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ABSTRACT
Introduction

Post-operative delirium (POD) is a serious surgical compli-
cation that can cause significant morbidity and mortality. It is
associated with prolonged hospital stay, delayed admission to
rehabilitation programs, persistent cognitive deficits, marked
health-care costs, and more. The pathophysiology is multi-
factorial and not completely understood, which complicates
the optimal management. Non-pharmacological measures
have been the mainstay of treatment, but there has been an
ongoing interest in the medical literature on the prevention
of post-operative delirium using medications. The purpose
of this review is to critically analyze the current evidence on
pharmacological prevention of POD.

Methods

Aliterature review was conducted using PubMed and Embase
databases, using the following search terms: delirium, anti-
psychotics, cholinesterase inhibitors, and statins.

Results

A total of 1,152 articles were screened and 25 articles were
reviewed. Fourteen articles found a reduced incidence of
post-operative delirium using pharmacological agents: eight
with antipsychotics, two with statins, one with melatonin,
one with dexamethasone, one with gabapentin, and one with
diazepam. However, study designs, methodological issues, or
authors’ interpretations raise questions on these conclusions.

Conclusions
Further double-blinded randomized clinical trials should be
conducted before administering pharmacological agents to

reduce POD in a non-research setting.

Key words: delirium, post-operative, prevention, pharma-
cological agents

INTRODUCTION

Delirium is a neuropsychiatric disorder characterized by a
sudden onset of altered and fluctuating level of conscious-
ness, inattention, and disorganized thinking.() The etiology
is organic and sometimes modifiable. Surgery, especially high
operative stress procedures such as major joint replacements
or cardiovascular surgery, is a strong risk factor. The incidence
of post-operative delirium (POD) is extremely variable; a re-
view of 80 primary studies showed a range from 0% to 73.5%
(average 36.8%).? The factors associated with POD may be
divided into pre-operative, perioperative, and post-operative
as demonstrated in Table 1.3

Delirium is harmful to the patient, and costly to the
health-care system. It increases the risk of long-term cognitive
impairment, loss of autonomy, prolonged hospital length of
stay, and societal cost.%> Although it is documented that
non-pharmacological measures and comprehensive geriatric
assessments reduce the risk of post-operative delirium, the
evidence for pharmacological agents seems less convincing.
(©) Given the lack of human resources in hospitals, the idea
that a medication could reduce the incidence of post-operative
delirium is interesting and potentially time-saving. Different
classes of medications which have been studied so far include
antipsychotics, cholinesterase inhibitors, statins, melatonin,
steroids, and anticonvulsants. The conclusions drawn are
conflicting, thus we proceeded to a literature review.

METHODS

A literature review was conducted using the databases
PubMed, and Embase. The literature published from January
1, 1999 to December 31, 2014 was searched using the follow-
ing terms: delirium, post-operative delirium, post-operative
cognitive dysfunction, surgical procedures, post-operative
period, post-operative complications, antipsychotics, halo-
peridol, quetiapine, risperidone, olanzapine, cholinesterase
inhibitors, donepezil, galantamine, rivastigmine, memantine,
statins, hydroxymethylglutaryl coenzyme A reductase inhibi-
tor, and melatonin. This time period was determined because
the first relevant article was published in 1999.(7 A total of
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1152 potentially relevant articles were identified. After an
evaluation based on the titles and the abstracts, 1110 articles
were excluded if the delirium was not in a post-operative
period, if the preventative measures were solely non-phar-
macological, if the pharmacological agent was used only to
treat delirium and not to prevent it, and if the patients enrolled
were children. Case reports were also excluded. Forty-two
articles remained available for a full-text evaluation. Twenty
articles were duplicates and were therefore removed from the
primary studies. Finally, three articles were identified from
the references of the other studies selected. The final number
of articles reviewed in this study was 25, as demonstrated in
Figure 1.

TABLE 1.
Major POD risk factors

Pre-operative Peri-operative Post-operative

Cognitive General Narcotics

impairment anesthesia

Older age Brain hypoperfusion ~ Sleep deprivation

Polypharmacy Hemodynamic Pain
instability

Electrolytes and High stress Infections

glucose disturbances procedures

RESULTS
Antipsychotics

Antipsychotics are the most-studied medications for the pre-
vention of POD. It has been speculated that an excess of dopa-
mine contributes to the development of delirium. In delirious
patients, several metabolic pathways under hypoxic conditions
lead to an increased production of dopamine, as well as a
reduced degradation of dopamine.® Its cerebral accumula-
tion results clinically in delirium. Therefore, administrating
antipsychotics, which are dopamine D2 receptor antagonists,
could theoretically prevent POD. Ten studies have been pub-
lished in this regard that include three meta-analyses,®1%!D
four randomized controlled trials with haloperidol,(7:1%13:14)
two with risperidone,(!>!%) and one with olanzapine.!'” The
mean age range varied from 61 to 80 years old.

Haloperidol

Regarding haloperidol, two studies showed a reduction of
post-operative delirium.(”-!3) Kaneko et al.() published the
first trial in 1999 using intravenous haloperidol at a dose of
5 mg intravenously daily for five consecutive days post-op-
eratively. Eighty patients scheduled for elective gastrointes-
tinal surgery and admitted to the Intensive Care Unit at
Tottori University Hospital in Japan, between 1995 and 1998,
were initially enrolled. Seventy-eight patients completed the

1152 potential articles

1110 excluded based on
titles and abstracts

* Non surgical delirium

h 4

" * Non pharmacological
prevention

* Children

* Casereports

42 articles available for
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FIGURE 1. Articles screening process
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study (intervention group n = 38, control group n = 40). Two
patients had to be excluded because they were admitted in
the Intensive Care Unit (ICU) before the randomization. The
control group received intravenous normal saline. The mean
age was 72.4 years old in the haloperidol group and 73.1 years
old in the placebo group. The patients underwent partial
gastrectomy (n = 20 in haloperidol group, n = 23 in saline
group), total gastrectomy (z = 8 in haloperidol group, n =6
in saline group), or colectomy (# = 10 in haloperidol group,
n =11 in saline group). The diagnosis of delirium was made
based on the Diagnostic and Statistical Manual of Mental
Disorders criteria, DSM III-R. Post-operative delirium devel-
oped in 17 patients; 4 in the study group and 13 in the place-
bo group. The post-operative delirium began two to four days
after the surgery. The incidence of delirium was significantly
reduced in the study group using haloperidol compared to
placebo (10.5% versus 32.5%, p < .05) with no major side
effects found. Specifically, there were no extrapyramidal side
effects. However, the study was non-blinded and the number
of patients who completed the study was small (z =78). Wang
et al.®» completed a larger study with 457 patients 65 years
or older undergoing non-cardiac surgery (intra-abdominal,
intra-thoracic, spinal and extremital, superficial) with an ICU
stay. The study was conducted from June 2009 to May 2010
in ICUs of two large tertiary teaching hospitals in Beijing,
China. Exclusion criteria included patients undergoing neu-
rosurgery, patients with parkinsonism, previous use of anti-
psychotics, profound dementia, use of cholinesterase
inhibitor, and history of schizophrenia. The diagnosis of de-
lirilum was made using the confusion assessment method for
the ICU. It was a double-blinded randomized controlled trial
where the intervention group (n = 229) received a bolus of
haloperidol 0.5 mg followed by a drip infusion of 0.1 mg/
hour for 12 hours for a total of 1.7 mg intravenously, compared
to a placebo group (n = 228). The control group received
normal saline. The mean age of both groups was 74 years
old. A multicomponent approach to reduce risk factors of
delirium was included in routine care, and non-pharmaco-
logic strategies were applied first for patients who had de-
veloped delirium. The primary endpoint was the incidence
of delirium during the first seven days after surgery. Within
these seven days, 35 patients (15.3%) in the haloperidol and
40 patients (17.5%) in the placebo group developed post-op-
erative delirium. There was a statistically significant de-
creased incidence of post-operative delirium in the
haloperidol group compared to placebo (15.3% versus 23.2%,
p =.031). The intervention group also had a decreased ICU
length of stay of 1.7 hour, which was statistically significant
(p = .024). However, the length of stay in hospital did not
differ between the groups (11.0 days in both groups). Fuka-
ta et al.'» enrolled 121 patients, 75-years-old or older, who
underwent elective abdominal surgery under general anes-
thesia or elective orthopedic surgery under general or spinal
anesthesia, between January 2007 and December 2012 in
Japan. It was a randomized, open-label prospective trial

where the intervention group received haloperidol intrave-
nously by drip infusion once daily (2.5 mg/day) from post-op-
erative days 1 to 3. The non-intervention group did not receive
preventive treatment. Delirium was assessed using the
NEECHAM confusion scale, where a score below 20 (max-
imum score 30) after surgery was indicative of post-operative
delirium. Patients who underwent emergency surgery, new-
ly added or switched psychotropic medications within two
weeks prior to surgery, or patients treated with haloperidol
for delirium after surgery before the preventive administra-
tion, were excluded. In total, 59 patients were allocated in
the intervention group (52 abdominal surgeries, 5 orthopedic
surgeries, and 2 others) and 62 patients in the placebo group
(55 abdominal surgeries, 4 orthopedic surgeries, and 3 oth-
ers). Two patients used haloperidol on post-operative day 0
for therapeutic purposes in the control group, and had to leave
the study. Therefore, 119 patients completed the study. The
mean ages were 80.5 years in the intervention group and 80.2
years in the control group. The incidence of post-operative
delirium in all patients was 37.8%. The incidence was not
significantly lower in the intervention group than in the
control group (33.3% in intervention group versus 42.4% in
control group, p = .309). Kalisvaart et al.() published a
randomized, placebo-controlled, double-blind, clinical trial
of low-dose haloperidol prophylaxis for post-operative de-
lirium in elderly hip-surgery patients. Men and women aged
70 and older admitted for acute or elective hip surgery were
considered for inclusion between August 2000 and August
2002 in a teaching hospital in the Netherlands. Four hundred
and thirty patients were randomized, and 395 patients com-
pleted the study (intervention n = 201, placebo n = 194).
Patients were excluded if they had delirium at admission, no
risk factors for post-operative delirium, use of cholinesterase
inhibitors, parkinsonism, profound dementia, epilepsy,
levodopa treatment, or prolonged QTc. Delirium was diag-
nosed using the criteria of Diagnostic and Statistical Manu-
el of Mental Disorder, Fourth Edition (DSM-IV) and
Confusion Assessment Method (CAM) criteria. The inter-
vention group received 1.5 mg of haloperidol by mouth
daily for three consecutive post-operative days. Experienced
geriatric nurses and geriatricians provided geriatric consul-
tation to all patients. The overall incidence of post-operative
delirium was 15.8%. There was no significant change in the
incidence of delirium between the intervention and control
group (15.1% versus 16.5%, respectively, relative risk = 0.91,
95% CI=0.59-1.44). However, the duration of delirium was
less in the intervention group compared to placebo (5.4 days
versus 11.8 days, p <.001), as well as mean number of days
in the hospital (mean difference 5.5 days, p <.001).

Risperidone
The two double-blinded randomized controlled trials of

risperidone showed promising results.(1>19) Prakanrattana and
Prapaitrakool'®) enrolled 126 patients aged over 40 years who
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had elective cardiac surgery under cardiopulmonary bypass
(coronary artery bypass graft, valve, other). It was a random-
ized, double-blinded, placebo-controlled study. Patients who
were to undergo emergency surgery, admitted to the intensive
care unit, diagnosed with pre-operative delirium, or previous
documented history of psychiatric problems were excluded.
No patient was unable to participate in the study. The popula-
tion was the youngest among the antipsychotics studies, with
amean age of 61 years old for both experimental and control
groups. The patients were given either 1 mg of risperidone
sublingual (n = 63) or placebo (n = 63) once after their oper-
ation upon awakening in the ICU. Delirium was diagnosed
using the confusion assessment method for the intensive care
unit (CAM-ICU). The incidence of post-operative delirium
in the risperidone group was lower than the control group
(11.1% versus 31.7%, p = .017). However, the effect was
only shown on the day of surgery (post-operative day 0), with
no differences in the following days between patients in the
two groups. There were no changes in the length of ICU stay
(3.3 days in risperidone group versus 3.2 days in placebo
group) or length of hospital stay (10.5 days in risperidone
group versus 10.3 days in placebo group). Hakim et al.(1®)
published a randomized, double-blind, placebo-controlled,
parallel-arm study, where 101 consecutive elderly patients
who experienced subsyndromal delirium (SSD) after on-
pump cardiac surgery were enrolled between December 2007
and November 2010 at the Cardiothoracic Surgery Unity in
Ain Shams University Hospital, Egypt. SSD was identified
if patients had some, but not all, features of delirium on the
Intensive Care Delirium Screening Checklist (ICDSC). Out
of 243 subjects who underwent open-heart procedures with
cardiopulmonary bypass, 101 were randomized to receive
risperidone (n = 51) or placebo (n = 50). Patients with a
Mini Mental State Examination (MMSE) score of less than
25 were excluded, as well as patients with hearing or visual
impairment, Parkinson’s disease, and a previous history of
cerebrovascular disease. The results showed that risperidone
0.5 mg twice daily by mouth given to patients after on-pump
cardiac surgery (CABG, valve) could reduce the progression
of subsyndromal delirium (SSD) to delirium in patients older
than 65 years old.('> Among the patients who experienced
SSD post-operatively, the risperidone group had less delirium
compared to the placebo group (13.7% versus 34% respectively,
p =.031). There was no effect on the duration of delirium, or
the ICU or hospital lengths of stay.

Olanzapine

Larsen et al.” published the only study with olanzapine,
which was a double-blind randomized controlled trial with
patients undergoing elective hip or knee replacements at
the England Baptist Hospital in Boston, MA, from 2005 to
2007. The patients screened for the trial included all patients
age 65 years or older and those less than 65 years old with
a history of post-operative delirium who were scheduled for

elective total knee- or total hip-replacement surgery. Patients
with dementia were excluded. Four hundred and ninety-five
patients were stratified and 95 patients dropped out before
receiving the study drug. Therefore, 400 patients completed
the study (intervention group n = 196, placebo group n =204).
The mean age was similar in both groups (73.4 years in olan-
zapine group and 74.0 in placebo group). The intervention
group was given a total 10 mg of olanzapine by mouth in
two divided doses: 5 mg immediately before the surgery and
5 mg immediately after the surgery. Delirium was diagnosed
using the DSM-III-R criteria. There was a reduced incidence
of post-operative delirium in the olanzapine group compared
to placebo (14.3% versus 39.6%, p < .0001). However, the
patients receiving olanzapine who developed delirium had
a more severe and prolonged delirium that was attributed to
the greater anticholinergic property of this antipsychotic (2.2
days versus 1.6 days, p =.02).

Systematic Reviews with Meta-analyses

Three systematic reviews with meta-analyses were pub-
lished in 2013 regarding antipsychotic prophylaxis for
POD.®1%:1D Gilmore and Wolfe(!? analyzed five randomized
clinical trials, four of which were double-blinded, as detailed
above. (13141617 There was a positive effect of prophylactic
antipsychotic to prevent POD (14.4% in intervention group
versus 27.1% in placebo group) with a risk reduction of
12.7%. Based on this risk reduction, eight patients would
need to be given antipsychotic prophylaxis to prevent one
case of delirium. Teslyar et al.*) analyzed the same five trials
and showed that prophylaxis with antipsychotics reduces the
incidence of delirium, with a number needed to treat (NNT)
from 4.00 to 12.6, and a relative risk ratio of 0.51. Hirota and
Kishi') analyzed six randomized clinical trials,7-!314.15.16,17)
where the study by Hakim et al.® regarding subsyndromal
delirium was added. The data showed that antipsychotics
significantly reduce the incidence of POD compared to
placebo with a relative risk ratio of 0.50 and a NNT of 7.
There was no significant change in the length of hospital
stay, duration of delirium, or severity of delirium with
prophylactic antipsychotics compared to placebo in two
reviews with meta-analyses.(10:1D

Cholinesterase Inhibitors

The central cholinergic system is strongly implicated in the
neuropathogenesis of delirium. Specifically, under a variety
of conditions such as brain hypoxia, cerebrovascular accident,
infections, or trauma, there is a reduced synthesis and release
of central acetylcholine that lead clinically to confusion
and delirium.® Also, the prevalence of delirium is higher
in patients with an increased serum anticholinergic activity
level. These observations lead to clinical trials where
cholinesterase inhibitors were administered pre-operatively
to prevent delirium. Five double-blind randomized controlled
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trials of cholinesterase inhibitors have been published; three
with donepezil and two with rivastigmine.(1-2021.2223) The
total number of patients enrolled was 270. None of these
studies found a significant reduction in the incidence of POD
compared to placebo.

Donepezil

Lipztin et al.?D published a pilot trial where they recruited pa-
tients over the age of 50 who were scheduled for elective total
knee or hip arthroplasty between May 2000 and April 2003 at
Baystate Medical Center in Springfield, Massachusetts. Pa-
tients who were currently using donepezil, with gastroesoph-
ageal reflux disase, or sick-sinus syndrome were excluded.
Ninety patients were randomized to donepezil or placebo,
although 10 patients were not operated on or took no study
medication. Therefore, 80 patients truly completed the study
(intervention group n = 39, placebo n =41). The intervention
group was administered 5 mg of donepezil daily for one month
(two weeks before and two weeks after the surgery). Delirium
was diagnosed using the DSM-IV criteria. The mean age was
67 years old and the average pre-operative Mini-Mental State
exam score was 29/30 in both groups. There was no change in
the incidence of post-operative delirium (21% in intervention
group, versus 17% control group, p =.69). There was also no
change in the mean duration of post-operative delirium (1.0
days in intervention group versus 1.3 days in placebo group,
p =.12). Sampson et al.'” gave 5 mg of donepezil daily for
four consecutive post-operative days to patients with elective
hip joint replacement. This was a double-blind, placebo con-
trolled, parallel group randomized feasibility study conducted
at the Royal Free Hospital NHS Trust (London, UK) between
October 2003 and January 2004. Patients with a MMSE score
of less than 26 were excluded. The diagnosis of delirium was
made using the DSI scale. Fifty patients were randomized,
but 14 withdrew after randomization. Thirty-three patients
completed the trial (donepezil group n = 19, placebo group n
= 14). The mean age was 68 years old. The overall incidence
of post-operative delirium was 21.2%. There was a decrease
of post-operative delirium in the intervention group compared
to placebo but it was not statistically significant (9.5% versus
35.7%, respectively, p=.08). There was no change in the mean
length of hospital stay (9.9 days in donepezil group versus 12.1
days in placebo group, p =.09). Marcantoni et al.?”) were the
only authors who studied a cholinesterase inhibitor in an acute
setting, with 16 patients aged 70 and older who had hip frac-
tures. Patients admitted to the orthopedics service of a large
academic medical centre were screened from January 2007
to August 2008. Those currently on cholinesterase inhibitor
with advanced dementia or pathologic fracture due to meta-
static cancer were excluded. Sixty patients were approached
for participation, and 16 patients provided informed consent
and were enrolled in the study (intervention group n = 7,
placebo n =9). The mean age was 87 years old. Donepezil 5
mg daily was given for 30 days. There was no change in the

incidence of post-operative delirium over a six-week period
(64% versus 64%) using the CAM criteria and the Memorial
Delirium Assessment Scale (MDAS).

Rivastigmine

Similar conclusions were drawn from the two rivastigmine
trials.?>?3) Gamberini et al.*® published a double-blind,
randomized, placebo-controlled trial where patients 65 years
or older undergoing elective cardiac surgery (CABG and/or
valve repair) were enrolled from February 2006 until July
2007 at the Division of Cardiac Surgery at the University
Hospital Basel, Basel, Switzerland. Patients with previous
or ongoing treatment with cholinesterase inhibitors were ex-
cluded, as well as patients with a MMSE score of less than 15.
The CAM was used to diagnose delirium. One hundred and
twenty patients were randomized and 113 patients completed
the study (intervention group n = 56, placebo group n = 57).
The intervention group was given 1.5 mg of rivastigmine by
mouth three times a day for seven days. The mean age was
74 years old. The overall incidence of post-operative delirium
was 31.0%. There was no significant difference of post-opera-
tive delirium between the intervention and the control groups
(32.1% versus 29.8%, respectively, p = .8). There was also
no change in the median duration of delirium in both groups
(3 days in placebo group and 2.5 days in rivastigmine group,
p =.3) and length of hospital stay (both groups with median
of 13 days). A transdermal patch of rivastigmine was used
instead by Zaslavsky et al.?® to bypass the enteral malab-
sorption encountered after a surgery. It was a randomized,
placebo-controlled, double-blind clinical trial where patients
of 65 years and older admitted for elective surgery under
general anesthesia were screened. Only the patients at risk
for developing post-operative delirium were eligible (MMSE
score of less than 24, history of prior delirium, severe illness,
pre-operative use of psychoactive drugs, and advanced age >
70 years). The 5 cm? patch was applied for 24 hours pre-op-
eratively in patients of the intervention group. Twenty-eight
patients completed the study (11 rivastigmine and 17 placebo).
The overall incidence of post-operative delirium was 21.4%.
There was a reduced incidence of post-operative delirium in
the intervention group but it was not statistically significant
(18% versus 23%, p = .785). This study was halted prema-
turely because of a warning by the rivastigmine manufactuer
(Novartis) about the possible increased risk of mortality in
critically ill patients receiving oral rivastigmine.¥

Statins

It has been hypothesized in animal and human models that
statins have neuroprotective effects through anti-inflamma-
tory and immunomodulatory properties in strokes, multiple
sclerosis, or Alzheimer’s disease.529 Three observational
studies were published where authors tried to find a similar
neuroprotective effect of statins against POD.(?72829 The
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conclusions differed from one to another. Redeilmeier et
al.®® published a retrospective cohort study with more than
280,000 patients who had elective surgery. The incidence of
delirium was significantly increased in the group of patients
receiving statins in the year before the surgery compared to the
group who did not take statins (1.4% versus 1.1%, p <.001).
This association was not observed with other cardiovascular
medications such as antihypertensives or antiplatelet therapy.
Katznelson et al.®® found instead a reduction of post-opera-
tive delirium in a prospective observational study in patients
with cardiac surgery. The group that was taking statins had
less delirium than the other group (10.8% versus 12.8%).
Finally, the observational cohort study of Mariscalco et al.?”)
in patients undergoing coronary artery bypass graft found no
reduction of POD in the group taking statins prior to surgery
(10.8% versus 12.8%, respectively, p = .18).

Corticosteroids

Delirium is also partially explained by a neuroinflammatory
process where proinflammatory cytokines cause central syn-
aptic dysfunction and neuronal damage.® This inflammatory
state, which can be triggered by cardiac procedures on car-
diopulmonary bypass for example, may respond to potent an-
ti-inflammatory drugs such as corticosteroids.??) Mardani and
Bigdelian®! published one study where dexamethasone was
used to prevent POD. The study was carried out in Chamran
Heart Center, a teaching hospital of Isfahan University, Iran.
All male and female patients undergone elective CABG on
cardiopulmonary bypass were screened and included in the
study from January 2009 to February 2011. It was a random-
ized controlled trial with 93 patients (dexamethasone group
n = 43, placebo group n = 50). Patients older than 80 years
of age or with a history of delirium were excluded. Delirium
was diagnosed with the DSM-IV criteria. The mean ages
were 65 years old in the dexamethasone group and 60 years
old in the placebo group. The subjects were given 8 mg of
dexamethasone intravenously before and after the surgery. The
dexamethasone group had less post-operative delirium com-
pared to placebo (16.3% versus 38%, respectively, p = .03),
as well as a decreased ICU length of stay (2.86 days versus
3.68 days, p = .004) and hospital length of stay (12.93 days
versus 13.64 days, p = .02). However, the reduction of POD
was only statistically significant on the first post-operative
day (9.3% in dexamethasone group versus 26% in placebo
group, p =.03) and not the following days (4.7% versus 10%,
p = .40 on post-operative day 2; 2.3% versus 2%, p = 1 on
post-operative day 3). There were more hyperglycemias in
the dexamethasone group, but no significant differences on
post-operative infections compared to placebo group.

Gabapentin

Studies have shown that pre-operative and post-operative pain
confers a greater risk to develop POD in the elderly.3%-333%)

Gabapentin, an anticonvulsant often used for neuropathic
pain, appears to also decrease the level of post-operative
pain.(® Leung ef al.3% published a pilot clinical trial using
gabapentin to control post-operative pain and hence prevent
POD. This study was conducted in 2005 at the University of
California, San Francisco Medical Center. Patients who were
45 years of age and older, undergoing surgery involving the
spine, and requiring general anesthesia were included. Pa-
tients already taking pre-operative gabapentin were excluded.
Twenty-one patients were enrolled (gabapentin group n =9,
placebo group n = 12). Delirium was diagnosed using the
CAM. The mean ages were 57 years old in the gabapentin
group and 61 years old in the placebo group. The interven-
tion group was given gabapentin 900 mg once daily for four
consecutive days, with the first dose being given before the
surgery. There was a reduction of post-operative delirium in
the gabapentin group compared to placebo (0% versus 41.7%,
p = .045). Also, the gabapentin group had a reduced use of
intravenous patient-controlled analgesia (PCA) hydromor-
phone in the first two post-operative days. Interestingly, no
patients had an agitated delirium. One patient in each group
had post-operative sedation.

Benzodiazepines

Since sleep disturbance is a core feature in delirium, Aizawa et
al.®7 published a non-double blinded controlled clinical trial
using different sedative agents to improve sleep after surgery
and thus prevent POD. A total of 42 consecutive patients aged
over 70 years old, but less than 86 years old, who underwent
gastric or colorectal cancer resections under general anesthesia
were enrolled in Hiratsuka City Hospital, Japan. Patients with
“mental disorders” were excluded. Delirium was diagnosed
using the DSM-IV criteria. Two patients dropped out due to
incomplete administration of the agents. Forty completed
the study (intervention group n = 40, placebo group n = 40)
with a mean age of 76 years old in both intervention and
non-intervention groups. The intervention group received
the “delirium-free protocol” (DFP), which is intramuscular
diazepam, intravenous flunitrazepam infusion, and intra-
venous pethidine infusion for the first three post-operative
nights, from 8:00 pm until 4:00 am. The non-DFP group did
not receive a placebo. There was a significant reduction of
post-operative delirium in the intervention group (35% versus
5%, p=.023). However, eight patients in the DFP group (40%)
developed “morning lethargy”.

Melatonin

The melatonin pathway has had increased attention in the
delirium literature recently.®® Melatonin plays a significant
role in the regulation of the circadian rhythm and sleep-wake
cycle, the latter being a core feature in delirium. Also, it has
been demonstrated that patients with hyperactive delirium have
lower urinary levels of melatonin compared to non-delirious
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patients.®”) Three double-blinded randomized controlled
trials have been published: two with melatonin, and one with
tryptophan.%41-42) The results of a double-blind randomized
controlled trial not yet published with ramelteon was also
available through a conference abstract.*3)

Melatonin

The study by Sultan®? is the only one that found a reduction
of POD with melatonin. It was a controlled randomized dou-
ble-blind study where patients older than 65 years of age who
underwent elective hip arthroplasty under spinal anesthesia
were included. Patients with dementia, intracranial events
(e.g., stroke, bleeding, infection) and psychoactive drugs were
excluded. Three hundred patients were tried to be enrolled in
the study; 78 were excluded before of pre-operative delirium,
11 were further excluded due to the need to induce general
anesthesia for different causes, and 8 more were excluded
for post-operative ICU admission. Two hundred and three
patients completed the study. The mean age was 71 years old.
Delirium was diagnosed using the Abbreviated Mental Test
(AMT). The patients were separated in four groups and were
given placebo (n = 49), melatonin (n = 53), midazolam (n =
50), or clonidine (n = 51) before the surgery. The melatonin
group a significant reduction of POD compared to placebo
(0.4% versus 32.7%). Interestingly, 26% of the patients were
excluded because they were in delirium before the operation.
De Jonghe et al.*D studied the administration of melatonin
in patients aged 65 years or older who were admitted for
emergent acute hip fractures repair. It was a multi-centre,
double-blind, randomized controlled trial between November
2008 and May 2012 in one academic and two non-academic
hospitals in The Netherlands. Patients already in delirium
were excluded. Four hundred and fifty-two patients were
randomized, and 74 patients were excluded. The trial involved
378 patients (melatonin group n = 186, placebo n =192) who
were given 3 mg of melatonin on the evening on admission
for a total of five days. The mean age was 84 years old. No
reduction of POD was noted (25.5% in control group versus
29.6% in intervention group, p = .4), nor the duration of de-
lirium, its severity, or the functional outcome of the patients
at three months using Katz-ADL score.

Tryptophan

Tryptophan, which is an essential amino acid synthesised to
serotonin and then melatonin, has also been studied. Low-lev-
els of tryptophan serum activity have been measured post-op-
eratively in patients, which lead to the trials by Robinson et
al.in 2008 and 2014.434) The 2014 study was a randomized,
double-bind, placebo-controlled trial with individuals aged 60
and older undergoing major surgery (abdominal, non-cardiac
thoracic, cardiac, vascular) with an ICU stay at the Denver
Veterans Affairs Medical Center, Colorado, between De-
cember 2008 and December 2012. Patients who underwent

an emergency surgery were excluded. Three hundred and
twenty-five patients were enrolled, and 24 patients were
withdrawn from the study; 301 patients completed the study
(intervention group n = 152, placebo n = 149). The mean age
was 69. Delirium was diagnosed using the CAM-ICU criteria.
Tryptophan 1 g was administered orally three times a day after
the surgery for a total of nine days, or until ICU discharge.
The overall incidence of post-operative delirium was 39%.
Even though the tryptophan serum level was significantly
higher in the intervention group post-operatively, there was
no reduction of the incidence of delirium (40% in intervention
group versus 37% in control group, p =.60), and no reduction
in the duration of delirium (2.9 days in intervention group
versus 2.4 days in placebo group, p =.12)

Ramelteon

Yamaguchi et al.*®) completed a double-blinded randomized
controlled trial using ramelteon. It is a sleep agent that binds
specifically to MT1 and M T2 receptors in the hypothalamus.
They enrolled 42 patients who were 70 years old or older who
underwent elective total knee replacement. The intervention
group was given ramelteon 8 mg orally every night for four
days. There was no statistically significant difference of POD
between the two groups (0% in ramelteon group versus 9.2%
in placebo, p = 0.48) or subsyndromal delirium. Only the
abstract was available at the time of this review.

A summary of all clinical studies reviewed is found in
Table 2.

DISCUSSION

Delirium is a very complex confusional syndrome the
pathophysiology of which remains to be fully understood.
Many mechanisms, likely intertwined, play a role. Stud-
ies suggest that an imbalance of neurotransmitters such
as acetylcholine deficiency and dopamine excess may be
responsible for delirium.® This is what led to the use of
either cholinesterase inhibitors or antipsychotics to prevent
POD. Surgery creates a proinflammatory cascade causing
brain edema and hypoperfusion. It increases the risk of
gaseous, fat, or lipid cerebral microemboli, causing acute
and prolonged cognitive dysfunction.>) Medications with
anti-inflammatory or anti-thrombotic properties, such as
dexamethasone and statins, have therefore been studied,
hoping they could prevent POD.?7-28:29-3D) Since the disrup-
tion of the sleep-wake cycle is a core feature in delirium, the
idea that disturbances of the metabolism of melatonin and
its derivatives led to delirium is interesting.®® Objective
measurements have been made, but the causal relation is
still unclear.38:3%44

Each of these studies targeted one putative mechanism
of delirium, and the results are therefore limited. The few
studies that found a reduction of the incidence of POD were
mostly studies with a small population or non-double blind
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randomized controlled trials.(7-13:15:16,17.28,31,36,37.40) The study
by Wang et al.(1>) was the biggest well-designed clinical trial,
with 457 subjects, that found a reduction of POD with halo-
peridol. However, its route of administration (by infusion drip)
is probably not suited for a non-research setting and requires
constant monitoring by nurses. Also, in many of these studies,
patients at higher risk of delirium are excluded, specifically
very elderly subjects, 3137 patients with established cognitive
impairment,1>17:19.20.23.37.40) anq those with polypharmacy
with psychoactive drugs.(13:17:23:40:42) Moreover, a significant
proportion of the trials enrolled a younger population in its
sixth decade of life.(16:19.2131,3642) The studies of Leung et
al.®% with gabapentin and Aizawa et al.3”) with the DFP
protocol, where there was reduction of POD, raises a ques-
tion of whether a hypoactive state of delirium could have
been precipitated instead by these sedative medications, and
therefore misdiagnosed as “non-delirious”. It is well known
that benzodiazepines are a major risk factor for non-alcoholic
delirium.® Also, intramuscular injections and intravenous
infusion post-operatively may not be the best patient care or
easily feasible by the nursing staff. Regarding statins, it is
difficult to interpret the causal relation between statins and
post-operative delirium since none of these studies were
randomized controlled trial but observational studies.?7-282%)
Only one study found a significant benefit using melatonin
compared to placebo to prevent POD.“? However, patients at
higher risk of POD who would most benefit from pre-operative
prophylaxis were excluded (sensory impairment, dementia,
electrolytes disturbances, psychoactive medications). Also,
the sedation score in the melatonin group was significantly
increased compared to control group; it is unclear if these
patients could have been in an hypoactive delirium, which
may be associated with a poorer prognosis than the hyperac-
tive subtype since it often goes unrecognized and therefore
is not treated promptly.4”) The dexamethasone study showed
a significant reduction of POD compared to placebo, but the
effect was only significant on the first post-operative day.3!
Cholinesterase inhibitor prophylaxis has no positive effect
on POD.(20.21,22,23,24)

Delirium is not only an acute medical complication, its
consequences can persist for months. An ideal medication
would be one that could alter this “natural course”, such as
by decreasing the hospital length of stay, increasing the rate
of discharge to a rehabilitation center, decreasing institu-
tionalization, or protecting the brain from further cognitive
impairment. Until more studies show promising results, the
well-described non-pharmacological measures to prevent
delirium will continue to be the gold standard.

CONCLUSION

Post-operative delirium is a frequent and serious surgical
complication in the elderly population. The short-term and
long-term consequences can be disastrous, and include death
or severe functional impairment with institutionalization.

Non-pharmacological measures and comprehensive geriatric
care reduce the incidence or severity of post-operative deliri-
um. However, the current data on pharmacological agents are
much more controversial and debatable. The strongest evi-
dence, still very limited, is for haloperidol, but the appropriate
dose and route of administration remain to be determined. The
risk and benefits need to be considered, especially with recent
studies that found an increased risk of mortality in patients
with dementia taking antipsychotics.*® Until further studies
are published, non-pharmacological measures should be the
mainstay of treatment to reduce and prevent post-operative
delirium in the elderly.
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