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Introduction

Common indications for sedation in the intensive care
unit (ICU) include patient comfort, management of
agitation, pain, ventilator dysynchrony, and intracranial
hypertension. Current trends in ICU care, however, have
shifted towards sedation strategies that provide the
minimally effective amount of sedation, to improve patient
autonomy and preserve both the neurological exam and
neurocognitive function.

Long term cognitive effects of critical illness

Perhaps the earliest investigations to realize severe
cognitive deficits following ICU care were studies that
evaluated patients post-coronary artery bypass graft
(CABG) surgery [1]. The investigators of one study found
that 53% of such patients demonstrated cognitive dys-
function at hospital discharge, and 42% exhibited conti-
nued cognitive dysfunction at the five-year follow-up
visit [2]. Patients with acute respiratory distress syn-
drome (ARDS) have also received significant attention as
relates long-term outcomes following ICU discharge and,
notably, such patients have not had a surgical interven-
tion that may have independently resulted in neurological
sequelae. One study reported that 100% of ARDS patients
had cognitive impairments at hospital discharge and, at
the one-year follow-up visit, 78% had at least one persis-
tent impairment relating to cognition [3]. Other reported
data support that patients with general medical problems
often experience cognitive impairments following ICU
discharge [1]. Although clinical review suggests that the
mechanism of cerebral dysfunction following critical
illness may most often be related to hypoxia and hypo-
perfusion, other factors, such as metabolic encephalopathy,
delirium, and embolic phenomena, have also been
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implicated [1,3]. Regardless of the etiology of neuro-
cognitive deficits, strategies that target a lighter, ‘co-
operative’ depth of sedation would allow the primary
team to identify changes in mental status and cognition
in the early phase of critical illness when the condition
may still be reversible.

Daily awakenings

The initial therapeutic intervention that evaluated the
benefit of reducing the depth or interval of sedation was
in the context of introducing daily prescribed awakenings
or brief ‘off-periods’ for sedative medications. The
hypothesis entertained was that such interval off-periods,
even if for only a brief period, would enhance the ability
of the ICU team to assess and accelerate ventilator
weaning, and thus may lead to a reduction in mean dura-
tion of mechanical ventilation and a shorter ICU length
of stay (LOS). Hence, the primary outcome measure has
typically been time to extubation as compared to a
controlled ICU ventilated population.

The first trial evaluating the daily interruption of
sedation was performed as a single center study by Kress
and colleagues [4]. The investigators of this important
study randomized patients to either a daily interruption
of sedation (n = 68) or standard practice (n = 60). In both
groups, sedative agents were titrated by nurses based on
standard protocols to achieve a Ramsey Score of 3-4
(responsive to commands or wake briskly to the sound of
a loud noise). In the intervention group, sedation was
stopped daily, beginning on the 3™ ventilated day, until
the patient could perform at least three of the following
activities: Open eyes in response to voice, track the
investigator with eyes, squeeze hand or stick out tongue
upon request. Kress and colleagues found that this
practice of daily sedation interruption led to fewer days
requiring mechanical ventilation and shorter LOS in the
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ICU. In addition, as a secondary outcome measure,
patients in the intervention group required fewer imaging
studies to investigate poor neurologic function. Despite
the positive findings, the study was too small and not
sufficiently powered to rigorously assess the effect on
patient safety. In addition, patients in this study were
managed solely in the medical ICU, so the role of daily
interruption of sedation in other ICU populations
remained unclear [4].

A second study was published in 2008 that coupled
spontaneous awakening trials to a spontaneous breathing
trial (SBT) [5]. All patients in the trial were screened for
SBT, but only the intervention group paired the latter
with the spontaneous awakening trials. This trial also
demonstrated the positive effects of daily interruption of
sedation, which included increased ventilator-free days
and reduced ICU and hospital LOS. Although there were
more self-extubations in the intervention group com-
pared to the control group, the rate of re-intubation was
similar between groups. In addition, this study demon-
strated a statistically significant 32% reduction in deaths
at one year [5].

In 2010, a group of investigators took the concept of
daily awakenings one step further, in fact challenging the
need to routinely offer continuous sedation [6]. One
hundred and twenty-eight patients were randomized to
receive either sedation with a combination of propofol
and midazolam or no sedation at all. In the sedation
group, patients participated in daily awakening trials
similar to those described in a previous study [4]. The
group receiving no sedation required significantly fewer
days of mechanical ventilation, in addition to shorter ICU
and hospital LOS [6].

One concern for limiting sedation is the psychological
impact it may have on the survivors of intensive care. The
development of post-traumatic stress disorder (PTSD)
has been reported to varying degrees after discharge
from an ICU [7]. In order to evaluate the effect of daily
awakenings on the development of PTSD, patients were
evaluated for the presence of PTSD by a clinical psycho-
logist [8]. Some of the patients included were in the trial
evaluating the daily interruption of sedation mentioned
earlier in this chapter [4]. Alhough chronic anxiety and
mild depression were found in both the control and daily
interruption groups, PTSD was identified in 6 of 19
patients in the control group. None of the 13 patients in
the daily interruption group developed PTSD. Interest-
ingly, no patient in the daily interruption group even
recalled any of the awakened periods [8]. These data
suggest that daily interruption of sedation does not have
a detrimental effect on the long-term psychological
outcome of patients and may even have a protective
effect, though that could not be determined solely based
on this report.
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Early mobilization

In addition to the long-term neurocognitive effects, it is
well known that critical illness can cause a variety of
neuromuscular sequelae, including muscle wasting from
inactivity, critical illness myopathy and polyneuropathy
[9]. These disorders contribute to prolonged functional
disability after ICU discharge [9]. In one study of 87
survivors of ARDS who were evaluated at the one-year
mark [10], only 49% had returned to work, and patients
reported muscle weakness and chronic fatigue as reasons
for unemployment. In addition, at one year, patients were
only able to walk 66% of the predicted distance during a
6-minute walk test [10], further supporting the long
lasting impact of critical illness.

Prolonged inactivity is thought to be a contributor to
neuromuscular illness in the intensive care unit. In order
to refute the concept that immobility is required for
mechanically ventilated patients, a group in Salt Lake
City conducted a feasibility trial for early mobility in 103
ventilated patients [11]. Early mobility was measured by
the ability of the patient to sit on the edge of the bed, sit
in a chair, and ambulate with or without assistance. The
investigators demonstrated that 69.4% of patients were
able to walk a minimum of 200 feet, with less than 3%
being incapable of activity during their ICU admission.
This impressive level of mobilization was achieved at the
expense of very few adverse events; a total of 14 occurred
over 1,449 activity events, including falls to the knees
without injury, acute desaturation, changes in systolic
blood pressure, and removal of feeding tube [11].

After the feasibility study had been conducted, other
studies followed providing further evidence in support of
early patient mobilization prior to liberation from mecha-
nical ventilators [12—14]. One randomized controlled
trial demonstrated that early mobilization was associated
with more frequent return to independent functional
status at hospital discharge and more frequent discharge
home [14]. In addition, mobility was associated with a
reduction in the duration of delirium during
hospitalization.

In each of the above studies, the intervention involved
a multidisciplinary team. Members included respiratory,
physical, and occupational therapists, a nurse and a
critical care technician [11-14]. In addition to the team,
it was concluded that a coordinated sedation strategy was
important to the success of the early mobilization inter-
vention. One of the clinical studies specifically combined
the intervention of early mobilization with daily
interruption of sedation [14], although clearly such effort
placed to coordinate such activities may not be readily
translated to usual ICU practice. In all these trials, it was
noted that lower depth of sedation was a significant
predictor for success. Hence, minimizing the use of
sedation, or eliminating it completely may increase the
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ability to successfully involve an interdisciplinary team in
mobilizing mechanically ventilated patients.

Neurological monitoring

As more patients are admitted to the ICU and survive the
experience, more attention is being given to the neuro-
logic complications of critical illness, especially persistent
neurocognitive dysfunction as it may occur even follow-
ing admission for a non-neurological condition. Despite
the brain being widely recognized as the most important
organ, it often receives little attention during critical care
management. This is likely due to several factors. One,
the primary admission diagnosis to the ICU is non-
neurologic, thus the primary focus lies initially elsewhere.
Second, often the true neurologic status of the patient is
unclear, as it may be masked by desirable or necessary
sedation, alone or together with the addition of pharma-
cological paralysis, rendering neurological evaluation
difficult or impossible.

Fortunately, the common-held belief in ICU practice
that patient sedation de facto leads to an un-examinable
patient is now fully in jeopardy. Previously cited studies
have confirmed both the capability and safety of reducing
the depth of sedation for the benefits of systemic physio-
logy. There is also evidence that sedation need not be
incompatible with preservation of intellectual capacity.
Mirski and colleagues demonstrated in the Acute Neuro-
logical ICU Sedation Trial (ANIST) that anxious or
agitated ventilator-dependent patients tolerated well a
light plane of continuous sedation — ‘cooperative seda-
tion’ — and were able to participate in neurocognitive
evaluations [15]. Important to this fundamental acknow-
ledgement, it was observed that neurocognitive capacity
could be maintained or even improved during active
continuous sedation as the disruptive influences of
anxiety and agitation on concentration were eliminated.
Dexmedetomidine, specifically, was shown not to reduce
intellectual capacity during periods of cooperative seda-
tion in contrast to low-dose infusion of propofol [15].
Other sedatives may also be effective in low doses.

The use of minimal to no sedation may have many
benefits that have yet to be discovered. In addition to
reduction in days requiring mechanical ventilation,
shorter durations of stay, fewer diagnostic scans, and less
PTSD, awake and cooperative patients should be able to
be more engaged in their own care and decision making,
and play a more significant role in their own recovery.

Monitoring sedation

Sedation scales play an enormous role in the evaluation
and communication of sedating therapies in the ICU. For
patients requiring sedation, there are many validated
scales available to assess the levels of consciousness and
arousal. Perhaps the most widely used scale is the
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Richmond Agitation-Sedation Scale (RASS) [16,17]. Other
scales available include the Riker Sedation-Agitation
Scale (SAS) [18], the Motor Activity Assessment Scale
[19], the Adaptation to the Intensive Care Environment
(ATICE) [20], and the Nursing Instrument for the
Communication of Sedation (NICS) [21]. Although each
scale is unique, the over-all objective of the sedation
scales is to allow for the assessment of goal-directed
sedation for each patient. Although phrased differently,
each scale has a value that represents calm and alert.
Whereas the optimum level of sedation may be ‘awake
and cooperative, needs may vary greatly among ICU
patients. Sedatives are often administered for therapeutic
reasons other than sedation. Examples include reduction
of cerebral metabolic rate of oxygen consumption and
subsequent lowering of intracranial pressure (ICP),
ventilator dysynchrony, or withdrawal syndromes. Thus,
it is imperative to use a scale that can represent many
levels of sedation, as targets may differ depending on the
therapeutic intent.

Other objective tools have been studied for the
assessment of sedation in critically ill patients. One that
has perhaps received the most attention is the bispectral
index, a cerebral function monitor that uses data based
on the raw electroencephalograph (EEG) to quantify a
patient’s level of arousal. The bispectral index allows for
continuous monitoring of sedation with the benefit of
assigning an ordinal score to relative EEG wave form
activity that lacks the subjectivity of the sedation scales.
This technology has been used to assess depth of
anesthesia in the operating room and has been shown, in
that arena, to have reduced the number of episodes of
intraoperative awareness [22]. The bispectral index has
also been studied in the ICU in several populations of
patients including medical, brain-injured and cardiac
surgery patients and has been tested against several
different sedation scales, including the visual analog
scales, the Ramsey scale, RASS and SAS [23-26].
Although the bispectral index correlates to varying
degrees with validated sedation scales, the wide-spread
use of bispectral index for ICU sedation has not been
adopted for monitoring in the ICU, predominantly
because of motor artifacts in non-paralyzed patients, and
the lack of data demonstrating improved outcomes when
bispectral index technology is used over standard
sedation scales. Bispectral index monitors have found a
unique niche in patients requiring sedation with concur-
rent neuromuscular blockers, in whom other validated
sedation scales would not apply.

Monitoring cognition

Because of increased awareness of the neurocognitive
complications of critical illness, evaluating and maintain-
ing cognition in the ICU has also received considerable
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recent attention. Cognitive dysfunction can occur as a
result of primary neurological disorders (e.g., stroke,
head injury), or secondary neurologic complications
resulting from critical illness (e.g., delirium, encephalo-
pathy, hypoxia). Delirium, perhaps the best studied
etiology of ICU-related neurocognitive dysfunction, is
defined by the Diagnostic and Statistical Manual for
Mental Disorders as the following: A disturbance of
consciousness with reduced ability to focus, sustain or
shift attention; a change in cognition or the development
of a perceptual disturbance; a disturbance with a rapid
onset and fluctuating nature; evidence that the disruption
is caused by either a general medical condition, intoxi-
cation or drug-withdrawal [27]. The Confusion Assess-
ment Method for the ICU (CAM-ICU) is a validated tool
developed to screen patients for delirium, including
patients who are unable to communicate verbally because
of intubation [27,28]. CAM-ICU uses the following to
identify delirium: Acute onset or fluctuating mental
status, inattention, disorganized thinking, and an altered
level of consciousness [27,28]. Not only is CAM-ICU a
validated assessment of delirium, but it has also been
shown to be a predictor of outcomes in ventilated and
non-ventilated patients [29,30]. Other validated delirium
screening tools include the Intensive Care Delirium
Screening Checklist (ICDSC) [31]. One potential advan-
tage of the ICDSC compared to the CAM-ICU is that it
permits a continuous or graded assessment of delirium
(score 0 to 8), as opposed to a categorical assignment,
thus offering the advantage of identifying patients with
subsyndromal delirium, who are also at risk of poor
neurocognitive outcomes. Although studies have shown
that delirium is a predictor of poor outcome, it remains
unknown whether prevention or appropriate treatment
will result in improved outcomes, and this important
issue is worthy of further research. Whereas validated
tools exist to detect the presence or absence of delirium
in the ICU (one potential cause of cognitive dysfunction),
limited tools are available at present outside of a formal
neurological exam to monitor or quantify cognition itself
in the critically ill.

One standard tool that offers a rapid assessment of
cognition over a period of 5 to 10 minutes is the Mini
Mental State Exam (MMSE), which divides cognition
into 5 domains: Orientation, registration, attention and
calculation, recall and language [32]. This scale was
developed primarily as a screening tool for the presence
of dementia in outpatients, and application of this
instrument in the ICU is difficult given the requirement
for verbal responses. The Adapted Cognitive Exam (ACE)
is a scale that has recently been developed and validated
to evaluate cognition in the critically ill [33]. It was
modeled on the MMSE using the same five domains, but
tailored to critically ill patients in such a way that it could
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be performed in patients who were non-verbal. Like the
MMSE, it evaluates cognition on a numerical scale. The
ACE has many potential clinical applications, and is an
important measurement tool that can be applied to help
better understand the continuum of neurocognitive
sequelae starting at entry to the ICU through recovery and
long-term follow up. This scale was utilized in the ANIST
study to assess the differential effects on cognition of two
different sedatives (dexmedetomidine and propofol)
administered to achieve the same level of sedation [15].

Sedative agents

Many agents have been used for sedation, analgesia, and
anxiolysis in the ICU. The most frequently used agents
include members of the following drug or drug classes:
Opioid, benzodiazepines, propofol and dexmedetomi-
dine. When choosing an agent for ICU sedation, multiple
factors must be taken into consideration. Typical con-
siderations include indication for sedation, onset of
action, duration of action, route of elimination, drug
interactions, and adverse effects. We submit that another
(perhaps less commonly considered) criteria be con-
sidered: The potential impact of the sedative on cognition
and neurological sequelae, and the likelihood of the agent
(appropriately dosed) to achieve a state of ‘cooperative
sedation. A comprehensive review of the pharmaco-
kinetics and dynamics of these medications is beyond the
scope of this review; however, details for individual
agents can be found in Table 1 [34].

Comparative trials

Despite the many options for sedative agents, no one
agent has been identified as superior in all cases. There
are, however, several important trials comparing agents.
The Maximizing Efficacy of Targeted Sedation and
Reducing Neurological Dysfunction (MENDS) trial was
the first randomized, double-blind trial evaluating the
effect of sedative agents on delirium-free and coma-free
days [35]. The two agents compared in this trail were
lorazepam and dexmedetomidine. For the primary
outcome, use of dexmedetomidine was associated with a
greater number of delirium-free and coma-free days;
however, this difference was driven by the number of
coma-free days, as the number of delirium-free days was
similar between groups. No differences in outcomes,
including duration of mechanical ventilation, ICU LOS,
or 28-day mortality were seen. One major limitation of
the trial was the depth of sedation, which was chosen by
the primary team. Baseline RASS scores for the dex-
medetomidine and lorazepam groups were —3 and —4
respectively [35]. Had lighter or ‘cooperative’ sedation
goals been achieved (closer to 0 to —1), the incidence of
drug-induced coma would likely have been less
(particularly with lorazepam), and results may have
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Table 1. Key characteristics of agents commonly used for sedation in intensive care unit (ICU) patients
Type of
Drug medication Sedation Analgesia Mechanism of action Advantages Adverse effects
Fentanyl Opioid + +++ Mu receptor agonist Reversible, rapid onset, Respiratory depression,
short duration chest wall rigidity, gastric
dysmotility, hypotension
Remifentanil Opioid + +++ Mu receptor agonist Reversible, rapid onset, Respiratory depression,
short duration chest wall rigidity, gastric
dysmotility, hypotension
Morphine sulfate  Opioid + +++ Mu receptor agonist Reversible Respiratory depression,
gastric dysmotility,
hypotension, hallucinations
Diazepam Benzodiazepine +++ + GABA receptor agonist Reversible Respiratory depression,
hypotension, confusion
Lorazepam Benzodiazepine +++ - GABA, receptor agonist Reversible Respiratory depression,
hypotension, confusion
Midazolam Benzodiazepine +++ - GABA, receptor agonist Reversible, shorter duration, Respiratory depression,
and titratable hypotension, confusion
Dexmedetomidine Alpha-2 agonist ++ ++ Alpha-2 receptor agonist Maintains cognitive function Dry mouth, bradycardia,
(pre- and post-synaptic hypotension, adrenal
suppression, atrial
fibrillation
Propofol +++ - Unclear Very short duration, easy Hypotension, respiratory

to titrate depression, metabolic
acidosis, rhabdomyolysis,
anaphylaxis, sepsis, pain at

injection site

differed. Another recent randomized, double-blind trial,
the Safety and Efficacy of Dexmedetomidine Compared
with Midazolam (SEDCOM) trial, compared midazolam
to dexmedetomidine [36], requiring daily awakening
trials and a targeted RASS score of —2 to +1. The primary
outcome was percent time within RASS goal and secon-
dary outcomes included assessment of delirium, duration
of mechanical ventilation and ICU LOS. Whereas there
was no difference in the primary outcome, patients in the
dexmedetomidine group had a lower prevalence of
delirium and a larger number of delirium-free days. In
addition, patients sedated with dexmedetomidine had a
shorter time to extubation [36].

A final study that further highlights the additional
cognitive benefits of dexmedetomidine was conducted as
a double blind, cross-over trial that compared dex-
medetomidine to propofol [15]. The primary endpoint of
the ANIST trial was the change in cognition (as measured
by the 100-point ACE test) with dexmedetomidine as
compared to propofol. Patients were randomized to
either dexmedetomidine or propofol to start, and after an
appropriate washout period, switched to the other agent.
Cognitive assessments were performed at baseline, after
the washout phase, and on each drug (RASS = 0 to —-1)
[15]. Sedation with propofol diminished ACE scores on
average by 12.4 points, whereas dexmedetomidine im-
proved patient cognition by 6.8 points (difference in
cognitive score = 19.2 [95% CI 12.3-26.1, p < 0.001]).

These results are important, and illustrate the differential
impact of two different sedative agents (titrated to the
same level of sedation) on cognition.

In general, benzodiazepines are thought to be the most
closely associated with delirium, as supported by the
SEDCOM trial [36], although other data have linked
benzodiazepines and opioids to the onset and increased
duration of delirium [37]. Although propofol is not asso-
ciated with delirium, it does affect cognition as shown in
the ANIST study [15]. Dexmedetomidine is superior to
the alternatives when preservation of cognition and
avoidance of delirium is necessary. Low dose opioid infu-
sions may also be able to achieve this in certain patients.

Practical considerations

Despite recommendations for daily interruption of seda-
tion and protocol-driven sedation, survey data suggest
that clinical practice lags behind the evidence. The use of
daily interruption for patients receiving continuous
infusions occurs inconsistently, with surveys reporting 40
to 62% rates of compliance [38—41]. In addition, despite
the perception that sedation scales are beneficial, only
47-60% of ICUs had implemented sedation protocols at
the time of the survey [39—-41], and 85.6% of physicians in
a Brazilian survey indeed believed their patients were
usually over-sedated [41]. The same survey reported
sedation levels being assessed 2 times or less per day in
over 50% of patients.
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Nursing support of sedation strategies is crucial since
they are the providers implementing the sedation plan.
According to a survey, most critical care nurses believe
that sedation is necessary when patients are intubated,
and some reported feeling influenced by family members
of patients as it relates to sedation practices [42]. The
impact of staffing and the pressure of performing other
nursing functions were identified as influences for one-
third of nurses [42]. Nurses are at the patient end of a
caring and compassionate group of health care providers,
so the reason behind light sedation, and the likely greater
nursing effort involved, must be appropriately communi-
cated at the time the plan is made.

Although light or ‘cooperative’ sedation necessitates an
increased level of vigilance, the heightened awareness
and intellectual capacity promotes patient autonomy.
Despite the potential need for restraints in some circum-
stances, reduction in sedation may permit patients to be
more involved in decision-making as it relates to their
own healthcare. Some patients in fact may be appropriate
candidates for the no-sedation strategies that showed
improved outcome in one study [6]; but it is important to
evaluate the safety measures of that group before imple-
menting such a protocol. For example, Strom and
colleagues [6] implemented the protocol of no-sedation
in a unit where all patients had 1:1 nursing care, plus an
additional person in the ICU to ‘calm patients. Some
units may have to increase staffing in order to accommo-
date this practice; however, it may yet be a cost effective
strategy considering the improved outcomes observed.
Another intervention, early mobilization, requires a
multidisciplinary team to execute safely and effectively,
yet some investigators have found that implementing
strategies for early mobilization is feasible without
increase ICU staffing [11].

As far as which sedatives to consider, dexmedetomidine
has been shown to be beneficial for general cognition, as
measured by the ACE, and for minimizing delirium,
although more costly than other sedative agents. As with
any agent, careful consideration of a drug usage policy
must consider cost-effectiveness, ensuring optimal use of
the drug to maximize drug-related outcomes.

Conclusion

Despite data suggesting significant improvements with
daily awakening trials and early mobilization, these
practices are far from being universally adopted in critical
care units. Implementation of these interventions into
standard practice in individual ICUs takes the effort of a
multidisciplinary team and in some cases increases
expenditures for institutions. However, with the potential
improvement in outcomes, these interventions have the
potential to be cost-effective and have a positive impact
on patient outcomes above and beyond ICU survival. The
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neurocognitive effects of critical illness continue to gain
recognition and represent an area ripe for continued
research. Existing data suggest that the choice of sedative
and sedation strategy can have an impact on cognition,
duration of ventilation, and outcomes in acute illness.
Further research is needed to identify whether active
strategies to minimize or treat cognitive abnormalities
during the ICU stay will translate to better neurocognitive
outcomes in the long term.
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