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Abstract Delirium is a common yet under-diagnosed syn-
drome of acute brain dysfunction, which is characterized by
inattention, fluctuating mental status, altered level of con-
sciousness, or disorganized thinking. Although our recogni-
tion of risk factors for delirium has progressed, our
understanding of the underlying pathophysiologic mecha-
nisms remains limited. Improvements in monitoring and
assessment for delirium (particularly in the intensive care
setting) have resulted in validated and reliable tools such as
arousal scales and bedside delirium monitoring instruments.
Once delirium is recognized and the modifiable risk factors
are addressed, the next step in management (if delirium
persists) is often pharmacological intervention. The seda-
tives, analgesics, and hypnotics most often used in the
intensive care unit (ICU) to achieve patient comfort are all
too frequently deliriogenic, resulting in a longer duration of
ICU and hospital stay, and increased costs. Therefore, iden-
tification of safe and efficacious agents to reduce the
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incidence, duration, and severity of ICU delirium is a
hot topic in critical care. Recognizing that there are no
medications approved by the Food and Drug Adminis-
tration (FDA) for the prevention or treatment of deliri-
um, we chose anti-psychotics and alpha-2 agonists as
the general pharmacological focus of this article be-
cause both were subjects of relatively recent data and
ongoing clinical trials. Emerging pharmacological strat-
egies for addressing delirium must be combined with
nonpharmacological approaches (such as daily sponta-
neous awakening trials and spontaneous breathing trials)
and early mobility (combined with the increasingly
popular approach called: Awakening and Breathing Coordi-
nation, Delirium Monitoring, Early Mobility, and Exercise
[ABCDE] of critical care) to develop evidence-based
approaches that will ensure safer and faster recovery of the
sickest patients in our healthcare system.

Keywords Delirium - Critical care - Aging - Mechanical
ventilation - Anti-psychotics - Dexmedetomidine

Introduction

“I came awake on the fifth day. My first memory is that of
floating up from the ocean bottom, my eyes still water-
logged, and with what felt like scuba gear stuffed in my
mouth and throat — I couldn’t speak. As I broke to the
surface, I understood that I was still in the ICU at Our Lady,
but I heard nothing of what anybody said. She stayed by my
side, holding my hand. I craved her touch, fearful I might
sink back into the abyss where it was all dark and from
which there was no promise of return” [1].

For the last 12 years, our understanding of the epidemi-
ology and assessment of delirium has changed dramatically.
Once thought to be an inevitable byproduct of sepsis and
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severe illness, delirium is now known to be a form of acute
brain dysfunction associated with higher mortality [2—4],
increased length of hospital stay [5], increased costs [6],
and long-term cognitive impairment [7-10]. The develop-
ment of valid and reliable instruments to assess delirium has
resulted in better recognition of delirium [11, 12], although
it continues to be under-recognized [13]. The focus of
delirium research has been extended to include pharmaco-
logical and nonpharmacological strategies to prevent and
minimize the duration of delirium. In this review, we will
briefly highlight the assessment and risk factors for deliri-
um. We will also focus on the latest work in studying two
drug classes: anti-psychotics and alpha-2 agonists (and their
use as pharmacotherapy for delirium). Finally, we will de-
scribe how pharmacological management of sedation and
delirium can be integrated with nonpharmacological thera-
pies, and we will propose a comprehensive “liberation and
animation” strategy (i.e., liberating patients from sedation
and mechanical ventilation, followed by animating them
with early mobility) to improve the length of stay in the
intensive care unit (ICU) and hospital, as well as survival
and functional status. This approach is now being increas-
ingly referred to as: Awakening and Breathing Coordina-
tion, Delirium Monitoring, Early Mobility and Exercise
(ABCDE) of critical care, an evidence-based 5-component
approach to restructuring the delivery of care in the ICU that
we recently described in the medical literature [14, 15], as
well as the lay press, such as the Wall Street Journal [16].

Definition, Risk Factors, and Monitoring for Delirium

Delirium is described in the DSM IV-TR as an acute con-
fusional state characterized by fluctuating mental status,
inattention, and either altered level of consciousness or
disorganized thinking [17]. Delirium is common, particular-
ly in the ICU, where it has been shown to occur in 60% to
80% of ventilated patients [2, 6, 18, 19] and 40% to 60% of
nonventilated patients [20, 21]. For the last few decades,
delirium has been recognized, yet it has been described with
inconsistent terminology, such as ICU syndrome, acute
brain dysfunction, acute brain failure, and septic encepha-
lopathy [22], depending on geographic location and special-
ty training. Delirious patients can present in a number of
ways, and the general consensus is to subcategorize the
delirium of a patient according to their level of alertness
(hyperactive, hypoactive, and mixed delirium) [23]. Al-
though the hyperactive subtype of delirium is the easiest to
detect, pure hyperactive delirium (i.e., without hypoactive
component) only represents approximately 5% of delirium
in the ICU [24]. The hypoactive subtype of delirium is the
most common (60%) and the mixed subtype is also fre-
quently found.

Risk factors for the development of delirium in the critical
care and postoperative settings have been previously de-
scribed in the literature [25-30]. Broadly, risk factors can be
divided into 3 categories: 1) characteristics of the acute illness
itself, 2) patient or host factors, and 3) environmental or
iatrogenic factors. There are 3 popular mnemonics for consid-
eration of risk factors of delirium, which include THINK,
IWATCHDEATH, and ICUDELIRIUMS (Table 1) (see:
http://www.mc.vanderbilt.edu/icudelirium/terminology.html).
A couple of very common risk factors are of particular impor-
tance. First, in addition to the intrinsic illnesses of patients,
such as severe sepsis or congestive heart failure, iatrogenic
medications (or the combination of multiple medications)
must be considered as a contributing and modifiable factor
in the emergence of delirium. Medications notoriously asso-
ciated with delirium include opiates (especially meperidine),
sedatives including benzodiazepines, anticholinergics, anti-
histamines, antibiotics, corticosteroids, and metoclopramide.
Lorazepam and midazolam (benzodiazepines commonly used
in the ICU for sedation) were shown to be independent risk
factors for transitioning into delirium (odds ratio, 1.2, 95%
confidence interval (1.1, 1.4); p=0.003) [25, 31]. Recently,
genetic predisposition to delirium was demonstrated, as the
apolipoprotein E4 (APOE4) genotype was found to be a
strong predictor of delirium duration after adjusting for age,
severity of illness, duration of coma, and admission diagnosis
of sepsis, acute respiratory distress syndrome, or pneumonia
(odds ratio, 7.32; p=0.005) [32, 33]. Conflicting reports relat-
ed to the apolipoprotein E4 (APOE4) genotype [34] reinforce
the need to study this association further.

The comatose patient is distinguishable from the deliri-
ous patient in that the comatose patient does not respond to
verbal commands. The delirious patient can be aroused
through vocal commands, although they may not be able
to follow them. The cardinal feature of delirium is inatten-
tion. Other symptoms (such as hallucinations or delusions)
can be present and associated with delirium, but they are not
required for the diagnosis. Patients with some, but not all, of
the clinical symptoms of delirium are described as “subsyn-
dromal,” and their associated outcomes are intermediate
between normal and clinically delirious patients [35]. One
may think of subsyndromal delirium as an “intermediate
state of badness” lying between full delirium and no
delirium.

Recognition and management of delirium in critical care
have progressed rapidly during the last decade due to clin-
ical tools that have proven valid, reliable, and easy to
replicate. The Society of Critical Care Medicine (SCCM)
has recommended two validated tools to monitor for delir-
um in the ICU [36]. One clinically validated system is the
Intensive Care Delirium Screening Checklist (ICDSC) [37].
This screening checklist, based on DSM criteria and deliri-
um features, evaluates patients on an 8-point scale,
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Table 1 Mnemonics for risk factors, causes, differential diagnosis for delirium

THINK

T = Toxic situations; congestive heart failure, shock, dehydration, deliriogenic medications (tight titrations), new organ failure

H = Hypoxemia; also consider giving haloperidol or other antipsychotic?

I = Infection/sepsis (nosocomial), Immobilization

N = Nonpharmacological interventions; consider hearing aids, glasses, reorient, sleep protocols, noise control, ambulation

K = K or other electrolyte/metabolic problems

ICUDELIRIUMS

I = latrogenic exposure; diagnostic procedure, therapeutic intervention

C = Cognitive impairment; pre-existing dementia, mild cognitive impairment (MCI), or depression

U = Use of restraints and catheters; re-evaluate use daily

D = Drugs; use of sedatives (benzodiazepines, opiates), anticholinergic medications, abrupt cessation of smoking or alcohol,
withdrawal from chronically used sedatives

E = Elderly; evaluate patients older than 65 years with greater attention

L = Laboratory abnormalities; especially hyponatremia, azotemia, hyperbilirubinemia, hypocalcemia, metabolic acidosis

I = Infection; sepsis, urinary tract or respiratory tract infections

R = Respiratory; consider respiratory failure, chronic obstructive pulmonary disorder, acute respiratory distress syndrome,
pulmonary embolus (PE)

I = Intracranial perfusion; consider hypertension or hypotension, hemorrhage, stroke, tumor

U = Urinary/fecal retention, especially in elderly and in postoperative patients

M = Myocardium; consider myocardial infarction, acute heart failure, arrhythmia

S = Sleep and sensory deprivation; sleep-cycle disturbance, need for glasses or hearing devices

IWATCHDEATH: Differential Diagnosis of Delirium

Infection = HIV, sepsis, pneumonia

Withdrawal = Alcohol, barbiturates, sedative hypnotic

Acute metabolic = Acidosis, alkalosis, electrolyte disturbance, hepatic failure, renal failure

Trauma = Closed head injury, heat stroke, postoperative, severe burns

Central nervous

system

pathology = Abscess, hemorrhage, hydrocephalus, subdural hematoma, seizures, stroke, tumors, vasculitis, encephalitis, meningitis,
syphilis

Hypoxia = Anemia, carbon monoxide poisoning, hypotension, pulmonary/cardiac

Deficiencies = Vitamin B12, folate, niacin, thiamine

Endocrinopathies = Hyperadrenocorticism, hypoadrenocorticism; hyperglycemia, hypoglycemia; myxedema, hyperparathyroidism

Acute vascular = Hypertensive encephalopathy, stroke, arrhythmia, shock

Toxins or drugs = Prescription drugs, illicit drugs, pesticides, solvents

Heavy metals = Lead, manganese, mercury

*http://www.mc.vanderbilt.edu/icudelirium/terminology.html

(Adapted with permission from: Marta Render, MD, Veterans Affairs Inpatient Evaluation Center [IPEC])

including altered level of consciousness, inattention, disori-
entation, psychomotor changes, sleep/wake cycle disturban-
ces, and symptom fluctuation. Patients with greater than 4
points on the scale are said to be delirious, allowing for
dichotomous measurements and analysis, with a sensitivity
of 99% and specificity of 64% [37]. In 2001, the Confusion
Assessment Method for the Intensive Care Unit (CAM-
ICU) was shown to have high sensitivity (93—100%), high
specificity (98—-100%), and high inter-rater reliability
(kappa=0.96) [11]. In multiple other investigations since
that time, the sensitivity and specificity of the CAM-ICU
in high severity of illness and in patients on mechanical
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ventilation have been repeatedly shown to be high [4,
38—41]. In lower severity of illness states, situations of
infrequent in-servicing or re-calibration of staff, or non-
ICU settings, the specificity has remained high (>90%),
although the sensitivity may be sacrificed by use of this
instrument (shown to be near 50% in some studies) [42,
43]. In such circumstances, it is best to spend longer
than just the average 1 minute that it takes to do the
CAM-ICU, and, instead to generate higher sensitivity, it
should be considered necessary to invest upward of 10
minutes with the evaluation, as is often done with other
instruments, such as the full CAM or DRS-R98 [44,
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45]. The CAM-ICU is used in combination with an
“arousal scale,” such as the Riker Sedation-Agitation
Scale (SAS) [46, 47], or the Richmond Agitation-
Sedation Score (RASS) [48, 49] to create a “sister-
instrument” 2-step approach to the examination of con-
sciousness, summarized as a CAM-ICU flowsheet or
algorithm that has a number of advantages [12]:

1. This algorithm provides a framework for assessing se-
dation and delirium that can be performed rapidly, in
less than 2 minutes.

2. This protocol has its greatest usefulness in tracking
changes in the neurological status of the patient with
the duration of time, and by comparing the current
RASS or SAS score alongside the stated target RASS
or SAS score for adjusting potent sedative and narcotic
medications.

3. Use of delirium assessment tools, such as the CAM-
ICU, have been shown to result in shorter duration and
lower doses of drugs, such as haloperidol used in the
ICU [50].

4. The assessment can be performed by all members of the
treatment team (i.e., nurses, technicians, Doctors of
Pharmacy, and physicians alike).

5. This sedation and delirium assessment has been suc-
cessfully implemented and replicated in medical, surgi-
cal, trauma, burn, cardiovascular, neurological, and
pediatric ICU settings across medical centers [42,
51-53].

6. The RASS and CAM-ICU assessments have been used
in multiple high-profile randomized prospective trials
[18, 54, 55]. The CAM-ICU instrument, which has been
translated into many languages, can be accessed online
at: http://www.mc.vanderbilt.edu/icudelirium/docs/
CAM _ICU_flowsheet.pdf.

By combining an arousal scale and a delirium monitor-
ing tool, the managing team can develop a “brain road
map” that asks the following questions for each patient:
1) Where is the patient going? 2) Where is the patient
currently? and 3) How did the patient get to their
present state? These questions can then be answered
with 4 simple indicators:

1. Target the RASS. Where is the patient going?

2. Determine the actual RASS. Where is the patient now?

3. Determine the CAM-ICU. Where is the patient in
thought content now?

4. Assess the current drugs. How did the patient get to his
or her present state?

Using a standardized, systematic approach on a daily basis
to follow this critical “sixth vital sign” [56] can assist the
treatment team in tracking the progress of the patient with
the duration of time.

The Pathophysiology of Delirium, Biomarkers,
and the Role of Neuroimaging

Despite improved diagnosis and multiple potential treat-
ments, the pathophysiological mechanisms of delirium re-
main unclear [57, 58]. Hypotheses generated outside the
ICU posit that delirium results from a decrease in acetyl-
choline and increase in dopamine [59, 60]. Other hypotheses
include hypoxia, neurotransmitter imbalance [61], inflam-
mation (related to the systemic inflammatory response syn-
drome or sepsis), aberrant stress responses [58], and toxic or
metabolic derangements resulting in encephalopathy.

The distinction between delirium and septic encephalop-
athy is uncertain at this time, as some argue that sepsis-
associated encephalopathy is a different pathophysiological
process that may overlap with clinical signs of delirium
[62]. Many consider septic encephalopathy a common type
of delirium that is rooted in the underlying pathophysiolog-
ical underpinnings of the septic state (systemic inflammato-
ry and coagulopathic disturbances). The reality is that most
septic patients will develop acute brain injury that is likely
due to the underlying acute disease coupled with iatrogenic
medications and comorbid features, such as hypoxemia and
hypoperfusion. An important teaching point is that CAM-
ICU or ICDSC, or any other delirium tool, reports the
positive or negative features of delirium only, and not the
etiology. Once the diagnosis is made, it is then incumbent on
the ICU team to consider the differential diagnosis and to
make appropriate treatment plans, which often do not in-
clude starting a new medication, but rather entail stopping
potentially offending medications and using a full armamen-
tarium of nonpharmacological decisions to help the patient
recover from the global brain dysfunction that is manifesting
itself as delirium.

Two emerging areas of research that may contribute to
our understanding of the pathophysiology of delirium in-
clude biomarkers and neuroimaging. A recent systematic
review of biomarkers in cerebrospinal fluid [63] found no
consistent evidence yet of biomarkers associated with delir-
um; however, implicated derangements include elevated
serotonin metabolites, lactate, cortisol (particularly after car-
diac surgery) [64], interleukins such as interleukin-6 [65],
cortisol [65], brain-specific protein, S100-3, and elevated
acetylcholinesterase. Other serum biomarkers that have
shown promise include procalcitonin and C-reactive protein
[66]. This remains an exciting area of research, as the
establishment of biomarkers associated with delirium could
aid in both understanding the pathophysiology of delirium
and also predicting those patients most at risk for the devel-
opment of delirium. Another under-studied area of research
is neuroimaging. Currently neuroimaging in a delirious pa-
tient is mainly conducted in the clinical arena to rule out
macro-injury, such as hemorrhage or stroke. Research
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efforts can incorporate newer techniques, such as functional
magnetic resonance imaging, diffusion tensor imaging, ar-
terial spin labeling, and even positron emission tomography,
and single-photon emission computed tomographic scan-
ning [67]. The majority of studies have shown nonspecific
or diffuse changes in time, such as cortical atrophy, ventric-
ular enlargement, and white matter hyperintensities [68].
These preliminary data support the hypothesis that the ma-
jority of patients in the ICU who are suffering from delirium
do not undergo macro-injury, but rather micro-injury that is
difficult, if not impossible, to capture early using computed
tomography or magnetic resonance imaging. This hypothe-
sis remains to be proven and requires further investigation.

Pharmacological Treatment of Delirium
Anti-Psychotics

Haloperidol (used by 75-80% of intensivists) and atypical
anti-psychotics (used by 35-40% of intensivists) have
emerged as the standard pharmacological treatments for
delirium in the ICU [69-71]. This is due in large part to
the recommendations of the Society of Critical Care Medi-
cine for the treatment of delirium in 2002 [36]. Whereas
there is some evidence suggesting haloperidol may reduce
delirium duration [72] and mortality [73], an overall dearth
of data is emphasized in systematic reviews [74—77] con-
cluding: 1) “there are no published double-blind, random-
ized, placebo-controlled trials to establish [the] efficacy or
safety of any anti-psychotic medication in the management
of delirium. Further study with well-designed clinical trials
is required in this area” [75]; 2) “Better designed and larger
studies evaluating adding anti-psychotic agents to nonphar-
macological treatments are needed” [74]; 3) “Small studies
of limited scope require further evidence before translation
into specific recommendations for delirium treatment” [76].

Pharmacology of Anti-Psychotics

The main mechanisms of action of haloperidol are thought
to be antagonism at cortical dopamine (D,) receptors
[78-81], nigrostriatal pathway D, blockade, and disinhibi-
tion of acetylcholine (i.e., acetylcholine increase) [60]. As a
butyrophenone-derived anti-psychotic, haloperidol binds
with a high affinity at D, receptors, relatively low affinity
at D receptors, and it exhibits little adrenergic or muscarin-
ic activity compared to lower potency neuroleptics. Positron
emission tomographic studies have shown that even at low
doses (2—4 mg/day), haloperidol induces D, receptor occu-
pancies (53—-74%) in a therapeutic range, suggesting that
low doses can be used to avoid side effects observed with
high doses [80]. The proposed anti-inflammatory effects of
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haloperidol may also help mitigate organ dysfunction in
critical illness [73, 82]. Atypical anti-psychotics are distin-
guished from the neuroleptic anti-psychotics, such as halo-
peridol, due to their reduced affinity for dopamine receptors,
particularly D, receptors, and they also have a wider variety
of reported affinities for other central nervous system recep-
tors, including serotonin, adrenergic, and muscarinic recep-
tors [79, 83]. For example, an atypical anti-psychotic named
ziprasidone is an antagonist at D, H;, &, 5-HT,4, 5-HT>c,
and 5-HT;p and an agonist at 5-HT, 4 receptors [79, 81, 83,
84]. A high 5-HT, /D, receptor affinity ratio, which is a
particularly strong characteristic of ziprasidone, has been
correlated with lower propensity for extrapyramidal symp-
toms (EPS) and may be advantageous in treating the nega-
tive symptoms so prevalent in older hypoactive delirious
patients [24, 85]. The strikingly divergent receptor affinities
of these two classes of anti-psychotics are remarkable, con-
sidering the fact that both anti-psychotics are used, based
primarily on anecdotal evidence, in widely varying rates
around the world for treatment of delirium.

Haloperidol is administered intravenously or intramuscu-
larly in the critical care setting [86]. Both methods have high
bioavailability (~100%). Haloperidol is extensively protein-
bound (free fraction in human plasma, 7.5-11.6%) and rapidly
distributed throughout the body (V4 9.5-21.7 L/kg). The mean
half-life of haloperidol is 21 hours. It is extensively metabo-
lized by the liver, with only 1% excreted unchanged in urine.
Both CYP3A4 and CYP2D6 hepatic enzymes have been
implicated in haloperidol metabolism. Haloperidol metabo-
lism can be affected by other drugs extensively metabolized
by CYP3 A4, such as carbamazepine, phenobarbital, rifampin,
and quinidine [86], although these medications are not typi-
cally used in the critical care setting.

Haloperidol and Delirium

Haloperidol began to gain popularity for use in the intensive
care setting in the early 1990s when Riker et al. [87] demon-
strated that continuous infusion of haloperidol could success-
fully treat agitation while reducing requirements for sedatives
and nursing attention. The evidence for haloperidol became
stronger in 2005, when Milbrandt et al. [73] published a
retrospective cohort analysis of 989 patients, which found that
mechanically ventilated patients who received haloperidol
had significantly lower hospital mortality compared with
those who never received haloperidol (p=0.004), suggesting
a survival benefit. Another study by Kalisvaart et al. [72]
tested the efficacy of low-dose haloperidol in elderly hip
surgery patients that were at risk for delirium. This study
found no efficacy in reducing the prevalence of postop-
erative delirium, but it did demonstrate a positive effect
on the duration and severity of delirium, with reduction
in the mean number of hospital days (p=0.001).
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Most recently, Wang et al. [88] tested whether low-dose
prophylactic intravenous administration of haloperidol
could reduce the incidence of postoperative delirium. Four
hundred fifty-seven patients admitted to the ICU after non-
cardiac surgery were included in this randomized, double-
blind, placebo-controlled trial and followed for 7 days after
surgery. The incidence of postoperative delirium in the
haloperidol group was 15.3% compared to 23.2% in the
control group (»p=0.031). The intervention was well-
tolerated, as no drug-related side effects were reported.

Atypical Anti-Psychotics

Beginning in 2004, a number of trials were published com-
paring the safety and efficacy of atypical anti-psychotics to
haloperidol. The logic was simple: atypical anti-psychotics
may be as efficacious for delirium and were associated with
less EPS or side effects compared with haloperidol and other
neuroleptic anti-psychotics [75, 76]. Skrobik et al. [89]
demonstrated that olanzapine was a safe alternative to hal-
operidol for delirious patients in the ICU with similar clin-
ical improvement and less EPS. Similar results have been
demonstrated in smaller, non-placebo-controlled studies
with amisulpride [90], quetiapine [90, 91], and risperidone
[92, 93]. Recently, a prospective, single-blind, randomized
controlled trial compared the efficacy and safety of haloperi-
dol, olanzapine, and risperidone in the treatment of delirium
with 20 to 23 patients in each arm of the study [94]. It showed
that risperidone and olanzapine were as efficacious as halo-
peridol, with significant improvement in DRS-R98 severity
scores and lower mini-mental status exam (MMSE) scores in
all three groups. No difference was found between the three
groups in terms of delirium reduction or side effects.

In 2010, two prospective, multicenter, randomized,
double-blind, placebo-controlled pilot studies were pub-
lished that laid the groundwork for future work. In a pilot
study of 36 ICU patients, Devlin et al. [95] demonstrated
that quetiapine added to haloperidol, administered as need-
ed, resulted in a reduced duration of delirium (p=0.006),
less agitation, and greater rate of transfer to home or reha-
bilitation. Patients treated with quetiapine also required few-
er days of haloperidol as needed (p=0.05). Another pilot
study, published by Girard et al. [96] called Modifying the
Incidence of Delirium (MIND) trial, sought to demonstrate
the feasibility of conducting a placebo-controlled trial with
both haloperidol and ziprasidone as the prophylaxis/treat-
ment of ICU delirium. Although the trial was designed to
mainly demonstrate feasibility and not powered for efficacy,
it laid the groundwork for a future phase 111 trial to compare
anti-psychotics versus a placebo for ICU delirium, a trial
now funded by the National Institutes of Health and cur-
rently underway.

Safety Profile of Anti-Psychotics

In early studies, the adverse effects of haloperidol appeared
to exceed those of atypical anti-psychotics [97, 98], but
recent data on the adverse effects of both typical and atyp-
ical anti-psychotics, such as EPS, akathisia, neuroleptic
malignant syndrome, tardive dyskinesia, glucose and cho-
lesterol abnormalities, cardiac dysrhythmias, and venous
thromboembolism, suggest the varying side effects of these
medications counterbalance one another [99—-108]. In gen-
eral, the safety profiles of typical and atypical anti-
psychotics for older patients (especially the demented elder-
ly) have been called into question, regardless of class
[108-115].

Anti-psychotics pose a “cross-class” risk of torsades de
pointes mediated by the prolongation of the corrected QT
(QTc) interval of some patients [102, 116—123]. Recent
reports of sudden cardiac death [92, 102, 110—114] under-
score the need to conduct further placebo-controlled clinical
trials, because these agents are being used rampantly in the
ICU [69, 70]. Haloperidol has the lowest ratio of cardiac
death among typical and atypical agents [121, 124].

Future Directions Related to Anti-Psychotics and Delirium

In the future, it is imperative that the safety and efficacy of
both haloperidol and the atypical anti-psychotics be deter-
mined in a placebo-controlled prospective trial. Justification
for a placebo-controlled design rests on 4 distinct and firm
issues. First, most delirium patients in the ICU can be
described as the hypoactive subtype (especially in older
patients), which goes unrecognized and thus untreated
65% to 75% of the time in standard practice [13, 125]. Even
though delirium monitoring rates in the ICU are 33% and
rising [69, 70], most delirium in critically ill patients is not
recognized or treated, functionally receiving “placebo” in
practice. Second, there are no approved medications by the
FDA for the treatment of delirium. Other than the pilot trials
previously mentioned [95, 96], there are no placebo-
controlled trials of any medications to treat delirium in these
high-risk patients (e.g., older medical/surgical ICU
patients). Third, it is possible that typical and atypical anti-
psychotics could induce harm. Thus, they must be compared
to a placebo, lest we persist in ignorance regarding a funda-
mental piece of medical knowledge. Fourth, and perhaps
most importantly, the definitive study must include a place-
bo comparison to account for spontaneous improvements in
delirium.

Alpha-2 Agonists: Clonidine and Dexmedetomidine

Increasingly, the sedatives and hypnotics most commonly
used in the ICU have demonstrated potentially deliriogenic
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effects. As a result, there has been great interest in finding
alternative means for sedation and analgesia, and the alpha-
2 agonists have shown great promise as a safe pharmaco-
therapeutic approach. Clonidine has been used for more than
35 years to treat hypertension and withdrawal from alcohol,
cocaine, and opioids. Dexmedetomidine is a relatively new
alpha-2 agonist that was approved by the FDA in 1999. We
will review the pharmacology of these drugs, as well as the
growing body of evidence that dexmedetomidine may be a
safe and efficacious complement to other sedatives and
hypnotics while reducing the incidence and duration of
delirium.

Pharmacology of Alpha-2 Agonists

Gregoretti et al. [126] describes the alpha-2 receptor as “the
body’s most important presynaptic receptor.” This presyn-
aptic activation results in reduced norepinephrine release,
inducing sympatholysis [127]. The alpha-2 adrenergic re-
ceptor differs in its pharmacological properties compared to
the other adrenergic receptors (alpha-1, beta-1, beta-2). The
alpha-2 receptor can be further broken into 3 subtypes: 1)
alpha-2a, 2) alpha-2b, and 3) alpha-2c (and these subtypes
help explain the different downstream effects). Alpha-2a
agonism has been associated with sympatholysis, hypnosis,
sedation, analgesia, and general neuroprotective effects
[127, 128]. Alpha-2 receptors demonstrate greatest density
in the locus ceruleus, as well as the intermediolateral cell
column and substantia gelatinosa of the spinal cord. Alpha-
2b agonism promotes analgesic effects in the spinal cord, as
well as central shivering, whereas alpha-2c has been impli-
cated in post-traumatic stress disorder and physiologic drug
withdrawal response [129]. The alpha-2 receptors are G-
protein coupled receptors that modulate transmembrane
ion channel activity. The differing pharmacodynamic effects
of the alpha-2 receptors, therefore, have been attributed to
their differing receptor subtypes, various effector mecha-
nisms, and locations within the brain and other organs.
The neurospecificity of dexmedetomidine for the alpha-
2 receptor is greater than that of clonidine, with a
1620:1 alpha-2/alpha-1 binding ratio [127]. Both cloni-
dine and dexmedetomidine include an imidazole ring
moiety that interacts with imidazole receptors in the
ventrolateral medulla. This may explain the resulting
reduced central adrenergic activity, vasodilatory changes,
and bradycardia [126].

Dexmedetomidine has a quick intravenous onset of action
of approximately 15 minutes, with peak concentrations within
1 h of starting continuous infusion [127]. The drug is highly
bound to protein in the serum, 6% free fraction, with steady
state volume of distribution V4 1.33 L/kg. It is hepatically
cleared via glucoronide conjugation and the Cytochrome
P450 pathway.
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Dexmedetomidine is an effective hypnotic, sedative, and
analgesic agent with minimal respiratory depression. It is
unique in that it exhibits “cooperative sedation,” allowing
arousal while maintaining deep levels of sedation [127]. In
addition to protective respiratory effects, dexmedetomidine
seems to mimic natural sleep better than the gamma-amino
butyric acid (GABA)-ergic agents. This is attributed to its
effect in the locus ceruleus where stimulation of alpha-2
receptors leads to inhibition of noradrenergic neurons and
disinhibition of GABA-ergic neurons in the ventrolateral
preoptic nucleus [130]. Finally, dexmedetomidine may have
cardioprotective and neuroprotective effects (through de-
creased cerebral blood flow) [131], particularly in the peri-
operative setting, although at this point the various effects of
dexmedetomidine through alpha-2 agonism remain poorly
understood and require further elucidation.

For the last decade, dexmedetomidine has emerged as a
sedative-analgesic agent that may potentially reduce the rate
of delirium in the critical care setting. Recent clinical trials
have compared this newer medication to those currently
used as mainstays in the ICU with promising results. Our
present analysis focuses on dexmedetomidine rather than
clonidine, given that more clinical data is available on
dexmedetomidine. However, we recognize that there is in-
terest across the world in the use of clonidine in the peri-
operative and critical care setting [126].

In 2007, Pandharipande et al. [18] published the Maxi-
mizing Efficacy of Targeted Sedation and Reducing Neuro-
logical Dysfunction (MENDS) randomized controlled trial
comparing dexmedetomidine with lorazepam for sedation
greater than 24 h (the original amount of time [24 h] as
indicated for dexmedetomidine approved by the FDA).
There were 106 mechanically ventilated patients who were
enrolled in the investigation, and target sedation was
achieved using the RASS and CAM-ICU. This was the first
randomized controlled trial to show that acute brain dys-
function could be reduced through the choice of a sedative.
Sedation with dexmedetomidine resulted in more days alive
without delirium or coma (p=0.01) and lower prevalence of
coma (p<0.001) than sedation with lorazepam. A subgroup
analysis of the database from the study, which was planned
a priori, demonstrated that sedation with dexmedetomidine
reduced the daily risk of delirium as well (p=0.02) [132]
(Fig. 1a), and this effect was most prominent in patients with
severe sepsis.

The Safety and Efficacy of Dexmedetomidine Compared
with Midazolam (SEDCOM) trial [55] compared dexmedeto-
midine to midazolam, a commonly used short-acting benzodi-
azepine. This study enrolled 375 mechanically ventilated
patients at 68 centers. The primary endpoint was percentage
of time within the target RASS range, and no difference was
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Fig. 1 (a) A4 priori subgroup analysis of the Maximizing Efficacy of
Targeted Sedation and Reducing Neurological Dysfunction (MENDS)
randomized controlled trial. Compared to sedation with lorazepam,
sedation with dexmedetomidine resulted in a markedly reduced daily
risk of delirium (»p=0.02). As noted in this article, this relationship was
even more pronounced in patients with severe sepsis. Note that both
groups start with 60% prevalence of delirium in keeping with most
cohorts of mechanically ventilated patients, and then there is a large
difference in delirium prevalence throughout the remainder of the
study period. Adapted from Pandharipande, et al. [132]. (b) In the
Safety and Efficacy of Dexmedetomidine Compared with Midazolam
(SEDCOM) trial comparing dexmedetomidine to midazolam for seda-
tion of mechanically ventilated patients, the prevalence of delirium in
dexmedetomidine-treated patients was significantly less than
midazolam-treated patients (54% vs 76.6%; p<0.001). As in (a), both
groups started with 60% prevalence of delirium and then showed a
large difference in delirium prevalence throughout next week. These
(a) and (b) pose the unanswered question as to whether or not it is the
avoidance of a gamma-amino butyric acid (GABA)-agonist or the
receipt of an alpha-2 agonist that resulted in such marked delirium
reduction. Adapted from Riker, et al. [55]

observed, again supporting that in a very sick population of
mechanically ventilated patients, dexmedetomidine was as
effective as traditional approaches at hitting target sedation
goals. Perhaps the most interesting finding of the double-
blinded SEDCOM study was that the prevalence of delirium
in dexmedetomidine-treated patients (while starting balanced
at enrollment rates of 60%) was significantly lower within
1 day than in those treated with midazolam (54% vs 76.6%;
p<0.001) (Fig. 1b), and this relationship was consistent
throughout a week of study drug administration. These 2
figures (la and 1b) pose the question, as yet unanswered, as
to whether or not it is the avoidance of a GABA-agonist or the
receipt of an alpha-2 agonist that resulted in such marked

delirium reduction. From a safety perspective, the risk:benefit
ratio is important to consider, and this is informed by the fact
that those treated with dexmedetomidine were more likely to
develop bradycardia (p<0.001), although the number requir-
ing treatment for bradycardia was not significant.

The DEXCOM study by Shehabi et al. [133] compared
dexmedetomidine with morphine-based therapy in 306
patients after cardiac surgery. The primary outcome of the
study was prevalence of delirium measured via the CAM-
ICU. Although the incidence of delirium between the 2
groups was not statistically significant, the duration of de-
lirium was 3 days fewer in those receiving dexmedetomi-
dine versus morphine (p=0.0317). Dexmedetomidine-
treated patients also experienced less hypotension, required
less epinephrine, and were more likely to be extubated
earlier. Again, the incidence of bradycardia in those receiv-
ing dexmedetomidine was higher than those receiving mor-
phine (»p=0.006).

Ruokonen et al. [134] compared dexmedetomidine with
the standard care of propofol or midazolam for long-term
sedation during mechanical ventilation. This was done with
a noninferiority, double-blind, multicenter study of 85
patients in medical and surgical ICUs expected to have
ICU stays greater than 48 h and requiring sedation for
greater than 24 h. Dexmedetomidine was found to be com-
parable to standard care for light sedation, and possibly less
suited for patients requiring deeper sedation. Post hoc anal-
yses suggested shorter duration of mechanical ventilation in
those receiving dexmedetomidine (p=0.025). Overall,
dexmedetomidine-treated patients were more communicable
and more arousable, which reflects on an underappreciated
aspect of patient care that ought to be more commonly
discussed and focused on when studying different sedation
regimens and approaches.

The Acute Neurological ICU Sedation Trial (ANIST)
by Mirski et al. [135] compared the use of dexmedeto-
midine and propofol in sedating patients without com-
promising arousal or cognition. This small, randomized,
double-blind trial included both brain-injured and non-
brain-injured intubated patients. Use of dexmedetomidine
was associated with improved Adapted Cognitive Exam
scores compared with propofol by 19.2 points (p<0.001),
supporting that dexmedetomidine may allow for improved
mental engagement (as seen in Ruokonen et al.’s [134] study
mentioned previously).

Finally, 1 small open-label trial by Reade et al. [136]
compared dexmedetomidine with haloperidol for the treat-
ment of agitated/hyperactive delirium while facilitating
extubation. Dexmedetomidine was found to significantly
shorten the median time to extubation (p=0.016), decrease
ICU length of stay (p=0.004), and reduce by half the pro-
portion of time patients required propofol while intubated
(p=0.05).
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After reviewing the results of randomized clinical trials
(2 alone of which were from the Journal of the American
Medical Association, which included nearly 500 patients),
the question remains: What is the best explanation of why
dexmedetomidine was found associated with improved or
reduced delirium rates and increased the days free of acute
brain dysfunction? Also, in what manner should these
results contribute to a change in clinical practice? Perhaps
the difference in rates of delirium were due merely to
intensivists achieving sedation goals with dexmedetomidine
better than in the past rather than the choice of agent. This
theory will be better understood as data on propofol and
delirium become available. In the meantime, 2 other theories
possibly explain these findings. First, perhaps it was the
avoidance of more deliriogenic agents, such as benzodiaze-
pines and opioids that resulted in reduced delirium rates
with dexmedetomidine rather than a protective effect of
dexmedetomidine against delirium. An alternative hypothe-
sis was that sedation with dexmedetomidine results in more
natural sleep physiology compared to GABA-ergic agents.
Sleep deprivation, which is common in the ICU setting, has
been associated with delirium and similar clinical manifes-
tations [137, 138]. In addition, the action of dexmedetomi-
dine in promoting its sedative effect has been linked to
sleep-promoting neural pathways [139]. Clearly much work
remains to be done in better understanding these underlying
mechanisms and clinical outcomes.

Safety Profiles Related to Dexmedetomidine and Clonidine

The widespread use of clonidine as an anti-hypertensive is
limited by its well-known propensity to cause rebound hy-
pertension and agitation. Cessation of dexmedetomidine
does not appear to be associated with rebound withdrawal;
nevertheless, it was initially approved by the FDA for short-
term use (<24 h) due to the concern for rebound effects. As
previously noted in multiple trials, dexmedetomidine is
known to cause hypotension and bradycardia in some
patients. Dexmedetomidine should be used with caution in
patients with a history of cardiac disease, overt congestive
heart failure, advanced liver disease, or patients on sympa-
tholytic or cholinergic agents [127]. More studies are need-
ed to further characterize the risk factors for developing
bradycardia in patients receiving dexmedetomidine to guide
clinical decision-making.

The duration and dose of dexmedetomidine, as well as
the safety profile, must be considered. First of all, the FDA
package for this medication is limited by data derived from
24-h administration studies that only included a limited
dose. In the recent ICU studies, this dose and duration were
increased in conjunction with FDA oversight (maximum
dose doubled and duration not limited to 24 h, but more
realistically up to 5 days in 1 study or for the duration of

@ Springer

mechanical ventilation in another) [18, 55]. Those doses
showed no new toxicities or safety concerns, but confirmed
the risk of bradycardia, which was a significant finding in
both the Maximizing Efficacy of Targeted Sedation and
Reducing Neurological Dysfunction (MENDS) and the
SEDCOM studies. In general, when a patient develops
clinically significant bradycardia while on dexmedetomi-
dine, the drug should be stopped, and its short half-life
usually renders the bradycardia short-lived. Sometimes we
restart the drug at a lower dose or abandon its use in the
patient altogether.

Conclusions Related to Alpha-2 Agonists

There is mounting evidence that dexmedetomidine may be
an acceptable alternative to opioids and GABA-ergic med-
ications in addressing the sedative, analgesic, and hypnotic
needs of critically ill patients in the ICU. One benefit of
dexmedetomidine is the lack of respiratory depression, even
at high doses. Bradycardia and hypotension are the two side
effects that must be considered.

Costs associated with the ICU can be significant and
should be considered in the management of delirium and
choice of sedation. When studies have matched dexmedeto-
midine to other sedative agents and compared length of ICU
stay, costs of mechanical ventilation, and drug acquisition
costs, dexmedetomidine was not found to be associated with
significantly increased total cost [18], and in one study it
was associated with decreased total ICU costs when used for
long-term sedation compared with midazolam [140].

It must be emphasized, we are not suggesting that dex-
medetomidine is the solution for all patients in the ICU, or
that dexmedetomidine is a “better” drug than any others
used in the ICU setting. Rather, alpha-2 agonists, such as
dexmedetomidine may play a complementary role as part of
a comprehensive strategy to address the complex needs of
the critically ill patient. This is particularly true for patients
in whom opioids and benzodiazepines may present addi-
tional risk factors for the development or exacerbation of
delirium [21, 31, 141].

Other Pharmacological Treatments for Delirium

Other pharmacological strategies to addressing delirium
have shown no advantage to date. Of particular disappoint-
ment are the acetylcholinesterase inhibitors, such as
donezepil and rivastigmine [142]. This theory was under-
standably based on the popular cholinergic hypothesis of
delirium and the observation that anticholinergic medica-
tions can readily worsen the delirious patient. Unfortunately,
these medications, which have some usefulness in the treat-
ment of dementia, have not panned out for the delirious
elderly. In 2010, van Eijk et al. [143], in a multicenter,
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double-blind, placebo-controlled randomized trial, it was
demonstrated that rivastigmine added to usual care with
haloperidol did not decrease duration of delirium. In fact,
the trial was stopped early due to futility and the concern of
increased duration of delirium (p=0.06) and increased mor-
tality (p=0.07) in the rivastigmine intervention group.

Intriguingly, statins have been suggested as a poten-
tial new therapeutic in the treatment of delirium [144].
This hypothesis is based on the observation that deliri-
um is associated with a proinflammatory state resulting
in microglia activation, ischemic/hemorrhagic lesions,
neuronal apoptosis, and interruption of the blood-brain
barrier [144]. Statins have been shown in mice models
to favor a switch toward an anti-inflammatory pheno-
type that may encourage neuronal healing rather than
damage [145, 146], and thereby decrease the long-term
effects of cognitive dysfunction. This observation corre-
lates with clinical observations by Katznelson et al.
[147] that preoperative use of statins in cardiac surgery
patients was associated with a protective effect against
delirium, reducing the odds of delirium by as much as
46%. Considerable further research remains to be done;
nevertheless, this represents the need to understand
how clinical observations correlate with basic science
research so that novel therapeutic strategies can be
developed.

Nonpharmacological Treatment of Delirium

Understanding the role of drugs, such as the anti-psychotics
(both haloperidol and the atypicals) and the alpha-2 ago-
nists, such as dexmedetomidine, is key to developing a
comprehensive strategy to preventing, reducing severity,
and decreasing the duration of delirium whenever possible.
The role of pharmacotherapy must be part of a broader
strategy to accomplish this goal. Therefore, developing an
evidence-based approach that includes both pharmacologi-
cal and nonpharmacological strategies will be critical to
addressing this multifactorial syndrome.

A number of multicomponent programs for addressing
delirium in settings other than the ICU have shown prom-
ise. For instance, the Hospital Elder Life Program [148]
trained interdisciplinary teams to recognize 6 delirium
factors: 1) orientation, 2) therapeutic activities, 3) early
mobilization, 4) vision/hearing optimization, 5) oral vol-
ume repletion, and 6) sleep enhancement. This program
has been implemented in many centers with success in
improving quality of care for the elderly. Other interven-
tional programs that recognize and address the multifacto-
rial nature of delirium have shown similar success in
reducing delirium [149, 150].

Liberation and Animation: The ABCDEs of Critical Care

In the ICU, progress in decreasing prevalence and duration
of delirium has been linked to advances in sedation practices
and management of mechanical ventilation. In 2000, Kress
et al. [151] recognized the problems associated with contin-
uous sedation, such as longer duration of mechanical venti-
lation, longer stay in the ICU and hospital, and limited
physical and neurological examination. They proposed a
daily interruption of administering sedatives to allow the
patient to “wake up.” This “spontaneous awakening trial”
(SAT) strategy decreased duration of mechanical ventilation
by 2 days (»p=0.004) (Fig. 2a) and length of stay in the ICU
by 3.5 days without increasing long-term post-traumatic
stress symptoms, an early concern after publication [152].
In 1996, a similar methodology by Ely et al. [153] was
found to promote earlier discontinuation of mechanical ven-
tilation and decrease duration of mechanical ventilation by
instituting daily “spontaneous breathing trials” (SBTs), lead-
ing to a decrease in weaning time also by 2 days (p=0.003)
(Fig. 2b).

In 2008, the Awakening and Breathing Controlled (ABC)
trial [54], a multicenter, randomized controlled trial put
these 2 components of care together (SATs followed by
SBTs). The ABC trial demonstrated for the first time that a
protocol pairing nursing-delivered targeted sedation plus
SATs with respiratory therapy-delivered SBTs in mechani-
cally ventilated patients resulted in more days breathing
without assistance (p=0.02), a decrease in ICU stay by
4 days (p=0.01) (Fig. 3a), and earlier discharge from the
hospital also by 4 days (p=0.04) compared to SBT plus
usual care and similarly patient-targeted sedation without
daily mandated SATs. The only potential safety hazard
found was that there were more self-extubations in the
intervention group than in the control group (p=0.03), but
the number of patients requiring reintubation after self-
extubation was similar (0.47). Thus, the patients were right.
Remarkably, patients in the intervention group were 14%
less likely to die in the following year (p=0.01) (Fig. 3b),
and 1 life was saved for every 7 patients treated in the
intervention group (NNT=7.4), the first intervention study-
ing the removal of support, such as sedation and mechanical
ventilation to demonstrate a survival benefit.

Integrating all of these evidence-based approaches has
resulted in the proposed “Liberation and Animation” strate-
gy [154]. Liberation refers to reducing the harmful effects of
sedative exposure through the use of target-based sedation
protocols, SATs, and the proper choice of sedative, as well
as liberation from mechanical ventilation and the ICU. An-
imation refers to early mobilization, which was shown by
Schweickert et al. [155] to reduce delirium and improve
long-term cognitive outcomes. This strategy can be
achieved by implementing the ABCDE bundle [14, 15]: that
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Fig. 2 (a) Two investigations formed the basis for the Awakening and
Breathing Controlled (ABC) trial. The first step in modern “weaning”
programs is step A: spontaneous awakening trials (SATs), a daily
interruption of sedatives and narcotics, which in this investigation
reduced time on mechanical ventilation by 2 days. Adapted from Kress
JP, etal. [151]. (b) The second step in modern day “weaning” protocols
is step B: spontaneous breathing trials (SBTs), a daily interruption of
the provision of ventilator support, such as turning the settings to
continuous positive airway pressure (CPAP), was shown in this inves-
tigation to reduce time on mechanical ventilation by 2 days. Adapted
from Ely EW, et al. [153]

is, awakening and breathing trial coordination; choice of
sedatives and analgesics; daily delirium monitoring; and
early mobilization and exercise. Examples of analgesia and
sedation protocols that incorporate routine sedation and
delirium monitoring with responsible choice of sedatives
and analgesics are shown in Fig. 4 and on the ICU delirium
website (see: http://www.mc.vanderbilt.edu/icudelirium/
docs/WakeUpAndBreathe.pdf).

Long-Term Sequelae of Delirium

The presence of delirium, particularly in mechanically venti-
lated patients, has been associated with later development of
post-traumatic stress disorder [156, 157], long-term cognitive
impairment [7, 8], and increased mortality at 6 months [2]
after hospital stay. In 2010, Girard et al. [9] demonstrated in a
prospective cohort study that the duration of delirium, which
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Fig. 3 (a) The Awakening and Breathing Controlled (ABC) trial
reduced intensive care unit stay (not shown) and hospital length of
stay for mechanically ventilated patients by 4 days when daily spon-
taneous awakening trials (SATs) were paired with daily spontaneous
breathing trials (SBTs) compared to the control group with sedation per
usual care plus daily SBT. Adapted from Girard TD, et al. [54]. (b) The
ABC trial was the first randomized controlled trial of any “weaning”
component of critical care (i.e., the “back end of critical care”) to
demonstrate that pairing spontaneous awakening trials (SATs) with
spontaneous breathing trials (SBTs) increased survival, and the number
needed to treat to save 1 life was 7. Adapted from Girard TD, et al. [54]

is potentially modifiable, was independently associated with
long-term cognitive impairment (Fig. 5). The importance of
the duration of delirium has been subsequently confirmed in
studies by van den Boogaard et al. [10], Shehabi et al. [158],
and Pisani et al. [3]; these studies showed that the duration of
delirium was associated with increased 1-year mortality (haz-
ard ratio, 1.10; 95% confidence interval, 1.02—1.18). In clos-
ing, it is important to remember that the duration of delirium is
potentially a point of intervention. By implementing prudent,
evidence-based protocols that combine targeted pharmacolog-
ical strategies with daily awakening and breathing trials, crit-
ical care physicians and nurses may make a significant impact
on the quality of life for their patients after hospitalization.
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Fig. 4 Analgesia/sedation
protocol for mechanically
ventilated patients. This is an
example of an evidence-based
protocol that combines phar-
macological strategies with
spontaneous awakening and
breathing trials, and also
leads to a delirium protocol
(not shown). Adapted from:
http://www.mc.vanderbilt.
edu/icudelirium/docs/
Sedation_protocol.pdf
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Six Observations from an ICU Physician Following Her
ICU Delirium Episode

1. Get the patient out of bed. Tethers have always contrib-
uted to my delirium, be it monitors for the heart, mon-
itors for breathing and oxygen saturation, intravenously,
or a bladder catheter, it does not seem to matter. The
tethers are confining and remind me of how little control
I have over anything, even things as simple as bodily
functions. Getting me out of bed has always made me
feel like the team and I are working together, not against
each other. This simple action helps ground me in the
environment and helps my mind, which seems to work
overtime to understand the stimuli that bombard it.
Seeing people in their environments helps keep me from
connecting the dots in the wrong direction.

2. Methods to restrain patients, either using bindings or
drugs that slow the brain should only be used as a last
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Fig. 5 Delirium and long-term cognitive outcomes. These data show
that delirium duration was an independent predictor of neuropsycho-
logical function at 12 months, such that for every additional day of
delirium up to approximately 12 days, the cognitive function of this
cohort was worse when measured 1 year after ICU care (p=0.005).
Adapted from Girard TD, et al. [9]
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resort and the family should know about it. These are
dangerous treatments, with side effects ranging from
loss of feeling in the distribution of a nerve that lost
oxygen while being bound, to getting tangled in
restraints, to falls, and probably worst, paradoxical reac-
tions. For me, the intramuscular injection of an anti-
psychotic actually worsened my delirium, just as Ativan
(lorazepam) is known to do the same, often for elderly
patients. Physical restraints also provoke patients. Also
be aware of the effect of tethers on other usual practices.
Should a patient in 4-point restraints really be percussed
(bounced carelessly around a bed for 15 minutes), or are
there other alternatives that might have the same effect,
but improve delirium (like sitting in a chair)? The family
should request alternatives to drugs and restraints, and
set a schedule for a patient, including a nap time. Turn
lights on during the day and off at night. Set times for
physical therapy, times for eating, times for bathing, and
times for visiting, and stick with the schedule. Have
family members present to remind the patient not to
“pick” at their intravenous line or other monitors. Often
patients will be less paranoid with the family.

3. Do not deny the patient their experience. Do not treat
the patient as a child. As clinicians, we often work
overtime to convince the patient that whatever is being
seen is not there. When I have lost trust with the team
caring for me, their perpetual efforts to reground me was
“proof” that I could not trust anyone. This has not been
an unusual experience. The most helpful conversation I
have ever had was with a physician who acknowledged
that I was in a “dark™ place and that she did not “know
what that place was, but that it was a bad experience for
me.” Immediately, I believed she knew I was suffering
and that she would not do anything to make it worse. I
trusted this physician, and we had a longstanding rela-
tionship. But family members who are present and who
can talk with a patient in this same manner may be of
comfort to many.

4. Have more patience than the patient. Be compassionate
and don’t shout; not all delirious patients are hearing
impaired. We cannot expect when we confront patients
with delirium that the patient will have the same phys-
ical and emotional strength that we have as caregivers.
We should not blame patients for their behavior when
they do not have the cognitive processing available to
change their behavior. When we, as caregivers, are
confronted by the shouts of the patient, we should speak
with calm, quiet voices. Use a gentle touch, when pos-
sible. We should hold ourselves accountable to de-
escalate a situation.

5. Be aware of the long-term consequences of delirium. To
date, the visual hallucinations I have witnessed when
delirious are among the most prominent visual memories

@ Springer

within that “cache” of my brain. Post-traumatic stress
disorder is common among those who have experienced
delirium, and these patients should be offered counseling
services when it is appropriate. Because of the long-term
consequences of delirium, we should be cognizant of
patients with chronic illness who must return to the ICUs.
These patients may be hesitant to return to the hospital,
even if it is medically necessary, because they are afraid.
In the ICU, if a patient experienced delirium in the past, it
is very important to give notice to the care of patient by
minimizing drugs that contribute to delirium, and it is
important that these patients are surrounded by people
that do not threaten them.

6. Surround the patient with familiarity. Break visiting
hour rules to allow family to be with the patient. The
patient may feel like someone is there to help protect
them or speak out for them when they cannot. A famil-
iar schedule will help the patient become acclimated to
day and night, and also to what is to be expected.
Knowing what to expect gives some control back to a
vulnerable patient who feels like everything is happen-
ing in a haphazard fashion. Families who are in hospital
systems with limited visiting hours should ask that these
rules be broken during the period of time that the patient
is delirious.

(Personal communication from Alison Clay, MD,
Duke University.)

Conclusion

Delirium remains an important form of acute brain dysfunc-
tion that is under-recognized in ICUs around the world. Rec-
ognition of delirium has improved through the development
of arousal scales and ICU tools, such as the ICDSC and CAM-
ICU. Recognition of the underlying etiology and reduction of
risk factors for the development of delirium remain the first
step in management; the next step often is pharmacological
treatment. Haloperidol is a neuroleptic anti-psychotic widely
used in the treatment of delirium, although evidence for its use
is anecdotal and not yet truly proven with high levels of
scientific rigor. Atypical anti-psychotics gained popularity
due to their purported reduced association with EPS. Howev-
er, their risk of corrected QT (QTc) prolongation and arrhyth-
mia, along with metabolic disturbances, do not guarantee a
thoroughly safer profile than haloperidol, and randomized,
placebo-controlled trials are needed to definitively demon-
strate the safety and efficacy of typical and atypical anti-
psychotics. The alpha-2 agonists, such as dexmedetomidine,
have gained popularity in their use due to decreased respira-
tory suppression and recent trials demonstrating reduced de-
lirium prevalence as compared with GABA-ergic drugs (e.g.,
benzodiazepines). Patients receiving dexmedetomidine
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should be closely followed for bradycardia and hypotension.
The choice of pharmacotherapy should be understood as part
of a larger multicomponent approach to managing the criti-
cally ill patient. Future evidence-based strategies to minimize
duration of mechanical ventilation and duration of delirium,
while assuring patient comfort and safety, should be based on
spontaneous awakening and breathing trials, daily delirium
monitoring, and early mobilization (the ABCDE bundle).
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