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Abstract: Postoperative cognitive dysfunction (POCD) is common, occurring in around 10-

54% of individuals within first few weeks after surgery. Although the majority of POCD is less
commonly persistent later than 3 months following surgery, the condition increases length of
stay (LOS), mortality and long-term cognitive decline, raising the need for a broad screening

to identify individuals at risk for POCD during the perioperative period. In this narrative review,
we summarize preoperative, intraoperative and postoperative risk factors for POCD reported in
last 5 years and discuss neuropsychological tools and potential biomarkers and time points for
assessment that might be suitable for clinical use. We aim to provide crucial information for
developing a strategy of routine screening for POCD, which may assist with better identification
of at-risk individuals for early interventions. Very importantly, the utilization of a standardized
strategy may also allow higher consistency and comparability across different studies.
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Introduction

Perioperative neurocognitive disorder (PND) is an
umbrella term in which cognitive impairment
occurs or changes preoperatively or postopera-
tively.! It includes cognitive impairment diagnosed
before operation (neurocognitive disorder, NCD),
acute event (postoperative delirium, POD), cogni-
tive decline diagnosed up to 30days (delayed neu-
rocognitive recovery) or up to 12months
(postoperative NCD) after surgical procedure.!
Postoperative cognitive dysfunction (POCD),
which occurs at a variety of time points after sur-
gery,? is a term used in research studies to describe
objectively measurable cognitive decline following
surgery using a battery of neuropsychological tests.!

POCD has been previously reported to occur with a
prevalence of 10-54% during first few weeks follow-
ing surgery,> and 12-17% at 3months,*% with the
number decreasing to 3% by 12 months.® Interestingly,
the prevalence may rise again after 12months, from
9% at 12months to 30-42% at 5-7.5years following
surgery, as observed in the patients who underwent
cardiac surgery.”® This needs to be further validated
to exclude co-occurrence of dementias, however.
Longitudinal studies on individuals who underwent
cardiac or non-cardiac surgeries revealed that the
condition is associated with prolonged length of stay

(LOS),° and when persistent at time of discharge or
in a longer term, POCD may increase mortality,!0-12
as well as risk of long-term cognitive decline.?
Importantly, interventions for patients with high risk
of PND may reduce the risk of occurrence by up to
40%,!3 highlighting the necessity of identifying the
at-risk cohort to optimize perioperative management
and longitudinal follow-up.

Exploration of risk factors for POCD was initiated
decades ago, with some become well-recognized,
while others are still under debate. The improve-
ment in utilizing neuropsychological assessment
tools as well as newly emerged biomarkers has
added new insights into the exploration. In this nar-
rative review, we summarize risk factors for POCD
reported in last 5years to provide the current
research status and potential gaps. In addition, we
also discuss assessment tools for POCD, including
neuropsychological tools and potential biomarkers,
and to suggest a strategy in identifying at-risk indi-
viduals during perioperative periods.

Preoperative risk factors for POCD

The preoperative risk factors are often the first to be
evaluated for POCD, with some demographic fea-
tures being the most well-recognized factors (Table 1).
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Age

Systematic reviews, meta-analyses and multi-cen-
tre studies have all indicated age to be a risk factor
for POCD in both short-term and long-term set-
tings.%1415:33:34 Approximately, one-third of elec-
tive surgery was carried out on individuals aged
over 65 years,?5 and among older individuals who
underwent elective surgeries, around 30-40%
developed early POCD, while 10-15% developed
late POCD.!! Given that age is also a risk factor
that predisposes vulnerability to cognitive decline
and dementia,3¢ it remains to be determined how
preclinical stage of dementia could be differenti-
ated from POCD, and whether preclinical stage
of dementia may potentially be accelerated by
surgeries.

Educational level

Lower educational level has also been considered
as a critical risk factor for POCD based on multi-
ple clinical studies.3* International multi-centre
study evaluating 1218 patients aged 60years and
older who underwent non-cardiac surgery
revealed that little education was a risk factor for
early POCD,!* which was further supported by
studies evaluating the patients who underwent
valve replacement!® and meta-analysis.3” In addi-
tion, within a follow-up period of 6 months, a
1-year increase in education was associated with a
10% reduction in POCD risk.> These studies
support that low-level education is a well-recog-
nized risk factor for POCD, while longer years of
education act as a protective factor.

Other factors

Several other factors have also been previously
linked to an increased risk for POCD, include (1)
hypertension (although lack of consistency in
meta-analyses);37 (2) vascular factors? that are
known to correlate with risk of dementia;3® (3)
depression;>3° (4) high American Society of
Anesthesiologists (ASA) scores;!> (5) presence of
comorbid diseases, such as diabetes mellitus
(DM).15 Meta-analysis and reviews revealed that
in cohorts with male comprising the majority of
the group, hypertension was associated with 27%
increase of risk,37 and that vascular factor and
depression were contributing factors to POCD.2:39
In addition, one study on 64 patients undergoing
total hip replacement surgery revealed that high
ASA scores and comorbid diseases were also fac-
tors affecting the incidence of POCD.!> The

preoperative risk factors may vary among POCD
that is present at different time points after sur-
gery.33 Specifically, increasing age, little educa-
tion, depression, previous stroke, hypertension
and DM are all associated with early POCD,
while increasing age and depression have been
reported as preoperative risk factors for late
POCD.!433 The risk factors for long-term cogni-
tive decline remain unclear, as this may poten-
tially overlap with age-related dementia.

Intraoperative risk factors for POCD
Intraoperative factors have long been hypothe-
sized to contribute to risks for POCD (Table 1).
Whether anaesthesia and surgery contribute to
risk for long-term cognitive decline remains con-
troversial, however, as indicated by limited num-
ber of studies.

Type of surgery

The incidence of POCD varies significantly
between non-cardiac and cardiac surgeries.
Previous studies have shown that in cognitively
normal adults who underwent non-cardiac sur-
gery, an incidence of 3.9%% and 12%* was
observed at 2-3weeks and at 3 months, respec-
tively. In contrast, the incidence of POCD in
adults undergoing cardiac surgery may be as high
as 60%,2 with 33-83% of cases developed POCD
after cardiac surgery with cardiopulmonary
bypass (CPB).*! The incidence of POCD in
patients undergoing stent/angiography remains
unclear, because of limited studies available, with
one study revealing no difference in late POCD
between stent/angiography and coronary artery
bypass graft (CABG).> In addition, around 10—
50% of POCD have been observed to persist for
months following cardiac surgery.*-43 The varia-
bility of POCD incidence indicated that surgery
type predisposed different risks of developing
POCD. This may be partly due to the fact that
cardiac surgeries, particularly CABG, often lead
to more dynamic change of blood flow and brain
perfusion during the procedure, as well as longer
duration of anaesthesia.

Intraoperative hypotension, cerebral perfusion
and cerebral autoregulation

Intraoperative hypotension has been associated
with increased incidence of postoperative cogni-
tive changes,!7-18 although this was not consistent
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across all studies.13:4445 Of note, a previous study
has suggested that the definition of hypotension
should be individualized!? for evaluating the cor-
relation between hypotension and POCD within
an individual.

The brain plays a central and critical role in cog-
nition, and any potential change to the brain may
affect its functions. Decreased cerebral perfusion,
which is commonly determined by near-infrared
spectroscopy (NIRS),!3 has been associated with
postoperative cognitive change.!® Specifically, in
adults who underwent carotid endarterectomy, a
20% or more decrease in regional cerebral oxygen
saturation (rScO,) during temporary internal
carotid artery clamping led to an eightfold
increase in risk for cognitive disorders.2? Although
these studies support a potential role cerebral per-
fusion plays in occurrence of POCD, conflicting
result was reported by one study revealing no dif-
ference in incidence of POCD among patients
with different rScO,.46

Cerebral autoregulation (CA) is the brain’s ability
to maintain constant cerebral perfusion when
encountering changes of blood pressure,*” and an
impairment in such functions may be correlated
with decreased perfusion of the brain. As the aver-
age arterial blood pressure is usually targeted at
50-70mmHg for CPB, patients who present
underlying cerebral vascular diseases are more
likely to encounter autoregulation impairment if
undergoing such surgeries.*® In adults who under-
went elective CABG with CPB, duration of single
longest CA impairment event was associated with
occurrence of POCD,?2 indicating that impairment
of CA may be related to risk for POCD. In addi-
tion, analysis on non-cardiac surgery also revealed
that individuals who presented POCD at 3days
after surgery showed lower optimal tissue oxygena-
tion index (TOx) of dynamic autoregulation value
compared with those that did not recover,?! raising
the importance of cerebral perfusion and CA.
Importantly, meta-analysis on randomized con-
trolled trials revealed that intraoperative manage-
ment guided by use of cerebral oximetry was
associated with reduction of POCD incidence,*°
suggesting this factor to be crucial and may serve as
a target in reducing incidence of POCD.

Anaesthetics
Anaesthetic agents have long been considered to
be potentially involved in pathogenesis of POCD,

with volatile anaesthetic agents considered as
potential causative agents for POCD, possibly
through the alteration of tubulin and phospho-
rylation of tau, because multiple binding sites for
volatile anaesthetics have been identified on o-
and B-tubulin.’® Although existing meta-analysis
did not show evidence that a particular volatile
anaesthetic agent increased risk of PND,!3 animal
studies showed that a single exposure to isoflu-
rane led to neuronal apoptosis in hippocampus of
older animals.>! In addition, sevoflurane and iso-
flurane have been shown to increase accumula-
tion of amyloid-f 1-42 (AB,_4,) and apoptosis in
both transgenic and wild-type mice.>? Other ani-
mal models showed that sevoflurane was associ-
ated with accumulation of phosphorylated tau in
hippocampus.?? Different anaesthetics may pre-
sent different effects on POCD development,
with one study on 96 elderly patients who under-
went open surgery under general anaesthesia
showing that patients anesthetized with sufentanil
presented lower ratio of POCD incidence than
those with fentanyl at day 1 after surgery.?> Given
that POCD may occur at a later stage following
surgery, however, the differences of these anaes-
thetics require longer longitudinal follow-up.
Conflicting results are also present in different
studies. For instance, in a study on 296 elderly
patients who underwent hip arthroplasty, patients
supplemented with propofol during lumbosacral
plexus +T12 paravertebral block presented a
higher incidence of POCD on days 3 and 7 after
surgery, compared with those administered with
dexmedetomidine.? In contrast, another study
examining elderly patients undertaking hip or
knee replacement under spinal anaesthesia
revealed a lower incidence in patients adminis-
tered with propofol, compared with those admin-
istered with dexmedetomidine or midazolam.>*
This was further supported by a larger cohort of
older patients who underwent major cancer sur-
gery under over 2h of general anaesthesia, show-
ing that patients administered with propofol
presented a lower incidence of delayed neurocog-
nitive recovery compared with those administered
with sevoflurane.??

Anaesthetic methods

Currently, whether the incidence of POCD dif-
fers between regional and general anaesthesia
remains controversial. Although several studies
revealed no difference between anaesthesia meth-
ods on cognitive dysfunctions,?328 one systematic
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review and meta-analysis in patients undergoing
cardiac surgery with CPB revealed that the Mini-
Mental State Examination (MMSE) score of
inhalation anaesthesia group was significantly
higher than that of total intravenous anaesthesia
group.®® In addition, in older patients who under-
went hip fracture surgery, the instrumental activi-
ties of daily living (IADL) scale and Colour—-Word
Task score on day 30 after surgery in subarach-
noid anaesthesia group was significantly lower
than that in general anaesthesia group, although
the overall cognitive test scores did not differ
between these two methods,?* suggesting that the
effect of anaesthetic methods on risk of POCD
may vary in different surgical types and may affect
particular cognitive domains. These findings,
however, were not consistent across all studies,
with some studies showing no difference in inci-
dence of POCD in general anaesthesia with and
without epidural analgesia.’® Therefore, further
investigations were needed to confirm whether
anaesthetic methods contribute to risk of POCD.

Duration and depth of anaesthesia

The duration and depth of anaesthesia have been
an interest, with previous study revealing that
duration of surgery may be a risk factor for
POCD,!> indicating that anaesthesia duration
may be related to risk of POCD. The correlation
remains controversial, however, as in a small
cohort of young- to middle-aged healthy humans
who underwent 3h of general anaesthesia with
isoflurane, electroencephalogram (EEG) moni-
toring during surgical process revealed that the
amounts of EEG suppression, which occurs
under general anaesthesia, were not correlated
with a decrease in cognitive performance.?®
Similarly, the correlation between depth of anaes-
thesia and risk of POCD also remains unclear.
Most studies used Bispectral Index (BIS), which
was a processed electroencephalogram that meas-
ured level of consciousness,?” to reflect depth of
anaesthesia. One systematic review and meta-
analysis revealed no difference in MMSE score
between ‘light’ and ‘deep’ anaesthesia.’® In con-
trast, one study on elderly patients over 65 years
of age who underwent hip arthroplasty with gen-
eral anaesthesia in conjunction with plexus block
revealed that light general anaesthesia with BIS
between 60 and 80 presented lower incidence of
POCD compared with deep general anaesthesia
with BIS between 40 and 60.3° In addition, total
time spent with BIS readings lower than 40 has

been suggested to be potentially correlated with
risk of POCD.2 Furthermore, using BIS 40-50
and 55-65 as grouping reference, one study
revealed that lighter anaesthesia reduced rate of
POCD.5° Together, although inconclusive, these
studies suggest that duration and depth of anaes-
thesia may present combined effect and that the
utilization of BIS in the high-risk group for POCD
during preoperative screening may not only be a
potential marker to predict development of
POCD but also be a suitable marker to monitor
anaesthetic adjustment to reduce risk of POCD.

Postoperative risk factors for POCD

Compared with preoperative and intraoperative
risk factors, less has been explored on postopera-
tive risk factors for POCD (Table 1). It has been
previously shown that patients who underwent
cardiac surgery and developed delirium postoper-
atively presented a significant cognitive decline
during the first year after surgery,3! indicating that
POD may be a risk factor for POCD. Another
study evaluating the patients who underwent
major non-cardiac surgery revealed that POD was
associated with risk of POCD at 1 month after sur-
gery, but not at a time point over 1 month after
surgery,%° suggesting that the correlation between
POD and POCD may vary among surgery types
and time points. Postoperative complications,
including postoperative pulmonary complications
and infection, have been previously reported as
risk factors for POCD.14 This may partly be due to
their potential correlation with POD, which is a
potential risk factor for POCD.!43! In addition,
depression has also been shown as a risk factor for
POCD as indicated by self-rating depression scale
score after operation.16

Pain management is an important part in postop-
erative management.®! The utilization of strong
analgesia (e.g. postoperative intravenous admin-
istration of opioids wversus oral administration)
may carry additional risk for developing POCD,%2
which has not been extensively explored. One
previous study on elderly patients aged 60years
or older who underwent total hip arthroplasty and
administered self-controlled analgesia postopera-
tively has revealed that individuals administered
of intravenous oxycodone (opioid) presented
lower incidence of POCD than those adminis-
tered with sufentanil at up to 3 days following sur-
gery, however.32 This indicated that the utilization
of self-administered analgesia may be a potential
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risk factor to consider, and that the type of anal-
gesia may play a role in the incidence of POCD.
Whether this is linked to a longer effect on devel-
opment of POCD remains unclear and requires
further exploration.

In addition to the more general clinically assessed
risk factors, studies on biological changes in blood
have also started to emerge, and have shown that
higher levels of interleukin (IL)-6 and tumour
necrosis factor (TNF)-a at 6 h after operation, as
well as decreased levels of postoperative haemato-
crit, may all contribute to risk for POCD.15:16
Although still at an early stage and need to be dif-
ferentiated from other causes of such changes,
these findings supported the concept that addi-
tional biological tests may assist to establish a bet-
ter model to predict development of POCD.

Risk assessment for POCD

Identification of risk factors

Given that POCD is related to prolonged LOS,
increased mortality and elevated risk of long-
term cognitive impairment, and that interven-
tions on modifiable risk factors may decrease
incidence of POCD, it is crucial to screen
patients for the factors that are associated with
high risk of POCD to assist with strategy making
of surgery, anaesthesia and postoperative man-
agement (Figure 1). Although surgical proce-
dures may not be conveniently adjusted,
attention could be paid to intraoperative hypo-
tension, decreased cerebral perfusion as well as
duration and depth of anaesthesia. Cardiac sur-
gery should be particularly noted, as it poses
high incidence of POCD. Other potential fac-
tors, such as anaesthesia methods and anaesthet-
ics, should also be noted. Apart from
postoperative complications and infection, the
presence of POD should be specifically addressed
after surgery. Furthermore, POCD at the time of
assessment should be recorded to allow longitu-
dinal follow-up after discharge.

Cognitive assessment tools

Cognitive assessment tools play a key role in iden-
tification of POCD. At present, a growing number
of studies with control groups have used z-score,
which evaluates the difference between test scores
measured before and after the surgery, to define
POCD.%® In brief, POCD was defined when

z-scores of two or more neuropsychological tests
or a combined z-score reached 1.96 or more.!%64
In the absence of a control group, early investiga-
tions often defined POCD as postoperative cogni-
tive decrement with =1 standard deviation of the
whole group at baseline as a cutoff.! The lack of
consensus on neuropsychological tests specifically
used for POCD results in heterogeneity in neu-
ropsychological tests utilized in existing studies,
however, which subsequently affects consistency
of findings. Various cognitive tests have been
developed for identification of cognitive decline
and dementia, which present different sensitivity,
specificity, covered domains and test duration (for
detailed summary, see the review by Zhuang,
2021).%5 Similarly, various neuropsychological
tests have been utilized to identify POCD (Table
2), among which, MMSE remains the most fre-
quently used tOOlS.13’17’20’22’24’26’28’30’60’66 The
Montreal Cognitive Assessment (MoCA) tool has
also been suggested to be one of the most promis-
ing assessment tools for preoperative measurement
in a clinic, however.?2 In addition, various other
cognitive tools have been reported to be utilized in
the assessment Of POCD’15,16,21,22,24,25,27—29,55,67—75
more frequently as a battery of neuropsychological
tests, rather than a single test. The combinations
vary among studies, however.

Choosing appropriate time points for cognitive
assessment may play a crucial role in identifica-
tion of POCD. Preoperative assessment should
be close to operation. Current studies usually
assessed cognition preoperatively at time of
admission or within 24h before surgery.22.23:47
Given that hospitalization before surgery and
potential medical treatment as well as psycho-
logical stress may affect cognitive performance,
the assessment at time of hospital admission
may serve as a better point of preoperative
assessment.

Although a variety of risk factors have been
revealed, it remains unknown which factor(s)
is(are) associated with the development of POCD
in the longer term. As most patients were dis-
charged and followed in a short period of time after
surgery, most of these studies only evaluated short-
term changes, which were usually up to 7 days after
surgery.®1925 Some studies explored incidence of
POCD at 1-3months,%!1:18 and occasionally up to
1year after surgery.%3! Together, these time points
reflect early (occurring at hospital discharge or at
1week after surgery, whichever occurs earlier) and
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-
Preoperative Assessment
Age Comorbid diseases
Educational Level
At admission
Depression
-
1d before surgery
7 N
Intraoperative Assessment
Surgical Type: cardiac? non-cardiac?
. . - .
Anaesthetics and anaesthesic methods? | |Neuro psy cholo gic al
Anaesthesic duration and depth? Test Time Points
Hypotension? Cerebral perfusion/autoregulation?
7 N
Postoperative Assessment

1,3,5,7 days

.s Pulmonary complications
Insulin Resistance

Haematocrit levels

follow-up at

after surgery
or

At discharge

longer

longitudinal

If persistent If POCD

¢ 1,3 months

follow-up

Figure 1. Flow chart of perioperative assessment for the risk of POCD and the time points for
neuropsychological tests.

A proposed strategy for identifying risk factors of POCD is presented in the flow chart. The risk factors could be categorized
as preoperative, intraoperative and postoperative risk factors and assessed accordingly. Neuropsychological tests should be
carried out at admission or 1day before surgery, 1, 3, 5 and 7days after surgery or at discharge. When POCD is present at
time points after surgery, additional neuropsychological tests will be carried out at follow-up at 1 and 3months, and may be
carried out again during longitudinal follow-up.
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late (occurring at 1-3months after surgery)
POCD.!L147677 The number of studies on late
POCD remains low, however. Longer-term obser-
vations have revealed that POCD presented at
3 months after surgery was strongly associated with
obvious cognitive decline at 15months after sur-
gery,’8 suggesting that this time point may serve as
a suitable time to predict long-term cognitive dys-
function. Cognitive decline recognized at 1year
after surgery may be interfered by the development
of mild cognitive impairment (MCI) or dementia
that is irrelevant to the surgery itself, however, and
therefore should be interpreted with cautious.
Therefore, it has been suggested that the optimal
postoperative cognitive testing time is 1week and
3 months after surgical procedure,!* but this con-
clusion remains to be further validated.

Potential biomarkers for POCD

Recent studies have seen progress in utilizing
both non-biofluid-based and biofluid-based bio-
markers to assist with POCD evaluation, in addi-
tion to neuropsychological assessments. One
previous study has revealed that event-related
potentials, which marks electrophysiological
components, is capable of differentiating cogni-
tive functions between older and younger adults,”®
and has been utilized as a marker for cognition
when comparing POCD incidence between intra-
venous and inhalation anaesthesia.?? In another
study, 6-min walk distance measured before sur-
gery has been shown to be lower in those who
developed POCD.8% These findings are still at
early stages, and require further validation.

In addition, inflammatory markers are elevated
under various insults. Little is known about their
correlations with POCD, however. One study
using serially collected cerebrospinal fluid (CSF)
and blood in patients who underwent elective
total hip or knee replacement revealed no associa-
tion between a single inflammatory marker and
neurocognitive outcomes.8! Principal component
(PC) analysis, however, revealed that the two first
PC construct outcome variables on CSF bio-
markers were associated with long-term cognitive
decline at 3 months.8! In addition, in older adults
who underwent selective hip replacement under
general anaesthesia, the serum level of matrix
metalloproteinase-9 (MMP-9) was higher, and
adenosine diphosphate (ADP) level was lower in
those that presented POCD on days 1, 2, 3 and 7
after surgery.82

Oxidative stress markers have also been reported
to be potentially related to risk of POCD. In older
patients who underwent hip fracture surgery,
expression of the oxidative stress marker malon-
dialdehyde at day 1 after surgery has been shown
to be an independent risk factor for POCD.83 In
addition, serum level of the anti-oxidant thiore-
doxin has also been shown to be an independent
predictor for POCD in patients who underwent
hip fracture surgery.8*

Other factors have also been reported to be cor-
related with POCD. In patients who underwent
CABG with or without CPB that presented
POCD at 15months after surgery, the plasma
level of brain fatty acid-binding protein was
higher preoperatively, and remained constantly
higher during the whole period of observation.”8
In addition, plasma-free haemoglobin at sternal
closure was negatively associated with cognitive
performance.”8

Conclusion

The risk factors for POCD were widely distrib-
uted along the preoperative, intraoperative as well
as postoperative period of a surgery, and there-
fore, screening of risk factors for POCD should
be initiated from time of hospital admission prior
to surgical procedures. In addition to common
preoperative systematic assessment, demographic
factors — including age and educational level —
should be specifically noted. Vascular factors,
hypertension, depression and ASA scores should
be evaluated and recorded. Preoperative assess-
ment may not only assist with identification of
risk factors of POCD but also assist with planning
of surgery and anaesthesia. During operation,
hypotension, cerebral perfusion and CA should
be closely monitored by NIRS,!3 Doppler ultra-
sound*® and other relevant equipment. In addi-
tion, anaesthetic duration and depth should be
carefully recorded for risk assessment of POCD.
Following surgery, POD, postoperative compli-
cations and infection, insulin resistance (IR),
depression as well as the change of haematocrit
levels and the use of analgesics should all be
recorded as part of the risk assessment.
Neuropsychological assessments should be per-
formed multiple times after surgery. If persistent
at time of discharge, longitudinal follow-up for at
least 3 months is encouraged, which may be help-
ful for predicting long-term cognitive decline after
surgery. The frequency of testing should be
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carefully considered when repeating the same
neuropsychological tests or batteries during the
follow-up periods because of practice effects,
however.

The importance of POCD has been increasingly
recognized, because of its potential harm in both
short- and long-term. Identifying its associating
risk factors may allow potential preventions and
early interventions. Stratifying these risk factors
as preoperative, intraoperative and postoperative
factors will facilitate sequential management and
collaboration among multidiscipline teams.Not
applicable.
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