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Abstract

Background: Delirium is an acute change in
mental status with an unpredictable course of
diminished attention and incoherent thinking,
which is common among ICU patients. Vari-
ous evidence implies a correlation between
delirium and many fatal outcomes in inten-
sive care unit (ICU) patients, such as higher
6-month mortality rate, longer hospital stays,
longer post-ICU hospital stays, a higher oc-
currence of cognitive impairment, and long-
term cognitive impairment after a critical ill-
.ness

Aim: To identify the risk factors, pathophysi-
ology, and management of ICU delirium
.among critically ill patients

Method:Using literature review, this study
thoroughly examined the results of studies
from different journals investigating ICU de-
Jirtum

Findings: The identified risk factors were age,
cigarette smoking, alcohol abuse, steroids,
sedatives, total number of medications, so-
dium level, hypoalbuminemia, hypertension,
sepsis, chronic renal failure, trauma, immo-
bility, and pain. Moreover, underlying mech-
anisms in the development of ICU delirium
were cholinergic deficiency, neuropathologic
lesion, direct brain insults, aberrant stress re-
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sponse and inflammatory process, and altera-
tion of plasma melatonin. Numerous effective
non-pharmacologic and pharmacologic treat-
ments are available to manage delirium.

Conclusion: Delirium is a form of acute
brain dysfunction that is not well-recognized
inlCU. The identification of the risk factors
and the possible underlying mechanisms for
the development of delirium continues to be
the first step in its management; then, the next
step is often pharmacologic and non-phar-
macologic treatments. The choice of these
treatments should be understood as part of a
greater multicomponent approach inmanage-
mentof critically ill patients.

ICU delirtum, Risk factors,
Pathophysiology, Pharmacologic treatments,
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1. INTRODUCTION

Delirium is a critical change in mental status
with an unpredictable course of diminished
attention and incoherent thinking [1], which is
common in patients such as the elderly, those
who abuse alcohol, and patients in intensive
care unit (ICU) [2]. It is remarkable that the
incidence of delirium in the ICU varies vastly
throughout study populations and institutions,
ranging from 20% to 40% [3-6]. One reason
for the disparity in incidence rates in differ-
ent setting is that delirium often disregarded,
since it is anticipated to occur in patients with
severe illness, and medical resources are fa-
vorably devoted to managing the life-threat-
ening problems [7]. In addition, an identified

limitation of studies which evaluated the inci-

&b dence rates of delirium in ICU is that the

screening instruments [3,8], and only quite a
few studies that the diagnosis was confirmed

by a psychiatrist [9].

In comparison to other end-organ injuries,
delirium is considered an organ failure of
the brain [10]. Evidence implies delirium is
substantially related to different harmful out-
comes in ICU patients. Some of these adverse
effects include: higher 6-month mortality rate,
longer hospital stays, longer post-ICU hos-
pital stays, a higher occurrence of cognitive
impairment [11], and long-term cognitive im-

pairment after a critical illness [12].

Despite of its significant impact on patients,
the mechanisms that explain the occurrence of
delirium in critically ill patients are not com-

pletely understood[13]. Some hypothesized
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mechanisms comprise neurotransmitters, in-
flammation, physiological stressors, metabol-
ic imbalances, and electrolyte disorders [14].
On the other hand, even though many studies
have examined the risk factors for delirium,
results are diverging forseveral commonly
studied factors include intake of alcohol,
smoking, age, hypertension, and mechanical
ventilation [13]. Knowledge of the risk fac-
tors, pathophysiology, and management of
delirium would permit early detection of ICU
patients with a high possibility of developing
delirium and would be beneficial for effective
prevention and development of intervention
strategies. Therefore, the aim of this study
was to identify the risk factors, pathophysiol-
ogy, and management of ICU delirium among
critically ill patients by thoroughly examining

theresults of studies from different journals.

2. METHOD

There were many electronic sources avail-
able utilized by the author such as ProQuest
and Science Direct between 2001 and 2015
to ascertain potentially pertinent articles. The
search was carried out using the following
keywords: ICU delirium,risk factors, patho-
physiology, pharmacologic management, and
nursing management. The reference lists of
all related articles were manually inspected
to identify additional studies significant to the
review. The citations were delimited to those
published in English language. Studies were
included if they met the following inclusion
criteria: (1) minimum of one risk factor as-
sociated with ICU delirium, (2) used a vali-

dated delirium assessment tool, (3) minimum

of one pathophysiology associated with ICU
delirium, (4) pharmacologic management of
ICU delirium, and (5) nursing management of
ICU delirium. Studies were eliminated if they
were conducted in a non-ICU setting andthe

full text is not available.

The following data were extracted from each
study: first author’s last name, publication
year, purpose, study design, sample size,
method, key findings, and study limitations.
This article provides significant information
regarding risk factors, pathophysiology, and
management of ICU delirium among criti-

cally ill patients.
3. FINDINGS

3.1 SEARCH RESULTS AND STUDY
CHARACTERISTICS

The initial literature search retrieved 4010 ci-
tations, and 3893 were excluded on the basis
of the title and/or abstract because they were
duplicates and other irrelevant articles. Full
text of the remaining 117 articles were con-
sidered for detailed evaluation. Forty-two ar-
ticles were subsequently excluded from this
review: 57 were not conducted in ICU setting,
29 reported another irrelevant risk factor(s),
15 studies have no full-text available, 11 did
not specify the study setting, and 5 did not in-
volve pharmacologic management. Thus, 28

articles were included in the final analysis.

The characteristics of the 28 studies are sum-
marized in table 1-3. All the researches were

conducted in an ICU setting. The number of
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studies for each design were as follows: Seven
studies for prospective cohort design [2, 6, 15-
19]; five studies for prospective observational
design [7, 8, 20-22], two descriptive corre-
lational [23, 24]; two randomized controlled
trial [25, 26]; one retrospective cohort [27],
one focused review [10], one literature review
[28]; one exploratory and case series[29]; one
exploratory[30]; one prospective pre- or post-
intervention cohort study [31]; one case study
[32]; one prospective, pre-post protocol im-
plementation evaluation [33];one prospective
before and after quality improvement project
[34]; one quasi-experimental [35];one com-
parative study [36]; and one prospective, dou-
ble-blind, randomized trial [37]. The sample
size of each study ranged from 5 to 4,450 pa-
tients. All the studies included for risk factors
and management used a validated delirium

assessment tool.

3.2 DEFINITION

Over the past years, the researchers and cli-
nicians used 30 or more synonyms for la-
belingintensive care unit (ICU) delirium, and
these are ‘ICU psychosis’, ‘acute confusion’
and ‘ICU syndrome’ [38, 39]. The introduc-
tion of the Diagnostic and StatisticalManual
of Mental Disorders, third edition (DSM-III)
in 1980 and consequently the fourth revised
edition (DSM-IV-R) conveyed consistency to
the terms defining delirium. Delirium is de-
fined as a disruption of consciousness and an
alteration in cognition that progresses over

a short period of time and tends to fluctuate

during the day [38-40].Attention is the most
affected under the cognitive domain [40, 41].
Presently, delirium is considered as a disease
with a variety of severity rather than a bina-
ry phenomenon. Subsyndromal delirium has
been described as patients with one or more
symptoms that never advance to meet full

DSM-IV-R delirium diagnosis [9].
3.3 RISK FACTORS

Table 1 summarizes the identified risk factors
of ICU delirium. Several risk factors suggest-
ed that contribute to the development of ICU
delirium include age, lifestyle, medications,
laboratory chemistry abnormalities, medical

history, immobility and pain.
Age

Age is one of the greatest risk factors for the
incidence of delirium in ICU patients [42].
This association was confirmed by some
studies [6, 7, 10, 15, 16]. It is noteworthy that
Sharma and colleagues [6] found the mean
age of their whole sample was 45 years old,
which was similar to the findings of Agarwal
and co-researchers [43]. However, a substan-
tially greater percentage of elderly patients
(>65 years old) experienced delirium if com-
pared to younger patients [6], which corrobo-
rates that prevalence and incidence of delir-
ium are higher in the elderly, and old age is
one of the main predisposing risk factors for
delirium [15, 42, 44].
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Lifestyle

Cigarettes contain toxic agents that induce
atherosclerotic and microvascular transfor-
mations, which form gradually with time and
persist even years after quitting [45]. These
significant changes are associated with cog-
nitive deterioration and dementia, most es-
pecially among older smokers [46] which in-
tensifies the risk of developing delirium [46].
These findings were confirmed by several
studies [2, 6, 10, 15, 16, 18,47]. It is notewor-
thy that smokers have a three-fold higher risk

of delirium than nonsmokers [45].

Additionally, alcohol abuse is believed to be
another common factor correlated with de-
lirtum [2], supported by different studies [2,
10, 15, 18].

Medications

Steroid medications [ 12] sedative medications
[12, 9, 10], insulin, and multiple prescribed
medications [ 12] are identified risk factors for

delirium related to drug use.

Studies claim the use of steroids can lead to
various psychiatric symptoms like psychosis,
depression, mania and cognitive disturbances.
Consequently, the development of cognitive
disorders and psychosis and the development
of delirtum may have a similar mechanism
[12].

Another identified serious risk factor for the
development of delirium among ICU patients
is the use of sedatives [12] — also responsible
for the longer ICU stays [12]. Specifically, Si-

mons and his co-researchers [9] claim the use
of midazolam and propofol were individually
correlated with a heightened risk of delirium,
which was enhanced when a combination of
midazolam and propofol was prescribed. On
the other hand, benzodiazepines also were
seen to be linked with delirium within diverse
ICU populations, and have shown a dose-de-

pendent correlation [18].

Moreover, the intake of multiple medica-
tions was also an essential factor for the de-
velopment of delirium. This finding implies
that clinicians should administer medications
carefully in ICU patients [12].

Laboratory chemistry abnormalities

It is remarkable that certain laboratory
chemistry results were identified as signifi-
cantly associated with the development of de-
lirtum. Some of these laboratory results were
hyperuricemia, hypoalbuminemia, deranged
ALT, acidosis [6] elevated sodium levels, and

elevated bilirubin levels[2].

An abnormal level of sodium has been
associated with encephalopathy which may
initiate the development of delirium. Certain
drugs and heart failure are the common causes
of unprecedented levels of sodium. On the
other hand, the irregularity in bilirubin has a
recognized relationship with hepatic dysfunc-

tion and delirium [2].

Hypoalbuminemia causes a decline in the os-
motic force which fails to sustain a sufficient

amount of intravascular volume. In turn, this
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could diminish brain perfusion which makes

the patient vulnerable to delirium [1].
Medical history

One review article identifies studies
that discuss the neuropsychological effects
of chronic hypertension where hypertensive
patients show poor performance on memory,
attention and abstract reasoning when com-
pared to normotensives [2]. Further, when hy-
pertensive patients are subjected to significant
physical or psychological stresses in the ICU,
they may be more susceptible to developing
delirium [2]. Specifically, vascular problems
brought about by hypertension places patients
at a greater risk for cerebral hypoperfusion
and possibly for cerebral hypoxia, which is
significantly related to the development of
delirium [48].

Notably, sepsis increased the risk of
developing delirium which is consistent with
the findings of previous studies [49]. Sepsis
causes acute brain dysfunction and delirium
by the stimulation of inflammatory cytokine
and endothelial damage, which aggregates the
permeability of the blood-brain barrier initiat-

ing damage to the capillary blood flow [50].

Encephalopathy is common among patients
with renal failure possibly caused by uremia,
thiamine deficiency, dialysis, hypertension,
fluid and electrolyte imbalances or drug tox-
icity [51]. Encephalopathy exhibits complex
symptoms which advance from mild senso-
rial clouding to delirium and coma [51]. This

is supported by a study conducted by Pipan-

mekaporn and colleagues [16] wherein they
found that chronic renal failure increased the

risk of delirium.

Also, delirium has been acknowledged as a
severe and frequent clinical problem in trau-
ma victims [52, 53], evident in some stud-
ies [9, 54, 55]. Moreover, Naidech and col-
leagues [56] found that after focal neurologic
injury among the patients in their study, de-
lirtum symptoms were present and considered
to be a cause of successive poorer functional

outcomes.
Immobility and pain

ICU delirium and neuromuscular function
have been hypothesized to be strongly inter-
connected [57]. Observational and clinical
trial data indicate that one of the risk factors
for delirium among ICU patients is immobil-
ity [57-59].

On the other hand, several studies reported
that untreated pain is a risk factor for the de-
velopment of delirium [33, 60]. Specifically,
Pisani and co-researchers [61] claim that pain
within 24 hours of ICU discharge among their
patients had a significant relationship with

persistent delirium.
3.4 PATHOPHYSIOLOGY

Numerous hypotheses have been posited to
explain the underlying pathophysiology of
ICU delirium. Table 2 summarizes the under-
lying mechanisms of pathophysiology of ICU

delirium which include:
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Cholinergic deficiency

The origin of the cholinergic deficiency hy-
pothesis came from observations that delirium
occurred with the intake of drugs that injure
cholinergic function [28]. Specifically, there
was a strong correlation between the prolifer-
ation of serum anticholinergic activity (SAA)
levels and the development of delirium, while
the reduction in the level of SAA was related
to the resolution of delirium. Moreover, a pos-
sible mechanism for cholinergic insufficiency
includes the damage of presynaptic, synaptic
or postsynaptic functions of acetylcholine
[28] which could lead to hallucinations and

cognitive inadequacies [62].

Monoamine activity stabilizes the
cholinergic system where the dysfunction has
also been connected with delirium. Particular-
ly, dopamine, norepinephrine, and serotonin
have functions in arousal and the sleep-wake
cycle which facilitates physiological respons-
es to stimuli. Extreme levels of dopamine
may cause hyperactive delirium which has
been related to a concurrent decline in ace-
tylcholine. Thus, acetylcholine and dopamine
may have an inverse relationship in the patho-

genesis of delirium [28].

Serotonin has a direct and indirect
relationship to the cholinergic deficiency hy-
pothesis. Specifically, excess levels of sero-
tonin have been observed in concurrence with
reduced levels of acetylcholine [28]; thus, it
may be associated with cholinergic deficiency
[63]. On the other hand, norepinephrine has a

vital role in regulating attention, anxiety, and

mood; like dopamine, an overload in the nor-
adrenergic activity has been linked with hy-

peractive delirium [64].
Neuropathologic lesion

A study by Janz and colleagues [29]
claim diminished cerebral blood flow, cerebral
hypoxia, and cerebrovascular disease may
contribute to the development of delirium in
ICU patients. They conducted brain autopsies
and found that 86% exhibited hypoperfusion
and gross and microscopic cerebrovascular
disease. Specifically, in most of the autopsied
brains, hippocampal lesions were the only
specific neuroanatomical structures that were
impaired [29]. This damage of the hippocam-
pus postulates a neuroanatomical explanation
for long-term cognitive impairment because
its normal function is to transfer information

into long-term memory [4].
Direct brain insults

Direct brain insults include acute pro-
cesses that impair brain function by initiating
energy deficiency, metabolic abnormalities,
trauma, hemorrhage, or direct alterations in
neurotransmitter levels by drugs. In patients
with delirium, severe brain dysfunction was
distinct in multiple regions which were trig-
gered by hypoxemia and systemic hypoglyce-
mia. This could lead to deficiencies in atten-
tion and cognition which meet the criteria for
delirium [30].

Brain injury markers identified include serum

brain-derived neurotrophic factor (BDNF) and
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neuron-specific enolase (NSE) [65], which
were substantially increased in ICU patients
with delirium [24]. It is remarkable that every
2-fold increase in plasma NSE concentration
was accompanied by a 5.2% increased risk of
delirium [66]. This finding corroborates that
neuronal damage arises in the pre-ICU setting
or soon after admission, which is a secondary
factorin patients who experienced delirium
later during an ICU stay. It is more likely that
serum BDNF and NSE levels may indicate
predisposition to early development of deliri-

um among critically ill patients [24].

Aberrant stress response and inflamma-

tory process

Acute stress is well-known to affect
attention, cognition, motivation, mood, per-
ception, and other facets of mental function
[67]. Similarly, systemic inflammation brings
fatigue, diminished activity, anhedonia, and
diminished appetite [30], adaptive mecha-
nisms of the body. However, dysfunction of
the stress response and intensified inflamma-
tory states are common with aging and neuro-
degeneration [68]. It is evident that prior pa-
thology and systemic problems such as stress,
infection, injury, and surgery repeatedly act

together to induce delirium [30].

Prolactin is a stress hormone compa-
rable to cortisol that can disturb behavioral or
cognitive function and also participates in the
regulation of the immune system further than
sexual reproductive and lactogenesis proper-
ties [69]. It is notable that hyperprolactinemia

has repeatedly been reported in neuropsychi-

atric disorders, including schizophrenia, bipo-
lar disorder, and altered mood [70]. A study
conducted by Nguyen and colleagues [20]
claimed patients with delirium had elevated
prolactin levels. Prolactin affects behavior or
cognitive function by acting on the brain lim-
bic system and the prefrontal cortex [69]. An
elevated prolactin level stimulates brain do-
pamine hyperactivity which could bring cog-
nitive dysfunction or delirium [71]. Further,
prolactin augments sleep deprivation, which
is one of the contributing factors for ICU de-
lirium [72].

In critical illness, systemic inflamma-
tion and disrupted coagulation are vital fac-
tors in the development and persistence of de-
lirtum [73]. Girard and co-investigators [12]
found three plasma markers of inflammation
and coagulation such as metalloproteinase-9
(MMP- 9), soluble tumor necrosis factor re-
ceptor-1 (STNFR1), and protein C are corre-
lated with delirium in the ICU. These results
validate the hypothesis that inflammation and
disrupted coagulation are essential mecha-

nisms of delirium during critical illness.

On the other hand, tryptophan and ty-
rosine, amino acid precursors for neurotrans-
mitters, are linked to the development of de-
lirium in patients [74]. A potential mechanism
for tryptophan-related delirium is through the
release of neurotoxic metabolites which form
after activation of the immune and inflamma-
tory response systems seen in critical illness
[74]. A high tryptophan concentration may

lead to high production of melatonin, thereby
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initiating the somnolent symptoms of hypo-
active delirium; while a low tryptophan ratio
could be responsible for a decline in melato-
nin, sleep dysregulation, and the development
of hyperactive deliritum [75]. On the other
hand, patients with elevated levels of tyrosine
are more likely to have a dopamine overload
or its downstream neurotransmitter, norepi-
nephrine, both of which have been connected

to the pathogenesis of delirium [76].
Alteration of plasma melatonin

Melatonin is a hormone originated
from the pineal gland whose concentration
reportedly diminishes during the postopera-
tive period [77]. A declining level of melato-
nin may be a sign of the severity of illness
[21] which can be a precipitating risk factor
for postoperative delirium [78]. Further, less
amount of melatonin concentration might also
be a sign of the aging process [21], which is
most repeatedly cited as one of the predispos-
ing factors for postoperative delirtum [78].
Also, diminished melatonin secretion in the
postoperative period may initiate sleep dis-
turbances and subsequent interruption of the
sleep-wake cycle, which in turn can promote

the development of delirium [79].
3.5 MANAGEMENT

Similar to the multiple hypotheses and
risk factors suggested to explain the patho-
physiology and contributing factors of ICU
delirium, several nonpharmacologic and phar-
macologic treatments have been examined in

critically ill patients with delirium. Haloperi-

dol isthe identified drug of choice useful in
the majority of patients; however, due to its
recognized adverse effects, there are continu-
ous clinical trials to seek more drug options
to treat delirium. However, in addition to the
pharmacologic regimen, there are nonphar-
macologic treatments to help reduce the ad-
verse effects of delirium. Available treatments
published in articles between 2009 and 2017
are discussed in Table 3.

3.5.1 Nonpharmacologic treatments

Prevention and management of delirium are
fundamental to the reduction of its adverse
effects [25]. Various nonpharmacologic strat-
egies have been recommended in the ICU,
including: standard nonpharmacologic pre-
vention, plus early and intensive occupational
therapy (OT) [25]; sleep enhancement and
relaxation protocols [31]; electroconvulsive
therapy (ECT) ([32]; pain assessment on day
2 of ICU stay [19]; Music, Opening/closing
of blinds, Reorientation/cognitive stimula-
tion, and Eye/ear care (M.O.R.E.) [33]; mul-
tidisciplinary team focused on the reduction
of heavy sedation and the increase of staffing
in the ICU [34]; and sleep care guidelines for

noise and light reduction [35].
Occupational therapy

Alvarez and co-researchers [25]initiated a
standard nPP plus early and intensive OT be-
ginning in the first 24 hours of admission of
patients to the ICU. This intervention was de-
livered twice a day, 40 minutes each session,

one in the morning and one in the evening for
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five consecutive days. OT intervention had
a positive impact evidenced when patients
had notably fewer hours of delirium when
matched with the control group that used
proven interventions in hospitalized elderly

patients.

Further, patients who received the interven-
tion had a significantly lower risk of devel-
oping delirium, significantly lower incidence
of delirium, and higher independence level.
Upon discharge, the enhanced functionality
of patients influences the recovery process
as well as reduces the use of resources in the

long term and prevents rehospitalization [80].
Sleep enhancement and relaxation

Sleep enhancement and relaxation protocols
were proposed to promote sleep and eradicate
factors that restrict the normal sleep-wake cy-
cle. At night, nursing assistants were prohib-
ited from regular bathing of patients. Lights
and televisions were turned off, and monitors
and machinery were put to night mode. Light
therapy lamps were turned on during daytime
hours. Twice a day, afternoons and evenings,
patients were programmed to have 90-min-
ute periods of quiet time where compact disc
players were made accessible with soothing
music [31]. Patients who experienced this
intervention had a significant decrease in the
duration of delirium, less time being deliri-
ous, and less time being mechanically venti-
lated [31].

Electroconvulsive therapy

Electroconvulsive therapy (ECT) is a
well-established and successful standard man-
agement of protracted refractory psychiatric
conditions which includes delirium [81] as
well as delirious mania [82]. Nielsen and co-
investigators [32] conducted ECT in six ICU
patients in collaboration with psychiatrists
experienced in treating delirium. ECT yielded
a notably positive effect in these five cases.
Specifically, long-standing agitation and dis-
comfort were controlled in all patients after
the unsuccessful use of the usual pharmaco-
logic therapy. ECT was successful for four
patients in managing delirium in 6 to 19 days.
The last patient became relaxed and free from
stress but continued in a state of posttraumat-
ic amnesia following a head injury [32]. It is
remarkable that ECT appears to be the most
effective and rapidly active treatment modal-
ity in certain mental disorders despite ever-
increasing psychopharmacologic alternatives
[83].

Pain assessment

Certain studies indicate that pain may
be a risk factor for the development of de-
lirlum [42,84]. Pain itself triggers deleteri-
ous cognitive effects as well as agitation in
the ICU, which if not recognized can lead to
unsuitable sedative administration [10].Payen
and co-researchers [19] conducted a prospec-
tive cohort study of mechanically ventilated
patients receiving analgesia on day 2 of their
stay in the ICU. They found that patients

evaluated for pain on day 2 were more likely
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to obtain sedation level assessment, non-opi-
oids, and analgesia during painful procedures
than patients whose pain was not measured.
Patients also acquired fewer hypnotics, had
a shorter duration of mechanical ventilation,
and a reduced length of stay in the ICU [19].

M.O.R.E. nonpharmacologic strategies

Most literature that supports the effec-
tiveness of nonpharmacologic interventions
has taken a multifaceted approach, and many
of these protocols included the implementa-
tion of a sedation and mobilization protocol
[65]. A study by Rivosecchi and co-research-
ers [33] supports the use of M.O.R.E. (Music,
Opening/closing of blinds, Reorientation/cog-
nitive stimulation, and Eye/ear care) nonphar-
macologic strategies to the ICU patients with
delirium, to lessen their time of being deliri-
ous if a mobilization procedure and a sedation
algorithm already exist in the institution. It is
noteworthy that this intervention diminished
the amount of time Medical Intensive Care
Unit (MICU) patients experienced delirium
as well as lessened the risk of developing de-
lirtum while regulating the predisposing risk
factors for delirium [33].

Multidisciplinary team

Immobility is responsible for neuromuscular
weakness [85] which is related to a reduction
in ICU survivors’physical function, quality
of life, and return to work [86]. Researchers
led by Needham [34] developed a multidis-
ciplinary team concentrated on decreasing

heavy sedation and increasing MICU staffing

which includes full-time physical and occu-
pational therapists. This quality improvement
project resulted in reduced use of benzodi-
azepines with lower median sedative doses;
patients had improved sedation and delirium
status, and a higher level of functional mo-
bility. Thus, ICU and hospital lengths of stay

were decreased [34].
Sleep care

Sleep disruptions can have unfavorable ef-
fects on cognition and emotions as well as
in the standard functions of cardiovascular,
respiratory and immune systems [87]. These
adverse consequences put ICU patients at a
higher risk of infection, complications, lon-
ger hospital stays and mortality [88]. Li and
co-researchers [35] conducted a quasi-experi-
mental study among surgical patients from the
ICU who were cared for by nurses utilizing
the sleep care guidelines for noise and light
reduction. Perceived noise and sleep interrup-
tions from care-related activities and noises
were significantly lower in patients who ex-
perienced the sleep care guidelines. Patients
reported having better sleep quality and effi-
ciency [35].

3.5.2 Pharmacologic treatments

Several factors contribute to the develop-
ment of delirium, and one of these is exces-
sive dopaminergic activity [89]. Antipsychot-
ics have been examined comprehensively as
a treatment practice; guidelines support the
use of high potency non-sedating antipsy-

chotics for the treatment of severe agitation
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when other methods became unsuccessful
[90]. Identified effective pharmacologic treat-
ments for delirium in the literature include
atypical antipsychotics such as haloperidol,
risperidone,olanzapine and aripiprazole [36];
quetiapine [26]; and dexmedetomidine and

midazolam [37].
Antipsychotics

Haloperidol, a typical antipsychotic, is the
first choice among the pharmacological treat-
ments in various populations [91], noting it
has not been approved by the US Food and
Drug Administration for delirium [92].

Boettger and co-researchers [36] compared
the effectiveness and side-effect profile of
the typical antipsychotic haloperidol with
the atypical antipsychotics risperidone, olan-
zapine, and aripiprazole in the treatment of
delirtum. It is remarkable that the atypical
antipsychotics risperidone, aripiprazole, and
olanzapine and the typical antipsychotic halo-
peridol were equally effective in the treatment
of delirium symptoms. However, these drugs
have distinct side effects. Specifically, halo-
peridol triggers increased rates of extrapyra-
midal symptoms, and olanzapine significant
sedation [36].

Quetiapine

Quetiapine is an atypical antipsychotic which
has numerous benefits that may be especially
valuable when managing delirium in the ICU,
including a predominate antihistaminic mech-

anism of action, a short half-life that enables

dose titration, and few reports of extrapyrami-
dal symptom effects [93]. Devlin and co-inves-
tigators [26] conducted a randomized, place-
bo-controlled trial to assess the efficacy and
safety of quetiapine to intravenous haloperi-
dol in critically ill patients with delirium. It
is remarkable that when quetiapine was dose
increased, it achieveda faster resolution of de-
lirium, a diminished time of delirium and agi-
tation, and a better disposition upon discharge
than patients who received as-necessary intra-
venous haloperidol therapy alone. Therefore,
an increasing dose of quetiapine may assist to

avoid adverse effects of haloperidol [26].
Dexmedetomidine

Dexmedetomidine is an alpha-2 adrenore-
ceptoragonist which has a unique mechanism
of action, providing sedation and anxiolysis
through the receptors within the locus coe-
ruleus, analgesia through the receptors in
the spinal cord, and reduction of the stress
response with no substantial respiratory de-
pression [94]. Riker and co-investigators [37]
conducted a prospective, double-blind, ran-
domized trial among ICU patients, adminis-
tering either dexmedetomidine or the usual
sedation of midazolam infusions for up to
30 days of mechanical ventilation. A notable
finding was: patients managed with dexme-
detomidine experienced delirium 20% less
often than patients managed with midazolam
and were removed from mechanical ventila-
tion almost 2 days earlier. This finding sug-
gests alpha-2 agonists advance many vital as-

pects of critical care such as less delirium and
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shorter periods hooked to mechanical ventila-
tor [37].

4. DISCUSSION

Delirium is highly prevalent in the ICU set-
ting across the developing and developed
countries. The studies included in this review
identified numerous risk factors that could be
present to patients who are at risk to develop
ICU delirtum. Therefore, it is vital to screen
and obtain a thorough medical history to all
the patients admitted in the ICU for delirium
so that the clinician may be aware to cut down
on the possible avoidable risk factor and over-
all incidence of delirium. Moreover, if these
cannot be prevented then the health care team
should be cautious for the emergence of de-
lirlum and manage it properly. It is also im-
portant to note that the identification of the
risk factors is the initial step of an approach
that could lead to earlier diagnosis and inter-
vention which could contribute to a better and

more cost-effective management.

There are quite a number of hypotheses estab-
lished by the studies in this review regarding
the pathophysiologic mechanisms of ICU
delirium. It is important that the clinicians
must be aware of this to provide an effective
and appropriate intervention for the patients.
There are important directions for future re-
search which include identification of de-
lirtum biomarkers and determining genetic
contributions. These would allow critical ad-
vances in both basic and clinical investigation

of delirium.

It was established by the studies in this review
that non-pharmacologic strategies of ICU de-
liriumare effective to control, to decrease the
amount of time, as well as to reduce the risk of
the development of delirium. It is remarkable
that the participation of the nursing unit direc-
tor and nursing unit clinicians in the educa-
tional process will result in better acceptance
and involvement to the protocol implementa-
tion. Thus, it is encouraged that the nursing
unit director and nursing unit clinicians must
be involved in training the nurses to the new
non-pharmacologic strategies that will be im-
plemented in the hospital. On the other hand,
the choice of medication used to provide se-
dation for ICU patients is essential to deliver
safe and effective care. Since Quetiapine add-
ed to as-needed Haloperidol resulted in faster
delirium resolution and less agitation, future
studies should assess its effect on mortality,
resource utilization, post-intensive care unit
cognition, and dependence after discharge in
a larger group of patients. Moreover, Dexme-
detomidine appears to provide several advan-
tages compared with Midazolam, thus, future
studies must look beyond the quality or quan-
tity of sedation to focus on additional impor-
tant clinical outcomes including prevalence of

delirium and time of mechanical ventilation.

Overall, future studies should be performed
prospectively with larger sample sizes, use a
control group of patients with similar illness
but with the absence of delirium, and random-
ized controlled trial to further establish the

findings mentioned in this review.
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5. CONCLUSION

Delirium, an essential form of acute brain
dysfunction, is not well-recognized in the
ICU. The identification of risk factors and the
possible underlying mechanism for the de-

velopment of delirium continue to be the first
step in its management. The next step is often
pharmacologic and non-pharmacologic treat-
ments. Identified risk factors were age, ciga-
rette smoking, alcohol abuse, steroids, seda-
tives, intake of multiple medications, elevated
sodium levels, hypoalbuminemia, hyperten-
sion, sepsis, chronic renal failure, trauma, im-
mobility, and pain. Underlying mechanisms
in the development of ICU delirium are a cho-
linergic deficiency, neuropathologic lesion,
direct brain insults, aberrant stress response
and inflammatory process, and alteration of

plasma melatonin.

The prevention and management of delir-
ium are vital to decrease its adverse effects.
Non-pharmacologic strategies that have been
recommended in the ICU include standard
non-pharmacologic prevention plus early and
intensive OT, sleep enhancement and relax-
ation protocols, ECT, pain assessment on day
2 of ICU stay, M.O.R.E., a multidisciplinary
team focused on the reduction of heavy se-
dation and an increase of staffing in the ICU,
and sleep care guidelines for noise and light

reduction.

Antipsychotics have been assessed meticu-
lously as a practice of treatment and guidelines
backing the use of high potency non-sedating
antipsychotics for the treatment of severe
agitation when other methods are ineffective.
Effective pharmacologic treatments for de-
lirium in the literature include antipsychotics
such as haloperidol, risperidone, olanzapine,
aripiprazole, quetiapine, dexmedetomidine,
and midazolam. The choice of drugs and oth-
er non-pharmacologic treatments should be
understood as part of a greater multicompo-
nent approach to the treatment of a critically
ill patient. Future evidence-based strategies to
minimize the duration and adverse effects of
delirium while assuring patient comfort and
safety should be based on the greater benefits
that it may provide to the patient.

KEYPOINT BOX:

o Several risk factors that contribute to
the development of ICU delirium include age,
lifestyle, medications, laboratory chemistry
abnormalities, medical history, immobility

and pain.

. Some of the pathophysiologic basis
for the development of delirium are cholin-
ergic deficiency, neuropathologic lesion,
aberrant stress response and inflammatory
process, direct brain insult, and alteration of

plasma melatonin.
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J Haloperidol is the drug of choice for
the treatment of delirium, however, there are
various available non-pharmacologic treat-
ment which could help in decreasing the du-

ration as well as the incidence of delirium.

REFERENCES

[1] Lin SM, Huang CD, Liu CY, Lin HC,
Wang CH, Huang PY, Fang YF, Shieh MH,
Kuo HP. Risk factors for the development of
early-onset delirium and the subsequent clini-

cal outcome in mechanically ventilated pa-
tients. J Crit Care 2008;23(3):372-379.

[2] Dubois, MJ, Bergeron, N, Dumont, M,
Dial, S, Skrobik, Y. Delirium in an intensive
care unit: a study of risk factors. Intensive
Care Med 2001;27(8):1297-1304.

[3] McNicoll L, Pisani M, Zhang Y, Ely
EW, Siegel MD, Inouye SK. Delirium in
the intensive care unit: occurrence and
clinical course in older patients. ] Am Geri-

atrSoc2003;51:591-8.

[4] Ely E, Shintani A, Truman B. Delirium
as a predictor of mortality in mechanically

ventilated patients in the intensive care unit.
JAMA 2004;291:1753-62.

[5] Nelson JE, Tandon N, Mercado AF, Cam-
hi SL, Ely EW, Morrison RS. Brain Dysfunc-

tion: another burden for the chronically criti-
cally ill. Arch Intern Med 2006;166:1993-9.

[6] Sharma, A, Malhotra, S, Grover, S, &
Jindal, SK. Incidence, prevalence, risk fac-
tor and outcome of delirium in intensive care
unit: A study from India. Gen Hosp Psychia-
try 2012;34(6):639-646.

[7] Lahariya, S, Grover, S, Bagga, S, Sharma,
A. Delirium in patients admitted to a cardiac
intensive care unit with cardiac emergencies
in a developing country: incidence, preva-
lence, risk factor and outcome. Gen Hosp
Psychiatry2013;36(2):156-164.

[8] Pandharipande, P, Shintani A, Peterson J,
Pun BT, Wilkinson GR, Dittus RS, Bernard
GR, Ely EW. Lorazepam is an independent
risk factor for transitioning to delirium in

intensive care unit patients. Anesthesiology
2006;104:21-26.

[9] Ouimet S, Riker R,BergeonN, Cossette M,
Kavanagh B, Skrobik Y. Subsyndromal deliri-

umin the ICU: evidence for a disease spec-
trum. Intensive CareMed 2007;33:1007-13.

[10] Hsieh, SJ, Ely, EW, Gong, MN. Can in-
tensive care unit delirium be prevented and re-

duced? lessons learned and future directions.
Ann Am ThoracSoc 2013;10(6):648-656.

[11] Ely EW, Shintani A, Truman B, Sper-
off T, Gordon SM, Harrell FE Jr, Inouye
SK, Bernard GR, Dittus RS. Delirium as a
predictor of mortality in mechanically ven-

tilated patients in the intensive care unit.
JAMA2004;291(14):1753-1762.

[12] Girard, T, Jackson, J, Pandharipande, P,
Pun, B, Thompson, J, Shintani, A, Gordon
SM, Canonico AE, Dittus RS, Bernard GR,
Ely EW. Delirium as a predictor of long-term
cognitive impairment in survivors of critical
illness. Crit Care Med 2010;38(7):1513-1520.

[13] Huai, J, Ye, X. A meta-analysis of criti-
cally ill patients reveals several potential risk
factors for deliritum. Gen Hosp Psychiatry
2014; 36(5):488-496.

Majed Alamri: Risk Factors, Pathophysiology, and Management of ICU Delirium: A Literature Review



Majmaah Jouurnal of Health Sciences ,Vol.5, issue 1, May 2017 - Shaban 1438

[14] Inouye S, Westendorp R, Saczyn-
ski J. Delirtum in elderly people. Lancet
2014;383(9920):911-22.

[15] Van Rompaey, B, Elseviers, M, Schuur-
mans, M, Shortridge-Baggett, L, Truijen, S,
Bossaert L. Risk factors for delirium in inten-
sive care patients: a prospective cohort study.
Crit Care 2009;13(3):R77.

[16] Pipanmekaporn, T, Chittawatanarat, K,
Chaiwat, O, Thawitsri, T, Wacharasint, P,
Kongsayreepong, S. Incidence and risk fac-
tors of delirium in multi-center Thai surgi-
cal intensive care units: a prospective cohort
study. J Intensive Care2015;3:53.

[17] Oliveira R, Rosa R, Ascoli A, Rutzen,
W, Madeira L, Balzano P, Teixeira C. Risk
Factors for Hyperactive Delirium Among
ICU Adult Patients in Southern Brazil: a Pro-
spective Cohort Study. Intensive Care Medi-
cine Experimental, 2015; 3:A331. http://doi.
org/10.1186/2197-425X-3-S1-A331

[18] Pisani, M, Murphy, T, Araujo, K, Slattum,
P, Van Ness, P, Inouye, S. Benzodiazepine and
opioid use and the duration of intensive care

unit delirium in an older population. Critical
Care Medicine 2009;37:177-183.

[19] Payen, JF, Bosson, JL, Chanques, G,
Mantz, J, Labarere, J. Pain assessment is as-
sociated with decreased duration of mechani-

cal ventilation in the intensive care unit. Anes-
thesiol 2009;111(6):1308-1316.

[20] Nguyen, DN, Huyghens, L, Schiette-
catte, J, Smitz, J, Vincent, JL. High prolac-
tin levels are associated with more delirium
in septic patients. J Crit Care 2016;33(May
2010):56-61.

[21] Yoshitaka, S, Egi, M, Morimatsu, H,
Kanazawa, T, Toda, Y Morita, K. Periopera-
tive plasma melatonin concentration in post-
operative critically ill patients: Its association
with delirtum. J Crit Care2013;28(3):236-
242.

[22] Zhang Z, Pan L, Deng H, Ni H, & Xu X.
Prediction of delirium in critically ill patients
with elevated C-reactive protein. J Crit Care
2013, 29(1):88-92. http://doi.org/10.1016/;.
jere.2013.09.002

[23]Girard TD, Ware LB, Bernard GR,
Pandharipande PP, Thompson JL, Shintani
AK,Gordon SM, Canonico AE, Dittus RS,
Bernard GR, Ely EW.Associations of mark-
ers of inflammation and coagulation with de-
lirtum during critical illness. Intensive Care
Med 2012;38(12):1965-1973.

[24] Grandi, C, Tomasi, CD, Fernandes, K,
Stertz, L, Kapczinski, F, Quevedo, J, Dal-
Pizzol F, Ritter C. Brain-derived neurotrophic
factor and neuron-specific enolase, but not
S100f3, levels are associated to the occur-
rence of delirium in intensive care unit pa-

tients. JCrit Care 2011;26(2):133-137.

[25] Alvarez, EA, Garrido, MA, Tobar,
EA, Prieto, SA, Vergara, SO, Bricefio, CD,
Gonzalez FJ. Occupational therapy for delir-
ium management in elderly patients without
mechanical ventilation in an intensive care
unit: A pilot randomized clinical trial. J Crit
Care2017;37:85-90.

[26] Devlin, JW, Roberts, RJ, Fong, JJ, Skro-
bik, Y, Riker, RR, Hill, NS. Efficacy and safe-
ty of quetiapine in critically ill patients with
delirium: a prospective, multicenter, random-
ized, double-blind, placebo-controlled pilot

Majed Alamri: Risk Factors, Pathophysiology, and Management of ICU Delirium: A Literature Review



Majmaah Jouurnal of Health Sciences ,Vol.5, issue 1, May 2017 - Shaban 1438

study. Crit Care Med 2010;38(2):419-427.

[27] Simons, KS, Workum, JD, Slooter, AJ
C, van den Boogaard, M, van der Hoeven,
JG, Pickkers, P. Effect of preadmission sun-
light exposure on intensive care unit-acquired
delirtum: A multicenter study. J Crit Care
2014:29(2):283-286.

[28] Hshieh, TT, Fong, TG, Marcantonio,
ER, & Inouye, SK. Cholinergic deficiency
hypothesis in delirium: a synthesis of cur-
rent evidence. J GerontolABiolSci Med Sci.
2008;63(7):764-72.

[29] Janz, D. R., Abel, TW, Jackson, JC, Gun-
ther, ML, Heckers, S,Ely, EW. Brain autopsy
findings in intensive care unit patients previ-
ously suffering from delirium: A pilot study.
JCrit Care 2010;25(3):538.e7-538.e12.

[30] MacLullich, AMJ, Ferguson, KJ, Mill-
er, T, de Rooij, SEJA, Cunningham, C. Un-
ravelling the pathophysiology of delirium:
A focus on the role of aberrant stress re-

sponses. Journal of Psychosomatic Re-
search2008;65(3):229-238.

[31] Bryczkowski, SB, Lopreiato, MC, Yon-
clas, PP, Sacca, JJ, &Mosenthal, AC. Deliri-
um prevention program in the surgical inten-

sive care unit improved the outcomes of older
adults. J Surg Res 2014;190(1):280-288.

[32] Nielsen, RM, Olsen, KS, Lauritsen, AOE,
Boesen, HC. Electroconvulsive therapy as a
treatment for protracted refractory delirium
in the intensive care unit-Five cases and a re-
view. J Crit Care 2014;29(5):881.e1-881.¢6.

[33] Rivosecchi, RM, Kane-Gill, SL, Svec,
S, Campbell, S, Smithburger, PL. The imple-

mentation of a nonpharmacologic protocol to
prevent intensive care delirium. J Crit Care
2016;31(1):206-211.

[34] Needham, DM, Korupolu, R, Zanni, JM,
Pradhan, P, Colantuoni, E, Palmer, JB, Brow-
er RG, Fan E. Early physical medicine and re-
habilitation for patients with acute respiratory

failure: A quality improvement project. Arch
Phys Med Rehab 2010;91(4):536-542.

[35] Li, SY, Wang, TJ, Vivienne Wu, SF, Li-
ang, SY, & Tung, HH. Efficacy of controlling
night-time noise and activities to improve
patients’ sleep quality in a surgical intensive
care unit. J ClinNurs 2011;20(3-4):396-407.

[36] Boettger, S, Jenewein, J, Breitbart, W.
Haloperidol, risperidone, olanzapine and ar-
ipiprazole in the management of delirium:

A comparison of efficacy, safety, and side ef-
fects. Palliat Support Care 2014;13(4):1-7.

[37] Riker, R, Shehabi, Y, Bokesch, P, Ceraso
D, Wisemandle W, Koura F, Whitten P, Mar-
golis BD, Byrne DW, Ely EW, Rocha MG.
Dexmedetomidine vs midazolam for sedation
of critically ill patients: A randomized trial.

JAMA 2009;301(5):489-499.

[38] Meagher D. Motor subtypes of delirium:
past, present and future. Int Rev Psychiatry
2009 Feb; 21 (1): 59-73

[39] Morandi A, Jackson JC, Ely EW. Deliri-
um in the intensive care unit. Int Rev Psychia-
try 2009 Feb; 21 (1): 43-58

[40] American Psychiatric Association. Di-
agnostic and statistical manual of mental dis-
orders. 4th ed. Revision. Washington, DC:
American Psychiatric Association, 2000:

Majed Alamri: Risk Factors, Pathophysiology, and Management of ICU Delirium: A Literature Review



Majmaah Jouurnal of Health Sciences ,Vol.5, issue 1, May 2017 - Shaban 1438

135-47

[41] American Psychiatric Association. Prac-
tice guideline for the treatment of patients
with delirtum. Am J Psychiatry 1999 May;
156 (5 Suppl.): 1-20

[42] Ouimet, S, Kavanagh, B, Gottfried, S,
Skrobik, Y. Incidence, risk factors and conse-

quences of ICU delirium. Intensive Care Med
2007;33(1):66-73.

[43] Agarwal, R., Handa, A., Aggarwal, A.,
Gupta D, Behera D. Outcomes of noninvasive
ventilation in acute hypoxemic respiratory
failure in a respiratory intensive care unit in
North India. Respir Care 2009;54(12):1679-
1687.

[44] Spronk, P, Riekerk, B, Hothuis, J, Rom-
mes JH. Occurrence of delirium is severely

underestimated in the ICU during daily care.
Intensive Care Med 2009;35:1466-1468.

[45] Hessler, J, Bronner, M, Etgen , T, Got-
zler, O, Forstl, H, Poppert H, Sander D,
Bickel H. Smoking increases the risk of de-
lirtum for older inpatients: A prospective
population-based study. Gen Hosp Psychia-
try2015;37(4):360-364.

[46] Peters, R, Poulter, R, Warner, J, Beckett,
N, Burch, L, Bulpitt C. Smoking, dementia
and cognitive decline in the elderly, a system-
atic review. BMC Geriatr2008:8:36.

[47] Pol, R, van Leeuwen, B, Reijnen, M,
Zeebregts, C. The relation between athero-
sclerosis and the occurrence of postoperative

delirium in vascular surgery patients. Vascu-
lar Medicine 2012;17:116-122.

[48] American Psychiatric Association Prac-

tice guideline for the treatment of patients with
delirium. Am J Psychiatry 1999;156(5):1-20.

[49] Lin SM, Liu CY, Wang CH, Lin HC,
Huang CD, Huang PY, Fang YF, Shiech MH,
Kuo HP. The impact of delirium on the sur-

vival of mechanically ventilated patients. Crit
Care Med 2004;32:2254-2259.

[50] Khan, B, Zawahiri, M, Campbell, N,
Boustani, M. Biomarkers for delirium—a re-
view. J Am GeriatrSoc 2011;59:S256-S261.

[51] Brouns, R, De Deyn, PP. Neurological
complications in renal failure: A review. Clin-
ical NeurolNeurosurg2004;707(1):1-16.

[52] Kat, M, de Jonghe, J, Vreeswijk, R, van
der Ploeg T, van Gool WA, Eikelenboom P,
Kalisvaart KJ. Mortality associated with de-
lirtum after hip-surgery: a 2-year follow-up
study. Age Ageing 2011;40:312-318.

[53] Blondell, R, Powell, G, Dodds HN, Loo-
ney SW, Lukan JK. Admission characteristics

of trauma patients in whom delirium devel-
ops. AmJSurg 2004;187(3):332-337.

[54] Angles, EM, Robinson, TN, Biffl, WL,
Johnson, J, Moss, M., Tran, Z. V., Moore EE.
Risk factors for delirium after major trauma.
Am J Surg 2008;196(6):864-870.

[55] Griffiths, S, Tandon, U, Treml, J, Jackson,
T. Delirium in trauma. Trauma 2014;16(2):87-
92.

[56] Naidech, AM, Beaumont, JL, Rosenberg,
NF, Maas, MB, Kosteva, AR, Ault, ML, Cel-
la D, Ely EW. Intracerebral hemorrhage and
delirium symptoms length of stay, function,
and quality of life in a 114-patient cohort. Am

Majed Alamri: Risk Factors, Pathophysiology, and Management of ICU Delirium: A Literature Review



Majmaah Jouurnal of Health Sciences ,Vol.5, issue 1, May 2017 - Shaban 1438

J RespirCrit Care Med 2013;188(11):1331-
1337.

[57] Hopkins, R, Suchyta, M, Farrer, T, Need-
ham, D. Improving post-intensive care unit
neuropsychiatric outcomes: Understanding
cognitive effects of physical activity. Am J
RespirCrit Care Med 2012;186:1220-1228.

[58] McPherson, J, Wagner, C, Boehm, L,
Hall, J, Johnson, D, Miller, L, Burns KM,
Thompson JL, Shintani AK, Ely EW, Pand-
haripande PP. Delirium in the cardiovascular
ICU: exploring modifiable risk factors. Crit
Care Med 2013;41(2):405-413.

[59] Han, J, Zimmerman, E, Cutler, N,
Schnelle, J, Morandi, A., Dittus, R., Storrow
AB, Wesley Ely E. Delirium in older emer-
gency department patients: recognition, risk
factors, and psychomotor subtypes. AcadE-
merg Med 2009;16(3):193-200.

[60] Morrison, R, Magaziner, J, Gilbert, M,
Koval KJ, McLaughlin MA, Orosz G, Strauss
E, Siu AL. Relationship between pain and
opioid analgesics on the development of de-

lirilum following hip fracture. J Gerontol A
BiolSci Med Sci2003;58:76-81.

[61] Pisani, MA, Murphy, TE, Araujo, KLB,
Van Ness, PH. Factors associated with persis-
tent delirium after intensive care unit admis-
sion in an older medical patient population.
Journal of Critical Care 2010;25(3):540.el-
540.¢e7.

[62] Pratico C, Quattrone, D, Lucanto T, Am-
ato A, Penna O, Roscitano C, Fodale V. Drugs
of anesthesia acting on central cholinergic
system may cause post-operative cognitive
dysfunction and delirium. Med Hypotheses

2005;65:972-982.

[63] Trzepacz, P, ed. The Neuropathophysiol-
ogy of Delirium. Oxford: Oxford University
Press: 2002.

[64] Hirano, H, Day, J, Fibiger, H. Seroto-
genic regulation of acetylcholine release in
rat frontal cortex. Journal of Neurochemistry
1995;65:1139-1145.

[65] Meyer, N, Hall, J. Brain dysfunction in
critically ill patients—the intensive care unit
and beyond. Crit Care 2006;10:223.

[66] Anderson, BJ, Reilly, JP, Shashaty, MGS,
Palakshappa, JA, Wysoczanski, A, Dunn, TG,
Kazi A, Tommasini A, Mikkelsen ME, Sch-
weickert WD, Kolson DL. Admission plasma
levels of the neuronal injury marker neuron-
specific enolase are associated with mortality
and delirium in sepsis. JCrit Care2016;36:18-
23.

[67] Dantzer, R. Cytokine-induced sickness
behaviour: a neuroimmune response to acti-
vation of innate immunity. EurJPharmacol
2004;500(1-3): 399-411.

[68] Perry V, Cunningham C, Holmes C. Sys-
temic infections and inflammation affect
chronic neurodegeneration. Nat Rev Immu-
nol2007;7:161-167.

[69] Ignacak, A, Kasztelnik, M, Sliwa, T, Kor-
but, R, Raida, K, Guzik, T. Prolactin—not only
lactotrophin. A”new” view of the “old” hor-
mone. JPhysiolPharmacol2012;63:435-443.

[70] Sobrinho, L. Neuropsychiatry of prolac-
tin: causes and effects. BaillieresClinEndocri-
nolMetab1991;5:119-1142.

Majed Alamri: Risk Factors, Pathophysiology, and Management of ICU Delirium: A Literature Review



Majmaah Jouurnal of Health Sciences ,Vol.5, issue 1, May 2017 - Shaban 1438

[71] Fitzgerald, P, Dinan, T. Prolactin and do-
pamine: what is the connection? A review ar-
ticle. J Psychopharmacol2008;22:12-19.

[72] Weinhouse, G, Schwab, R, Watson, P,
Palil, N, Vaccaro, B, Pandharipande, P, Ely
EW. Bench-to-bedside review: delirium in
ICU patients - importance of sleep depriva-
tion. Crit Care 2009;13:234.

[73] Cerejeira, J, Firmino, H, Vaz-Serra, A,
Mukaetova-Ladinska, E. The neuroinflam-
matory hypothesis of delirium. ActaNeuro-
pathol2010;119:737-754.

[74] Pandharipande PP, Morandi A, Adams
JR, Girard TD, Thompson JL, Shintani AK,
Ely EW. Plasma tryptophan and tyrosine lev-
els are independent risk factors for delirium
in critically ill patients. Intensive Care Med

2009;35(11);1886-1892.

[75] Uchida, K, Aoki, T, Ishizuka, B. Postop-
erative delirium and plasma melatonin. Med
Hypotheses 1999;53:103-106.

[76] Pardridge, W. Blood-brain barrier carri-
er-mediated transport and brain metabolism
of amino acids. Neurochem Res 1998;23;635-
644.

[77] Gogenur, I, Ocak, U, Altunpinar, O,
Middleton B, Skene DJ, Rosenberg J.. Distur-
bances in melatonin, cortisol and core body
temperature rhythms after major surgery.
World J Surg2007;31:290-298.

[78] Steiner, L. Postoperative delirium. Part
1: pathophysiology and risk factors. Europ J
Anaesthesiol 2011;28(9):628-636.

[79] Tabet, N, Howard, R. Non-pharmacolog-
ical interventions in the prevention of deliri-

um. Age Ageing 2009;38(4):374-379.

[80] Franchi, C, Nobili, A, Mari, D, Tettaman-
ti, M, Djade, C, Pasina, L, Salerno F, Corrao
S, Marengoni A, Iorio A, Marcucci M. Risk
factors for hospital readmission of elderly pa-
tients. Eur J Intern Med 2013;24:45-51.

[81] Ali, S, Welch, C, Park, L, Pliakas AM,
Wilson A, Nicolson S, Huffman J, Fricchione

GL. Encephalitis and catatonia treated with
ECT. CognBehavNeurol 2008;21(1):46-51.

[82] Danivas, V, Behere, R, Varambally, S,
Rao NP, Venkatasubramanian G, Gangadhar
BN.Electroconvulsive therapy in the treat-
ment of delirious mania: A report of 2 pa-
tients. J ECT 2010;26:278-279.

[83] Weiner, R, Prudic, J. Electroconvulsive
therapy in the United States: how often is it
used? Biol Psychiatry, 2013;73:105-106.

[84] Pandharipande P, Cotton BA, Shintani
A, Thompson J, Pun BT, Morris JA Jr,Dittus
R, Ely EW. Prevalence and risk factors for
development of delirium in surgical and

trauma intensive care unit patients. J Trauma
2008;65:34-41.

[85] Kortebein, P, Ferrando, A, Lombeida, J,
Wolfe, R, Evans, W. Effect of 10 days of bed

rest on skeletal muscle in healthy older adults.
JAMA 2007;297:1772-1774.

[86] Dowdy, D, Eid, M, Dennison, C., Men-
dez-Tellez PA, Herridge MS, Guallar E, Pro-
novost PJ, Needham DM. Quality of life after
acute respiratory distress syndrome: a meta-
analysis. Intensive Care Med 2006;32:1115-
1124.

[87] Salas, R. Gamaldo, C. Adverse effects

Majed Alamri: Risk Factors, Pathophysiology, and Management of ICU Delirium: A Literature Review



Majmaah Jouurnal of Health Sciences ,Vol.5, issue 1, May 2017 - Shaban 1438

of sleep deprivation in the ICU. Crit Care
Clin2008;24:461-476.

[88] Cooper, A, Thornley, K, Young, G,
Slutsky, A, Stewart, T Hanly, P. Sleep in criti-

cally ill patients requiring mechanical ventila-
tion. Chest 2000;117:809-818.

[89] Young, J, Inouye, S. Delirium in older
people. BMJ 2007;334:7598, 842-846.

[90] American Geriatrics Society Expert
Panel on Postoperative Delirium in Older
Adults. American geriatrics society abstract-
ed clinical practice guideline for postop-
erative delirium in older adults. JAmGeri-
atrSoc2014;63(1):142-150.

[91] Mac Sweeney, R, Barber, V, Page, V,
Ely, E, Perkins, G, Young,J, McAuley DF.
A national survey of the management of

delirium in UK intensive care units. QJM
2010;103(4):243-251.

[92] Schrijver, E, De Graaf, K, De Vries,
O, Maier, A, Nanayakkara, P. Efficacy and
safety of haloperidol for in-hospital de-
lirtum prevention and treatment: A system-

atic review of current evidence. Eur J Intern
Med2016;27:14-23.

[93] Nemeroff, C, Kinkead, B, Goldstein, J.
Quetiapine: preclinical studies, pharmacoki-
netics, drug interactions, and dosing. J Clin
Psychiatry 2002;63(suppl 13):5-11.

[94] Gerlach, A, Dasta, J. Dexmedetomi-
dine: an updated review. AnnPharmacother
2007;41(2):245-254.

m Majed Alamri: Risk Factors, Pathophysiology, and Management of ICU Delirium: A Literature Review



