. The latter is impossible to achieve at normal barometric
pressure. Even in concentrations of 70-80%, additional agents may be necessary.

Nitrous oxide can be administered by a face or nasal mask. Another op-
tion involves the use of a weighted mouthpiece that is held in place by the
patient during administration. If the patient becomes too sleepy, the device
falls from the patient, thereby stopping the administration of nitrous oxide.
Safety issues mandate that nitrous oxide be administered with several safety
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features including standard monitoring. Additional monitors include: a
monitor of the inspired oxygen concentration, a device that limits the ratio
of the flow rates of oxygen to nitrous oxide (a proportioning system so that
less than 30% oxygen cannot be administered), and a system that cuts off the
nitrous oxide flow if the oxygen supply fails. Without this latter device, the
nitrous oxide flow can continue without the addition of oxygen, leading to
the delivery of a hypoxic mixture or 100% nitrous oxide.

In the operating room, nitrous oxide and oxygen are generally adminis-
tered from the wall outlets connected to the hospital’s central supply. In
other areas when such a supply is not available, nitrous oxide can be admin-
istered from E cylinders and mixed with oxygen to provide the desired con-
centration. Alternatively, commercially available tanks are manufactured
that contain a 50/50 oxygen and nitrous oxide mixture, thereby limiting the
risk of a hypoxic mixture and the need for specialized equipment to mix
oxygen and nitrous oxide from separate tanks.

A scavenger device attached to the delivery system is also required to
remove waste gases and prevent environmental pollution. Repeated expo-
sure of the patient or healthcare workers to nitrous oxide can lead to ter-
atogenic effects, increased risk of spontaneous abortion, bone marrow
suppression or megaloblastic anemia, and peripheral neuropathy as a result
of its effects on B;, metabolism and protein synthesis. Because of the
potential for abuse and/or illicit use, nitrous oxide tanks should be kept
under close surveillance.

Despite its widespread use and long safety record, significant physiologic
effects occur with nitrous oxide. Nitrous oxide exerts a dose-dependent
negative depressant effect on myocardial contractility and increases pulmo-
nary artery pressure. Like all sedative/analgesic agents, it also causes dose-
dependent respiratory depression, resulting in an elevation of the resting
P,CO, level and blunting of the central respiratory response to hypercarbia
and hypoxemia. Litman et al. evaluated the levels of sedation and respiratory
effects of oral midazolam (0.5 mg/kg) combined with increasing concentra-
tions of nitrous oxide in 20 children, age 1-3 yr (87). Four concentrations of
nitrous oxide were studied: 15%, 30%, 45%, and 60%. During nitrous oxide
inhalation, 12 of the 20 patients developed an increasing end-tidal CO, with
a decrease in the respiratory rate. At 30% nitrous oxide, one child met the
American Academy of Pediatrics (AAP) criteria for deep sedation. With
60% nitrous oxide, six children were not clinically sedated, six met the AAP
criteria for conscious sedation, six met the AAP criteria for deep sedation,
and one child developed an even deeper level of sedation with no response
to painful stimuli.
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Table 3
Issues with Nitrous Oxide Administration

Potential for the administration of a hypoxic mixture
Contamination of tanks with nitrogen dioxide, nitric oxide
Healthcare worker exposure

Abuse potential

Megaloblastic anemia, bone marrow suppression
Teratogenesis

Myelopathy

Depressed myocardial contractility

Increased pulmonary artery pressure

Expansion of air-containing spaces

Increased cerebral blood flow, increased intracranial pressure

Additional issues/concerns with nitrous oxide are listed in Table 3. Nitrous
oxide increases the incidence of postoperative nausea and vomiting. It dif-
fuses into air-filled spaces, increasing the volume and pressure of the space.
This can be an issue with any loculated collection of air, including bowel
obstruction, intrathoracic injuries with the risk of pneumothorax, the middle
ear, lung cysts, or in the presence of pneumocephalus. Nitrous oxide increases
CBF/ICP, and is relatively contraindicated in patients with closed head
injury and altered intracranial compliance.

Despite its relative insolubility in blood, during the administration of nitrous
oxide, a large amount is taken up into the blood. This latter effect, known as
the second gas effect of anesthesia, increases the alveolar PO,, resulting in
an added margin of safety during induction even if high concentrations of
nitrous oxide (80-90%) are administered. Once the administration of nitrous
oxide is discontinued, this effect occurs in the opposite direction, resulting
in a lowering of the alveolar PO,—which can result in hypoxemia unless
supplemental oxygen is administered until the nitrous oxide is eliminated
from the body.

2.6. Chloral Hydrate

In children, chloral hydrate remains one of the more commonly used
agents for sedation. It was originally synthesized in 1832 and introduced
into clinical practice in 1869 by Liebreich. For street and recreational use,
chloral hydrate is the ingredient combined with alcohol in mixtures known
as “knockout drops” and “Mickey Finns.” It is available as capsules (250 mg,
500 mg), syrup (250 mg/5 mL and 500 mg/5 mL), and suppositories (325 mg,
500 mg, and 650 mg). Chloral hydrate tends to be a GI irritant, especially
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when administered on an empty stomach, and results in a relatively high
incidence of nausea and vomiting. In younger children, these problems can
be avoided with the use of suppositories. It has no analgesic properties;
therefore, it should not be used to treat pain or during painful procedures
unless combined with an analgesic agent such as an opioid.

Chloral hydrate is rapidly absorbed from the gastrointestinal tract
with a bioavailability that approaches 100%. Its onset of action is within
20 min, with a peak effect at 30—60 min. Following absorption, it is metabo-
lized in the liver by the enzyme alcohol dehydrogenase to the active ingredi-
ent, trichloroethanol (TCE). TCE is then further metabolized by either
glucuronidation or oxidation to inactive metabolites. Less than 10% of
chloral hydrate undergoes renal excretion. The plasma half-life of TCE is
8—12 h in children, but may be prolonged up to 24-36 h in neonates and
infants (88). These prolonged half-lives account for the prolonged effects
that can occur in specific patient populations. Additive and prolonged
effects are commonly seen following repeated administration over a
period of days.

Chloral hydrate and its active metabolite TCE are CNS depressants. In
therapeutic doses, there are minimal effects on cardiorespiratory function
and airway control. Although apnea and hypotension can occur, these effects
are generally only seen in an overdose situation. In the setting of an over-
dose, central respiratory depression with apnea and cardiovascular compro-
mise is the leading cause of mortality. Cardiovascular effects relate to
decreased myocardial contractility, a shortened refractory period, and an
altered sensitivity of the myocardium to endogenous catecholamines (89).
The latter two effects account for the pro-arrythmogenic effects that are seen.
These effects primarily relate to TCE—which is a halogenated hydrocarbon—
and like halothane, shares the same myocardial effects. These properties
suggest against the use of chloral hydrate as a sedative in patients with toxic
ingestions that may predispose to arrhythmias such as tricyclic antidepres-
sants (90).

Several factors account for the continued use of chloral hydrate as a first-
line agent for sedation in the pediatric population. These include physicians’
familiarity with the agent, its wide therapeutic index, its cost, and a lack of
significant effects on cardiorespiratory function. Dose recommendations
vary widely, ranging from 25-30 mg/kg up to 80-100 mg/kg. The latter
doses generally provide a greater degree of success when attempting to pro-
vide a motionless patient during radiographic imaging. Because of the possi-
bility of a prolonged effect, extended post-procedure monitoring may be
required. Despite a long record of safety with minimal effects on respira-



144 Tobias

tory function in most patients, deaths from respiratory depression have
occurred. Like all other sedative agents, respiratory depression can occur
with chloral hydrate, and standard monitoring is mandatory. Additionally,
the patient should be monitored until fully awake. More than one patient
has been discharged before being fully awake, only to be found dead on
arrival at home.

2.7. Benzodiazepines

The benzodiazepines used most commonly in the United States for seda-
tion include diazepam, lorazepam, and midazolam. These agents bind to
specific receptor sites that are part of the GABA receptor system, increasing
the efficacy of the interaction between the GABA receptor and the chloride
channel. Benzodiazepines provide several therapeutic effects including seda-
tion, anxiolysis, amnesia, anticonvulsant properties, and spinally mediated
muscle relaxation. It has been suggested that increasing the rate of occu-
pancy of the benzodiazepine receptor results in an escalation of the benzodi-
azepine effect from anxiolysis to sedation to unconsciousness when 60% or
more of the receptor sites are occupied.

Diazepam and lorazepam are insoluble in water, and are commercially
available in a solution containing propylene glycol. The diluent, propylene
glycol, can result in tissue irritation, pain on injection, and local throm-
bophlebitis. These problems are not seen with midazolam, which is water-
soluble. Recently, diazepam has been made available in a lipid emulsion in
an attempt to limit the issues of local tissue irritation and pain on injection.

Metabolism of the benzodiazepines occurs via hepatic oxidation and
glucuronidation. Oxidative processes are primarily responsible for the
metabolism of diazepam and midazolam, and glucuronidation pathways are
responsible for lorazepam metabolism. Hepatic oxidative processes occur-
ring via the P45y system are susceptible to hepatic dysfunction and the co-
administration of medications, including cimetidine and anticonvulsants.
Glucuronidation pathways are less influenced by hepatic dysfunction and
are not altered by the co-administration of other medications. As such,
lorazepam pharmacokinetics are not significantly altered, even in the setting
of hepatic dysfunction, yet significant variability in the pharmacokinetics of
midazolam and diazepam occur with hepatic disease processes. An addi-
tional issue of clinical importance concerning the metabolism of the ben-
zodiazepines is the production of active metabolites. Hepatic oxidative
metabolism of diazepam results in the active metabolites: desmethyl-
diazepam and 3-hydroxy-diazepam, both of which have significantly pro-
longed half-lives when compared with the parent compound. Oxidation
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Table 4

Dosing Guidelines for Midazolam
Route of delivery Dose (mg/kg)
Intravenous 0.05-0.1

Oral 0.5-0.7
Rectal 0.7-1
Intranasal 0.2-0.4
Sublingual 0.2-0.4

of midazolam results in a hydroxy-metabolite, and following prolonged
administration, such as the ICU setting, this can result in prolonged
sedation.

Like the barbiturates, propofol, and etomidate, the benzodiazepines
decrease the CMRO, CBF and ICP. They are also effective anticonvulsants.
However, in contrast to these other agents, the benzodiazepines—even in
high doses—do not produce electrical silence on the electroencephalogram
(EEG). When used alone, especially in patients without underlying systemic
illness, they have limited effects on cardiorespiratory function. However, when
combined with opioids or other sedative agents or in patients with car-
diorespiratory compromise, they may produce respiratory depression and
apnea. Similar principles apply for the cardiovascular effects of these
agents. In high doses and in compromised patients, the benzodiazepines
decrease MAP by a direct negative inotropic effect as well as a decrease
in vascular resistance.

In addition to iv administration, multiple options for route of delivery of
midazolam have been investigated, especially in the pediatric population
(Table 4). These options may be considered when faced with the anxious
child in whom iv access has not yet been established. With oral administra-
tion, doses of 0.5 to 0.7 mg/kg will produce anxiolysis in 20-30 min. Oral
midazolam is currently the preferred agent for premedication in many of the
pediatric operating rooms across the country. The only significant disadvan-
tage to oral administration is that the iv preparation, when used for oral
administration, contains the preservative benzyl alcohol, which tastes bitter.
Therefore, the medication must be delivered in a solution that conceals the
bitter taste. One of the more popular alternatives currently used in many
operating rooms is to dilute the medication in double- or quadruple-strength
Kool-Aid or to mix it in Tylenol elixir, both of which are somewhat effec-
tive in hiding or masking the bitter taste. Additionally, Roche Pharmaceuti-
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cals has recently introduced an oral formulation of midazolam that may alle-
viate this issue.

Alternatives to oral administration include transmucosal routes (nasal or
sublingual) (9/-93). One benefit when compared to oral administration is a
relatively more rapid onset of action (10 min vs 25-30 min with oral admin-
istration). For nasal administration, the iv preparation (5 mg/mL) is used
and a dose of 0.2 mg/kg is drawn up into a tuberculin syringe. The needle is
removed and the medication is dripped into the nasopharynx. Because the iv
preparation contains benzyl alcohol, a significant degree of discomfort and
burning may occur when the medication contacts the nasal mucosa. An alter-
native in the cooperative child is to place the medication into the sublingual
space, thereby avoiding the problems of burning that occur with nasal
administration.

In contrast to the other sedative agents reviewed in this chapter, there is a
specific reversal agent for the benzodiazepines—flumazenil. Flumazenil’s
chemical structure resembles that of the benzodiazepines, except that it has
a carbonyl group instead of a phenyl group. It undergoes rapid hepatic
metabolism with an elimination half-life of 1 h. When it is used to reverse
the effects of longer-acting benzodiazepines, flumazenil may be metabo-
lized more rapidly, resulting in a reappearance of the benzodiazepine’s
actions. Notable, with flumazenil, are reports of seizure activity following
its administration to patients chronically treated with benzodiazepines or
patients who have ingested other medications that lower the seizure thresh-
old such as tricyclic antidepressants or phenothiazines. As such, it is in-
tended only for the reversal of the clinical effect following the acute
administration of benzodiazepines.

3. SUMMARY

There are several different sedative agents available to provide sedation
during diagnostic and invasive procedures (Table 5). Aside from ketamine,
these agents possess no analgesic properties, and should be combined with
an analgesic agent as needed. Although the cardiorespiratory effects of these
agents are limited in the patient with normal cardiorespiratory function, sig-
nificant deleterious physiologic effects can occur. Each of the agents reviewed
in this chapter have their specific advantages and disadvantages, and none
represents the perfect agent. The choice of agent will depend on the clinical
scenario, the specific procedure, its duration, the patient’s underlying status,
and one’s own experience.
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Table 5

Dosing Guidelines for Commonly Used Sedative Agents*

Agent Bolus dose Infusion range/comments

Propofol 1-3 mg/kg 25-100 mcg/kg/min

Ketamine 0.25-1 mg/kg 10-30 mcg/kg/min

Etomidate 0.2-0.4 mg/kg  No infusion because of potential for adrenal
suppression

Thiopental 2.5 mg/kg —

Pentobarbital 1-3 mg/kg 1-4 mg/kg/h

Midazolam 0.05-0.1 mg/kg  1-5 mcg/kg/min; larger doses needed for

non-parenteral routs (see Table 4)
Chloral hydrate  80-100 mg/kg  Oral administration only, limited data
regarding adult dose, limit maximum
dose to 2.0 grams
Nitrous oxide 30-70% via inhalation route

*These dosing guidelines are meant only as suggested ranges for the various agents. These
medications should be administered only with the use of appropriate monitoring and ready
availability of means to provide airway management and cardiovascular resuscitation. The
actual dose should be decreased in patients with significant associated medical illnesses or
with the extremes of age. With intravenous administration, the doses can be repeated and
titrated to achieve the desired effect.
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Opioids in the Management
of Acute Pediatric Pain

Myron Yaster, MD, Lynne G. Maxwell, mp,
and Sabine Kost-Byerly, MD

1. INTRODUCTION

The treatment and alleviation of pain is a basic human right that exists
regardless of age (/—4). Unfortunately, even when their pain is obvious,
children frequently receive no treatment, or inadequate treatment, for pain
and for painful procedures (5). The newborn and the critically ill child are
especially vulnerable to no treatment or undertreatment (6—/0). The con-
ventional “wisdom” that children do not respond to nor remember painful
experiences to the same degree as adults is simply untrue (//,72). Indeed,
all of the nerve pathways essential for the transmission and perception of
pain are present and functioning by 24 wk of gestation (/3). Recent research
in newborn animals has revealed that the failure to provide analgesia for
pain results in “rewiring” the nerve pathways responsible for pain transmis-
sion in the dorsal horn of the spinal cord and results in increased pain per-
ception for future painful insults (/2—17). This confirms human newborn
research, in which the failure to provide anesthesia or analgesia for new-
born circumcision resulted in short-term physiologic perturbations as well
as in longer-term behavioral changes, particularly during immunization (18).

Nurses are taught to be wary of physicians’ orders (and patients’ requests)
as well. The most common prescription order for potent analgesics, “to give
as needed” (pro re nata, “PRN”), in reality means “to give as infrequently as
possible.” The “PRN” order also means that either the patient must know or
remember to ask for pain medication, or the nurse must identify when a
patient is in pain. Neither of these requirements can be met by children who
are in pain. Children less than 3 yr of age or critically ill children may be
unable to adequately verbalize when or where they hurt. Alternatively, they
may be afraid to report their pain. Many children will withdraw or deny
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their pain in an attempt to avoid yet another terrifying and painful experi-
ence—the intramuscular (im) injection or “shot.” Finally, several studies
have documented the inability of nurses, physicians, and parents to correctly
identify and treat pain even in postoperative pediatric patients (19-21).

Fortunately, the past 10 years have seen an explosion in research and
interest in pediatric pain management. Pain management for pediatric patients
with acute, postoperative, terminal, neuropathic, and chronic pain has become
commonplace. Procedure-related pain requires special attention (22-26).
This is pain that is deliberately inflicted on patients by nurses and physi-
cians in the course of performing medical procedures and tests. Examples
include immunization, bone-marrow aspirations and lumbar punctures,
blood sampling from a vein or artery, and suturing traumatic lacerations.
Although procedure-related pain is one of the most common forms of pain
that children experience when dealing with health care professionals, it is
also among the most difficult to manage, both by the patient experiencing it
and by the health care professionals who must inflict it. Indeed, the most
common response by nurses and physicians to procedure-related pain is de-
nial, which is made easy because children can be physically restrained, are
not routinely asked whether they are in pain, and are unable to withdraw
consent to stop a procedure. It is our belief that much of this pain can be
abolished, and is best treated with the proper administration of local anes-
thetics. In fact, opioids, the subject of this chapter, are really only adjuvants
to good regional blockade in the management of procedure-related pain.
The use of local anesthetics in the treatment of pediatric pain has been the
subject of several reviews (27,28). In this chapter, we have attempted to
comprehensively consolidate the recent advances in opioid pharmacology
and the various modalities available that are useful in the treatment of acute
procedure-related, post-procedure, and childhood pain.

2. PHARMACOKINETICS

Drugs are fundamental in the treatment of pain. A thorough understand-
ing of the history, chemical and physical properties, physiological effects,
disposition, mechanisms of action, and therapeutic uses of the drugs used in
the treatment of pain is essential for clinicians who treat pain in infants,
children, and adolescents. When physicians administer drugs to their patients,
they do so with the expectation that an anticipated therapeutic effect will
occur. Unfortunately, other less desirable results can also occur—namely,
the patient may derive inadequate or no therapeutic benefit from the admin-
istered drug, or worse yet, they may develop a toxic reaction. The aim of
modern clinical pharmacology is to take the guess work out of this process
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and to establish the relationship between the dose of a drug given and the
response elicited. To attain this goal, clinicians need a working knowledge
of the principles of drug absorption, distribution, and elimination, and how
these processes are related to the intensity and duration of drug action.

Unfortunately, it is also important to understand that the science of clinical
pharmacology is not always predictable and exact. The relationship between
the concentration of drug in the blood and the clinical response to that plasma
drug level is not always predictable. Individuals vary widely in their response
to drugs, and this may be a result of differences in the concentration of drug
available at the drug’s site of action or differences in the individual’s inher-
ent sensitivity to the drug. Clearly, the end point of drug therapy is clinical
efficacy, not simply attaining a certain blood level of drug. “Best practice”
requires an attempt by the physician to define the optimal dose-response
relationship in each individual patient based on history, diagnosis, and clini-
cal judgement.

2.1. Physiologic Changes Affecting Pharmacokinetics in Infants,
Children, and Adolescents

Unfortunately, very few studies have evaluated the pharmacokinetic and
pharmacodynamic properties of drugs in children. Most pharmacokinetic
studies are performed using healthy adult volunteers, adult patients who are
only minimally ill, or adult patients in the stable phase of a chronic disease.
These data are then extrapolated to infants, children, adolescents, and to the
critically ill (both adult and pediatric). Drug manufacturers simply do not
perform these studies in children. In fact, so little pharmacokinetic and
dynamic testing has been performed in children that they are often consid-
ered “therapeutic orphans.” (29) Indeed, more than 70% of all the drugs
used to treat children have never been formally tested or approved for use in
children. Occasionally, this has resulted in catastrophe, as in the develop-
ment of “gray baby syndrome” in neonates treated with chloramphenicol
(30,31). Why children are different is obvious. Newborns, children less than
2-3 yr of age, and unstable, critically ill pediatric patients of any age often
present significant hemodynamic alterations and organ dysfunction, which
may significantly alter drug absorption and the transport, metabolism, and
excretion of drugs. Studies performed in healthy older children or adult
patients may offer little insight into how these drugs perform in these other
patient populations (32—35). To help remedy this situation, the Food and
Drug Administration (FDA) has mandated pediatric pharmacokinetic and
dynamic studies in all new drugs that enter the American marketplace (36-38).
Unfortunately, despite these new regulations, the pharmaceutical industry
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has, with very few exceptions, delayed, evaded, and “stone-walled” the pro-
cess, leaving children with very little protection.

2.2. Opioid Pharmacokinetics

To relieve or prevent pain, a drug must reach the receptors that alleviate
pain within the central nervous system (CNS). Drugs that bind to a receptor
to produce a positive effect (the diminution or elimination of pain) are called
agonists. There are essentially two ways that an agonist gets inside the brain;
it is either transported into the brain via the bloodstream (following intrave-
nous (iv), im, oral, nasal, transdermal, or mucosal administration), or it is
directly deposited (intrathecal or epidural) into the cerebrospinal fluid (CSF)
(39—41). Agonists administered via the bloodstream must cross the blood-
brain barrier—a lipid membrane interface between the endothelial cells of
the brain vasculature and the extracellular fluid of the brain—to reach the
receptor. Normally, highly lipid-soluble agonists, such as fentanyl, rapidly
diffuse across the blood-brain barrier, whereas agonists with limited lipid
solubility, such as morphine, have limited brain uptake (42—46). The blood-
brain barrier may be immature at birth, and is known to be more permeable
to morphine. Indeed, Way et al. demonstrated that morphine concentrations
were 2—4 times greater in the brains of younger rats than in older rats, despite
equal blood concentrations (47). Obviously, the immaturity of the blood-
brain barrier will have less of an effect on highly lipid-soluble agents such
as fentanyl (48).

Spinal administration, either intrathecally or epidurally, bypasses the
blood and directly places an agonist into the CSF, which bathes the receptor
sites in the spinal cord (substantia gelatinosa) and brain. This “back door” to
the receptor significantly reduces the amount of agonist needed to relieve
pain (49). After spinal administration, opioids are absorbed by the epidural
veins and redistributed to the systemic circulation, where they are metabo-
lized and excreted. Hydrophilic agents, such as morphine, cross the dura
more slowly than more lipid-soluble agents such as fentanyl or meperidine
(50). This physico-chemical property is responsible for the more prolonged
duration of action of spinal morphine, and its very slow onset of action fol-
lowing epidural administration (41,51,52).

Although it would be desirable to adjust opioid dosage based on the con-
centration of drug achieved at the receptor site, this is rarely feasible. The
alternative is to measure blood or plasma concentrations and model how the
body handles a drug. Pharmacokinetic studies thereby help the clinician select
suitable routes, timing, and dosing of drugs to maximize a drug’s dynamic
effects.
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Following administration, the disposition of a drug is dependent on dis-
tribution (t;,0) and elimination. The terminal half-life of elimination (t,,,3)
is directly proportional to the volume of distribution (Vd) and inversely pro-
portional to the total body clearance by the following formula:

t,,P = 0.693 x (Vd/Cl)

Thus, a prolongation of the t;,,3 may be caused by either an increase in a
drug’s volume of distribution or by a decrease in its clearance.

The liver is the major site of biotransformation for most opioids. The
major metabolic pathway for most opioids is oxidation. The exceptions are
morphine and buprenorphine, which primarily undergo glucuronidation, and
remifentanil, which is cleared by ester hydrolysis (53—-55). Many of these
reactions are catalyzed in the liver by microsomal mixed-function oxidases
that require the cytochrome P,5, system, NADPH, and oxygen. The cyto-
chrome P, system is very immature at birth and does not reach adult levels
until the first month or two of life (56,57). This immaturity of this hepatic
enzyme system may explain the prolonged clearance or elimination of some
opioids in the first few days to the first few weeks of life. On the other hand,
the P,5, system can be induced by various drugs (phenobarbital) and sub-
strates, and matures regardless of gestational age. Thus, it may be the age
from birth, and not the duration of gestation, that determines how premature and
full-term infants metabolize drugs. Indeed, Greeley et al. have demonstrated
that sufentanil is more rapidly metabolized and eliminated in 2—3-wk-old infants
than newborns less than 1 wk of age (58).

Morphine is primarily glucuronidated into two forms—an inactive form,
morphine-3-glucuronide and an active form, morphine-6-glucuronide. Both
glucuronides are excreted by the kidneys. In patients with renal failure or with
reduced glomerular filtration rates (e.g., neonates), the morphine 6-glucuronide
can accumulate and cause toxic side effects, such as respiratory depression.
This is an important consideration when prescribing morphine and when
administering other opioids that are metabolized into morphine, such as
methadone and codeine.

The pharmacokinetics of opioids in patients with liver disease requires
special attention. Oxidation of opioids is reduced in patients with hepatic
cirrhosis, resulting in decreased drug clearance (meperidine, dextropro-
poxyphene, pentazocine, tramadol, and alfentanil) and/or increased oral
bioavailability caused by a reduced first-pass metabolism (meperidine, pen-
tazocine, and dihydrocodeine). Although glucuronidation is believed to be
less affected in liver cirrhosis, the clearance of morphine is decreased and
oral bioavailability is increased. The result of reduced drug metabolism is
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the risk of accumulation in the body, especially with repeated administra-
tion. Lower doses or longer administration intervals should be used to minimize
this risk. Meperidine poses a special concern because it is metabolized into
normeperidine, a toxic metabolite that causes seizures and accumulates in
liver disease (59,60). On the other hand, drugs that are inactive but are me-
tabolized in the liver into active forms such as codeine may be ineffective in
patients with liver disease. Finally, the disposition of a few opioids—such
as fentanyl, sufentanil and remifentanil—appears to be unaffected in liver
disease, and are the drugs we use preferentially in managing pain in patients
with liver disease (61).

The pharmacokinetics of morphine have been extensively studied in
adults, older children, and in the premature and full-term newborn (62-68).
Following an iv bolus, 30% of morphine is protein bound in the adult vs
only 20% in the newborn. This increase in unbound (“free”) morphine allows
a greater proportion of active drug to penetrate the brain. This may explain,
in part, the observation of Way et al. of increased brain levels of morphine
in the newborn and its more profound respiratory depressant effects (47,69).
The elimination half-life of morphine in adults and older children is 3—4 h
and is consistent with its duration of analgesic action (Table 1). The t;,,[ is
more than twice as long in newborns less than 1 wk of age than older chil-
dren and adults, and is even longer in premature infants and children requir-
ing pressor support (63,70-72). Clearance is similarly decreased, in the
newborn compared to the older child and adult. Thus, infants less than 1 mo
of age will attain higher serum levels that will decline more slowly than
older children and adults. This may also account for the increased respira-
tory depression associated with morphine in this age group (73).

Interestingly, the half-life of elimination and clearance of morphine in
children older than 1-2 mo of age is similar to adult values. Thus the hesi-
tancy in prescribing and administering morphine in children less than 1 yr of
age may not be warranted. However, the use of any opioid in children less
than 2 mo of age, particularly those born prematurely, must be limited to a
monitored, intensive care unit (ICU) setting, not only because of pharmaco-
kinetic and dynamic reasons but because of immature ventilatory responses
to hypoxemia, hypercarbia, and airway obstruction in the neonate (74-77).

3. OPIOIDS OVERVIEW

Historically, opium and its derivatives (e.g., paregoric and morphine)
were used for the treatment of diarrhea (dysentery) and pain. Indeed, the
beneficial psychological and physiological effects of opium, as well as its
toxicity and potential for abuse, have been well-known to physicians and
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the public for centuries (78,79). In 1680, Sydenham wrote, “Among the rem-
edies which it has pleased Almighty God to give man to relieve his suffer-
ings, none is so universal and so efficacious as opium.” On the other hand,
many physicians through the ages have underutilized the use of opium when
treating patients in pain because of their fear that their patients would be
harmed by its use. In the present era, addiction is particularly feared.
Opium’s easy availability, despite every effort by the government to control
it, has resulted in a scourge of addiction that has devastated large segments
of our population. Until and unless we can separate opium’s dark conse-
quences (yin) from its benefits (yang), innumerable numbers of patients will
suffer unnecessarily. The purpose of this chapter is to delineate the role of
opioid receptors in the mechanism of opioid analgesia, to highlight recent
advances in opioid pharmacology and therapeutic interventions, and to pro-
vide a pharmacokinetic and pharmacodynamic framework regarding the use
of opioids in the treatment of childhood pain.

3.1. Terminology

The terminology used to describe potent analgesic drugs is constantly
changing (79-81). They are commonly referred to as “narcotics” (from the
Greek “narco”—to deaden), “opiates” (from the Greek “opion”—poppy
juice, for drugs derived from the poppy plant), “opioids” (for all drugs with
morphine-like effects, whether synthetic or naturally occurring), or euphe-
mistically as “strong analgesics” (when the physician is reluctant to tell the
patient or the patient’s family that narcotics are being used) (79,82,83).
Furthermore, the discovery of endogenous endorphins and opioid receptors
has necessitated the reclassification of these drugs into agonists, antagonists,
and mixed agonist-antagonists based on their receptor-binding proper-
ties (79,83-87).

3.2. Opioid Receptors

Over the past twenty years, multiple opioid receptors and subtypes have
been identified and classified (79,83-88). An understanding of the complex
nature and organization of these multiple opioid receptors is essential for an
adequate understanding of the response to, and control of, pain (4/). In the
CNS, there are four primary opioid-receptor types, designated mu (u) (for
morphine), kappa (x), delta (3), and sigma (G). Recently, the W, x, and &
receptors have been cloned and have yielded invaluable information of re-
ceptor structure and function (89-92).

The u receptor is further subdivided into [, (supraspinal analgesia) and
W, (respiratory depression, inhibition of gastrointestinal motility, and spinal
analgesia) subtypes (84,93,94). When morphine and other mu agonists are
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given systemically, it acts predominantly through supraspinal |, receptors.
The kappa and delta receptors have been subtyped as well, and other receptors
and subtypes will surely be discovered as research in this area progress (95).

The differentiation of agonists and antagonists is fundamental to pharma-
cology. A neurotransmitter is defined as having agonist activity, and a drug
that blocks the action of a neurotransmitter is an antagonist (96—-100). By
definition, receptor recognition of an agonist is “translated” into other cellu-
lar alterations (the agonist initiates a pharmacologic effect), whereas an
antagonist occupies the receptor without initiating the transduction step (it
has no intrinsic activity or efficacy) (/01). The intrinsic activity of a drug
defines the ability of the drug-receptor complex to initiate a pharmacologic
effect. Drugs that produce less than a maximal response have a lowered
intrinsic activity and are called partial agonists. Partial agonists also have
antagonistic properties, because by binding the receptor site, they block
access of full agonists to the receptor site. Morphine and related opiates are
W agonists, and drugs that block the effects of opiates at the U receptor, such
as naloxone, are designated as antagonists. The opioids most commonly used
in the management of pain are [l agonists and include morphine, meperi-
dine, methadone, codeine, oxycodone, and the fentanyls. Mixed agonist-
antagonist drugs act as agonists or partial agonists at one receptor and
antagonists at another receptor. Mixed (opioid) agonist-antagonist drugs in-
clude pentazocine (Talwin®), butorphanol (Stadol®), nalorphine, dezocine
(Dalgan®), and nalbuphine (Nubain®). Most of these drugs are agonists or
partial agonists at the x and d receptors and antagonists or partial agonists at
the W receptor. Thus, these drugs will produce antinociception alone, and
will dose-dependently antagonize the effects of morphine.

The W receptor and its subspecies and the & receptor produce analgesia,
respiratory depression, euphoria, and physical dependence. Morphine is fifty
to one hundred times weaker at the o receptor than at the U receptor. By
contrast, the endogenous opiate-like neurotransmitter peptides known as the
enkephalins tend to be more potent at 6 and x than p receptors. The K recep-
tor, located primarily in the spinal cord, produces spinal analgesia, miosis,
and sedation with minimal associated respiratory depression. A number of
studies suggest that the respiratory depression and analgesia produced by W
agonists involve different receptor subtypes (/02—104). Other studies have
disputed these findings (95,705). These receptors change in number in an
age-related fashion and can be blocked by naloxone. Pasternak et al., work-
ing with newborn rats, showed that 14-d-old rats are 40 times more sensitive
to morphine analgesia than 2-d-old rats (1/02,103). Nevertheless, morphine
depresses the respiratory rate in 2-d-old rats to a greater degree than in 14-d-old
rats. Thus, the newborn may be particularly sensitive to the respiratory depressant
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effects of the commonly administered opioids in what may be an age-related
receptor phenomenon (73). Obviously, this has important clinical implica-
tions for the use of opioids in the newborn.

4. OPIOID DRUG SELECTION

Many factors are considered in the selection of the appropriate opioid
analgesic to administer to a patient in pain. These include pain intensity,
patient age, co-existing disease, potential drug interactions, prior treatment
history, physician preference, patient preference, and route of administra-
tion. The idea that some opioids are “weak” (e.g., codeine) and others
“strong” (e.g., morphine) is outdated. All are capable of treating pain regard-
less of its intensity if the dose is adjusted appropriately. And at equipotent
doses, most opioids have similar effects and side effects (Table 1).

4.1. Morphine

Morphine (from Morpheus, the Greek God of Sleep) is the gold standard
for analgesia against which all other opioids are compared. When small
doses, 0.1 mg-kg™! (iv, im), are administered to otherwise unmedicated pa-
tients in pain, analgesia usually occurs without loss of consciousness. The
relief of tension, anxiety, and pain usually results in drowsiness and sleep as
well. Older patients suffering from discomfort and pain usually develop a
sense of well-being and/or euphoria following morphine administration.
Interestingly, when morphine is given to pain-free adults, they may show
the opposite effect—namely, dysphoria and increased fear and anxiety.
Mental clouding, drowsiness, lethargy, an inability to concentrate, and sleep
may occur following morphine administration, even in the absence of pain.
Less advantageous CNS effects of morphine include nausea and vomiting,
pruritus, especially around the nose, miosis, and seizures at high doses (106).
Seizures are a particular problem in the newborn because they may occur at
commonly prescribed doses (0.1 mg/kg) (63,66,67,107).

Although morphine produces peripheral vasodilation and venous pool-
ing, it has minimal hemodynamic effects (e.g., cardiac output, left ventricu-
lar stroke work index, and pulmonary artery pressure) in normal, euvolemic,
supine patients. The vasodilation associated with morphine is primarily a
result of its histamine-releasing effects. The magnitude of morphine-induced
histamine release can be minimized by limiting the rate of morphine infu-
sion to 0.025-0.05 mg/kg/min, by keeping the patient in a supine to a slightly
head down (Trendelenburg’s) position, and by optimizing intravascular vol-
ume. Significant hypotension may occur if sedatives such as diazepam are
concurrently administered with morphine or if a patient suddenly changes
from a supine to a standing position. Otherwise, it produces virtually no
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Fig. 1. Relationship between ventilation and carbon dioxide is represented by a
family of curves. Each curve has two parameters: intercept and slope. Sedatives
and opioids increase intercept and decrease ventilation-carbon dioxide response
curve slope. The combination of sedatives and opioids produces the most profound
effect (109).

cardiovascular effects when used alone. It will cause significant hypoten-
sion in hypovolemic patients, and its use in trauma patients is therefore
limited.

Morphine (and all other opioids at equipotent doses) produces a dose-
dependent depression of ventilation, primarily by reducing the sensitivity of
the brainstem respiratory centers to hypercarbia and hypoxia. Opioid ago-
nists also interfere with pontine and medullary ventilatory centers that regu-
late the rhythm of breathing. This results in prolonged pauses between
breaths and periodic breathing patterns. This process explains the classic
clinical picture of opioid-induced respiratory depression. Initially, the respi-
ratory rate is affected more than tidal volume, but as the dose of morphine is
increased, tidal volume becomes affected as well. Increasing the dose fur-
ther results in apnea.

One of the most sensitive methods of measuring the respiratory depres-
sion produced by any drug is by measuring the reduction in the slope of the
carbon dioxide response curve and by the depression of minute ventilation
(mL/kg) that occurs at pCO, = 60 mmHg. Morphine shifts the carbon dioxide
response curve to the right and also reduces its slope. This is demonstrated
in Fig. 1. The combination of any opioid agonist with any sedative produces
more respiratory depression than when either drug is administered alone
(108,109) (Fig. 1). Clinical signs that predict impending respiratory depres-
sion include somnolence, small pupils, and small tidal volumes. Aside from
newborns (and the elderly) who have liver or kidney disease, patients who
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are at particular risk to opioid-induced respiratory depression include those
who have an altered mental status, are hemodynamically unstable, have a
history of apnea or disordered control of ventilation, or who have liver or
kidney disease, a known airway problem. Morphine also depresses the cough
reflex by its direct effect on the cough center in the medulla, and is not
related to its effects on ventilation. It also depresses the sense of air hunger
that occurs when arterial carbon dioxide levels rise. This explains
morphine’s use as a sedative in terminally ill patients and in critically ill
patients who are “fighting the ventilator.”

Morphine (and all other opioids at equipotent doses) inhibits intestinal
smooth-muscle motility. This decrease in peristalsis of the small and large
intestine and increase in the tone of the pyloric sphincter, ileocecal valve,
and anal sphincter explains the historic use of opioids in the treatment of
diarrhea as well as its “side effect” when treating chronic pain—namely,
constipation. Indeed, the use of opium to treat dysentery (diarrhea) preceded
its use in Western medicine for analgesia. The gastrointestinal tract is very
sensitive to opioids, even at low doses. In the rat, 4 times more morphine is
needed to produce analgesia than is needed to slow GI motility (/70). Opio-
ids affect the bowel centrally and by direct action on gut mu and delta opioid-
receptor sites. In fact, loperamide—an opioid receptor agonist with limited
ability to cross the blood-brain barrier—is used clinically to treat diarrhea,
suggesting that direct, local gut action is present in the opioid-constipating
effect in diarrhea. Tolerance to the constipating effects of morphine is mini-
mal. Because of this, we routinely prescribe laxatives or stool softeners for
patients who are expected to be treated with morphine (and all other opio-
ids) for more than 2-3 d. Alternatively, naloxone, a nonselective opioid
antagonist can prevent or treat opioid-induced constipation. Unfortunately,
it also antagonizes opioid-induced analgesia.

Morphine will potentiate biliary colic by causing spasm of the sphincter
of Oddi, and should be used with caution in patients with, or at risk for,
cholelithiasis (e.g., sickle-cell disease). This effect is antagonized by nalox-
one and glucagon (2 mg iv in adult patients). Biliary colic can be avoided by
using mixed agonist-antagonist opioids such as pentazocine. Whether other
pure W agonists such as meperidine or fentanyl produce less biliary spasm
than morphine is disputed in the literature. Some studies show that meperi-
dine produces less biliary spasm than morphine, and others show that at
equi-analgesic doses it produces virtually identical increases in common
bile-duct pressure.

The nausea and vomiting that are seen with morphine administration are
caused by stimulation of the chemo-receptor trigger zone in the brainstem
(111). This may reflect the role of opioids as partial dopamine agonists at
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dopamine receptors in the chemoreceptor trigger zone and the use of dopam-
ine antagonists such as droperidol, a butyrophenone, or chlorpromazine, a
phenothiazine, in the treatment of opioid-induced nausea and vomiting. Mor-
phine increases tone and contractions in the ureters, bladder, and in the detru-
sor muscles of the bladder, which may make urination difficult. This may
also explain the increased occurrence of bladder spasm and pain that occur
when morphine is used to treat postoperative bladder surgery patients.

Regardless of its route of administration, morphine (and fentanyl) com-
monly produce pruritus, which can be maddening and impossible to treat.
Indeed, some patients refuse opioid analgesics because they would rather
hurt than itch. Opioid-induced itching is caused either by the release of his-
tamine and histamine’s effects on the peripheral nociceptors or via central
mu receptor activity (/12,113). Traditional antihistamines such as diphen-
hydramine and hydroxyzine are commonly used to treat this side effect.
Additionally, there is an increasing use of low-dose mu antagonists (nalox-
one and nalmefene) and mixed-agonist antagonists (butorphanol) in the
treatment of opioid-induced pruritus (//4-116). Interestingly, these latter
agents may also be effective for non-opioid-induced pruritus, such as the
itching that accompanies end-stage liver and kidney disease (/17).

4.2. Suggested Morphine Dosage

The “unit” dose of intravenously administered morphine is 0.1 mg/kg,
and is modified based on patient age and disease state (Table 1). Indeed, in
order to minimize the complications associated with iv morphine (or any
opioid) administration, we always recommend titration of the dose at the
bedside until the desired level of analgesia is achieved. Based on its rela-
tively short half-life (3—4 h), one would expect older children and adults to
require morphine supplementation every 2-3 h when being treated for pain,
particularly if the morphine is administered intravenously (80,118). This
has led to the recent use of continuous-infusion regimens of morphine (0.02—
0.03 mg/kg/h) and patient-controlled analgesia, which maximize pain-free
periods (119-124). Alternatively, longer-acting agonists such as methadone
may be used (/25-129). Finally, only about 20-30% of an orally adminis-
tered dose of morphine reaches the systemic circulation (/30,131). When
converting a patient’s iv morphine requirements to oral maintenance, one
needs to multiply the iv dose by 3-5 times. Oral morphine is available as
liquid, tablet, and sustained-release preparations (MS-contin®). Unfortu-
nately, not all sustained-release products are the same. There are a number
of modified-release formulations of morphine with recommended dosage
intervals of either 12 or 24 h, including tablets (MS Contin, Oramorph SR),
capsules (Kapanol, Skenan), suspension, and suppositories. Orally adminis-
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tered solid dosage forms are most popular, but significant differences exist
in the resultant pharmacokinetics and bioequivalence status of morphine
after both single doses and at steady state (/32). Rectal administration is not
recommended because of the extremely irregular absorption (6-93%
bioavailability) (133).

5. FENTANYL(S)

Because of its rapid onset (usually less than 1 min) and brief duration of
action (30—45 min), fentanyl has become a favored analgesic for short pro-
cedures, such as bone marrow aspirations, fracture reductions, suturing lac-
erations, endoscopy, and dental procedures. Fentanyl is approx 100 (50-100)
times more potent than morphine (the equi-analgesic dose is 0.001 mg-kg™"),
and is largely devoid of hypnotic or sedative activity. Sufentanil is a potent
fentanyl derivative and is approx 10 times more potent than fentanyl. It is
most commonly used as the principal component of cardiac anesthesia, and
is administered in doses of 15-30 pg/kg. It can be given intranasally for
short procedures (134,135). Alfentanil is approx 5-10 times less potent
than fentanyl and has an extremely short duration of action, usually less
than 15-20 min. Remifentanil (Ultiva®) is a new p-opioid receptor agonist
with unique pharmacokinetic properties. It is approx 10 times more potent
than fentanyl and must be given by continuous iv infusion because it has an
extremely short half-life (136,137).

Fentanyl’s ability to block nociceptive stimuli with concomitant hemo-
dynamic stability is excellent, and this makes it the drug of choice for
trauma, cardiac, or ICU patients. Furthermore, in addition to its ability to
block the systemic and pulmonary hemodynamic responses to pain, fenta-
nyl also prevents the biochemical and endocrine stress (catabolic) response
to painful stimuli that may be so harmful in the seriously ill patient. Fenta-
nyl does have some serious side effects—namely, the development of glot-
tic and chest-wall rigidity following rapid infusions of 0.005 mg-kg™! or
greater and the development of bradycardia. The etiology of the glottic and
chest-wall rigidity is unclear, but its implications are not because it may
make ventilation difficult or impossible. Chest-wall rigidity can be treated
with muscle relaxants such as succinylcholine or pancuronium, or with
naloxone.

5.1. Pharmacokinetics

Fentanyl like morphine, is primarily glucuronidated into inactive forms
that are excreted by the kidneys. It is highly lipid-soluble and is rapidly
distributed to tissues that are well-perfused, such as the brain and the heart.
Normally, the effect of a single dose of fentanyl is terminated by rapid redis-
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tribution to inactive tissue sites such as fat, skeletal muscles, and lung, rather
than by elimination. This rapid redistribution produces a dramatic decline in the
plasma concentration of the drug. In this manner, its very short duration of
action is very much akin to other drugs whose action is terminated by redis-
tribution such as thiopental. However, following multiple or large doses of
fentanyl (e.g., when it is used as a primary anesthetic agent or when used in
high-dose or lengthy continuous infusions), prolongation of effect will
occur, because elimination and not distribution will determine the duration
of effect. Indeed, it is now clear that the duration of drug action for many
drugs is not solely the function of clearance or terminal elimination half-
life, but rather reflects the complex interaction of drug elimination, drug
absorption, and rate constants for drug transfer to and from sites of action
(“effect sites”). The term “context sensitive half time” refers to the time for
drug concentration at idealized effect sites to decrease in half (/38). The
context sensitive half time for fentanyl increases dramatically when it is
administered by continuous infusion (/38,139). In newborns receiving fen-
tanyl infusions for more than 36 h, the context sensitive half life was greater
than 9 h following cessation of the infusion (/40). Even single doses of
fentanyl may have prolonged effects in the newborn, particularly those neo-
nates with abnormal or decreased liver blood flow following acute illness or
abdominal surgery (/41-144). Additionally, certain conditions that may
raise intra-abdominal pressure may further decrease liver blood flow by shunt-
ing blood away from the liver via the still patent ductus venosus (/44—147).

Fentanyl and its structurally related relatives—sufentanil, alfentanil, and
remifentanil—are highly lipophilic drugs that rapidly penetrate all mem-
branes including the blood-brain barrier. Following an iv bolus, fentanyl is
rapidly eliminated from plasma as the result of its extensive uptake by body
tissues. The fentanyls are highly bound to o-1 acid glycoproteins in the
plasma, which are reduced in the newborn (/48,149). The fraction of free
unbound sufentanil is significantly increased in neonates and children less
than 1 yr of age (19.5 2.7 and 11.5 £ 3.2 percent respectively) compared to
older children and adults (8.1 = 1.4 and 7.8 + 1.5 percent respectively), and
this correlates to levels of a-1 acid glycoproteins in the blood.

Fentanyl pharmacokinetics differ between newborn infants, children, and
adults. The total body clearance of fentanyl is greater in infants 3—12 mo of
age than in children older than 1 yr of age or adults (18.1 = 1.4, 11.51+ 4.2,
and 10.0 + 1.7 mL-kg-"'min~!, respectively) and the half-life of elimination
is longer (233 = 137, 244 + 79, and 129 *+ 42 min, respectively) (1/50). The
prolonged elimination half-life of fentanyl from plasma has important clinical
implications. Repeated doses of fentanyl for maintenance of analgesic effects
will lead to accumulation of fentanyl and its ventilatory depressant effects
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(150-153). Very large doses (0.05-0.10 mg-kg™!, as used in anesthesia) may be
expected to induce long-lasting effects because plasma fentanyl levels will not
fall below the threshold level at which spontaneous ventilation occurs during
the distribution phases. On the other hand, the greater clearance of fentanyl in
infants greater than 3 mo of age produces lower plasma concentrations of the
drug and may allow these children to tolerate a greater dose without respiratory
depression (142,150). In adult studies, the mean plasma concentration of fenta-
nyl needed to produce analgesia varies between 0.5 and 1.5 ng/mL (154,155).

Alfentanil has a shorter half-life of elimination and redistribution than
fentanyl. It may cause less postoperative respiratory depression than either
morphine or fentanyl and is often given by infusion. Following a bolus dose,
Gronert et al. observed very little respiratory depression when alfentanil was
used intra-operatively, even in very young infants (/56). The pharmacoki-
netics of alfentanil differ in the neonate compared to older children. Com-
pared with older children, premature infants demonstrated a significantly
larger apparent volume of distribution (1.0 £ 0.39 vs. 0.48 £ 0.19 1/kg), a
smaller clearance (2.2 + 2.4 vs 5.6 = 2.4 mL/kg/min) and a markedly pro-
longed elimination half-life (525 £ 305 vs 60 = 11 min) (157).

The pharmacokinetics of remifentanil are characterized by small volumes of
distribution, rapid clearances, and low variability compared to other iv anes-
thetic drugs (53-55,136,137,158). The drug has a rapid onset of action (half-
time for equilibration between blood and the effect compartment = 1.3 min) and
a short context-sensitive half-life (3—-5 min). The latter property is attributable to
hydrolytic metabolism of the compound by nonspecific tissue and plasma ester-
ases. Virtually all (99.8%) of an administered remifentanil dose is eliminated
during the o half-life (0.9 min) and [ half-life (6.3 min). The pharmacokinetics
of remifentanil suggest that within 10 min of starting an infusion, remifentanil
will nearly reach steady state. Thus, changing the infusion rate of remifentanil
will produce rapid changes in drug effect. The rapid metabolism of remifenta-
nil and its small volume of distribution mean that remifentanil will not accumu-
late. Discontinuing the drug rapidly terminates its effects, regardless of how
long it was being administered (/38,139). Finally, the primary metabolite has
little biologic activity, making it safe even in patients with renal disease.

5.2. Suggested Dosage

When used to provide analgesia for short procedures, fentanyl is often
administered intravenously in doses of 1-3 pg/kg. However, if any sedative
(e.g., midazolam or chloral hydrate) is administered concomitantly, respira-
tory depression is potentiated, and the dose of both drugs must be reduced
(108) (Fig. 1). Fentanyl can also be used in the ICU or the operating room to
provide virtually complete anesthesia in doses of 10-50 pg/kg (159,160).
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The lower dose is often used to provide anesthesia for intubation, particu-
larly in the newborn and in head trauma, cardiac, and hemodynamically unstable
patients. Continuous infusions of fentanyl are often used to provide analge-
sia and sedation in intubated and mechanically ventilated patients. Follow-
ing a loading dose of 10 pg/kg, an infusion is begun of 2-5 pg/kg/h. Rapid
tolerance develops, and an increasing dose of fentanyl is required to provide
satisfactory analgesia and sedation. It can also be administered via patient-
controlled analgesia pumps, usually in doses of 0.5 mcg/kg/bolus dose.
Remifentanil is increasingly being used as an intra-operative analgesic, and
may also play a role in postoperative pain and sedation management. In the
operating room, it is administered via a bolus (0.5-1 mcg/kg) followed by
an infusion that ranges between 0.1 and 1 mcg/kg/min.

Sufentanil, which is 5-10 times more potent than fentanyl, can be admin-
istered intranasally in doses of 1.5-3.0 pg/kg to produce effective analgesia
and sedation within 10 min of administration (/34). Higher doses (4.5 pg/kg)
produce undesirable side effects including chest-wall rigidity, convulsions,
respiratory depression, and increased postoperative vomiting (/34).

Another exciting alternative to iv or im injection is the fentanyl lolli-
pop or “oral transmucosal fentanyl citrate” (OTFC) (161-163). In doses
of 15-20 ng/kg, this is an effective, nontraumatic method of premedication
that is self-administered and extremely well-tolerated by children (164). Side
effects include facial pruritus (90%), slow onset time (25-45 min to peak
effect), and an increase in gastric volume compared to umpremedicated
patients (15.9 = 10.8 mL compared to 9.0 = 6.2 mL [mean * SD]). Finally,
transdermal fentanyl preparations are now available to provide sustained
plasma fentanyl concentrations. This has great potential use in the treatment
of cancer and postoperative pain, but is contra-indicated for procedure or
acute pain management.

6. HYDROMORPHONE

Hydromorphone (Dilaudid®), a derivative of morphine, is an opioid with
appreciable selectivity for mu opioid receptors. It is noted for its rapid onset
and 4-6 h duration of action. It differs from its parent compound (morphine)
in that it is 5 times more potent and 10 times more lipid-soluble, and does
not have an active metabolite (/20,165). Its half-life of elimination is 3—4 h,
and like morphine and meperidine, shows very wide intrasubject pharmaco-
kinetic variability. Hydromorphone is far less sedating than morphine, and
is believed by many to be associated with fewer systemic side effects. Indeed,
it is often used as an alternative to morphine in patient controlled Analgesia
(PCA) or when the latter produces too much sedation or nausea. Addition-
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ally, hydromorphone is receiving renewed attention as an alternative to mor-
phine for treatment of prolonged cancer-related pain because it can be pre-
pared in more concentrated aqueous solutions than morphine.

Hydromorphone is effective when administered intravenously, subcutane-
ously, epidurally, and orally (/20,166). The iv route of administration is the
most commonly used technique in hospitalized patients. Following a loading
dose of 0.005-0.015 mg/kg, a continuous infusion ranging between 0.003 and
0.005 mg/kg/h is started. Supplemental boluses of 0.003-0.005 mg/kg are
administered either by the nurse or by the patient as needed.

7. CODEINE

Codeine is a mu opioid agonist, which is most frequently used as an anti-
tussive as well as an agent to treat mild to moderate pain in children and adults.
It is a phenanthrene alkaloid, derived from morphine. Although effective when
administered either orally or parenterally, it is most commonly administered
in the oral form, usually in combination with acetaminophen (or aspirin). In
equipotent doses, codeine’s efficacy as an analgesic and respiratory depressant
approaches that of morphine. In addition, codeine shares with morphine and
the other opioid agonists common effects on the CNS including sedation,
respiratory depression, and stimulation of the chemoreceptor trigger zone in
the brainstem. It also delays gastric emptying and can increase biliary tract
pressure. Codeine is very nauseating; many patients claim they are “aller-
gic” to it because it so often induces vomiting. There are much fewer nausea
and vomiting problems with oxycodone. Indeed, because of this, oxycodone
or hydrocodone are now preferred oral opioids. Finally, codeine has potent
antitussive properties that are similar to most other opioids and is most com-
monly prescribed for this effect.

Codeine has a bioavailability of approx 60% following oral ingestion.
The analgesic effects occur as early as 20 min following ingestion and reach
a maximum at 60-120 min. The plasma half-life of elimination is 2.5-3 h.
Codeine undergoes nearly complete metabolism in the liver prior to its final
excretion in urine. Interestingly, the analgesic effects of codeine are not
caused by codeine itself; it must be first metabolized via O-demethylation
into morphine through a pathway dependent on p450 subtype 2D6 (CYP2D6).
Only about 5-10% of an administered codeine dose is demethylated in the
liver into morphine (167,168). A significant portion of the population (rang-
ing between 4% and 10%) depending on ethnic group (e.g., Chinese) or age
(e.g., newborns) lacks CYP2D6, and these patients achieve very little anal-
gesia (or respiratory depression) when they receive codeine (167,168).

Oral codeine is almost always prescribed in combination with either aceta-
minophen or aspirin. It is available as a liquid or tablet (/69). If prescribing
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codeine, we recommend the premixed combination compound for most chil-
dren because when prescribed as a single agent, codeine is not readily avail-
able in liquid form at most pharmacies, and is almost twice as expensive as
the combined form. Furthermore, acetaminophen potentiates the analgesia
produced by codeine and allows the practitioner to use less opioid and yet
achieve satisfactory analgesia. Nevertheless, it is important to understand
that all “combination preparations” of acetaminophen may result in inad-
vertent administration of a hepatotoxic acetaminophen dose when increas-
ing doses are given for uncontrolled pain (/69-172). Acetaminophen
toxicity may result from a single toxic dose, from repeated ingestion of large
doses of acetaminophen (e.g., in adults, 7.5-10 g daily for 1-2 d, children
60—-420 mg/kg/d for 1-42 d) or from chronic ingestion (/70-172).

Codeine and acetaminophen are available as an elixir (120 mg acetami-
nophen and 12 mg codeine) and as “numbered” tablets, e.g., Tylenol® num-
ber 1, 2, 3, or 4. The number refers to how much codeine is in each tablet.
Tylenol® number 4 has 60 mg codeine, number 3 has 30 mg, number 2 has
15 mg, and number 1 has 7.5 mg. Progressive increases in dose are associ-
ated with a similar degree of respiratory depression, delayed gastric empty-
ing, nausea, and constipation as with other opioid drugs. Although it is an
effective analgesic when administered parenterally, im codeine has no
advantage over morphine or meperidine (despite 100 years of neurosurgical
gospel). Intravenous administration of codeine is associated with serious
complications, including apnea and severe hypotension, probably second-
ary to histamine release. Therefore, we do not recommend the iv administra-
tion of this drug in children. Codeine is used for the treatment of mild to
moderate pain (or cough), usually in an outpatient setting. Typically, it is
prescribed in a dose of 0.5—1 mg-kg~! with a concurrently administered dose
of acetaminophen (10 mg-kg™'). Only about half of the analgesic dose is
needed to treat a cough.

8. OXYCODONE AND HYDROCODONE

Oxycodone (the opioid in Tylox® and Percocet®) and hydrocodone (the
opioid in Vicodin ® and Lortab®) are opiates that are frequently used to treat
pain in children and adults, particularly for less severe pain or when patients
are being converted from parenteral opioids to enteral ones (/23). Like codeine,
oxycodone and hydrocodone are administered in the oral form, usually in
combination with acetaminophen (Tylox®, Percocet®, Vicodin®, Lortab®)
or aspirin (169).

In equipotent doses, oxycodone, hydrocodone, and morphine are equal
both as analgesics and respiratory depressants. These drugs also share with
other opioids common effects on the CNS including sedation, respiratory
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depression, and stimulation of the chemoreceptor trigger zone in the brain
stem. Hydrocodone and oxycodone have a bioavailability of approx 60%
following oral ingestion. Oxycodone is metabolized in the liver into
oxymorphone, an active metabolite, both of which may accumulate in patients
with renal failure (/73). The analgesic effects occur as early as 20 min fol-
lowing ingestion and reach a maximum at 60—120 min. The plasma half-life
of elimination is 2.5-4 h. Like oral codeine, hydrocodone and oxycodone
are usually prescribed in combination with either acetaminophen or aspirin
(Tylenol and codeine elixir, Percocet, Tylox, Vicodin, Lortab), and the same
risk of acetaminophen-induced hepatotoxicity exists.

Hydrocodone is prescribed in a dose of 0.05-0.1 mg/kg. The elixir is
available as 2.5 mg/5 mL combined with acetaminophen 167 mg/5 mL. As a
tablet, it is available in hydrocodone doses between 2.5 and 10 mg, com-
bined with 500—650 mg acetaminophen. Oxycodone is prescribed in a dose
of 0.05-0.1 mg/kg. Unfortunately, the elixir is not available in most phar-
macies. When it is, it comes in two forms, either 1 mg/mL or 20 mg/mL.
Obviously, this has enormous implications, and can easily lead to a cata-
strophic overdose. In tablet form, oxycodone is commonly available as Tylox
(500 mg acetaminophen and 5.0 mg oxycodone) and as Percocet (325 mg
acetaminophen and 5 mg oxycodone.) Oxycodone is also available without
acetaminophen in a sustained-release tablet for use in chronic pain. Like all
time-release tablets, it must not be ground up, and therefore cannot be admin-
istered through a gastric tube. Crushing the tablet releases large amounts of
oxycodone, a fact that has led to its abuse by drug addicts. Like sustained-
release morphine, sustained-release oxycodone is intended for use only in
opioid-tolerant patients with chronic pain, not for acute pain management.
Also note that in patients with rapid GI transit, sustained-release prepara-
tions may not be absorbed at all (liquid methadone may be an alternative)
(169). Finally, oxycodone is very well-absorbed rectally (1/74). Unfortu-
nately, a rectal suppository is not commercially available, but the oral form
can be given rectally to good effect.

9. NOVEL ROUTES OF OPIOID ADMINISTRATION

Although opioids are traditionally administered parenterally (iv, im), spi-
nally (intrathecal, epidural ), and enterally (oral, rectal) the need for alterna-
tives, particularly when treating children with either acute or chronic pain
has resulted in the development of novel routes of opioid administration.
Some, such as transdermal and transmucosal administration, have achieved
widespread use. Others such as intranasal, inhalational, and iontophoretic
administration have not. All of these modes of delivery can now be consid-
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ered as conventional, although few have been specifically tested or approved
for use in children.

9.1. Transdermal and Transmucosal Fentanyl

Because fentanyl is extremely lipophilic, it can be readily absorbed across
any biologic membrane, including the skin. Thus, it can be given painlessly
by new, non-intravenous routes of drug administration, including the
transmucosal (nose and mouth) and transdermal routes. The transdermal
route is frequently used to administer many drugs chronically, including
scopolamine, clonidine, and nitroglycerin. A selective semi-permeable
membrane patch with a reservoir of drug allows for the slow, steady-state
absorption of drug across the skin. The patch is attached to the skin by a
contact adhesive, which often causes skin irritation. Many factors, including
body site, skin temperature, skin damage, ethnic group, or age will affect the
absorption of fentanyl across the skin.

As fentanyl is painlessly absorbed across the skin, a substantial amount is
stored in the upper skin layers, which then act as a secondary reservoir. The
presence of skin depot has several implications: It dampens the fluctuations
of fentanyl effect, must be reasonably filled before significant vascular
absorption occurs, and contributes to a prolonged residual fentanyl plasma
concentration after patch removal. Indeed, the amount of fentanyl remain-
ing within the system and skin depot after removal of the patch is substan-
tial: At the end of a 24-h period a fentanyl patch releasing drug at the rate of
100 (ug/h, 1.07 £ 0.43 mg fentanyl (approx 30% of the total delivered dose
mfrom the patch) remains in the skin depot. Thus removing the patch does
not stop the continued absorption of fentanyl into the body (175).

Because of its long onset time, inability to rapidly adjust drug delivery,
and long elimination half-life, transdermal fentanyl is contraindicated for
acute pain management. And as stated previously, the safety of this drug
delivery system is compromised even further, because fentanyl will con-
tinue to be absorbed from the subcutaneous fat for almost 24 h after the
patch is removed. In fact, the use of this drug delivery system for acute pain
has resulted in the death of an otherwise healthy patient. Transdermal fenta-
nyl is applicable only for patients with chronic pain (e.g., cancer) or in
opioid-tolerant patients. Even when transdermal fentanyl is appropriate, the
vehicle imposes its own constraints: the smallest “denomination” of fenta-
nyl “patch” delivers 25 ug of fentanyl per h; the others deliver 50, 75, and
100 pg of fentanyl per h. Patches cannot be physically cut in smaller pieces
to deliver less fentanyl. This often limits usefulness in smaller patients.
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On the other hand, the transmucosal route of fentanyl administration is
extremely effective for acute pain relief and heralds a new era in the manage-
ment of acute pain management in children. In this novel delivery technique,
fentanyl is manufactured in a candy matrix (Fentanyl Actiq®) attached to a
plastic applicator (it looks like a lollipop); as the child sucks on the candy,
fentanyl is absorbed across the buccal mucosa and is rapidly (10-20 min)
absorbed into the systemic circulation (24,162,176—179). If excessive seda-
tion occurs, the fentanyl is removed from the child’s mouth by the applica-
tor. It is more efficient than ordinary oral-gastric intestinal administration
because transmucosal absorption bypasses the efficient first-pass hepatic
metabolism of fentanyl that occurs following enteral absorption into the
portal circulation. Actiq® has been approved by the FDA for use in children
for premedication prior to surgery and for procedure-related pain (e.g., lum-
bar puncture, bone marrow aspiration) (/80). It is also useful in the treatment of
cancer pain and as a supplement to transdermal fentanyl (/87). When adminis-
tered transmucosally, fentanyl is given in doses of 10-15 ug/kg, is effective
within 20 min, and lasts approx 2 h. Approximately 25-33% of the given dose is
absorbed. Thus, when administered in doses of 10-15 pg/kg, blood levels
equivalent to 3-5 pg/kg iv fentanyl are achieved. The major side effect, nausea
and vomiting, occurs in approx 20-33% of patients who receive it (/82). This
product is only available in hospital (and Surgicenter) pharmacies, and will—
like all sedative/analgesics—require vigilant patient monitoring.

9.2. Intranasal

The intranasal route of opioid administration has long been favored by
drug abusers and has only recently been used therapeutically. Rapid, pain-
less, and safe, it is a reliable method of giving opioids to patients in whom
there is no iv access or who cannot tolerate the parenteral route of drug
administration. Fentanyl, sufentanil, and butorphanol are the most com-
monly administered intranasal opioids, although there are also reports of
using oxycodone and meperidine by this route. Absorption of drug across
the nasal mucosa depends on lipid solubility and has the advantage of avoid-
ing first-pass metabolism. Unfortunately, there have been few pharmacoki-
netic studies involving intranasal opioids in children. In practice, fentanyl,
sufentanil, and butorphanol produce analgesia within 10-30 min of intrana-
sal administration.

Intranasal opioids can be administered as a dry powder or dissolved in
water or saline. Sufentanil has been given with a 1- or 3-mL syringe, nasal
spray, or nasal dropper, and butorphanol has been formulated in an intrana-
sal metered-dose spray (0.25 mg). Butorphanol has been used in the treat-
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ment of acute migraine headache, for postoperative pain relief following
myringotomy and tube surgery, and for musculo-skeletal pain (134, 183—-185).
There are few reported side effects related specifically to the intranasal route
of administration, presumably because (unlike midazolam) none of the opio-
ids are particularly irritating. For example, 85% of children cried after intra-
nasal midazolam compared with 28% of those receiving sufentanil as
premedication for day-care anesthesia (186,187).

9.3. Inhalation

Nebulized or inhaled opioids are most commonly used in the palliative
care of terminally ill patients who are suffering from dyspnea (/88).
Although it is unclear whether inhaled opioids provide superior relief to
patients suffering from air hunger, anecdotal evidence and some studies with
adults have suggested that inhalation administration of opioids is not just
another method of systemic administration of opioids, but specifically tar-
gets opioid receptors in the lungs. Using immmunoreactive techniques,
opioid peptides have been detected in bronchial mucosal cells, and doses as
low as 5 mg of nebulized morphine have been reported to significantly
reduce the sensation of breathlessness in patients with chronic lung disease
(189).

Wide dosing ranges, concentrations, and volumes to be administered have
been used in the treatment of dyspnea. Chandler suggests starting opioid-
naive adults with 5-10 mg morphine q 4-h, and opioid-tolerant adults with
10-20 mg (188). Theoretically, there should be near-total transmucosal ab-
sorption, but much of the dose is deposited in the nebulizer apparatus, with
a bioavailability of only 5-30% (188). There are almost no studies using this
technique in children. Based on extrapolation from adult studies, in our prac-
tice, we start with 4 h of the child’s usual iv opioid dose. This can be admin-
istered as the parenteral solution mixed with a few mL of saline, delivered
via a portable oxygen tank and simple “neb mask™ (such as that used to
deliver albuterol). Opioid-naive caregivers must not inhale the opioid aero-
sol. Nebulized morphine has been reported to cause bronchospasm in indi-
viduals with underlying reactive airway disease. Nebulized fentanyl may
cause fewer problems because it releases less histamine. Independent of spe-
cial relief of dyspnea, using the nebulized route may satisfy the family and
nurses that we are “doing something different” at a time when little can be
done. Other studies suggest that simple nebulized saline may be as helpful
as nebulized opioids. Finally, some work suggests that blow-by air can be as
effective as blow-by oxygen (790).
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9.4. Iontophoresis

Iontophoresis is a method of transdermal administration of ionizable drugs,
in which the electrically charged components are propelled through the skin
by an external electric field. Several drugs, such as lidocaine, corticosteroids,
morphine, and fentanyl can be delivered iontophoretically (19/-194). This
technique is not completely painless, and some younger children object to
its use.

10. TOLERANCE, PHYSICAL DEPENDENCE, AND ADDICTION

Finally, folerance and physical dependence with repeated opioid admin-
istration are characteristics common to all opioid agonists. Tolerance is the
development of a need to increase the dose of opioid agonist to achieve the
same analgesic effect previously achieved with a lower dose. Tolerance usu-
ally develops following 10-21 d of morphine administration, although the
constipating and miotic actions of morphine may persist. Additionally, cross-
tolerance develops between all of the [l opioid agonists. Physical dependence,
sometimes referred to as “neuroadaptation,” is caused by repeated adminis-
tration of an opioid, which necessitates the continued administration of the
drug to prevent the appearance of a withdrawal or abstinence syndrome that
is characteristic for that particular drug. It usually occurs after 2-3 wk of
morphine administration, but may occur after even a few days of therapy.
Very young infants treated with very high-dose fentanyl infusions following
surgical repair of congenital heart disease and/or who required extra-corporeal
membrane oxygenation (ECMO) have been identified to be at particular risk
(71,195-197). Several studies have suggested that the intrinsic efficacy of
an opioid analgesic can determine, in part, the degree of tolerance to that
agent. Specifically, animal and human studies have demonstrated that the
tolerance that develops to equi-effective doses of opioid analgesics with high
intrinsic efficacy is less than the tolerance that develops to lower-intrinsic-
efficacy compounds (198,7199). Additionally, these effects occur more rap-
idly after continuous infusion compared to intermittent dosing (200).

Tolerance develops to some drug effects much more rapidly than to other
effects of the same drug. For example, tolerance develops rapidly to opioid-
induced euphoria and respiratory depression, but much more slowly to the
gastrointestinal effects. Opioids given acutely or chronically induce the
downregulation, internalization, and desensitization of opioid receptors (201 ).
When physical dependence has been established, discontinuation of an opioid
agonist produces a withdrawal syndrome within 24 h of drug cessation.

Physical dependence must be differentiated from addiction. Addiction is
a term used to connote a severe degree of drug abuse and dependence that is
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an extreme of behavior, in which drug use pervades the total life activity of
the user and of the range of circumstances in which drug use controls the
user’s behavior. Patients who are addicted to opioids often spend large
amounts of time acquiring or using the drug, abandon social or occupational
activities because of drug use, and continue to use the drug despite adverse
psychological or physical effects. In a sense, addiction is a subset of physical
dependence. Anyone who is addicted to an opioid is physically dependent; how-
ever, not everyone who is physically dependent is addicted. Patients who are
appropriately treated with morphine and other opioid agonists for pain can
become tolerant and physically dependent. They rarely, if ever, become addicted.

11. CONCLUSION

Opioids are essential only in the management of acute and chronic pain.
In this chapter, we have provided a pharmacokinetic and pharmacologic
framework regarding the use of these drugs in the management of childhood
pain.
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Patient Monitoring During Sedation

Kevin K. Tremper, MD, PhD

1. INTRODUCTION

Sedation of patients can only be accomplished safely if the physiologic
effects of the sedative agents are continuously evaluated by a trained indi-
vidual who is assisted by data provided by devices, that monitor the cardiop-
ulmonary system (/). Since sedation is on a continuum from the awake and
alert state to general anesthesia, the monitors employed during sedation
should be similar to those used during the provision of anesthesia. More
than 15 years ago, the American Society of Anesthesiologists (ASA) pub-
lished standards for monitoring during anesthesia (2). These guidelines have
been extended into the post-anesthesia care unit, and have more recently
been applied to sedation (/,3). It is important that the safety standards for
monitoring be maintained regardless of the individuals providing sedation
or the specific environment. This chapter reviews the current guidelines for
monitoring during sedation and the specific devices used to monitor patients,
including a brief description of how they work, and concludes with special
recommendations for monitoring during magnetic resonance imaging
(MRD).

2. MONITORING STANDARDS

In 1986, the ASA published standards for basic anesthetic monitoring
(2). At the time, it was considered somewhat revolutionary for a profes-
sional society to publish specific standards for the provision of medical care.
This was done in the interest of patient safety. It had been well-documented
that patients had been harmed by the inability of clinicians to evaluate oxy-
genation and ventilation by observation alone (4). At the same time, two
devices became available that allowed continuous monitoring of both oxy-
genation and ventilation: the pulse oximeter and the capnometer. The ASA
took the position that all patients should be monitored objectively for oxygen-
ation, ventilation, circulation, and temperature (2). The devices recommended
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Table 1
Monitoring Standards

I. Qualified personnel
II. Oxygenation, ventilation, circulation and temperature
A. Oxygenation: pulse xximetry, SpO,
B. Ventilation: respiratory rate, capnography if intubated
C. Circulation: blood pressure every 5 min, NIBP, pulse monitoring
(pulse oximetry)
D. Temperature

Basics of Anesthesia 4th ed., (Stoelting, R. K., and Miller, R. D., eds.), Churchill Livings-
ton, NY, Appendix 2, p. 475.

to accomplish these monitoring standards were the pulse oximeter for oxy-
genation, the capnometer for ventilation, and a pulse plethysmograph, which
is incorporated into a pulse oximeter for circulation. In addition, the ASA
recommended that blood pressure should be monitored every 5 min and that
temperature monitoring should be available whenever changes are antici-
pated in the patient’s temperature. Although there is some controversy relat-
ing to the cause-and-effect relationship, there is no controversy regarding
the improvement of patient safety that was documented over the subsequent
15 yr (5). The standard application of a pulse oximeter to all patients who
are receiving sedative anesthetic agents has been credited by many to be the
primary reason for improved patient safety. In 1988, similar guidelines were
adapted for the care of patients in the post-anesthesia care unit (3). In this
setting, patients recover from sedative agents and receive analgesics, and
are therefore at high risk for cardiopulmonary depression. It should be noted
that these are standards and not guidelines or recommendations—they are
expressed as the minimum acceptable degree of monitoring, except in emer-
gency situations, when lapses in the standard are unavoidable (Table 1).
Although these standards were developed for anesthesia care, that care
encompasses both general anesthesia and intravenous (iv) sedation for
operative procedures. Once anxiolytics or analgesics are given by any route,
the physiologic result is on a continuum from mild sedation to general anes-
thesia, depending on the dose/response of the individual patient. In 1999,
the ASA published an information bulletin describing the continuum of the
depth of sedation (6) (Table 2). This table describes the continuum of seda-
tion from minimal to general anesthesia by its effects on four physiologic
processes: responsiveness of the patient, airway, spontaneous ventilation,
and cardiovascular function. The method of evaluating each of these levels
of sedation relies on a clinical evaluation of the physiologic effects of the
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Table 3
Monitoring Guidelines

Level of Consciousness Spoken response and response to painful stimulus

Pulmonary ventilation ~ Observation of respiration. If patient is physically not
in view, then an apnea monitor should be used

Oxygenation Pulse oximetry

Hemodynamics Vital signs: blood pressure, heart rate and pulse,
electrocardiography monitoring in patients with
cardiac disease

agents. As noted in Table 2, the difference between moderate sedation anal-
gesia and deep sedation analgesia may be difficult to assess and may change
very quickly, even when small doses of medications are administered. It
therefore requires continuous observation by a trained individual who is not
specifically involved in the procedure being performed. The ASA published
practice guidelines for sedation and analgesia by non-anesthesiologists in
1996 (4). A practice guideline is not as rigorous a statement as a standard. It
would be difficult for one professional society to invoke standards on all
other health care professionals. Nevertheless, since anesthesiologists are the
specialists most trained and capable of providing sedation analgesia and
managing the complications, it is reasonable that their society should make
judicious recommendations (4). These guidelines are divided into 14 sec-
tions starting with a patient pre-operative evaluation and continuing through
procedure preparation, monitoring, staffing, training required, use of the
medications, recovery, and special situations. These guidelines can be
quickly found on the ASA website under the section entitled ‘“Professional
Information,” which includes a variety of practice guidelines (4). The sec-
tion on monitoring covers the monitored variables as well as the recom-
mended documentation of those parameters. The specifics of the monitoring
are outlined in Table 3, and include level of consciousness, pulmonary ven-
tilation, oxygenation, and hemodynamics. It is recommended that level of
consciousness be monitored by an individual whose primary purpose is to
monitor the patient and not be involved in the procedure, except for minor
tasks that require only brief moments away from direct observation of the
patient. The method of monitoring level of consciousness is by verbal
response, and tactile response as described in Table 3. Although this level of
consciousness monitoring is not objectified in a scale by the ASA, at the
University of Michigan a numerical score has been developed to quantitate



Patient Monitoring During Sedation 195

Table 4
University of Michigan Sedation Scale

0 Awake and alert

1 Lightly sedated: Tired/sleepy, appropriate response to verbal
conversation and/or sound

2 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

the levels of sedation that have been defined in a very similar way (Table 4).
This scale has been very useful at the University of Michigan for both pedi-
atric and adult patients (7).

Ventilatory depression is the most common serious adverse consequence
of providing sedation by any route. The ASA Task Force recommended that
respiratory rate be monitored by visual observation at all times. When it is
difficult or impossible to observe respiration because of physical limitations
of the location (such as in MRI) the Task Force recommends the use of
apnea monitoring using exhaled carbon dioxide. This technique is described
in Subheading 6., page 210.

The most serious consequence of over-sedation and apnea is hypoxemia.
For this reason, the pulse oximeter has become a ubiquitous device in all
clinical situations in which apnea or hypoxemia is a potential concern. It is
only logical that the Task Force recommends continuous monitoring by
pulse oximeter, to provide continuous assessment of oxygenation as well as
continuous monitoring of the patient’s pulse. This Task Force emphasized
that pulse oximetry does not substitute for monitoring ventilation—i.e., patients
may have adequate hemoglobin saturation—especially when given supple-
mental oxygen—and at the same time become progressively hypercarbic
because of respiratory depression.

The final monitoring recommendation involved methods of assessing
hemodynamic stability. This group recommends that blood pressure be mea-
sured before the procedure, after the analgesics are provided, at “frequent
intervals” during the procedure, at the end of the procedure, and prior to
discharge. There is no specific definition of “frequent intervals”—it is there-
fore left to the judgement of the practitioner. The most recent pediatric sedation
guidelines from the American Academy of Pediatrics (AAP) recommends
that blood pressure be monitored before the procedure and during recovery.
Blood pressure measurement during the procedure is left to the discretion of the
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monitoring individual because this procedure may rouse a sedated child, thus
interfering with completion of the procedure. The task force also recommends
that electrocardiogram (ECG) monitoring be used in patients with cardiovascu-
lar disease, but this is not required in patients with no cardiovascular disease.

Finally, there are recommendations regarding the recording of these
monitored parameters. The specific frequency of recording these parameters
is again left to the judgement of the practitioner, but the report recommends
that at a minimum all cardio-respiratory parameters be recorded before the
beginning of the procedure, after the administration of the sedative agents, upon
completion of the procedure, during recovery, and at the time of discharge. If
this recording is being accomplished by an automatic device, it should have
alarms set to alert the team of critical changes in the measured parameters.

Even with the availability of a capnometer, pulse oximeter, ECG and a
blood pressure device, safe monitoring of a sedated patient requires an indi-
vidual who is dedicated to that purpose. It is specifically stated that the prac-
titioner who performs the procedure should not be that individual. The
individual dedicated to monitoring the patients may have interruptable tasks
in assisting the practitioner who is performing the procedure, but these inter-
ruptions should be of very short duration. Clearly, the individual monitoring
the patient and recording the physiologic parameters must understand the
consequences of the sedative agents and know how to respond to an adverse
event such as apnea or desaturation. This individual must therefore be trained
in the pharmacology of the agents provided as well as their antagonists, and
must be knowledgeable about the monitoring devices being used and how to
recognize the common physiologic consequences of apnea, desaturation, and
hypotension. At least one of the individuals involved must be capable of
establishing a patent airway and providing positive pressure ventilation if
apnea occurs. There must be an individual immediately available who has
advanced life-support skills.

If the clinician could choose only one monitoring device to be used dur-
ing sedation, it would clearly be pulse oximetry. Since this device continu-
ously provides a measurement of oxygenation and pulse rate, it continuously
evaluates the two essential aspects of cardiopulmonary physiology—oxygenation
and peripheral perfusion. For this reason, the following section provides
great detail, in the clinical as well as the technical aspects of the device.

3. OXYGENATION MONITORING: PULSE OXIMETRY

Since its development in the early 1980s, pulse oximetry has been widely
adopted in clinical medicine (8). It is currently the standard of care for moni-
toring all patients during surgical procedures, in recovery rooms, and criti-
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cal care units, and in any situation in which oxygenation may be in question
or at risk. It has been selected as the primary monitor to assess patients’
physiologic well-being during sedation, and is an ideal technique for moni-
toring these patients because it continuously and noninvasively assesses 0xy-
genation and pulse. Pulse oximetry does this without requiring calibration
or technical skill by the user. However, it is important that caregivers using
the technique to assess patient status are knowledgeable of the meaning of
the data provided and the limitations of that data as well as the limitations of the
device. To best understand the limitations of the device, it is useful to under-
stand the fundamental principles that the device employs to determine satu-
ration and pulse. Subheading 3.1. therefore reviews the definition and
meaning of the term “hemoglobin saturation,” the methods of measuring
saturation, how pulse oximeters estimate saturation noninvasively, and finally
situations in which the device may be unable to provide data or provide
misleading data (9).

3.1. Hemoglobin Saturation

Because oxygen is not effectively stored in the human body, aerobic
metabolism depends on a constant supply. The amount of oxygen contained
within blood-perfusing tissue is known as the oxygen content, which is
defined as the number of ccs of oxygen contained within 100 ccs of blood.

Ca0, =1.34 x Hb x Sa0, + 0.003 x PaO, 1)
Ca0O, = Oxygen content mL/dL
1.34 =The number of mL of oxygen contained on one saturated
gram of hemoglobin per 1 dL of blood
Hb  =The grams of hemoglobin per dL of blood
Sa0, =Hemoglobin saturation, %
0.003 = The solubility constant of oxygen in water
PaO, = The arterial oxygen partial pressure in mmHg

Since oxygen has a very low solubility in water, the carrying capacity of
blood is dramatically increased with the addition of hemoglobin. One gram
of hemoglobin carries approximately 1!/3 cc of oxygen per dL, so that a
patient with a normal hemoglobin of 15 g could carry approximately 20 cc
of oxygen if the hemoglobin were completely filled (saturated) with oxy-
gen. A hemoglobin molecule can carry four oxygen molecules. These sites
are filled in a cooperative binding method as the oxygen tension surround-
ing the hemoglobin increases. Hemoglobin saturation is defined as the
amount of hemoglobin with oxygen attached divided by the total amount of
hemoglobin present per dL. of blood. Hemoglobin with oxygen on it is
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termed oxyhemoglobin (HbO,) and hemoglobin without oxygen on it is
termed reduced hemoglobin (Hb).

Hemoglobin Saturation = [HbO,/(HbO, + Hb)] x 100% 2)

This definition of hemoglobin saturation has been termed as functional
hemoglobin saturation because it incorporates the two hemoglobin forms
that function in oxygen transport—i.e., HbO, and Hb. Other forms of hemo-
globin are present in small concentrations in healthy individuals, which may
be in larger concentrations in pathologic conditions. Carbon monoxide has
800 times the affinity for hemoglobin than oxygen. Thus, if hemoglobin is
exposed to carbon monoxide, it will form carboxyhemoglobin (COHb) and
displace HbO,. This form of hemoglobin does not contribute to oxygen
transport. The iron in the heme of the hemoglobin is usually in the ferric
form (Fe***). When it is reduced to the ferrous (Fet*"), it is called methemo-
globin (metHb), and it will also not transport oxygen. When these hemoglo-
bin species are present, they are part of the total measured hemoglobin and
therefore must be considered when saturation is calculated. The term “frac-
tional hemoglobin saturation” is defined as HbO, divided by total hemoglobin.

Fractional Saturation = [HbO,/(HbO, + Hb + COHb + MetHb)] x 100%  (3)

Looking at Eq. 2 and Eq. 3, it is clear that even if all the reduced hemo-
globin is oxygenated and functional saturation is 100%, the presence of sig-
nificant amounts of metHb and COHb will produce a lower fractional
saturation. It is important to understand the differences between functional
and fractional saturation because the pulse oximeter provides different infor-
mation when either metHb or COHD are present. This information may not
correspond to that provided by saturation measured in the clinical chemistry lab.

Assuming that no metHb or COHb are present, the relationship between
oxygen tension and hemoglobin saturation is represented by the sigmoidal
hemoglobin dissociation curve shown in Fig. 1. When the oxygen tension
increases above 90 mmHg, the hemoglobin is nearly 100% saturated. Nor-
mal healthy patients will have a saturation between 95% and 100% while
breathing room air. A saturation of 95% corresponds to approximate PaO,
of 75 mmHg, and a saturation of 90% corresponds to a PaO, of 60 mmHg.
Once the PaO, drops below 60, the saturation drops more rapidly. A sim-
plistic algorithm to remember the relationship between PaO, and saturation
as the oxygen tension drops below 90 is given below.

Pa0O, = saturation — 30 (For a PaO, from 60 to 45) @)

Normal mixed venous saturation is approx 75%, corresponding to a mixed
venous oxygen tension (PvO,) of 40 mmHg. Note that the body usually ex-
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Fig. 1. The O, dissociation curve relation PO, and SaO, in man at 37° C, pH =7.4.
From ref. (36).

tracts about 25% of the oxygen attached to the hemoglobin as it passes
through the tissue—i.e., arterial saturation 98%, mixed venous saturation
73%. This allows for some margin of safety. If the arterial saturation de-
clines, additional oxygen may be extracted from the hemoglobin. Unfortu-
nately, this occurs at the expense of lower and lower PO, values at the tissue
level.

Another important point on the HbO, association curve is the P50. This is
defined as the oxygen tension at which 50% of the hemoglobin is saturated.
The P50 is 26.7 mmHg at 37°C and 7.4 pH. The curve can shift to the right
with increasing temperature, acidosis, and increasing 2-3 DPG (a protein
that affects the affinity of hemoglobin for oxygen). Bank blood loses its
2-3 DPG very quickly and therefore can theoretically decrease the P50 of
hemoglobin after a transfusion. This effect is not usually clinically signifi-
cant, because the 2-3 DPG is quickly reestablished once the blood is in
circulation. Fetal hemoglobin has a much lower P50 (a higher affinity for
oxygen), thus shifting the curve to the left (P50 = 19 mmHg). This is neces-
sary so that the fetal blood can extract oxygen at a lower oxygen tension
than the maternal blood perfusing the uterus.
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D=

— (Dx Cxa
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intensity of light transmitted
= intensity of incident light

trans

=1

D = distance light is transmitted through the liquid
C = concentration of solute {oxyhemoglobin)
L0 1Y = extinction coefficient of the solute (a constant)

Fig. 2. The concentration of a solute dissolved in a solvent can be calculated
from the logarithmic relationship between the incident and transmitted light inten-
sity and the solute concentration. From ref. (36).

3.2. Measurement of Hemoglobin Saturation

Equation 2 defines functional hemoglobin saturation. To measure this, it
is necessary to measure the concentration of HbO, and Hb and then form the
ratio of HbO,/(HbO, + Hb). Measuring the concentration of any of the hemo-
globin species in solution can be accomplished by using the principle of
optical absorption or Beer’s Law. This law states that the concentration of a
substance dissolved in a solution can be determined if a light of known wave-
length and intensity is transmitted through a known distance through the
solution. Fig. 2 illustrates this principle. If hemoglobin is placed in a cuvet
of known dimensions and light is shined through the container, the concen-
tration of hemoglobin can be calculated if the incident light intensity and the
transmitted light intensity are both measured.

I; J;edee (5)
c 1/dx In /1, (5a)

The above equation is known as Beer’s Law, where:

= the incident light intensity

the transmitted light intensity

the path length of light

the absorption coefficient for hemoglobin

= the concentration of hemoglobin that is being determined

60 Q o -
1l
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Fig. 3. Transmitted light absorbance spectra of four hemoglobin species; oxyhe-
moglobin, reduced hemoglobin, carboxyhemoglobin, and methemoglobin. From
ref. (37).

Therefore, if the incident and transmitted light intensity are known and
the path length of light is known, then the concentration of hemoglobin can
be measured if the absorption coefficient o is known. The absorption coeffi-
cient for Hb, HbO, and metHb and COHb are presented in Fig. 3. All of
these absorption coefficients vary as a function of the wavelength of light
used. If the light is of a known wavelength, then one hemoglobin concentra-
tion can be measured for each wavelength of light used—i.e., one equation
and one unknown. If we need to measure both HbO, and Hb, then it would
require at least two wavelengths of light to form two Beer’s Law equations
and solve for the two unknown concentrations—i.e., Hb and HbO,. If met
Hb and COHD are also present we would want to measure fractional satura-
tion (Eq. 3) and require at least four wavelengths of light to produce four
equations to solve for the four concentrations of the hemoglobin species
present. The device that uses this method of measuring hemoglobin concen-
tration and hemoglobin saturation is called a co-oximeter. This optical absorp-
tion technique is used to measure the concentration of many substances in
science and in medicine—for example, the capnometer that will be described
in a later section and bilirubin concentration in the plasma. When an arterial
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blood sample is sent to a blood gas laboratory, the PaO,, PCO, (carbon diox-
ide tension) and pH are measured and the saturation is often presented with
the blood gas results. This saturation is usually not measured but determined
from the HbO, dissociation curve, Fig. 1. If the clinician wants to know the
measured saturation—including metHb and COHb concentration, then a
blood saturation measurement must be requested and the results will be pre-
sented in the form of percent saturation for all the constituents—i.e., HbO,,
metHb, COHb. These results usually do not present a reduced hemoglo-
bin—it is what is left over after the other hemoglobin saturations are added,
because they all must sum to 100%.

3.3. Pulse Oximeters

Some of the first clinical measurements in hemoglobin saturation were
done noninvasively through human tissue. During World War II, aviation
research needed a device that could determine at what altitude supplemental
oxygen was required. To accomplish this, an oximeter was developed which
transilluminated the human ear. The device effectively used the ear as the
test tube containing hemoglobin. A light source was placed on one side of the
earlobe and a light detector on the opposite side. Since the light was absorbed
not only by hemoglobin in the blood but also by skin and other tissues, the
device needed to be zeroed to the light absorbance of the non-blood tissue.
This was accomplished by compressing the ear to eliminate all the blood
and then measuring the absorbance resulting from the bloodless tissue. This
absorbance was considered the zero point and when the pressure was re-
lieved, the additional absorbance was caused by the blood returning to the
ear. This blood was not only arterial blood, but also venous and capillary
blood. To obtain a signal that was related to arterial hemoglobin saturation,
the device was heated to 40° centigrade, thereby making the ear hyperemic
and producing a signal that was predominately related to arterial blood. This
ear oximeter was used after World War II in clinical physiologic studies
and in early studies monitoring patients in the operating room (8). Unfortu-
nately, this early ear oximeter was difficult to use as a clinical monitor be-
cause it required calibration on each patient, and heating of the ear which
often caused burns if it is left in one place too long.

In the mid 1970s, an engineer working in Japan was using an ear oxime-
ter as a noninvasive method to measure cardiac output. The proposed tech-
nique involved injecting a dye in a vein and then using the ear oximeter to
detect the light absorption caused by that dye as it circulated and perfused
the ear. This noninvasive ear dye dilution cardiac output technique was not
successful, but the engineer noted an interesting phenomena during his stud-
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Fig. 4. Light absorption through living tissue. The alternating current signal is
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ies. There was a pulsatile absorbance signal from the oximeter that fluctu-
ated with the heart rate. He then postulated that if this pulsatile component
were analyzed, it would be related to arterial blood, thereby negating the
necessity to compress the ear or to heat the probe when trying to determine
an arterial signal from the oximeter. By the early 1980s, this technique of ana-
lyzing the pulsatile absorbance signal became known as pulse oximetry, and
was being developed as a routine clinical monitor for intra-operative and
postoperative use. Therefore, the basic premise of a pulse oximeter is that
the pulsatile component of the absorption signal must be produced by arte-
rial blood (Fig. 4). Although the pulsatile signal is related to arterial blood,
determining actual arterial saturation from this signal is not easily accom-
plished. Pulse oximeters use two frequencies of light in the red and infrared
range, 660 nm red light and 940 nm infrared light. It was clear that the ampli-
tude of the signal in the red range of light and the infrared range of light
changed as the amount of HbO, and Hb changed. The pulse-added absor-
bance in these two frequency changes with the change in arterial saturation,
but the specific relationship must be determined empirically from data de-
rived from human volunteer studies. Pulse oximeters were placed on sub-
jects as they breathed low inspired oxygen and arterial blood samples were
drawn. Samples were analyzed by laboratory co-oximeters to determine the
actual arterial saturation relative to the pulse oximeter reading. Fig. 5 illus-
trates a calibration curve between the ratio of pulse-added red and infrared
absorbance signal (R) from the pulse oximeter and measured arterial blood
saturation.
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Fig. 5. This is a typical pulse oximeter calibration curve. Note that the SaO,
estimate is determined from the ratio (R) of the pulse-added red absorbance at 660 nm
to pulse-added infrared absorbance at 940 nm. The ratios of red to infrared absor-
bances vary from approx 0.4 at 100% to 3.4 at 0% saturation. Note that the ratio of
red to infrared absorbance is one at a saturation of approx 85%. This curve can be
approximated on a theoretical basis, but for accurate predications of SpO,, experi-
mental data are required. Adapted from ref. (38).

R = ARed/AIR ©6)

Note that when the ratio of pulse added red to pulse added infrared light is
one, the saturation is approx 85%. This fact has interesting clinical conse-
quences, which will be noted on page 205 when methemoglobin is discussed.

The principles of pulse oximeters can be summarized with the following
three simple statements. First, the device measures the pulsatile component
of light absorbance in two frequencies. Second, it assumes that that pulsatile
absorbance is produced by the arterial blood pulsations in that tissue. Third,
this ratio of absorbances is empirically calibrated to arterial hemoglobin
saturation (Sa0,) so that the device can present saturation values, SpO,.

3.4. Problems with Pulse Oximetry

Pulse oximeters have become so valuable clinically because they are easy
to use and easy to interpret, and are fairly reliable in providing valuable
information regarding oxygenation and pulse. There are several circum-
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stances in which the device may have difficulty providing an accurate SpO,
value or may even provide a misleading saturation value. Problem areas can
be divided into three types: the presence of dyes or abnormal hemoglobins
within the blood; low perfusion signals; and artifacts resulting from motion
or light. These last two problems both involve signal-to-noise ratio—i.e.,
either low signal or high noise.

When dye is injected intravenously, it may very likely provide a transient
error in pulse oximetry if that dye absorbs light in the red or infrared range.
The most common dye to produce this problem is methylene blue, which
will cause a transient (few minute) drop in saturation to as low as 50% satu-
ration. Since this is only a transient effect, it is not a significant clinical
issue. Carboxy or methemoglobin poisoning may cause a more significant
and complex problem with pulse oximeters (/0,1/). COHDb is bright red and
is interpreted by the pulse oximeter as HbO,. Therefore, in a patient who is
suffering from carbon monoxide poisoning, the pulse oximeter will not be
able to detect the presence of COHb and will give the false impression that
the patient has a normal hemoglobin saturation. The SpO, value will present
a value which is the sum of HbO, and COHb. Methemoglobin has a more
interesting effect on pulse oximeters. Methemoglobin produces a dark
brownish color of blood, which strongly absorbs light in both the red and
infrared range. Thus, it causes a very large pulsatile absorbance that is
equally distributed in both light ranges and overwhelms the HbO, and Hb
signal usually detected by the pulse oximeter. Because this large absorbance
is equal in both the numerator and the denominator (Eq. 6) it forces the ratio
to one, which is interpreted by the pulse oximeter as a saturation of approx
85% (Fig. 5). Therefore, if a patient is suffering from metHb toxicity, the
pulse oximeter usually reads in the mid 80s, regardless of the patient’s actual
saturation (/7). This problem has a significant clinical potential because
metHb toxicity can be easily caused by an overdose of the local anesthetic
benzocaine. Benzocaine is the main constituent of the topical spray known
as Hurricane Spray®. This anesthetic spray is frequently used to topicalize
the airway during endoscopic procedures. Unfortunately, this spray contains
20% benzocaine—i.e., 200 mg/mL per cc, and can quickly produce high
levels of metHb when systemically absorbed (/2).

A low perfusion or low-pulse amplitude signals will make it difficult for a
pulse oximeter to determine an accurate saturation value. The device will go
into a pulse-search mode and ultimately produce no saturation value. Modern
devices have low signal cutoffs that will not allow the device to “guess” at a
saturation if the signal strength is too weak. This can occur when patients have
severe peripheral vascular disease or shock syndrome, or are cold. If pulse
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oximeters cannot produce a signal when placed on a finger, they may derive a
signal on the ear or may work when placed on the bridge of the nose.

Large artifacts resulting from motion are probably the most troublesome
problem for pulse oximetry. When patients move their extremities, they
cause pulsations of the venous blood that are superimposed on the pulsa-
tions of the arterial blood. The pulse oximeter has significant difficulty in
discriminating between the two pulsatile signals, one at a low saturation at
the motion rate and the other at the arterial saturation at the pulse rate. Because
there is more venous blood in tissue than arterial blood, the device may
frequently choose to present a value that is more like the venous saturation
than the arterial saturation. Therefore when patients move their extremities,
it is not uncommon to see the saturation drop to the low 90s and into the 80s
very quickly, but when the extremity stops moving the saturation will
quickly jump back to the 90s. This is most likely a result of the motion
artifact causing venous pulsations. Newer-generation devices are specifi-
cally designed to identify venous pulsations during motion and eliminate
them from the signal (/13—15). As these second-generation pulse oximeters
become more readily available, the problems with motion artifact should be
significantly reduced.

Finally, pulse oximeters will have difficulty in detecting the fluctuating
absorbance signal of the red and infrared light if they have a large ambient
background light producing a noise signal. Therefore, whenever the pulse
oximeter probe is in the presence of a bright light that may be fluctuating at
a high frequency, it is best to cover the probe with an opaque material to
eliminate that light “noise” and allow the device to calculate its ratios of
pulsatile absorbances and present a more accurate saturation.

4. BLOOD PRESSURE MONITORING: NONINVASIVE BLOOD
PRESSURE MONITORING (NIBP)

Blood pressure and heart rate are the primary physiologic parameters used
to document hemodynamic stability. A blood pressure reading in the normal
range documents adequate perfusion pressure and implies adequate cardiac
output (assuming a normal systemic vascular resistance). Arterial blood
pressure can be measured in a variety of ways, but unfortunately the results
differ slightly with each technique, whether it is invasive or noninvasive
(16,17). The gold standard is still the manual measurement, using a Riva-
Rocci cuff and listening for Korotkoff sounds. The width of the blood pres-
sure cuff should be 20-30% of the circumference of the limb, and the
pneumatic bladder should span at least half the circumference while it is
centered over the artery (/7). If the cuff is too narrow, the blood pressure
values will be too high and vice versa. The deflation rate can affect accu-
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racy. If the pressure in the cuff is deflated too quickly, the estimated blood
pressure is usually too low. The recommended deflation rate is approx 3 mmHg
pers (18,19).

Korotkoff sounds consist of a complex series of audible frequencies that
are produced by turbulent blood flow on the arterial wall and a shock wave
created as the external occluding pressure is reduced on the major artery
being compressed. The Phase I sound (the first sound) is heard as the cuff is
deflated, and is defined as a systolic blood pressure. As the cuff is fully
deflated, the character of the sound changes, becomes muffled, and finally
is absent. The diastolic pressure is recorded as the sound becomes muffled
or becomes absent. Clearly there is significant subjectivity in the measure-
ment as well as patient-to-patient variation and tester-to-tester variation. In
spite of these limitations the manual measurement of blood pressure by aus-
cultating Korotkoff sounds is still considered the gold standard.

4.1. NIBP

In the late 1970s, continuous noninvasive automatic blood pressure devices
became available. The first devices were developed using two different tech-
nologies. One relied upon a small microphone placed within a blood pressure
cuff, which attempted to identify Korotkoff sounds. This method was known as
auscultatory NIBP. Unfortunately, because of a variety of technical problems
and errors associated with multiple artifacts, this technique was not widely
accepted. The second technique, known as oscillometric blood pressure,
has become the standard of NIBP measurement. In this method a cuff is auto-
matically inflated and the pressure oscillations within the cuff are measured as
the pressure is reduced. The onset of oscillation occurs just before the systolic
pressure. As the cuff is deflated further, there is an increase in cuff oscillation
pressure as noted in Fig. 6 (/7). These cuff pressure oscillations increase to a
maximum which occurs at the mean arterial pressure (MAP). Further reduction
in cuff pressure reduces the oscillations until they are back to a baseline amplitude
at the point near the diastolic pressure. These devices most accurately measure the
MAP and use sophisticated algorithms programmed into the microprocessors to
predict systolic and diastolic pressure with a high level of consistency. Although
these blood pressure data are not equal to those obtained with a manual method,
they are consistent. Movement of the arm during blood pressure measurement
causes significant error, which will usually result in a non-reported value. The
devices can be programmed for repeating blood pressure measurements at any
time interval down to 1 min. There are concerns that repeated blood pressure
measurements at high frequencies can result in ulnar nerve palsies, superficial
thrombophlebitis, and even compartment syndrome. Fortunately, these are very
rare problems. In general, blood pressure is checked every 5 min during sedation
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Image Not Available

Fig. 6. NIBP, oscillometric blood pressure measurement. The figure illustrates the
method for oscillometric blood pressure measurement. The upper graph measures the
total pressure in the blood pressure cuff, and the lower graph represents the oscillat-
ing pressure within the cuff. Starting on the right depicts the point at which the blood
pressure cuff is fully inflated to a point higher than the systolic blood pressure. As the
pressure in the cuff is progressively lowered at the point, Oscillometric Systolic (145),
systolic pressure oscillations are felt within the cuff. Those oscillations increase as
the total pressure in the cuff decreases to peak oscillations, which occurs at the MAP.
With further cuff deflation the oscillations decrease until they are back to baseline,
the point known as the diastolic blood pressure. The most accurate pressure measure-
ment is the mean pressure; the systolic and diastolic are estimates. The upper portion
of the figure also depicts the point at which Korotkoff sounds are heard, initiating at
the systolic pressure and decreasing at the diastolic pressure. (Reproduced with
permisison from ref. [39], Churchill Livingston, 2000).

or anesthesia and only more frequently when there is hemodynamic instability.
The primary advantages of NIBP devices are their uniformity in data presenta-
tion and their ability to produce a blood pressure measurement while practitio-
ners are free to do other tasks such as treating the patient.

5. ECG MONITORING

It is important to document heart rate in all patients who are receiving
sedation. Generally, this is accomplished continuously by the pulse oxime-
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ter and intermittently by the measurement of NIBP. Both of these devices
generate a pulse rate that is a byproduct of their primary determinations of
saturation and blood pressure, respectively. In patients with a history of car-
diac disease, it is recommended that an ECG also be used to monitor the
patient (4). An in-depth discussion of the ECG and electrocardiographic
monitoring is beyond the scope of this chapter. There are several excellent
texts on this subject (20-22). In the setting of sedation for minor surgical
and medical procedures ECG monitoring should be used for the gross detec-
tion of dysrhythmias and potentially myocardial ischemia. If the patient
becomes symptomatic with chest pain or shortness of breath, the procedure
should be discontinued for a more in-depth evaluation of the patient’s car-
diac status and a 12-lead ECG. A three-electrode system is generally suffi-
cient to monitor patients for these short procedures even if they have a
history of significant cardiac disease. The leads are placed on the right arm
(white), left arm (black), and the left leg (red). Lead two is generally moni-
tored for it provides a good view of the P-wave and the ability to detect
dysrhythmias. Unfortunately, this three-lead system is not sensitive for
detecting myocardial ischemia frequently occurring in the left ventricle. For
this reason, there have been several modifications of lead placement recom-
mended to improve the ability to detect ischemia (22). Most of these modi-
fications attempt to represent a standard V5-lead view of the heart (Fig. 7).
The most popular placement is known as the CS5 modification. In this situ-
ation, the right arm lead (white lead) is kept at its standard location, while
the left arm lead (the black lead) electrode is placed in the V5 position—i.e.,
the anterior axillary line at the fifth intercostal space (Fig. 8). The left leg
electrode is left in its standard position. This CS5 modification has been
demonstrated to be as accurate as a V5 lead for detecting left ventricular
ischemia (23).

In patients with a more significant potential of ischemia, it is best to use a
five-lead ECG system illustrated in Fig. 7. With a five-lead configuration, it
is recommended that both leads II and V be monitored continuously to detect
ischemia. It has been reported that 75% of the 12-lead ECG detectable
ischemia is detected by a single V5 lead. This can be increased to 80% if
both lead II and lead V5 are continuously monitored (23,24).

It is important to realize that ECG monitoring only monitors the electrical
activity of the heart and does not ensure oxygenation, ventilation, or hemo-
dynamic stability. It is for this reason that the other monitors—i.e., blood
pressure and pulse oximetry and observation of ventilation—are essential
monitors during sedation, and ECG monitoring is only added when a patient
has a significant history of cardiac disease.
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Fig. 7. Standard five-lead ECG system consisting of four extremity electrodes
and the V5 lead. The V5 lead detects left ventricular ischemia. RA = right arm,
LA =left arm, RL =right leg, LL = left leg. (Reproduced with permisison from ref.
[40], Mosby Year Book, 1992).

6. VENTILATION MONITORING—CAPNOGRAPHY

Continuously sampling the carbon dioxide from the airway is known as
capnography, although referred to clinically as end-tidal CO, monitoring.
Capnometry is derived the Greek word “kapnos,” meaning smoke, carbon
dioxide (CO,) being the “smoke” of cellular metabolism. After it is produced
in the mitochondria, CO, is removed from the tissue by diffusion down a
partial pressure gradient to the capillary blood. The venous circulation then
transports carbon dioxide to the right heart, where it is then pumped through
the pulmonary circulation equilibrating with the alveolar gas. It is then venti-
lated to the atmosphere with each expiration. The shape and physiologic
significance of the capnogram had to await the development of rapidly
responding CO, analyzers. Today these devices are readily available using
infrared absorption to measure CO,. To obtain an accurate capnogram and
avoid contamination with room air, patients must be intubated. Since this is
usually not the case for patients undergoing sedation, the discussion of the
interpretation of the capnogram is beyond the scope of this chapter. The
reader is referred to excellent texts on this topic (25,26). When capnography
is applied to non-intubated patients it is used as a method of measuring res-
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Fig. 8. Modified bipolar standard limb lead system: MCL;, CS5, CM;, CB;, CCs.
(Reproduced with permisison from ref. [4]], Churchill Livingston, 1987).

piratory rate by counting the peaks in the CO, wave with each expiration. It
is important to remember that the presence of a capnogram also ensures
pulmonary perfusion and thus cardiac output. A depression in the peak of
the CO, tracing can be caused by either a contamination of the expired gas
sample with room air (air has virtually no carbon dioxide) or more impor-
tantly, a depression in cardiac output.

6.1. Capnography in Non-Intubated Patients

When a capnometer is used to monitor ventilation in a non-intubated patient,
there are technical problems in obtaining an accurate continuous sample of
the respiratory gases. In intubated patients the system is “closed,” and there-
fore the expired gas sample at the endotracheal tube is a very accurate mea-
surement of the respiratory gases. In non-intubated patients a sampling
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Fig. 9. Above is a plot of carbon dioxide partial pressure versus time during one
respiratory cycle. This tracing is known as a capnogram. The capnogram tracing
starts at zero during the beginning of the expiratory cycle, then rapidly rises to a
plateau as alveolar gas is sampled. The capnogram quickly drops down to zero
during inspiration. The three types of pulmonary dead space in the tidal volume are
known as apparatus dead space (V,,,ps), anatomical dead (V,,ps) and alveolar
dead space (V,ps)- The first two types of dead space are caused by the respiratory
equipment that the patient breathes through and the conducting airways. Alveolar
dead space is produced by the alveoli that are ventilated but not perfused and there-
fore do not participate in CO, exchange. If there were no alveolar dead space, the
end-tidal plateau value of CO, would be nearly identical to the arterial CO,. As the
patient develops more alveolar dead space, the end-tidal CO, drops and the differ-
ence between the arterial and end-tidal CO, widens. Adapted from ref. (26).

device must be inserted in the airway—either the mouth or nose—which
aspirates respiratory gases without aspirating additional room air or the
supplemental oxygen. Aspirating these additional gases will dilute the
sample and cause a lower capnogram or a capnogram that is rounded as
opposed to the appropriate square wave as depicted in Fig. 9. Despite of
these limitations seeing a repeated CO, wave form of any shape ensures that
there is ventilation occurring, and can document the frequency of the respi-
ratory rate. For this reason, despite of the less than optimal capnographic
wave forms produced in non-intubated patients, capnography is still very
useful in confirming ventilation.

A variety of methods of securing sampling tubes have been recom-
mended. Fig. 10 illustrates how a sampling tube can be made using a stan-
dard nasal canula, which provides supplemental oxygen to the patient and
an iv catheter and sampling tube inserted through one of the nasal prongs
(27). Fig. 11 shows a specialized nasal canula, which is available, which
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Fig. 10. A standard oxygen nasal cannula can be adapted to monitor end-tidal
carbon dioxide in a spontaneously breathing patient. An iv catheter is inserted into
one of the nasal prongs. The metal needle is then removed, the catheter is trimmed,
and the gas aspirating tubing is attached to the iv catheter. It should be noted that
this system works only with the aspirating or sidestream type of gas analyzers.
(Reproduced with permission from ref. [27], Mosby Year Book, 1993).

uses one of the nasal prongs to supply oxygen and the other one to sample
carbon dioxide. This type of device is especially useful when managing
patients who require deeper sedation, who are also in a difficult to observe
location (as in MRI). This topic is discussed in the following section.

7. MONITORING PATIENTS IN MRI

Providing sedation for patients undergoing radiologic studies with MRI
is challenging for a variety of reasons (28). First, the enclosed space obscures
the patient from the individual who is trying to provide and monitor the
sedation. That same enclosed space also requires a deeper level of sedation
in many patients because of the severe claustrophobic environment. Since
most MRIs will take at least 30 min, most children will be unable to remain
still for the duration of the procedure, also necessitating a deeper level of
sedation. The environment is not only logistically hostile but also electro-
magnetically hostile to most standard monitors. Thus, the high magnetic
field may not only cause erroneous readings because of its interaction with
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ferrous metals, but in some cases may be dangerous if large ferrous objects
are attracted to the magnet. The radiofrequency (RF) field, which is imposed
on the magnetic field to produce the image, can interfere with and be subject
to interference from monitoring devices. Finally, this RF field may also induce
currents if monitoring wires are in the field and looped. These currents have
caused patient burns (29). This section systematically reviews the problems
with monitoring patients during MRI and provide recommendations for spe-
cific equipment.

It is likely that there will be an even greater demand for sedation for MRI
in the future because there are a growing number of applications, such as
functional MRI and procedures being conducted under MRI guidance. To
be able to provide safe patient care, practitioners must understand some of
the basic physics involved in the MRI and the problems associated with the
technique.

7.1. Magnetic Fields

The magnetic field strength is measured in teslet (T). One teslet equals
10,000 gauss (G). The earth’s magnetic field at the surface is 0.5 to 2G.
Clinical magnetic resonance imaging systems operate between 0.5T and 2T.
At 5G, pacemakers may become dysfunctional, electrical equipment may
start to malfunction, and magnetic tape will be erased. When the magnetic
field strength approaches 50G, the attractive force on ferrous metal becomes
significant. Clearly, a 1T MRI unit will cause significant problems. In addi-
tion, since the devices produce a magnetic field by cooled superconducting
coils, the magnetic field is always on.

7.2. Implants

Patients with electrical and ferrous device implants are at high risk for
problems and should be excluded from MRI exams. These include patients
with pacemakers, AICDs, implanted pumps, or stimulators. Many implanted
prosthetic devices are non-ferrous, Shellock recently published a review
evaluating the ferromagnetic qualities of metal implants (30). When there is
a question, the patient should not be taken into MRI.

7.3. Induced Currents

The change in magnetic field gradient is used for image location and the
RF currents used to excite the proton nuclei also cause significant problems
when trying to monitor patients during MRI. Currents can be induced in
monitoring wires, which can be heated to the extent of causing burns. For
this reason, all probes and wire leads should be placed as far away from the
exam area as possible, and cables should not be formed in loops within the
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Table 5
Classification of Monitoring Problems
in the Magnetic Resonance Imaging Environment

Interaction of monitoring equipment with the MRI system
Radio-frequency interference—monitoring produces RF or leads act as an
aerial for stray RF
Magnetic Field effects—distortion of the magnetic field by ferro magnetic
equipment
Interaction of MRI system with monitoring equipment
Static field—effects on some electronic circuitry, and cathode ray tube displays
RF effects—artifact and interference particularly ECG and pulse oximetry
Gradient field effects
Potential patient safety hazards
Leakage currents
Heating and burns
Magnetic components “missile effect”—secure ferro magnetic or battery-
operated equipment

magnet. All wires should also be kept away from the patient’s skin. It is
useful for ECG leads to be braided together to minimize this potential of
forming a loop (31-33).

The currents in the monitoring equipment can also generate RF signals
that can deteriorate the MRI image. Batteries are strongly ferromagnetic;
therefore, battery-powered equipment must be firmly secured if it is near the
MRI unit. Problems involved in monitoring patients in MRI can be classi-
fied into three basic types: Interaction of monitoring equipment with the
MRI system; interaction of the MRI system with the monitoring equipment;
and potential safety hazards (Table 5). To minimize the possibility of any of
these problems, MRI-compatible equipment should be used. MRI compat-
ible is defined as equipment which is able to be used in a MRI unit without
causing any risk to the patient and without causing any problems to the MRI
scan. MRI-safe equipment is equipment that is safe for the patient but may
cause problems with scanning. Canale has published a magnetic resonance
safety website, which can provide updated information regarding monitor com-
patibility and safety issues as well as references to available equipment (34).

74. ICU Patients in MRI Units

The most difficult patients to sedate for procedures are probably those
who are already critically ill and require monitoring devices for their care.
Invasive monitoring catheters may make it easier to evaluate the effect seda-
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tive agents have on patients undergoing procedures; however, for patients in
MRI units these monitoring catheters may cause additional concern. Pulmo-
nary artery catheters have wires embedded in the catheter, which are con-
nected to the thermistor tip to measure blood temperature. There is significant
concern that these wires could cause harm by producing microshock to the
heart, or even being heated to the point of melting as they coil through the
heart (35). It is therefore recommended that pulmonary artery catheters be
withdrawn from patients who are undergoing MRI.
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Assessment of Sedation Depth

Lia H. Lowrie, MD and Jeffrey L. Blumer, mD, PhD

1. INTRODUCTION

Dosing of medications for sedation and analgesia has always been based
on a clinical assessment of patient response. The proliferation of medica-
tions with specific hypnotic or analgesic effects and the continued develop-
ment of diagnostic and therapeutic procedures requiring some degree of
patient sedation and pain control have resulted in wide variations in man-
agement. Although toxicity and safety are easily monitored by trained clini-
cians using standard cardiopulmonary equipment, efficacy is more difficult
to standardize. The desired “level” of sedation and analgesia depends on the
psychological and physiological state of the patient and the procedure being
performed, and varies during the procedure itself.

Ideally, to monitor sedation efficacy, the desired “level” of sedation and
analgesia should be quantified in a manner that is easily reproduced from
patient to patient, procedure to procedure, and clinician to clinician. A num-
ber of clinical scales exist that describe the apparent level of consciousness,
degrees of patient responsiveness, and effectiveness of pain control. These
scales depend on the hypothesis that sedation and anesthesia represent a
linear continuum that can be conceptualized in graduated terms of “level”
and “depth.” More modern hypotheses separate anesthesia into a simulta-
neous and interconnected triad of i) level of consciousness and volitional
response, ii) pain or stimulus response that may be in large part reflexic, and
iii) muscle relaxation (/). Terms may then be interpreted as follows: “seda-
tion” to imply alteration of the level of consciousness and volitional response,
“analgesia” to indicate alteration of pain and stimulus response, and “anes-
thesia,” a more global alteration of all three parts of the triad. For the pur-
poses of this chapter, however, where applicable, the terms “sedation” or
“anesthesia” will be used as described in the referenced citation. It is gener-
ally assumed that the “deeper levels” of sedation are associated with an increased
risk of respiratory depression, loss of airway control, and hemodynamic
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instability (2,3). The ability to monitor the “level” of sedation may allow
change in medication administration or increased vigilance for cardiopul-
monary events during the procedure. Current clinical scales are imprecise
and poorly sensitive or specific. Neurophysiologic monitoring using
electroencephalographic variables or evoked potential responses may pro-
vide a rigorous and reproducible quantification of the state of anesthesia
that may more clearly delineate the parts of the anesthesia triad and increase
the sensitivity of sedation efficacy and safety monitoring.

2. CLINICAL EVALUATIVE TOOLS

Many approaches to measuring the pharmacodynamic response to seda-
tives and analgesics have been published. These rating systems have been
variably applied to patients who are undergoing anesthesia for specific pro-
cedures, to evaluate speed and completeness of recovery after anesthesia,
and during relatively long-term sedation in the intensive care unit (ICU).
Although some have been carefully validated for a specific purpose, many
have simply been applied in a given situation for which the system may or
may not have been appropriately validated. Table 1 lists several published
sedation scoring systems divided into categories that depend on the degree
of patient participation and objectiveness of observer ratings. Scoring sys-
tems that depend on patient participation may not be convenient for clinical
use during a procedure, and are affected by patient effort and learning the
response over time. Observer ratings of sedation, particularly if not tested
for interobserver variability, are affected by interobserver interpretation and
bias. In attempts to overcome these inherent problems with clinical testing,
some clinical tools combine observer-based ratings with physiologic vari-
ables that change during sedation and are presumably not open to observer
interpretation (4).

2.1. Patient Tasks

The digit symbol substitution test (DSST), which is frequently used in
drug evaluation studies, particularly of benzodiazepines, requires the patient
to match a number with a symbol from a code involving the numbers 1
through 9 matched to single symbols. The patient must also draw the sym-
bol on the test paper. Scoring involves both the number of attempts and
correct answers. Psychomotor impairment is effectively measured with
DSST (5). Choice reaction time (CRT), another common psychometric test,
has been used to differentiate among hypnotic agents and reflects the sedat-
ing potential of a drug. A tight dose-effect curve may be obtained using
CRT and several benzodiazepine dose levels (6). These types of psychomet-
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Table 1
Some Published Sedation Scoring Systems

Subjective observer rating

Visual analog scales

Steward

Ramsay

Harris

Modified Glasgow Coma Scale
Observer’s Assessment of Alertness/Sedation Scale (OAA/S)
Cambridge

Bloomsbury

Cook/Newcastle

Neurobehavioral Assessment Scale (NAS)
Sedation-Agitation Scale (SAS)

Patient task performance

Digital symbol substitution test (DSST)
Choice reaction time (CRT)

Memory tests

Visual analog scales

Physiologic measures included

COMFORT

Nisbet and Norris

Heart rate variability

Esophageal sphincter contractility
PRST (Pressure, rate, sweat, tearing)

ric tests, although well-validated, have not been applied frequently in clini-
cal situations involving anesthesia or sedation for procedures. During peri-
ods of heavy sedation, the patient cannot participate enough to produce
results, and patient activity at other times may interfere with the completion
of the procedure or study.

Many studies have used visual analog scales (VAS) completed by the
patient at various points during anesthetic administration and the procedure
(7). These scales are usually 10-cm lines capped at each end by a statement
intended to reflect the extremes of the effect measured. The distance mea-
sured from the negative end of the scale to the point marked by the patient is
the “score” recorded. For instance, Smith used VAS labeled “wide awake”
and “almost asleep” during a study of the sedative effects of propofol (8).
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The patient is asked to indicate the point on the line that correlates with his
or her current state. VAS have shown remarkable consistency in the com-
parison of scores simultaneously assessed by the patient and an independent
observer (9). Simple recall of several objects or words over time, or the
ability to acquire memory, is another psychometric technique that has been
used as a measure of anesthesia during procedures (/0). However, eliciting
implicit or explicit memory following a sedation or anesthetic event after
the fact does little to monitor the depth of sedation or anesthesia during the
procedure.

Problems with these types of psychometric tests include the effects of
patient learning and effort, group comparison effects, and probably even the
time of day performed (/7). Psychomotor function will improve over time
as the patient repeatedly performs the same task (practice). This effect can
be lessened in drug evaluation studies by designing the placebo score as the
maximum possible score, but clinical sedation studies rarely utilize placebo.
The degree of effort the patient uses to complete the task will affect the
results. It is difficult to separate effort from drug effects during sedation.
Finally, particular task performance will vary by patient type. Both the eld-
erly and children will have different psychomotor performance than healthy
adults. The effects of chronic illness are poorly understood. It is possible to
use psychometric scoring to compare group data if the individual’s score is
expressed as a change from baseline ability.

2.2. Observer Ratings

VAS are also used by clinicians to rate the level of sedation and have
been used to assess inter-rater validity for new anesthetic techniques (72).
The end caps of the scale can be more inclusive when someone other than
the patient is rating sedation, as degrees of unresponsiveness can be included.
When VAS are used to evalutate a single patient over time by many clini-
cians, the raters must be careful to ensure that they are rating the same vari-
able. Pain, agitation, and degree of sedation may be confused.

When reporting the use of a particular sedative regimen during mechani-
cal ventilation in an ICU in 1974, Ramsay used the sedation ratings shown
in Table 2 (13). This scoring system has been used extensively in ICUs and
in the recovery room during anesthesia emergence. As the need for precise
monitoring of the efficacy of sedatives and anesthetics has grown, scrutiny
of the Ramsay scale as an assessment tool has escalated (/4). The Ramsay
scale will provide a numerical label for a subjective assessment of a level of
sedation. As such, it may be useful as a tool for inter-personnel discussions
of patient status. However, even for this use the scale is not precise, particu-
larly for critically ill patients. It is frequently criticized for having only one
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Table 2
The Ramsay Score’

. Patient anxious and agitated or restless or both

. Patient cooperative, oriented, and tranquil

. Patient responds to commands only

. Brisk response to light glabellar tap or loud auditory stimulus

. Sluggish response to light glabellar tap or loud auditory stimulus
. No response to light glabellar tap or loud auditory stimulus

AN AN

?Adapted from ref. (13).

level of agitation assessment (/5). The six levels of sedation are not mutu-
ally exclusive. Patients may be agitated and restless (Level 1), but not awake
at the same time they are responsive to light glabellar tap (Level 5). The
rater using the scale may not provide an identical stimulus in the “light”
glabellar tap or “loud” auditory stimulus as previously applied or applied by
another rater. Interpretation of “brisk” or “sluggish” adds bias to the scale.
Table 3 lists several other published scores similar to the Ramsay score in
the use of a numerical value attached to a semisubjective rater assessment of
the patient at that moment. Varying degrees of rater/patient interaction are
required. Scores reported by Cohen, Cambridge, and Newcastle are all spe-
cific to patients supported with mechanical ventilation (76).

The Sedation-Agitation Scale (SAS) (Table 4) was developed to describe
the patient’s state of agitation and sedation during a study of haloperidol use
in an adult ICU (17). A later paper reported the reliability and validity of a
revised SAS for patients in ICUs (/8). It showed acceptable interrater reli-
ability and for ICU use, it has the advantage of including several degrees of
agitation. Despite the perceived benefit in critically ill patients of multiple
levels of agitation assessment (Levels 5-7), it is interesting to note that in
actual usage, patients were only scored using Levels 1-5 (19). It was vali-
dated against the two unvalidated but commonly used Ramsay and Harris
Scales (20) (Table 5) and has since been correlated with bispectral index
(BIS) monitoring in ICU patients (19).

The Observer’s Assessment of Alertness/Sedation Scale (OAA/S Scale)
(Table 6) was developed to assess the ability of a benzodiazepine antagonist
to reverse sedation. It was tested for reliability and validity against VAS,
DSST, and Serial Sevens Subtraction Test (27). It has been used to assess
the level of sedation achieved with propofol in adult patients (22), and to
assess sedation efficacy in a double-blind, placebo-controlled protocol using
an opioid and a benzodiazepine during elective biopsy procedures (23). As
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Table 3
Sedation Scales

Lowrie and Blumer

Cohen sedation score®

Cambridge sedation score®

0 Asleep, no response to tracheal
suction

1 Arousable, coughs with tracheal
suction

2 Awake, spontaneously coughs or
triggers ventilator

3 Actively breathes against ventilator

4 Unmanageable

Bloomsbury sedation score®

Agitated

Awake

Roused by voice

Roused by tracheal suction
Unarousable

Paralyzed

Asleep

NN AW~

Simplified post-anesthesia recovery
score?

3 Agitated and restless

2 Awake and uncomfortable

1 Aware but calm

0 Roused by voice, remains calm
—1 Roused by movement or suction
—2 Roused by painful stimuli

—3 Unarousable

A Natural sleep

Consciousness

2 Awake

1 Responding to stimuli
0 Not responding

Airway

2 Coughing on command or crying
1 Maintaining good airway

0 Airway requires maintenance

Movement

2 Moving limbs purposefully
1 Non-purposeful movements
0 Not moving

“Adapted from refs. (16,69).

with the Ramsay Scale, inadequately sedated or agitated, uncooperative
patients are not well-assessed with the OAA/S Scale.

Chernik then developed the Neurobehavioral Assessment Scale (NAS)
specifically to evaluate patients across the full range of behavioral function-
ing. The NAS was tested for interrater reliability and evaluated against two
scores believed to be most effective at the extreme ends of the range of
neurobehavior, the Glascow Coma Score (GCS) and DSST (24). The NAS
was tested during induction of anesthesia before a surgical procedure. The
GCS is believed to rate more unresponsive or comatose patients well. How-
ever, it correlated poorly with NAS in lightly sedated patients. On the other
hand, the DSST that requires a fair degree of alertness showed good correla-
tion with NAS. Therefore, Chernik concluded that NAS is an effective scale,
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Table 4
The Sedation-Agitation Scale”

7 Dangerous agitation  Pulling an ET tube, trying to remove catheters, climbing
over bed rail, striking at staff, thrashing side-to-side

6 Very agitated Does not calm despite frequent verbal reminding of lim-
its; requires physical restraints, biting ET tube
5 Agitated Anxious or mildly agitated, attempting to sit up, calms

down to verbal instructions
4 Calm and cooperative Calm, awakens easily, follows commands

3 Sedated Difficult to arouse, awakens to verbal stimuli or gentle
shaking but drifts off again, follows simple commands

2 Very sedated Arouses to physical stimuli but does not communicate
or follow commands, may move spontaneously

1 Unarousable Minimal or no response to noxious stimuli, does not

communicate or follow commands

“Adapted from ref. (17).

Table 5
Harris Scale?

A. General condition

. Confused and uncontrollable

. Anxious and agitated

. Conscious, oriented, and calm

. Asleep but arousable to speech, obeys commands

. Asleep but responds to loud auditory stimulus or sternal pressure
. Unarousable

AN A W=

=

. Compliance with mechanical ventilation

. Unable to control ventilation

. Distressed, fighting ventilator

. Coughing when moved but tolerating ventilation for most of the time
. Tolerating movement

AW N =

aQ

. Response to endotracheal suctioning

. Agitation, distress, prolonged coughing
. Coughs, distressed, rapid recovery

. Coughs, not distressed

. No cough

B O R S R

4Adapted from ref. (20).



(1) ‘o1 woxy pardepy,

(dosrs deo) 1

puodsai jou seoq

spiom Sunyeys 1o Surppoid

ré — — 9[qeZIu300a1 M priw 1938 AJuo spuodsoy
Surmors A1pareadax
(9K oy Jrey<) (mel yoe[s) judurwoxd 1o/pue A[pnoj po[[ed st

€ s1503d payJew pue paze[n) uoneXe[al PAYIBIA 10 3uLun|s wreu 19)je A[uo spuodsay]
(9K oy Jrey>) SuruayoIy) 10 Quo) Teuriou ur uayods

¥ s1s01d priw 1o paze[nH uonexe[al priA SuImors priA Qweu 03 asuodsal J131eYlo|
s1s01d ON Quo) Teuriou ur uayods

(191v) ¢ Ieq[D [BWION [BWION awreu 03 A[Ipeal spuodsoy

[9A9] 2100s sokg uorssardxo yooadg ssouaArsuodsoy

ansodwo) [e1oBq

,9]€dS UOIEPIG/SSIUMI[Y JO JUSWISSISSY S,IdAIdSqQ L

9 3[qeL

226



Assessment of Sedation Depth 227

Table 7

Glasgow Coma Score”

Activity Best response Score

Eye opening Spontaneous 4
To verbal stimuli 3
To pain 2
None 1

Verbal Oriented 5
Confused 4
Inappropriate words 3
Nonspecific sounds 2
None 1

Motor Follows commands

Localizes pain

Withdraws in response to pain
Flexion in response to pain
Extension in response to pain
None

— N Wk N

¢Adapted from ref. (26).

particularly at more alert ranges of sedation. The scale scores an interview
process with specific questions on the orientation to person, place, and time,
and includes asking the patient to repeat a sentence to enable the rater to
judge the quality of speech. The rater must also judge 4-5 levels of alert-
ness, disorientation, speech articulation, and psychomotor retardation.

The GCS has been used to assess sedation efficacy (25) and as a valida-
tion tool for new sedation scales as noted previously. The original GCS was
anonvalidated scale intended to allow interrater reliability in the assessment
of coma without extensive staff training (26). Subsequently, predictions of
severity of outcome after head trauma have been linked to GCS scores on
presentation (27). It is a scale of three parts: motor response, verbal response
and eye opening (Table 7). Various scales have been denoted the “modi-
fied” Glascow Coma Scale and have been used in different settings to rate
the efficacy of a particular drug combination for sedation in mechanically
ventilated patients in the ICU by omitting the verbal section (28). It is doubt-
ful that “levels” of coma and sedation are synonymous enough to make this
a valid technique.

Techniques that require an observer to rate a patient characteristic or degree
of response to an applied stimulus are all subject to variability in observer
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skill, experience, and judgment. Although training and interobserver valid-
ity testing make these types of scoring systems more accurate, precise appli-
cation of these scores to the clinical situation for which they were intended
is even more necessary. Sedation and analgesia in the intubated patient over
time in the ICU is a very different process than short-term sedation and
analgesia or anesthesia of the same patient undergoing a procedure. Seda-
tion in the ICU is necessary not only to allow patient tolerance of prolonged
immobilization and invasive monitoring devices, but also to possibly pre-
vent and certainly alleviate “ICU stress delirium” believed by many to be an
indication of cerebral failure (1/5). Regulation of sleep cycles and a “semi-
alert” but calm state of being are now believed to be most beneficial in ICU
patients as opposed to the coma deemed desirable in earlier years of ICU
medicine (29). Sedation and analgesia for short procedures encompass only
the goals of patient comfort, ability to complete the procedure, and possibly
amnesia. With expectant cardiopulmonary management, during short
nonoperative procedures, it is unclear that there is a meaningful difference
between deeper levels of sedation rated by an observer rating score devel-
oped for ICU patients (SAS, for instance) when patients arouse to physical
stimuli and move spontaneously (SAS Level 2) or are calm and awaken
easily, following commands (SAS Level 4) but allow the procedure to occur.
It is generally believed that deeper levels of sedation predict longer recov-
ery time but newer short-acting anesthetics have facilitated early recovery
to a large extent (30).

It is recommended that observer rating scales be used only in the popula-
tion and clinical situation for which they are validated. Furthermore, pain vs
anxious agitation, and sleepiness vs unconsciousness are not easily distin-
guished by assigning a score to one specific patient characteristic or response.
Inappropriate medications may be used when the cause of the patient
response is not understood. For instance, large doses of potent anxiolytics
may be used inappropriately to “sedate” a somnolent or confused patient
who is agitated because of pain. Separate quantitative scales of pain, somno-
lence, and anxiety more in keeping with the modern hypotheses of an anes-
thesia “triad” may be necessary to appropriately manage the variety of
sedatives and analgesics available today (7).

2.3. Physiologic Variables

Sedation assessment methods that use physiologic responses to stimulus
or medication are usually viewed as more objective than the observer rat-
ings described here. Anesthesiologists have long described the hemody-
namic changes that occur during varying levels of general anesthesia (4).
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Table 8

PRST Scale”

Systolic blood pressure (mmHg) < Control + 15 0
> Control + 15 1
> Control + 30 2

Heart rate (beats/min) < Control + 15 0
> Control + 15 1
> Control + 30 2

Sweating Nil 0
Skin moist to touch 1
Visible beads of sweat 2

Tears No excess of tears in open eyes 0
Excess of tears in open eyes 1
Tear overflow from closed eyes 2

“Adapted from ref. (4).

For instance, Table 8 shows a simple means of evaluating the level of anes-
thesia using change in blood pressure and heart rate from baseline, degree of
sweating and tearing referred to as PRST. Utility may be limited in the pres-
ence of hemodynamically active medications or underlying disease that
directly affects vital signs (317). Nisbet developed a scoring system that incor-
porated physiologic changes for preoperative and intra-operative use (32)
(Table 9). A score of 0—4 correlated with “poor” sedation, 5—6 “fair”” and 7-10
“good” sedation. He attempted to validate this scoring system against an
observer’s subjective assessment of sedation (drowsy, wide awake, anxious).
However, the statistical analysis used was incomplete.

The COMFORT score was developed and validated against observer VAS
ratings for use in assessing sedation in mechanically ventilated children
(33,34) (Table 10). A score between 17 and 26 was considered indicative of
optimal sedation in ventilated patients in the unit in which it was developed.
The 2-min observation period for accurate score reporting has contributed
to the concern that the score is too complex for routine use, adding to the
ICU nursing workload (29). The COMFORT score has not been validated in
adults or during procedures, where the level of stimulus may change quickly
and frequently.

Another physiologic variable that has been studied in the context of depth
of anesthesia is lower esophageal sphincter contractility, which is increased
by physiologic stress (35). Deepening levels of anesthesia lowers esoph-
ageal contractility. The correlation between sphincter contractility and clini-
cal signs of deep anesthesia was at first believed to be quite strong (36).
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Table 9

Lowrie and Blumer

A Scoring System for Objective Measurement of Sedation”

A. Subjective state in operating room
Apprehensive
Fully awake
Drowsy

B. Change in state after premedication

Apparent improvement, change in state 1-2 or 2-3

No change

Apparent deterioration change in state 2—1

C. Change after premedication
Fall in blood pressure >10 mmHg
No change
Rise in blood pressure >10 mmHg
Fall in heart rate >10/min
No change
Rise in heart rate >10/min

D. After stimulation
Rise in blood pressure >10 mmHg
No change
Rise in heart rate >10/min

NN - O

S =N

S = NO =D

(=]

“Adapted from ref. (32).

Table 10
The COMFORT Scale”

ALERTNESS

Deeply asleep
Lightly asleep
Drowsy

Fully awake and alert
Hyper-alert

CALMNESS/AGITATION

() I SO I R

Calm

Slightly anxious
Anxious

Very anxious
Panicky

B W=

(continued)
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Table 10 (cont.)

231

RESPIRATORY RESPONSE

No coughing and no spontaneous respiration

Spontaneous respiration with little or no response to ventilation
Occasional cough or resistance to ventilator

Actively breathes against ventilator or coughs regularly

Fights ventilator; coughing or choking

PHYSICAL MOVEMENT

() I SO I R

No movement

Occasional, slight movement

Frequent, slight movement

Vigorous movement limited to extremities
Vigorous movements including torso and head

BLOOD PRESSURE (MAP) BASELINE

[V SOV (SR

Blood pressure below baseline

Blood pressure consistently at baseline
Infrequent elevations (1-3) of 215%
Frequent elevations (>3) of 215%
Sustained elevation = 15%

HEART RATE BASELINE

wn AW~

Heart rate below baseline
Heart rate consistently at baseline

Infrequent elevations (1-3) of 215% above baseline during observation period

Frequent elevations (>3) of 215% above baseline
Sustained elevation of > 15%

MUSCLE TONE

O S N R

Muscles totally relaxed, no muscle tone

Reduced muscle tone

Normal muscle tone

Increased muscle tone and flexion of fingers and toes
Extreme muscle rigidity and flexion of fingers and toes

FACIAL TENSION

[V S ONT \R

Facial muscles totally relaxed

Facial muscle tone normal, no facial muscle tension evident
Tension evident in some facial muscles

Tension evident throughout facial muscles

Facial muscles contorted and grimacing

O S S R

2Adapted from ref. (34).
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However, further study has shown wide interpatient and interagent variabil-
ity (37,38), and that atropine ablates the ability to monitor change in esoph-
ageal contractility (39). The value of this modality as a measure of depth of
anesthesia is therefore questionable.

Reduction of heart rate variation has been shown with induction of anes-
thesia and increased variation is seen with recovery (40). Recent develop-
ment of computer real time analysis of heart-rate variation may provide an
objective physiologic index of depth of anesthesia. Stimulation with chest
physiotherapy of sedated and paralyzed ICU patients produced marked
increases in respiratory sinus arrhythmia without significant changes in elec-
trocardiogram (ECG) R-R interval (4/). Commercially available analyzing
equipment was used to correlate beat-to-beat variability of heart rate and
Ramsay scores in 20 mechanically ventilated ICU patients during awaken-
ing from midazolam sedation (42). Prediction of Ramsay score was poor.
Perhaps the use of hemodynamically active medications or co-existing dis-
ease that may have altered heart rate variability confounded the ability to
assess anesthesia effects alone with this tool. On the other hand, the Ramsay
score may simply be too insensitive to correlate well with this type of index.

Although physiologic methods of assessment of sedation efficacy are
desirable in terms of objectivity, these techniques have not been used to
assess patients at “lighter” levels of sedation during short procedures, not
involving muscle relaxation or neuromuscular blockade. Their ability to dis-
criminate effectively between levels of sedation remains inconclusive.

3. NEUROPHYSIOLOGIC MONITORING
3.1. Modalities

Clinical monitoring tools are in general poor predictors of patient aware-
ness of sensations, experiences, and pain in the operating room. Use of neu-
romuscular blockade in the ICU renders most nonphysiologic clinical tools
useless. Once the patient exhibits a change in physiology (heart rate or blood
pressure increase) or response to stimulus (movement or follows a com-
mand), awareness may have already occurred. The technique of isolating an
arm from the effects of neuromuscular blockade with a tourniquet has dem-
onstrated response to commands during a variety of anesthetic regimens and
poor correlation with clinical assessments of the “depth” of anesthesia (44).
The incidence of awareness during anesthesia averages 0.25-1%, but may
be as high as 43% in certain populations (/). Particularly during the use of
neuromuscular blockade, the electroencephalogram (EEG) as an indicator
of brain function may offer more precise measurement of the individual’s
response to sedation and analgesia.
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The EEG is a plot of voltage of the electrical activity of the cerebral cor-
tex against time. The resulting waveforms are traditionally interpreted on
the basis of amplitude, frequency, and location of origin and pattern recog-
nition. All medications used for anesthesia alter the EEG and many, with
increasing drug concentration, will eventually produce burst suppression.
The burst suppression pattern is closely associated with unconsciousness,
but is not usually considered a desirable level of even general anesthesia, as
patients may become hemodynamically unstable and recover slowly. The
changes exhibited in frequency, amplitude, and EEG pattern during dose
escalation are both drug- and patient-specific (44). The traditionally formatted
EEG is a complex, cumbersome record that requires a high level of training
and attention for accurate interpretation. Standardization, reproducibility, and
electrical interference in the operating room or ICU are also problematic.

Computer analysis of EEG raw data has been developed to overcome
some of the difficulties inherent to EEG interpretation. The cerebral func-
tion monitor (CFM) is an early simple example of processed EEG informa-
tion, which used a single EEG channel and integrated EEG frequency and
amplitude to produce a single tracing. This system was further modified to
produce the cerebral function analyzing monitor (CFAM) that used two EEG
channels and analyzed different frequency bands along with amplitude to
produce a trend over time (45). Although developed for use in the ICU,
impairment of cerebral function by changes in perfusion or oxygenation
blunts the CFAM tracing, and deep sedation cannot be differentiated from
general anesthesia (unconsciousness) (9,37). Other methods of EEG pro-
cessing are considered superior techniques.

Fast Fourier transformation can be performed in real time for several EEG
channels by microprocessors. Power spectrum analysis involves Fourier
analysis of an epoch of EEG raw waveform defined by amplitude, frequency,
and phase angle, and resolved into a set of sinusoids that when added
together equal the original EEG complex. This information may be displayed
as a compressed spectral array that is a histogram of power (amplitude?) vs
frequency or as a density spectral array, where a color change represents
power for each frequency. Compressed spectral array and density spectral
array are essentially very compact displays of an EEG, yet they require a
good deal of training and judgment by the practitioner for correct interpretation.

Numerical parameters have been derived from statistical analysis of the
power spectrum to simplify pattern recognition. The epoch of EEG signal is
assumed to be stationary or linear, and its variables normally distributed. Com-
monly derived variables include the peak power frequency or the frequency
with the highest power in the epoch, median power frequency or the frequency
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that divides the power spectrum in two halves, and spectral edge frequency
defined by the frequency below which 95% of the power is located.

Power spectrum analysis also assumes that frequency bands of the EEG
are independent variables. Because the EEG is not completely stationary
and there are interrelationships between frequency components (phase cou-
pling where the phase of one component depends on the phase angle of other
components), power spectrum analysis may analyze two complex wave-
forms with different phase structures as identical. Bispectral analysis allows
for the influence of these nonlinear interrelationships, and can produce a
multivariate index single number called the bispectral index (BIS). A com-
mercially available algorithm provides a BIS score. It is important to under-
stand that this algorithm was derived from analyzing a large database of
EEGs from patients receiving hypnotic agents that were intended to produce
degrees of lack of awareness and recall (unconsciousness) (46,47). The inter-
action of analgesia in BIS (reduction in pain perception manifested by
decreased autonomic responses to noxious stimuli) is unclear (48). Bispectral
analysis is a classic form of EEG interpretation. A complete discussion of
EEG signal processing including a detailed description of BIS specific to
anesthesia has recently been published (49).

The electrophysiologic response to external sensory stimuli—auditory,
peripheral nerve stimulation, visual—is represented by evoked potentials.
Anesthetics produce dose- and agent-specific changes in the amplitudes and
latencies of evoked potential waveforms. Some authors believe that evoked
responses may be able to differentiate the analgesic and hypnotic effects of
a variety of medications (50,57). Somatosensory-evoked potentials (SSEP)
have been used most often as a monitor of neurologic function during proce-
dures involving spinal cord manipulation, and the cortically generated SSEP
amplitude is suppressed with analgesics but not some hypnotics (52). Audi-
tory-evoked potentials (AEP) have been best characterized in relationship
to sedation (53). The AEP tracing is produced by delivering specific clicks
or tones through earphones. The resulting scalp signal is processed to cancel
out background EEG signal, and a representative waveform is produced.
Early AEP generated from the brainstem are not affected by anesthetics.
The late AEP that arise from the frontal cortex vary from individual to indi-
vidual and are quite dependent on the degree of attention and alertness. The
midlatency AEP represent noncognitive cortical processing of the auditory
signal, are highly reproducible from patient to patient, and correlate closely
with consciousness and implicit memory during anesthesia. Some training
is needed for interpretation of waveform changes unless the latencies and
amplitudes are indexed. Evoked potential monitoring is also technically dif-
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ficult in the electrically active environment of the operating room and ICU,
making this technique in its currently available mode less attractive than
processed EEG techniques for general use (54).

3.2. Clinical Comparisons

Many systems have been designed to titrate anesthetic medications to
target serum drug concentrations or mean alveolar concentrations of inhaled
gases that have been shown to produce the desired level of anesthesia (55).
In a study designed to evaluate the relationship of BIS to measured drug
concentration and clinically assigned levels of sedation, 72 volunteers were
given isoflurane, propofol, midazolam, or alfentanil in a dose-ranging man-
ner to achieve target concentrations (56). Compared to an OAA/S score of 2
or less (defined as unconsciousness in this study), BIS correlated better than
propofol concentration and equally well with midazolam and isoflurane con-
centrations. Ninety-five percent of participants were unconscious, with a
BIS of 50. Target-controlled infusion of propofol was also used with and
without the addition of narcotic in a volunteer study assessing BIS, OAA/S,
and memory function (57). BIS correlated better than drug concentration
with OAA/S. These investigators noted that the increase in BIS induced
with painful stimulus was blunted in the presence of alfentanil, lending sup-
port to use of BIS as a monitor of depth of consciousness and not of pain
response. The use of BIS monitoring and target-controlled infusion technol-
ogy may facilitate more closely controlled drug delivery and consistent se-
dation levels (58,59).

Theoretically, because BIS considers phase coupling and the nonlinear
nature of the EEG, it should describe anesthesia-induced changes in the EEG
better than power spectrum analysis. Studies directly comparing the correla-
tion of BIS, 95% spectral-edge frequency (SEF), and median frequency
(MF) with OAA/S during sedation with midazolam or propofol show much
better correlation between BIS and clinical scores during induction and
recovery (60,61). Similar comparisons of BIS, power spectrum indices, and
AEP have shown very poor specificity and sensitivity of 95% spectral edge
and median frequency in predicting unconsciousness, whereas AEP was
somewhat better than BIS (62-64).

Retrospective group correlation of one monitor with another monitor may
indicate improved sensitivity and specificity. Monitors of anesthesia are
potentially most helpful if they can predict patient response. In a study that
compared BIS, AEP, 95% SEF and median frequency, Doi used target-
controlled infusions of propofol and alfentanil and evaluated movement at
laryngeal mask insertion (65). Although all patients had loss of eyelash
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reflex confirming unconsciousness before attempted insertion, only the AEP
index 30 s before insertion discriminated between movers and non-movers.
However, Kochs could not demonstrate good prediction of movement
response to skin incision during isoflurane anesthesia using AEP (66). Simi-
lar findings were reported in 1998 during sevoflurane anesthesia (67). BIS,
SEF, MF, and OAA/S did not predict movement at skin incision.

BIS represents the most accurate neurophysiologic monitor currently
available for monitoring of anesthesia level. Although it may not completely
accurately predict response to painful stimulus (incision) or deep reflexic
response (laryngeal stimulus), it may allow more tightly controlled anesthe-
sia delivery, resulting in a shorter recovery time. Higher BIS scores at the
end of clinically controlled anesthesia with propofol and desflurane pre-
dicted fast-track eligibility in outpatient tubal ligation patients (30). In a
randomized, multi-institutional study comparing standard practice during
propofol-alfentanil-nitrous oxide anesthesia to standard practice plus BIS tar-
geting of propofol infusions, anesthesiologists attempted to achieve the fastest
possible recovery times (68). The intra-operative course was similar between
the two groups; however, the propofol infusion rate was reduced (134 and 116
ug/kg/min), extubation occurred sooner (11 and 7 min), more patients were ori-
ented on arrival in the recovery room (43% and 23%) and eligibility for dis-
charge was earlier (38 and 32 min) in the group that received BIS monitoring.

4. CONCLUSION

The ideal monitor of sedation and analgesia will need to differentiate level
of consciousness and pain. It must be easily used across many patient types
and during a variety of procedures, and be easily understood by a variety of
clinical practitioners. It should be predictive of response to stimuli, not sim-
ply an alarm to indicate a threshold has been reached. It must be equally able
to monitor patients who are in the process of becoming conscious and those
who may be slowly reaching undesirable levels of unconsciousness. Current
clinical scoring systems certainly do not provide this degree of accuracy or
flexibility. The BIS and indexed AEP represent the currently available tech-
nology useful for patients receiving neuromuscular blockade who are most
likely to experience undetected awareness during ICU sedation and anesthe-
sia and for producing very tightly controlled levels of effective and uniform
anesthesia. Whether BIS and AEP are useful for targeting sedation (imply-
ing a higher level of consciousness than anesthesia) remains to be demon-
strated. Further work must be done to apply BIS and AEP to children,
specific anesthetic regimens, and critically ill patients whose disease pro-
cess may affect cerebral blood flow and function.
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Nursing Perspectives
on the Care of Sedated Patients

Terri Voepel-Lewis, MsN, RN

1. INTRODUCTION

Recent changes in the health care environment have increased the demand
for sedation to facilitate medical and diagnostic procedures. First, there has
been an increased availability and utilization of various diagnostic and thera-
peutic procedures. Furthermore, it has become widely accepted that seda-
tion and analgesia decrease the patient’s anxiety, enhance the patient’s
comfort, and may thereby improve the success of any procedure (/). Addi-
tionally, the costs associated with sedation are less than those associated
with general anesthesia for similar procedures (2), and the amount of dis-
ruption in daily life is also perceived to be less. Finally, several short-acting
sedative agents have been introduced during the last few of decades that
may offer safer alternatives for use during procedures.

This increased demand for sedation requires the involvement of knowl-
edgeable and skilled teams of care providers to assure the provision of safe
and high-quality care (3). Typically, a primary care provider orders the pro-
cedure. However, an attending physician in the diagnostic procedures area
is responsible for the procedure itself and for the overall management of the
sedated patient. Additionally, it is the direct care provider, generally a nurse,
who is responsible for pre-procedural preparation, administration of seda-
tive agents, ongoing patient monitoring, discharge assessment, and patient
education. Although several providers may be involved with sedation of a pa-
tient, in a practical sense it is the nurse who ensures appropriateness of care,
and implementation and compliance with practice guidelines for every pa-
tient. Therefore, it is important that the nurse be fully aware of institutional
sedation practice guidelines, and be knowledgeable about all aspects of se-
dation care. This chapter examines the role and responsibilities of the nurse
who provides care for patients requiring sedation for a medical procedure,
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and emphasizes the important risk factors and special considerations associ-
ated with sedation outside of the operating room.

2. PERSONNEL

Existing practice guidelines (/,4-7) recommend that one trained person
is responsible for the provision of care and monitoring of the patient through-
out a sedation episode; however, there is no consensus regarding the qualifi-
cations for sedation personnel (8). Recent literature suggests that in most
settings, this primary sedation care provider is a registered nurse (3,9—12).
Additionally, recent standards from the Joint Commission on the Accredita-
tion of Health Care Organizations (JCAHO) state that sufficient numbers of
qualified personnel, in addition to the licensed independent practitioner per-
forming the procedure, must be present during procedures using moderate
or deep sedation (7).

Competency-based training programs should be established in settings
providing sedation care, and nurses and other caregivers must demonstrate
proficiency prior to caring for sedated patients (/2,13). Competency should
include knowledge of the pharmacology of the medications used and of fac-
tors that increase the potential for risks associated with sedation. Further-
more, the sedation care provider must be trained in the use of monitoring
and emergency equipment, and be able to recognize and respond to compli-
cations associated with sedation. National guidelines recommend minimal
training in basic life support (BLS), but some organizations require advanced
cardiac life support (ACLS) training for the sedation care provider. At the
least, the care provider must be capable of establishing a patent airway and
maintaining ventilation and oxygenation. Furthermore, an individual who is
capable of establishing intravenous (iv) access and one who is trained in
ACLS must be immediately available.

The nurse or sedation care provider should also be aware of state policies
on administration of sedation (/2), as there are restrictions and policies
regarding sedation practices in many states (/). For instance, some states
mandate that a physician must be present in the room throughout a proce-
dure performed under sedation, and others simply require a physician to be
in the vicinity. Some states have policy statements regarding the authorized
involvement of unlicensed personnel in the care of sedated patients, and
others do not address this issue. Recent guidelines of the JCAHO mandate
that anesthesiology departments are responsible for ensuring the consistency
of sedation care throughout the institution. Furthermore, the JCAHO stipu-
lates that individuals who provide moderate to deep sedation must have the
appropriate credentials to manage patients at whatever level of sedation or
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Table 1
Qualifications of Individuals Providing Moderate or Deep Sedation (7)

Qualified individuals are trained in professional standards and techniques to:

1. Evaluate patients prior to performing moderate or deep sedation

2. Administer pharmacologic agents to predictably achieve desired levels of
sedation

3. Monitor sedated patients carefully and maintain them at the desired level of
sedation

4. Perform moderate or deep sedation to include methods and techniques re-
quired to rescue patients who unavoidably or unintentionally slip into a deeper
level of sedation or analgesia than desired

* Individuals who are permitted to administer moderate sedation must be able
to rescue patients from deep sedation (i.e., must be competent to manage a
compromised airway and provide adequate oxygenation and ventilation;
basic life support)

* Individuals who are permitted to administer deep sedation must be able to
rescue patients from general anesthesia (i.e., must be competent to manage
an unstable cardiovascular system as well as a compromised airway and
inadequate oxygenation and ventilation; advanced life support)

anesthesia is achieved, either intentionally or unintentionally (see Table 1).
In many settings, this has resulted in the formation of privileging systems
for non-anesthesiology physicians who provide sedation care.

3. PRE-PROCEDURE ASSESSMENT
3.1. Patient Selection

When deciding whether to use sedation to facilitate a procedure, it is im-
portant to consider the nature of the procedure (i.e., whether it is painful,
and its duration), the patient’s traits (such as age and anxiety level), and the
patient’s risk factors (/4). Although certain procedures, such as electro-
physiologic studies, may call for sedation or even general anesthesia in every
case, others such as computerized tomography (CT) may require sedation
only in select cases. It is imperative to include the patient—or in the case of
children, the parent—in the decision to use sedation vs other alternatives for
the procedure. Some patients may require little to no sedation for their pro-
cedure, particularly if it is painless. However, young children, cognitively
impaired individuals, or very anxious adults may require deep sedation, or,
in some cases, general anesthesia in order to complete brief diagnostic pro-
cedures. Some patients with co-existent painful conditions such as arthritis
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Table 2
Considerations for Determining the
Need for Sedation and Choice of Sedative Agent(s)

Procedure characteristics

Duration
Invasiveness/Pain
Required cooperation
Immobility
Environment/noise

Sedative Properties

Available routes of administration
Onset/duration of action

Ability to titrate

Risks/side effects

Reversibility

Patient factors

Age

Anxiety

Temperament

Allergies

Previous sedation experience
Risk factors/co-existing disease

may require sedation or analgesics even for noninvasive procedures to
permit them to lie still for the duration of the procedure. Table 2 presents a
summary of some of the factors that should be considered when determining
whether a given patient will need sedation for a procedure.

3.2. Risk Factors

Prior to the procedure, the patient’s physical status should be carefully
evaluated to determine whether the patient is an appropriate candidate for
sedation. The health history and physical examination will highlight factors
that increase the risks associated with sedation, and facilitate the appropri-
ate classification of risk using the American Society of Anesthesiologists
(ASA) physical status categorization (see Chapter 3, Appendix 3). An ASA
classification of 3 or greater indicates a greater risk for adverse events from
sedation than an ASA status of 1-2 (75,16). Following is a brief summary of
specific risk factors for sedation-related adverse events. Patients who present
with these conditions require special consideration and individualized plans for
sedation, and in some cases may warrant consultation with an anesthesiologist.
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Certain patients present with conditions that place them at increased risk
for respiratory adverse events during sedation. Tonsillar hypertrophy has
been shown to predispose the patient to airway obstruction during sedation
(17). A history of sleep apnea, stridor, or snoring should therefore be
obtained. It is important to assess for craniofacial abnormalities and muscu-
loskeletal disease such as arthritis of the cervical spine, because these traits
may make airway management difficult and thus place the patient at higher
risk if airway management becomes necessary. Pulmonary disease, a his-
tory of asthma, or smoking may also predispose the patient to respiratory
complications. Additionally, a history of alcohol or narcotic use within the
past 24 h places the patient at risk for apnea (/8). Infants, particularly those
who were pre-term, are at increased risk for apnea and hypoxemia.

Other populations may be at increased risk for cardiovascular complica-
tions associated with sedation. In patients with congenital heart disease, res-
piratory depression, hypoxemia, and hypercarbia associated with sedation
may lead to increased pulmonary vascular resistance (PVR), increased right-
to-left shunting, and worsening cyanosis. A history of cardiovascular dis-
ease, particularly left main coronary artery disease and/or unstable angina,
places the patient at risk for complications during cardiovascular procedures
(19). The elderly or patients who are hypovolemic may be susceptible to
sedation-induced hypotension.

Patients with morbid obesity or gastroesophageal reflux and those who
have not fasted prior to emergent procedures may not be suitable candidates
for sedation without a protected airway because of the increased risk of aspir-
ation. Patients with neurological impairment such as a history of seizure
disorders or conditions with a potential for increased intracranial pressure
also require special attention. Hypoventilation and hypercarbia that may
occur with sedation place these patients at risk for increased intracranial
pressure and neurologic compromise. The young infant as well as the eld-
erly adult require special consideration, because studies have found these
age groups to be at greater risk for adverse events following administration
of sedative agents (/6,19). Altered hepatic or renal function in these popula-
tions may cause variable drug metabolism and clearance, warranting close
monitoring of drug response. These patients may be at risk for prolonged
effects of sedatives.

Some patients may be at increased risk for difficult sedation or sedation
failure. The patient’s previous experience with sedation as well as their
medication history may help to determine this risk. Young children who
have had difficult sedation experiences or paradoxical reactions with certain
agents warrant consideration of alternative agents or general anesthesia.
Several populations, including children older than 3 yr of age, neurologi-
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Table 3
Pre-Sedation Instruction to Patients

Procedure-specific information (including bowel preparation, etc.)

NPO times

Suggested: Solids and non-clear liquids* 6-8 h
Clear liquids 2-3h
Breast milk 4h

Arrival time

Medications/alternatives for sedation

Complications or side effects during and following sedation

Recovery characteristics (duration, potential for delayed side effects)

Resuming regular activities (activities to avoid, when to resume work, school, etc.)

*Includes non-human milk and infant formula.

cally or cognitively impaired children, children with less adaptable tempera-
ments, and patients with a higher ASA physical status have been shown to
have a higher incidence of sedation difficulties and failure (16,20-22).
Although little is known about paradoxical reactions, there is some evidence
to suggest that genetic predisposition may play a role in such responses to
benzodiazepines (23). Soliciting a family history of sedation-related prob-
lems may therefore help to establish a risk profile for potential adverse
events.

3.3. Education

Detailed patient education that begins when the procedure is first sched-
uled is invaluable because it allays anxiety and allows both the patient and
the sedation care provider to be prepared for the procedure. The information
that is most helpful to the patient is presented in Table 3. Pre-procedure
instruction should include a detailed discussion regarding the procedure,
including its anticipated duration, the environment in which it is performed,
the associated pain, and the need for immobility and cooperation. This will
enable the patient and the provider to determine whether sedation will be
required. The patient should be fully informed of the anticipated side effects
of the sedatives commonly used for the procedure, the risks associated with
sedation and the procedure itself, and the measures that will be taken to
minimize these risks. Early teaching regarding the anticipated duration of
action of sedative(s) and the potential for delayed recovery (24) will enable
the patient to arrange for appropriate time away from work or school, and
for a support person to be present following the procedure if necessary. Pre-
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procedure directions should also include preparation for the test itself, such
as bowel preparation or oral contrast agents, and specific directions regard-
ing when to discontinue oral solids and liquids prior to the procedure. Addi-
tionally, patient preparation should include information about the recovery
period, which is reviewed in detail in Chapter 11.

Children who are undergoing sedation should be provided with develop-
mentally appropriate information about what will happen during the proce-
dure, so that they will be less anxious and therefore more likely to cooperate
(25). The young child may benefit most from concrete information that is
given close to the time of the procedure or during the procedure. However,
older children may need more detailed information ahead of time so that any
questions or concerns can be addressed prior to the procedure. In either case,
children should be informed about what may cause pain or discomfort and
how that pain will be treated. Although sleep deprivation in children has
been advocated to increase the success of sedation during procedures, one
descriptive study has refuted this notion (26). The role of sleep deprivation
prior to the procedure, therefore, remains unclear.

3.4. Informed Consent

Except in emergency situations, individual states often mandate that writ-
ten consent be obtained from the patient prior to administering a sedative
agent for a procedure (4,5,10). In many cases, the nurse is responsible for
obtaining consent for sedation, and should therefore be knowledgeable
regarding the elements of consent. First, it is important to establish that the
patient or parent has the capacity to understand the given information. In
cases involving children or cognitively impaired adults, a parent, guardian,
or surrogate must be available to provide consent (27). Information regard-
ing the risks and benefits of sedation and alternatives for treatment should
be disclosed in a manner that the patient/parent can understand. When a
written consent document is used, the reading level of the material should
be no higher than the 8th-grade level. When the patient is a child, the proce-
dure should be explained to the child and assent should be obtained from
those who are able to understand the risks and benefits of sedation (27).
Parents can generally help the care provider decide whether or not the child
will be able to understand enough of the information in order to provide
assent.

3.5. Choice of Sedative

Although a wide variety of sedative agents are available for use, there is a
tendency for practitioners to select among only a few (28). This tendency
may be the result of the success rate and/or relative safety record associated
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with certain agents, or perhaps to practitioner comfort related to experience
with the agent selected. The choice of sedative should be individualized to
the patient and based on the requirements for the specific procedure (Table 2).
Factors such as the anticipated duration of and potential pain associated with
the procedure, the degree of cooperation required from the patient, and/or
whether complete immobility is necessary, should be considered when
choosing the appropriate sedative agent. Although the use of a topical anes-
thetic agent, such as Eutectic Mixture of Local Anesthetics (EMLA(tm))
can facilitate placement of an iv catheter in young children, initial oral or
intranasal administration of a sedative may be necessary in cases where iv
access is anticipated to be difficult. During certain procedures, such as elec-
trophysiological studies, titration of a short-acting agent such as midazolam,
fentanyl, or perhaps propofol may be desirable so that depth of sedation can
be better titrated (29). For procedures that require a deeply sedated patient
for a longer duration, pentobarbital or chloral hydrate may be appropriate
choices (21,30,31). In any case, the patient’s health status, risk factors, and
age, as well as previous experience with sedation, should be considered prior
to prescribing any sedative medication.

The success and safety of the sedation experience is probably less depen-
dent on the specific agent used, but more importantly related to selecting the
appropriate drug for the patient, monitoring its effectiveness, and augment-
ing sedation carefully (9). It is imperative that the nurse responsible for seda-
tive administration and care of the patient be knowledgeable about the
pharmacology of the agent(s) used. Chapters 7 and 8 provide in-depth descrip-
tions of sedative and analgesic agents used to facilitate procedures. It is impor-
tant to note that most institutions require the involvement of an anesthesiologist
when agents with a narrower margin of safety, such as propofol or ketamine,
are used.

3.6. Environment

The sedation care provider must ensure that all of the facilities, equip-
ment, and supplies necessary to manage sedation as well as potential emer-
gencies are available prior to sedating the patient. A list of suggested
equipment and supplies is presented in Table 4. The nurse must document
that emergency equipment is maintained and is functioning on a scheduled
basis. Emergency medications and supplies, including agents used to reverse
sedative effects, must also be routinely checked and maintained.

In addition to assuring a well-equipped diagnostic suite for the promotion
of safety, other environmental considerations can facilitate a successful seda-
tion experience for children and adults alike. Once a sedative medication is
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Table 4
Suggested Emergency Equipment

Appropriately sized stretcher or crib

Standard monitoring equipment (i.e., pulse oximeter, noninvasive blood pressure
monitor, stethoscope)

Electrocardiograph

Positive pressure oxygen delivery system

Bag valve mask device and face masks*

Artificial airways* (nasopharyngeal, oropharyngeal, endotracheal tubes)

Intubation equipment*

Suction equipment and supplies*

Defibrillator

Supplies necessary to establish/maintain iv access

Emergency medications including reversal agents

*All sizes.

Table 5

Non-Pharmacologic Techniques to Facilitate Conscious Sedation

Infants Rocking, patting, swaddling, sucking on a
pacifier, music

Toddler Rocking, stuffed toy or favorite blanket,
music or singing, storytelling, parental
presence

Preschool and school-aged children =~ Touch/stroking, distraction, guided imag-
ery, music, video, stories, parental pres-
ence, relaxation (older children)

Adolescents and adults Touch, massage, distraction (music, video),
imagery, relaxation, hypnosis

administered, a quiet, non-threatening setting should be maintained to the
extent possible. Music, storytelling, and, during some procedures, video
movies, may provide effective distraction techniques for the sedated patient.
Some children may feel more comfortable if they are allowed to bring a
small toy or blanket with them for the procedure, and when possible, allow-
ing a parent to stay with the child may facilitate the child’s ability to cope
with the procedure (32-34). Incorporation of behavioral techniques such as
progressive relaxation or guided imagery may enhance the comfort of selected
patients who are undergoing conscious sedation. Table 5 suggests some of
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Table 6
The University of Michigan Sedation Scale (39)

0 Awake/alert

1 Lightly sedated: Tired/sleepy, appropriate response to verbal conversation and/
or sounds

2 Sedated: Somnolent/sleeping, easily aroused with light tactile stimulation

Deeply sedated: Deep sleep, arousable only with significant physical stimulation

4 Unarousable

W

the behavioral-cognitive techniques that may help to reduce the stress and
pain imposed by the medical procedure.

4. DURING THE PROCEDURE

The requirements for monitoring the patient during sedation have been
described previously in Chapters 2, 3, and 8. However, it must be empha-
sized that monitoring should not be considered a substitute for the constant
vigilance of a care provider or nurse who is responsible solely for the
patient’s well-being and who may be only peripherally involved with tasks
associated with the procedure itself.

4.1. Monitoring and Maintaining Sedation

Deep sedation places the patient at risk for loss of protective reflexes, and
has been associated with higher risk for adverse events such as respiratory
depression (35). For most adults and many children, it is thus desirable that
the patient remain responsive to verbal stimulation throughout the proce-
dure. Throughout the procedure, and until discharge criteria are met, the
nurse must evaluate the patient’s depth of sedation at regular intervals. Chap-
ter 9 presents an overview of the assessment of sedation depth. Sedation
assessment tools must be sensitive enough to detect the patient’s progression
from light sedation, during which the patient remains responsive to verbal
stimulation, to deeper sedation, in which there is response only to physical
stimulation or no response. Furthermore, the tool must be easy to score and
document because frequent assessment is imperative, yet should also facili-
tate a reliable, objective assessment of sedation depth. Although several
sedation assessment tools have been developed for use in clinical and
research settings, some have not been validated (36), while others may be
cumbersome for use in a busy clinical setting (37,38). The University of
Michigan Sedation Scale has recently been developed for assessing the depth
of sedation throughout diagnostic and therapeutic procedures, and was
recently tested for validity and reliability (Table 6) (39).
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Maintaining a depth of sedation that promotes the patient’s comfort while
maintaining responsiveness can be challenging. Titration of short-acting iv
agents throughout the procedure may be the best method to produce this
level of sedation. The advantage of this method is that the desired effect can
be achieved while avoiding unwanted side effects associated with higher
bolus doses of medication (40). It is important that such titration be done
carefully and with patience. Small doses of medication should be adminis-
tered at intervals that allow the peak effect of the previous bolus to be asses-
sed (5). Bolus doses that are administered too closely together may produce
a deeper than intended level of sedation with associated increased risks.
When non-parenteral routes are used to administer medications, the time
required for drug absorption should be considered prior to supplementation
with additional medications.

When deep sedation is required to complete the procedure, a larger bolus
of medication prior to the procedure is generally warranted. However, main-
taining deep sedation during long procedures or for those that are painful or
stimulating frequently requires augmentation of sedation with additional
doses of sedatives or analgesics. For painful procedures adding a short-acting
opioid such as fentanyl provides analgesia as well as adjunctive sedation.
For nonpainful procedures, a short-acting benzodiazepine or barbiturate can
effectively supplement sedation in many patients. With any combination of
medications used, it is important to consider the potential for increased risks
for prolonged sedation or synergistic respiratory depression (4/). Augment-
ing sedation with a drug that can be reversed may therefore be in the best
interest of the patient.

Occasionally, the sedative agent(s) fail to produce a depth of sedation that
is necessary to complete the procedure. The incidence of failed sedation in
children has been reported to be between 5% and 15% of cases (16,21,42—44),
and failed sedation in adults is not well-documented. Paradoxical reactions
to the sedative agent may cause the patient to become agitated, restless, and/
or hyperactive, which may pose a risk of injury to the patient since motor
imbalance may be also be present. Such reactions can be very challenging to
manage, and frequently result in sedation failure. The etiology of paradoxical
reactions is poorly understood, but is believed to be related to the interference
with neurotransmitters or neuromodulators in various regions of the brain,
predisposing susceptible individuals to unusual reactions to the agent (23,45).
Medical management of paradoxical reactions is not well-documented, and
consists primarily of case reports (45—47). Flumazenil has been successfully
used to reverse such reactions to midazolam in adult patients (47,48). Halo-
peridol reversed midazolam-induced agitation in another case (45), and
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morphine sulphate was effective in another (49). Physostigmine has been
successfully used to treat scopolamine-induced delirium in postoperative
patients; however, reports of its use for benzodiazepine reactions have been
conflicting (46,50). Paradoxical reactions can be anxiety-producing for the
patient, or when children are involved, for the parents. Indeed, a previous
report has suggested that postsedation agitation contributes to parental dis-
satisfaction with the sedation experience (24). In cases of sedation-induced
agitation, the nurse should provide emotional support and maintain a quiet,
soothing environment until the reaction subsides (57). It is important to note
that patients who experience paradoxical reactions may still be at risk for
other adverse effects of sedatives and must therefore be monitored accord-
ing to guidelines until the effects of the medication wear off, and the patient
meets discharge criteria. Furthermore, if a reversal agent is used to reverse a
paradoxical reaction, it is important to continue monitoring the patient for
the duration of action of the sedative(s) administered, because resedation
may occur once the effects of the reversal agent have worn off.

Cases of failed sedation and aborted procedures are particularly frustrat-
ing for the patient and family, as well as the care provider. The cost of seda-
tion failure to the family in terms of repeated trips to the hospital, time away
from work, or other family responsibilities and, more importantly, the impact
of delayed diagnoses are immeasurable. The nurse must be aware of these
concerns when dealing with cases of failed sedation. Decisions for follow-
up may necessitate consultation with an anesthesiologist. In some instances,
the patient’s procedure may need to be rescheduled for completion with an
alternative sedative agent. In the pediatric setting, a greater number may
need to be rescheduled for a general anesthetic (24).

4.2. Physiologic Assessment and Management of Complications

The widespread implementation of continuous pulse oximetry has mark-
edly improved the safety of sedation by facilitating the early detection of
respiratory depression and hypoxemia, and in turn, allowing early interven-
tion and prevention of clinically significant sequelae (/6). Even with such
monitoring, the nurse must frequently assess the ventilatory status of the
patient (5). Hypoxemia is a late symptom of apnea, particularly in patients
receiving supplemental oxygen (52—-54). In the absence of capnography that
can readily detect apnea and airway obstruction, the nurse must evaluate the
patient’s respiratory rate and depth, and observe for suprasternal or inter-
costal retractions, or paradoxical abdominal movement, which may indicate
obstruction. Restlessness may also indicate hypoxemia or hypercarbia. Both
respiratory depression and airway obstruction place the patient at risk for
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cardiac dysrhythmias and neurologic sequelae, and therefore warrant imme-
diate intervention. Initial supportive interventions for respiratory depression
or airway obstruction include administration of supplemental oxygen, stimu-
lating the patient, and measures to ensure a patent airway such as the head-
tilt, chin lift maneuver, or in the case of young children, use of the sniffing
position with the jaw forward. If initial measures fail, placement of an oral
or nasopharyngeal airway and ventilation with bag-valve-mask may become
necessary.

Some practitioners recommend routinely supplementing sedated patients
with oxygen, because this practice has been shown to reduce the incidence of
hypoxemia (54). However, current guidelines do not address supplemental
oxygen for all sedated patients, and this intervention is generally reserved for
higher-risk patients or for patients who experience hypoxemia during the pro-
cedure (5). It is important to remember that administration of oxygen to
patients with chronic obstructive pulmonary disease (COPD) should be done
with caution, since high flow rates may diminish the patient’s respiratory drive.

The patient’s blood pressure should generally be monitored at routine
intervals throughout the sedation episode, since hypotension is a potential
side effect of many sedative agents. However, in young children who may
be easily awakened, it may be necessary to postpone blood pressure moni-
toring until the procedure is completed. Patients with pre-existing hypov-
olemia, the elderly, and patients who receive propofol are at greatest risk for
hypotension. In these high-risk patients, volume replacement prior to seda-
tive administration may help to prevent hemodynamic instability. In some
cases, acute hypotension may warrant intervention with vasoactive medica-
tions, and possibly reversal of the sedative agent.

A deeper level of sedation increases the risk for pulmonary aspiration,
which can lead to life-threatening complications. Obese patients, obstetric
patients, and those with a history of reflux, are at higher risk for aspiration.
Additionally, patients who have not fasted prior to the procedure and those
who are given oral contrast for abdominal scans are also at increased risk,
and may require special consideration or consultation with an anesthesiolo-
gist. Interventions to reduce the risk of aspiration include elevation of the
head, when not contraindicated, administration of medications that lower
gastric pH, or administration of metoclopramide to facilitate gastric empty-
ing (55). If the sedated patient vomits, immediate suctioning is warranted,
and airway protection may be indicated if sedation is deep enough to cause
loss of protective airway reflexes. Suspected aspiration should be aggres-
sively treated with antibiotic therapy, pulmonary toilet, and oxygen supple-
mentation if needed.
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Reversal of the sedative agent may be warranted in certain cases of exces-
sive sedation. The occurrence of respiratory depression or a life-threatening
adverse event calls for sedative reversal when feasible. However, it must be
emphasized that administration of reversal agents should not delay or be
considered a substitute for aggressive supportive interventions such as bag-
and-mask ventilation. Paradoxical reactions may also be treated with admin-
istration of a reversal agent. Previous investigators have reported shortened
recovery following sedation for short procedures when flumazenil was used
to reverse sedation (56), suggesting a potential role for reversal in facilitat-
ing recovery and discharge. However, the half-life of the reversal agent may
be shorter than that of the sedative drug thereby predisposing the patient to
re-sedation after discharge to an unmonitored setting. Reversal agents must
therefore be used with caution, and carefully titrated to achieve the desired
effect. Slow titration of naloxone will facilitate reversal of side effects such
as excessive sedation and respiratory depression, while preserving the anal-
gesic effects of the opioid. Conversely, rapid administration of this reversal
agent can trigger adverse reactions including hypotension, hypertension,
ventricular tachycardia, fibrillation, and seizures. The benzodiazepine rever-
sal agent, flumazenil, can be titrated to diminish sedation without completely
reversing all sedative and anxiolytic effects of the benzodiazepine. Admin-
istration of this reversal agent in small doses is warranted to minimize the
possibility of adverse effects. Flumazenil must be used with caution in
patients with underlying seizure disorders, since it has been reported to pre-
cipitate seizures in this population.

4.3. Documentation

National guidelines stipulate aspects of the procedure that must be docu-
mented (4,5). Careful documentation throughout the procedure is necessary
in order to ensure continuity of care in cases in which multiple caregivers
may be involved, to facilitate subsequent procedures that may require seda-
tion by permitting review of the patient’s response to the sedative agents
used, and for medico-legal reasons. Table 7 presents the important aspects of
the sedation experience that must be documented. National guidelines and
institutional policy should be referred to for further information regarding
documentation.

5. SUMMARY

The care of sedated patients presents a unique set of challenges and
responsibilities to the professional nurse. Given appropriate training and
experience, the nurse who is committed to safe care of the patient can effec-
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Table 7

Documenting the Sedation Procedure

I. History/risk assessment

II. Physical status

III. During sedation

IV. Discharge status

V. Patient Instructions

Underlying conditions

ASA status

Allergies

Current medications
Consultations as indicated
History of sedation/anesthesia

Review of systems
Airway assessment
NPO status
Baseline vital signs
Weight

Medications dose/time/route
Vital signs

Oxygen saturation

Other monitoring as indicated
Adverse events and interventions
Paradoxical reactions

Patient’s level of alertness

Vital signs

Patient’s general condition

Discharge criteria

Where patient is going (i.e., home/inpatient bed)

Pre-procedure and at discharge
Verbal and written
Responsible person
Emergency contacts

tively meet these challenges, and perhaps, reduce the risk associated with
sedation. Although institutional guidelines provide a framework for safe
practice, and monitoring devices improve the ability to detect unsafe condi-
tions, it is the nurse’s observations and judgment that remain the most impor-
tant factors in facilitating safe and effective sedation of each patient.
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Recovery and Transport of Sedated Patients

Loree A. Collett, BsN, RN, Sheila A. Trouten, BSN, RN,
and Terri Voepel-Lewis, MsN, RN

1. INTRODUCTION

Patients who receive sedation or analgesia for diagnostic and medical
procedures remain at significant risk for associated adverse events until the
pharmacologic effects of the sedative or analgesic agent(s) subside (7). In
some circumstances, patients may be at greater risk for problems after the
procedure is completed, when painful or other stimuli are removed (2,3).
Vigilant physiologic monitoring and care of the sedated patient must there-
fore continue during transportation to recovery areas, and throughout the
postprocedure period until the patient can be safely discharged to an
unmonitored setting. Recent sedation guidelines and standards of care stipu-
late that such care be provided by qualified individuals throughout the seda-
tion episode until discharge criteria are met (/,4—7). The current emphasis
on cost containment and efficiency in most health care settings may result in
increased risk to the patient (8). Transportation of sedated patients by non-
qualified personnel or premature discharge of the patient may occur in busy
diagnostic settings that prioritize rapid patient turnover. Such “production
pressure” should never circumvent the caregiver’s ability to provide adequate
monitoring to sedated patients. This chapter examines important consider-
ations for the monitoring and care of sedated patients during transportation
and recovery.

2. TRANSPORTATION OF SEDATED PATIENTS

In some settings, patients remain in the procedure area for the duration of
sedation including recovery. In others, patients must be moved from the
diagnostic or treatment area to a centralized recovery area, a short stay unit,
or an inpatient unit following completion of the procedure. Regardless of
where the patient recovers, the patient’s safety during transport must be
assured (9). Furthermore, unstable or medically compromised patients
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Table 1
Information to Include in a Verbal Report
Upon Transferring the Care of the Sedated Patient

General information

Patient’s age

Weight

Medication allergies

Pertinent medical history and risk factors for sedation
Total fasting time

Procedure

Sedative and analgesic agents; total dose and last time of administration
Reversal agents and time administered

Intravenous fluids

Procedure site; dressings; concerns

Patient’s status

Vital signs
Level of sedation
Adverse events and their treatment

should be stabilized prior to transport. When the care of the patient is trans-
ferred from one caregiver to another, adequate communication of the
patient’s condition is the first consideration. Although the sedation docu-
mentation record should reflect the pertinent medical history, the procedural
information, medications, and the patient’s vital signs and physiologic sta-
tus (see Chapter 10), a brief verbal report from one care provider to the next
can serve to highlight critical information such as the patient’s risk factors,
medication history, and adverse events that may have occurred. Table 1 iden-
tifies information that should be included in the verbal report.

Equipment that should be available for sedation emergencies is presented
in Chapter 10, Table 4. There are several considerations that help determine
the necessary equipment for transportation. If the route from the procedure
area to the recovery setting is remote and offers little access to medical help,
the transportation team should carry more emergency equipment. Depend-
ing upon the patient’s depth of sedation, continuous monitoring of oxygen
saturation may be appropriate, and equipment to administer oxygen during
transport may be necessary. For patients with significant cardiac disease, or
for those who have undergone certain cardiac procedures, the transport
stretcher should carry an electrocardiograph device, and in some cases, a
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defibrillator. If the patient remains deeply sedated and is therefore at risk for
loss of airway reflexes, it is necessary to have appropriate airway, ventila-
tion, and suctioning devices available.

Frequently, transportation of the sedated patient requires the assistance of
more than one care provider. In some cases, unlicensed personnel may be uti-
lized for such assistance, and in others, a physician or registered nurse should be
in attendance. For example, patients who have experienced an adverse event or
are at increased risk because of their medical history or the nature of the proce-
dure, probably warrant the presence of additional medical staff during transpor-
tation. The Joint Committee on the Accreditation of Health Care Organizations
(JCAHO) sedation and analgesia guidelines state that sufficient numbers of
qualified personnel must be present when patients are moderately or deeply
sedated (7). This allows one person to be solely responsible for patient monitor-
ing and care, while the other may attend to other tasks such as pushing the
stretcher, procuring an elevator, or seeking medical help if necessary.

Occasionally, an unforeseen event occurs that impedes the smooth trans-
port of sedated patients to the recovery area. Equipment failure is probably
the most common of these events. It is important to check the proper func-
tioning of monitoring and/or suctioning devices, including the battery life of
such equipment. Furthermore, oxygen tanks should be checked to ensure an
adequate supply. Less often, elevator failure or closed corridors may impede
transportation. It may therefore be prudent to assess the route of transport
prior to moving the patient. Additionally, the care provider should be aware
of potential patient-related complications that may occur en route, and be
familiar with the location of telephones and emergency crash carts. Finally,
high-traffic public hallways should be avoided if possible to ensure efficient
and uninterrupted transport of the patient.

3. MONITORING AND ASSESSMENT DURING RECOVERY

National and institutional guidelines specify the physiologic parameters
that must be monitored and documented during the postprocedure period
(1,4,5,7-9). Generally, these parameters include the patient’s ventilatory sta-
tus, oxygenation, hemodynamic status, and level of consciousness (/,8). The
frequency of patient assessment and documentation during the recovery
phase is dependent upon the general condition of the patient, the type and
length of the procedure, and the types and amounts of medications adminis-
tered (/). Certain procedures, such as cardiac catheterization, angiography,
bone marrow aspiration, and transcutaneous biopsies require regular moni-
toring of an incision site or dressing. Documentation requirements for ongo-
ing physiologic monitoring are discussed in Chapter 10.
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As during transportation, patients who remain moderately or deeply sedated
require continuous monitoring of oxygen saturation for early detection of
hypoxemia. Continuous observation and monitoring of ventilatory function
by observation of respiratory activity or ausculation of breath sounds is also
warranted in these patients. There is some evidence that monitoring of end-
tidal carbon dioxide (CO,) via capnography offers an advantage over the
pulse oximeter in early detection of ventilatory changes that permits early
intervention prior to the occurrence of hypoxemia (/0). Thus, certain seda-
tion guidelines have added capnography as “desirable” monitoring for pa-
tients who are deeply sedated (//), and others suggest that end-tidal CO,
monitoring could become standard of practice for sedation monitoring in
the near future (/2). A complete discussion of pulse oximetry and cap-
nography monitoring is presented in Chapter 8.

Early intervention in response to changes in the patient’s respiratory and
ventilatory status is critical to the prevention of adverse events or complica-
tions. Stimulating the patient to breathe may be all that is required in patients
whose depth of sedation has decreased the respiratory drive. The provision
of supplemental oxygen will prevent the development of further hypoxemia;
however, this may delay the detection of apnea by pulse oximetry. Monitor-
ing of ventilatory status in these patients must therefore continue throughout
the recovery period. Airway obstruction may be readily corrected with the
head-tilt, chin-lift maneuver in some cases. The placement of oral or nasal
airways may become necessary in others. Once placed, these devices should
not be removed until it is determined that the patient’s airway reflexes have
returned.

Appropriate monitoring of cardiovascular status is warranted in high-risk
patients to permit early detection of hemodynamic instability and facilitate
appropriate intervention. The presence of pre-existing comorbidities and the
nature of the diagnostic or medical procedure will determine whether continu-
ous electrocariogram (ECG) monitoring or increased frequency of blood pres-
sure monitoring is warranted. It is recommended that continuous ECG and
regular noninvasive blood pressure monitoring (NIBPM) be implemented in
patients with hypertension, or a history of significant cardiovascular disease
or dysrhythmias (/). Patients who undergo cardiac catheterizations for abla-
tion or diagnostic reasons, electrophysiologic studies or cardioversion, and
pacemaker procedures also warrant this level of monitoring. Hypotension is
the most common cardiovascular complication that occurs during and fol-
lowing sedation and analgesia. Regular monitoring of the patient’s circula-
tory status, including heart rate, blood pressure, temperature, skin color, and
peripheral pulses, will identify problems so that appropriate intervention
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Table 2
Suggested Calculation of Fluid Requirements
Weight (kg) mL/h
<10 kg 4 mL/kg/hr
10-20 kg 40 mL + 2 mL/kg above 10 kg
>20 kg 60 mL + 1 mL/kg above 20 kg

can be implemented. Furthermore, a careful assessment of the patient’s fluid
status will facilitate appropriate volume replacement. This requires calcula-
tion of the patient’s volume deficit by determining the duration of fasting
and fluid maintenance requirements (see Table 2).

Hypothermia is a less common problem that nonetheless warrants moni-
toring and early intervention. Inadvertent hypothermia occurs more often in
the perioperative environment, but can also occur in patients who are sedated
for diagnostic and therapeutic procedures (/3). Sedative agents can alter the
threshold temperatures in the thermoregulatory centers in the brain, placing
the patient at risk for hypothermia. Additionally, certain patient populations
are more vulnerable to thermoregulatory failure, including the elderly and
infants. In addition to compromising patient comfort, hypothermia may decrease
drug metabolism, resulting in prolonged sedation. Furthermore, hypother-
mia can impair coagulation, which can lead to complications in some
patients, such as those who have undergone angiography or catheterization.
It is therefore important to assess the patient’s temperature upon arrival to
the recovery area, and implement strategies that will preserve normother-
mia. The use of warm blankets is generally sufficient; however, the use of a
convective warmer such as the Bair Hugger® may be needed in some cases.

Pain during diagnostic and therapeutic procedures is generally limited to
the procedure itself; however, it may occasionally persist or worsen during
the recovery period. Some procedures that are associated with pain include
percutaneous nephrostomies, liver biopsies, bone marrow biopsies, and
angiography. Additionally, some patients have pre-existing conditions such
as osteoarthritis or spasticity that result in pain even during non-painful pro-
cedures. Pain can be readily assessed in many patients using self-reported
pain scores. The 0—10 number scale (0 = no pain; 10 = worst pain) is the
most commonly used pain tool in the clinical setting. For young children,
and for those who cannot conceptualize numbers, there are other types of
self-report pain tools available that can help to identify the intensity of pain
(14-16). The FACES scale is the most common of these (Table 3). In
patients who cannot self-report pain because of age, cognitive impairment,
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Table 3
The FACES Pain Tool for Use in Young Children

Image Not Available

Reprinted with permission from ref. (35), copyrighted by Mosby, Inc., 2001.

or inability to verbalize, behavioral observation techniques are available to
provide the caregiver with an objective means to assess pain. The Faces,
Legs, Activity, Cry and Consolability (FLACC) scale is an example of one
such tool (/7) (Table 4). Prior to administering analgesics during the recov-
ery period, the care provider must assess the dose(s), timing, and route(s) of
administration of previous sedatives, analgesics, and their reversal. Doses
of opioid analgesics should take into consideration their synergistic effects
with sedatives, with particular attention given to the duration of action of
these agents. The pharmacology of sedatives and analgesics is reviewed in
detail in Chapters 6 and 7. The use of non-opioid analgesics, including aceta-
minophen or ibuprofen, may be the drugs of choice for mild to moderate
postprocedural discomfort. It is important to differentiate pain that may be
caused by a major procedural complication from discomfort that is antici-
pated as a result of the procedure. Hemmorhage, perforation of a vital organ,
or myocardial infarction are rare adverse events, but should be ruled out
when pain is present.

Certain sedative and analgesic agents are associated with a high inci-
dence of nausea and vomiting (/8). Additionally, pain, obesity, hypov-
olemia, procedural interventions such as the use of contrast agents, and
early resumption of oral intake may contribute to postprocedural nausea
and vomiting (9,7/9). Although administration of antiemetics may be ben-
eficial, virtually all anti-emetics have sedative effects that may prolong
the patient’s recovery.

4. DISCHARGE CRITERIA

Ongoing monitoring of the patient’s condition should continue until
the patient has achieved a stable status that is close to baseline, and the
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Table 4
FLACC Behavioral Pain Tool (17)
Score
Face 0 = No particular expression or smile 0
1 = Occasional grimace/frown, withdrawn or disinterested 1
2 = Frequent/constant quivering chin, clenched jaw 2
Legs 0 = Normal position or relaxed 0
1 = Uneasy, restless, tense 1
2 = Kicking, or legs drawn up 2
Activity 0 = Lying quietly, normal position, moves easily 0
1 = Squirming, shifting back and forth, tense 1
2 = Arched, rigid or jerking 2
Cry 0 =No cry 0
1 = Moans or whimpers; occasional complaint 1
2 = Crying steadily, screams or sobs, frequent complaints 2
Consolability 0 = Content and relaxed 0
1 = Reassured by occasional touching, hugging, or being
talked to. Distractable 1
2 = Difficult to console or comfort 2

Total:

Reprinted from Pediatric Nursing, 1997, Volume 23, Number 3, p. 294. Reprinted with
permission of the publisher, Jannetti Publications, Inc., East Holly Ave Box 56, Pitman, NJ
08071-0056; phone (856) 256-2300; fax (856) 589-7463. For a sample copy of the journal,
please contact the publisher.

patient can be safely discharged to an unmonitored setting (4-7).
Although there is no consensus on specific discharge criteria, in general,
the patient must have achieved a stable respiratory and hemodynamic
status, and be awake and alert (20-23). Recent guidelines of the Ameri-
can Society of Anesthesiologists (ASA) state that, “Discharge criteria
should be designed to minimize the risk of central nervous system or
cardiorespiratory depression after discharge from observation by trained
personnel” (/). Furthermore, the JCAHO recommends that sedated
patients should be discharged from the post-sedation recovery area by
qualified independent practitioners or according to criteria approved by
the licensed independent practitioner staff (7). Suggested discharge cri-
teria are presented in Table 5.
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Table 5
Suggested Criteria for Discharge
Following Sedation and Analgesia (1,20-22,34)

1. Patients should be easily aroused, alert and oriented, or returned to their baseline
status (i.e. infants, cognitive impairment).
2. Vital signs should be stable and within acceptable limits
3. Patient is not at risk for resedation (i.e., sufficient time has elapsed since ad-
ministration of reversal agents)
4. The patient’s protective reflexes have returned, and there is no risk for airway
obstruction or aspiration
Pain is minimal and can be easily controlled in the post-discharge setting
Nausea is controlled and can be managed in the post-discharge setting
Outpatients should be discharged into the care of a responsible adult
Outpatients must be provided with written instructions regarding medications,
activity, and emergency phone contacts

P =N

When evaluating the patient’s readiness for discharge, particular atten-
tion should be given to the level of consciousness and alertness. Patients
who have received sedative agents are often readily aroused and responsive
in busy, stimulating environments, but may become very sedated and unre-
sponsive when left undisturbed (3,24-27). Cases of resedation following
discharge have been reported, resulting in return to the emergency depart-
ment in several cases (26,27). In one of these cases, the scheduled procedure
had been aborted because of failed sedation, yet the child became exces-
sively sedated at home (26). This case emphasizes the importance of
monitoring all patients who have received a sedative agent, even if the sedative
effects are not initially apparent. In another case, a child became resedated en
route home, obstructed his airway, and died (28). These cases emphasize the
importance of rigorous discharge criteria. The patient should not only be easily
aroused, but should be able to maintain wakefulness when left undisturbed.

A recent study suggested that bedside nurses may tend to overestimate the
patient’s level of alertness at discharge (29). Other investigators have warned
against such liberalization of the definition of sedation and discharge readi-
ness (30). Efficiency and the need for rapid patient throughput in the diagnos-
tic setting must not compromise the safety of sedated patients. The caregiver
must assure that each patient has stringently met discharge criteria prior to
releasing the patient to an unmonitored setting, even if this means extended
monitoring or escalation of care.
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The requirement that patients be able to retain oral fluids prior to dis-
charge remains controversial. Most discharge criteria do not include a pro-
vision for oral intake, and many believe that early resumption of oral intake
may increase the likelihood of nausea and vomiting. The decision to feed
the patient should be individualized, and should never be attempted until it
is certain that the patient has regained protective reflexes. Perhaps more
importantly, adequate volume status should be assured by the appropriate
replacement with intravenous (iv) fluids.

Previous investigators have demonstrated a significant incidence of
delayed adverse events following discharge from the sedation recovery area
(25,27,31,32). Of particular concern is the high incidence of agitation and
aggressive behavior in children following sedation (26). This effect may be
more pronounced in children following administration of chloral hydrate.
Furthermore, a high incidence of motor imbalance, that lasts up to 24 h in
some cases has been reported (26). Patients and parents should be educated
regarding the potential for delayed side effects, so that their occurrence is
less distressing and appropriate care can be provided.

Previous investigators have suggested that administration of reversal
agents may expedite readiness for discharge (see benzodiazepine flumazenil
citation). However, the routine use of reversal agents is not advocated, and
may result in premature discharge of patients in some cases. In the event
that reversal agents have been administered, a sufficient time must elapse
after administration to ensure that resedation or renarcotization will not
occur. For inpatients, a verbal report must be given to the unit staff prior to
transferring their care. The report should include all of the elements dis-
cussed in Table 1.

5. DISCHARGE EDUCATION

Plans for discharge should begin with pre-procedure instructions so that
appropriate planning can take place. It is important that discharge instruc-
tions be provided verbally and in writing to the person who will be respon-
sible for the patient’s care following discharge. In this manner, families can
refer to the written instructions at home when adverse events may occur.
Instructions should be concise, but should include the medications adminis-
tered, expected behavior and side effects, activity restrictions, resumption
of diet, symptoms that warrant follow-up care, procedural instructions, and
emergency contact phone numbers (1,9,33). Table 6 presents an example of
discharge instructions. A copy of the discharge instructions should be kept
in the medical record.
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Table 6
Recommended Discharge Instructions for Sedated Patients

. Sedative and analgesic agents administered

. Potential adverse effects following discharge

. Recommended diet post-sedation

. Recommended supervision of the patient (i.e., close supervision of children

who may have motor imbalance)

5. Activity restrictions, including when to resume driving, work, school, and
which activities to avoid (i.e., bicycle riding, playground equipment, etc.)

6. Signs and symptoms that require a call to the physician or follow-up care

7. Procedure-related restrictions and care (i.e., dressing change, etc.)

RO R S R

6. SUMMARY

The safety of sedated patients will be optimized by adherence to national
and institutional guidelines throughout the sedation episode until the patient
is fully recovered. Sedated patients require the same degree of vigilant moni-
toring by appropriately trained personnel during transport and recovery that
is required during the procedure itself. Finally, specific discharge criteria
and careful patient/caregiver education regarding the potential for delayed
side effects will promote the patient’s well-being following discharge.
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Quality Assurance and Continuous Quality
Improvement in Sedation Analgesia

J. Elizabeth Othman, ms, RN

1. INTRODUCTION

Technological and pharmacological advances have prompted the move-
ment of painful invasive procedures and diagnostics away from traditional
operating rooms and the direct purview of the anesthesiologist. The need to
assure a higher level of care and consistent quality outcomes in a decentral-
ized environment is particularly challenging. This chapter discusses the
application of principles and concepts of Quality Assurance (QA) and Con-
tinuous Quality Improvement (CQI) to Sedation Analgesia practice.

2. SEDATION ANALGESIA AND THE JCAHO

Traditionally, the operating room was the standard location for many pro-
cedures requiring patient sedation. The operating room offers a highly stan-
dardized and predictable environment in which to perform high-risk
procedures. In this highly controlled setting, functions and required compe-
tencies are well-defined, standardized and monitored. In addition, processes
and outcomes are formally monitored and reported. Indeed, largely because
of mandates from regulatory agencies such as the Joint Commission on the
Accreditation of Healthcare Organizations (JCAHO), the processes are pre-
dictable across health care organizations in the United States. Over several
decades, the anesthesiology, surgery, and nursing professions have observed,
monitored, defined and redefined, researched, and developed safer and more
efficient perioperative practices. New anesthetic agents have been developed,
and monitoring equipment has become more user-friendly and affordable (/).

In recent years, the double-edged sword of cost control and technological
advances has prompted the movement of procedures out of the operating
room into hospital and ambulatory care procedure rooms, the patient’s bed-
side’ and the physician’s office (2). In order to complete the procedure and

From: Contemporary Clinical Neuroscience: Sedation and Analgesia for Diagnostic and Therapeutic Procedures
Edited by: S. Malviya, N. N. Naughton, and K. K. Tremper © Humana Press Inc., Totowa, NJ
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keep the patient comfortable, sedation and/or analgesia is administered. The
aim of sedation analgesia is to minimize patient anxiety, pain, and/or move-
ment in order to safely and efficiently complete a treatment or procedure.

With the higher volume of procedures moving out of the well-controlled
operating room environment with its proscribed peri-operative processes,
reports of patient problems, injury, and even death began to surface (3).
Potent sedating agents that are widely available for use by non-anesthesi-
ologists have been implicated in many cases. In an unregulated environ-
ment, many of the regimens so deeply ingrained in safe Operating Room
practice had been shelved. Professional organizations and associations attempted
to define standards of care for patients undergoing “conscious sedation,”
but unfortunately, during a period of cost constraints, health care adminis-
trators and even practitioners were reluctant to institute practices that would
add personnel and equipment costs to an already strained budget.

As it did at the turn of the century, when it began regulating surgical
practice, the JCAHO turned its attention to regulating sedation practice by
non-anesthesiologists. The most significant early development for the regu-
lation of “conscious sedation” occurred with the publication of the 1994
JCAHO standards of care (2). Health care organizations were now required
to implement a single standard of care across the institution—regardless of
location or circumstances—whenever patients in any setting received for
any purpose, by any route, sedation or analgesia that might reasonably be
expected to result in the loss of protective reflexes. These standards required
hospitals to define the practice of sedation by non-anesthesiologists to con-
form to the standards in place for anesthesiologists. The JCAHO now required
that institutions practicing “conscious sedation” provide sufficient qualified
staff and appropriate equipment for the assessment, monitoring, care, and
resuscitation of patients. In addition, the JCAHO mandated that the “con-
scious sedation” process be monitored for adverse events and patterns (4).

3. THE 2001 SEDATION STANDARDS

In previous editions of the JCAHO Comprehensive Accreditation
Manual for Hospitals (CAMH), sedation was not an integral part of the
Anesthesia Standards. In 2001, the JCAHO included the sedation stan-
dards as part of the Anesthesia Standards (5). Sedation was conceptual-
ized as continuum of increasingly deeper sedation with defined points
along this continuum, as depicted in Fig. 1. These defined points serve as
a measurable scale of sedation levels from O to 4. This change paralleled
the American Society of Anesthesiologists (ASA) Committee on Quality
Management definition of sedation, as occurring on a continuum from
minimal sedation to anesthesia (6).
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The Sedation Continuum

Minimal Sedation =~ Moderate Sedation  Deep Sedation Anesthesia

1 2 3 4

Sedation Level

Fig. 1. The sedation continuum.

Thus, references to anesthesia now became sedation and anesthesia. There
is now a clear intent that patient care, along the entire sedation continuum,
must be of the same standard. These revised standards retained the previous
requirements regarding personnel, equipment, assessment, monitoring, and
documentation. The term “conscious sedation” was replaced with the term
“moderate sedation”. The level of sedation beyond moderate, “deep seda-
tion,” had now been identified, defined, and recognized as within the pur-
view of the non-anesthesiologist. The adoption of a continuum (Fig. 1) as a
framework for managing sedation now mandated that specific requirements
be set regarding the capabilities and qualifications of the practitioner order-
ing and overseeing the sedation.

Because of patient variability and the unpredictable nature of pharmaco-
logical response, this continuum is a slippery slope, as shown in Fig. 2,
which requires specific practitioner skills in order to maintain the desired
level of sedation and to be able to rescue the patient from the next, deeper
level of sedation. Since a patient can easily slip into a deeper than desired level
of sedation—with the concomitant respiratory, hemodynamic and cardiac
risks—it is imperative that a quality improvement mechanism exists for
tracking, analyzing, and improving the outcomes of patients who receive
moderate and deep sedation. Any patient can be expected to slip into a deeper
than desired state of sedation.

As aresult, in addition to assessment and monitoring requirements, a clear
delineation of specific competencies for non-anesthesiologists who practice
moderate and deep sedation is now required (5). The organization is respon-
sible for assuring that only competent individuals participate in sedation
analgesia activities and that the competency is current. The 2001 JCAHO
standards also strengthened the requirement for quality monitoring for seda-
tion. The requirement specifically states: “Outcomes of patients undergoing
moderate and deep sedation are collected and analyzed in the aggregate in
order to identify opportunities to improve care” (5,7). A quality improvement
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THE SLIPPERY SLOPE OF
SEDATION

Moderate
Sedation

Deep
Sedation

Anesthesia

Fig. 2. The slippery slope of sedation.

process must exist for tracking, analyzing, and improving the outcomes of
patients who receive moderate and deep sedation. Since sedation has a rela-
tively low occurrence of adverse events but a high risk factor, tracking in the
aggregate allows for discernment of low threshold activities and the ability
to compare results both internally and externally. Over time, the JCAHO
has adopted performance improvement standards that contribute value to the
patient and the health care organization, with the goal of improved outcomes
and efficiency, which in turn lead to better yet more economical care. The
standards specific to quality improvement are found in the Performance
Improvement (PI) Section of the JCAHO Standards Manual (5). These gen-
eral requirements—that data be systematically collected, analyzed and acted
upon for the purpose of process improvement—apply in the specific to the
practice of sedation. Selected standards are listed in Table 1.

4. THE QUALITY MOVEMENT

Over the years, the conceptualization and measurement of health care
quality has undergone considerable maturation. Quality Assurance (QA) is
a process of continual monitoring and periodic evaluation of the quality and
appropriateness of patient care as defined by regulatory and professional
entities (3,8). Traditionally, QA has been a focus of individual services or
departments and may include individual case review.

Continuous Quality Improvement (CQI) arises out of the early work of
Deming and Juran in the manufacturing sector (9). The concepts underlying
CQIl include a focus on key processes, trending, and analysis of data leading
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Table 1
JCAHO Performance Improvement Standards
Applicable to Sedation Analgesia Practice

JCAHO performance
improvement/chapter
(reference) Selected performance improvement standards
P1/3 (1) The organization collects data to monitor its performance
P1/4 (1) Appropriate statistical techniques are used to analyze and
display data
P1/4 (2) The organization compares its performance over time and
with other sources of information
P1/4 (3) Undesirable patterns or trends in performance and sentinel
event are intensively analyzed
P1/4 (4) The organization identifies changes that will lead to

improved performance and reduce sentinel events

to improvements that are monitored and sustainable, simplification of work
processes, elimination of rework and waste, identification and satisfaction
of customers, and teamwork across boundaries (10).

5. DEVELOPMENT OF A QUALITY IMPROVEMENT
PROGRAM FOR SEDATION ANALGESIA

In order to achieve a systematic, ongoing Quality Improvement Program for
Sedation Analgesia, a systematic multidisciplinary approach to the development
of the integral components of the program is essential (/7). Such development is
best approached by a small team composed of members who are knowledgeable
about the process and desired outcomes of sedation. This team should include
members from anesthesiology as well as several medical and nursing specialty
areas, pharmacy, computer information systems, and the institutional QI com-
mittee. Potential objectives for a team are listed in Table 2.

5.1. Development of Quality Indicators

In order to develop quality indicators, an understanding of the concep-
tualization and language of “quality” is helpful. Avedis Donabedian, a pio-
neer in the development of quality indicators, recommended that the
assessment of health care quality should include the three components of
structure, process, and outcomes (12).

5.1.1. Structure Indicators

This aspect of care examines the existing structural component of care
and resources that the organization has to work with. Typically, structural
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Table 2
Objectives for a Multidisciplinary Sedation Analgesia QI Team

* Development of quality indicators

* Development of the indicator measurements, including operational definitions,
and formulas

* Development of standard report format(s) and frequency

* Development of a systematic continuous data collection methodology includ
ing other variables of interest

* Development of a process for transforming data into ongoing information using
statistics, graphic representations, aggregation and breakdown of the data

* Development of processes for practice evaluation, improvements, and
re-evaluation

components of care refer to resources such as numbers, preparation, and
qualifications of staff, patient acuity, and number of operating rooms. These
measurements often provide the foundation of understanding and describ-
ing the process of care.

5.1.2. Process Indicators

Process indicators evaluate how the work of the organization is done.
Understanding the way care is actually delivered is critical to the formulation
of process indicators. Key events that should be evaluated include decision-
making, documentation of care, and the appropriateness and timeliness of
care. The examination of process can lead to a heightened awareness of inter-
dependencies and areas of variability. These aspects of care are typically
measured as counts of inclusion (how often did an appropriate event occur)
or counts of exclusion (how many times was an appropriate intervention not
instituted). Often what we work with (structure) and how we do our work
(process) has a bearing (good or bad) on the outcome of care.

5.1.3. Outcome Indicators

This aspect of care evaluation examines the results of the work done in an
organization. Outcomes are often directly linked to the process and are
highly influenced by the structure. Although all three aspects are important,
early health care quality evaluations focused on structure, and more recently,
outcome indicators have taken precedence.

Structure indicators are usually the most obvious and easiest to measure;
therefore, initial quality improvement efforts focus on these. As information
is gathered and more questions surface, process indicators become more
useful. As a fuller understanding of a process is achieved, outcome indica-
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tors can be defined and measured. If a process is stable—the resources used
and methods employed remain unchanged and constant—outcome indica-
tors are the measurement of choice. Stable processes are those that have
outcomes that are consistent and predictable within a very small range of
acceptable variability (/3). However, in clinical care it is frequently diffi-
cult to predict or control the human response, both in the patient and the
caregiver. The unpredictability of such responses, coupled with the constant
introduction of new technologies and pharmacology, and with management
pressures for cost containment, makes it critical to evaluate the structure and
process of care as an “early warning system.” Changes in the measurements
of early warning indicators may foreshadow a change in outcomes. Indeed,
if meaningful process indicators are selected, negative trending over time
can indicate a risk of deteriorating outcomes. However, unless quality indi-
cators are constantly refined and validated it is possible to have unaccept-
able outcomes even without activation of the early warning system. Thus,
knowledge of the process being evaluated and the interrelationships among
its activities is critical in developing indicators.

5.1.4. Quality Indicators

Quality indicators are quantitative measures that can be used as a guide to
monitor and evaluate the quality of important clinical activities. As numerical
representations of key functions or processes, they represent an evaluation of
that activity. Sequential measurements can provide information regarding the
stability of the process or activity or the variations therein. This is the essence
of the monitoring. The purpose of these measurements is to identify opportu-
nities for improvement, which is the foundation of continuous quality
improvement. Thus, the development of appropriate indicators is critical for
valid and useful monitoring of important clinical processes (10,11).

5.2. Developing Quality Indicators for Sedation Analgesia

An important first step in developing indicators for sedation analgesia is
an understanding of the goals and key activities of the sedation analgesia
process. A review of the literature—including clinical guidelines, interviews
with practitioners and patients, and the use of quality improvement tools
such as flowcharting, cause-and-effect diagrams, and root-cause analyses—
is often helpful in identifying the critical elements of the activity (2,15).
These critical elements can then be categorized as structure, process, and
outcome variables.

A very useful tool in understanding a process is a flow diagram or flow-
chart. A process flowchart is a symbolic representation of the processes or
activities involved in achieving a goal or an end result. An example of a
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Patient will need
sedation analgesia
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Consult with level 4 (anesthesia) be
department of needed?
anesthesiology.
=]
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y A
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department of Follow guidelines for
anesthesiology. sedation analgesia

Fig. 3. Sedation decision-making flowchart.

flowchart for a patient undergoing a diagnostic procedure with sedation anal-
gesia is shown in Fig. 3. This flowchart, even at a fairly macro level, reveals
several points for quality monitoring that are listed in Table 3.

Within the sedation process, several preventive measures must be taken
to protect the patient and to minimize the occurrence and the severity of
adverse events such as oxygen desaturation and respiratory arrest. For example,
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Table 3
Examples of Monitoring Opportunities Derived from Figure 3

* Appropriate privileging and competencies of physicians targeting moderate or
deep sedation

* Documentation of ASA physical status

* Proportion of procedures in which the target level of sedation is achieved

* Frequency of exceeding intended depth of sedation, particularly deep sedation

Table 4
Development of Quality Indicators

Aspect of Care: Maintenance of Respiratory Function

Example of Indicator
key activities Possible indicators type
Airway assessment ¢ Airway assessment completed Process
* Anesthesia consult for
Mallampati Score >2 Process
NPO protocols ¢ Occurrence of nausea Process
¢ Occurrence of aspiration Outcome
Supplemental oxygen ¢ Supplemental oxygen immediately
available Structure
Pulse oximetry ¢ Compliance with pulse oximetry Process

¢ Occurrence of O, desaturation >10%  Outcome

Reversal agents ¢ Occurrence of use of reversal agent Outcome

Monitoring protocols e Compliance with ECG guidelines Process

Prevention of e Occurrence of respiratory arrest Outcome
respiratory arrest ¢ Occurrence of intubation Outcome

patients are screened for respiratory disease and airway abnormalities, fast-
ing protocols are followed, oxygen saturation is monitored, and oxygen is
readily available, as are reversal agents. Any one or several of these preven-
tive activities could be quantified and used as an indicator. In this example,
many structural, process and outcome indicators may be measured. Several
possibilities are indicated in Table 4.

Not all indicators are equally predictive or useful. Even with computer-
assisted data collection, there is a human resource cost. Numerous and very
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complex indicators may not necessarily yield the quality monitoring results
or quality improvement as anticipated. Thinking economically, it is impor-
tant to select indicators that are clinically meaningful—those than can act as
predicators of patient care, can be linked to a desired outcome of care, and
are reflective of activity that is within the realm of the organization’s or
practitioner’s ability to change. For example, quality assessment activities
in the early post-implementation phase of sedation guidelines often focus on
documentation of particular activities such as consent, airway assessment,
and fasting duration. Once the basics are in place, the focus should shift to
clinical outcome-related indicators.

Adherence to documentation standards can and should be measured on
an ad hoc basis as part of a medical record audit or review (/4). For example,
completion of an airway assessment is an important step in the sedation
process, but does not directly relate to the occurrence of respiratory arrest.
However, the measurement via chart audit of noncompliance can, at the very
least, speak to noncompliance with documentation standards, and perhaps
more meaningfully, as an early warning of high-risk behavior.

Even with careful assessment and monitoring, it is not possible to always
maintain a patient’s position along the sedation continuum. Patients may
have idiosyncratic responses to central nervous system (CNS) depressants,
and the synergistic effect of a sedative and opioid is difficult to predict.
With any administration of sedatives or combination sedatives and analge-
sics, patients are at risk for a deeper than targeted level of sedation with
concomitant respiratory and cardiovascular compromise. Thus, the most
common adverse outcomes relate to oxygenation, circulation, and conscious-
ness. At their most extreme, these outcomes are expressed clinically as res-
piratory arrest, cardiac arrest, and death (16,17).

Measurement of quality of care provided may be reflected in the inci-
dence of respiratory arrest, cardiac arrest, and death. Since these outcomes
are relatively rare, intermediate steps or outcomes that may lead to these
adverse events may be defined and tracked. Examples include severely
decreased oxygen saturation, aspiration, arrhythmia, and hypotension. Thus,
the measurement of an indicator such as oxygen desaturation >10% may be
helpful in indicating practice patterns that may lead to the occurrence of a
major adverse event.

Other outcome indicators may be patient-related, such as patient satisfac-
tion or pain and comfort scores during the procedure. Management-related
indicators, such as the total time needed to do the procedure, may also be useful
in the aggregate analysis of the sedation process. Thus, acceptable quality of
care may be indicated by successful completion of the procedure in a safe
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and efficient manner while optimizing patient comfort, avoiding major com-
plications, and minimizing the occurrence of other complications.

Occurrences are expressed as rates. A rate of occurrence or a rate of com-
pliance is a key measurement in Quality Improvement (8). An indicator is
measured by the number of occurrences when compared to the number of
potential occurrences. In order to be precise, the indicator should be clearly
defined or operationalized. Considering the example of oxygen desaturation,
the indicator may be defined as: “Occurrence of oxygen desaturation greater
than 10% of baseline for more than 30 s as measured by pulse oximetry.”
The quantifiers of 10% and 30 s can be determined by literature review or
clinician consensus. The occurrence of this event must be recorded, counted,
and expressed as a rate of occurrence before it can be used as an indicator of
clinical practice.

The following formula is used to express the rate of occurrence:

Rate of _  Number of occurrences (during the specified time period)
occurrence Number of cases (during the specified time period)

x 100

The rate of occurrence derived over one specified time period may not, in
itself, be useful in describing clinical practice or in identifying an opportu-
nity for improvement. Variables such as a patient population that is not rep-
resentative of the overall population must be considered. However, when
such measurements are collected over time, the data can yield important
information. Furthermore, when graphically represented as a trend line, the
data may indicate changes in clinical practice that with further study could
point to opportunities for improvement. Fig. 4 demonstrates, in a run chart,
trends in the rate of oxygen desaturation over time. Certain questions may
prompt further data collection and analysis in the search for decreasing the
incidence of negative outcomes. The impact of the clinical significance of
the event, the seasonal variation, the type of procedures more likely to result
in the event, and patient characteristics associated with the event are addi-
tional possible considerations.

Traditionally, in health care quality assurance, acceptance levels of prob-
lems were usually arbitrarily assigned. Since this type of level of acceptance
is usually set up prior to evaluation and not statistically defined, it usually
favors a static acceptance of errors and problems (/8). In order to move
toward a more dynamic model for quality improvement, an understanding
of the data regarding unacceptable performance, defect problem, or incident
is critical. A threshold rate must be established. The threshold can be con-
sidered as a level of tolerance or acceptance of defects or incidents beyond
which further investigation is necessary. The threshold can be established
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Fig. 4. Example of a run chart.
3.500 1 Incidence of O Desaturation
3.000 + by Month
2.500 + Threshold = 1.915

(Mean +1 SD)
2000 + ) =

1.500 +
1.000 +

0'500 » l
0.000 -

98July 98Aug 98Sep 980ct 98Nov 9BDec 99Jan 99Feb 99Mar 99Apr 99May 99Jun

Fig. 5. Example of a control chart: bar graph with threshold.

by the data itself or by benchmarking. Once initial quality improvement
data collection has been completed, the data can be used to generate a thresh-
old performance standard. The mean or average occurrence can serve as a
threshold. It is important to calculate the weighted average because each
measurement is the average of the cases for that time period. Since the vol-
ume of activity varies, the effect of each measurement should be in accor-
dance with its proportionate volume (/8).

An important concept in threshold development is variation—specifically,
the variation around the mean. If the goal is to consistently meet perfor-
mance standards, the weighted mean average can also serve as the threshold
of acceptable performance if a defined level of standard deviation (SD) of
the mean is added (/8). Fig. 5 demonstrates the resultant threshold obtained
by adding one standard deviation to the calculated mean average for the rate
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Fig. 6. Example of a control chart: bar graph with rolling mean.

of oxygen desaturation over a 1-year period. If this threshold number is con-
tinually recalculated as more data points are collected over time, a rolling
mean is obtained that continually drives for improved performance (Fig. 6).
This dynamic measurement approach is consistent with the philosophy of
continuous quality improvement (2).

The second approach, benchmarking, is a comparison of the published or
non-published experience or the results of other similar programs. These
could be within the same institution, with other similar institutions, or to a
national database. Benchmark data, when compared to institutional data,
can identify obvious initial areas for improvement and often allow for iden-
tification of practices, which might be used to improve performance. Over
time, if used alone, benchmark data tends to result in acceptance of the
status quo once the performance matches that of the benchmark.

One nationwide study, The Quality Indicator Project (QI Project) spon-
sored by The Association of Maryland Hospitals & Health Systems (MHA)
began in 1985 as a voluntary pilot project of seven Maryland hospitals (18).
The goal of the QI Project is to serve as a tool to assist hospital leadership in
overseeing patient care quality and identifying opportunities for improve-
ment. The MHA QI Project now provides clinical performance measure-
ment and national comparative databases for over 1,800 participating
hospitals. Quality indicators relating to Sedation Analgesia were added to
the database in 1999. The results are available in the aggregate to non-mem-
ber hospitals and can serve as a beginning source of benchmarking (/9). The
project reports an overall rate of severe oxygen desaturation during sedation
analgesia between 1.5% and 4.2%. Before accepting this range as a bench-
mark, it is important to note that hospitals of varying sizes participate in the
project and that the measurement is for all sedation locations within those
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institutions. A measurement of interest for one particular location may not
reflect the case mix of an entire institution. The project also defines severe
desaturation as a drop of 5% or more. At this level of measurement (5%), the
result would be a larger number of severe desaturations than if 10% were
used as the quantifier for the indicator. Thus, care must be taken in interpret-
ing and using any benchmarking results.

5.3. Quality Monitoring of Sedation Analgesia

Once indicators are chosen for measurement, a methodology for data col-
lection, analysis, and reporting must be defined. Depending on available
resources, the data is usually collected by either random sampling of seda-
tion cases or by databasing all sedation cases. Because sedation is a high-
risk activity and occurrences of adverse events are relatively rare, it may be
advisable to collect data on all cases. Databasing all sedation cases has cer-
tain advantages. Low levels of compliance and variation can be better
detected. Demographic and clinical information can be readily available to
understand the results of the quality indicators. Aspects of sedation practice
that are of interest to practitioner credentialing, such as number of cases
performed or levels of sedation attained, can be reported.

In order to understand what is being measured, a flow chart of the data
process can be helpful. Fig. 7 depicts the methodology used for data collec-
tion, analysis and reporting of all sedation cases. Fig. 8 is a replication of the
screening tool, the Clinical Quality Indicator Screen, (QI Screen) used at the
author’s institution. As shown in Fig. 7, the QI Screen is critical to two
outputs: the Quarterly Report of activity and quality indicator events includ-
ing the Case Review Process. The shaded areas indicate possible points of
lost information. It can be seen that the denominator for quality indicators is
the number of cases for which the QI Screen was completed and databased.
Given the particular culture of an organization, lost information could be
significant. Thus, an important QA activity would be to occasionally evalu-
ate the proportion of sedation cases for which a screening form is submitted.

5.4. The Quality Improvement Process

Over the years, the management of quality has been intensely studied and
conceptualized. Quality assurance has evolved to incorporate sophisticated
methodologies and measurements. The development of quality indicators
provides a framework within which to objectively and systematically pur-
sue opportunities to improve care and clinical performance. By the early
1990s, hospitals and health care associations across the country had embraced
quality improvement, also known as “Continuous Quality Improvement”
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Fig. 7. Sedation analgesia QI methodology flowchart.

(CQI) or “Total Quality Management” (TQM), as an integrated, coordinated
approach to systematically review and evaluate clinical performance (2). The
broad inclusive concepts of continuous quality improvement today overshadow
the traditional department-based QA programs. Indeed, one of the basic tenets
of the Quality Movement is that quality is not a department, a technique, or a
philosophy. It is a fundamental way of managing organizations as well as the
systems, processes, and activities that define its outputs (20).
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Fig. 9. The PDCA cycle. Reprinted with permission from ref. (22).

Many health systems use the Plan-Do-Check-Act (PDCA) cycle (Fig. 9)
or a variation of it, as both a managerial and a quality tool (21,22). The
PDCA cycle is a checklist of the four stages which move from understand-
ing a process, evaluating a process, identification of a problem, correcting a
problem, and again evaluating the process. This continuous feedback loop
as depicted in Fig. 9.

The collection and analysis of QI data is within the check stage of the
cycle. This is traditional quality assurance or quality control. Checking is a
critical element in the sedation quality improvement process. Since sedation
is a high-risk activity, the occurrences of indicators that are determined to
be critical or adverse events are reviewed. The critical indicator case review
is an important source of information and identification of opportunities for
improvement. A sample critical indicator case review process is described
as a flowchart in Fig. 10. Quality improvement is practiced when there is a
systematic movement from checking to acting, doing, and then re-checking.

The assessment of quality indicators involves determining current levels
of performance, stability of the processes over time, comparison to external
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benchmarks, identification of areas that can be improved, prioritization of
improvement opportunities and development of improvements. The role of
an interdisciplinary sedation quality improvement committee is critical in
the QI process. A well-functioning sedation QI committee, not only acts as
an institutional resource for sedation but allows for the cross pollination of
ideas, consensus building, and the development and implementation of seda-
tion practices that are safe, effective, and institutionally acceptable.

6. CONCLUSION

Quality Management is now an integral component of health care man-
agement. Although QA remains an important part of high risk clinical prac-
tice such as sedation analgesia, CQI, with its concepts of cross departmental
problem solving and the understanding and redesigning key processes, is a
model for quality improvement in sedation practice. Once sedation is taken
out of the sheltered environment of the operating room, interaction with
hospital systems and varied personnel can cause unwanted variability in the
sedation analgesia process. Only by working within a systematic framework,
in partnership with the clinical and support staff responsible for sedation
performed by the non-anesthesiologist, can variability be decreased and
quality outcomes be attained more consistently.
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