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Abstract

Purpose of review Delirium occurs frequently in critically ill patients and is associated with
adverse outcomes in both the short and long term. In this review, we aim to highlight
recent study findings on the prevention and treatment of delirium, provide additional
recommendations based on expert guidelines, and indicate knowledge gaps deserving of
future study.

Recent findings Multicomponent non-pharmacologic interventions have been shown to be
efficacious in non-ICU populations, and multicomponent strategies such as the ABCDEF
bundle have been adopted in the ICU with several studies showing a potential benefit in
delirium outcomes. Meanwhile, two negative randomized clinical trials of antipsychotics
in ICU patients (REDUCE and MIND-USA) have provided strong evidence that such med-
ications neither prevent nor shorten the duration of delirium. Other potential pharmaco-
logic treatments with promising results include dexmedetomidine and, to a lesser extent,
ramelteon, but more data is needed before they may be more definitively recommended.
Summary Effective and proven delirium management strategies are still largely lacking,
though there is evidence to support the use of some non-pharmacologic interventions.
Future studies of novel non-pharmacologic interventions and pharmacologic agents other
than antipsychotics are warranted.
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Introduction

Delirium is an acute disorder of consciousness and cog-
nitive function that occurs frequently in critical care
settings, with an incidence of nearly one-third according
to a large meta-analysis of over 16,000 ICU patients [1].
However, rates as high as 80% or greater have previously
been described in patients who are mechanically venti-
lated [2, 3], though modern ICU management strategies
have reduced these rates considerably. Its impact is also
far-reaching, as it has been shown to be associated with
adverse outcomes in both the short and long-term. In
the short-term, patients who develop delirium have a
significantly longer duration of mechanical ventilation
and longer ICU length of stay, as well as an over twofold
higher risk of hospital mortality [1]. In the long-term,
patients who had delirium during their ICU admission
also had higher rates of mortality up to 12 months after
hospitalization and were more likely to have long-term
cognitive impairment [4-6]. However, some of these
associations may not represent the independent effects
of delirium itself |7, 8]. There is controversy as to wheth-
er delirium is simply a marker of vulnerability or illness
severity, whether the effect of delirium is solely related to
its precipitating factors, or whether delirium is causally
related to worse outcomes. Ultimately, all of these hy-
potheses are likely to be true to some degree [9].

The pathophysiology of delirium is poorly under-
stood. Multiple factors play a role in its development

Diagnostic evaluation

arising from the interface of acute precipitating factors
with each patient’s underlying degree of vulnerability. A
patient with a high degree of vulnerability due to a
relatively low cognitive reserve (i.e., dementia) likely
requires a less severe precipitating factor to develop
delirium than does a patient who is less vulnerable
[10, 11]. On the other hand, the heterogeneity of the
condition also suggests that there may be a wide variety
of potential underlying mechanisms that may be impli-
cated. Proposed mechanisms include neurotransmitter
imbalances, such as reduced cholinergic activity [12] or
dopamine and serotonin excess [13], neuronal network
alterations with diminished functional connectivity
[14], and neuroinflammation with blood-brain barrier
breakdown [15]. As a result of this heterogeneity, uni-
form management strategies for delirium have proven
elusive, suggesting that delirium management may ulti-
mately benefit from more tailored approaches based on
patient population and individual patient characteris-
tics. Management of neurocritical care patients in partic-
ular may warrant different treatment compared with
patients in general medical or surgical ICUs. We aim to
review existing evidence and clinical practice guidelines
and to provide recommendations for delirium manage-
ment based on recent literature.

Delirium diagnosis and screening

Delirium management hinges on accurate and timely detection. Reference-
standard diagnostic criteria have been updated over several iterations of the
Diagnostic and Statistical Manual (DSM) of Mental Disorders, with the most
recent 5th edition prioritizing disturbances in attention and awareness that
typically develop over a short period of time with a tendency to fluctuate
[16]. Additional delirium symptoms that may occur include alterations of
arousal, disorientation, disorganized thinking, inappropriate speech or mood,
sleep-wake cycle disturbances, hallucinations, and psychomotor changes (in-
creased and/or decreased activity depending on motor subtype).

Delirium screening tools have been developed specifically for the ICU from
DSM-based criteria; the most widely used of which include the Confusion
Assessment Method for the Intensive Care Unit (CAM-ICU) [2] and the Inten-
sive Care Delirium Screening Checklist (ICDSC) [17]. Each has been extensively
validated in research settings, though their accuracy is likely lower in real-world
usage [18]. Certain populations remain especially challenging, including



Curr Treat Options Neurol (2019) 21:59 Page 3 0f 18 59

patients with hypoactive delirium [18], those with neurological critical illness
[18], and patients with dementia [19].

Because of the variable presentations of delirium and its often fluctuating
course, the chances of successful detection may be improved with multiple
clinical examinations over the course of a day. Such encounters should be
supplemented with standardized chart review [20], interviews with patients’
family members, and discussion with bedside ICU nurses.

A high index of suspicion should especially be given to patients with
recognized risk factors for delirium, including older age, a history of dementia,
a significant degree of co-morbid illness, and higher overall illness severity [21,
22]. High-risk patients can be identified with various prediction models that
incorporate lab values, medication use, and other factors, such as the E-PRE-
DELIRIC model based on variables available at ICU admission [23] and the
PRE-DELIRIC model based on variables present within 24 h of ICU admission
[24].

Identifying and addressing possible sources

Non-pharmacologic

By definition, delirium represents a manifestation of an underlying medical
condition or other triggering event [ 16], though such triggers may not always be
immediately apparent. As such, it is important to perform a comprehensive
clinical evaluation to identify possible sources. This includes a detailed history
(with emphasis on alcohol, drug, and medication use) and physical examina-
tion, along with a focused diagnostic work-up as indicated by the clinical
scenario (Table 1). In such cases, a patient’s delirium is unlikely to resolve
without first addressing the inciting issue.

strategies

Non-pharmacologic strategies are a foundation of delirium management and
should generally be attempted prior to pharmacologic interventions. Their aim
is to mitigate environmental factors, restore the patient’'s own awareness of their
environment, and promote multi-disciplinary cooperation in each patient’s
care.

Table 1. Common causes of delirium in hospitalized and critically ill patients

e Adverse medication effect/interaction
® Drug or other toxicity

e Medication or alcohol withdrawal

e Infection

e Electrolyte disturbance (e.g., hypo-/hypernatremia, hypo-/hyperglycemia, hypo-/hypercalcemia)
e Organ failure (e.g., uremia, respiratory failure, liver failure)

e New intracranial process

o Sleep/wake disturbance

e Pain/discomfort

e Dehydration

e Urinary or bowel retention
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Multicomponent interventions

Non-pharmacologic multicomponent interventions have been studied more
extensively in hospitalized non-ICU patients than in the critically ill and repre-
sent the most effective way to prevent delirium and shorten its duration when it
does occur in this setting. One of the earliest and most widely used approaches
is based on the Hospital Elder Life Program (HELP), which emphasizes frequent
reorientation and cognitive stimulation, early mobilization, sleep optimization
(using noise-reduction strategies and relaxation techniques), early recognition
and correction of vision and hearing impairment (with eyeglasses and hearing
aids as available), and prevention of dehydration [25]. Recent meta-analyses of
HELP [26] and other multicomponent non-pharmacologic interventions [27]
concluded that such strategies reduced the odds of incident delirium in hospi-
talized non-critically ill patients by approximately half. Data supporting their
effectiveness in treating delirium once it does occur is more limited, as there is a
paucity of evidence showing a significant effect on delirium duration or severity
[28].

However, though these strategies are also often adapted for the use of
critically ill patients, a recent systematic review and meta-analysis suggest that
current evidence does not necessarily support the empiric use of such non-
pharmacologic interventions to prevent delirium in the ICU [29¢]. Still, because
of the success of such interventions in other patient populations and their
relatively low risk, the Society of Critical Care Medicine’s clinical practice
guidelines does advocate for the use of multicomponent non-pharmacologic
interventions focused on reducing modifiable risk factors for delirium, improv-
ing cognition, and optimizing sleep, mobility, hearing, and vision in critically ill
adults [30ee]. Furthermore, integrated approaches specifically geared toward
the management of mechanically ventilated patients have proven useful, with
the most widely used of these being the ABCDEF bundle [31] (Table 2). Initially
focusing on the “wake up and breathe” aspects of the first three ABC compo-
nents, this bundle has been expanded to emphasize the importance of delirium
management and two additional components that may have an impact on the
development of delirium—early mobility and family engagement. It has the
advantage of being applicable to any ICU patient at any time but is of particular
relevance early in the course of a patient’s ICU admission given its focus on
prevention.

Though the ABCDEF bundle has not been formally tested in clinical trials,
there is abundant evidence from clinical practice that it is safe and effective in

Table 2. Components of the integrated ABCDEF bundle for mechanically ventilated patients

A: Assess, prevent, and manage pain

B: Both spontaneous awakening trials and spontaneous breathing trials

C: Choice of analgesia and sedation

D: Delirium: assess, prevent, and manage

E: Early mobility and exercise

F: Family engagement and empowerment
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improving delirium outcomes in real-world settings [32, 33]. These findings
were confirmed in a recent prospective multicenter cohort of over 15,000 adults
from the ICU Liberation Collaborative, in which the use of the ABCDEF bundle
was associated with a reduced incidence of delirium along with improvements
in other patient-centered outcomes [34¢]. Though widespread compliance with
all of the bundle’s individual components remains a work in progress [35], even
partial compliance may improve delirium rates and even overall survival [33,
34e].

Early mobility

Patients with delirium are at risk of developing numerous complications,
including infections like pneumonia and urinary tract infections, pressure
ulcers, venous thromboembolism, and overall deconditioning. Strategies to
prevent such complications emphasize early mobilization and rehabilitation,
including in patients who are mechanically ventilated, and there is data to
suggest that physical and occupational therapy may also reduce delirium bur-
den in the ICU. In one trial of mechanically ventilated ICU patients, those who
received early mobilization with physical and occupational therapy had a
significantly shorter duration of delirium than those who did not (median 2
vs. 4 days) [36]. In another randomized controlled pilot study, non-ventilated
older ICU patients who received twice-daily occupational therapy had a signif-
icantly lower delirium incidence and duration than patients who received usual
care [37]. As such, the Society of Critical Care Medicine’s clinical practice
guidelines recommend that critically ill patients receive interventions geared
toward rehabilitation and mobilization [30ee].

Minimizing external stimuli

The ICU is an especially busy environment, with frequent clinical assessments,
nursing care, procedures, lab draws, and other diagnostic testing superimposed
on prominent background noise and artificial lighting. Environmental factors
may indeed play a role in the development of delirium, and interventions such
as single ICU rooms with improved daylight exposure may reduce delirium
duration according to one small study [38]. By extension, overall sleep hygiene
should also be maintained as circumstances allow. This includes maximizing
natural light during daytime hours while keeping rooms dark at night and
minimizing overnight medical and nursing procedures if possible. Additionally,
the use of earplugs at night appears to significantly decrease delirium risk
according to a meta-analysis of five intervention studies [39].

Physical restraints represent another external factor commonly used in the
ICU, especially in patients who are restless or agitated and therefore at risk of
inadvertently removing lines or tubes. Unfortunately, restraints themselves may
contribute to worsening agitation, and there is evidence to suggest that the use
of physical restraints may be associated with persistent delirium [40], although
it is unclear whether this phenomenon is a cause or a consequence of their use.
They should be minimized whenever possible, while lines and tubes should
likewise be minimized as soon as they are no longer needed. Ultimately, once
patients’ critical illness resolves, they should be transferred out of the ICU as
early as medically feasible in order to minimize these external factors.
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Reorientation strategies

Frequent reorientation is a common part of multicomponent interventions,
and nursing-based reorientation strategies—for example, the presence of clocks
in each patient’s room, reminding patients about their location and details of
their illness, and memory-stimulation activities—may indeed decrease the
incidence of ICU delirium according to one study [41]. Additionally, if family
members are present, they may also provide valuable cues to improve a pa-
tient's awareness, and their involvement in a patient’s care should be encour-
aged. The results of a small pilot study suggested that even automated reorien-
tation messages recorded by a family member might result in more delirium-
free days [42].

Geriatrics consultation

There may be some benefit to proactive consultation of a geriatrics service in
certain cases to assist with the clinical management of older patients. In two
trials of early geriatrician consults in older patients with hip fracture, delirium
incidence was reduced by over one-third compared with patients who received
usual care [43, 44]. This has led to the widespread use of combined geriatrics-
orthopedics services as a result, though it is unclear whether these findings can
be extrapolated to critical care settings such as general medical/surgical ICUs or
more focused subspecialty ICUs (i.e., neurocritical care units).

Pharmacologic considerations

Though potential pharmacologic interventions for delirium have been studied
more extensively over the last several decades, truly effective medications have
yet to be identified. A recent Cochrane review found no clear evidence to
support the use of antipsychotics, cholinesterase inhibitors, melatonin, or other
medications with the express purpose to prevent delirium in hospitalized
patients [28]. Furthermore, though some medications may help treat symptoms
of agitation, they do not necessarily reduce delirium duration and instead may
shift a patient’s delirium into the hypoactive spectrum. This lack of generaliz-
able efficacy may be in part due to the heterogeneous nature of the condition,
with a host of possible underlying etiologies, mechanisms, and clinical mani-
festations that may benefit from more tailored approaches in future studies.

Antipsychotics

Dopamine excess has long been thought to play a role in the pathogenesis of
delirium [45]. As a result, antipsychotic medications that function as dopamine
receptor antagonists have been a focus of studies aimed at identifying potential
delirium treatments. However, several recent trials have provided compelling
evidence that antipsychotic medications do not serve to prevent or shorten the
clinical course of delirium in the ICU.

In the REDUCE study, a large multicenter randomized trial for critically ill
ICU patients deemed to be at high risk of delirium (n=1789 patients); pro-
phylactic intravenous haloperidol was not associated with any difference in
patient survival at 28 days compared with placebo nor was there any difference
in delirium incidence or delirium duration [46ee]. In the MIND-USA study,
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another recent large randomized controlled trial in ICU patients with delirium
and acute respiratory failure or shock (n = 1183 patients), neither haloperidol
nor ziprasidone treatment was associated with a difference in delirium duration
compared with placebo [47ee]. Similar findings have been reported in non-
critically ill hospitalized adults, with a meta-analysis of 19 studies showing that
antipsychotic use was not associated with lower delirium incidence, duration,
or severity [48e].

Expert guidelines, including those from the Society of Critical Care Medicine
[30ee] and the UK’s National Institute for Health and Care Excellence (NICE)
[49], therefore suggest that antipsychotics be reserved for short-term use for
patients with agitation that poses a safety risk to themselves or others, or when a
patient’s hallucinations or other symptoms cause them significant distress.
When antipsychotics are required, the lowest effective dosage should be used
for the shortest duration possible. Commonly used antipsychotic medications
for this purpose include haloperidol, quetiapine, and olanzapine (Table 3).

Advantages of haloperidol include the availability of parenteral administra-
tion via intramuscular and intravenous routes, a faster onset of action (within
minutes when given parenterally), and a longer track record of experience in
clinical use. However, as a typical antipsychotic, haloperidol may have a higher
potential for extrapyramidal side effects, though there may not be a difference in
risk with lower doses [51], and neither REDUCE nor MIND-USA found signif-
icantly higher rates of extrapyramidal symptoms in their large cohorts of
patients. Similarly, though ECG QTc interval prolongation may also be a
concern, these two large trials did not show a significantly increased risk with
either low (3-6 mg daily in REDUCE) or moderate doses (up to 20 mg daily in
MIND-USA) of haloperidol. Atypical antipsychotics like quetiapine [52, 53]
and olanzapine [54] may have similar efficacy to haloperidol in treating agitat-
ed delirium, while also potentially having a more favorable side effect profile,
although these have been studied less extensively. Given their less prominent
antagonism of dopamine receptors, quetiapine and olanzapine may pose a
lower risk of extrapyramidal side effects, while their stronger affinity for hista-
mine (and to a lesser extent, alpha-1) receptors typically leads to more sedation,
which may be a desirable side effect in acutely agitated patients.

Table 3. Characteristics of antipsychotics commonly used in the ICU [50]

Medication Routes available Receptor affinity

Dopamine Serotonin Alpha-1 Histamine
Haloperidol PO, IM, IV +++ + + _
Quetiapine PO + ++ ++ +H+
Olanzapine PO, IM, sublingual ++ - + o+
Ziprasidone PO ++ +++ + +
Risperidone PO +++ +++ ++ ++
Aripiprazole PO, IM +++ o+ + +

+++ high; ++ moderate; + low; — negligible



59  Page 8 of 18 Curr Treat Options Neurol (2019) 21:59

Cholinesterase inhibitors

Acetylcholine has also been implicated in the pathogenesis of delirium [45],
and it has been hypothesized that a shared common pathway of diminished
cholinergic activity leading to cognitive dysfunction exists in both dementia and
delirium [12]. Cholinesterase inhibitors, which are commonly used for patients
with dementia, have therefore been considered as a potential delirium therapy,
though initial results from small pilot studies were discouraging [55-57]. A
subsequent larger randomized placebo-controlled trial of rivastigmine used as
an adjunct to haloperidol suggested increased mortality and a longer duration
of delirium in the rivastigmine group and was halted at an interim analysis
because of safety concerns [58].

Sedation strategies

Sedation in the ICU may influence the development of subsequent delirium,
although delirium that is primarily sedation-related and rapidly reversible
appears not to carry the same adverse impact on outcomes as other forms of
delirium [59]. Deep sedation appears to result in delayed extubation and
increased mortality [60, 61] and may also play a role in the development of
delirium. An overall strategy of maintaining light sedation as opposed to deep
sedation is therefore recommended by the Society of Critical Care Medicine’s
clinical practice guidelines [30ee].

One method of maintaining light sedation in mechanically ventilated pa-
tients is with spontaneous awakening trials via daily interruption of sedative
infusions. This may result in a decreased duration of mechanical ventilation and
decreased ICU length of stay according to two randomized controlled trials [62,
63]. However, a more recent study that targeted lighter sedation levels found no
benefit of sedation interruption compared with continuous sedation on delir-
ium rates [64].

The choice of sedative agent appears to play a role in delirium incidence as
well. Benzodiazepines in particular [65, 66], including lorazepam [67] and
midazolam [68], were found to increase the likelihood of developing delirium.
As a result, they have fallen out of favor as primary sedative agents in mechan-
ically ventilated patients and patients with agitated delirium and should gen-
erally be avoided, except in cases of alcohol or benzodiazepine withdrawal.

Dexmedetomidine

In light of recent studies, dexmedetomidine—a centrally acting alpha-2-
adrenergic receptor agonist with sedative, anxiolytic, and analgesic-sparing
properties—has emerged as an attractive alternative to other anesthetic and
sedative agents due to perceived advantages in maintaining light sedation with
a lower risk of causing adverse cognitive effects. In the MENDS trial, sedation
with dexmedetomidine showed superiority to lorazepam in reducing delirium-
and-coma-free days in mechanically ventilated ICU patients [69]. In the subse-
quent SEDCOM trial, which compared the efficacy and safety of prolonged
sedation with dexmedetomidine vs. midazolam in mechanically ventilated ICU
patients, the prevalence of delirium was significantly lower and the time to
extubation was shorter in dexmedetomidine-treated patients compared with
those who received midazolam, while rates of achieving target levels of sedation
were similar in both groups [70]. Meanwhile, results of the PRODEX trial also
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suggest that sedation with dexmedetomidine may result in lower rates of
delirium as compared with sedation with propofol [71], though delirium was
not a predetermined outcome measure in the study, it was reported as part of a
broader category of neurocognitive adverse effects and had only a 48-h period
of follow-up after drug infusion.

Additionally, a recent placebo-controlled trial suggests that prophylactic
nocturnal dexmedetomidine may reduce the incidence of delirium in ICU
patients [72], a finding which warrants further study. On the other hand,
prophylactic intraoperative dexmedetomidine does not appear to reduce the
incidence of postoperative delirium based on the results of a trial in patients
undergoing major elective noncardiac surgery [73].

Finally, dexmedetomidine may also be used as an acute treatment for
agitated delirium, and its use in such cases may be associated with favorable
effects. In the DahLIA study, in which dexmedetomidine or placebo was added
to standard care in mechanically ventilated ICU patients with agitated delirium,
dexmedetomidine was found to reduce ventilator-time and time to extubation,
with a decreased overall duration of delirium [74ee]. Dexmedetomidine also
comes with the advantage of having minimal effects on respiratory drive, and it
may therefore be a reasonable option to facilitate extubation in mechanically
ventilated patients with agitation and to treat agitation in non-mechanically
ventilated ICU patients. Common side effects of dexmedetomidine include
bradycardia and, to a lesser extent, hypotension, but this usually does not
preclude its use as agitation often coincides with hypertension and tachycardia.
It should be noted that dexmedetomidine has a relatively higher cost compared
with other sedatives used in the ICU; clonidine, a less selective alpha-2-
adrenergic receptor agonist, may represent a cheaper alternative, as it may also
be an effective sedative for patients with agitated delirium [75].

Pain may be a significant risk factor for delirium [76, 77], although it may be
difficult to disentangle the separate effects of opioid analgesics, which them-
selves may also be associated with increased delirium duration [66]. Meperi-
dine may pose the highest risk for delirium among opioids [78] and should be
avoided in high-risk patients.

Instead, nonopioid analgesics like acetaminophen should be used whenever
possible, as they are less likely to cause or exacerbate delirium and are opioid-
sparing, though their effects may be limited in cases of severe pain. In the recent
DEXACET study, a randomized clinical trial in patients undergoing cardiac
surgery scheduled postoperative intravenous acetaminophen, which signifi-
cantly reduced the incidence of in-hospital delirium and delirium duration
(while also reducing opiate use for breakthrough analgesia) when used in
combination with propofol or dexmedetomidine sedation [79ee]. For patients
without a contraindication (e.g., high bleeding risk or renal failure), nonsteroi-
dal anti-inflammatory drugs may also be considered. Additionally, regional
anesthesia may also be beneficial when pain is localized; for example, nerve
blockades may be effective in reducing delirium rates in patients with hip
fracture according to a systematic review [80].

Meanwhile, though ketamine has emerged as an alternative nonopioid
sedative-analgesic in perioperative, emergency, and critical care settings, it
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may potentially precipitate delirium as it is known to cause hallucinations and
other psychomimetic symptoms [81]. One retrospective study suggested that
the possibility that these effects may be dose-dependent and that ketamine may
actually attenuate delirium at subanesthetic doses [82]; however, a randomized
controlled trial of subanesthetic intraoperative ketamine found no difference in
the incidence of postoperative delirium while reporting more postoperative
hallucinations with ketamine use [83].

Sleep augmentation

Sleep disruption is highly prevalent in hospitalized patients [84] and has been
posited as a possible risk factor for the development of delirium [85]. Pharma-
cologic interventions aimed at augmenting sleep therefore potentially represent
an attractive target in the prevention and treatment of delirium, though data
remains limited on the use of such medications.

The most studied of these is melatonin, which is a hormone naturally
produced by the body for sleep-wake cycle regulation, and which also exists
as an exogenous, synthetically-derived supplement. As a supplement, melato-
nin is not regulated by the Food and Drug Administration, however, thereby
leading to potential inconsistency in dosage and effect. Such inconsistency may
have contributed to the mixed results found thus far in studies of melatonin and
delirium: a large multicenter placebo-controlled trial did not show any differ-
ence in delirium incidence between melatonin and placebo groups in patients
with hip fracture [86], while a smaller single-center trial in elderly patients on a
medicine ward did show a significantly decreased risk for delirium in those who
received melatonin [87].

On the other hand, ramelteon is a highly selective melatonin receptor
agonist that is FDA-approved and has been found to have a more consistent
pharmacologic effect. Two small randomized placebo-controlled studies both
found that ramelteon use was associated with a lower incidence of delirium in
hospitalized patients [88, 89], and it may represent a key target of future larger
studies.

Trazodone and quetiapine are other frequently used medications for
insomnia in hospitalized patients [90]; however, their effects on deliri-
um rates when used as sleep aids have not been studied. Benzodiaze-
pines and non-benzodiazepine sedative hypnotics (e.g., zolpidem) are
associated with increased rates of delirium and should not be used for
this purpose, especially in older adults [91]. This class of drugs is known
to suppress deeper stages of sleep and REM sleep [92], which may play
a role in their deleterious effects.

Avoiding high-risk drugs

Although no pharmacologic interventions have been proven to prevent
or shorten the duration of delirium, there are many medications that
may increase the risk of developing or worsening delirium. In addition
to meperidine, benzodiazepines, and non-benzodiazepine sedative hyp-
notics, other medication classes to be avoided when possible include
first-generation antihistamines (e.g., diphenhydramine, meclizine), tricy-
clic antidepressants (e.g., amitryptiline, imipramine), and other
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medications with anticholinergic properties (e.g., atropine, scopolamine)
[93], as well as corticosteroids [94]. These and other high-risk medica-
tions have been compiled in the American Geriatrics Society’s updated
Beers criteria list of potentially inappropriate medications in older adults
[91].

Neurocritical care considerations

As in other ICU populations, delirium is common in neurocritical care
patients and is associated with longer ICU and hospital lengths of stay
and worse functional outcomes [95, 96]. However, patients with brain
injury represent a unique challenge in delirium diagnosis due to their
underlying neurological deficits, which may represent a barrier to con-
ventional cognitive testing. Despite such challenges, even patients with
aphasia, impaired arousal, and other deficits may meet DSM criteria for
delirium with more inclusive definitions of inattention and other delir-
ium features [97]. Existing ICU delirium screening tools may lack the
nuance necessary to make these distinctions, however, and as a result,
such tools have insufficient accuracy in neurocritical care settings [18]
and in patients with brain injury [98]. The ICDSC may be a more
suitable and accurate tool than the CAM-ICU in the neurocritical care
unit due to its inclusion of delirium features obtainable by observation
rather than verbal testing [97, 99], but novel delirium screening tools
may be warranted in patients with severe neurological injury.
Neurocritical care populations are also unique in that the etiology of
their delirium may be a direct consequence of their underlying brain
injury, either due to primary effects or subsequent complications such as
hydrocephalus, cerebral edema, intracranial hypertension, seizures, hypo-
perfusion, or cerebral ischemia [100, 101]. There is indeed a high
prevalence of neurological deterioration in patients with acute brain
injury, a risk which typically warrants frequent, often hourly, neurolog-
ical examinations and a low threshold to perform clinically appropriate
diagnostic testing. However, though the frequency of examinations may
be more likely to capture clinical changes soon after they occur, it may
also be paradoxically harmful to patients if it leads to sleep deprivation
and subsequent delirium [102]. As a result, the frequency of examina-
tions should be moderated as soon as a patient is no longer thought to
be at high risk of neurological deterioration due to their brain injury.
Management of delirium in the neurocritical care unit has been largely
extrapolated from other ICU settings. However, trials of pharmacological
treatments of delirium in the ICU have typically excluded patients with a
neurological critical illness, and there is therefore little high-quality evi-
dence to guide treatment. A goal of sedation in the neurocritical care unit
is often to achieve anxiolysis and analgesia without compromising arousal
or other features of the neurological examination, and dexmedetomidine
may be more likely than propofol or other sedative infusions to allow for
such balance [103]. A systematic review of alpha-2 agonists for sedation in
mechanically ventilated neurocritical care patients showed that the use of
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dexmedetomidine and clonidine appeared safe from the standpoint of
systemic and cerebral hemodynamics, but there was insufficient data re-
garding possible effectiveness [104]. On the other hand, while antipsy-
chotics have been shown to be ineffective in shortening delirium duration
in non-neurological ICU patients, they may carry additional risks for pa-
tients in the neurocritical care unit, as antidopaminergic agents have been
shown to impede recovery after brain injury in animal models [105, 106].

Conclusion

Delirium remains a prevalent complication in critically ill patients that comes
with serious consequences, and for which, there remain few effective treatment
options. Multicomponent non-pharmacologic interventions likely represent
the best strategies for delirium prevention, with real-world evidence favoring
the use of the ABCDEF bundle. Avoiding high-risk medications such as benzo-
diazepines and anticholinergics is also of paramount importance, especially in
older patients. Other pharmacologic prevention strategies have mostly proven
disappointing, though aggressive treatment of pain with nonopioid analgesics
is encouraged, while the use of prophylactic antipsychotics is discouraged based
on current evidence. Antipsychotics should be reserved for the treatment of
delirium that is accompanied by severe agitation or psychotic features and
should be prescribed cautiously, at the lowest dose and shortest duration
deemed necessary. Meanwhile, dexmedetomidine may be effective as an ad-
junctive treatment for agitation and may also be a preferred agent for sedation
of mechanically ventilated patients. Most importantly, when delirium does
occur, possible underlying sources of delirium should be investigated and
promptly treated if identified.
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A randomized clinical trial that found scheduled intravenous
acetaminophen was effective in preventing post-operative de-
lirium, emphasizing the importance of nonopioid analgesia in
delirium management.
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