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Critically ill patients requiring mechanical ventilation are fre- tives should never be given as a substitute for adequate analgesia.
A strategy that strives to focus initially on assuring adequatequently treated with sedatives and analgesics. Much of what is
analgesia will often reduce the need for other sedatives in manyknown about these medications is derived from investigations
critically ill patients. Accordingly, patients should be frequentlyin the operating room, an environment often very different from
reassessed to assure that pain is being adequately addressed.the intensive care unit (ICU). Recently, important complications

Although pain is certainly a cause for anxiety in most ICUrelated to sedation practices in the ICU have been recognized
patients, many patients suffer from anxiety even after analgesiaand efforts to modify sedation practices in the ICU have begun.
is addressed. It is self-evident that being critically ill and depen-Sedation practices vary widely between institutions, partly be-
dent on others for care can invoke anxiety. Accordingly, sedationcause of institutional bias and partly because requirements for
strategies must recognize and respond to this problem.sedation vary greatly from patient to patient. This commentary

Dyspnea is common in ICU patients and may be a source ofdiscusses principles and goals of sedation in the ICU based on
distress. Coughing is common in intubated patients, particularlydata from publications on this topic. Certainly, some patients in
during suctioning. Excessive coughing may contribute to patient–the ICU require little or no sedation. Nonpharmacological means
ventilator dysynchrony. Opiates may alleviate coughing in intu-(e.g., patient reassurance, positioning comfortably in bed) should
bated patients.be attempted initially in all patients; however, this commentary

Excessive oxygen consumption (V̇o2) may be detrimental infocuses on patients who require mechanical ventilation and phar-
patients with respiratory failure or shock. A shift of the delicatemacological means of sedation. This commentary does not re-
balance of oxygen delivery and consumption can be an importantview individual medications for sedation and analgesia; the
component of the management of these patients. Previous workreader is referred to guidelines by Jacobi and coworkers (1) for
has shown that oxygen consumption can be reduced from base-a review of this topic.
line by an average of 15% after administration of sedatives and
opiates (9). For some patients, such as those with shock or severeINDICATIONS FOR SEDATION
hypoxemic respiratory failure, this reduction in oxygen consump-

Pain is a common experience for most ICU patients (2–4). Fail- tion may be important for cardiopulmonary stability.
ure to recognize that pain frequently leads to agitation may Although it may seem intuitive that amnesia for the period
result in excessive administration of sedatives. Accordingly, an of critical illness is desirable, data supporting this notion are
aggressive approach to managing pain has been strongly recom- lacking. On the contrary, it has been our experience that the
mended by published consensus opinions regarding sedation in absence of memory of a period in a person’s life may be unsettling
the ICU (1, 5). This can be challenging because many clinical for some, even if that period is the experience of critical illness.
parameters such as changes in vital signs may be unreliable The notion that complete amnesia may be detrimental has been
indicators of the presence of pain. Surgical incisions, indwelling supported by some studies (10–12). Accordingly, we believe the
vascular catheters, endotracheal suctioning, and mechanical ven- only circumstance in which complete amnesia is mandatory is
tilation are all potential sources of pain for patients. Pain may during the administration of neuromuscular blocking agents.
result in many adverse events including increased endogenous Certainly, more data are needed to improve our understanding
catecholamine activity, myocardial ischemia, hypermetabolic of the impact of sedation and amnesia on long-term psychological
states, and anxiety. A compelling study of mechanically venti- outcomes in critically ill patients.
lated preterm neonates reported a decrease in morbidity and Some patients may demonstrate periods of disorientation
mortality in those receiving morphine rather than midazolam or during which psychotic behavior occurs. At times an aggressive
placebo, underlining the importance of pain control in critical type of behavior may ensue. Reasons for such behavior include
illness (6). Previous studies have shown that benzodiazepines medications, sepsis, fevers, encephalopathy (hepatic or renal),
may enhance the analgesic effects of opiates (7, 8), a phenome- paranoia, or withdrawal syndromes (alcohol, tobacco, or other
non not seen with propofol. Indeed, we have previously noted illicit drugs).
that opiate requirements are decreased in patients sedated with Work by Ely and colleagues reported an 83% incidence of

delirium in a cohort of ICU patients. Delirium is characterizedbenzodiazepines rather than propofol (9). Nevertheless, seda-
by an acutely changing or fluctuating mental status, inattention,
disorganized thinking, and an altered level of consciousness that
may or may not be accompanied by agitation (13). Treatment
of such agitated behavior is another indication for sedation in(Received in original form April 1, 2002; accepted in final form July 16, 2002)
the ICU. Such behavior often responds well to neuroleptic medi-
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Ramsay Sedation Scale (14) and the Sedation-Agitation Scale recognized complications accompanying continuous sedative in-
fusions in the ICU. Purported benefits of continuous sedative(15) have been developed. The Ramsay scoring system is one

of the most commonly used scales. Although it has the benefit infusions include a more consistent level of sedation with greater
levels of patient comfort. The perceived convenience this strat-of simplicity, it does not effectively measure quality or degree

of sedation with regard to the goals outlined above (16) and has egy provides to both patients and caregivers is likely the greatest
reason for its popularity.never been objectively validated (17). Newer sedation scales are

reported to show improvements in validity and reliability (15, 18). Ideally, sedation of critically ill patients would be optimized
if strategies that attended to pharmacokinetic and pharmacody-The evaluation of sedation adequacy is a bedside maneuver.

The nurse’s input is critical, because he or she will often notice namic profiles commonly observed in such patients were well
understood and described, and in turn provided specific guidancechanges from an optimal level of sedation. Ideally, one would

prefer a patient with all of the indications for sedation outlined for drug administration. Unfortunately, critically ill patients fre-
quently exhibit unpredictable alterations in these profiles (23).above met, yet fully communicative with bedside caregivers.

Such a state of sedation correlates with a Ramsay score of 2 or Early work reporting short half-lives of benzodiazepines such as
midazolam and lorazepam was derived from brief administration3 or a Sedation-Agitation Scale score of 3 or 4 (14, 15). This

state of being awake and communicative while sedatives are still (24). In this setting, rapid recovery of consciousness was the
norm (25). It was on the basis of these experiences that the useinfusing is achievable in some patients. We previously demon-

strated that with sedation based on midazolam and morphine of these drugs was extrapolated to the ICU. Clinical experience
with critically ill patients has, however, revealed a much differentinfusions, about 60% of our patients were able to follow com-

mands with the sedatives infusing (awake at “time zero”). Like- pattern than that reported in the operating room or procedure
suite (26–28), and accumulation of sedatives in the ICU remainswise, about 30% of patients sedated with propofol and morphine
a major problem (22). Critically ill patients may have alteredinfusions were able to follow commands while the sedatives were
hepatic and/or renal function that impairs drug clearance (29).infusing (9). Others, however, must be sedated to such a point
Drug–drug interactions, altered protein binding, and circulatorythat constant communication is not possible. For such patients,
instability are common. In the ICU, sedatives typically exhibitwe have previously reported a set of end points for assessing
multicompartmental pharmacokinetics with a tendency for accu-recovery from sedation when the drugs are stopped. Asking the
mulation in the peripheral compartment and resulting prolonga-patient to (1) open eyes to verbal command, (2) follow the
tion of clinical effect. Titration of drugs against clinical endbedside observer with eyes, (3) hand grasp on command, and
points can be extremely imprecise. This is particularly so, given(4) stick out tongue on command was found to be simple, quick,
that the two extremes of sedation (extreme agitation versus drug-objective, and reproducible between blinded and unblinded ob-
induced coma) are so dramatically different. For busy clinicians,servers (9).
a state of drug-induced coma may be more acutely desirableThe Bispectral Index monitor, a device that processes the
than unmanageable agitation and it is often natural to “over-raw electroencephalogram signal into a discrete scaled number,
shoot” when sedating agitated patients. Few would dispute thathas been evaluated as a tool to monitor sedation in the ICU
the impetus for aggressive sedation of agitated patients early insetting. Some have found this device to reliably detect a patient’s
the course of critical illness (e.g., stabilization initially on thelevel of consciousness under general anesthesia (19), although
ventilator) is rational and appropriate.others have questioned the overall utility of this device for pre-

A quandary that faces clinicians daily is the conflict betweenventing awareness (20). Although preliminary data in the ICU
providing the deep level of sedation often needed to meet thesetting suggest a good correlation between the Bispectral Index
goals outlined above while preventing the seemingly inevitableand the Sedation-Agitation Scale (21), this device has undergone
drug accumulation that accompanies such a level of sedation.limited evaluation in the ICU and awaits more extensive valida-
Despite efforts to minimize the amount of sedative administered,tion before its role in the ICU setting is established (1).
many patients with respiratory failure require doses of sedatives
that are much greater than quoted in the literature and recom-STRATEGIES FOR ADMINISTERING SEDATIVES
mended by drug manufacturers (30). On occasion, these patientsIN THE ICU
may even require pharmacological paralysis (31).

Because no single drug can achieve all the indications for seda- There is much excitement among practitioners as new, inno-
tion and analgesia in the ICU, a combination of drugs, each vative strategies have been reported to result in improved out-
titrated to specific end points, is typically a more effective strat- comes for many patients, including common conditions such as
egy. A combination strategy may allow lower doses of individual sepsis (32, 33), acute renal failure (34), acute respiratory distress
drugs and reduce problems of drug accumulation. Sedatives and syndrome (35), status asthmaticus (36), and cancer (37). To ac-
analgesics can be administered either by intermittent bolus dos- complish these improved outcomes, unconventional strategies
ing or by continuous infusion. The former may result in periods and procedures are often required. Such “unconventional” man-
of both oversedation and undersedation and increased demands agement includes ventilator strategies employing permissive
on nursing time. Indeed, for many critically ill patients requiring hypercapnia, low tidal volumes, prone positioning, and pressure-
aggressive levels of sedation, this approach may be extremely controlled ventilation. These strategies may be inherently dis-

tressing to many patients. As the level of illness acuity increases,taxing on the bedside nurse and potentially distract nursing at-
tention away from other patient care issues. However, a study it may become difficult to reconcile the goals of assuring patient

tranquility while preventing accumulation of sedatives. Indeed,by Kollef and colleagues reported that continuous intravenous
sedation was associated with prolongation of mechanical ventila- attempts to minimize the amount of sedative initially adminis-

tered may result in severe levels of anxiety and agitation withtion, ICU and hospital length of stay, organ system failure, and
reintubation rates when compared with intermittent sedation accompanying cardiopulmonary instability. Such instability may

manifest itself as extreme hypertension, tachycardia, tachypnea,strategies or no sedation (22). An important limitation of this
study was the lack of randomization of patients. Indeed, no ventilator dysynchrony, hypoxemia, and unplanned extubations

(38). For these patients, it becomes apparent that early deepprospective, randomized trial of continuous sedative infusions
versus intermittent bolus infusions has been done. Nevertheless, sedation is the only practical solution.

The inability to follow a patient’s mental status through thethis study alerted clinicians to the important and perhaps under-
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course of critical illness is an important drawback of deep seda- even twice daily interruption of neuromuscular blockade is advis-
able to assess the adequacy of sedation and analgesia and thetion. Acute organ failure is a common complication of critical

illness. Ideally, a head-to-toe daily assessment for the presence ongoing need for neuromuscular blockade. In addition to this,
patients at high risk for myocardial ischemia could conceivablyof organ failures should be routine for every critically ill patient.

This is particularly so during resuscitative phases of ICU care, have ischemia precipitated by sedative interruption. More data
are needed to improve our understanding of the risks of routinewhen assessing the adequacy of end organ perfusion and function

is of paramount importance. Because of the potential long-term sedative interruption in such patients. Patients in surgical ICUs
were not included in our study, and therefore the risks andconsequences of brain injury, acute cerebral dysfunction is par-

ticularly disconcerting to all clinicians caring for critically ill benefits of daily sedative interruption in this population are not
known.patients. Nevertheless, many patients kept under the veil of

sedation may be unable to be assessed neurologically. A noncom- The “wake-up” period is a time when the depth of sedation
can be evaluated and adjusted to individual patient needs. Themunicative, critically ill patient may develop unrecognized intra-

cranial, intrathoracic, or intra-abdominal catastrophes. Commu- protocol-driven approach to sedation advocated by Brook and
colleagues likewise allows optimization of sedative administra-nication and thorough physical examination may detect such

problems early on and obviate urgent diagnostic studies and tion to meet patient needs (39). Often, after an assessment of
patient sedation needs, it becomes apparent that depth of seda-therapeutic interventions after a problem has advanced.

A protocol-driven approach to sedation may help navigate tion can be decreased without compromising the stated goals of
sedation. Indeed, we believe this strategy allows clinicians tothese dilemmas. Brook and colleagues noted a significant reduc-

tion in the duration of mechanical ventilation, ICU and hospital minimize the problem of sedative accumulation and, rather, to
use this accumulation of sedatives to their advantage. Even whenlength of stay, and the need for tracheostomy among ICU pa-

tients with acute respiratory failure when sedatives were adminis- sedative infusions are stopped every day, there is some drug
accumulation in adipose tissue. Initially, the thought of decreas-tered by nurses according to a written protocol (39). The protocol

required an initial assessment of analgesic needs. A Ramsay ing or discontinuing the sedative infusion in a critically ill patient
for whom it has been difficult to achieve a state of tranquilitySedation Scale score of 3 was targeted (patient awake, responds

to commands only [14]). If frequent (more than every 2 hours) may be unsettling. We have noted a tendency for clinicians to
aggressively sedate patients early in their ICU course and torebolus administration of opiates (fentanyl) or benzodiazepines

(lorazepam) was required, continuous infusions of these drugs keep the same level of deep sedation continuing indefinitely. A
daily holiday from sedatives allows for clinician evaluation ofwere started. Reassessment every 4 hours and downward titra-

tion of infusion rates were targeted until the infusion(s) was neurological function as well as an opportunity for testing the
sedative needs for each patient on a daily basis. It eliminates(were) stopped.

We have described how daily interruption of sedative infu- the tendency to “lock in” to a high sedative infusion rate, which—
while appropriate on the first ICU day—may no longer besions can reduce many of the complications of sedation in the

ICU setting (40). We evaluated patients who received either needed on subsequent days. Because sedatives do accumulate
even when the infusions are stopped each day, we take advantagemidazolam and morphine or propofol and morphine by continu-

ous infusion. Patients were randomized to a daily scheduled of this pharmacological property. By turning sedative infusions
down or off, tissue stores can redistribute drug back into theinterruption of the sedative and opiate infusions versus infusions

managed by the primary ICU team without a mandatory daily circulation. This leads to a common scenario in which patients
experience delays in recovery of mental status in spite of theinterruption. In the interruption group, the duration of mechani-

cal ventilation was reduced by 2.5 days and ICU length of stay sedatives being decreased or discontinued. Certainly, there are
times when the interruption of sedative infusions leads to abruptwas reduced by 3.5 days. Furthermore, we noted a significant

reduction in diagnostic studies to investigate unexplained alter- awakening and agitation. This potential situation must be antici-
pated by the ICU team to avoid complications such as patientations in mental status. In the control group, 27% of patients

underwent brain computed tomography, brain magnetic reso- self-extubation. Therefore, communication between nurses and
physicians is essential. The timing of sedative discontinuationnance imaging, or lumbar puncture to investigate causes of men-

tal status changes. In contrast, the sedative interruption group must be initiated by the nurse as a part of his or her daily patient
assessment routine. Sedative interruption does not always resulthad only 9% of patients undergo such studies. In addition, only

25% of the patients in the control group had a test result that in a successfully awakened and communicative patient. Indeed,
excessive agitation (more commonly seen early in the course ofexplained their mental status changes, as opposed to half of the

patients in the sedative interruption group. The patients in the severe critical illness) should lead to cessation of the wake-up
attempt. Although the attempt at waking and communicatingsedative interruption group spent the vast majority of their ICU

days awake and able to follow commands (average of 86% of with the patient may be declared a failure on a given day, this
does not portend inevitable failure on all subsequent days. Ac-ICU days) compared with the control group patients, who aver-

aged only 9% of their ICU days awake and able to follow com- cordingly, such a strategy may be repeated each day and the rate
of sedative infusions decreased as tolerated. When awakeningmands. The amount of midazolam and morphine administered

was also significantly reduced in the group of patients who under- patients, initially we seek only to bring patients to the brink
of consciousness—able to follow simple commands (open eyes,went daily sedative interruption.

The strategy of daily sedative interruption allowed a focused squeeze hand, track with eyes, open mouth/stick out tongue—
equivalent to the Ramsay Sedation Scale score of 3 targeted bydownward titration of sedative infusion rates over time, stream-

lining administration of these drugs and minimizing the tendency Brook and colleagues) without precipitating excessive agitation.
Once objective signs of consciousness are demonstrated, restart-for accumulation. On the basis of this study, we believe that one

approach to optimizing patient outcome is a daily interruption ing sedatives as needed is recommended. If after discontinuing
the sedative infusion, the patient requires resedation, we recom-of sedative infusions to permit physician and patient communica-

tion to take place and to facilitate the physical examination. mend restarting the infusion at 50% of the previous dose. Adjust-
ments from this starting point can then be made as required. InExceptions to this recommendation include patients requiring

muscle paralysis, who should never be awakened from sedation reviewing data from our sedative interruption study, only 32%
of our patients required resedation because of agitation thatuntil the paralytic agent has worn off. In this group, daily or
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occurred without successful awakening. Within this subgroup, FUTURE DEVELOPMENTS
an average of 34% of the attempted wake-ups per patient were

It is clear that much remains to be learned about optimizingunsuccessful. It is worth noting that the use of the term “awaken-
sedation and analgesia in critically ill patients. Better methodsing” is probably inaccurate, because most critically ill patients
for assessing patients for adequacy of sedation and analgesia aredo not exhibit normal sleep patterns (41). We use this term to
needed. Objective monitors such as the Bispectral Index mayindicate an emergence to consciousness from a state of drug-
prove to be useful, although more data are needed before wide-induced acute mental status changes.
spread use of devices such as these can be recommended. NewerWhile it is clear that protocol-driven sedation can improve
drugs with lesser tendencies toward accumulation (e.g., remifen-patient outcomes, it is important to recognize that a treatment
tanil, dexmedetomidine) may also find a place if evidence ofprotocol is a guide to therapy and cannot address every clinical
improvements in patient outcomes is demonstrated. Perhapssituation (42). Limitations of protocol-directed studies include
more importantly, however, improvements in strategies for ad-potential lack of generalizability (e.g., single center with house
ministering sedatives and analgesics must be investigated. Seda-staff setting may be different than a community setting), lack
tion protocols such as nursing-directed protocols or daily seda-of blinding, lack of reporting of “other” outcomes such as long-
tive interruption must be further studied so that improvements ofterm follow-up, and uncertainty about level of compliance
such existing protocols, as well as development of new sedationneeded to assure desired outcomes (43). Clearly, a multidiscipli-
strategies, can take place.nary, cooperative approach is necessary to assure compliance

and successful implementation of protocols.
ConclusionPrevious studies have noted that propofol may be associated
Sedation is an important component of the treatment of mechan-with a more rapid wake-up than benzodiazepines. The rapid
ically ventilated, critically ill patients. There are currently a widerecovery from propofol may be attenuated by concomitant ad-
variety of pharmacological agents available for the diverse needsministration of opiates for analgesia, however. Indeed, patients
of this heterogeneous group of patients. Directing treatment toreceiving prolonged administration of sedatives may develop
specific and individualized goals will assure that patient needstolerance and require escalating doses over time (44, 45). With-
are met. All currently available sedatives for use in the ICUdrawal symptoms may be seen in patients receiving prolonged
have limitations. We reported no important differences in anyinfusions of sedatives. Katz’s group noted a high incidence of

withdrawal in infants receiving fentanyl in either high doses or important patient outcomes when comparing different classes
for prolonged time periods (46). Cammarano and colleagues of drugs as long as a strategy directed at limiting complications
noted a 32% incidence of withdrawal in adults receiving opiate, of drug accumulation was adhered to (50). Rather than seeking
benzodiazepine, and propofol infusions. This tended to be associ- an ideal drug, strategies of drug administration that focus atten-
ated with higher doses of these sedatives, with a trend toward tion on principles of sedative pharmacology in critical illness
occurrence with more rapid weaning of drugs (47). The diagnosis should be utilized.
of sedative or opiate withdrawal in critically ill ICU patients can
be challenging. Many of the established signs of withdrawal References
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