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Abstract

Background: Postoperative cognitive dysfunction (POCD) is an adverse outcome that impacts patients’ quality of life. Its

diagnosis relies on formal cognitive testing performed before and after surgery. The substantial heterogeneity in

methodology limits comparability and meta-analysis of studies. This systematic review critically appraises the meth-

odology of studies on POCD published since the 1995 Consensus Statement and aims to provide guidance to future

authors by providing recommendations that may improve comparability between future studies.

Methods: This systematic review of literature published between 1995 and 2019 included studies that used baseline

cognitive testing and a structured cognitive test battery, and had a minimal follow-up of 1 month. For cohorts with

multiple publications, data from the primary publication were supplemented with available data from later follow-up

studies.

Results: A total of 274 unique studies were included in the analysis. In the included studies, 259 different cognitive tests

were used. Studies varied considerably in timing of assessment, follow-up duration, definition of POCD, and use of

control groups. Of the 274 included studies, 70 reported POCD as a dichotomous outcome at 1 to <3 months, with a pooled

incidence of 2998/10 335 patients (29.0%).

Conclusions: We found an overwhelming heterogeneity in methodology used to study POCD since the publication of the

1995 Consensus Statement. Future authors could improve study quality and comparability through optimal timing of

assessment, the use of commonly used cognitive tests including the Consensus Statement ‘core battery’, application of

appropriate cut-offs and diagnostic rules, and detailed reporting of the methods used.
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Editor’s key points

� The authors compared the methodology of studies on

postoperative cognitive decline (POCD) to the criteria

published in the 1995 Statement of Consensus on

Assessment of Neurobehavioral Outcomes After Car-

diac Surgery.

� From more than 8000 studies published after the

Consensus Statement, only 274 used baseline cognitive

testing and followed patients for at least 1 month. The

authors identified more than 250 different cognitive

tests and a large variety of diagnostic rules.

� The authors conclude that poor compliance with the

Consensus Statement has resulted in a body of litera-

ture that is difficult to interpret. The authors provide

suggestions on study design to improve the compara-

bility of future studies.
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In a Statement of Consensus (CS) from 1995, Murkin and col-

leagues1 took effort to improve the quality of postoperative

cognitive dysfunction (POCD) studies. Despite widespread

acceptance and frequent citation of the CS, the methodology

of papers in this field has remained highly heterogeneous,

most importantly because of differences in the composition of

cognitive test batteries, timing of follow-up testing, cut-offs,

and diagnostic rules used to adjudicate cognitive outcome.

This heterogeneity creates substantial challenges in the

interpretation of the current body of evidence.2,3

The CS recommends that studies on POCD have at least one

cognitive follow-up assessment when cognitive function has

‘stabilised’, not earlier than 1 month postoperatively.

Regarding the composition of the cognitive test battery, the CS

recommends the use of a ‘core battery’ of tests that include the

Rey Auditory Verbal Learning Test, Trailmaking Test, and

Grooved Pegboard Test. These tests broadly cover the domains

of verbal memory, divided attention, and motor skills. It

further recommends methods that minimise practice effects

and effects of natural variability in test performance over time.

This not only requires cognitive tests that are robust to prac-

tice effects, but also includes conservative mathematical def-

initions of POCD. Such methods, referred to as the ‘Reliable

Change Index’, require the inclusion of a non-surgical control

group.1,4

Several studies have pointed out that the composition of

the cognitive test battery, timing of follow-up testing, and

mathematical definitions strongly influence the POCD inci-

dence.5,6 The choice to use more conservative mathematical

methods, such as the reliable change index (RCI), also impacts

study designs because they require data from non-surgical

controls to correct for learning effects and natural variability

in cognitive test performance. The choice of RCI variant also

significantly affects the outcome.7 Patient selection, especially

exclusion of patients with preoperative cognitive disorders, is

also likely to affect findings. Comparability between studies is

difficult because both continuous and dichotomous models

are currently used to describe and compare cognitive out-

comes between groups, making meta-analysis particularly

difficult.8

However, authors currently have little guidance when

designing studies on perioperative cognition. This review aims

to provide guidance to future authors. We describe how the
methodological aspects specific to the field of POCD research

have been applied since the CS. We critically appraise those

methods and provide recommendations that may improve

comparability between studies. We will discuss screening for

preoperative cognitive functioning, timing of cognitive follow-

up testing, the composition of cognitive test batteries, the use

of control groups, and the various mathematic definitions of

POCD.
Methods

Design

The review was conducted following the Preferred Reporting

Items for Systematic Reviews and Meta-Analysis statement

recommendations for conducting a systematic review.9 The

study protocol and the full search strategy were registered

within the PROSPERO International prospective register of

systematic reviews as CRD42016039293. We originally aimed

to also study the influence of the different methods on the

POCD outcome estimate. However, because of the large

number of studies that matched the inclusion criteria and the

overwhelming variability of study methods, we decided to

focus on critically appraising the most commonly used

methods. Because we did not perform weighted meta-

analyses and give detailed descriptions of methodology, we

omitted other forms of formal bias assessment.
Eligible studies

Searcheswere conducted in July 2016 and repeated in July 2019

in three databases (Pubmed, EMBASE, and Cochrane) for arti-

cles published after release of the CS.1 We structured the

search presented in Supplementary Table S1 for domain

(postoperative period) and the outcome (POCD). We also

searched for references in reviews, meta-analyses, and the

authors’ personal files.
Study selection

Search results, abstracts, and titles were screened in duplicate

by a team of four authors (FB, THO, WRB, and IF). At this stage,

discussions about inclusion of studies were resolved by a

neuropsychologist (AK). Articles were included if they were

based on original research data from prospective studies on

adult patients undergoing surgery (except intracranial neuro-

surgery), published from May 1995 onwards in English,

German, Dutch, or French. Articles were excluded if there was

no cognitive assessment before surgery, the study focused on

cognitive improvement after surgery, or if follow-up duration

was less than 1 month. This cut-off was chosen to avoid in-

clusion of studies that focus on early postoperative cognitive

disorders such as delirium and delayed neurocognitive recovery.10

We also excluded articles that did not quantify cognitive

change, used self-reporting, informant reporting, or screening

instruments (e.g. Mini Mental State Examination [MMSE])

exclusively to assess cognitive decline. Furthermore, we

excluded studies with a primary focus on postoperative

delirium, quality of life, or any other construct that has been

explicitly designed for another research context (e.g. quality of

life questionnaires).

Articles selected for full-text reading were assessed for in-

clusion by six teams of two assessors. Disputes about in-

clusions were resolved by the main authors (FB and THO).
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Data extraction

Data extraction was performed independently by each author

using a predefined, structured data extraction sheet, which is

provided in Supplementary Table S2. In short, we extracted

data on methodological aspects relevant to determine adher-

ence to the CS. We also extracted data on the sample size,

timing of testing, use and handling of control groups, defini-

tions, and cut-offs for POCD and the POCD incidence estimate.

If data from the same cohort appeared in multiple papers

with different research questions or follow-up durations, but

with the same cognitive test methods, we treated the series of

papers as one study and extracted the POCD incidence esti-

mates from all available follow-up time points.

In the tables and analyses presented in this paper, we

presented the highest incidence of POCD in cases in which the

authors reported different severity grades (e.g. mild, moder-

ate, or severe POCD). We reported the incidence calculated

with the most restrictive algorithm if alternative results were

presented.5,11
Results

Study identification

From 8829 unique articles, 8461 references were excluded

based on reviewing title and abstract. We decided to exclude

studies with a clear focus on cognitive improvement (mainly

within the field of bariatric, transplant, or cataract/ophthalmic

surgery). In our search, we identified 173 reviews and meta-

analyses, of which 79 were relevant to the research question.

From the references of these reviews and meta-analyses and

one further narrative review, we included an additional 30

references for full-text review. A total of 398 articles entered

full-text review.

Of the 398 selected articles, eight were not accessible for

full-text reading and could not be retrieved through the cor-

responding author. Nineteen articles were not based on orig-

inal research data from prospective study designs. Of the

remaining 371 articles, 41 fulfilled one ormore of the exclusion

criteria.

Fifty papers reported on the same cohort as a previously

published paper. Only the index papers of these cohorts were

included for data extraction on methodology. We included the

data of these cohorts for reporting POCD incidence on long-

term cognitive follow-up. Six studies were excluded for

miscellaneous reasons. Therefore, a total of 274 studies were

included for systematic review (see Fig. 1). A full reference list

is provided in the Supplementary information.
Study characteristics

We identified 169/274 (61.7%) observational and 105/274

(38.3%) interventional studies. Table 1 presents the study

characteristics. Sample sizes varied widely over the studies

(11e1218 patients for observational studies and 10e1277 for

interventional studies). Cardiac surgery patients represented

the most frequent type of cohort in both observational and

interventional studies.

Interventions were either related to surgery, specific car-

diac surgery, and cardiopulmonary bypass techniques,

anaesthesia techniques, or medication. Supplementary

Table S3 lists the drugs investigated in the interventional

studies. Of the 28 RCTs, only a few investigated the same drugs
or drugs with similar types of action (lidocaine, magnesium,

cyclo-oxygenase-2 [COX-2] inhibitors, and dexamethasone).
Screening for cognitive impairment at baseline
assessment

In 104/274 studies (38.0%), patients were screened for pre-

existing cognitive impairment using the MMSE or equivalent

screening tools. Screening results were used to exclude pa-

tients with scores indicating some degree of pre-existing

impairment in 88/274 (32.1%) cases.
Timing of testing and association with POCD incidence
estimates

Of the included studies, 85/274 (31.0%) scheduled a single

cognitive follow-up. In most cases testing was performed be-

tween 1 and less than 3 months after surgery (48/85, 56.5%),

followed by 31/85 (36.5%) with cognitive testing from 3months

up to 1 yr after surgery. A single follow-up rarely occurred later

than 1 yr postoperatively (5/85, 5.9%).

Most included studies (189/274; 69.0%) scheduled multiple

follow-ups. From these 189 studies, 87 (46.03%) started testing

within 7 days or before/at discharge from hospital. Further-

more, 152/189 (80.4%) performed two follow-ups, 30/189

(15.9%) three, and only 7/189 (3.7%) scheduledmore than three

follow-ups. The median number of follow-up visits was 2 (in-

ter-quartile range [IQR], 2e2; min 2, max 8). The distribution of

follow-up times is presented in Figure 2. Most studies (144/189,

76.2%) with multiple follow-ups failed to report which of their

follow-up testswas used to classify patients as having POCD or

not. The effect of the timing for testing on the POCD outcome

estimate is presented in Figure 3.

In Supplementary Table S4, large cohorts that generated

several publications are listed along with their maximum

follow-up duration and POCD incidence (if available).
Neuropsychological testing

The complete ‘core set’ e or very similar tests e as recom-

mended in the CS were included in the test battery in 78/274

(28.5%) of the included studies. Test batteries were composed

of a median of six tests (IQR, 4e7). Some authors used sets of

standalone neuropsychological tests whereas others used pre-

specified batteries.

We identified at least 259 unique cognitive tests across the

included studies. The number of tests was difficult to deter-

mine because some authors omitted the exact description of

their test battery. Of the 259 unique tests, 140 were used by one

study only.

Table 2 lists the 15 most commonly used neuropsycholog-

ical tests. All cognitive tests reported are listed in

Supplementary Table S5.

The CS advises the use of tests that are robust to practice

effects and ideally have parallel versions for follow-up

testing.1 Still, broad screening tools and dementia screening

tests were often part of the test battery. TheMMSEwas used as

part of the cognitive battery in 42 studies (15%). Of note,

studies that relied solely on MMSE or similar screening tools

and had no additional cognitive tests to identify cognitive

change over time were excluded from this review.

A majority of studies (212/274, 77.4%) used conventional

‘paper-and-pencil’ methods to administer cognitive tests.

Overall, 37/274 studies (13.5%) used computerised cognitive



9162 identified in PubMed, Embase and Cochrane

8829 screened

333 duplicates removed

6502 search results excluded

N=1959 did not meet inclusion/exclusion criteria

+30 publications identified from 80
reviews and meta-analyses
–8 full texts not available

116 excluded
POCD was not a key outcome/insufficient test
methodology (n=41); no original research article
or study design not prospective (n=19); written in other language
(n=1); subjects did not have surgery (n=1); focus on cognitive
improvement (n=4); secondary analyses or long-term
follow up from same cohorts (n=50)

2327 screened

368 publications identified

390 full texts read

274* included in analysis

Identification

Title screening

Abstract screening

Full text reading

Analysis

Fig 1. Inclusion chart. *Fifty studies were based on data from the same cohort as a previously published index study. We included these

studies for sub-analyses on long-term postoperative cognitive dysfunction (POCD) incidence but not for complete data extraction.
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tests or a mix of both. Meanwhile, 25/274 studies (9.1%) did not

report type of testing.
Definition of POCD and non-surgical control groups

Only 52 (28.6%) from the 182 studies with a dichotomous POCD

endpoint included a control group. Matching of controls and

patients was reported by 27 of 52 studies (51.9%). Demographic

details about the control group were reported in 38/52 (73.1%)

cases. There was considerable variation in the ratio between

patients and controls in the studies. Most (34/52, 65.4%)

included fewer controls than patients, with ratios ranging

from 1 control per 2e14 patients (median, 3; IQR, 3e5). Nine of

52 (17.3%) studies included as many non-surgical controls as

surgical patients (ratio 1:1), and 9/52 (17.3%) included more

than one non-surgical control per surgical patient (median, 4;

IQR, 2.5e7; range, 2e12).
Studies reporting POCD as a dichotomous outcome

POCD was reported as dichotomous outcome in 182/274

(66.4%) studies. The remaining cases compared cognitive test

results between groups as a continuous outcome rather than

adjudicating a POCD diagnosis, or did not make any compar-

isons. In the studies with a dichotomous POCD outcome, the

methods to define relevant cognitive decline varied broadly.

The RCI uses data from a non-surgical control group to

adjust for natural variability and learning effects. This method
subtracts the expected learning effect and natural variability

(both derived from the non-surgical controls) from a patient’s

test performance change from baseline to follow-up. If a pa-

tient’s change in test performance from baseline to follow-up

exceeds a predefined cut-off, the POCD diagnosis is

adjudicated.7

Studies did not consistently report details on their analysis

method, and the exact number of studies using an RCI-based

analysis could not be determined. The majority of studies

(110/182, 60.4%) relied on simple analysis methods that

compared change to the patient or study population baseline,

and did not account for natural variability and learning effects.

Deviation from population norms was used to define relevant

change in 17/182 (9.3%) studies.

After defining if the cognitive change in an individual test

parameter is relevant, studies require a diagnostic rule to

adjudicate the POCD diagnosis. Most studies applied simple

diagnostic rules based on a particular number of tests with

relevant change. Studies less commonly used composite

scores calculated from all the cognitive tests in the battery (10/

182, 5.5%) or combinations of the two rules (26/182, 14.3%).

Even more complex analysis methods involved component

analysis and adjudication of the POCD diagnosis based on

decline in one or more predefined cognitive domains. Often,

the exact number of cognitive test parameters to which the

diagnostic rule was applied was not reported. The diagnostic

rule itself was not reported in 5/182 (2.7%) cases. Some authors

who described cut-off values in cognitive test parameters for



Table 1 Study characteristics. All values presented as median (inter-quartile range) and n (%). *Lung surgery (VATS), Egawa 2016.12

CABG, coronary artery bypass grafting; N/a, not applicable; VATS, video-assisted thoracoscopic surgery.

Characteristic All studies (n¼274) Observational
studies (n¼169)

Interventional
studies (n¼105)

Sample size of surgical cohort 101 (range, 51e194) 82 (range, 40e168) 134 (range, 65e234)
Type of cohort
Mix of different non-cardiac
surgery patients

28 (10.2) 19 (11.2) 9 (8.6)

Cardiac surgery
(CABG, valve repair, valve
replacement, surgery on the
thoracic aorta)

173 (63.1) 95 (56.2) 78 (74.3)

Vascular surgery
(including carotid, surgery for
peripheral arterial occlusive
disease)

35 (12.8) 30 (17.8) 5 (4.8)

Peripheral surgery
(breast, orthopaedic, eye, ear
enoseethroat, spine,
peripheral nerves, plastic
surgery, dermatology)

30 (10.9) 20 (11.8) 10 (9.5)

Abdominal surgery
(gastrointestinal, liver, gall
bladder, kidney, adrenal,
stomach, oesophagus,
pancreas, spleen)

7 (2.6) 5 (3.0) 2 (1.9)

Other* 1 (0.4) 0 (0.0) 1 (0.9)
Types of interventions N/a N/a
Anaesthesia related 25 (23.8)
Surgical technique related 20 (19.0)
Cardiac bypass related 24 (22.9)
Randomised drug trials 28 (26.7)
Other 2 (1.9)
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Fig 2. Distribution of testing time points in studies with more than one follow-up.
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dichotomisation did not report POCD incidence on an indi-

vidual patient level.14e18

Table 3 shows the different cut-off values and diagnostic

rules applied, from more liberal to more restrictive.
Studies reporting POCD as a continuous outcome.
Ninety-two of the 274 studies (33.6%) exclusively reported a

continuous cognitive outcome. Most of these calculated Z-

score changes, simple group differences, performed cluster
analyses to define cognitive domain changes or applied anal-

ysis of variance (anova), multivariate analysis of covariance

(mancova) or mancova techniques to either investigate pre-

dictors of change or to adjust for age, sex, and educational

level.
Discussion

As expected, the methodology used in the 169 observa-

tional and 105 interventional studies included in this



N (%) studies
reporting
POCD at this
follow-up time

Pooled N of
participants

Pooled N
(%) patients
classified as
POCD

70 (45.5)

10 335

2998 (29.0)

63 (40.9)

12 011

1695 (14.1)

24 (15.6)

4094

1107 (27.0)

17 (11.0)

4528

779 (17.2)

9 (5.8)

1577

386 (24.5)

70%

60%

50%

40%

30%

20%

1 to <3
months

10%

3 to <6
months

6 to <12
months

1 to <2
yr

2 yr
or later

Fig 3. Pooled analysis of studies reporting postoperative cognitive dysfunction (POCD) as a dichotomous outcome and with available data

at least one follow-up time after 1 month (n¼154). Box plot represents median reported POCD incidence, 25th and 75th percentile, whiskers

represent 1.5*inter-quartile range below 25th and above 75th percentile.
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systematic review was highly heterogenous. Even though

only studies that met certain quality criteria (baseline

testing, structured neuropsychological testing, minimum 1

month follow-up) were included, adherence to the CS

guidance was poor. Only 28.5% of studies included the

recommended ‘core’ cognitive tests in their cognitive bat-

tery. The composition of test batteries differed largely: from

259 unique cognitive tests, 140 were used only once in the

included studies. This heterogeneity hinders pooled ana-

lyses and other forms of data syntheses across studies.

Despite the CS recommendation to include non-surgical

control groups, these were used in just 52 of the 182

studies that calculated a dichotomous incidence. Compa-

rability of outcome estimates between studies is further

compromised by the diversity of definitions of relevant

cognitive change and different diagnostic rules in studies

reporting dichotomous outcomes.
Timing of testing

Our findings and those of previous studies show that the

incidence of POCD detected is dependent on follow-up time.5,6

In accordance with the 2018 Nomenclature Recommenda-

tions, POCD should be named postoperative neurocognitive

disorder (p-NCD) in future studies. Cognitive change diag-

nosed between 1 and 12 months postoperatively should be

termed p-NCD exclusively. In order to study p-NCD, at least

one postoperative follow-up between 1 and 12 months is thus

required. Our findings correlate well with previous reports on

the natural course of cognitive dysfunction over time. Long-

term follow-up studies have shown that cognitive function is

most affected between 3 and 6 months postoperatively but

often recovers later on.5 Authors designing new studies can

expect the highest incidence between 1 and 3 months (29%)

and the lowest incidence between 3 and 6 months (14.1%)

postoperatively.



Table 3 Cut-off values and diagnostic rules to define POCD in
studies reporting a dichotomous outcome. All values pre-
sented as n (%). RCI, reliable change index; sd, standard de-
viation; POCD, postoperative cognitive dysfunction.

Cut-offs

20% change from patients own baseline 28 (15.4)
<1 sd change from baseline 5 (2.7)
1e2 sd change from baseline OR
corresponding RCI

77 (42.3)

�2 sd change from baseline OR
corresponding RCI

43 (23.6)

Reported multiple cut-offs 29 (15.9)
Cut-off not reported 3 (1.6)

POCD diagnostic rules

Relevant decline in at least 1
test/test parameter

39 (21.4)

Relevant decline in at least 2
tests/test parameters

53 (29.1)

Relevant decline in at least 3
tests/test parameters

6 (3.3)

Relevant decline in at least 20%
of test parameters

17 (9.3)

Significant change in composite score 10 (5.5)
Combination of change in individual tests OR
composite score

26 (14.3)

Component analysis, domain specific rules 19 (10.4)
Combination of analysis strategies 5 (2.7)
Diagnostic rule not reported 5 (2.7)

Table 2 Most frequently used neuropsychological tests. For
test manuals, refer to Lezak and colleagues.13 WAIS, Wechsler
Adult Intelligence Scale; WMS, Wechsler Memory Scale.

Test Type of test/
main domain

Frequency of
use in included
studies (n¼274)

Trailmaking test Executive
function
test

163 (59%)

Digit span subtest of the
WAIS

Memory test 108 (39%)

Digit Symbol Substitution
Test of the WAIS

Broad
cognitive
function
test

90 (33%)

Rey Auditory Verbal
Learning Test

Verbal
memory
test

89 (32%)

Grooved Pegboard Test Motor skill
test

70 (26%)

Stroop ColoreWord
Interference Test

Executive
function
test

60 (22%)

Controlled Oral Word
Association Test

Fluency test 43 (16%)

Mini Mental State Exam Dementia
screening
battery

42 (15%)

Rey Complex Figure Test Non-verbal
memory
test

28 (10%)

Finger Tapping Test Motor skill
test

21 (8%)

Category type verbal
fluency tests

Fluency test 19 (7%)

SymboleDigit Modalities
Test

Broad
cognitive
function
test

19 (7%)

Boston Naming Test Language test 18 (7%)
Modified Visual
Reproduction test of the
WMS

Intelligence
test

18 (7%)

Visual Verbal Learning
Test

Verbal
memory
test

17 (6%)
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Sometimes authors reported more than one follow-up time

point for cognitive testing but only reported one dichotomous

outcome. This, however, was not clearly attributed to one of

the follow-up time points.19 We recommend that authors us-

ing multiple postoperative follow-ups clearly report which

follow-up was used to calculate the p-NCD incidence and

which follow-up was used as the primary outcome. The

number of follow-ups will depend on the research question

and available resources. The Successful Aging after Elective

Surgery (SAGES) study is an example of the feasibility of

studies that combine reliable methods with a large number of

follow-up visits.20

The exclusion of patients based on results of a preoperative

cognitive screeningwas fairly common in the studies (32%) but

may select a population that is at a lower risk of further

cognitive decline.21We recommend that authors clearly report

if patients were excluded from study participation based on

preoperative tests. Patients’ preoperative cognitive
functioning and the proportion of patients impaired at base-

line should also be reported.
Composition of cognitive test batteries

The 1995 Consensus Statement recommends authors include

the Trailmaking Test (A and B), the Grooved Pegboard Test,

and the Ray Auditory Verbal Learning Test. The cognitive test

batteries in studies included in this reviewwere composed of a

median 6 (IQR 4e7) tests. Most studies used a diagnostic rule

that adjudicates the POCD diagnosis based on relevant change

in at least one or two of the tests in the battery. Authors should

be aware that increasing the number of tests in the battery will

increase sensitivity at the expense of specificity.5,6

To improve comparability between studies on periopera-

tive cognition, we recommend authors choose commonly

used cognitive tests, such as those presented in Table 2, in

addition to the recommended core battery, if necessary, to

address their specific research question. We recommend au-

thors clearly report which test parameters were derived from

each test and used in the diagnostic model.
Cut-offs and diagnostic rules

Reporting of cut-offs and diagnostic rules was often incom-

plete in the studies, which hinders comparability.

We suggest authors make results on all cognitive test pa-

rameters included in their diagnostic methods accessible in

order to facilitate advanced meta-analyses.

The CS recommends the use of methods that take learning

effects and natural variability in cognitive test performance

over time into account. In studies included in this review, this
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practice was still uncommon: 60.2% calculated a dichotomous

POCD incidence with use of a simple analysis method only.

In order to comply with the CS and to improve compara-

bility between studies, we recommend that authors use an

RCI-based method to define relevant change in cognitive test

performance over time. In line with the 2018 Nomenclature

Recommendations, multiple severity levels should be dis-

cerned. We recommend authors specify mild decline (1e2

standard deviation [sd]) and major decline (>2 sd) for each test

result. In addition, advancement of p-NCD to a clinical diag-

nosis according to DSM-5 criteriamay help to distinguish if the

change measured interferes with independence in everyday

activities.

Neither the 1995 Consensus Statement nor the 2018

Nomenclature recommendations clearly state what the

preferred diagnostic rule should be. We recommend future

authors align their study designwith themost commonly used

diagnostic rule from our large sample of studies: p-NCD is

diagnosed when relevant decline is present in at least two test

parameters observed between 1 and 12 months post-

operatively. Other studies have shown this practice also pre-

vents overestimation of the p-NCD incidence.5
Control groups

The use of the RCI method requires inclusion of a control

group.5 The exemplarymethodology of handling control group

data to calculate a dichotomous incidence using RCI and a

diagnostic rule is found in the methods of the ISPOCD-1

study.22

In our sample, only 28.6% of studies reporting dichotomous

outcome included non-surgical controls. The control group

composition, recruitment, and matching procedures were

often not precisely described. The cognitive test performance

in the control group is highly relevant and likely to be influ-

enced by demographic factors and alignment with the surgical

patient cohort.We recommend authors include control groups

that are comparable with the surgical group, in order to reli-

ably predict learning effects and natural variability in cogni-

tive test performance over time.
Computerised testing

A substantial proportion of studies already used computerised

testing. The computerised batteries commonly use their own

specific cognitive tests, sometimes based on traditional paper-

and-pencil tests.23,24

Computerised testing offers advantages in terms of data

processing, avoids missing data, and reduces assessor effects

by automating and standardising test instructions. In the

future, it could be used to test patients more frequently and in

the comfort of their own environment, providing a more ac-

curate assessment of actual day-to-day functioning (ecological

momentary assessment). However, this approach has disad-

vantages, such as reduced control over the testing environ-

ment. As it is more easily accessible, computerised testing has

the potential to introduce cognitive testing into routine pre-

operative assessment. This would facilitate identification of

patients at risk, so they may receive preventive measures. In

follow-up, potential future treatment may be possible should

patients develop cognitive decline.

In our opinion, the ideal future computerised cognitive test

battery should have
1. An interface suitable for subjects of all ages and abilities

2. Appropriate normative data for the population under

investigation (e.g. cardiac surgery cohorts require different

normative data compared with orthopaedic surgery co-

horts, considering confounding risk factors for cognitive

decline)

3. Produce data that can be analysed with sound mathemat-

ical methods such as RCI
Conclusions

We conclude that, despite the advent of a Consensus State-

ment in 1995, the immense heterogeneity in methods used to

study cognitive decline after surgery has remained. Many au-

thors still insufficiently describe and adapt their methods to

the specific research question in terms of patient selection,

cognitive test batteries, follow-up timing, definitions of rele-

vant change over time, and reporting of outcome. Non-

surgical control groups are frequently not included in dichot-

omisation algorithms. The body of literature that has resulted

thus is difficult to interpret and hinders meta-analysis. Meta-

analysis though is urgently needed to reach the goal of iden-

tifying modifiable risk factors or evaluating potential preven-

tive or therapeutic interventions for perioperative cognition.

The inconsistent use of nomenclature poses further chal-

lenges. The large number of studies excluded from this review

because of methods that do not allow for reliable conclusions

on clinically relevant cognitive change after anaesthesia and

surgery should sensitise the perioperative research commu-

nity to the importance of sensible allocation of resources and

ethics involved in subjecting patients to cognitive outcome

studies.

The low compliancewith the CS standards that we found in

the published literature after its publication could indicate

that there is either a requirement for more precise guidelines

or that the ‘old’ consensus leaves room for very broad inter-

pretation. We suggest working towards an international,

interdisciplinary task force that could define standards for

perioperative cognition research, including diagnostic criteria

and updated standards for composition of cognitive test bat-

teries. The implementation of high-quality research stan-

dards, and an interdisciplinary strategic approach should be

able to advance this field to the next level: developing treat-

ment options for affected patients who are at risk of a

compromised quality of life after surgery.
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