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Summary

Postoperative delirium is a relatively common and serious complication. It increases hospital stay by 2—3 days and is
associated with a 30-day mortality of 7—10%. It is most prevalent in older patients, those with existing neurocognitive
disorders, and those undergoing complex or emergency procedures. Preclinical and clinical research in recent years has
uncovered more about the pathophysiology of postoperative delirium and may yield more potential therapeutic options.
Using the enhanced recovery pathway framework of risk stratification, risk reduction, and rescue treatment, we have
reviewed the current clinical evidence on the validity of delirium prediction scores for the surgical population, the
effectiveness of perioperative delirium risk reduction interventions, and management options for established delirium.
Effective perioperative interventions include depth of anaesthesia monitoring, intraoperative dexmedetomidine infu-
sion, and multimodal analgesia. Choice of general anaesthetic agent may not be associated with significant difference in
delirium risk. Several other factors, such as preoperative fasting, temperature control, and blood pressure management
have some association with the risk of postoperative delirium; these will require further studies. Because of the limited
treatment options available for established delirium, we propose that risk assessment and perioperative risk reduction
may be the most effective approaches in managing postoperative delirium.
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population is 2—3%, it has been reported to occur in up to

Editor’s key points 50—70% of high-risk patient groups.>? In addition, the occur-

e Postoperative delirium is a serious problem that is rence of postoperative delirium is associated with consider-
associated with prolonged hospital stay and increased ably raised morbidity and mortality, and increased healthcare
mortality. resource expenditure.

e The authors review the pathophysiology of post- Animal and human studies have led to the development of
operative delirium, identifying risk factors and poten- several hypotheses regarding the pathophysiology of post-
tially modifiable factors. operative delirium; with it, novel treatments are being pro-

posed and developed. However, there are currently limited
treatment options available for clinical use. To date, the most
effective approach to postoperative delirium management has
been the use of risk reduction measures such as reorientation,
dexmedetomidine, and melatonin. In addition, there is

Delirium is a cognitive disturbance characterised by acute and
fluctuating impairment in attention and awareness. Post-
operative delirium commonly occurs between postoperative
days 2—5. Although its incidence in the general surgical
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currently limited consensus on the best perioperative prac-
tices (such as the fasting time, choice of anaesthesia, periop-
erative fluids, and BP management) for reducing the risk of
delirium.

With the development of enhanced recovery pathways, the
framework of risk assessment, risk reduction, and rescue
treatment has been applied to several postoperative compli-
cations (Fig. 1). Using this framework, we conducted a sys-
tematic literature search on EMBASE and Medline, for relevant
papers published in English between 2000 and 2019. The
search terms were decided based on the American Society for
Enhanced Recovery, Perioperative Quality Initiative and Eu-
ropean Society of Anaesthesiology guidelines, and other
common perioperative considerations®?*; the detailed search
strategy is listed in the Supplementary Table S1. The search
was completed on January 28, 2020, and active literature sur-
veillance continued until March 30, 2020. The findings of the
literature are summarised as a narrative review, with discus-
sion on the current clinical evidence for the use of delirium
risk prediction scores, perioperative interventions for delirium
risk reduction, and treatment options for established delirium.

Epidemiology and healthcare cost

In the general surgical population, the incidence of post-
operative delirium is reported to be 2.5-3%.>° In patients aged
more than 60—70 yr, the incidence of postoperative delirium is
considerably higher at 10—20%.”° Elective extremities surgery
is associated with a 2.5—3% risk of postoperative delirium'?; in
comparison, truncal surgery is associated with a 10—20%
risk.!!2 Emergency surgery is associated with a 20—45% risk of
postoperative delirium which is 1.5 to three times higher than
comparable non-emergency surgery.’>'* Complex surgeries
requiring postoperative critical care management, such as

cardiothoracic and hepatic surgeries, are associated with
20—-50% risk of postoperative delirium.'>~'” Most notably, neck
of femur fracture repair is associated with up to 70% risk of
postoperative delirium.’” There are several explanations: a
neck of femur fracture is commonly associated with frail older
patients; perioperative pain is a significant issue; and the
surgery is usually done in an emergency setting with limited
opportunity for preoperative optimisation.

The occurrence of postoperative delirium lengthens hos-
pital stay by 2—3 days and ITU stay by 2 days.”’ '° Post-
operative delirium is also associated with a 30-day mortality of
7—10%, compared with 1% in those without delirium.’®?° In
addition, postoperative delirium is associated with significant
functional decline and a two to three times higher risk of
needing care facilities on discharge.’?”> The occurrence of
postoperative delirium is associated with significantly higher
healthcare costs, estimated between £2000 and £8000 addi-
tional cost per case.®’

Pathophysiology

There are several theories regarding the pathophysiology of
postoperative delirium based on findings from animal models;
however, evidence from human studies is currently limited.

Neuroinflammation

One possible pathophysiological mechanism for postoperative
delirium is neuroinflammation. Systemic inflammatory medi-
ators are increased significantly after surgery and remain high
during the postoperative period.?>?* It has been reported that
postoperative elevation of peripheral C-reactive protein (CRP)
and interleukin 6 concentrations is associated with higher risks
of postoperative delirium.?” Interestingly, the authors also

Preoperative risk assessment and optimisation

Perioperative risk reduction

Recognition and management of established delirium

Post-discharge care and specialist follow-up

Fig 1. Proposed framework for optimising the management of postoperative delirium (POD).
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found that increased preoperative concentrations of CRP and
interleukin 6 are also associated with an increased risk of
postoperative delirium, thus supporting the hypothesis that
preoperative pathologies may also contribute to the risk of
subsequent postoperative delirium. Previous studies have
shown that preoperative peripheral injuries, such as fractures,
are associated with increased inflammatory mediators in the
CSF?%%7; this suggests that peripheral pathology can lead to an
increased inflammatory burden in the CNS. Preclinical studies
have demonstrated that peripheral inflammation can lead to
the loss of structural and functional blood brain barrier integ-
rity’®>° and subsequently translocation of inflammatory cells
and mediators into the CNS.>! The accumulation of inflam-
matory mediators then results in the loss of synaptic plas-
ticity,>? neuro-apoptosis,®> and impaired neurogenesis.** It is
thought that amyloid-B deposition may occur as a result of
neuroinflammation and anaesthetic exposure; however, a
recent study reported that older patients who underwent
multiple surgery under general anaesthesia did not demon-
strate significantly high amyloid-f. However, the study re-
ported that multiple surgery and anaesthesia is associated with
significantly higher risk of abnormal cortical thickening.*

Neurotransmitters

Another possible pathophysiological mechanism for post-
operative delirium is the alteration in neurotransmitters.
Acetylcholine is thought to be involved in the neuroplasticity,
and is present in several neural pathways responsible for
attention and memory.>®*” A recent observational study in
cardiac surgery patients indicated that patients with post-
operative delirium had lower acetylcholinesterase both pre-
operatively and up to 2 days postoperatively, and that low
acetylcholinesterase activity was an independent risk factor
for developing postoperative delirium, as are centrally acting
anticholinergic medications (such as amitriptyline).*® Simi-
larly, another observational study of older patients undergoing
noncardiac surgeries also found that patients with delirium
had lower postoperative acetylcholinesterase activity.>
Several dopamine receptors and transporter gene poly-
morphisms have been found to alter the risk of postoperative
delirium,* confirmed in a recent meta-analysis.*! Two small
studies have shown that patients with delirium have altered
monoamine metabolism, although this is not confirmed to be
an independent risk factor through multivariable analysis.>*?

Subclinical cerebral vascular events

It was reported that diseases which increase the risk of cere-
bral vascular events, such as hypertension, atrial fibrillation,
and previous stroke, are all risk factors for developing post-
operative delirium.*>** Although the risk of overt post-
operative stroke is rare, radiological evidence of cerebral
ischemia can be seen in 7—10% of older surgical patients, and
this is associated with more than double the risk of post-
operative delirium.*"*® A small cohort study of lung transplant
patient showed that every 10 mm Hg reduction in cerebral
perfusion pressure is associated with double the risk of post-
operative delirium.*’ Another study retrospectively analysed
the association between cerebral perfusion pressure (esti-
mated using cerebral oximetry) and delirium, and found that
cerebral perfusion pressure above the autoregulatory limit is
an independent risk factor for the development of post-
operative delirium.*®

Preoperative risk prediction

Management of postoperative delirium can be categorised into
risk stratification, risk reduction, early diagnosis, and treat-
ment (Fig. 1). With appropriate risk stratification, post-
operative delirium could then be managed through risk
reduction measures and prophylactic interventions; it would
also be possible to monitor high risk patients more closely and
implement treatments more promptly. With the development
of enhanced recovery pathways, similar frameworks have
been proposed and successfully implemented by several in-
ternational consensus groups for the management of other
common postoperative complications.**>°

As discussed above, high-risk surgical procedures for
postoperative delirium include abdominal and pelvic sur-
gery,''? major emergency surgeries,’®>'* and complex sur-
geries requiring postoperative intensive care admission.’> %/
In addition, there is a wide range of patient factors strongly
associated with increased risk of postoperative delirium.
Studies have found that surrogates for comorbidity burden,
such as the ASA and Charlson Comorbidity Score,’®°! and
histories of neurological, cardiac, respiratory, and metabolic
diseases are risk factors for developing delirium.**°?>°
Another important aspect of the risk assessment is the pa-
tient’s functional baseline, such as sensory deficits.”® In the
acute setting, metabolic derangement and pain are also risk
factors for developing delirium.*>*

In order to further quantify patients’ risk for developing
postoperative delirium, and to allow efficient healthcare re-
sources allocation, various risk prediction scores have been
developed. For example, Inouye and colleagues®” proposed a
delirium risk score based on admission characteristics, which
consisted of Mini-Mental State Examination score, Acute
Physiological and Chronic Health Evaluation I1I (APACHE)
score, vision score, and blood urea nitrogen/creatinine ratio.
This has been validated by Kalisvaart and colleagues®® in a hip
surgery cohort, in which patients with no risk factors had <1%
risk of developing postoperative delirium, whereas patients
with more than two risk factors had >30% risk of developing
delirium. More recently, Kim and colleagues® reported a study
of more than 6000 patients with hip fractures, and proposed a
nine-item scoring system: preoperative delirium, dementia,
age, medical comorbidity, ASA grade, functional dependence,
smoking, presence of systemic inflammatory response syn-
drome, and preoperative mobility aid use.

One of the main limitations of using risk scores is that most
risk scores are validated using either medical patients, or in
one specific surgery type, which weakens the translatability of
the score to the general surgical population.®® The Delirium
Prediction Based on Hospital Information (DELPHI) score con-
sists of 10 items with variable weighting. It was internally
validated in a cohort of 553 surgical patients (including
abdominal, vascular, and trauma surgeries), and was reported
to have a positive predictive value of 70% and a negative pre-
dictive value of 95%.°" As it is a single-centre study, it will
require external validation to ensure reliability.

Risk-reducing interventions

As we will discuss below, optimal management of post-
operative delirium requires the implementation of multi-
component interventions, which are often delivered by
different disciplines and specialists. The success of a delirium
management program is therefore dependent on the
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participation and coordination of the multidisciplinary team.
Several observational studies and clinical trials have reported
that implementation of multidisciplinary delirium care pro-
grams can reduce the incidence and severity of postoperative
delirium, shorten the duration of delirium, and is also asso-
ciated with improved mortality and morbidity.®> ®* In this
section, we will discuss the evidence base on various delirium
risk reducing interventions.

Preoperative interventions
Avoiding perioperative polypharmacy

Polypharmacy is commonly associated with advanced age and
presence of multiple comorbidities, both of which increase the
risk of postoperative delirium. Polypharmacy itself is also an
independent risk factor for the development of delirium in the
older population.®® A large number of medications are thought
to directly increase the risk of delirium,®® while drug-drug
interaction is also a significant concern in older patients who
take multiple medications.®’

Avoiding prolonged (>6 h) fluid fasting

Although 2 h of fluid fasting is recommended to allow gastric
emptying, patients are often fasted for significantly longer in
practice. Prolonged fasting results in dehydration and unnec-
essary use of i.v. fluids, and other perioperative complications
such as nausea and vomiting. A large cohort study found that
fluid fasting for more than 6 h is an independent risk factor for
developing postoperative delirium, with an odds ratio of
10.6.%

Comprehensive geriatric assessment

Comprehensive geriatric assessment (CGA) is a multidisci-
plinary approach to systematically evaluating and addressing
the often complex care needs in older patients. In addition to
expert-led medical review, patients’ functional, psychological,
and social issues are explored before surgery, and individu-
alised plans are made in advance in order to optimise patients
for surgery and the postoperative recovery. There is now
robust evidence that CGA-based perioperative care improves
postoperative outcomes. Several studies have shown that
CGA-based care can reduce the risk of postoperative delirium
and this is attributed to better identification of delirium risk
factors, and proactive initiation of multimodal delirium risk
management in higher risk patients.®*”°

Preoperative pain management

Several observational studies have found that preoperative
pain is associated with a 1.5 to three times higher risk of
postoperative delirium.”’’? Pain imposes a direct cognitive
burden, triggers an acute stress response, and increases the
risk of other postoperative complications, such as atelectasis,
which may also cause delirium. Steenberg and Moller’® con-
ducted a systematic review on preoperative use of the fascia
iliaca block for neck of femur fracture; they identified two
relevant studies, and the pooled data suggest that fascia iliaca
block reduces the risk of delirium. Early repair of femur frac-
tures also reduces pain, which may in turn reduce the risk of
delirium, although there is limited evidence available on the
topic.

Intraoperative interventions
Depth of anaesthesia monitoring

It is thought that excessively deep anaesthesia in conjunc-
tion with patient and surgical risk factors may increase the
risk of postoperative delirium,”* and anaesthetic sensitivity
varies significantly between individuals. As a result, several
studies have investigated the association between depth of
anaesthesia monitoring (using processed EEG) and post-
operative delirium. Meta-analyses reported that depth of
anaesthesia monitoring is associated with a significantly
lower risk of postoperative delirium’>’% however, a meta-
analysis by Miao and colleagues’’ reported that the pooled
results favoured bispectral index (BIS) monitoring, but the
difference is not statistically significant (odds ratio 0.69,
P=0.05). This difference may likely be attributable to the in-
clusion of different studies; for example, MacKenzie and
colleagues’” included all depth of anaesthesia monitoring
studies, whilst Miao and colleagues’’ only included the use of
BIS in patients more than 60 yr old. Further studies are
needed to further clarify the benefit of depth of anaesthesia
monitoring.

Use of multimodal opioid-sparing analgesia

Pain is the most common complication after surgical proced-
ures. Observational studies have found that a higher post-
operative pain score is associated with increased risk of
delirium.”*’®7° Gonversely, the use of opioids (particularly
longer-acting opioids) has also been associated with increased
risk of postoperative delirium.®’ These suggest that the use of
a multimodal opioid-sparing analgesia regime is likely to be
the optimal management option in minimising postoperative
delirium.

One of the main strategies for reducing postoperative
opioid requirement after major surgeries is the use of regional
and neuraxial anaesthesia. When used appropriately, regional
anaesthesia provides effective analgesia, and may also reduce
the acute stress response.?®? Patel and colleagues®® con-
ducted a meta-analysis on regional anaesthesia in hip fracture
repair and postoperative delirium. They identified 15 pro-
spective and retrospective studies, most of which reported no
statistical difference; qualitative analysis was not attempted.
However, it is worth noting that most of the included studies
are too small to have adequate statistical power. Conversely,
there are two larger observational studies which reported that
use of regional anaesthesia is independently associated with a
20—40% lower incidence of delirium.*2°

Use of paracetamol and NSAIDs

NSAIDs and paracetamol are commonly used as part of
multimodal analgesia after surgery; moreover, it has been
suggested that these drugs may prevent postoperative
delirium by directly alleviating neuroinflammation. NSAIDs
are a class of drugs which inhibit the activity of cyclo-
oxygenase enzymes. In animal studies, both ibuprofen and
parecoxib have been shown to reduce neuroinflammation
secondary to cerebral ischaemia—reperfusion,®* and neuro-
inflammation secondary to ‘remote’ insults.®>*® An observa-
tional study of more than one million surgical patients
reported that parecoxib administration is associated with
significantly lower risk of delirium (odds ratio=0.85).'> Mu and
colleagues®” conducted a clinical trial of 600 patients aged 60 yr
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or more undergoing hip and knee surgeries. They found that
intraoperative plus postoperative parecoxib administration
reduced the risk of delirium from 11% to 6% (numbers needed
to treat [NNT=20]); however, the authors did not report the
incidence of acute kidney injury.

Paracetamol is a centrally-acting analgesic and antipyretic
drug and is thought to exert its effect through the inhibition of
cyclooxygenase enzymes in the CNS. In an animal model,
paracetamol alleviated inflammation and oxidative stress in
the hippocampus.®® In a recent clinical trial of cardiac surgery
patients, regular postoperative paracetamol administration
reduced delirium risk from 28% to 10% (NNT=5.6).%°

Dexmedetomidine

Dexmedetomidine is a highly selective ay-adrenoceptor
agonist; although it was initially licensed for sedation in
intensive care settings, more recent studies have suggested
that it may have neuroprotective effects. In animal models,
dexmedetomidine administration reduced the expression of
inflammatory mediators, microglial activation, and neuro-
apoptosis.’®®! Wang and colleagues®® conducted a meta-
analysis of 67 studies, and found that intraoperative dexme-
detomidine administration is associated with significantly
lower concentrations of stress hormones (cortisol, epineph-
rine), CRP, and tumour necrosis factor-o after surgery. In
addition, sleep disturbance is commonly associated with
delirium. A small clinical trial by Wu and colleagues®® re-
ported that postoperative low dose dexmedetomidine infu-
sion increases the duration of sleep, and the duration of
deeper sleep.

Duan and colleagues” conducted a meta-analysis of 18
clinical trials and found that intraoperative and postoperative
dexmedetomidine administration significantly reduces the
risk postoperative delirium (odds ratio 0.35). Most of the earlier
research on dexmedetomidine and postoperative delirium
was conducted on cardiac surgery patients who received
dexmedetomidine infusion as a sedative in the ICU after sur-
gery.® This led to concern regarding its applicability in
noncardiac surgeries, as its sedative and haemodynamic
depressant effects require continuous monitoring in a critical
care setting.”> However, several more recent clinical trials
have shown that a shorter course of dexmedetomidine infu-
sion intraoperatively is also effective in preventing delir-
ium.”® %8 Zeng and colleagues® conducted a meta-analysis of
noncardiac surgery trials and found that dexmedetomidine
infusion administered intraoperatively and in the PACU
significantly reduced the incidence of postoperative delirium
(relative risk 0.61, NNT=10).

Surgical trauma

It is known that surgical trauma can result in both acute stress
response and systemic inflammation.'® In addition, higher
incidences of postoperative delirium are mostly reported in
association with complex surgeries. Minimally invasive sur-
gery has been shown to reduce postoperative pain, and the
stress and inflammatory responses. However, current clinical
evidence regarding delirium is conflicting, with some obser-
vational studies reporting lower risk of delirium with mini-
mally invasive surgery’®»!%> and others reporting no
difference’® (Table 1). More robust clinical evidence is needed.

Perioperative medications and delirium

There are numerous medications that may increase the risk of
postoperative delirium, including tricyclic antidepressants
and certain antihistamines. In the perioperative period, the
most relevant medications are benzodiazepines, gabapenti-
noids, and scopolamine.

Benzodiazepines are sometimes used as a premedication
for anxiolysis and may reduce anaesthetic requirement.'%*
However, several large observational studies have reported
that perioperative benzodiazepine administration is associ-
ated with two to 2.5 times higher risk of postoperative
delirium, 00

Gabapentinoids such as pregabalin and gabapentin have
been shown to be effective analgesic adjuncts for acute post-
operative pain'® and may reduce postoperative opioid
requirement.'% However, a large observational study has re-
ported that perioperative gabapentinoids are associated with
slightly increased risk of delirium (odds ratio=1.26).1° This
needs to be balanced with its opioid-sparing benefits.

Scopolamine is an anticholinergic antiemetic. There have
been several case reports of scopolamine-induced delirium in
the perioperative setting, and several expert guidelines have
recommended avoiding scopolamine in older patients.®”*%’

Ketamine is an N-methyl-p-aspartic acid (NMDA) receptor
antagonist with hypnotic and analgesic properties. A recent
meta-analysis identified six clinical trials which administered
sub-hypnotic doses (0.2—0.5 mg kg™}) of ketamine on induc-
tion and showed that it did not increase the risk of delirium,
however the quality of evidence is low because of the risk of
study bias and study heterogeneity.'%®

Choice of general anaesthetics

It is known that volatile and i.v. anaesthesia induces hypnosis
through different molecular targets, and there are studies
suggesting that volatile anaesthesia, such as with sevoflurane,
may induce or exacerbate neuroinflammation.’’® However,
observational studies have not demonstrated any significant
differences between volatile and i.v. anaesthesia in terms of
the incidence of postoperative delirium.*%**! Miller and col-
leagues'!? conducted a meta-analysis and identified five rele-
vant studies. They found no significant difference in the risk of
delirium between volatile and i.v. anaesthesia, but noted that
the quality of current evidence is very low because of the risk
of bias and inconsistency.

Xenon, a ‘fashionable; anaesthetic gas, is thought to exert
its hypnotic effect primarily through inhibition of the NMDA
glutamate receptors activity via interaction with its glycine
binding site’'*!'* and its minimum alveolar concentration is
63—71%."1>1¢ In clinical practice, however, it is commonly
used in conjunction with an i.v. agent. Animal studies have
suggested that xenon may have potent neuroprotective effects
through  reducing neuroinflammation and neuro-
apoptosis.'?”''® In addition, xenon anaesthesia is remarkably
cardiostable, which may indirectly reduce the risk of delirium
as a result of hemodynamic instability.’'>'?° There is one
clinical trial of 42 patients undergoing off-pump coronary ar-
tery bypass, which showed that sevoflurane anaesthesia is
associated with significantly higher postoperative delirium
than xenon (hazard ratio 4.2).'?° However, several larger trials
have reported no difference between xenon and volatile an-
aesthetics in terms of delirium risk after cardiac surgery or hip
fracture repair.? 123
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Table 1 Summary of the current evidence on intraoperative delirium risk reduction interventions.

Intervention

Level of evidence

Summary of evidence

Effective
Use of paracetamol

Use of NSAIDs

Use of neuraxial anaesthesia

Use of dexmedetomidine

Preoperative comprehensive
geriatric assessment

Avoid prolonged preoperative

fluid fasting

Avoidance of intraoperative
benzodiazepine and
gabapentinoids

No difference

Choice of TIVA or volatile
anaesthetics

Intraoperative use of
ketamine

Clinical trial®®

Clinical trial®”

Cohort studies°

Meta-analysis”
Clinical trial®”
Cohort study®®

Cohort studies®°

Meta-analysis**?

Meta-analysis'%®

Equivocal, require further studies

121-Patient clinical trial, paracetamol 1 g every 6 h for 2 days reduced
delirium incidence from 28% to 10%.

620-Patient clinical trial, parecoxib 40 mg every 12 h for 3 days reduced
delirium incidence from 11% to 6%.

Cohort studies with 40 000 and 1 million patients, respectively; neuraxial
anaesthesia is an independent protective factor after multivariable
analysis.

Included six clinical trials with low risk of bias; intraoperative
dexmedetomidine reduced postoperative delirium by 40%.

176-Patient clinical trial; preoperative comprehensive geriatric assessment
and optimisation reduce the incidence of delirium from 24% to 11%.

One cohort study with 1000 patients; fluid fasting for more than 6 h is an
independent risk factor.

Cohort studies with 40 000 and 1 million patients, respectively;
intraoperative benzodiazepine and gabapentinoids are independent risk
factors for postoperative delirium.

Included five clinical trials and showed no significant difference; overall
quality of evidence is very low.

Included four clinical trials and showed no significant difference; overall
quality of evidence is low.

Meta analyses by MacKenzie and colleagues’® and Bocskai and colleagues’®
reported that depth of anaesthesia monitoring reduced the incidence of
delirium; Miao and collleagues’’ reported no significant difference.

Depth of anaesthesia Meta-analyses’> "/
monitoring-guided general
anaesthetics

Minimally invasive surgical Cohort studies’®*
technique

Strict BP control Clinical trial'*°

Conflicting evidence from cohort studies.

100-Patient pilot study; target MAP >90% of baseline MAP did not resultin a

significant difference.

Goal-directed fluid therapy Clinical trial®*?

180-Patient trial; goal-directed fluid therapy did not result in a significant

difference.

Restrictive transfusion Clinical trial**

199-Patient trial; haemoglobin target of 8 gdl~* vs 10 g dl~* did not result in

a significant difference.

Avoiding hypothermia Cohort study®®

194-Cardiac surgery patient study; those who developed postoperative

delirium had lower intraoperative temperature.

Avoiding hypothermia

Intraoperative heat loss is common and is associated with
coagulation dysfunction, and a myriad of cardiovascular and
immunological changes.’”® A small observational study re-
ported that in patients undergoing cardiac surgery, those with
postoperative delirium were found to have lower minimum
intraoperative temperature (34.5°C vs 35°C, P=0.035).”° It is not
clear if milder hypothermia is also associated with risk of
delirium.

Intraoperative haemodynamic management

Subclinical cerebral vascular events have been implicated in
the development of postoperative delirium, and intraoperative
haemodynamic fluctuation may result in transient cerebral
hypoperfusion, especially in watershed areas. However,
several large observational studies and a recent meta-analysis
all reported no association between intraoperative hypoten-
sion and delirium.'?>~1%/

Significant intraoperative hypotension often necessitates
the use of vasoactive medications and several observational
studies have found that postoperative delirium is associated
with higher intraoperative vasopressor requirement.>>*2%129
All three studies were done in the context of high-risk sur-
geries, which may explain the positive results. An alternative

explanation is that increased vasopressor requirement repre-
sents a greater degree of cardiovascular compromise
compared with transient hypotension. Langer and col-
leagues'®® conducted a small clinical trial in which patients
were allocated to either standard practice or an MAP target of
>90% the preoperative value that was maintained with vaso-
pressors. They found that the two strategies resulted in a
similar incidence of postoperative delirium. Larger clinical
trials are needed to further validate this.

Intravenous fluid and blood products administration

Goal-directed fluid therapy is an approach to administrating
i.v. fluids according to specific hemodynamic targets, with the
aim of optimising circulating volume and preload. This reduces
the risk of excessive fluid administration. Whereas an earlier
observational study reported a 75% reduction in postoperative
delirium incidence with goal-directed fluid therapy in spinal
surgery,'®! a recent clinical trial has reported no significant
difference.’ It is, however, worth noting that both studies
have small patient size and likely lack statistical power.
Allogenic blood transfusion is sometimes required in the
event of significant anaemia or blood loss. However, it is
known that transfusion of processed and stored blood prod-
ucts can trigger significant systemic inflammation.
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Observational studies have reported that perioperative trans-
fusion is associated with significantly higher risks of post-
operative delirium.”®> More notably, several observational
studies found that intraoperative allogenic blood transfusion is
an independent risk factor for postoperative delirium, and
there is a dose-dependent relationship between volume
transfused and the risk of postoperative delirium.*>***> How-
ever, intraoperative transfusion is inherently linked to several
factors, such as preoperative haemoglobin, intraoperative
blood loss, and haemodynamic stability, which may confound
the association. Gruber-Baldini and colleagues®* conducted a
small RCT comparing liberal with restrictive transfusion, and
reported no significant difference between the two cohorts; but
this may be because of a lack of statistical power of the study.

While iv. fluid administration can result in metabolic
changes,*>*> there is currently limited clinical evidence
regarding the choice of fluids and delirium. Joosten and col-
leagues'® conducted a small size clinical trial, which reported
no significant difference in the risk of postoperative delirium
between intraoperative crystalloid and colloid administration
cohorts.

Postoperative interventions
Non-pharmacological delirium prevention

The first-line preventative interventions for postoperative
delirium are the non-pharmacological interventions. Reor-
ientation is a strategy to help patients get familiarised with the
environment and the people; this is done through minimising
staff change and patient transfer, consistent introduction of
staff members, access to natural light and time-keeping de-
vices, reminders about the previous events, and future plan-
ning. A clinical trial has shown that reorientation alone can
reduce the incidence of overt delirium by 40%."*® Other non-
pharmacological interventions include cognitive exercises,
vision, and hearing optimisation, sleep optimisation, mobi-
lisation, hydration, and nutrition. These interventions are
often instituted as a multicomponent care package. Hshieh
and colleagues’®’” conducted a meta-analysis of 14 randomised
and non-randomised trials, and found that multicomponent
interventions reduced the incidence of delirium (odds ratio
0.46, NNT=14.3, Table 2).

Melatonin receptor agonists

Melatonin is a hormone involved in sleep regulation and is
used pharmacologically to normalise and consolidate the

circadian rhythm. A recent meta-analysis reported that peri-
operative melatonin administration is associated with a 40%
lower risk of developing postoperative delirium.'*® Ramelteon
is a synthetic and highly selective melatonin receptor agonist.
Similar to melatonin, ramelteon is also effective in reducing
the risk of postoperative delirium.?? 14!

Dexamethasone

Dexamethasone is a synthetic corticosteroid which is
commonly used intraoperatively for nausea and vomiting
prophylaxis. Corticosteroids are often used for the treatment
of neuroinflammatory diseases. In animal models of systemic
inflammation, dexamethasone administration has been
shown to reduce astrocyte and microglial recruitment, and
inflammatory mediator expression.’*” In a recent meta-
analysis of three cardiac surgery trials, Tao and colleagues**
reported that high-dose dexamethasone (up to 100 mg) is
associated with moderate reduction (20%) in the incidence of
postoperative delirium; however, the safety profile of such
high-dose dexamethasone used in noncardiac patients is not
clear.

Antipsychotics

Antipsychotic drugs are dopamine antagonists and also have
varying degrees of affinity to muscarinic, serotonergic, and a-
adrenergic receptors.’** They are divided into first-generation
and second-generation agents, with the first generation
associated with higher risks of psychomotor complications
and the second generation associated with higher risks of
cardiovascular and metabolic complications. Several studies
and meta-analyses have reported that prophylactic adminis-
tration of second-generation antipsychotics, such as olanza-
pine and risperidone, may reduce the incidence of
postoperative delirium (odds ratio 0.25).'*? Because of the risk
of complications, the clinical value of antipsychotic prophy-
laxis is not clear.

Management for established postoperative
delirium

In the clinical setting, diagnosis of postoperative delirium can
be challenging, as delirium may present as agitation (hyper-
active) or withdrawal (hypoactive) and tends to fluctuate
significantly. Formal neurocognitive assessments are time-
consuming and often only used by specialists. Instead,
several abbreviated methods have been proposed for the

Table 2 Summary of the current evidence on postoperative delirium risk management.

Intervention Level of evidence

Summary of evidence

Non-pharmacological =~ Meta-analysis®*’
interventions risk

Melatonin Meta-analysis'*®

delirium risk
Ramelteon Meta-analysis*’
Antipsychotics Meta-analysis'*’

Included 14 studies (not all RCTs) with variable risk of bias; 45% reduction in delirium
Included four RCTs and two observational studies with variable risk; 45% reduction in

Network meta-analysis; pooled finding favoured ramelteon (odds ratio 0.07)
Network meta-analysis; pooled finding favoured olanzapine and risperidone (odds

ratio 0.25 and 0.27, respectively) but not haloperidol

Use of high dose
dexamethasone
(in cardiac surgery)

Meta-analysis*®

Included three cardiac surgery RCTs with low-to-moderate risk of bias; 20% reduction
in delirium risk.
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diagnosis of delirium. This includes the confusion assessment
method, and the delirium observation screening scale,*>14
and these are used extensively in research and clinical prac-
tice. These can be performed by most healthcare professionals
after adequate training. Despite the availability of diagnostic
tools, delirium is commonly misdiagnosed as depression or
dementia.’*’ Tabet and colleagues have shown that by
creating a focused staff education program, it is possible to
improve delirium recognition in clinical settings.'*®

The first-line treatment for postoperative delirium is
assessment and management of underlying causes; these may
include infection, pain, dehydration, metabolic derangement,
constipation, or urinary retention.'*’ To date, there are limited
pharmacotherapy options for the treatment of delirium. Ben-
zodiazepines were used in the past as symptomatic treatment
for agitation in hyperactive delirium; however, it has been
increasingly recognised that benzodiazepines may worsen the
symptoms of delirium.***

Antipsychotics are currently used as first-line treatment for
agitation. Some earlier clinical trials have suggested that an-
tipsychotics may reduce the length of delirium
symptoms.lso’152 This has, however, been refuted by several
recent meta-analyses, which suggested that antipsychotics
administration does not reduce the length of delirium symp-
toms, nor do they reduce the adverse outcomes associated
with delirium.®'>3 1t is also worth noting that there are
concerns regarding the safety of antipsychotics. Several
observational studies have reported that both short- and long-
term prescription of antipsychotics is associated with a
significantly high risk of morbidity and mortality.>***> Ralph
and Espinet’®® conducted a meta-analysis of more than 350
000 patients with neurocognitive disorders and reported that
the patients receiving antipsychotics have double the risk of
death. Agar and colleagues™’ conducted a trial comparing
haloperidol, risperidone, and placebo in the management of
delirium in patients in the palliative care setting. They re-
ported that neither antipsychotic significantly reduced the
severity of delirium, and that antipsychotics were associated
with significantly shorter survival. The risk profile of short-
term antipsychotic use in surgical patients is not clear, but
the potential for harm should be considered in the decision-
making regarding antipsychotics for delirium management.

It can be surmised that there are, currently, limited treat-
ment options once overt delirium occurs. Although antipsy-
chotics are commonly used to manage the symptoms of
agitation, they do not alter the time course of delirium, nor
modify its prognosis. As such, risk reduction is the most vital
part of postoperative delirium management. As previously
discussed by Aldecoa and colleagues,” effective implementa-
tion of a postoperative delirium management strategy re-
quires active  multidisciplinary  collaboration  and
organisation-wide implementation of change. In order to
achieve this, enthusiastic leadership, active participation from
the stakeholders, and efficient pathway management are
needed.

Conclusions

Postoperative delirium is a common complication in the older
surgical population, with significant sequelae and associated
burden on healthcare. Currently, treatment options for
established delirium are limited and do not appear to reduce
the risk of mortality and morbidity associated with post-
operative delirium. Research in recent years has uncovered

more regarding its pathophysiology, although this has not yet
yielded effective treatment. We therefore propose that post-
operative delirium is best managed by perioperative risk
reduction.

Whenever possible, high-risk patients or those undergoing
high-risk surgery should be assessed and their delirium risks
should be quantified. Effective intraoperative measures for
minimising delirium risk include BIS-guided anaesthesia,
multimodal opioid-sparing analgesia, and intraoperative use
of dexmedetomidine; postoperative measures include non-
pharmacological interventions and melatonin. A proto-
colised perioperative pathway involving risk assessment and
risk-stratified management is likely to be the optimal
approach in high-risk patient cohorts.

We identified several other potentially effective perioper-
ative interventions, such as the use of regional anaesthesia,
paracetamol, and NSAIDs; these need to be evaluated in
further larger-scale clinical trials. Most notably, there is still no
clear consensus regarding the role of intraoperative haemo-
dynamic changes in delirium. Studies are needed to clarify if
cerebral hypoperfusion is associated with postoperative
delirium, and how cerebral perfusion may be monitored and
managed clinically.
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