REVIEWS

Aging Brain Center,

Institute for Aging
Research,

Hebrew SeniorLife,
Boston, MA, USA

(TG Fong, SR Tulebaev,
SK Inouye).

Correspondence:
TG Fong, Aging Brain
Center, Institute for
Aging Research,
Hebrew SeniorlLife,
1200 Center Street,
Boston, MA 02131,
USA

tfong@
bidmc.harvard.edu

Delirium in elderly adults: diagnosis, prevention
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Abstract | Delirium is a common and serious acute neuropsychiatric syndrome with core features of inattention
and global cognitive dysfunction. The etiologies of delirium are diverse and multifactorial and often reflect

the pathophysiological consequences of an acute medical iliness, medical complication or drug intoxication.
Delirium can have a widely variable presentation, and is often missed and underdiagnosed as a result. At
present, the diagnosis of delirium is clinically based and depends on the presence or absence of certain
features. Management strategies for delirium are focused on prevention and symptom management. This
article reviews current clinical practice in delirium in elderly individuals, including the diagnosis, treatment,
outcomes and economic impact of this syndrome. Areas of future research are also discussed.

Fong, T. G. et al. Nat. Rev. Neurol. 5, 210-220 (2009); doi:10.1038/nrneurol.2009.24

Medscape” Continuing Medical Education online

This activity has been planned and implemented in accordance
with the Essential Areas and policies of the Accreditation
Council for Continuing Medical Education (CME) through the joint
sponsorship of Medscape, LLC and Nature Publishing Group.

Medscape, LLC is accredited by the Accreditation Council for
Continuing Medical Education (ACCME) to provide continuing
medical education for physicians.

Medscape, LLC designates this educational activity for a maximum
of 1.0 AMA PRA Category 1 Credits™. Physicians should only claim
credit commensurate with the extent of their participation in the
activity. All other clinicians completing this activity will be issued
a certificate of participation. To participate in this journal CME
activity: (1) review the learning objectives and author disclosures;
(2) study the education content; (3) take the post-test and/or
complete the evaluation at http://cme.medscape.com/public/
naturereviews; and (4) view/print certificate.

Learning objectives

Upon completion of this activity, participants should be able to:

1 Define the term delirium.

2 Describe the prevalence of delirium in hospitalized elderly
patients.

3 Identify risk factors for delirium in the elderly.

4 Recognize neuroimaging findings seen in delirium.

5 Describe ways to prevent delirium in the hospital.

Introduction

Delirium is a common clinical syndrome characterized
by inattention and acute cognitive dysfunction. The word
‘delirium’ was first used as a medical term as early as the
first century AD to describe mental disorders occurring
during fever or head trauma.' A diverse range of terms
has since emerged to describe delirium, including ‘acute
confusional state; ‘acute brain syndrome’, ‘acute cerebral
insufficiency’ and ‘toxic-metabolic enkephalopathy’, but
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‘delirium’ should still be used as the standard term for
this syndrome.? Over time, the term delirium has evolved
to describe a transient, reversible syndrome that is acute
and fluctuating, and which occurs in the setting of a
medical condition.

Clinical experience and recent research have shown
that delirium can become chronic or result in perma-
nent sequelae. In elderly individuals, delirium can initiate
or otherwise be a key component in a cascade of events
that lead to a downward spiral of functional decline, loss
of independence, institutionalization, and, ultimately,
death. Delirium affects an estimated 14-56% of all hos-
pitalized elderly patients. Atleast 20% of the 12.5 million
patients over 65 years of age hospitalized each year in
the US experience complications during hospitalization
because of delirium.*

The aims of this report are to review the current clini-
cal practice in delirium, focusing particularly on elderly
individuals. The topics covered include epidemiology,
clinical features, differential diagnosis, treatment, preven-
tion and outcome. The economic impact of delirium is
discussed. Potential pathological mechanisms, including
evidence from neuroimaging studies, are also examined.
Finally, future avenues of research are highlighted.

Epidemiology

The overall prevalence of delirium in the community is
just 1-2%, but in the setting of general hospital admis-
sion this increases to 14-24%. The incidence of delirium
arising during a hospital stay ranges from 6% to as high
as 56%,° and this incidence is even higher when more-
specialized populations are considered, including those
in postoperative, intensive-care, subacute and palliative-
care settings.”” Postoperative delirium occurs in 15-53%
of surgical patients over the age of 65 years,' and among
elderly patients admitted to an intensive care unit (ICU)
the delirium incidence can reach 70-87%."
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The etiologies of delirium are diverse and multi-
factorial, and they often reflect the pathophysiological
consequences of an acute medical illness, drug effect or
complication. Furthermore, delirium develops through a
complex interaction between different risk factors (Box 1).
The development of delirium frequently depends on a
combination of predisposing, nonmodifiable factors—
such as baseline dementia or serious medical illness—and
precipitating, often modifiable factors—such as taking
of sedative medications, infections, abnormal laboratory
test results, or surgery. Among elderly patients, one of
the most prominent risk factors for delirium is demen-
tia, with two-thirds of all cases of delirium in this age-
group occurring in patients with dementia. Studies have
shown that delirium and dementia are both associated
with decreased cerebral blood flow or metabolism,'>"?
cholinergic deficiency,'* and inflammation, and these
similar etiologies might explain the close relationship
between these two conditions.'®

Pathophysiology

The pathophysiology of delirium is not fully understood,
and the condition might arise through a variety of dif-
ferent pathogenic mechanisms. Current evidence sug-
gests that drug toxicity, inflammation and acute stress
responses can all contribute markedly to disruption of
neurotransmission, and, ultimately, to the development
of delirium (Figure 1).

Neurotransmission

The cholinergic system has a key role in cognition and
attention, and it is not surprising, therefore, that there
is extensive evidence to support a role for cholinergic
deficiency in delirium." Anticholinergic drugs can
induce delirium and often contribute substantially to
the delirium seen in hospitalized patients.'® Increasing
acetylcholine levels by use of cholinesterase inhibi-
tors such as physostigmine has been shown to reverse
delirium associated with anticholinergic drugs.'”-*
Serum anticholinergic activity, which reflects anti-
cholinergic influences of both endogenous and exo-
genous drugs and their metabolites, has been shown in
some studies to be increased in patients with delirium
and to decline with the resolution of delirium.?-?? By
contrast, other studies did not find a clear association
between serum anticholinergic activity and delirium,*
but this might be because serum anticholinergic activity
does not accurately reflect central cholinergic function.
Other neurotransmitter abnormalities that are associ-
ated with delirium include elevated brain dopaminergic
function, and a relative imbalance between the dopa-
minergic and cholinergic systems.”” The use of anti-
parkinsonian drugs can cause delirium, and dopamine
antagonists such as haloperidol are effective at control-
ling the symptoms of delirium.* The neurotransmitters
glutamate, y-aminobutyric acid, 5-hydroxytryptamine
(5-HT) and norepinephrine are also hypothesized to be
linked to delirium.”
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Key points

= Delirium is a frequent cause and a serious complication of hospitalization and
has important implications from both a functional and an economic standpoint

= Delirium is potentially preventable and treatable, but major barriers, including
underrecognition of the syndrome and poor understanding of the underlying
pathophysiology, have hampered the development of successful therapies

= Neuroimaging has identified structural changes, including cortical atrophy,
ventricular dilatation and white matter lesions, to be predictors of delirium

= Current evidence suggests that disruption of neurotransmission, inflammation or
acute stress responses might contribute markedly to the development of delirium

= Delirium is not always transient and reversible, and it can result in long-term
cognitive changes

Box 1 | Risk factors for delirium

Development of delirium depends on a complex interaction of multiple risk
factors. Some of these factors are modifiable and are potential targets for
prevention. Among elderly patients, dementia is the most prominent risk factor,
being present in up to two-thirds of all cases of delirium.

Potentially modifiable risk factors
= Sensory impairment (hearing or vision)

= Immobilization (catheters or restraints)

= Medications (for example, sedative hypnotics, narcotics, anticholinergic drugs,
corticosteroids, polypharmacy, withdrawal of alcohol or other drugs)

= Acute neurological diseases (for example, acute stroke [usually right parietal],
intracranial hemorrhage, meningitis, enkephalitis)

= Intercurrent iliness (for example, infections, iatrogenic complications, severe
acute illness, anemia, dehydration, poor nutritional status, fracture or trauma,
HIV infection)

= Metabolic derangement

= Surgery

= Environment (for example, admission to an intensive care unit)
= Pain

= Emotional distress

= Sustained sleep deprivation

Nonmaodifiable risk factors

= Dementia or cognitive impairment

= Advancing age (>65 years)

= History of delirium, stroke, neurological disease, falls or gait disorder
= Multiple comorbidities

= Male sex

= Chronic renal or hepatic disease

Inflammation

Increasing experimental and clinical evidence is avail-
able to suggest that trauma, infection or surgery can
lead to increased production of proinflammatory cyto-
kines,?® which might, in susceptible individuals, induce
delirium.? Peripherally secreted cytokines can provoke
exaggerated responses from microglia, thereby causing
severe inflammation in the brain.*® Proinflammatory
cytokines can substantially affect the synthesis or release
of acetylcholine, dopamine, norepinephrine and 5-HT,
thereby disrupting neuronal communication,* and they
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Figure 1 | Relationships between various etiological factors in delirium. Systemic
inflammation can be the result of systemic infection, trauma or surgery.
Neurotransmitters with possible roles in delirium include acetylcholine, dopamine,
5-hydroxytryptamine, norepinephrine, glutamate and y-aminobutyric acid.

can also impart a direct neurotoxic effect.? Furthermore,
proinflammatory cytokine levels have been shown to be
elevated in patients with delirium.**-** The presence of
low-grade inflammation associated with chronic neuro-
degenerative changes in the brains of patients with
dementia might explain why these individuals are at an
increased risk of delirium.

Acute stress response

High levels of cortisol associated with acute stress
have been hypothesized to precipitate and/or sustain
delirium.* Steroids can cause impairment in cognitive
function (steroid psychosis), although not all patients
treated with high-dose steroids will develop this con-
dition. In elderly patients, feedback regulation of cor-
tisol might be impaired, resulting in higher levels of
baseline cortisol and thereby predisposing this popula-
tion to delirium. A number of studies have identified
elevated levels of cortisol in patients who developed
postoperative delirium.*”* Other studies have found
abnormal suppression in the dexamethasone suppres-
sion test—a result that indicates impaired cortisol regula-
tion, leading to increased levels of cortisol—in patients
with delirium.**! The role of cortisol in delirium merits
further investigation.?

Neuronal injury

Delirium associated with direct neuronal injury can be
caused by a variety of metabolic or ischemic insults to the
brain. Hypoxemia, hypoglycemia and various metabolic
derangements can cause energy deprivation, which leads
to impaired synthesis and release of neurotransmitters,
as well as impaired propagation of nerve impulses across
neural networks involved in attention and cognition.*

Neuroimaging findings

Neuroimaging has contributed to our understanding of
the underlying pathophysiology of delirium.* In elderly
patients with delirium attributable to various etiologies,
imaging has revealed marked cortical atrophy in the pre-
frontal cortex, temporoparietal cortex, and fusiform and
lingual gyri in the nondominant hemisphere, and atrophy
of deep structures, including the thalamus and basal
ganglia. Other features that are observed include ventric-
ular dilatation, white matter changes, and basal ganglia
lesions.* These imaging changes probably reflect a state
of increased vulnerability of the brain to any insult, with
an increased predisposition towards the development of
delirium. Another study, however, failed to uncover any
significant structural differences on CT scans between
patients with and those without delirium.*

To date, relatively few studies have used functional
imaging to study brain changes in delirium. One pro-
spective study of hospitalized patients with delirium
of various etiologies used single-photon emission CT
(SPECT) imaging, and found frontal and parietal hypo-
perfusion in half of the patients.!? Other studies that
made use of SPECT imaging, mostly in patients with
hepatic encephalopathy (a form of delirium caused by
liver failure), revealed various hypoperfusion patterns,
including involvement of the thalamus, basal ganglia,
occipital lobes and anterior cingulate gyrus.**” The
perfusion patterns reported were inconsistent, although
some of the studies were statistically underpowered. In a
single study with xenon-enhanced CT, global perfusion
was decreased during delirium." If this finding can be
replicated, it would suggest that delirium might result
from brain dysfunction across multiple regions.

Rapid advances in neuroimaging technology offer the
exciting prospect of applying new methods to elucidate
the mechanisms of delirium. These methods include
MRI with volumetric analysis, which can be useful in the
estimation of the brain atrophy rate following delirium
or the determination of threshold atrophy levels that pre-
dispose individuals to delirium. Diffusion tensor imaging
and tractography can help to assess damage to fiber tracts
that connect different areas of the brain. Arterial spin
labeling perfusion measures blood flow and can be used
to assess both resting brain perfusion and response to
medications. MRI can also be employed to evaluate the
integrity of the blood-brain barrier and its role in the
development of delirium. Finally, the use of new tracers
in PET and SPECT imaging should aid the imaging of
cholinergic receptors and dopaminergic activity.**

Approach to patient evaluation

Clinical features

The clinical presentation of delirium is variable but can be
classified broadly into three subtypes—hypoactive, hyper-
active and mixed—on the basis of psychomotor behavior.*
Patients with hyperactive delirium demonstrate features
of restlessness, agitation and hypervigilance and often
experience hallucinations and delusions. By contrast,
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patients with hypoactive delirium present with lethargy
and sedation, respond slowly to questioning, and show
little spontaneous movement. The hypoactive form occurs
most frequently in elderly patients, and these patients are
frequently overlooked or misdiagnosed as having depres-
sion or a form of dementia. Patients with mixed delirium
demonstrate both hyperactive and hypoactive features. It
has been suggested that each delirium subtype can result
from a different pathophysiological mechanism, and that
each might carry a different prognosis.

Postoperative delirium can develop on the first or
second postoperative day, but the condition is often
hypoactive and might, therefore, go unnoticed. Delirium
can be difficult to recognize in the ICU, as standard
cognitive tests of attention often cannot be used in this
setting because patients are intubated and cannot answer
questions verbally. However, alternative strategies are
available for testing in this situation (see below).

Diagnostic criteria
The current standard for the diagnosis of delirium
appears in the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition, text revision (DSM-IV-TR;
American Psychiatric Publishing, Inc., Arlington, VA;
Box 2). The diagnosis of delirium is made on the basis
of clinical history, behavioral observation and cognitive
assessment. The history should confirm that an acute
change in baseline cognitive function has occurred. It
is important to ascertain the time course of the mental
status changes, as well as any history of intercurrent
illnesses, medication usage (including any changes in
medication and use of over-the-counter and herbal pro-
ducts), alcohol withdrawal, and changes in the environ-
ment. Conditions that mimic delirium (Table 1) should
be excluded. Attention can easily be measured at the
bedside with simple tests such as digit span or recitation
of the months of the year backwards. For patients in the
ICU who are unable to speak, assessment methods such
as the Intensive Care Delirium Screening Checklist or the
Confusion Assessment Method for the ICU, described
in further detail in Table 2, can be used. Patients with
delirium can also demonstrate nonspecific focal findings,
such as asterixis or tremor on neurological examination,
although the presence of any new neurological deficit,
particularly with accompanying focal neurological signs,
should raise suspicion of an acute cerebrovascular event
or subdural hematoma. In many elderly patients and in
individuals with cognitive impairment, delirium could
be the initial manifestation of a new serious disease.
Once a diagnosis of delirium has been established,
the potential cause—in particular, any life-threatening
contributors—must be determined. Delirium should be
considered to be a medical emergency until proven other-
wise; mortality rates for patients admitted to hospital with
delirium can range from 10% to 26%.*° Basic medical care,
including airway protection, assessment of vital signs, and
laboratory tests to exclude treatable conditions such as
infections, should be administered.

REVIEWS

Box 2 | Diagnostic criteria for delirium

The following criteria are derived from the Diagnostic and Statistical Manual
of Mental Disorders, 4th edn, text revision (DSM—IV—TR®; American Psychiatric
Publishing, Inc., Arlington, VA). All four criteria (A-D) are required to confirm a
diagnosis of delirium.

General diagnostic criteria

= (A) Disturbance of consciousness (that is, reduced clarity of awareness of the
environment) with reduced ability to focus, sustain, or shift attention

= (B) A change in cognition (such as memory deficit, disorientation, language
disturbance) or the development of a perceptual disturbance that is not better
accounted for by a pre-existing, established, or evolving dementia

= (C) The disturbance develops over a short period of time (usually hours to days)
and tends to fluctuate during the course of the day

For delirium due to a general medical condition

= (D) Evidence from the history, physical examination, or laboratory findings
indicates that the disturbance is caused by the direct physiological
consequences of a general medical condition

For substance intoxication delirium

= (D) Evidence from the history, physical examination, or laboratory findings
indicates that of either (1) the symptoms in Criteria A and B developed during
substance intoxication, or (2) medication use is etiologically related to the
disturbance

For substance withdrawal delirium

= (D) History, physical examination, or laboratory findings indicate that the
symptoms in Criteria A and B developed during, or shortly after, a withdrawal
syndrome

For delirium due to multiple etiologies

= (D) History, physical examination, or laboratory findings indicate that the
delirium has more than one etiology (for example, more than one etiological
general medical condition, a general medical condition plus substance
intoxication or medication side effect)

Neuroimaging is performed in selected patients to
exclude a focal structural abnormality, such as an acute
stroke, that might mimic delirium in its presentation.
However, the diagnostic yield of these scans can be quite
low. In one study, for example, the risk of finding a focal
lesion on neuroimaging was just 7% for patients who had
no focal neurological signs, and in the presence of fever,
dehydration and a history of dementia, the probability of
finding a focal lesion decreased to 2%.”!

Tools for evaluation

In view of the fact that cognitive impairment can be missed
during routine examination, a brief cognitive assessment
should be included in the physical examination of patients
at risk of delirium. A standardized tool, the Confusion
Assessment Method (CAM), provides a brief, validated
diagnostic algorithm that is currently in widespread use
for the identification of delirium.**** The CAM algorithm
relies on the presence of acute onset of symptoms and a
fluctuating course, inattention, and either disorganized
thinking or an altered level of consciousness. The algo-
rithm has a sensitivity of 94-100%, a specificity of 90-95%,
and high inter-rater reliability when administered by
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Table 1 | Differentiating features of conditions that mimic delirium

Feature

Condition

Delirium

Alzheimer disease

Psychotic disorders

Depression

Descriptive features
Onset

Course

Duration
Consciousness

Attention

Orientation
Speech
Thought

Illusions and
hallucinations

Perceptions
Psychomotor changes
Reversibility

EEG reading

Confusion and inattention

Acute

Fluctuating, often worse

at night

Hours to months
Altered

Impaired

Fluctuates
Incoherent
Disorganized

Common (often visual)

Altered
Yes
Usually

Moderate to severe

Memory loss
Insidious

Chronic, progressive
(but stable over the
course of a day)

Months to years
Normal

Normal, except in
late stages

Poor
Mild errors
Impoverished

Rare, except in
late stages

Altered or normal
No
Rarely

Normal or mild

Loss of contact with reality

Acute or slow

Chronic, with exacerbations

Months to years
Normal

May be impaired

Normal
Normal or pressured
Disorganized

Common

Altered
Yes
Rarely

Normal

Sadness, anhedonia
Slow

Single or recurrent
episodes; can be
chronic

Weeks to months
Normal

May be impaired

Normal
Normal or slow
Normal

Not usually

Normal
Yes
Possibly

Normal

background slowing

diffuse slowing

trained interviewers.*? In a recent meta-analysis in 1,071
patients, the CAM had a sensitivity of 94% and a speci-
ficity of 89%.>® The performance of the CAM might be
compromised, however, if it is used without formal cogni-
tive testing or by untrained interviewers. Once delirium
is identified, the Memorial Delirium Assessment Scale,
a 10-item rating scale, can be used to quantify delirium
severity.®* Other commonly used delirium screening
and severity measures are summarized in Table 2.

Management
Prevention strategies
An estimated 30-40% of cases of delirium are preventable,”
and prevention is the most effective strategy for mini-
mizing the occurrence of delirium and its adverse out-
comes. Drugs such as benzodiazepines or anticholinergics
and other known precipitants of delirium should gener-
ally be avoided. In addition, benzodiazepine or alcohol
withdrawal is a common preventable cause of delirium.
The Hospital Elder Life Program (HELP)* is an inno-
vative strategy of hospital care for elderly patients that
uses tested delirium prevention strategies to improve
overall quality of hospital care. This program includes
the following: maintaining orientation to surroundings;
meeting needs for nutrition, fluids and sleep; promoting
mobility within the limitations of physical condition; and
providing visual and hearing adaptations for patients with
sensory impairments. In a controlled trial that evaluated
HELP, delirium developed in 9.9% of the intervention
group, compared with 15.0% of the usual-care group
(matched odds ratio 0.60, 95% CI 0.39-0.92). The HELP
interventions can also effectively reduce the total number

of episodes and days of delirium in hospitalized elderly
individuals.’ Proactive geriatric consultation has been
found to reduce the risk of delirium following acute hip
fracture by 40%.>” Other controlled trials testing delirium
interventions found that multifactorial interventions or
educational strategies targeted towards health-care staff
can reduce delirium rates and/or duration.* A recent con-
trolled trial also found that home rehabilitation after acute
hospitalization in elderly individuals was associated with
a lower risk of delirium, and greater patient satisfaction,
when compared with the inpatient hospital setting.*®
Recent studies have examined the role of pharmaco-
logical strategies in delirium prophylaxis. Haloperidol
has been shown to reduce the incidence of delirium in a
small group of patients who underwent surgery.” This
reduction in incidence was not confirmed statistically in
a larger study,* but haloperidol did reduce the severity
and duration of delirium and length of hospital stay in
some patients without causing notable adverse effects.
Owing to methodological limitations and small sample
sizes, these results need to be confirmed before halo-
peridol can be recommended for routine prophylaxis.
The few randomized, controlled clinical trials of cho-
linesterase inhibitors that have been performed to date
have shown no benefit for these drugs in the prevention
of postoperative delirium, but these studies were small
and underpowered.®"%* Several case reports and one
open-label study have suggested promising results with
this approach,®-% but additional randomized, controlled
studies of cholinesterase inhibitors in acute medical and
critical care populations, as well as the use of these drugs
in combination with antipsychotics, are warranted before
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Table 2 | Tools for the assessment of delirium

Reference

Inouye et al. (1990)%?
Wei et al. (2008)>

Tool Description

CAM Most widely used screening test for the presence of delirium; a four-item instrument based on
DSM-IIIR delirium criteria, requires the presence of acute onset and fluctuating course,
inattention, and disorganized thinking or loss of consciousness

CAM-ICU Delirium is diagnosed when patients demonstrate an acute change in mental status or fluctuating
changes in mental status, inattention measured with either an auditory or a visual test, and either
disorganized thinking or an altered level of consciousness. Importantly, the CAM-ICU can only be
administered if the patient is arousable in response to a voice without the need for physical

stimulation

Ely et al. (2001)13
Ely et al. (2001)*4

DRS-R98 16-item scale, including 13 severity items and 3 diagnostic items. Severity scores range from O to
39, with higher scores indicating more-severe delirium; delirium typically involves scores >15

points

Trzepacz et al. (2001)1°

DSI A structured interview detects the presence or absence of seven DSM-II criteria for delirium; Albert et al. (1992)16
delirium is said to be present if disorientation, perceptual disturbance or disturbance of

consciousness have presented within the past 24 h

MDAS Measures delirium severity on a 10-item, four-point observer-rated scale with scores that range

from O to 30

Nine scaled items divided into three subscales: subscale I, information processing (score range
0-14 points), evaluates components of cognitive status; subscale I, behavior (score range 0-10
points), evaluates observed behavior and performance ability; subscale Ill, performance (score
range 0-16 points), assesses vital function (that is, vital signs, oxygen saturation level and urinary
incontinence). Total scores can range from O (minimal function) to 30 (normal function). Delirium
is present if the score is <24 points

Breitbart et al. (1997)%

NEECHAM
Confusion Scale

Neelon et al. (1996)7

ICDSC Bedside screening tool for delirium in the intensive care unit setting; eight-item checklist based on  Bergeron et al. (2001)'*¢
DSM-IV® criteria, items scored as 1 (present) or O (absent); a score >4 points indicates delirium

Coghnitive Test Can be used with patients unable to speak or write; assesses orientation, attention, memory, Hart et al. (1997)%°

for Delirium comprehension and vigilance, primarily with visual and auditory modalities. Each individual domain  Hart et al. (1996)'%°

is scored 0-6 in two-point increments, except for comprehension, which is scored in single-point
increments. Total scores range from O to 30, with higher scores indicating better cognitive function

Abbreviations: CAM, Confusion Assessment Method; CAM-ICU, Confusion Assessment Method-Intensive Care Unit; DRS-R98, Delirium Rating Scale; DSI, Delirium Symptom Interview; DSM,
Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association, Arlington, VA); ICDSC, Intensive Care Delirium Screening Checklist; MDAS, Memorial Delirium

Assessment Scale.

any definitive recommendations can be made.®” Other
strategies that minimize the use of opioids or benzodiaz-
epines through the use of alternative agents such as gaba-
pentin® or dexmedetomidine® are under investigation
for their capacity to reduce the incidence of delirium.

Treatment strategies

Nonpharmacological acute treatment strategies
Nonpharmacological strategies are the first-line treatments
for all patients with delirium. The nonpharmacological
approaches available include reorientation and behavioral
intervention. Caregivers should use clear instructions and
make frequent eye contact with patients. Sensory impair-
ments, such as vision and hearing loss, should be mini-
mized by use of equipment such as spectacles or hearing
aids. Physical restraints should be avoided because they
lead to decreased mobility, increased agitation, greater risk
of injury, and prolongation of delirium. Other environ-
mental interventions include limiting room and staff
changes and providing a quiet patient-care setting, with
low-level lighting at night. An environment with minimal
noise allows an uninterrupted period of sleep at night and
is of crucial importance in the management of delirium.
Only a limited number of trials have examined the efficacy
of cognitive, emotional and environmental interventions

in delirium,”*"* but the use of such supportive mea-
sures has nevertheless become standard practice on the
basis of clinical experience, common sense, and lack of
adverse effects.”

To minimize the use of psychoactive medications, a
nonpharmacological sleep protocol should be used. This
protocol includes three components: first, a glass of warm
milk or herbal tea; second, relaxation tapes or relaxing
music; and third, back massage. This protocol has been
demonstrated to be both feasible and effective, and, in
one study, implementation of this strategy reduced the
use of sleeping medications from 54% to 31% (P <0.002)
in a hospital environment.” This intervention strategy is
part of a multicomponent prevention strategy that has
been demonstrated to be effective.”®”’

Pharmacological strategies

A systematic review of acute drug treatments for delirium
indicated that few high-quality, randomized, controlled
trials have been performed to date,”” and current clinical
practice is, therefore, based largely on case series and
retrospective reports.”*” Medications (Table 3) are usually
reserved for patients in whom the symptoms of delirium
might compromise safety or prevent necessary medical
treatment (that is, those with hyperactive delirium). Some
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Table 3 | Pharmacological therapy for delirium

Drug Dose Adverse effects Comments
Acute therapy
Antipsychotics?
Haloperidol 0.5-1mg PO or IM; can  Extrapyramidal syndrome, Randomized, controlled trials demonstrate

repeat every 4h (PO) or
every 60min (IM)

Atypical antipsychotics?

Risperidone 0.5mg BID
Olanzapine 2.5-5mg daily
Quetiapine 25mg BID

Benzodiazepines®
Lorazepam 0.5-1mg PO; can

repeat every 4h

prolonged QT interval

Extrapyramidal syndrome,
prolonged QT interval

Paradoxical excitation,
respiratory depression,

reduction in symptom severity and duration8!82

Randomized, controlled trials comparing efficacy
against haloperidol showed comparable
response rates8?-84

Did not show improvement in condition;
treatment limited by adverse effects®*

excessive sedation, confusion

Cholinesterase inhibitors®

Donepezil 5mg QD

Prophylactic therapies (potential)®

Antipsychotics
Haloperidol 0.5-1mg PO or IM; can
repeat every 4h (PO) or

every 60 min (IM)

Cholinesterase inhibitors

Donepezil 5mg QD

Nausea, vomiting, diarrhea

Extrapyramidal syndrome,
prolonged QT interval

Nausea, vomiting, diarrhea

No randomized, controlled studies have been
conducted; some case studies have indicated
promise®3-65

Use in surgical cases may reduce delirium
incidence;®® needs to be confirmed in additional
studies

Prevention studies have not demonstrated
efficacy®*62

aAntipsychotics are the most widely used drugs for the treatment of delirium-related agitation but can have marked adverse effects. ®Benzodiazepines should be
reserved for treatment of drug withdrawal, diffuse Lewy body disease, or as second-line treatment following failure of antipsychotics. °Not currently accepted
clinical therapies. Abbreviations: BID, twice daily; IM, intramuscularly; PO, per os (by mouth); QD, once daily.

clinicians advocate the use of drugs for the treatment of
hypoactive delirium, although this approach remains con-
troversial. Given that patients with hypoactive delirium
can experience distress, such treatment might be war-
ranted. Some data indicate that treatment efficacy or even
treatment choice might vary according to the delirium
subtype,® and this is an area that requires further study.
A particular challenge that is inherent to drug trials in
delirium is the evaluation of drug efficacy in the setting
of a fluctuating course and simultaneous treatment of
underlying risk factors.”

The use of almost any medication to treat behavioral
changes might further cloud the patient’s mental status
and obscure efforts to monitor the course of the mental
status change, and should, therefore, be avoided if pos-
sible. Any drug chosen to treat delirium should be ini-
tiated at the lowest starting dose for the shortest time
possible. In general, neuroleptics are the preferred agents
for the treatment for acute agitation. Haloperidol has
been the most widely used neuroleptic in this context,
and the effectiveness of this drug has been established in
randomized, controlled clinical trials.*#* This agent also
has the advantage of being available in parenteral form.
Haloperidol is, however, associated with a higher rate
of extrapyramidal side effects and acute dystonias than
are atypical antipsychotics. Some atypical antipsychotics
(for example, risperidone, olanzapine and quetiapine)
have been used clinically to treat agitation in patients

with delirium, with controlled trials showing efficacy at
least comparable to haloperidol.®-* However, no data
are available to demonstrate any verifiable advantage
of one antipsychotic over another.®” Furthermore, the
antipsychotics, including the atypicals and parenteral
haloperidol, carry an increased risk of stroke in elderly
patients with dementia and can result in prolongation of
the QT interval.®®

Other potential treatments for delirium include cho-
linesterase inhibitors (for example, donepezil), and 5-HT
receptor antagonists (for example, trazodone). Several
case reports and one open-label study have suggested
promising results with cholinesterase inhibitors in the
treatment of delirium,*% but additional randomized,
controlled studies of these agents in acute medical and
critical care populations, and of their use in combination
with antipsychotics, are warranted before any definitive
recommendations can be made.*” Benzodiazepines, such
as lorazepam, are not recommended as first-line agents in
the treatment of delirium, because they often exacerbate
mental status changes and cause oversedation.

Outcomes

The occurrence of delirium, which can result from mul-
tiple and diverse etiologies, can contribute to poor patient
outcome, irrespective of the underlying cause. The
agitation and lethargy that can occur in delirium increase
the risk of complications, including aspiration, pressure
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ulcers, pulmonary emboli, and decreased oral intake, and
it has been shown that delirium is associated with infe-
rior outcomes even after controlling for baseline patient
characteristics and etiological factors.* Also, the more
severe the episode of delirium, the poorer the outcome.*”
The outcomes of delirium are summarized in Figure 2.

Delirium has previously been characterized as an acute,
severe and reversible condition. However, in some cases,
symptoms endure despite treatment or resolution of the
precipitating factor, resulting in persistent functional and
cognitive losses.®* A spectrum ranging from persistent
delirium®*°-%* to reversible dementia® has been devised
to characterize such cases.

Some patients never recover to their baseline level of
cognitive function following an episode of delirium and
demonstrate persistent functional and cognitive losses.®*
For example, following an episode of delirium, patients
can develop subjective memory complaints, show reduced
performance on tests of executive functioning, attention,
and processing speed, and achieve reduced scores on the
Mini-Mental State Examination.”** Such findings suggest
that the pathological processes associated with delirium
can cause direct neuronal injury, leading to persistent
cognitive impairment.

Newly diagnosed dementia following a hospitalization
that is complicated by delirium has also been observed,”
and some investigators have proposed that delirium has an
increased likelihood of occurring in patients with incipi-
ent dementia. It has also been observed that delirium can
accelerate the rate of progression of dementia.'® Outcomes
for patients with dementia who develop delirium are worse
than for those who do not develop this condition.*** In
addition to showing worse cognitive function, patients
with dementia who experience delirium have higher rates
of hospitalization, institutionalization and death.''-1%

Health-care quality and costs

Conditions such as delirium that are common, frequently
iatrogenic, and linked to the care that patients receive in
hospital, can be considered to be indicators of quality
of health care.'™ In fact, the National Quality Measures
Clearinghouse™ of the Agency for Healthcare Research
and Quality'® has determined the occurrence of delirium
to be a marker of the quality of care and patient safety.
Many aspects of hospital care, including adverse effects of
medications, complications from procedures, immobiliza-
tion, dehydration, poor nutrition, and sleep deprivation,
are factors that can be modified to prevent the develop-
ment of delirium. Delirium is an important independent
determinant of hospital stay, mortality, rates of nursing
home placement, and functional and cognitive decline.
After adjusting for age, sex, dementia, illness severity,
and baseline functional status, a higher delirium rate
probably correlates with lower quality of hospital care,
although variations in case mix and study populations
need to be taken into consideration. Direct comparisons
should be made with care, as delirium rates might also
be increased in tertiary care settings that frequently offer
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Figure 2 | Outcomes of delirium.

care to patients who are particularly old and ill."° Delirium
has been identified as one of the top three conditions for
which quality of care needs to improve.'%

In line with observations that delirium can result in
long-term clinical effects, the occurrence of the condi-
tion has important implications for health-care utilization
and costs. Delirium results in increased nursing time per
patient, higher per-day hospital costs, and an increased
length of hospital stay.” The resulting economic burden is
substantial, with increased costs attributable to delirium
estimated at US $2,500 per patient per hospitalization,
totaling approximately $6.9 billion in Medicare hospital
expenditure (2004 figures).**'”” Further costs accrue after
hospital discharge because of a greater need for long-term
care or additional home health care, rehabilitation ser-
vices, and informal caregiving. In a recent study looking
at costs over 1 year following an episode of delirium, it
was conservatively estimated that delirium is responsible
for between $60,000 and $64,000 in additional health-care
costs per patient with delirium per year; thus, total direct
1-year health-care costs attributable to delirium might
range from $38 billion to up to $152 billion nationally.'*

It is instructive to compare these figures with the esti-
mated annual health-care costs for other conditions that
affect elderly adults, including hip fracture ($7 billion),'*
nonfatal falls ($19 billion),''? diabetes mellitus ($91.8
billion),"! and cardiovascular disease ($257.6 billion).!'?
Evidently, there are limitations and difficulties in making
such comparisons across conditions for which the study
methodology might be different, but the fact remains that
the economic burden of delirium is substantial. Given
that a number of effective interventions have been devel-
oped to prevent or treat delirium, at least some of these
costs might be avoidable, thereby emphasizing the need
to recognize this common condition.

Conclusions and future directions

Many avenues of future research exist in the delirium
field. For example, given that this condition is under-
recognized and underdiagnosed, optimization of the
diagnostic approach is essential, including identification
of any biomarkers that could aid in the clinical diagno-
sis. While some markers of risk, such as dementia, have
been identified, other populations might exist that are at
high risk of developing delirium. It will also be important
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10.

11.

to establish whether the risk of delirium is influenced by
genetic factors, cognitive and/or brain reserve, or even
pre-existing brain abnormalities, such as atrophy or white
matter disease.

From a pathophysiological perspective, it would be
interesting to determine, in view of the association between
dementia and delirium, whether the degree of amyloid
pathology correlates with the risk of delirium or the likeli-
hood of recovery from delirium. As mentioned above, the
potential roles of inflammation and impaired cholinergic
neurotransmission, and the interactions between these
two factors, need further exploration. Also, it will be essen-
tial to determine the underlying pathophysiology in order
to explain the diversity in delirium presentation, so as to
advance the diagnosis and treatment of delirium.

With regard to treatment, current data support the
use of antipsychotics and nonpharmacological treat-
ment protocols. However, it will be necessary to conduct
further randomized trials to evaluate other prevention
and treatment strategies in multiple populations, strati-
fied according to delirium subtype, associated comorbid
dementia, or risk.

Several issues relating to outcomes also need to be clari-
fied. For example, there is evidence for long-term effects
on cognition following delirium, but how often this leads
to permanent cognitive impairment, including mild
cognitive impairment or dementia, is still not known. Also,

it is not yet clear whether delirium leads to permanent
neurological injury that can be measured with laboratory,
electrophysiological or neuroimaging markers.

Delirium is a serious cause and complication of
hospitalization in elderly patients and should be con-
sidered to be a medical emergency until proven other-
wise. Irrespective of the specific etiology, this condition
has the potential to markedly affect the overall outcome
and prognosis of severely ill patients, as well as sub-
stantially increasing health-care utilization and costs. For
these reasons, prevention, early recognition and effective
treatment of delirium are essential.

Review criteria

A comprehensive literature review was performed in
PubMed (1990-2008), using the keyword “delirium”
in combination with one other search term to review
major areas including the following: “epidemiology”,
“clinical features”, “pathogenesis”, “acetylcholine”,
“dopamine”, “inflammation”, “neuroimaging”, “evaluation”,
“treatment” and “prevention”. Only original articles in

the English language were included. The Hospital Elder

Life Program (HELP) website bibliography (http://www.
hospitalelderlifeprogram.org), a comprehensive reference
resource on delirium, was also searched for relevant
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