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Abstract

Background: Postoperative cognitive dysfunction (POCD) manifests as a subtle decline in cognition, potentially leading to
unfavourable postoperative outcomes. We explored the impact of POCD on physical function, length of hospital stay (LOS),
dementia and mortality outcomes.

Methods: PubMed and Scopus were searched until May 2023. All studies of major surgical patients that assessed POCD
and outcomes of interest were included. POCD effects were stratified by surgery type (cardiac and noncardiac) and time of
POCD assessment (<30 and >30 days postsurgery).

Results: Of 2316 studies, 20 met the inclusion criteria. POCD was not associated with functional decline postsurgery.
Patients who experienced POCD postcardiac surgery had an increased relative risk (RR) of death of 2.04 [(95% CI: 1.18,
3.50); 12 =0.00%)]. Sensitivity analyses showed associations with intermediate-term mortality among noncardiac surgical
patients, with an RR of 1.84 [(95% CI: 1.26, 2.71); I? = 0.00%]. Patients who developed POCD <30 days postcardiac and
noncardiac surgeries experienced longer LOS than those who did not [mean difference (MD) = 1.37 days (95% CI: 0.35,
2.39); I =92.38% and MD = 1.94 days (95% CI: 0.48, 3.40); I? =83.29%, respectively]. Postoperative delirium (POD)
may contribute to the heterogeneity observed, but limited data were reported within the studies included.

Conclusions: Patients undergoing cardiac and noncardiac surgeries who developed POCD <30 days postsurgery had poorer
outcomes and an increased risk of premature death. Early recognition of perioperative neurocognitive disorders in at-
risk patients may enable early intervention. However, POD may confound our findings, with further studies necessary to
disentangle the effects of POD from POCD on clinical outcomes.
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Key points

* Cardiac surgical patients who developed postoperative cognitive dysfunction (POCD) <30 days postsurgery were at
increased risk of prolonged length of hospital stay (LOS) and mortality.
* Noncardiac surgical patients who developed POCD <30 days postsurgery had increased LOS and potentially increased

intermediate-term mortality risk.

arly recognition of perioperative neurocognitive disorders to improve the care process for at-risk populations may be
* Early gnit f t gnitive disorders t th for at-risk lat y b

beneficial.

Introduction

Postoperative cognitive dysfunction (POCD) is a disorder
of multiple domains of cognition that develops after surgery
and can persist for several months [1]. Despite a consensus
statement in 1995 [2], variable diagnostic criteria remain
[3]. Nevertheless, most studies define POCD as a decline
of 1-2 standard deviations (SD) in postoperative cognitive
score [3—8], which is in line with recent recommendations
[9]. POCD has been commonly reported postsurgery in
adult patients, ranging in incidence from 17% to 43% [4,
10]. Long-term impacts of POCD have been explored with
inconsistent findings on postoperative performance, risk of
developing dementia and premature mortality [4].

The central nervous system is dependent on adequate
oxygen and blood supply to maintain sufficient internal
environment homeostasis. Mechanisms that lead to hypoxia
or alter the homeostatic cerebral metabolic state may lead
to POCD [11]. Clinical consequences of POCD may vary
according to surgery type and timing of POCD assessment.
Cerebral hypoperfusion and cerebral microemboli are com-
monly considered contributing factors for POCD following
cardiac surgery, and to a lesser extent noncardiac surgery, and
may explain variations in length of hospital stay (LOS) and
mortality risk following POCD [12-14].

Generally, transient factors affecting perioperative out-
comes resolve by 30 days following surgery [9]. Previous
studies have reported that neurocognitive disorders detected
within 30 days lead to longer LOS, but not functional
decline or premature mortality [4, 8]. By contrast, patients
diagnosed with POCD >30 days postsurgery tend to have
poorer function and higher mortality, but not extended
hospitalisation [5-7].

Previous evidence has been inconsistent, possibly due to
variation across studies in the power limitations of primary
studies [5—-8], surgery type, time of POCD assessment, diag-
nostic criteria and outcome measures. Systematic reviews
and meta-analyses (SRMAs) have mostly focused on POCD
incidence [10, 15, 16] and risk factors [17]; some SRMAs
assessed postoperative outcomes associated with different
types of anaesthesia [15, 18], but none have explored the
consequences of POCD. Therefore, we conducted an SRMA
with the following objectives: firstly, to pool and compare
the mean difference (MD) in postoperative functional scores

between patients with and without POCD, and secondly, to
investigate associations between POCD and mortality, LOS
and dementia.

Research design and methods

This SRMA followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines [19] and was registered with the International
Prospective Register of Systematic Reviews (PROSPERO)
(CRD42021272954) in September 2021.

Search strategy and selection criteria

Two authors (P.S. and S.S.) independently searched PubMed
and Scopus databases through to 13 May 2023. The litera-
ture search strategy was developed without language restric-
tion based on population (surgery types), exposure (POCD)
and outcomes (function, mortality, LOS and dementia)
(Appendix 1A and B). Reference lists of included studies
were checked to identify additional studies. Searches were
performed independently by PS. and S.S., and discordance
was resolved through discussion with V.S.

Cohort studies were eligible if they included patients aged
> 18 years who underwent major cardiac or noncardiac surg-
eries and were assessed for POCD and any defined outcomes.
Studies with insufficient data for pooling were excluded after
three failed attempts to contact the authors. For duplicate
publications, studies with the longest follow-up time were
selected.

Identification of postoperative cognitive dysfunction

POCD was defined according to the original study defini-
tion, i.e. a decline in cognitive performance postsurgery.
Different cognitive tests were used to diagnose POCD
across studies, including the Mini-Mental State Examination
score (MMSE) [20], Montreal Cognitive Assessment Test
(MoCA) [21] and neuropsychological test batteries (NTBs)
2, 22].

Outcome assessment

Postoperative function was assessed using several tools,
including instrumental activities of daily living (IADL)
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questionnaires [23], Lawton—Brody IADL [24], Adjusted
Lawton Score (ALS) [25], Modified Lawton’s Scale [26],
Alzheimer’s disease cooperative study-activities of daily
living scale for use in mild cognitive impairment (ADCS-
ADL-MCI) [27] and a 36-Item Short Form Survey (SF-36)
[28] (Appendix 2).

Secondary outcomes included LOS, mortality and
dementia. LOS was defined as the total number of days
from admission to discharge or hospital death. Mortality
included death reported at any time postsurgery. Dementia
was defined according to the original study.

Data extraction

PS. and T.K. independently extracted data, which included
author, publication year, country, study design, sample size,
mean age, surgery type and sites, postoperative delirium
(POD), type of cognitive test, POCD diagnostic criteria,
time to define POCD and outcomes of interest. For dichoto-
mous outcomes, aggregated data (number of patients and
number of events) or summary statistics [relative risk (RR)
and 95% confidence intervals (Cls)] were extracted. For
continuous outcomes, aggregated outcome data (mean and
SD) or summary statistics (MD or linear regression beta-
coeflicient) were extracted. Median values with range were
converted to mean and SD [29, 30]. In studies with mixed
surgery types, outcome data were extracted by cardiac and
noncardiac surgery strata.

Risk of bias assessment

The risk of bias (RoB) was independently appraised by
PS. and T.K. using the Newcastle—Ottawa Scale (NOS) for
cohort studies [31]. Discrepancies were resolved through
discussion with V.S.

Data synthesis and analysis

Data pooling was stratified by surgery type (cardiac and
noncardiac) and the time of POCD assessment (<30
and >30 days postsurgery) [9]. For continuous outcomes,
standardised mean differences (SMDs) of postoperative
functional scores between POCD and non-POCD groups
were calculated and pooled as different functional tools
were used. For functional tools, higher scores represent
better function [7, 8, 32-34], except IADL questionnaire
[4] and ALS [25], where higher scores indicated lower
function. Mean values for IADL questionnaire and ALS were
multiplied by —1 to make directionality consistent across
studies [35]. For LOS, unstandardised MDs were calculated
and pooled. RR and associated variance were calculated and
pooled for dichotomous outcomes.

Heterogeneity for each outcome was assessed using the
Cochran’s Q test and /* statistic. If no heterogeneity was
present, a fixed-effects model was used; otherwise, a random-
effects model was applied. Sources of heterogeneity were
explored using sensitivity analyses or meta-regression, as
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appropriate. Potential factors for sensitivity and/or meta-
regression models included age, duration of surgery, POD
at baseline, POCD diagnostic tools and time to assess the
outcomes [36-39]. Duration of surgery was dichotomised
(<220 and >220 minutes) based on the median duration
for the studies included. Each factor was included in a meta-
regression model individually and subjected to subgroup
analysis if a reduction in /> > 50% was detected.

Publication bias was assessed using a funnel plot and
Egger’s test. If positive, a contour-enhanced funnel plot
was performed to determine if the cause of asymmetry was
due to publication bias or heterogeneity. All analyses were
performed using STATA 16, and a P-value <.05 was con-
sidered significant, except for the heterogeneity test, where
the significance threshold was 0.10.

Results

Study selection

Of the 2316 articles identified, 20 studies met the eligibility
criteria (Figure 1); 7 studies [4, 7, 8, 25, 32-34] for func-
tional outcomes; 7 [4-6, 8, 40—42] for mortality; 13 [4, 7, 8,
40-49] for LOS; and 2 [6, 50] for dementia. Study selection
agreement between both reviewers was 98%.

Study characteristics and risk of bias

Study characteristics are shown in Table 1. Study size varied
from 31 to 1513 participants (median 226); average age was
66 =+ 5.37 years. Eleven studies [6, 25, 32, 34, 41-43, 45, 46,
48, 49], 8 [4, 5, 7, 33, 40, 44, 47, 50] and 1 [8] focused on
cardiac, noncardiac or both, respectively. Among 20 studies
included, 12 [5, 6, 25, 32-34, 41, 43, 45, 46, 48, 50] did
not report POD assessment, while 8 [4, 7, 8, 40, 42, 44,
47, 49] reported POD using varying diagnostic criteria, with
incidence ranging from 3% to 33%. Of these, 3 [4, 8, 40]
assessed POD during the same period as POCD assessment;
1 [44] evaluated POD at a different period to POCD, while
the others did not report timing. The timing of POCD
assessment varied between 7 days to 1 year postsurgery; we
compared POCD assessment <30 days and >30 days. Seven
studies assessed POCD <30 days [8, 42—-46, 49], 7 assessed
>30 days [6, 7, 32-34, 41, 48] and 6 assessed across both
periods [4, 5, 25, 40, 47, 50]. Most studies used NTB to
assess cognition [4—7, 25, 32, 34, 40, 41, 44-50], four used
MoCA [8, 33] or MMSE [42, 43] (Appendix 2). Sixteen
studies were considered to have low RoB [4-8, 25, 32, 33,
40,41, 43, 45-48, 50], and 4 had high RoB [34, 42, 44, 49]
(Appendix 3).

Postoperative function

Seven studies [4, 7, 8, 25, 32-34] reported functional out-
comes; 6 [4, 7, 25, 32-34] assessed POCD >30 days, while
1 [8] assessed POCD at 7 days. Functional outcomes were

measured between 3 and 12 months postoperatively using
different tools (Table 1).
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Identification of studies via databases and registers
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Figure 1. PRISMA flow. POCD, postoperative cognitive dysfunction; PRISMA, Preferred Reporting Items for Systematic Review

and Meta-analysis.

Postoperative functional scores were pooled and stratified
by surgical type, which included 4 cardiac (n=374) [8, 25,
32, 34] and 4 noncardiac surgery studies (n=1192) [4, 7, 8,
33], (Figure 2A and B). No differences in postoperative func-
tional scores were detected between POCD and non-POCD
groups for either cardiac [SMD = —0.18 (95% CI: —0.42,

0.05); I* =0.00%] or noncardiac surgeries [SMD = —0.23
(95% CI, —0.84, 0.38); I* = 84.34%].

To explore heterogeneity among cardiac surgery studies,
exclusion of a study [34] with a high RoB had no significant
effect with SMD of —0.11 [(95% CI: —0.37, 0.14);
I’ =0.00%] (Appendix 5.1A). Additionally, pooling 3


https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afae160#supplementary-data

Outcomes associated with POCD

“f1sejdoryre

2auy [e101 vy 1, “Aaseidoryare diy [eron Y1, ‘uoneiuedwir oAJeA SNIOE INIYIEISUEI) TAY], A9AING WIOJ 110YS WN[-9¢ ‘9¢-S ‘UONBIAIP pIepuels ‘(]S ‘Spoyiow xopur a8ueyd a[qerja1 [y ‘uonounysip aanrudoo
aaneradoisod ‘qD (O A10118q 1591 [ed13ojoyoAsdomau asa JN ‘Aep 2aneiradoisod pauonuaw 10U AN BIEP A[qE[IBAE 10U “YN] 9S3], JUIWSSISSY ANTUS0D) [EIIIUOIA “YDOJA] (2100 UONBUTWIEXF] 1EIS [BIUDIA-TUTIAL ‘TSI
«Ae1s [eardsoy Jo Sua] ‘g BUIAI] AJTEP JO SINIANOE [EIUIWNNSU] “T(TY] SUONIPS Y1 ‘SIOPIOSI(] [EIUIJA] JO [ENUEJA] [EINSIIEIG PUE dNSOUSEI(T ‘G-JAIS(] ‘UOTSIAIT 1X9) “UONIPA YIINOJ SIPIOSI(] [BIUIJA] JO [ENUBJA] [EONISIIBIG

pue onsouderq YI-Al NSO UONIP2 YIINOJ ‘SIIPIOSI(] [BIUSN JO [ENUBRJ [EINSTILIG PuE dnsoudel(] ‘A] NS 2IUN 91D 2AISUIUT 2} 10J POYIAJA] 1UDWISSISSY UOISNJUOD) ‘(N D-]NVD ‘POYIRJA] JUIWISSISSY UOISJUOT)
VD yeid ssedAq L1orre Lreuoros ‘oygyD) guswredwr aantuSod prrw yim siuaned 105 pardepe opeds Sutar A[rep jo sonianoe/Apnis aane1adood aseasip s pwdYzy TON-TAY-SOAV S1pnis 110y0d aandadsord are 1y

SOT “(s£ep 06) Anessows

([eurwopqe

(1QVI-4poig—uoimeT Lep-(6) uonduny 88 L6L SINSA LT Led ‘%99 L VOO %¢" LT 1paedotio o47y) SerpresuoN
SOT ‘(s&ep 06) Liperzow (yuowaoedar aafea (8]
‘(1QVI-Apoig—uoimeT| Aep-() uondung 611 669 S-INSA ‘L1 L2 ‘%% 0T / VDO oserpIed pue HgyD) dwnd-uo) serpren) pue[ley] 7707 VIWNSUNIEEINg
sa11231ms SRIPIEOUOU PUE JBIPIEd PIXIIA
SOT ‘IDW-1AV-SOAVY £ep-06) uondunyg £91 0L NDI'INVD NN ‘%€°ST 06 191 N (re12ua3 0567 “durds 94¢F) JEIpIEdOUON vsn [£] 120T 92U
(9¢-4S xm_u\omv uonounyg 1§74 L°€9 VYN 06 VOO Au_umw_& %G1 ‘EUTWOPQE 04 (¥) OBIPIEDUON _wwsﬁo& [e€] L1oT .muw._om

MI-AI (o1paedotio o467
SOT “(s4ep 06) Lmeriopy 058 969 NSA ‘L0 42 ‘%6T¢ 06 ‘L 3593 AN OIORIOY 1O [EUTWIOPE 04 8C) JBIPTEIUON Aueurony [0¥] 910T “pueig
SO1 944 €89 ATINSA ‘¢—1 £ ‘%- 4! 3391 IN (VOLL PU® YH.1) OEIpIeduoN Frewuaq (7] #10T Suary

(o1paedotaio
(sreah 1) eRUDWRQ 989 €9 VN 06 ‘L 3593 AN %0T ‘TEUIIOPgE 049¢) JEIPIEIUON Jrewudq  [0¢] €107 ‘pRWUING

(o1paedotaio
(s1eaf §°g) Apertopy 104 /9 VN 06 ‘L 1891 IN 9%0T ‘TeUTWOpqe 059C) JBIPIEDUON Srewrud [€] 6007 ‘Z3owurlg

SOT ‘(1eaA 1) Liperropy (o1paedoyio 956¢
‘(aareuuonsonb Ty £ep-(6) uonoungy $901 906 INVD /-1 &e ‘op¢°¢ 06 ‘L 1591 IN DIDBIOY) 1O [EUTWOPJE 04 /F) JBIPIEIUON] vsn [¥] 800T “[UoN
SO1 I¢ 69 VO ‘NN ‘%S9 06 ‘L 1593 AN (V31.1) oeipreouoN epeue))  [/§] S00T ‘ZonSHpoy
£1381ms SerpresuoN
(9¢-1S 1ea4-1) uondunyg 001 €LS VN S9¢ 333 AN (54avD) du1pre) eSSy [7€] 070T ‘eaosere],

POYIOW MIIADT 1IEYD

SOT (s4ep 081) Lperioy (289! L°L9 P2EPIFEA ‘N ‘%0T S ISININ (IAVLL pue HgyD dwnd-go/-uo) serprey wnispg [¢¥] 610T ‘Tuswo

(A1281ms onroe speIOY) pue Judswade[dar
SOT $0C yIL VN 7l ASIWIA aATea deIpred ‘Ogy) dwnd-uo) serpreny uede[  [¢p] 810T ‘Tyseel

(s1e24 G /) BrIUDWAP

‘(sreaf ¢/) Aoy 9¢ 089 VN €9€06 191N (©gvD dwnd-go/-uo) serprey erensny [9] 910€ ‘pasoag

(yuawaoedar
(100G uOIMET PAISN(pPY LBP-()6) UONOUN] 6L 8¢9 VN 06 ‘L 1891 N 2AJea oeIpred pue HgyD) dwnd-uo) serpren) Ae  [¢7] $10T Bnuaaudg

SO1
(skep 06) AEHON. 969 ¥F9 VN 06 1IN (9gvD dumd-uo) serprer epeue) (1%] €10Z S0L
AT NSA

SO1 LTI 609 ‘N “%E9 L 3593 AN (©gvD dwnd-uo) serpre) BUENQIT (Y] 010C PUSBHON
SO1 LTC 09 VN L 193 AN (©gvD dund-go/-uo) serprery BUIYD [S¥] 600T 1T

(vuowoaoedax
SO1 [ZA1 0L VN 0¢ 1591 N 2AJeA deipIed pue gy dund-uo) serpreD) VSN [8%] 8007 @nSopy

(vuowoaoedax
(3[e2S 5, U0IMET PAYIPOIAl ABP-(8T) UONIOUN, [ ZA 0L VN 0¢ 1591 N 2AJeA JeIpIed pue HqyD) dund-uo) serpre) vsSn  [#€] 800t ‘1 onSoy
SO1 8%¥ €89 VN L 1591 IN (5gvyD dwnd-uo) serpren) epeue)) [9%] 900¢ ‘TUBMypOOg
£33 1ms serpre)

(sjoor (A3981ms 1933e
azIs  (sIeak) A1a81ms 391ye Aep ‘o)  Aep) yuswssosse 159

sswoon(Q  Apmg By Ju2WSsasse (JOJ adnod 2anrudon adfy £x38mg Anunon Jeof Goypny

SOTISLIOIORIEYO APMIg *| 9|qeL



P. Suraarunsumrit et al.

A. Cardiac surgery, pooled analysis of POCD assessment <30 and =30 days
POCD Non-POCD SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Hogue_1, 2008 14 2400 4.12 94 26.00 3.88—.—}— -0.51[-1.08, 0.05] 17.14
Benvenuti, 2014 22 -0.32 0.0 57 -0.32 0.10 — 1 0.00[-0.49, 0.49] 22.65
Tarasova, 2020 57 78.33 19.01 43 80.00 19.17 + -0.09[-0.48, 0.31] 34.95
Suraarunsumrit, 2022 25 6.12 1.88 62 6.56 1.70 —— -0.25[-0.72, 0.21] 25.26
|
Overall R -0.18 [-0.42, 0.05]
Heterogeneity: I° = 0.00%, H’ = 1.00 i
Test of 8 = 6;: Q(3) =2.13, p = 0.54 i
Testof 8= 0:z=-1.52, p=0.13 i
-1 5 0 5
Fixed-effects inverse-variance model
Sorted by: Year
B. Noncardiac surgery, pooled analysis of POCD assessment <30 and =30 days
POCD Non-POCD SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Monk, 2008 74 -010 25 852 -010 15 H— 0.00[-0.24, 0.24] 29.48
Borges, 2017 10 76.67 215 31 73.33 19.43 ———— 0.17[-055, 0.88] 21.64
|
Deiner, 2020 21 3857 752 129 4329 335 —i— | -1.13[-1.61, -0.65] 25.90
Suraarunsumrit, 2022 11 655 221 64 631 199 ——J— 0.12[-052, 0.76] 22.98
|
Overall i -0.23[-0.84, 0.38]
|
Heterogeneity: 1° = 0.31, I” = 84.34%, H’ = 6.39 J
Test of 8 = 6;: Q(3) = 19.16, p = 0.00 ;
Testof 8= 0:2=-0.74, p = 0.46 !
1 0 1
Random-effects DerSimonian—Laird model
Sorted by: Year

Figure 2. Forest plot of postoperative functions between POCD and non-POCD stratified by surgery type. POCD, postoperative

cognitive dysfunction; SMD, standardised mean difference.

studies [25, 32, 34] without reported POD did not shift
the effect size [SMD of —0.16 (95% CI: —0.43, 0.11);
I’ =1.02%]. For noncardiac surgery, only duration of
surgery was identified as a potential explanatory factor for
heterogeneity (Appendix 4A); however, due to the limited
number of studies, a subgroup analysis could not be under-
taken. Exclusion of an outlier among noncardiac surgery
studies, using the ADCS-ADL-MCI tool [7], reduced het-
erogeneity, but did not affect the difference in postoperative
function [SMD =0.03 (95% CI: —0.18, 0.24); I* = 0.00%)]
(Appendix 5.1B). POCD assessments among noncardiac
surgery patients were performed at 90 days [4, 7, 33] and
at 7 days [8] postsurgery; exclusion of the latter [8] did not
reduce heterogeneity (I° =89.09%) with SMD of —0.33
(95% CI: —1.12, 0.46) (Appendix 5.1C). Sensitivity analysis
in noncardiac surgery, excluding a study [33] without
POD assessment, did not materially change the result with
SMD of —0.34 [(95% CI: —1.10, 0.42); I* =89.05%]
(4,7, 8].

Mortality

Four and 4 studies reported mortality outcome following
POCD in cardiac [6, 8, 41, 42] (n=2410) and noncardiac
[4, 5, 8, 40] (n=2518) surgeries, respectively. For cardiac
surgery, two studies assessed POCD <30 days [8, 42], and
2 assessed POCD >30 days [6, 41]. For noncardiac surgery,
4 assessed POCD <30 days [4, 5, 8, 40] (n=2518), and 3
assessed POCD >30 days [4, 5, 40]. Three studies [4, 8, 40]
defined POD separately from POCD assessment <30 days.
Four studies reported intermediate-term mortality (up to
1 year) [4, 8, 40, 41], and 2 reported long-term mortality
(up to 8 years) [5, 6] (Table 1).

For cardiac surgery, the number of studies was insuffi-
cient to undertake a stratified analysis by period of POCD.
A pooled analysis of both POCD <30 days and POCD
>30 days [6, 8, 41, 42] was associated with an increased risk
of death with RR of 2.04 [(95% CI: 1.18, 3.50); /* = 0.00%)]
(Figure 3A). For noncardiac surgery, both POCD assessment
<30 days [4, 5, 8, 40] (n=2518) and POCD assessment
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Outcomes associated with POCD

A. Cardiac surgery, pooled analysis of POCD assessment <30 and =30 days

POCD  Non-POCD RR Weight
Study Yes No Yes No with 95% ClI (%)
Toeg, 2013 0 121 2 529 = : 0.87[0.04, 18.05] 6.90
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B. Noncardiac surgery with POCD assessment <30 days

POCD Non-POCD RR Weight
Study Yes No Yes No ' with 95% CI (%)
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C. Noncardiac surgery with POCD assessment =30 days

POCD Non-POCD RR Weight
Study Yes No Yes No with 95% CI (%)
|
Monk, 2008 6 67 20 821 ~—l—3.46 [ 1.43, 8.34] 35.98
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‘
!
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Figure 3. Forest plot of mortality risk between POCD and non-POCD stratified by surgery type and POCD assessment period.
POCD, postoperative cognitive dysfunction; RR, relative risk.

>30 days [4, 5, 40] (n=2216) showed no significant mor- Sensitivity analysis among cardiac surgery studies excluded
tality differences with RR of 1.42 [(95% CI: 0.96, 2.11); 1 study [42] with a high RoB with similar results [RR of
I? =48.91%] and 1.70 [(95% CI: 0.73, 3.96); I* = 61.40%]  2.17 (95% CI: 1.10, 4.28); I* =0.00%] (Appendix 5.2A).
respectively, (Figure 3B and C). In addition, the exclusion of 2 studies [6, 41] that did not
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assess POD did not substantially change results, with RR
1.61 [(95% CI: 0.71, 3.63); I* = 0.00%] [8, 42].

Among noncardiac surgery studies, age, follow-up
time and duration of surgery were potential explanatory
factors for heterogeneity identified by meta-regression
(Appendix 4B and C). However, subgroup analysis was
not possible, given the small number of studies. In a
sensitivity analysis to explore the effect of mortality—
time follow-up, a study assessing long-term mortality
[5] was excluded. Among studies reporting intermediate-
term mortality, and which reported POCD separately
from POD [4, 8, 40], noncardiac surgical patients who
developed POCD <30 days had an increased mortality
risk, with RR 1.84 [(95% CI: 1.26, 2.71); I* =0.00%]
(Appendix 5.2B).

Length of hospital stay

Six [8, 42, 43, 45, 46, 49] (n=4589) and 5 [4, 8, 40, 44, 47]
(7=2156) studies assessing POCD <30 days reported LOS
following cardiac and noncardiac surgeries, respectively, and
3 studies [7, 40, 47] (n=2884) assessing POCD >30 days
reported LOS postnoncardiac surgery (Table 1). Of these,
3 cardiac surgery [8, 42, 49] and all noncardiac surgery
studies [4, 7, 8, 40, 44, 47] reported POD assessment.
Patients with POCD <30 days tended to have a longer LOS
of 1.37 days [(95% CI: 0.35, 2.39); I* =92.38%] follow-
ing cardiac surgery [8, 42, 43, 45, 46, 49] and 1.94 days
[(95% CI: 0.48, 3.40); > =83.29%] following noncar-
diac surgery [4, 8, 40, 44, 47] compared to non-POCD
patients (Figure 4A and B). The LOS for patients with
POCD assessment >30 days postnoncardiac surgery [7, 40,
47] was not significant [MD =0.97 (95% CI: —0.17, 2.11);
I* =12.27%] (Figure 4C).

Meta-regression to explore heterogeneity in LOS follow-
ing cardiac surgery showed heterogeneity could be reduced
slightly by accounting for different subtypes of cardiac
surgery [i.e. coronary artery bypass graft (CABG) and mixed
CABG plus valve surgery] (Appendix 4D); for studies that
included patients with mixed cardiac surgeries, LOS tended
to be longer by 2.04 days [(95% CI: 1.65, 2.44); I’ = 0.00%]
in the POCD group (Appendix 6.1). In addition, a subgroup
analysis was also performed in studies that did and did
not report POD in cardiac surgery. For studies reporting
POD [8, 42, 49], POCD patients had an increased LOS of
2.66 days [(95% CI: 1.07, 4.24); I* = 39.55%] compared to
non-POCD patients (Appendix 6.2). A sensitivity analysis
excluded 2 cardiac surgery studies [42, 49] with high RoB
with no significant difference for LOS [MD=0.81 (95%
CI: —0.306, 1.98); I* =79.78%] (Appendix 5.3A). Among
noncardiac surgery studies, no significant explanatory
factors for heterogeneity were identified (Appendix 4E).
A sensitivity analysis excluding one high RoB study [44]
using fixed LOS (<3 days) with noncardiac surgical
patients with POCD assessed <30 days confirmed a longer
LOS of 2.33 days [(95% CI: 1.24, 3.42); I’ =28.94%]
(Appendix 5.3B).
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Publication bias

No publication bias for functional outcomes following
cardiac surgeries (Appendix 7.1A) and mortality outcomes
following cardiac and noncardiac surgeries was detected
(Appendix 7.2A-C). Funnel plots were asymmetric for
postoperative function following noncardiac surgery
(Appendix 7.1B) and LOS following both cardiac and
noncardiac surgeries (Appendix 7.3A and B). Contour-
enhanced funnel plots indicated that funnel asymmetry was
likely due to heterogeneity rather than publication bias.

Discussion

Our study demonstrated that patients who underwent car-
diac surgery had an increased mortality risk following devel-
opment of POCD regardless of time of POCD assessment.
Although the overall risk of death did not differ signifi-
cantly for patients who underwent noncardiac surgery and
developed POCD, sensitivity analysis identified a significant
association with intermediate-term mortality. Patients who
developed POCD <30 days postsurgery were more likely to
have extended LOS following both cardiac and noncardiac
surgeries. The LOS was not significantly different for patients
with POCD assessment >30 days postsurgery. Patients who
developed POCD following either cardiac or noncardiac
surgery did not experience significant functional decline
postoperatively.

The pathogenesis of POCD remains unclear, and sev-
eral contributing factors have been proposed [13, 14, 51,
52]. Various neuroinflammatory mechanisms play essential
roles, supported by studies in animal models and humans
following cardiac and noncardiac surgeries. Furthermore,
several additional actiologies, including preexisting cogni-
tive impairment, anaesthetic agents and metabolic derange-
ments, have also been proposed as potential contributory fac-
tors postsurgery. Cerebral hypoperfusion, cerebral microem-
boli and hemodynamic derangements have been proposed as
potential mechanisms specifically following cardiac surgery
[14, 51, 52]. These processes have the potential to lead to
permanent anatomical and physiological changes that are
less amenable to full recovery, possibly exacerbating associ-
ated postoperative complications [14, 53]. In contrast, some
aetiological factors that contribute to POCD in noncardiac
surgeries, such as metabolic derangements and medications,
are nonanatomical and may be potentially reversible. Perma-
nent irreversible lesions are likely to be associated with a more
substantial impact or have synergistic effects with cardio-
vascular comorbidities and may explain negative outcomes,
such as increased mortality, associated with POCD devel-
opment following cardiac surgeries compared to noncardiac
surgeries. A previous study reported most patients who devel-
oped POCD following noncardiac surgery showed cognitive
recovery within 6 months [54], which may represent suffi-
cient time to detect the effect of POCD on mortality in the
intermediate term, as shown in our study. Nevertheless, given
the heterogeneity across studies, stratification by surgery type
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Outcomes associated with POCD

A. Cardiac surgery with POCD assessment <30 days
POCD Non-POCD MD Weight
Study N Mean SD N Mean SD with 95% CI (%)
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Figure 4. Forest plot of length of hospital stay between POCD and non-POCD stratified by surgery type and POCD assessment
period. POCD, postoperative cognitive dysfunction; MD, mean difference.

may not be sufficient to explore the occurrence and outcomes
of POCD. Several complex vascular surgeries or neurosurg-
eries may exert effects on perioperative cognition similar to
those observed following cardiac surgery. Nevertheless, we
could not evaluate this given the limited number of studies
available.

Patients who had POCD assessment <30 days were more
likely to have an extended hospital stay following both car-
diac and noncardiac surgeries. This finding is consistent with
the explanation that patients with POCD may be vulnerable
to in-hospital postoperative complications, contributing to

prolonged LOS [55]. The heterogeneity associated with LOS
may be explained by several factors. Different types of cardiac
surgery also affect the LOS, as evidenced in the subgroup
analysis showing that only mixed CABG plus valve surgery
was associated with longer LOS. Variations in the provision
of postoperative care across different healthcare systems may
also contribute to the heterogeneity observed [56].

No significant differences in postoperative physical func-
tion were observed in patients who developed POCD across
all stratified analyses. However, one study used the ADCS-
ADL-MCI assessment tool [7], which contains more items
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to evaluate higher cognitive function, including the executive
domain, which is crucial for higher-level functioning, such
as financial management or critical decision-making [57].
Moreover, their study reported that patients who developed
POCD were more likely to have lower function compared
to patients who did not develop POCD. It is possible that
most studies included in the present analysis had functional
tools that may have lacked sufficient sensitivity to detect such
subtle changes in executive function.

Both time of POCD assessment and time of functional
evaluation play a role in the heterogeneity associated with the
functional outcomes in our study. However, pooling POCD
effects on functional outcomes following cardiac surgery
identified no heterogeneity despite the assessment of func-
tional outcomes at various time-points (i.e. 90-365 days).
In contrast, the effect of POCD on functional outcomes
following noncardiac surgery was highly heterogeneous, even
though all four studies [4, 7, 8, 33] assessed functional
outcomes at 90 days postsurgery. A sensitivity analysis that
excluded one study [8] that assessed POCD at 7 days did not
reduce heterogeneity. Further longitudinal cohort studies are
needed to explore the temporal relationship between POCD
and postoperative function and the optimal assessment time-
point.

Our findings suggest that POCD is associated with
increased mortality and LOS in both cardiac and noncardiac
surgical patients, particularly those with POCD assessment
<30 days. POD is a common occurrence that may also
lead to negative outcomes similar to POCD [58]. POD
and POCD could reflect a continuum of disease due to
similar underlying pathology but could also confound the
measurement of each other. However, POD assessment was
reported in only 8 out of 20 studies included; sensitivity and
subgroup analyses in these studies on mortality and LOS
showed similar trends to the main findings, reducing the
likelihood of confounding. Future studies should explicitly
report the assessment of both conditions and analyse the
effect of POCD separately from POD.

Odur study has several strengths: this is the first SRMA to
explore several clinical outcomes associated with POCD,
with stratification by surgery type and time of POCD
assessment. Although we had proposed a priori subgroup
analyses, stratified analyses were undertaken given their
influence on POCD occurrence and the associated het-
erogeneity observed. We undertook several sensitivity
analyses to explore this, without major changes in effect
size. Our findings highlight the potential negative POCD
consequences that would benefit from a comprehensive
geriatric assessment to improve in-hospital and longer-term
perioperative outcomes.

There were several limitations to our study. Firstly,
approximately one-fifth of the primary studies included were
considered at high RoB. However, all studies scored at least
5 in the RoB assessment, which is considered acceptable
for pooling [59]. Secondly, there was large variation in
functional assessment tools within the meta-analysis; we
therefore used SMD for comparisons across studies and
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explored sources of heterogeneity. Thirdly, various POCD
diagnostic criteria across studies may further contribute
to heterogeneity, but given the limited number of studies,
studying this further was not possible. Fourthly, there is a
conflicting classification that exists between previous and
new studies for the definition of perioperative cognitive
disorders [9]. POCD assessment <30 days, as defined in
our study, may represent delayed neurocognitive recovery,
while POCD assessed >30 days postsurgery may represent
postoperative neurocognitive disorders, according to the
2018 nomenclature, although no included studies were
considered fully compliant with the new nomenclature.
We were, therefore, unable to reconcile our classification
against the 2018 nomenclature. Fifthly, we could not pool
association effects between POCD and dementia because
of the limited number of studies that reported dementia
outcomes. Lastly, we could not disentangle the effect of
POD and POCD effect on clinical outcomes, given the
limited number of studies reporting POD.

Conclusions

Patients undergoing cardiac surgery were at an increased
mortality risk, and those diagnosed with POCD <30 days
had an increased risk of prolonged LOS. Noncardiac surgical
patients with POCD assessed <30 days also tended to have
an increased LOS and higher intermediate-term mortality
risk. Early recognition of POCD and the provision of com-
prehensive care for older patients may improve outcomes.
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