Sedation in the intensive care unit
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Although the administration of sedatives is a commonplace
activity in the ICU, few guidelines are available to aid the
clinician in this practice. The first principle of sedative
administration is to define the specific problem requiring
sedation and to rationally choose the drug and depth of
sedation appropriate for the indication. Next, the clinician must
recognize the diverse and often unpredictable effects of critical
illness on drug pharmacokinetics and pharmacodynamics.
Failure to recognize these effects may lead initially to
inadequate sedation and subsequently to drug accumulation.
Drug accumulation may result in prolonged encephalopathy
and mechanical ventilation and may mask the development of
neurologic or intra-abdominal complications. Daily interruption
of continuous sedative infusions is a simple and effective way
of addressing this problem. A glossary of sedative drugs
commonly used in the ICU is included in this review. Curr Opin
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Critically ill patients requiring mechanical ventilatory
support are frequently treated with sedatives and anal-
gesics. The approach to sedation of these patients varies
widely, partially because of institutional bias and par-
tially because requirements for sedation can vary greatly
from patient to patient. The principles and goals of se-
dation in the ICU will be discussed, and the drugs cur-
rently available to achieve these goals will be reviewed.

Indications for sedation

Analgesia

Pain is a common experience in critically ill patients [1]
and often originates from sources such as surgical inci-
sions, vascular catheter placement, and endotracheal suc-
tioning. In addition to suffering, adverse effects of pain
in critically ill patients may include increased endog-
enous catecholamine activity, myocardial ischemia, in-
duction of hypermetabolic states, and anxiety. There is
some evidence that inadequate analgesia may be associ-
ated with adverse outcomes [2]. Achieving adequate an-
algesia is the first priority when administering sedation in
the ICU [3ee].

Anxiety

Anxiety and agitation may arise from innumerable psy-
chologic and physical sources and may be more com-
monly recognized than pain. Anxiety that is difficult to
remedy may be a result of inadequately treated pain.

Dyspnea

The subjective sense of dyspnea is common in ICU pa-
tients and may be a source of severe anxiety and distress.
Likewise, coughing is common in intubated ICU pa-
tients, particularly during endotracheal suctioning. Ex-
cessive coughing may contribute to patient—ventilator
dyssynchrony. Dyspnea may be exacerbated by the use
of lung-protective strategies that result in hypercapnia.

Delirium

Potential causes of delirium include drugs, sepsis, sleep
deprivation, electrolyte disturbances, hepatic encepha-
lopathy, withdrawal syndromes, and many others. Ely e7
al. [4¢] have recently reported the incidence of delirium
to be extremely high in critically ill patients.

To facilitate care

Sedatives are often used to facilitate the delivery of nurs-
ing care (dressing wounds, administering baths, and so
forth), to prevent adverse events such as self-extubation,
and to ensure synchrony with mechanical ventilation.
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To decrease excess oxygen consumption

Sedatives are commonly used to decrease the volume of
oxygen utilization associated with analgesia, anxiety,
dyspnea, and delirium. Minimizing the volume of oxy-
gen utilization is particularly important in patients with
acute hypoxemic respiratory failure and shock.

To achieve amnesia

Although this seems intuitively desirable for critically ill
patients, data supporting this notion are lacking. Rather,
there are reports of adverse psychological sequelae in
patients unable to recall factual memories from their ill-
ness [5,6¢]. The only circumstance in which amnesia is
mandatory is when neuromuscular blocking agents are
being administered.

Properties of the ideal sedative

The ideal sedative would have a rapid onset of action
with rapid recovery so that a thorough physical examina-
tion and communication with the patient could occur. It
would lack the problem of drug accumulation and would
be easy to titrate to varying levels of sedation. It would
exhibit no tachyphylaxis or withdrawal symptoms, cause
no hemodynamic instability, and would be inexpensive.
It is clear that no single drug has all of these properties,
and that combinations of drugs are essential to meet
these objectives [7]. Using a drug to attain a goal for
which that drug is not particularly well suited often re-
sults in rapidly escalating doses of the drug with subop-
timal effect (eg, the use of propofol, which has no anal-
gesic properties, to sedate patients with pain). These
unnecessarily high doses may lead to unwanted side ef-
fects. The use of different classes of drugs in a synergis-
tic fashion to achieve each of the goals of sedation leads
to lower doses of each individual drug and better seda-
tion for the patient.

Dosing regimens

Drugs can be administered by either intermittent bolus
dosing or continuous infusion. Bolus dosing may result in
periods of oversedation and undersedation and may in-
crease demands on nursing time. This may distract nurs-
ing attention away from other areas of patient care. Con-
ceivably, continuous infusion may result in a more
consistent level of sedation, but this approach is more
likely to result in drug accumulation, which may delay
recovery.

Assessing the adequacy of sedation

Assessing the adequacy of sedation can be difficult be-
cause of its subjective nature. Several objective sedation
scales such as the Ramsay Sedation Score (Table 1) [8],
and the Sedation Agitation Scale (Table 2) [9¢] have
been developed. The Ramsay scoring system has the
benefit of simplicity but does not effectively measure
quality or degree of sedation with regard to the goals
outlined previously [10] and has never been objectively
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Table 1. Ramsay Sedation Score levels

Patient anxious and agitated or restless or both

Patient cooperative, oriented, and tranquil

Patient responds to commands only

Patient asleep, shows brisk response to light glabellar tap or loud
auditory stimulus

Patient asleep, shows sluggish response to light glabellar tap or
loud auditory stimulus

6 Patient asleep, shows no response to light glabellar tap or loud
auditory stimulus

AON =

o

validated [11]. Recently, sedation scales designed spe-
cifically for use in critically ill patients have been re-
ported and validated [9e,12].

Assessment of the adequacy of sedation is an individual
bedside maneuver. The nurse’s input is helpful, because
he or she will often notice changes from an optimal level
of sedation. Ideally, the clinician is able to achieve the
goal for each indication for sedation, yet leave the patient
fully communicative with bedside caregivers. This state
of being fully awake yet adequately sedated can be at-
tained in some patients. Others, however, must be se-
dated to a point where constant communication is not
possible. We have previously reported a set of endpoints
for assessing recovery from sedation. Asking the patient
to (1) open eyes to verbal command, (2) follow the bed-
side observer with eyes, (3) hand grasp on command, and
(4) stick out tongue on command was found to be simple,
quick, objective, and reproducible between blinded and
unblinded observers [13]. Recently, the bispectral index,
a processed electroencephalography signal that reports a
discreet scaled number, has been evaluated in the ICU
setting. This device has been studied extensively in the
operating room and has been found to reliably detect a
patient’s level of consciousness under general anesthe-
sia. Although preliminary data suggest a good correlation
between the bispectral index and the Sedation Agitation
Scale [14], this instrument awaits more extensive valida-
tion in the ICU setting [1].

Complications related to

sedative administration

The sedation of critically ill patients would be optimized
if the pharmacokinetic and pharmacodynamic profiles of

Table 2. Sedation Agitation Scale

7 Dangerous agitation: pulling at endotracheal tube, trying to remove
catheters, climbing over bed rail, striking at staff, thrashing side to
side

6 Very agitated: does not calm, despite frequent reminding of limits;
requires physical restraints, biting endotracheal tube

5 Agitated: anxious to mildly agitated, attempting to sit up, calms to
verbal instructions

4 Calm and cooperative: calm, awakens easily, follows commands

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

2 Very sedated: arouses to physical stimuli but dos not communicate
or follow commands, may move spontaneously

1 Unarousable: minimal or no response to noxious stimuli, does not
communicate or follow commands

Published with permission [9¢].
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sedatives in such patients were well understood and de-
scribed. Unfortunately, critically ill patients frequently
exhibit unpredictable alterations in pharmacokinetic and
pharmacodynamic profiles [15-17]. Drug—drug interac-
tions, renal and hepatic dysfunction, altered protein
binding, impaired gastrointestinal absorption, and circu-
latory instability are some of the variables leading to this
unpredictability. Further unpredictability arises from the
multicompartmental pharmacokinetics exhibited by
many of the sedatives used in the ICU. This concept
refers to the variable pharmacokinetics of drugs that un-
dergo uptake by the peripheral tissues. For example, a
lipophilic drug such as midazolam may have a short du-
ration of action when administered by bolus, because the
peripheral tissues rapidly remove the drug from the cir-
culation. When administered continuously for a pro-
longed period, however, there is a tendency for drug
accumulation in the peripheral compartment. Duration
of action may then be prolonged, as the drug redistrib-
utes from the peripheral tissues back into the blood. As
a result of these complexities, the extrapolation of expe-
riences with these agents as used in the operating room
or outpatient procedure area may result in serious errors
and complications. Although drug accumulation may not
occur with newer agents such as remifentanil, which is
degraded rapidly by blood and tissue esterases, greater
experience with these agents in the ICU is required be-
fore they can be recommended for use in this setting.

Patients with respiratory failure may require doses of
sedatives that are much greater than those quoted in the
literature and recommended by the drug manufacturer
[18,19]. Respiratory failure itself may result in severe
dyspnea and anxiety. Furthermore, contemporary ap-
proaches to the treatment of such patients, including
permissive hypercapnia [20], low tidal volume ventila-
tion [21], pressure-controlled ventilation, and prone po-
sitioning, are also inherently uncomfortable. For many
of these patients, deep sedation, which leaves the pa-
tient poorly responsive if at all (¢g, Ramsay score 5-6,
Sedation Agitation Scale score 1-2), is necessary, and
pharmacologic paralysis is sometimes required [22]. At-
tempting to minimize the amount of sedative initially
administered often results in severe anxiety and agitation
with acute cardiopulmonary instability, typically mani-
festing as extreme hypertension, tachycardia, tachypnea,
ventilator dyssynchrony, hypoxemia, and even un-
planned extubations [23]. As a result, deep sedation—at
least initially—may be the only practical option for man-
aging such patients.

Deep sedation may result in the accumulation of seda-
tives when they are administered by continuous infu-
sions and/or for extended time periods [24]. Interest-
ingly, most of the sedatives that are currently used in the
ICU were originally reported to have a short duration of
action, with rapid recovery of consciousness once

stopped [25,26]. Unfortunately, this has not been the
experience in critically ill patients [27-31]. Thus, clini-
cians caring for critically ill patients face a daily conflict
between providing the deep level of sedation required
for very sick patients and preventing the seemingly in-
evitable drug accumulation that accompanies such a
level of sedation. Such drug accumulation as occurs with
continuous sedative infusions may result in prolongation
of mechanical ventilation and ICU length of stay
[320,3300]

Another complication of deep sedation is its ability to
mask the development of intracranial, intrathoracic, or
intra-abdominal catastrophes. It is important to be able to
quickly and reliably awaken patients from sedation in
order to perform daily assessments, including physical
examination. Such assessments may detect complica-
tions early and thereby obviate the need to perform ur-
gent imaging studies after a problem has advanced. We
believe that mechanically ventilated patients receiving
continuous sedative infusions should undergo a daily in-
terruption of sedatives to allow patient communication
and physical examination to take place. Exceptions to
this recommendation are rare, but certainly include pa-
tients requiring muscle paralysis who should never be
awakened from sedation until the paralytic agent has
worn off. Besides allowing a thorough physical examina-
tion to occur, the “wake-up” period is also a time when
the depth of sedation can be evaluated and adjusted
to individual patient needs. After the wake-up test, it
often becomes apparent that the depth of sedation can
be decreased without compromising the specific goals of
sedation.

We recently described how a strategy of daily interrup-
tion of continuous sedative infusions can reduce compli-
cations of sedation in critically ill patients receiving me-
chanical ventilation [33ee]. We evaluated patients who
received either midazolam and morphine or propofol and
morphine by continuous infusion. Patients were random-
ized to a daily scheduled interruption of the sedative
infusion or management of the sedative infusions by
the primary ICU team without a mandatory daily inter-
ruption. After the wake-up assessment, patients in the
interruption group had their sedative infusions restarted
at half the previous dose. Daily discontinuation of seda-
tive infusions reduced the duration of mechanical venti-
lation (Fig. 1) and intensive care (Fig. 2) by 2.5 days and
3.5 days, respectively. The number of diagnostic studies
to investigate unexplained alterations in mental status
was reduced from 27% to 9%, and the total amount of
midazolam and morphine administered was decreased.
This strategy allowed a focused downward titration of
sedative infusion rates over time, streamlining adminis-
tration of these drugs and minimizing the tendency for
accumulation.



Figure 1. Kaplan-Meier analysis of the duration of mechanical
ventilation in the intervention and control groups
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After adjustment for baseline variables (age, sex, weight, APACHE Il score, and
type of respiratory failure), mechanical ventilation was discontinued more quickly
in the intervention group compared with the control group (relative risk of
extubation, 1.9; 95% CI, 1.3-2.7; P<0.001).

Brook er al. [34] examined an alternative approach to the
problems caused by deep sedation. In this study, the
effect of a nurse-implemented sedation protocol on the
duration of mechanical ventilation was analyzed by ran-
domly assigning patients to either the protocol interven-
tion or to a control group. Patients randomly selected to
receive the sedation protocol had a significantly shorter
duration of mechanical ventilation regardless of whether
the sedatives were given continuously or intermittently.
Taken together, our study [33¢] and that of Brook ez a/.
[34] suggest that a reduction in the duration of mechani-
cal ventilation may be achieved through the use of se-
dation protocols that reassess the optimal dose of seda-
tives required for the patient on a daily basis. The
effective sedation protocol also uses sedatives to their
best advantage pharmacologically. For example, diaze-
pam, with its active metabolites and tendency to accu-
mulate in peripheral tissues, is a poor choice for admin-
istration by continuous infusion. The sedative propofol,
however, has a short duration of clinical effect when dis-
continued, which makes it an ideal choice for continuous
infusion when rapid emergence is desired.

Finally, patients receiving prolonged infusions of seda-
tives may experience withdrawal symptoms. Katz ez a/.
[35] noted a high incidence of withdrawal in infants re-
ceiving fentanyl in high doses or for prolonged time pe-
riods. Similar findings have been reported in children
sedated with midazolam [36]. Cammarano ez al. [37]
found a 32% incidence of withdrawal in adults receiving
opioid and benzodiazepine infusions. This tended to be
associated with higher doses of drugs and more rapid
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weaning off of drugs. Patients in these studies did not
undergo daily interruption of sedative infusions.

Drugs for sedation of mechanically

ventilated patients

Opioids

Opioids are endogenous or exogenous substances that
bind to receptors found in the central nervous system
and peripheral tissue. There are several classes of recep-
tors, but the two most clinically important are p and k.
The p receptors have two subtypes, p-1 and p-2. p-1
receptors are responsible for analgesia, whereas p-2 re-
ceptors mediate respiratory depression, nausea, vomit-
ing, constipation, and euphoria. The k receptors are re-
sponsible for such effects as sedation, miosis, and spinal
analgesia.

Pharmacokinetics
The following discussion applies to those intravenous
opioids most commonly used in the ICU.

Morphine Morphine’s onset of action is relatively slow
(5-10 min) because of low lipid solubility. The duration
of action is dose dependent but is approximately 4 hours
after a single dose of 5 to 10 mg. Morphine undergoes
conjugation to a glucuronide in the liver and has an ac-
tive metabolite, morphine-6-glucuronide. Elimination
occurs in the kidney, so effects may be prolonged in
renal failure. As with benzodiazepines, prolonged seda-
tion can be attenuated by daily interruption of continu-
ous infusions and by decreasing the rate of the infusions
as clinically indicated.

Figure 2. Kaplan-Meier analysis of the intensive care unit
length of stay
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After adjustment for baseline variables (age, sex, weight, APACHE Il score, and
type of respiratory failure), ICU discharge occurred sooner in the intervention
group compared with the control group (relative risk of ICU discharge, 1.6; 95%
Cl, 1.1-2.3; P=0.02).
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Meperidine (pethidine) Relative to morphine, meperidine
has a more rapid onset of action (3—5 min) because of
greater lipid solubility. Because of redistribution to pe-
ripheral tissues, the duration of action is less than that of
morphine (1-4 h). Meperidine undergoes hepatic me-
tabolism and renal elimination. Normeperidine, a promi-
nent metabolite, is a central nervous system stimulant
that can precipitate seizures, especially in the setting of
renal failure. Meperidine offers no real advantage over
morphine and should probably not be used for analgesia
in the ICU because of potential central nervous system
toxicity.

Fentany/ Fentanyl exhibits very rapid onset of action (1
min) because of high lipid solubility, but the duration of
action after a single dose is short (0.5-1 h) because of
redistribution into peripheral tissues. Inactive products
of hepatic metabolism are excreted by the kidney. Once
again, the kinetics are altered with prolonged adminis-
tration because of redistribution to peripheral tissues.
When the infusion is stopped, the drug leaves peripheral
tissues and re-enters the plasma where it can have a
prolonged effect.

Hydromorphone The onset of action of hydromorphone is
similar to that of morphine. Likewise, the duration of
action is similar to that of morphine when given as a
single dose. However, the absence of an active metabo-
lite makes the duration of effect typically shorter than
morphine when administered for extended time periods.

Pharmacodynamics

The opioids have similar effects and will be discussed
without reference to individual drugs except in cases in
which important differences are present.

Central nervous system 'The primary effect of opioids is
analgesia, which is mediated primarily through the p and
k receptors. Mild to moderate anxiolysis is also common,
although less so with benzodiazepines. Opioids have no
reliable amnestic properties.

Respiratory system Opioids lead to a dose-dependent, cen-
trally mediated respiratory depression, which may be
profound. This effect is mediated by the p-2 receptors in
the medulla. The initial pattern of respiratory depression
is a decrease in respiratory rate with a preserved tidal
volume. The carbon dioxide response curve is shifted to
the right, and the ventilatory response to hypoxia is oblit-
erated. Opioids are the best drugs to attenuate the sub-
jective sense of dyspnea that is common in many criti-
cally ill patients.

Cardiovascular system Opioids, like benzodiazepines,
have little hemodynamic effect on patients with eu-
volemia whose blood pressure is not sustained by the
sympathetic nervous system. When opioids and benzo-

diazepines are administered concomitantly, they may ex-
hibit a synergistic effect on hemodynamics. The reasons
for this synergy are not entirely clear. Meperidine has a
chemical structure similar to that of atropine and may
elicit tachycardia. All other opioids usually decrease
heart rate by decreasing sympathetic activity. Morphine
and meperidine may cause histamine release, but this
effect is usually not a factor with the doses typically
administered in the ICU. Fentanyl does not cause his-
tamine release [38].

Other effects Opiate side effects include nausea, vomiting,
and decreased gastrointestinal motility. Methylnaltrex-
one, a specific antagonist of p-2 receptors in the gut, has
been recently reported to attenuate these side effects in
humans [39]. The utility of methylnaltrexone in the ICU
has not been tested. Other side effects include urinary
retention and pruritus.

Benzodiazepines

Benzodiazepines are the most commonly used agents to
sedate mechanically ventilated patients [40]. They act
by potentiating gamma amino-butyric acid receptor com-
plex—mediated inhibition of the central nervous system.
The gamma amino-butyric acid receptor complex regu-
lates a chloride channel on the cell membrane, and, by
increasing the intracellular flow of chloride ions, neurons
become hyperpolarized, with a higher threshold for ex-
citability. Flumazenil is a synthetic antagonist of the
benzodiazepine receptor that may reverse many of the
clinical effects of benzodiazepines.

Pharmacokinetics

The following discussion applies to intravenous benzo-
diazepines because they are most commonly delivered
by that route in the ICU.

Midazolam The onset of action of midazolam is rapid
(0.5-5 min) and the duration of action following a single
dose is short (2 h). All benzodiazepines are lipid soluble
and are therefore widely distributed throughout body
tissues (large volume of distribution). For all benzodiaz-
epines, the duration of action after a single bolus is de-
pendent primarily on the rate of redistribution to periph-
eral tissues, where the drugs have no effect. Midazolam
undergoes hepatic metabolism and renal excretion. 1-hy-
droxy midazolam is an active metabolite but has a
half-life of only 1 hour in the presence of normal renal
function.

The kinetics of midazolam change considerably when it
is administered by continuous infusion to critically ill
patients. After continuous infusion for extended time
periods (>1 d), this lipid-soluble drug accumulates in
peripheral tissues as well as in the blood stream rather
than being metabolized. When the drug is stopped, pe-
ripheral tissue stores release midazolam back into the



plasma, and the duration of clinical effect can be pro-
longed (clinical recovery may take hours to days) [30].
Obese patients with larger volumes of distribution and
elderly patients with decreased hepatic and renal func-
tion may be even more prone to prolonged sedation.

As noted previously, this problem can be attenuated by
daily sedative interruption with decreases in the infusion
rates as clinically indicated. This daily recovery period
tends to decrease the amount of drug redistributed to the
peripheral tissues over time.

Lorazepam

Intravenous lorazepam has a slightly slower onset of ac-
tion (5 min) than midazolam because of its lower lipid
solubility, which increases the time required to cross the
blood—brain barrier. The duration of action after a single
dose is long (6-10 h) and is proportional to the dose
given; however, most pharmacokinetic studies are con-
ducted in healthy volunteers and may not apply to criti-
cally ill patients. A single dose of lorazepam will often be
insufficient to keep mechanically ventilated patients ad-
equately sedated for 6 hours. The longer duration of
action of lorazepam is a result of lower lipid solubility
with decreased peripheral tissue redistribution. The use
of lorazepam in high doses has been associated with lac-
tic acidosis from propylene glycol toxicity [41].

Diazepam

The onset of action of intravenous diazepam is short (1-3
min). The duration of action after a single dose is also
short (30-60 min) because of high lipid solubility and
peripheral redistribution. Diazepam is rarely adminis-
tered by continuous infusion because it has a long ter-
mination half-life. Once the peripheral tissue compart-
ment is saturated, recovery can take several days.
Therefore, intermittent bolus dosing is the best method
of diazepam administration. Even with this dosing
method, peripheral tissue stores can accumulate, leading
to prolonged effect. In addition, diazepam has several
active metabolites that also have prolonged half-lives.
The metabolism of diazepam is dependent on hepatic
function and is prolonged in liver disease and in the
elderly.

Pharmacodynamics

The benzodiazepines have similar effects and will be
discussed without reference to individual drugs except in
cases in which important differences are present.

Central nervous system All benzodiazepines cause a dose-
dependent suppression of awareness along a spectrum
from mild depression of responsiveness to obtundation.
They are potent amnestic agents [42,43]; lorazepam ap-
pears to produce the longest duration of antegrade am-
nesia. All are potent anxiolytic agents, which is one of the
reasons why they are frequently used in the ICU. If
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given in higher doses, they can induce hypnosis. A para-
doxical state of agitation that worsens with escalating
doses may occasionally occur, especially in elderly pa-
tients. Finally, all benzodiazepines are noted to have po-
tent anticonvulsant properties [44].

Respiratory system Benzodiazepines cause a dose-
dependent, centrally mediated respiratory depression.
This ventilatory depression is less profound than that
seen with opioids; however, it may be synergistic with
opioid-induced respiratory depression. In contrast to opi-
oids (as described previously), the respiratory pattern of
a patient receiving benzodiazepines is characterized by a
decrease in tidal volume and an increase in respiratory
rate. Even low doses of benzodiazepines can obliterate
the ventilatory response to hypoxia.

Cardiovascular system Benzodiazepines have minimal ef-
fects on the cardiovascular system in patients with eu-
volemia. They may cause a slight decrease in blood pres-
sure without a significant change in heart rate. Clinically
important hypotensive responses are usually only seen in
patients who are hypovolemic and/or in those with in-
creased endogenous sympathetic activity.

Propofol

Propofol is an alkylphenol intravenous anesthetic. Its ex-
act mechanism of action is unclear, but it is thought to act
at the gamma amino-butyric acid receptor. It is an oil at
room temperature and is prepared as a lipid emulsion.

Pharmacokinetics

Propofol is highly lipid soluble and rapidly crosses the
blood—brain barrier. Onset of sedation is rapid (1-5 min)
and is dependent on whether a loading dose is given.
The duration of action is dose dependent but is usually
very short (2-8 min) because of rapid redistribution to
peripheral tissues [45,46]. When continuous infusions are
used, the duration of action may be increased, but it is
rare for the effect to last longer than 60 minutes after the
infusion is stopped. The drug is metabolized mainly in
the liver, with an elimination half-life of 4 to 7 hours;
again, the elimination half-life may be somewhat longer
with prolonged infusions. There are no active metabo-
lites. Because of its high lipid solubility and large volume
of distribution, propofol can be given for prolonged pe-
riods without significant changes in its pharmacokinetic
profile. The termination of its clinical effect is depen-
dent solely on redistribution to peripheral fat tissue
stores. When the infusion is discontinued, the fat tissue
stores redistribute the drug back into the plasma but
usually not to clinically significant levels.

Pharmacodynamics

Central nervous system Propofol is a hypnotic agent that,
like benzodiazepines, provides a dose-dependent sup-
pression of awareness from mild depression of respon-
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siveness to obtundation. It is a potent anxiolytic as well
as a potent amnestic agent [47]. The effect of propofol on
seizure activity is controversial. Animal studies suggest
that it is neither pro- nor anticonvulsant; however, there
are case reports of propofol being used to treat seizures as
well as being associated with seizure activity. Propofol
has no analgesic properties and should be accompanied
by a separate analgesic agent in most, if not all, patients.

Respiratory system Apnea often occurs after a loading dose
of propofol (25% incidence). The carbon dioxide re-
sponse curve is shifted to the right. The respiratory pat-
tern is usually characterized by a decrease in tidal vol-
ume and an increase in respiratory rate.

Cardiovascular system Propofol can cause significant de-
creases in blood pressure, especially in hypovolemic pa-
tients. This is mainly a result of preload reduction from
dilation of venous capacitance vessels. A lesser effect is
mild myocardial depression [48,49]. Care must be taken
when administering this drug to patients with marginal
cardiac function; however, because myocardial oxygen
consumption is decreased by propofol, and the myocar-
dial oxygen supply—demand ratio is preserved, it may be
useful in patients with ischemic heart disease.

Other effects Because it is delivered in a lipid carrier, hy-
pertriglyceridemia is a possible side effect of propofol
[50,51]. Triglyceride levels should be checked fre-
quently, and the drug should be discontinued if levels
reach 500 mg/dL. Lipid parenteral feedings should be
adjusted according to the propofol infusion rate because
there is a significant caloric load from propofol. Strict
aseptic technique and frequent changing of infusion tub-
ing is essential to prevent iatrogenic transmission of
bacteria and fungi because propofol can support their
growth [52]. Lactic acidosis has been associated with
propofol use in the pediatric population [53]. Recent re-
ports of dysrhythmia, heart failure, metabolic acidosis,
hyperkalemia, and rhabdomyolysis have been described
in adults treated with high doses of propofol (>80
pg/kg/min) [54e].

Butyrophenones (haloperidol and droperidol)
Butyrophenones such as haloperidol and droperidol are
sometimes used in the ICU for sedation. These drugs
result in a state of tranquility, and patients often dem-
onstrate a detached affect. The exact site of action of
these drugs is not known, but they appear to antagonize
dopamine, especially in the basal ganglia.

Pharmacokinetics

Haloperidol After an intravenous dose of 1 to 10 mg of
haloperidol, onset of sedation usually occurs after 2 to 5
minutes. The half-life is approximately 2 hours, but it is
dose dependent. Dose requirements vary widely, start-
ing at 1 to 10 mg and titrating to effect. Large doses

(>100 mg) may sometimes be required. Haloperidol un-
dergoes hepatic metabolism.

Droperidol 'The onset of action of droperidol is usually 2
to 5 minutes, with a typical starting dose of 0.625 to 2.5
mg. Half-life is approximately 2 hours, but it is longer
when higher doses are used. Droperidol, like haloperi-
dol, is metabolized in the liver.

Pharmacodynamics

Central nervous system Both haloperidol and droperidol
produce central nervous system depression in patients
who are agitated, resulting in a calm, often detached
appearance. Patients demonstrate mental and psychiatric
indifference to the environment [55]. Patients may also
demonstrate a state of cataleptic immobility. There is no
demonstrable amnesia with these drugs, and they have
no effect on seizure activity. Analgesic effects are mini-
mal with haloperidol; however, droperidol seems to have
a significant potentiating analgesic effect when adminis-
tered concomitantly with an opiate. The butyrophe-
nones are the drugs of choice for patients thought to be
demonstrating psychotic behavior or agitation resistant to
other pharmacologic interventions.

Respiratory system Neither haloperidol nor droperidol
have any significant effect on the respiratory system
when used alone. There are reports of attenuation of
respiratory depression in the presence of opioids, but this
effect is mild. Droperidol has been shown to maintain
the hypoxic pulmonary drive [56].

Cardiovascular system Haloperidol and droperidol may re-
sult in mild hypotension secondary to peripheral a-1
blocking effects. Haloperidol may also decrease the neu-
rotransmitter function of dopamine and thereby lead to
mild hypotension. Haloperidol may prolong the QT in-
terval and has been reported to result in forsade de pointes
[57]. This complication is rare.

Other effects Extrapyramidal effects are occasionally seen
but are much less common with intravenous than with
oral butyrophenones. When these complications occur,
treatment with diphenhydramine or benztropine may be
necessary. Neuroleptic malignant syndrome occurs rarely
and is characterized by “lead pipe” muscle rigidity, fe-
ver, and mental status changes. The mechanism of neu-
roleptic malignant syndrome is controversial, but some
investigators propose that central dopaminergic block-
ade leads to extrapyramidal side effects and muscle ri-
gidity with excess heat generation. Bromocriptine, dan-
trolene, and pancuronium have all been used to success-
fully treat neuroleptic malignant syndrome [58].
Droperidol is a potent antiemetic and is sometimes used
for nausea and vomiting associated with general anesthe-
sia or chemotherapy.



Other drugs used for sedation in the intensive

care unit

Dexmedetomidine

Dexmedetomidine [59,60,61¢] is a selective a-2 agonist
approved for short-term use (<24 h) in patients initially
receiving mechanical ventilation. Although patients
remain sedated when undisturbed, they arouse easily
with stimulation. Dexmedetomidine has both analgesic
and anxiolytic effects. Side effects include bradycardia
and hypotension, especially with hypovolemia or high
sympathetic tone. Further studies are needed to evaluate
the role of dexmedetomidine in long-term sedation in
the ICU.

Ketamine

Ketamine is a drug that is structurally related to phen-
cyclidine, which results in a profound dissociative state.
Patients may keep their eyes open and maintain a pro-
tective cough reflex but appear unaware of their sur-
roundings. When administered slowly over a period of 60
seconds as recommended, there is minimal respiratory
depression. There may be amnesia, but this is not a re-
liable property of the drug. Coordinated but seemingly
purposeless movements are often seen. Administration
of ketamine has been shown to result in profound anal-
gesia. The common side effects of emergence delirium
and severe hallucinations have limited its usefulness for
sedation of adult patients in the ICU. Although keta-
mine administration is generally associated with in-
creases in heart rate, cardiac output, and blood pressure,
instances of hypotension, likely from direct myocardial
depression, have been observed.

Barbiturates

Barbiturates such as thiopental and pentobarbital are po-
tent agents that cause amnesia and unconsciousness.
They have limited use in critically ill patients because
they frequently lead to hemodynamic instability and ac-
cumulate in peripheral tissues after long-term infusions,
leading to prolonged recovery from sedation.

Inhalational anesthetics

Inhalational anesthetics such as isoflurane have been
studied in critically ill patients and have been shown to
be safe and effective [62]. They have analgesic, amnes-
tic, and hypnotic properties and may be useful as single
agents to meet the criteria for sedation discussed previ-
ously. Isoflurane undergoes only 0.2% metabolism and is
almost exclusively eliminated through the lungs. Tech-
nical problems delivering the drug safely through the
ventilator at accurate concentrations and difficulty scav-
enging the exhaled gas have limited the use of inhala-
tional anesthetics for sedation in the ICU in the United
States.

Conclusions

Sedation is an important component of the treatment of
mechanically ventilated, critically ill patients. There are
currently a wide variety of pharmacologic agents avail-
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able for the diverse needs of this heterogeneous group
of patients. Directing treatment to specific and indivi-
dualized goals will assure that patient needs are met.
All currently available sedatives for use in the ICU
have limitations. Rather than seeking an ideal drug, strat-
egies of drug administration that focus attention on prin-
ciples of sedative pharmacology in critical illness should
be used.
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