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Ke y Points
1 The standards for preoperative evaluation, intraoperative
monitoring, and the continuous presence of a member of the
anesthesia care team are no different from those for general or
regional anesthesia.
2 As a general principle, to avoid excessive levels of sedation,
drugs should be titrated in small increments or by adjustable
infusions rather than administered in larger doses according to
predetermined notions of eficacy.
3 The context-sensitive half-time describes the time required
for the plasma drug concentration to decline by 50% after
terminating an infusion of a particular duration.
4 At the present time, no single drug can provide all the
components of monitored anesthesia care (i.e., analgesia,
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anxiolysis, and hypnosis) with an acceptable margin of safety
or ease of titratability.
5 During monitored anesthesia care, the maximum beneit of
opioid supplementation, in terms of potentiation of other
administered sedatives, will accrue when the opioid is used in
the analgesic dose range. Within this dose range there is great
potential for adverse cardiorespiratory interaction.
6 The important mechanisms whereby respiratory function may
be compromised during monitored anesthesia care include
the effects of sedatives and opioids on respiratory drive, upper
airway patency, and protective airway relexes.
7 If anesthesiologists are not willing or able to provide these services,
others, who are less qualiied, are prepared to assume that role.
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Terminology
It is important to distinguish between “monitored anesthesia
care” and “sedation/analgesia.” In October 2004, the American
Society of Anesthesiologists (ASA) House of Delegates approved
a statement entitled “Distinguishing Monitored Anesthesia Care
from Moderate Sedation/Analgesia.”1 Sedation/analgesia is the
term currently used by the ASA in their recently published Practice
Guidelines for Sedation and Analgesia by Non-Anesthesiologists.2
Monitored anesthesia care implies the potential for a deeper level
of sedation than that provided by sedation/analgesia and is always
1 administered by an anesthesiologist provider. The standards for
preoperative evaluation, intraoperative monitoring, and the continuous presence of a member of the anesthesia care team are no
different from those for general or regional anesthesia.3
Conceptually, monitored anesthesia care is attractive because
it should invoke less physiologic disturbance and allow a more
rapid recovery than general anesthesia. It is instructive to review
the ASA position statement that deines monitored anesthesia
care:3
Monitored anesthesia care is a speciic anesthesia service for a diagnostic or therapeutic procedure. Indications for monitored anesthesia care include the nature of the procedure, the patient’s clinical condition, and/or the potential need to convert to a general
or regional anesthetic.
Monitored anesthesia care includes all aspects of anesthesia care—
a preprocedure visit, intraprocedure care, and postprocedure
anesthesia management. During monitored anesthesia care, the
anesthesiologist provides or medically directs a number of speciic
services, including but not limited to:
■ Diagnosis and treatment of clinical problems that occur during
the procedure
■ Support of vital functions
■ Administration of sedatives, analgesics, hypnotics, anesthetic
agents, or other medications as necessary for patient safety
■ Psychological support and physical comfort
■ Provision of other medical services as needed to complete the
procedure safely.
Monitored anesthesia care may include varying levels of sedation,
analgesia, and anxiolysis as necessary. The provider of monitored
anesthesia care must be prepared and qualiied to convert to general anesthesia when necessary. If the patient loses consciousness
and the ability to respond purposefully, the anesthesia care is a
general anesthetic, irrespective of whether airway instrumentation is required.
Monitored anesthesia care is a physician service provided to an individual patient. It should be subject to the same level of payment
as general or regional anesthesia. Accordingly, the ASA Relative
Value Guide provides for the use of proper base procedural units,
time units, and modiier units as the basis for determining payment.
The ASA also states that monitored anesthesia care should be
requested by the attending physician and be made known to the

patient, in accordance with accepted procedures of the institution. In addition, the ASA states that the service must include the
following:
1. Performance of a preanesthetic examination and evaluation.
2. Prescription of anesthetic care.
3. Personal participation in, or medical direction of, the entire
plan of care.
4. Continuous physical presence of the anesthesiologist or, in
the case of medical direction, of the resident or nurse anesthetist being medically directed.
5. Proximate presence, or in the case of medical direction, availability of the anesthesiologist for diagnosis and treatment of
emergencies.
Furthermore, the ASA states that all institutional regulations
pertaining to anesthesia services shall be observed, and all the
usual services performed by the anesthesiologist shall be furnished, including but not limited to:
1. Usual noninvasive cardiocirculatory and respiratory monitoring.
2. Oxygen administration, when indicated.
3. Administration of sedatives, tranquilizers, antiemetics, narcotics, other analgesics, beta-blockers, vasopressors, bronchodilators, antihypertensives, or other pharmacologic therapy as
may be required in the judgment of the anesthesiologist.

PreoPeraTive assessmenT
The preoperative evaluation is an essential prerequisite to
monitored anesthesia care and should be as comprehensive as
that performed prior to any general or regional anesthetic (see
Chapter 22). However, in addition to the usual evaluation for
the patient who is scheduled to undergo general anesthesia,
there are additional considerations unique to the monitored
anesthesia care that may ultimately determine the success or
failure of the procedure. It is important to evaluate the patient’s
ability to remain motionless and, if necessary, actively cooperate
throughout the procedure. Thus, it is important to evaluate the
patient’s psychological preparation for the planned procedure.
It is also important to elicit the presence of coexisting sensorineural or cognitive deicits. These factors or the inability to
communicate with the patient may occasionally make general
anesthesia a more appropriate alternative. Verbal communication between physician and patient is very important for three
reasons: (1) as a monitor of the level of sedation and cardiorespiratory function, (2) as a means of explanation and reassurance for the patient, and (3) as a mechanism of communication
when the patient is required to actively cooperate. Although
cardiorespiratory disease is often cited as an indication to perform a procedure using monitored anesthesia care rather than
general anesthesia, there are occasions when cardiorespiratory
disease may reduce the utility of monitored anesthesia care. For
example, the presence of a persistent cough may make it very
dificult for the patient to remain immobile, which can be particularly dangerous during ophthalmologic or awake neurosurgical procedures. Attempts to attenuate coughing with sedation
techniques are likely to be unsuccessful and potentially harmful
because a signiicant level of anesthesia is required to abolish
the cough relex. Similarly, some patients with signiicant cardiovascular or pulmonary disease may be unable to lie lat for
an extended period.
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During monitored anesthesia care, the continuous attention of
the anesthesiologist is directed at optimizing patient comfort and
safety. Monitored anesthesia care usually involves the administration of drugs with anxiolytic, hypnotic, analgesic, and amnestic
properties, either alone or as a supplement to a local or regional
technique.
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Techniques of moniTored
anesThesia care

Excessive sedation
Plasma drug concentration
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A variety of medications are commonly administered during
monitored anesthesia care with the desired end points to provide
Ideal therapeutic range
patient comfort, maintain cardiorespiratory stability, improve
operating conditions, and prevent recall of unpleasant perioperative events. It is helpful to delineate and individualize the goals
for each patient in order to formulate an appropriate regimen,
which frequently involves the administration of either individual or combinations of analgesic, amnestic, and hypnotic drugs.
There should be a minimal incidence of side effects, such as carInadequate sedation
diorespiratory depression, nausea and vomiting, delayed emerTime
gence, and dysphoria, and there should be a rapid and complete
recovery. Ideally, the patient should be able to communicate
figure 29-1. The changes in drug concentration during differing
during the procedure. Clinical experience suggests that a level
administration techniques. The green line represents a continuous infuof sedation that allows verbal communication is optimal for the
sion of a drug. In this situation the drug is maintained within the therapeutic range for most of the procedure. The orange line represents the
patient’s comfort and safety. If the level of sedation is deepened to
drug concentration resulting from intermittent bolus administrathe extent that verbal communication is lost, the risks of the techtion. The drug concentration is significantly above or below the desired
nique approach those of general anesthesia with an unprotected
therapeutic level for most of the procedure.
and uncontrolled airway. However, because monitored anesthesia care is provided by anesthesiologists, the range of sedation
may include deeper sedation techniques than those provided by
nonanesthesiologists during sedation/analgesia.
2 and potential morbidity from lack of cooperation. As a general
The preanesthetic evaluation and plan should identify speprinciple, to avoid excessive levels of sedation, drugs should be
ciic causes of and provide speciic therapy for pain, anxiety,
titrated in small increments or by adjustable infusions rather than
and agitation. Pain may be treated by local or regional analgesia,
administered in larger doses according to predetermined notions
systemic analgesics, or removal of the painful stimulus. Anxiety
of eficacy.4 In an ideal dosing regimen, an effective concentration
may be reduced by the use of an anxiolytic such as a benzodiof drug is achieved and then adjusted according to the magniazepine and reassurance by the anesthesiologist. Patient agitatude of the noxious stimulus. If the noxious stimulus is increased
tion may be a result of pain or anxiety or life-threatening factors
or decreased, the concentration is increased or decreased accordsuch as hypoxia, hypercarbia, impending local anesthetic toxicity,
ingly. By the end of the procedure, the drug concentration should
and cerebral hypoperfusion. Other causes of pain and agitation
have decreased to a level compatible with rapid recovery. This
include a distended bladder, hypothermia, hyperthermia, pruriapproach requires the easily titratable drugs such as propofol.
tus, nausea, positional discomfort, uncomfortable oxygen masks 1 When using drugs such as propofol, adjustable-rate continuous
and nasal cannulae, intravenous (IV) cannulation site iniltration,
infusions are the most logical method of maintaining a desired
a member of the surgical team leaning on the patient, and protherapeutic concentration. When the traditional method of interlonged pneumatic tourniquet inlation.
mittent bolus administration is used, signiicant luctuations in
drug concentration occur. Under these circumstances, the plasma
concentrations are either above or below the desired therapeutic
Pharmacologic Basis of Monitored
range for a signiicant proportion of the procedure (Fig. 29-1).
Anesthesia Care Techniques—Optimizing
Continuous infusions are superior to intermittent bolus dosing because they produce less luctuation in drug concentration,
Drug Administration
thus reducing the number of episodes of inadequate or excessive
sedation. Administration of drugs by continuous infusion rather
The ability to predict the effects of the drugs in our armamenthan by intermittent dosing also reduces the total amount of drug
tarium demands an understanding of their pharmacokinetic
administered and facilitates a more prompt recovery.5
and pharmacodynamic properties. This understanding is a fundamental prerequisite for the design of an effective sedation
regimen and greatly increases the probability of producing the
Distribution, Elimination, Accumulation,
desired therapeutic effect. Context-sensitive half-time, effect–site
and Duration of Action
equilibration time, and anesthetic/sedative drug interactions are
fundamental concepts that are particularly useful in the context
Following the administration of IV anesthetic drugs, the immeof monitored anesthesia care and will be discussed in some detail.
diate distribution phase causes a brisk decrease in plasma levels
The ultimate objective of any dosing regimen is to deliver a
as the drug is transported to the rapidly equilibrating vessel-rich
therapeutic concentration of drug to its site of action, which is
group of tissues. There is a simultaneously occurring distribution
determined by the unique pharmacokinetic properties of that drug
of drug to the less well-perfused tissues such as muscle and skin.
in that particular patient. The therapeutic response to a particular
Over time, the drug is also distributed to the poorly perfused tisdrug concentration is described by the pharmacodynamics of that
sues such as bone and fat. Although the latter compartments are
particular patient–drug combination. There is a large degree of
poorly perfused, they may accumulate signiicant amounts of
pharmacokinetic and pharmacodynamic variability, producing a
lipophilic drugs during prolonged administration. This periphsigniicant variability in the dose-response relationship in clinical
eral depot may contribute to a delayed recovery when the drug
practice. Excessive sedation may result in cardiac or respiratory
is eventually released back into the central compartment after its
depression. Inadequate sedation may result in patient discomfort
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Until recently, the elimination half-time was the predominant
pharmacokinetic parameter used as the predictor of an anesthetic drug’s duration of action. In everyday clinical practice,
however, this parameter has not greatly enhanced our ability to
predict anesthetic drug disposition. Only in single-compartment
models does the elimination half-time actually represent the time
required for a drug to reach half of its initial concentration after
administration. In a single-compartment model, elimination is
the only process that can alter drug concentration. Intercompartmental distribution cannot occur because there are no other compartments for the drug to be distributed to and fro. Most drugs
in the anesthesiologist’s armamentarium are lipophilic and are,
therefore, more suited to multicompartmental modeling than
single-compartment modeling. Similarly, other pharmacokinetic
parameters, such as distribution half-time, distribution volume,
intercompartmental rate constants, and so forth, do not provide
us with a practical means of predicting drug disposition. In multicompartmental models, the metabolism and excretion of some
IV anesthetic drugs may have only a minor contribution to the
changes in plasma concentration when compared with the effects
of intercompartmental distribution.

Context-sensitive Half-time
The concept of context-sensitive half-time was developed to
improve the description and understanding of anesthetic drug
disposition.6 This concept has greatly improved our understanding of anesthetic drug disposition and is clinically applicable. The
effect of distribution on plasma drug concentration varies in magnitude and direction over time and depends on the drug concentration gradients that exist between the various compartments.
For example, during the early part of an infusion of a lipophilic
drug, distributive factors will tend to decrease plasma concentrations as the drug is transported to the unsaturated peripheral
tissues. Later, after the infusion is discontinued, drug will return
from the peripheral tissues and re-enter the central circulation.
The relative effect on plasma concentrations of distributive processes versus elimination varies over time and from drug to drug.
3 The context-sensitive half-time describes the time required for
the plasma drug concentration to decline by 50% after terminating an infusion of a particular duration.7 This parameter is
calculated by using computer simulation of multicompartmental models of drug disposition (Fig. 29-2). The context-sensitive
half-time relects the combined effects of distribution and metabolism on drug disposition. There are several interesting aspects of
these data. First, the data conirm the clinical impression that as
the infusion duration increases, the context-sensitive half-time of
all the drugs increases; this phenomenon is not described in any
way by the elimination half-life. The increase in context-sensitive
half-time is particularly marked with fentanyl and thiopental.
In the case of fentanyl, drug that is irreversibly eliminated from
the plasma by hepatic clearance is immediately replaced by drug
returning from the peripheral compartments. Thus, although
fentanyl has a shorter elimination half-life than that of sufentanil (462 vs. 577 minutes), its context-sensitive half-time is much
greater than that of sufentanil after an infusion of longer than
2 hours. The storage and later release of fentanyl from periph-
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figure 29-2. Context-sensitive half-time as a function of infusion
duration. These data were generated from the computer model of
Hughes et al.5 It can be seen that the context-sensitive half-time of
propofol demonstrates a minimal increase as the duration of the infusion increases. Also note that for infusions of short duration, sufentanil
has a shorter half-time than alfentanil. (Reproduced from Hughes MA,
Glass PSA, Jacobs JR. Context-sensitive half-time in multicompartment
pharmacokinetic models for intravenous anesthetic drugs. Anesthesiology 1992;76:334, with permission.)

eral binding sites delay the decline in plasma concentration that
would otherwise occur. The context-sensitive half-times of all
the drugs bear no constant relationship to their elimination halftimes. Compare also the context-sensitive half-times of propofol
and thiopental (Fig. 29-2). Although the context-sensitive halftimes of propofol and thiopental are comparable following a brief
infusion, the context-sensitive half-time of thiopental increases
rapidly following all but the shortest infusions. This inding conirms the clinical impression that thiopental is not an ideal drug
for continuous infusion during ambulatory procedures. The
context-sensitive half-time of propofol is prolonged to a minimal extent as the infusion duration increases. After an infusion
of propofol, the drug that returns to the plasma from the peripheral compartments is rapidly cleared by metabolic processes and
is, therefore, not available to retard the decay in plasma levels.
This difference between thiopental and propofol is attributable to
(1) the high metabolic clearance of propofol compared with thiopental, and (2) the relatively slow rate at which propofol returns
to the plasma from peripheral compartments.
Alfentanil is the opioid that has, until recently, been most
frequently studied, described, and promoted in the context of
ambulatory techniques. Alfentanil has a very short elimination
half-time, one-ifth that of sufentanil (111 vs. 577 minutes).
However, despite the longer elimination half-time of sufentanil,
its context-sensitive half-time is actually less than that of alfentanil for infusions up to 8 hours in duration. This phenomenon is
explained in part by the huge distribution volume of sufentanil.
After termination of a sufentanil infusion, the decay in plasma
drug concentrations is accelerated not only by elimination but
also by the continued redistribution of sufentanil into peripheral
compartments. On the other hand, the small distribution volume
of alfentanil equilibrates rapidly; therefore, peripheral distribution of drug away from the plasma is not a signiicant contributor to the decay in plasma concentration after an infusion. The
data derived from computer simulation by Hughes et al.5 show
that the plasma decay of alfentanil is slower than that of sufentanil following infusions of similar duration to those used during
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administration is discontinued. Redistributive factors are important determinants of drug effect and inluence the plasma concentration of a drug in a time-dependent fashion.
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conscious sedation. Thus, despite its short elimination half-time,
alfentanil may not necessarily be superior to sufentanil.8

How Does the Context-sensitive Half-time
Relate to the Time to Recovery?

distinct time lag between the peak serum fentanyl concentration
and the peak EEG slowing can be seen. In contrast, following
alfentanil administration, the EEG changes closely parallel serum
concentrations. The t1/2ke0 for fentanyl is 6.4 minutes compared
with a t1/2ke0 of 1.1 minutes for alfentanil. If an opioid is required
to blunt the response to a single brief stimulus, alfentanil might
represent a logical choice over fentanyl. The t1/2ke0 is an important determinant of bolus spacing when titrating drugs to clinical
effect. In the case of drugs like midazolam and propofol, boluses
of drug should be spaced far enough apart to allow the full peak
effect to be clinically appreciated before further drug administration in order to avoid inadvertent overdosing.10–12 For example,
even if the shortest quoted equilibration half-time for midazolam
(0.9 minutes) is used, it will take 2.7 minutes for effect–site
concentrations to be 87.5% equilibrated. Other factors are also
important determinants of bolus size and spacing. For example,
a low cardiac output will markedly delay drug arrival at the site
of action. If suficient time is not given for the drug to take effect
before giving additional drug increments, signiicant cardiorespiratory compromise may occur. Furthermore, the effects of initial
doses of most drugs in anesthetic practice are terminated by redistribution, which depends on blood low to redistribution sites. If
there is reduced blood low to redistribution sites because of preexisting and iatrogenic decreases in cardiac output, the dangerous
adverse effects of these drugs are likely to be both delayed and
markedly prolonged. An example of this scenario is the patient
with a hemodynamic compromise caused by a tachydysrhythmia
who requires sedation for cardioversion. Careful, well-spaced,
small boluses of drug should be given to induce the appropriate
level of sedation, bearing in mind that it may take several minutes
for the full effect of a small bolus dose to become apparent.

Plasma drug concentration

Although the context-sensitive half-time represents a signiicant
advance in our ability to describe drug disposition, this parameter does not directly describe how long it will take the patient
to recover from monitored anesthesia care. The context-sensitive
half-time merely describes how long it will take for the plasma
concentration of the drug to decrease by 50%. The time to recovery depends on other additional factors. The difference between
the plasma concentration at the end of the infusion and the
plasma concentration below which awakening can be expected is
an obvious factor in determining time to recovery. For example,
if the drug concentration is maintained at a level just above that
required for awakening, the time to recovery will be more rapid
than after an infusion during which the drug concentration is
much greater than that required for awakening (Fig. 29-3). Furthermore, although context-sensitive half-time is a relection of
plasma drug decay, awakening from anesthesia is actually a function of effect–site (i.e., brain) concentration decay. Changes in
effect–site concentration demonstrate a variable time lag behind
changes in plasma drug concentration. Effect–site equilibration is
a concept that is particularly relevant to IV sedation. When a drug
is administered intravenously by bolus or infused rapidly, there is
a delay before the onset of clinical effect. This delay occurs because
the plasma is not usually the site of action but is merely the route
by which the drug reaches its effect site. If some parameter of drug
effect can be measured (e.g., power spectrum electroencephalographic [EEG] analysis in the case of opioids), the half-time of
equilibration between drug concentration in the blood and the
drug effect can then be determined.9 This parameter is abbreviated t1/2ke0. Drugs with a short t1/2ke0 will equilibrate rapidly with
drug inTeracTions in moniTored
the brain and have a shorter delay in onset than drugs that have
anesThesia care
a longer t1/2ke0. Thiopental, propofol, and alfentanil have short
t1/2ke0 values compared with midazolam, sufentanil, and fentanyl.
The t1/2ke0 allows predictions to be made of the time course 4 At the present time, no single drug can provide all the components
of equilibration of the drug between the blood and the brain. A
of monitored anesthesia care (i.e., analgesia, anxiolysis, and hypnosis) with an acceptable margin of safety or ease of titratability.
Therefore, patient comfort is usually maintained with a combination of drugs. By acting synergistically, combinations of drugs
Infusion discontinued
enable reductions in the dose requirements of individual drugs.
For example, the combination of propofol and fentanyl by infusion has been shown to produce a more rapid recovery and better
Excessive sedation
stress response abolition than the use of propofol alone.13–15 In
addition, lower doses of each drug may reduce the untoward side
effects associated with higher doses leading to increased patient
satisfaction and decreased times to discharge. However, synergisIdeal therapeutic range
tic interaction may also extend to the undesirable interactions of
the drugs such as cardiorespiratory depression.
Drug interactions may have both a pharmacodynamic and a
Awakening
pharmacokinetic basis and may vary depending on the combination of drugs being coadministered, the dose range over which
these drugs are administered, and the speciic clinical effect that
is measured. For example, because fentanyl is primarily an analgesic rather than a hypnotic, it reduces propofol requirements for
Times to awakening
suppression of response to skin incision to a much greater degree
than it reduces propofol requirements for induction of anesthefigure 29-3. The context-sensitive half-time is not the sole detersia.16 On the other hand, because midazolam has signiicant hypminant of the time it takes for the patient to awaken. This parameter
notic properties, it displays signiicant synergism with propofol
merely reflects the time taken for the plasma concentration of a drug
to decrease by 50%. The time to awakening is determined in addition
or thiopental when used to induce hypnosis.17–19
by the difference in concentration at the end of the procedure and the
The plasma concentration of a drug at steady state that is
concentration below which awakening will occur.
required to abolish purposeful movement at skin incision in 50%
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have been examined by Bailey et al.29 Whereas midazolam produced no signiicant respiratory effects alone, and fentanyl alone
produced hypoxemia (oxyhemoglobin saturation 95%) in half
of the subjects, the combination of midazolam 0.05 µg/kg and
fentanyl 2 µg/kg resulted in hypoxemia in 11 of 12 subjects and
apnea (no spontaneous respiratory effort for 15 seconds) in 6 of
12 subjects. The combination of midazolam and fentanyl places
patients at high risk for developing hypoxemia and apnea. The
respiratory depressant effects of this drug combination are likely
to be even more signiicant in the patient with coexisting respiratory or central nervous system disease or at the extremes of age.
In clinical practice, the clinical advantages of the synergy between
opioids and benzodiazepines for the maintenance of patient comfort should be carefully weighed against the disadvantages of the
potentially adverse effect of this drug combination on the cardiovascular and respiratory systems.

sPecific drugs used for
moniTored anesThesia care
Propofol
Over the past 30 years, propofol has become a popular choice
for monitored anesthetic care due to its side effect proile and
ease of titratability. Propofol has many of the ideal properties
of a sedative–hypnotic for use in monitored anesthesia care. Its
pharmacokinetic proile, that is, a context-sensitive half-time that
remains short even after infusions of prolonged duration and a
short effect–site equilibration time makes it an easily titratable
drug with an excellent recovery proile. The quality of recovery
and the low incidence of nausea and vomiting make propofol
particularly well suited to ambulatory monitored anesthesia care
procedures. A signiicant body of experience with the use of propofol for monitored anesthesia care has emerged. Propofol has
signiicant advantages compared with benzodiazepines when
used as the hypnotic component of a monitored anesthesia care
technique. Although midazolam has a relatively short elimination half-time, its context-sensitive half-time is approximately
twice that of propofol. Whereas propofol is noted for the rapid
return to clear-headedness midazolam is often associated with
prolonged postoperative sedation and psychomotor impairment,
particularly in the elderly. Propofol in typical monitored anesthesia care doses (25 to 75 µg/kg/min) has minimal analgesic properties although propofol use during anesthesia has been associated
with less postoperative pain and narcotic use when compared to
isolurane.30 However, the unique advantages of propofol can
be exploited to the maximum when propofol is used to provide
sedation when the analgesic component is provided by a local or
regional analgesic technique. The use of propofol (50 to 70 µg/
kg/min) to provide sedation (deined as sleep with preservation
of the eyelash relex and purposeful reaction to verbal or mild
physical stimulation) as an adjunct to spinal anesthesia for lower
limb surgery has been examined.31–33 After termination of infusions of approximately 100 minutes, patients regained consciousness in approximately 4 minutes. The authors also noted the ease
with which general anesthesia could be induced if necessary by
increasing the propofol infusion. The same group also compared
propofol (60.5 µg/kg/min) with midazolam (4.3 µg/kg/min) as
an adjunct to spinal anesthesia. The propofol group had faster
immediate recovery than the midazolam group (2.3 vs. 9.2 minutes to spontaneous eye opening). Furthermore, psychomotor
function was comparable with baseline values following propofol
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of patients (Cpss50) is a measure of potency that is analogous to the
familiar parameter of minimum alveolar concentration (MAC)
of the volatile inhaled anesthetics. IV anesthetic interactions may
be evaluated by their effect on the Cpss50 in a manner analogous
to the expression of the effects of opioids on volatile anesthetic
requirements in terms of MAC reduction.20 For example, during
general anesthesia, opioid requirements to suppress the responses
to noxious stimuli are tenfold higher when used as the sole agent
compared with when they are used in conjunction with a nitrous
oxide/potent inhaled vapor technique. This interaction persists
at the lighter levels of anesthesia encountered during monitored
anesthesia care. Therefore, it is likely that a rapid recovery would
be facilitated by using opioids in combination with other agents
(e.g., propofol/midazolam) rather than as the sole drug.
Drug interactions are dose dependent. For example, when
fentanyl is combined with isolurane, the greatest reduction in
isolurane MAC occurs within the analgesic concentration range
of fentanyl (i.e., 1 to 2 ng/mL). At a fentanyl concentration of
1.7 ng/mL, the MAC of isolurane is reduced by 50%.21 Once
the fentanyl concentration is increased beyond 3 ng/mL, there
appears to be minimal further reduction with a maximum MAC
reduction of 80%. Likewise, the MAC of deslurane is reduced by
approximately 50% 25 minutes after a 3-µg/kg IV bolus of fentanyl.22 However, when the fentanyl bolus is increased to 6 µg/kg,
there is no signiicant further decrease in the MAC of deslurane.
Studies with other opioids have yielded similar results.23–25 The
interactions between propofol and opioids are important because
these agents are frequently used during monitored anesthesia
care. When analgesic concentrations of fentanyl (0.6 ng/mL) are
used in combination with propofol for anesthesia, the Cpss50 of
propofol is reduced by 50% compared with when propofol is
used as the sole agent.17 However, when the dose of fentanyl is
increased, there is no signiicant further reduction of the Cpss50
for propofol beyond a fentanyl concentration of 3 ng/mL.
Although the data presented here pertain to patients under
general anesthesia, these indings have important implications
for monitored anesthesia care. These studies demonstrate that
the potentiating effects of opioids on coadministered sedatives
are pronounced within the dose range commonly used during
monitored anesthesia care. Furthermore, the data suggest that the
dose-response curve is likely to be steep within this dose range,
thus supporting the clinical impression that signiicant increases
in depth of sedation can occur with only modest increments in
opioid or hypnotic/sedative dosage. The following clinical recom5 mendations can be made: During monitored anesthesia care, the
maximum beneit of opioid supplementation, in terms of potentiation of other administered sedatives, will accrue when the opioid is used in the analgesic dose range. Within this dose range
there is great potential for adverse cardiorespiratory interaction.
Opioid and benzodiazepine combinations are frequently used
to achieve the components of hypnosis, amnesia, and analgesia.
This drug combination displays marked synergism in producing
hypnosis. Approximately 25% of the median effective dose for
each individual drug is required in combination to induce hypnosis in 50% of patients.26 If the combination were simply additive, hypnosis would be induced in only approximately 25% of
patients. Even subanalgesic doses of alfentanil (3 µg/kg) produce
a profound reduction in midazolam requirements for hypnosis.27 This synergism also extends to the unwanted effects of these
drugs, producing the life-threatening complications of respiratory and cardiac depression. Several fatalities have been reported
after the use of midazolam, the majority of these being related to
adverse respiratory events.28 In many of these cases, midazolam
was used in combination with an opioid. The effects of midazolam and fentanyl on respiratory function in healthy volunteers
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Table 29-1. Published strategies for
reducing the Pain on
intravenous injection
of ProPofol
Using larger veins in antecubital fossa
Decreasing the speed of injection
Injection into a fast-running intravenous line
Diluting with 5% glucose or 10% intralipid
Adding lidocaine to propofol
Pretreating with lidocaine and venous occlusion
Pretreatment with opioid
Pretreatment with pentothal
Cooling propofol to 4°C prior to injection
Injecting cooled saline (4°C) prior to injection
Discontinuing intravenous luid administration during
injection

sedation but did not return to baseline until 2 hours after midazolam administration. Several studies comparing propofol
and midazolam sedation for local and regional anesthesia demonstrated that propofol produced less postoperative sedation,
drowsiness, confusion, and clumsiness than midazolam but that
discharge times varied.34,35
General anesthesia with propofol is generally associated
with less nausea and vomiting than most other anesthetic techniques.36–41 There is growing evidence that even subhypnotic
doses of propofol also possess direct antiemetic properties particularly when combined with an antiemetic in patients at risk
for nausea and vomiting.42–45 Thus, it is likely that the beneicial
effects of propofol upon nausea and vomiting will be a feature
of monitored anesthesia care techniques using this drug. On the
other hand, even during low-dose infusions used for sedation,
pain during injection of propofol may be troublesome in 33%
to 50% of patients.35,46 Several strategies for reducing the pain of
propofol administration are described in Table 29-1.47

Fospropofol
In December 2008, fospropofol, a prodrug of propofol, was
approved by the FDA for use during monitored anesthetic care,
but at this time, it has not been extensively studied. This phosphate ester prodrug is metabolized by endothelial cell alkaline
phosphatases to intermediate metabolites of propofol, formaldehyde, and phosphate.48–50 Recent publications on the pharmacodynamics and pharmacokinetics of fospropofol were retracted
due to an error discovered in the analytical propofol assay.51–53 It
is known that the active metabolite of propofol has a Cmax value
of 4 minutes which is longer than the lipid-based fospropofol formulation. Information obtained from the manufacturer’s website
listed the terminal phase elimination half-life (t1/2) of fospropofol as 0.81 ± 0.08 and 0.88 ± 0.08 hours in healthy subjects and
patients, respectively. In healthy subjects, the apparent total body
clearance of liberated propofol was 1.95 ± 0.345 L/hr/kg and t1/2
was 2.06 ± 0.77 hours. In patients, clearance of fospropofol was
0.31 ± 0.14 L/hr/kg, and clearance for propofol was 2.74 ± 0.80
L/hr/kg and is similar to that observed in healthy subjects. Pharmacokinetics of fospropofol does not appear to be affected by
patients with mild to moderate renal insuficiency. At this time, it
has not been studied in patients with hepatic impairment.

The standard dosing regimen recommended by the manufacturer Eisai is an initial IV bolus dose of 6.5 mg/kg followed
by supplemental doses of 1.6 mg/kg as needed. No initial dose
should exceed 16.5 mL; no supplemental bolus should exceed
4 mL. If patients are greater than 65 years of age or classiied as ASA
physical status 3 or 4, a modiied dosing regimen (a 25% reduction of the standard dose), should be administered. Supplemental
doses should only be administered after patients can demonstrate
movement upon command (verbal or tactile stimulation) and
not more frequently than every 4 minutes (accessed from
Eisai website January 2012 URL http://us.eisai.com/product.
asp?ID=274).
At the time of this writing, there are limited numbers of clinical control trials to evaluate the safety and eficacy of fospropofol
for short procedures requiring monitored anesthesia care. Cohen
et al.54 conducted a randomized controlled multicenter trial of
127 ASA PS range from 1 to 4 undergoing colonoscopy. The
investigators randomized patients into two main treatment arms
(fospropofol vs. midazolam). The fospropofol group was further
randomized into one of four treatment arms of increasing doses
of fospropofol (2 mg/kg, 5 mg/kg, 6.5 mg/kg, or 8 mg/kg). All
patients were pretreated with 50 µg of fentanyl. They concluded
that the optimal dose to provide moderate sedation was 6.5 mg/kg.
The higher dose of 8 mg/kg met the criteria for deep sedation and
was not necessary in order to complete the procedure. The most
common adverse effects reported included paresthesias described
as a burning sensation in the perineal and perianal area, pruritus, hypoxemia, hypotension, and abdominal pain. An additional
follow-up publication by the same investigators analyzed 314
patients and concluded that the appropriate dose for moderate
sedation was 6.5 mg/kg. At this dosage, they reported a 4% incidence of deep sedation.55
Fospropofol was also studied as the sedative agent for patients
undergoing bronchoscopy. This study is a multicentered double
blinded randomized controlled study of 252 patients classiied
as ASA P1 to P4 undergoing lexible bronchoscopy. All patients
received 50 µg of fentanyl prior to the administration of either
2 mg/kg or 6.5 mg/kg fospropofol. The investigators reported a
higher success rate with the higher dose of 6.5 mg/kg compared
to 2 mg/kg (88.7 vs. 27.5% respectively; p < 0.001). The most
common adverse events reported included paresthesias (47.6%),
pruritus (14.7%), hypoxemia (14.3%), and hypotension (3.2%).
Approximately one-third of patients who received the 6.5 mg/kg
dose required some form of airway support. There was a higher
satisfaction rate of both physician and patient when the 6.5 mg/kg
dose was administered.
It should be noted that these studies were fully sponsored by
the manufacturer and conducted by nonanesthesiologists. One
of the investigators is a consultant for the manufacturer MGI/
Eisai corporation. The manufacturer attempted to obtain FDA
approval for nonanesthesiologists to provide fospropofol for
monitored anesthesia care; however, this request was later denied.
The Drug Enforcement Administration listed fospropofol as a
class IV controlled substance.

Benzodiazepines
Benzodiazepines are commonly used during monitored anesthesia care for their anxiolytic, amnestic, and hypnotic properties.
Patients presenting for diagnostic and surgical procedures frequently request some form of anxiolytic. Midazolam is usually
administered prior to the start of the surgical or diagnostic procedures to facilitate amnesia and reduce the patient’s level of anxiety. Compared to other benzodiazepines, midazolam’s relatively
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Midazolam

Diazepam

Water-soluble, does not require propylene
glycol for solubilizing
Nonvenoirritant, usually painless
Thrombophlebitis rare
Short elimination half-time (1–4 h)
Clearance unaffected by H2 antagonists
Inactive metabolites (1-hydroxymidazolam)
Resedation unlikely

Lipid-soluble, requires propylene glycol for
solubilizing
Venoirritant, pain on injection
Thrombophlebitis common
Long elimination half-time (>20 h)
Clearance reduced by H2 antagonists
Active metabolites (desmethyldiazepam, oxazepam)
Resedation more likely

effects of midazolam may recur up to 90 minutes following the
administration of lumazenil.46 Thus it is possible that patients
could be discharged prematurely to a less well-monitored area,
or even out of the hospital in the case of ambulatory surgery,
and later experience recurrence of benzodiazepine effects. An
important additional issue is that of cost. The routine use of lumazenil-antagonized benzodiazepine sedation has a signiicant
cost disadvantage. Ghouri et al.46 demonstrated that lumazenilantagonized midazolam sedation was more expensive than propofol sedation ($68.67 vs. $27.80). Typical dose requirements for
use of lumazenil are listed in Table 29-3.

Opioids
Opioids are administered in the context of monitored anesthesia
care to provide the speciic analgesic component of a “balanced”
technique. Opioids are indicated when regional or local anesthetic techniques are inappropriate or ineffective and are typically administered immediately prior to the painful or invasive

Plasma midazolam concentration (ng/mL)

short elimination half-life and decreased likelihood of concomitant drug interactions makes this a superior choice to other benzodiazepines. The important differences between midazolam
and diazepam are listed in Table 29-2.56 Although midazolam
has a short elimination half-time, there is often signiicant and
prolonged psychomotor impairment following sedation techniques using midazolam as a signiicant component. With the
recent availability of propofol, midazolam may be better used in a
modiied role by using lower doses prior to the start of a propofol
infusion to provide the speciic amnestic and perhaps anxiolytic
component of a “balanced” sedation technique rather than as
the major hypnotic component.57 A study in healthy volunteers
demonstrated that propofol reduced the distribution and clearance of midazolam in a concentration-dependent manner. The
group reported increased plasma levels of midazolam ranging
from 5% (±14.7%) to 26% (±9.4%) during increasing doses of
propofol for monitored anesthesia care. This strategy allows the
more evanescent and titratable propofol to provide the desired
level of deep sedation in an adjustable manner according to the
speciic stimulus. The analgesic component, if required, of a balanced monitored anesthesia care technique may be provided by
regional/local techniques or opioids. Again, when using opioids
with benzodiazepines, the potential for signiicant respiratory
impairment should be considered.
Age of the patient should be taken into consideration when
administering benzodiazepines. The dose of a particular benzodiazepine required to reach a desired clinical end point is
reduced in elderly compared with younger patients.58 This difference in dosing requirements in elderly patients is mainly related
to pharmacodynamic factors. As demonstrated by the threefold
decrease in plasma concentration of midazolam, 50% of patients
would be expected not to respond to verbal command (Cp50)
in an 80-year-old patient compared with a 40-year-old patient
(Fig. 29-4).59
Benzodiazepines are valuable components of monitored anesthesia care techniques because they enhance patient comfort,
improve operating conditions, and provide amnesia. However,
recovery of psychomotor and cognitive function may be signiicantly prolonged following benzodiazepine sedation, especially
when compared with sedative–hypnotic techniques using propofol as the major component.60 The speciic benzodiazepine
antagonist lumazenil provides the potential to improve the
recovery proile of benzodiazepines by permitting the active termination of their sedative and amnestic effects without invoking adverse side effects. However, the potential for resedation
remains an obstacle to the routine use of benzodiazepine reversal,
particularly in patients undergoing ambulatory procedures. The
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figure 29-4. Midazolam Cp50 (the concentration at which 50% of
subjects will fail to respond to a verbal command) as a function of age.
There is a marked decrease in midazolam requirements as patient age
increases. (Reproduced from Jacobs JR, Reves JG, Marty J, et al. Aging
increases pharmacodynamic sensitivity to the hypnotic effects of midazolam. Anesth Analg 1995;80:143, with permission.)
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Table 29-3. recommended regimen for
the use of flumazenil to
antagonize benzodiazePine
effects
Initial recommended dose of 0.2 mg
If desired level of consciousness is not achieved in 45 s, repeat
0.2-mg dose
0.2-mg doses may need to be repeated every 60 s until a
maximum of 1 mg is administered
Be aware of the potential for resedation

portion of the procedure. In addition, opioids may be indicated
to blunt untoward hemodynamic and physiologic responses, a
desirable effect in patients with signiicant cardiac disease. Pain
relief may be required for factors other than the procedure itself,
such as uncomfortable positioning, propofol injection, pneumatic tourniquet pain, or other pain not relieved by the local
anesthetic technique. The choice of a particular opioid depends
on several factors including cost, availability, time of onset,
duration, and potential side effects. Opioids frequently administered during monitored anesthesia care include alfentanil,
fentanyl, and remifentanil. Their adverse effects include respiratory depression, muscle rigidity, and nausea and vomiting, all
of which are undesirable in the spontaneously breathing patient
with an unprotected airway. A complicating issue is that the ability to predict the effect of a given dose of opioid in a particular
patient is limited by signiicant interpatient pharmacokinetic
and pharmacodynamic variability. Furthermore, the coadministration of sedative agents increases the risk of serious adverse
events, particularly respiratory arrest. This problem is usually
overcome in practice by the cautious incremental administration
of small, carefully titrated boluses or by titrating infusions to the
desired effect.
An example in which the patient must briely cooperate
and remain motionless is during the placement of a retrobulbar block prior to ophthalmic procedures. Patient movement
during block placement may increase the incidence of complications such as damage to the globe, retrobulbar hemorrhage,
optic nerve injury, total spinal anesthesia, and cardiac arrest.61,62
Retrobulbar block placement affords an excellent opportunity
to study the effects of drugs on the response to a standardized,
ethically acceptable, brief painful stimulus. The ideal drug for
block placement would provide a brief period of intense analgesia yet allow the patient to be awake and cooperative without
causing cardiorespiratory depression or nausea and vomiting.36
Alfentanil appears to have a pharmacokinetic advantage for
the treatment of discrete stimuli because of its short effect–site
equilibration time, which allows rapid access of the drug to the
brain and facilitates titration. Yee et al.63 studied the effect of
the addition of alfentanil to propofol for sedation during placement of a retrobulbar block. The authors found the addition of
alfentanil improved the conditions of block placement although
increased doses of alfentanil were associated with oxygen desaturation. In addition, the total amount of propofol for sedation
decreased proportional to the increasing concentration of alfentanil. Other opioids, including fentanyl and remifentanil, have
been successfully administered for ophthalmic surgery without
signiicant side effects.64–66 In a study conducted by Ahmad
et al.,67 a bolus of 1 µg/kg of remifentanil over 30 seconds was
administered 90 seconds prior to block placement. More than

three-quarters of patients receiving remifentanil did not report
any pain during subsequent block placement. However, 15% of
the patients given a single bolus alone had signiicant respiratory
depression (respiratory rates <8 breaths per minute), and 19%
of those given a bolus followed by an infusion had signiicant
respiratory depression. The group also noted that remifentanil
provided superior analgesia compared to alfentanil administered at a dose of 7 µg/kg.
The well-described phenomenon of patient awareness and
subsequent recall of intraoperative events following high-dose
opioid anesthesia is taken as evidence that opioids lack signiicant amnestic properties. However, when the effects of low-dose
fentanyl on memory were speciically examined in volunteers, it
was found that although the subjects appeared to be awake during the fentanyl infusion, there was signiicant memory impairment.68 In this study, the degree of stimulation was probably less
than that experienced by a patient undergoing a painful surgical procedure. Recall for a painful stimulus during an invasive
procedure may not be impaired to the same degree as recall for
the less noxious stimuli experienced by the subjects of this study.
Aydin et al.69 noted the addition of fentanyl to local anesthesia
during cataract surgery provided a signiicant difference in sedation levels, however, it was of brief duration. If amnesia is desired
as part of a balanced technique, a sedative–hypnotic agent should
be administered and the dose of both agents decreased to avoid
any cardiorespiratory events.

Remifentanil
Remifentanil is a potent, ultrashort acting opioid used during
monitored anesthesia care to provide analgesia during brief,
painful procedures. Remifentanil is typically administered by a
bolus to achieve therapeutic analgesia followed by a continuous
infusion. If the situation permits, the bolus should be avoided to
decrease the incidence of adverse cardiorespiratory effects. It has
been suggested that the administration of continuous infusions
during monitored anesthesia care improves the operative conditions for the proceduralist.70,71
Remifentanil has pharmacodynamic properties similar to
those of other potent µ-opioid receptor agonists such as fentanyl and alfentanil. However, remifentanil is predominantly
metabolized by nonspeciic esterases generating an extremely
rapid clearance and termination of effect making it an attractive
choice for patients with signiicant hepatic or renal disease.72,73
Another major advantage is the intense analgesia of limited
duration, which is advantageous to prevent respiratory depression after the stimulating portion of the procedure is completed.
The context-sensitive half-time of remifentanil is consistently
short, 3 to 5 minutes, increasing to a minimal degree with the
duration of the infusion.74,75 Furthermore, remifentanil has
a short effect–site equilibration time (t1/2ke0) of 1 to 1.5 minutes. This t1/2ke0 is slightly longer than that of alfentanil (0.6
to 1.2 minutes) but much shorter than that of fentanyl (4 to
5 minutes) and morphine (approximately 20 minutes), and
makes the onset of effect after drug administration very rapid,
thus facilitating titration of effect during monitored anesthesia
care.
In clinical practice, remifentanil has been used successfully as
the analgesic component of sedation techniques for regional and
local anesthesia. Its unique pharmacokinetic proile makes it well
suited for monitored anesthesia care techniques. Published experience with the use of remifentanil suggests that it is possible to
titrate remifentanil administration to provide effective analgesia
with minimal respiratory depression. The published data can be
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1. The most desirable therapeutic end point for remifentanil
administration is effective analgesia and patient comfort
rather than sedation. Sedative drugs such as propofol or
midazolam can be used in combination with remifentanil to
provide the hypnotic–amnestic component of the sedation
technique, remembering that the concomitant administration of midazolam decreases remifentanil dose requirements
by up to 50%.77
2. Published data suggest that bolus administration of remifentanil is associated with an increased incidence of respiratory
depression and chest wall rigidity. Because these side effects
are likely to be related to high peak concentrations of drugs,
it is recommended that remifentanil boluses be administered slowly (over 30 to 90 seconds) or avoided completely
by using a pure infusion technique. If respiratory depression
is promptly recognized and the remifentanil administration
is reduced or discontinued, it should resolve within approximately 3 minutes. Despite the pharmacokinetic advantages of
remifentanil, the level of vigilance required for its administration should be no different from that for any other potent
opioid. Although the offset time of remifentanil is rapid, it
still requires the recognition of respiratory depression to trigger a downward adjustment in dosage. Similarly, the short
t1/2ke0 of remifentanil suggests that sudden respiratory depression may occur in response to upward adjustments in dosage.
Despite the potential for respiratory depression, the eficacy
of remifentanil boluses during monitored anesthesia care has
been investigated by several groups.66,78–80
3. The effects of coadministration of benzodiazepines and opioids are well documented. The addition of midazolam to
provide the anxiolytic–sedative and amnestic components of
a sedation technique has been shown to increase patient satisfaction and signiicantly reduce remifentanil dose requirements. The combination of remifentanil with midazolam
signiicantly reduces patient anxiety when compared with
the use of the opioid alone.42 Even relatively low-dose midazolam (2 mg IV) produces signiicant reductions in remifentanil requirements and patient anxiety. During breast or
lymph node biopsy, remifentanil infusion requirements were
0.065 µg/kg/min when preceded by midazolam compared
with 0.123 µg/kg/min when used alone.77 The advantages
of coadministration of small doses of midazolam include
increased patient satisfaction, increased amnesia, decreased
nausea and vomiting, and decreased anxiety. The disadvantages include a tendency toward increased respiratory depression, apnea, and excessive sedation.
4. Because most painful stimuli are of unpredictable duration
and because the risk of adverse respiratory events is increased
following bolus administration, the most logical method for
the administration of remifentanil during monitored anesthesia care is by an adjustable infusion. This should ideally
be preceded by a small bolus of midazolam. Most investigators have used infusion rates that start at 0.1 µg/kg/min
approximately 5 minutes prior to the irst painful stimulus.
This initial “loading” infusion is then weaned to approximately 0.05 µg/kg/min to maintain patient comfort. The
maintenance infusion is adjusted upward in response to
pain or hemodynamic response or downward in response to
excessive sedation, respiratory depression, or apnea. A typical
incremental change in infusion rate is 0.025 µg/kg/min. The
use of remifentanil infusions of 0.2 µg/kg/min is associated
with an increased incidence of respiratory depression that is

not necessarily associated with superior analgesia. As in the
case of propofol administration, inadvertent interruption
of remifentanil administration will result in abrupt offset of
effect, which may result in patient discomfort, hemodynamic
instability, and even morbidity due to patient movement. It
is therefore very important to ensure that the drug delivery
system is monitored carefully during the procedure. Remifentanil is supplied as a powder that must be reconstituted
prior to use. It is particularly important when administering
this drug to patients with an unsecured airway to ensure that
there are no errors in drug dilution that would result in inadvertent dosing errors.
Typical adult dose recommendations for opioids and other
drugs discussed in the text are listed in Table 29-4.

Ketamine
Ketamine, a phencyclidine derivative, is an intense analgesic frequently used as a component of pediatric sedation techniques
and is rapidly gaining popularity in the adult population.81–83
When used in small doses (0.25 to 0.5 mg/kg), its use is associated with minimal respiratory and cardiovascular depression.
Ketamine produces a dissociative state in which the eyes remain
open with a nystagmic gaze. However, as the dose of ketamine
increases, or when used in combination with other sedatives, a
state of deep sedation and/or general anesthesia may be inadvertently achieved. Increased oral secretions make laryngospasm
more likely. The fear of laryngospasm is the underlying rationale for the frequent administration of an antisialagogue such
as atropine or glycopyrrolate. Ketamine is frequently combined
with a benzodiazepine to reduce the incidence of hallucinations
associated with its use. However, this practice is controversial.84
There are increasing reports in the emergency medicine literature of replacing benzodiazepines and/or opioids with propofol
when ketamine is administered for sedation. Advantages of the
administration of “ketofol” are predominately due to the ability
of these drugs to balance the negative side effects of the other.
For example, the analgesic effect of ketamine reduces the dosage
of propofol required in order to complete an invasive or painful
procedure. Frequent advantages cited included preserved hemodynamic stability, decreased nausea and vomiting, improved
procedural conditions, and decreased airway complications.85–89
Problems may arise when repeated doses or prolonged administration of the drug combinations are required due to differences in half-life. The effect of ketamine may outlast the effects
of propofol under these conditions. Patient movement may make
ketamine less than ideal for procedures requiring a completely
motionless patient. Ketamine can elevate intracranial and intraocular pressure and is thus relatively contraindicated in patients
with increased intracranial pressure and with glaucoma or openglobe injuries.90 Although it has been suggested that airway
relexes are relatively preserved with ketamine, there is no convincing evidence to support this notion.
Ketamine can be administered orally, intramuscularly, or
intravenously. The oral dose of ketamine is 4 to 6 mg/kg. The
onset of action typically occurs within 20 to 30 minutes and the
duration of effect is between 60 and 90 minutes. The intramuscular dose is 2 to 4 mg/kg with an onset of action of 5 to 10 minutes
and typically has a duration of effect of 30 to 120 minutes. When
administered via the IV route, ketamine should be given in small
(0.25 to 1 mg/kg) increments, titrating to effect with an onset of
action of 1 to 2 minutes and an approximate duration of 20 to
60 minutes.
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used to generate some practical clinical guidelines,76 which are
discussed here.
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Table 29-4. tyPical dose ranges of sedative, hyPnotic, and
analgesic drugs
Drug
benzodiazepines
Midazolam
Diazepam
opioid analgesics
Alfentanil
Fentanyl
Remifentanil

hypnotics
Propofol
Dexmedetomidine

Typical Adult Intravenous Dose Range (Titrated to Effect in Small Increments)
1–2 mg prior to propofol or remifentanil infusion
2–8 mg as major component
2.5–10 mg
5–20 µg/kg bolus 2 min prior to stimulus
0.5–2-µg/kg bolus 2–4 min prior to stimulus
Infusion 0.1 µg/kg/min 5 min prior to stimulus
Wean to 0.05 µg/kg/min as tolerated
Adjust up or down in increments of 0.025 µg/kg/min
Reduce dose accordingly when coadministered with midazolam or propofol
Avoid boluses
250–500-µg/kg boluses
25–75 µg/kg/min infusion
Loading infusion: 0.5–1 µg/kg over 10–20 min
Maintenance infusion: 0.2–0.7–1 µg/kg/h

Dexmedetomidine
Dexmedetomidine is a selective α2 receptor agonist that depresses
central sympathetic function and produces sedation and analgesia. The α2 agonists potentiate opioid-induced analgesia,
benzodiazepine-induced hypnosis, and have potent MAC-sparing
effects when administered with volatile agents.
Compared with other sedative and analgesic drugs, dexmedetomidine appears to have relatively minor effects on respiratory function when used in the typical dose range.91–93 Of note,
unlike during opioid-induced sedation, the hypercapnic arousal
response, a feature of natural sleep, appears to be preserved during dexmedetomidine sedation. However, airway intervention to
relieve obstruction and apnea may be required during dexmedetomidine administration, particularly when used in combination with other respiratory depressants.94 Dexmedetomidine has
been used for sedation during instrumentation of the dificult
airway. Patients undergoing iberoptic intubation sedated with
dexmedetomidine are generally comfortable yet cooperative.95–99
Administration of α2 agonist is associated with a reduction of
sympathetic outlow and an increase in cardiac vagal activity;
therefore, it is not surprising that hypotension and bradycardia
may occur during dexmedetomidine administration. Clinically
signiicant episodes of bradycardia and sinus arrest have been
associated with dexmedetomidine administration in young,
healthy volunteers with high vagal tone, particularly during rapid
IV or bolus administration.100,101 The α2 agonists do have peripheral vasoconstrictive effects that can occasionally precipitate
hypertension. Despite this phenomenon, the incidence of hypertensive episodes requiring intervention is lower when compared
with an equivalent propofol-based technique.102
Dexmedetomidine has been used successfully in both adult
and pediatric patients for monitored anesthesia care during the
awake portions of craniotomies requiring patient cooperation
for cortical speech mapping.103,104 Dexmedetomidine has been
used as sedative supplementation to regional anesthesia during

carotid endarterectomy. Under these circumstances, there were
fewer luctuations from the desired sedation level when compared with the combination of midazolam, fentanyl, and propofol.105 Dexmedetomidine tends to decrease cerebral blood low
both directly via α2-mediated constriction of cerebral blood vessels and indirectly via its effect on systemic pressure. However,
there appears to be a concomitant decrease in cerebral metabolic
rate.106 To add further reassurance, the use of dexmedetomidine
does not appear to be associated with an increase in the need
for intracarotid shunting in patients undergoing awake carotid
endarterectomy.107
The lack of pain on injection and its analgesic and minimal
adverse respiratory properties would seem to make dexmedetomidine a useful alternative to propofol in certain circumstances.
However, when compared with propofol, the target sedation level
takes longer to achieve with dexmedetomidine (25 vs. 10 minutes).108 Furthermore, if loading boluses of dexmedetomidine are
used to accelerate the onset of sedation, bradycardia and hypotension may occur. Although the use of dexmedetomidine may
result in greater sedation, lower blood pressure, and improved
analgesia in the recovery room when compared with propofol,
the time to postanesthesia care unit discharge is not signiicantly
different.109 Dexmedetomidine is most often delivered as an initial bolus followed by a continuous infusion. Initial bolus doses
range from 0.5 to 1 µg/kg over 10 to 20 minutes, followed by a
continuous infusion of 0.2 to 0.7 µg/kg/hr.
Two large retrospective observational studies from a single
children’s hospital suggest that dexmedetomidine may be used
for sedation for pediatric magnetic resonance imaging and computed tomography studies.109,110 In these studies, the loading dose
of dexmedetomidine was 2 to 3 µg/kg over 10 minutes, followed
by an infusion of between 1 and 2 µg/kg/hr. However, approximately 15% of patients required a second bolus in order to achieve
satisfactory conditions to complete the scan. The analgesic properties of dexmedetomidine may make it a useful alternative to the
use of propofol as a sole agent during painful procedures. However, the time taken to deliver the loading dose, the occasional
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Pain on injection
Analgesic properties in subhypnotic doses
Amnestic properties in subhypnotic doses
Time of onset with typical administration
Restrictive regulations on use by nonanesthesia-trained providers
Potential for signiicant bradycardia

need to rebolus, hypotension, bradycardia, and the relatively long
recovery time may limit the utility of dexmedetomidine for very
brief procedures such as computed tomography studies. On the
other hand, the pain on injection of propofol and the legislative
constraints on the administration of propofol by nonanesthesiatrained providers may make dexmedetomidine advantageous in
certain circumstances.

Amnesia During Sedation with
Dexmedetomidine or Propofol
Drugs with sedative–hypnotic properties reduce attention to
stimuli as a direct consequence of depression of consciousness.
Therefore, all sedative–hypnotics have the potential to impair
memory formation because attention to stimuli is a crucial element of explicit memory formation. However, like benzodiazepines, propofol has signiicant amnestic effects at subhypnotic
doses, suggesting an additional amnestic mechanism that is
separate from its sedative effect.111 In the case of propofol, druginduced amnesia appears to be a consequence of lack of retention
of information that was already successfully stored into longterm memory.112 In contrast to propofol and benzodiazepines, it
is unlikely that dexmedetomidine has amnestic properties at subhypnotic doses.113 If amnesia is desired for a procedure performed
during dexmedetomidine administration, loss of consciousness
would be necessary if dexmedetomidine is used as the sole agent.
Alternatively, amnestic doses of propofol or a benzodiazepine
may be used to supplement dexmedetomidine. The properties of
propofol and dexmedetomidine are compared in Table 29-5.

Patient-controlled Sedation and Analgesia
Techniques that allow the direct patient control of the level of
sedation may positively affect patient satisfaction.114 The degree
of sedation desired by the patient varies signiicantly and the individual response to drugs is variable. Patient-controlled sedation
appears to be an attractive solution to this problem. One approach
to patient-controlled sedation has been to use a conventional
patient-controlled analgesia (PCA) delivery system set to deliver
0.7-mg/kg boluses of propofol with a 3-minute lockout period.115
Other approaches include ixed-dose combinations of 0.5-mg
midazolam and 25-µg fentanyl with a 5-minute lockout interval between doses.116 The pharmacokinetic proile of alfentanil is
ideal for the treatment of short, discrete episodes of pain. These
properties have been exploited during vaginal ovum retrieval procedures, when ultrasonically guided needles are passed through
the vaginal wall under monitored anesthesia care. Zelcer et al.117

Propofol

Dexmedetomidine

Yes
Minimal
Signiicant
Rapid
Yes
Minimal

Minimal
Yes
Insigniicant
5–10 min
No
Signiicant

used a PCA delivery system to allow self-administration of alfentanil during this procedure. After midazolam premedication and
a loading dose of alfentanil, patients received 5-µg/kg boluses of
alfentanil via the PCA pump with a mandatory 3-minute lockout period. Patient acceptability, alfentanil dosage, respiratory
variables, and pain scores were similar to those obtained with
physician-controlled analgesia. From the limited data that are
available, intraoperative PCA during monitored anesthesia care
appears to be an effective alternative to physician-administered
analgesia.

resPiraTory funcTion and
sedaTive–hyPnoTics
During monitored anesthesia care, there is signiicant potential for respiratory compromise mediated via several important
mechanisms. These include adverse effects on respiratory drive,
either directly as a result of sedative–hypnotic or opioid administration or indirectly as a consequence of brain stem hypoperfusion resulting from hypotension. There may also be a marked
increase in the work of breathing because of increased upper
airway resistance.118 During sedation, it is likely that protective
airway relexes will be attenuated. On the other hand, sedative
doses of benzodiazepines appear to have variable effects on respiratory system mechanics, either decreasing, increasing, or having
no effect on functional residual capacity.119,120

Sedation and Upper Airway Patency
The upper airway is located outside the thorax. During normal
inspiration, the pressure within the upper airway is subatmospheric; thus, there is a tendency for the upper airway to collapse
under the inluence of the surrounding atmospheric pressure.
However, in the normal subject this tendency for airway collapse
is opposed by upper airway dilator muscle tone. These muscles
probably both increase the diameter and reduce the compliance
of the upper airway. An increase in upper airway dilator muscle
tone occurs during inspiration, commencing just prior to diaphragmatic contraction.121 Several studies have conirmed the
importance of coordinated activation of the diaphragmatic and
upper airway respiratory muscles in maintaining airway patency.
Upper airway dilator muscle control appears to be extremely sensitive to sedative–hypnotic drug administration.122 For example,
sedative doses of midazolam have been reported to increase
inspiratory subglottic airway resistance by three- to fourfold.123
Sedative doses of diazepam selectively suppress genioglossal
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muscle activity to a greater degree than diaphragmatic activity;
furthermore, this effect is exaggerated in elderly patients. In all
these examples, the increased upper airway resistance markedly
increased the work of breathing. The response to this obstruction is a signiicant increase in intercostal and accessory muscle
activity. However, this response is only partially effective because
the increase in inspiratory force will further decrease intraluminal upper airway pressure, predisposing to further airway collapse. It is likely that these effects will be of greatest signiicance
in patients with pre-existing respiratory compromise, such as
elderly patients or those with chronic obstructive pulmonary disease. These patients often have limited respiratory reserve and are
unable to increase their respiratory muscle activity in response
to the increased work of breathing induced by sedation and may
become hypercarbic, acidotic, and hypoxic.

Sedation and Protective Airway Reflexes
Competent laryngeal and upper airway relexes are required to
protect the lower airway from aspiration. Protective laryngeal
and pharyngeal relexes are depressed by anesthesia and sedation. Furthermore, it is also well documented that protective airway relexes are compromised by advanced age and debilitation.
Therefore, it is likely that signiicant depression of airway relexes
could occur during sedation in the elderly or debilitated patient.
Aspiration of gastric contents could occur either in the operating room or during recovery, particularly if oral intake is allowed
before the return of adequate upper airway protective relexes.
The time required for the return of protective relexes varies
considerably. Complete recovery of the swallowing relex occurs
approximately 15 minutes after the return of consciousness following propofol anesthesia.124,72 However, the IV administration
of 15 mg of diazepam has been shown to depress the swallowing
relex for up to 4 hours.125 The swallowing relex is signiicantly
depressed for up to 2 hours following the administration of midazolam despite the return to a normal state of consciousness.126
In otherwise healthy adult male volunteers, the inhalation of 50%
nitrous oxide was associated with marked depression of the swallowing relex.127
It is apparent from the sources previously quoted that the
protective airway relexes alone cannot be relied on to protect
the lower airway from aspiration during sedation. Thus, patients
who are deemed to be at risk from aspiration of gastric contents
should be maintained at the lightest level of sedation possible.
Ideally, the patient should be awake enough to recognize the
regurgitation of gastric contents and be able to protect his or her
own airway. If the ability of the patient to protect his or her own
airway cannot be reliably guaranteed and regurgitation/aspiration is thought to be a signiicant risk, placement of a cuffed
endotracheal tube under general anesthesia should be seriously
considered.

Sedation and Respiratory Control
Clinical experience would lead most anesthesiologists to predict
that the administration of sedative–hypnotic drugs is associated
with the depression of respiratory drive. However, the indings
of scientiic studies in this area are often conlicting and confusing. On occasion they show minimal effects of sedative drugs, if
any, on ventilatory responsiveness. However, it is important to
note that in many cases the methods used to measure respiratory drive may affect the outcome of the study by stimulating the
subject, thus attenuating the negative effect of the drug on respi-

ratory drive. In clinical practice, it is likely that during regional
anesthesia there is a degree of deafferentation that will potentiate
the respiratory depressant effects of sedative–hypnotic drugs.128
Most studies have demonstrated that opioids depress the ventilatory response to hypercapnia and hypoxia.129–132 Reports of the
effects of sedative doses of benzodiazepines on carbon dioxide
responsiveness have shown variable results, including no signiicant effect and clinically signiicant depression.132–136 However,
when opioids and benzodiazepines are used in combination,
there appears to be a consistent and marked negative effect on
respiratory responsiveness.28,137 Although the addition of sedative doses of propofol to opioids showed little potentiation of
the respiratory effects of opioids, caution is still warranted when
combinations of sedative–hypnotics are used.

suPPlemenTal oXygen
adminisTraTion
Hypoxia as a result of alveolar hypoventilation is a relatively common occurrence following the administration of sedatives, analgesics, and hypnotics. In the absence of signiicant lung disease,
the administration of only modest concentrations of supplemental oxygen is frequently effective in restoring the patient’s oxygen
saturation to an acceptable level. This concept is well illustrated
by reference to the familiar alveolar gas equation. An extreme
example illustrates the point: An otherwise healthy adult male
breathing room air receives a dose of an opioid that causes marked
alveolar hypoventilation such that his alveolar PCO2 is increased
to 80 mm Hg. The alveolar gas equation predicts that his arterial
PO2 will fall to approximately 40 mm Hg as shown here:
Pao2 = Pio2 − Paco2/R
Pio2 = Fio2 × (PB – Ph2o)
Pio2 = 0.21 × (760 – 47) = 150 mm Hg
Pao2 = 150 – 80/0.8
Pao2 = 50 mm Hg
where Pao2 is alveolar partial pressure of oxygen, Pio2 is inspired
partial pressure of oxygen, Paco2 is alveolar partial pressure of
carbon dioxide, R is respiratory quotient, PB is barometric pressure, and Ph2o is water vapor pressure at body temperature.
Assuming a normal alveolar to arterial (A–a) gradient, his
Pao2 will be 40 mm Hg, corresponding to an arterial oxygen saturation of 75%. If while initiating deinitive therapy for hypoventilation this patient were to receive only a modest increase in
inspired oxygen, a marked improvement in arterial saturation
would be achieved:
Fio2 increased to 28%
Pio2 = 0.28 × (760 – 47) = 200 mm Hg
Pao2 = 200 – 80/0.8
Pao2 = 100 mm Hg
This theoretical example serves to highlight an important
point. First, in isolated hypoventilation modest increases in
inspired oxygen are remarkably effective at restoring oxygen
saturation to acceptable levels. However, a patient who is receiving minimal supplemental oxygen and has an acceptable oxygen
saturation may have signiicant undetected alveolar hypoventilation. The necessity to administer oxygen supplementation is
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controversial. Deitch et al.138 reported use of supplemental oxyduring the procedure, FM wireless or infrared remote transmisgen (2 L/min) during sedation with midazolam and fentanyl did
sion systems are now commercially available.
not reduce the occurrence of hypoxia compared to patients on
room air. The investigators conducted a similar study evaluating
Pulse Oximetry
the effect of 3 L/min of oxygen in patients receiving propofol and
reported that patients on oxygen had a lower incidence of desatuNo monitor of oxygen transport has had a greater impact on
rations compared to patients on room air (18% vs. 28%, respecthe practice of anesthesiology than the pulse oximeter.142 Pulse
tively) although it was not found to be signiicant.139 The authors
oximetry is noninvasive, safe, and comfortable to the awake
claimed physician recognition and correction of an obstructed
patient; it is also technically simple to apply and interpret, and
airway was of greater signiicance than supplemental oxygen. It
allows continuous real-time monitoring of arterial oxygenation.
should be noted that the data from the ASA closed claims analyThe use of a quantitative measure of oxygenation is speciically
sis shows that respiratory depression associated with monitored
mandated by the ASA standards for intraoperative monitoring.
anesthesia care accounted for over one-third of closed-claim injuries in remote locations.140 We recommend that before discharg- 6 The important mechanisms whereby respiratory function may
be compromised during monitored anesthesia care include the
ing patients, it is useful to measure their oxygen saturation while
effects of sedatives and opioids on respiratory drive, upper airway
breathing room air.
patency, and protective airway relexes. Additional important
risk factors for arterial desaturation include obesity, pre-existing
upper airway obstruction and respiratory disease, increased metmoniToring during moniTored
abolic rate, general anesthesia, the extremes of age, surgical site
and patient positioning.143–145 The fundamental importance of
anesThesia care
monitoring oxygenation during monitored anesthesia care can
be appreciated from the closed-claim study of Caplan et al.128
American Society of Anesthesiologists
who examined 14 cases of sudden cardiac arrest in otherwise
healthy patients who received spinal anesthesia. These major
Standards
anesthetic mishaps occurred before the routine adoption of
pulse oximetry. One of the major indings of this study was that
The ASA standards for basic anesthetic monitoring are applicable
cyanosis frequently heralded the onset of cardiac arrest, suggestto all levels of anesthesia care, including monitored anesthesia
ing that unappreciated respiratory insuficiency may have played
care. It is useful to review the components of the ASA standards
an important role. Further support for the use of pulse oximetry
that are pertinent to monitored anesthesia care as approved by
comes from the ASA Committee on Professional Liability analthe House of Delegates on October 20, 2010 with an effective day
ysis of closed anesthesia claims, which reveals that respiratory
of July 1, 2011.141 (See Chapter 25 Commonly Used Monitoring
events constitute the single largest source of adverse outcome.
Techniques for the current ASA standards.)
Furthermore, review of these cases suggests that pulse oximetry
in combination with capnometry would have prevented the
adverse outcome in most cases.
Communication and Observation
A conscientious and well-trained anesthesia caregiver is the single
most vital monitor in the operating room. However, his or her
effectiveness will be markedly enhanced by the use of the basic
quantitative and qualitative monitoring devices, which should be
readily available in all operating rooms. It is important that the
anesthesiologist continually evaluates the patient’s response to
verbal stimulation to effectively titrate the level of sedation and
to allow the earlier detection of neurologic or cardiorespiratory
dysfunction. Continuous visual, tactile, and auditory assessment
of physiologic function should include observation of the rate,
depth, and pattern of respiration; palpation of the arterial pulse;
and assessment of peripheral perfusion by extremity temperature
and capillary reill. In addition, the patient should be continually
observed for diaphoresis, pallor, shivering, cyanosis, and acute
changes in neurologic status.

Auscultation
Auscultation of heart and breath sounds has long been a vital
component of monitoring during anesthesia. Placement of a
precordial stethoscope near the sternal notch of a nonintubated
patient provides important information concerning upper airway patency as well as a continuous monitor of heart sounds
and ventilation. Continuous precordial auscultation is an inexpensive, effective, and essentially risk-free process that serves as
an additional important purpose by bringing the anesthesia care
provider closer to the patient. If access to the patient is limited

Capnography
Although capnography is most effective in the intubated patient,
useful information may be obtained from a spontaneously breathing, nonintubated patient. Capnography may be used to monitor respiratory rate and aid in the detection and management of
airway obstruction. There are numerous methods to monitor
end-tidal carbon dioxide. In addition, it may be able to detect
hypoventilation during the administration of supplemental oxygen.146 Sidestream capnographs have been adapted for use with
face masks, nasal airways, and nasal cannulae and have been
used successfully during monitored anesthesia care.83–86,147,148
Nasal cannulae for oxygen delivery have been modiied to provide an integral port for respiratory gas sampling and are available commercially. Alternatively, capnograph sampling lines can
be attached to shortened IV catheters and inserted inside nasal
oxygen probes. There is growing evidence that capnography may
reduce risk associated with sedation/analgesia or monitored anesthesia care in both the pediatric and adult population.146,149,150
Waugh et al.151 conducted a meta-analysis to determine if the
addition of capnography identiied more respiratory complications than standard monitoring alone. They reported that cases of
respiratory depression were 17.6 times more likely to be detected
if monitored with capnography. Currently, capnography is not a
standard of care; however, because of the low cost and enhanced
patient safety, we recommend routine use for all patients receiving sedation/analgesia or monitored anesthesia care.
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Cardiovascular System
At a minimum, the electrocardiogram must be continually displayed and the blood pressure measured and recorded at least
every 5 minutes during monitored anesthesia care. The pulse
should be monitored by palpation, oximetry, or auscultation. The
selection of additional hemodynamic monitoring is usually determined more by the cardiovascular status of the patient than the
magnitude of the procedure. Most procedures performed under
monitored anesthesia care do not involve major hemorrhage,
luid shifts, or major physiologic trespass. Decisions concerning
choice of monitoring for myocardial ischemia and other adverse
hemodynamic events will need to be individualized on a case-bycase basis.

Temperature Monitoring and Management
During Monitored Anesthesia Care
The value of temperature monitoring is well established during general anesthesia, the perioperative period being frequently
complicated by hypothermia and hyperthermia. Although sedation techniques used during monitored anesthesia care do not
generally trigger malignant hyperthermia, there is potential
for signiicant inadvertent hypothermia, particularly during
neuraxial anesthesia. Even monitored anesthesia care techniques unaccompanied by regional anesthesia are associated
with hypothermia at the extremes of age, both the old and very
young having impaired thermoregulatory mechanisms. The
elderly also have markedly reduced muscle mass and therefore basal heat production. Although the anesthesiologist may
be able to exert some control over the ambient temperature
in the operating room, he or she may be unable to inluence
the temperature at remote anesthetizing locations. Radiology
suites are often maintained at lower temperatures to accommodate the computer systems that are used to reconstruct
images. Radiant heating lamps, forced-air heaters, luid warmers, or warming blankets, all common items in operating rooms,
may be unavailable and unsuitable for use at remote locations.
Forced-air heating has been shown to be an effective means
of maintaining normothermia, and can be combined with IV
luid warming.152,153 Even mild perioperative hypothermia (i.e.,
1° to 2°C) accompanying general anesthesia is associated with
adverse myocardial outcomes, increased bleeding tendency
and transfusion requirements, wound infections, and delayed
wound healing and hospital discharge.154–159 At this time,
there is no evidence suggesting that the morbidity associated
with perioperative hypothermia is any less during monitored
anesthesia care than during general anesthesia. The morbidity
associated with perioperative hypothermia is well described in
high-risk patients; this is a group of patients who are very likely
to undergo procedures under monitored anesthesia care. When
hypothermia is signiicant, shivering may interfere with the
planned procedure and markedly increase oxygen requirements
and predispose susceptible patients to myocardial ischemia or
respiratory insuficiency. The major thermoregulatory defenses
against hypothermia include vasoconstriction, shivering, and
behavior. Vasoconstriction and shivering are impaired during
major conduction anesthesia. Behavioral thermoregulation is
impaired even in the conscious patient. Regional anesthesia has
major effects on thermoregulation.160 Lower extremity vasodilatation causes central cooling via a redistribution of heat from
the core to the periphery. Afferent input to the hypothalamus
from the warm peripheral compartment counteracts conlicting

input from the cooling central compartment, thus delaying the
initiation of compensatory thermoregulation. In the absence of
reliable temperature monitoring, it is possible that the irst indication of hypothermia would be the onset of shivering, by which
time considerable central cooling may have occurred.
Frank et al.161 have examined the issue of temperature monitoring and management during neuraxial anesthesia and found
that temperature monitoring is signiicantly underused, with only
one-third of patients being monitored. Furthermore, the method
that was most frequently used to monitor temperature may not
accurately relect core temperature, the most important determinant of thermoregulatory response and perioperative morbidity.
Forehead skin surface was the most commonly monitored site.
The accuracy of these devices for perioperative temperature monitoring remains controversial; they do not reliably detect malignant hyperthermia and are not suficiently accurate for fever
screening purposes in children.162 Sessler163 recommends the use
of a properly positioned axillary probe or intermittent oral temperature monitoring during neuraxial anesthetics.
Patients will frequently complain of feeling too warm when
covered by heavy drapes. Although malignant hyperthermia is
rare during monitored anesthesia care, hyperthermia is still possible as a result of thyroid storm or malignant neuroleptic syndrome. The subjective sensation of hyperthermia may also be the
irst indicator of important adverse events in evolution such as
hypoxia, hypercarbia, cerebral ischemia, local anesthetic toxicity,
and myocardial ischemia.

Bispectral Index Monitoring During
Monitored Anesthesia Care
The bispectral index (BIS) is a processed EEG parameter that
was developed speciically to evaluate patient response during
drug-induced anesthesia and sedation. Sedation monitoring is
attractive because of the potential to titrate drugs more accurately, avoiding the adverse effects of both over- and underdosing. BIS monitoring has some potential advantages over
conventional intermittent techniques of patient assessment.
Conventional assessment involves patient stimulation at frequent intervals to determine the level of consciousness, requires
patient cooperation, and is subject to testing fatigue. An example of a conventional assessment tool is the Observer’s Assessment of Alertness/Sedation Scale (Table 29-6).164 The BIS has
been shown to be a useful monitor of drug-induced sedation
and recall in volunteers and has been shown to correlate with
Observer’s Assessment of Alertness/Sedation Scale scores during propofol-induced sedation in patients undergoing surgery
with regional anesthesia.165 An increasing depth of sedation was
associated with a predictable decrease in the BIS. Absence of
recall was associated with BIS values below 80. These indings
correspond with those of Kearse et al.166 who found no intraoperative recall at BIS values below 79 during midazolam-, isolurane-, and propofol-induced sedation. However, the inability
to recall a nonnoxious stimulus such as a picture, as used in the
previously mentioned studies, may not necessarily correspond
to amnesia to noxious events such as surgical stimulation.
Despite this caveat, Liu et al.165 suggest that using a combination of propofol and midazolam to achieve a BIS value below 80
will minimize the possibility of intraoperative recall. Although
the use of BIS to monitor sedation is appealing, conventional
assessment of sedation is an important mechanism whereby
continuous patient contact is maintained. Ideally, BIS monitoring will be employed in the future as an adjunct to clinical
evaluation rather than as the primary monitor of consciousness.
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Table 29-6. observer’s assessment of alertness/sedation scale
Responsiveness

Speech

Facial Expression

Eyes

Responds readily to name
spoken in normal tone
Lethargic response to name
spoken in normal tone
Responds only after name is
called loudly or repeatedly
Responds only after mild
prodding or shaking
Does not respond to mild
prodding or shaking

Normal

Normal

Clear, no ptosis

5 (alert)

Mild slowing or
thickening
Slurring or prominent
slowing
Few recognizable words

Mild relaxation

Glazed or mild ptosis (less
than half the eye)
Glazed and marked ptosis
(half the eye or more)

4

Marked relaxation
(slack jaw)

Monitored anesthesia care is often provided in the context of
regional or local anesthetic techniques. It is vitally important
that the anesthesiologist responsible for the patient have a high
index of suspicion and be fully prepared to recognize and treat
local anesthetic toxicity immediately (see Chapter 21). This
point deserves special emphasis, particularly in view of the fact
that monitored anesthesia care is often provided to the elderly or
debilitated patient who has been deemed “unit” for general anesthesia; these are the patients most likely to suffer adverse reactions to local anesthetic drugs. Even if the anesthesiologist does
not perform the block personally, he or she is in a unique position
to fulill an important “preventive” role by advising the surgeon
about the most appropriate volume, concentration, and type of
local anesthetic drug or technique to be used.
Systemic local anesthetic toxicity occurs when plasma concentrations of drug are excessively high. Plasma concentrations
will increase when the rate of entry of drug into the circulation
exceeds the rate of drug clearance from the circulation. The clinically recognizable effects of local anesthetics on the central nervous system are concentration dependent. At low concentrations,
sedation and numbness of the tongue and circumoral tissues
and a metallic taste are prominent features. As concentrations
increase, restlessness, vertigo, tinnitus, and dificulty focusing
may occur. Higher concentrations result in slurred speech and
skeletal muscle twitching, which often herald the onset of tonic–
clonic seizures.
The conduct of monitored anesthesia care may modify the
individual’s response to the potentially toxic effects of local anesthetic administration and adversely affect the margin of safety of a
regional or local technique. For example, a patient with compromised cardiovascular function may experience a further decline
in cardiac output during sedation. The resultant reduction in
hepatic blood low will reduce the clearance of local anesthetics
that are metabolized by the liver and have a high hepatic extraction ratio, thereby increasing the likelihood of achieving toxic
plasma concentrations. A patient receiving sedation may experience respiratory depression and a subsequent increase in arterial carbon dioxide concentration. Hypercarbia adversely affects
the margin of safety in several ways. By increasing cerebral blood
low, hypercarbia will increase the amount of local anesthetic
that is delivered to the brain, thereby increasing the potential for
neurotoxicity. By reducing neuronal axoplasmic pH, hypercarbia

3
2
1 (asleep)

increases the intracellular concentration of the charged, active
form of local anesthetic, thus also increasing its toxicity. In addition, hypercarbia, acidosis, and hypoxia all markedly potentiate
the cardiovascular toxicity of local anesthetics. Furthermore, the
administration of sedative–hypnotic drugs may interfere with
the patient’s ability to communicate the symptoms of impending
neurotoxicity. However, the anticonvulsant properties of benzodiazepines and barbiturates may attenuate the seizures associated
with neurotoxicity. In both of these circumstances, it is possible
that the symptoms of cardiotoxicity will be the irst evidence that
an adverse reaction has occurred. Thus, appropriate treatment
is delayed or inadvertent intravascular injection is continued
because of the absence of any clinical evidence of neurotoxicity.
Cardiovascular toxicity usually occurs at a higher plasma concentration than neurotoxicity, but when it does occur, it is usually
much more dificult to manage than neurotoxicity. Although cardiotoxicity is usually preceded by neurotoxicity, it may occur de
novo when bupivacaine is being used.

Sedation and Analgesia by
Nonanesthesiologists
Although anesthesiologists have speciic training and expertise to
provide sedation and analgesia, in clinical practice these services
are frequently provided by nonanesthesiologists. The speciic reasons for nonanesthesiologist involvement differ from institution
to institution and from case to case and include convenience,
availability, and scheduling issues; perceived lack of anesthesiologist enthusiasm; perceived increased cost; and a perceived lack of
beneit concerning patient satisfaction and safety when sedation
and analgesia are provided by anesthesiologists. Despite our frequent noninvolvement in these cases, anesthesiologists are indirectly involved in the care of these patients by being required to
participate in the development of institutional policies and procedures for sedation and analgesia. To assist anesthesiologists in
this process, an ASA task force has developed practice guidelines
for sedation and analgesia by nonanesthesiologists.2
Four levels of sedation are deined in the ASA practice guidelines and include minimal sedation, moderate sedation, deep
sedation, and general anesthesia. The practice guidelines emphasize that sedation and analgesia represent a continuum of sedation
wherein patients can easily pass into a level of sedation deeper
than intended. The ASA House of Delegates issued a statement on
this continuum of depth of sedation originally in October 1999,
and most recently amended it in October 2004. This statement
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Table 29-7. continuum of dePth of sedation
Minimal Sedation

Moderate Sedation

Deep Sedation

General Anesthesia

responsiveness

Normal response to
verbal stimulation

airway

Unaffected

spontaneous ventilation
cardiovascular function

Unaffected
Unaffected

Purposeful response
to verbal or tactile
stimulation
No intervention
required
Adequate
Usually maintained

Purposeful response
following repeated or
painful stimulation
Intervention may be
required
May be inadequate
Usually maintained

Unarousable, even
with a painful
stimulus
Intervention often
required
Frequently inadequate
May be impaired

Adapted from ASA House of Delegates. Continuum of depth of sedation, www.asahq.org 2004.

contains a chart representing the clinical progression along this
continuum (Table 29-7).167 When monitoring a sedated patient
during a procedure, it is important to recognize when a patient
becomes more deeply sedated than intended so that the care team
can act appropriately to prevent cardiorespiratory compromise.
The guidelines emphasize the importance of preprocedure
patient evaluation, patient preparation, and appropriate fasting periods. The importance of continuous patient monitoring is discussed—in particular, the response of the patient to
commands as a guide to the level of sedation. The appropriate
monitoring of pulmonary ventilation, oxygenation, and hemodynamics is also discussed, and recommendations are made for
the contemporaneous recording of these parameters. The task
force strongly suggests that an individual other than the person
performing the procedure be available to monitor the patient’s
comfort and physiologic status. Education and training of providers is recommended. Speciic educational objectives include
the potentiation of sedative-induced respiratory depression by
concomitantly administered opioids, adequate time intervals
between doses of sedative/analgesics to avoid cumulative overdosage, and familiarity with sedative/analgesic antagonists. The
routine administration of supplemental oxygen is recommended.
At least one person with advanced life support skills should be
present during the procedure. This individual should have the
ability to recognize airway obstruction, establish an airway, and
maintain oxygenation and ventilation. The practice guidelines
recommend that appropriate patient-size emergency equipment
be readily available, speciically including equipment for establishing an airway and delivering positive pressure ventilation
with supplemental oxygen, emergency resuscitation drugs, and a
working deibrillator. The presence of reliable intravenous access
until the patient is no longer at risk for cardiorespiratory depression will improve safety. Adequate postprocedure recovery care
with appropriate monitoring must be provided until discharge.
Certain high-risk patient groups (e.g., uncooperative patients,
extremes of age, severe cardiac, pulmonary, hepatic, renal, or
central nervous system disease, morbid obesity, sleep apnea,
pregnancy, and patients who abuse drug or alcohol) will be
encountered, and the guidelines recommend that preprocedure
consultation with anesthesiologists, cardiologists, pulmonologists, and so forth be performed before administration of sedation
and analgesia by nonanesthesiologists.
Controversy exists regarding the level of training required for
nonanesthesiologists to be credentialed to provide moderate and
deep sedation. The ASA released a statement in October 2005,
amended in 2011, suggesting a framework for granting privileges
that will help ensure competence of individuals who administer

or supervise the administration of moderate sedation.168 This
statement suggests that the practitioner should complete formal
training in (1) the safe administration of sedative and analgesic
drugs used to establish a level of moderate sedation, and (2) rescue of patients who exhibit adverse physiologic consequences of
a deeper-than-intended level of sedation. The ASA released an
advisory in October 2010 on granting privileges for deep sedation
to nonanesthesiologist sedation practitioners.169
Recently, the Centers for Medicare and Medicaid Services
(CMS) published a revised hospital anesthesia services interpretive guidelines requiring hospitals to establish policies and procedures that address whether speciic clinical situations involve
“anesthesia” versus “analgesia” services. The CMS document
places general anesthesia, monitored anesthesia care, deep sedation, and regional anesthesia under “anesthesia” services. These
“anesthesia” services must be provided by: A qualiied anesthesiologist; a doctor of medicine or osteopathy, a dentist, oral
surgeon, or podiatrist who is qualiied to administer anesthesia
under state law; an appropriately supervised Certiied Registered
Nurse Anesthetist or Anesthesia Assistant, all who are separate
from the practitioner performing the procedure. Moderate sedation and minimal sedation fall under “analgesia” services.170
Finally, it is instructive to review an excerpt from the joint
statement released in 2004, amended in 2009 by the American
Association of Nurse Anesthetists and the ASA171:
Whenever propofol is used for sedation/anesthesia, it should be
administered only by persons trained in the administration of
general anesthesia, who are not simultaneously involved in these
surgical or diagnostic procedures. This restriction is concordant
with speciic language in the propofol package insert, and failure
to follow these recommendations could put patients at increased
risk of signiicant injury or death.

Conclusion
Through the use of monitored anesthesia care, an often terrifying and painful procedure can be made safe and comfortable for
the patient. Monitored anesthesia care presents an opportunity
for our patients to observe us at work. For the anesthesiologist,
monitored anesthesia care presents an opportunity to provide
a more prolonged and intimate level of care and reassurance to
our patients that is in contrast to the more limited exposure that
occurs during and after general anesthesia. Our airway management skills and our daily practice of applied pharmacology make

us uniquely qualiied to provide this service. Monitored anesthesia care presents us with an opportunity to display these skills and
increase our recognition in areas outside the operating room. The
availability of drugs with a more favorable pharmacologic proile
allows us to tailor our techniques to provide the speciic components of analgesia, sedation, anxiolysis, and amnesia with minimal morbidity and to facilitate a prompt recovery. As the population ages, increasing numbers of patients will become candidates
for monitored anesthesia care. Signiicant advances in nonsurgical ields (e.g., interventional radiology) will increase the number of procedures that are ideally performed under monitored
anesthesia care. It is our responsibility to clearly demonstrate
to our nonanesthesia colleagues that anesthesiologist-provided
monitored anesthesia care contributes to the best outcome for
7 our patients. If anesthesiologists are not willing or able to provide
these services, others, who are less well qualiied, are prepared to
assume that role.
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