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Aims Postoperative cognitive dysfunction (POCD) is often experienced by cardiac surgery patients; however, it is not
known if some groups of patients experience this more frequently or severely than others.
The aim of this systematic review was to identify preoperative and postoperative predictors of cognitive dysfunc-
tion in adults following cardiac surgery.

...................................................................................................................................................................................................
Methods
and results

Eight bibliographic databases were searched (January 2005 to March 2021) in relation to cardiac surgery and cogni-
tion. Studies including adult patients who had undergone open cardiac surgery and using a validated measurement
of cognitive function were included. Full-text review for inclusion, quality assessment, and data extraction were
undertaken independently by two authors.
A total of 2870 papers were identified, of which 36 papers met the inclusion criteria and were included in the re-
view. The majority were prospective observational studies [n = 28 (75.7%)]. In total, 61 independent predictors (45
preoperative and 16 postoperative) were identified as significant in at least one study; advancing age and education
level appear important. Age has emerged as the most common predictor of cognitive outcome.

...................................................................................................................................................................................................
Conclusion Although a number of predictors of POCD have been identified, they have inconsistently been reported as signifi-

cantly affecting cognitive outcome. Consistent with previous research, our findings indicate that older patients and
those with lower educational levels should be prioritized when developing and trialling interventions to improve
cognitive function. These findings are less than surprising if we consider the methodological shortcomings of
included studies. It is evident that further high-quality research exploring predictors of POCD is required.
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Implications for practice
• Advancing age and fewer years of education are important predictors of postoperative cognitive dysfunction (POCD).
• Older patients and those with lower education levels should be prioritized when developing and trialling interventions to improve cognitive

function.
• Rigorous research exploring predictors of POCD is required to enable practitioners to identify patients most likely to benefit from

cognition-based interventions.
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Introduction

Postoperative cognitive dysfunction (POCD), defined as a decline in
cognitive function from baseline performance measured with neuro-
psychological tests before and after surgery,1 affects between 25%
and 70% of patients after cardiac surgery.2,3 Cognitive dysfunction is
usually transient; however, it is associated with prolonged hospital
length of stay, increased morbidity and mortality, and reduced quality
of life, resulting in a significant healthcare and resource burden on the
healthcare system.2,3

A key challenge in understanding and managing POCD can be
attributed to methodological heterogeneity in the definitions of
POCD used across studies, the variety of tests used to diagnose
POCD, and timing of testing.4–7 Furthermore, POCD lacks a formal
definition in the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5)8 or the International Classification of Diseases
(ICD-10).9 The need for a standardized approach to the assessment
of, and the diagnostic criteria associated with POCD, has been widely
recognized.4,7,10 Recently, consensus recommendations have been
published, proposing revised nomenclature for cognitive impairment
identified in the perioperative period.11 These include postoperative
cognitive decline diagnosed up to 30 days postoperatively (delayed
neurocognitive recovery) or 12 months postoperatively [postopera-
tive neurocognitive disorder (POCD)].11 In this article, the term
POCD will be used to describe an objective postoperative decline in
cognitive function from baseline level of performance to reflect the
existing body of knowledge and to allow the impact of the revised no-
menclature11 to become evident within the literature.

POCD has received a lot of research attention, particularly in rela-
tion to understanding the pathogenesis,12,13 markers of neuronal in-
jury,14,15 and preventative strategies.16 Despite this, its causes,
mechanisms, and significance are still poorly understood. Risk factors
associated with POCD and predictors of POCD have also been
explored; however, the terms ‘risk factor’ and ‘predictor’ are often
used interchangeably. Furthermore, the term ‘risk factor’ encom-
passes two conflated concepts: prediction and explanation.17

Generally, ‘risk factor’ is used to describe a potential causal factor,
that is a factor or variable whose manipulation changes the outcome
(explanation). In contrast, ‘predictor’ is used to describe a factor or
variable that is associated with a subsequent clinical outcome (predic-
tion). Importantly, predictors are not necessarily causally related to
an outcome.17–19 The overwhelming focus of the literature related
to POCD risk factors is explanatory in nature. POCD risk factors are
often divided into three main categories: patient-related risk factors,
anaesthesia-related risk factors, and surgery-related risk factors.
Numerous risk factors have been implicated in the development of
POCD,1,5 however those most commonly identified include increas-
ing age, lower education level, preoperative cognitive impairment,
prior stroke, diabetes, poor functional status, duration of surgery,
and depth of anaesthesia.1,20 A systematic review exploring peri-
operative risk factors associated with POCD after cardiac surgery
determined that the pathogenesis of POCD remains unclear, and
that further research is required to determine whether certain anaes-
thetic approaches or interventions lower the potential risk of devel-
oping POCD in susceptible individuals.5 To our knowledge, no
systematic reviews of studies specifically exploring predictors of
POCD to identify people or groups at risk of developing this

complication has been conducted. Thus, the aim of this systematic re-
view was to identify preoperative and postoperative predictors of
cognitive dysfunction in adults following cardiac surgery.

Methods

Search strategy and screening of citations
This systematic review adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines21 and was
registered on Prospero (CRD42020167037). Eight bibliographic data-
bases [MEDLINE, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Embase, PsycINFO, Cochrane Library, ProQuest
Dissertations and Theses Global, Open Grey, and Web of Science
Conference Proceedings Citation Index] were searched between January
2005 (to reflect the introduction of the Consensus statement10) and
March 2021. In collaboration with an information specialist, searches
were devised without methodological search filters that would limit
results to specific study designs. Subject headings and keywords were
used in the search in relation to two concepts: cardiac surgery and cogni-
tion, with the concepts combined using ‘AND’ for the final search (search
syntax in Supplementary material online, Table S1). The reference lists of
all identified systematic reviews were screened for potential eligible
papers. Non-English papers were translated using online translation soft-
ware; this applied to one of the included papers.

Titles and abstracts of identified articles were subject to blind inde-
pendent review by two authors (T.B. and either L.M.A., C.S.H., or J.S.) for
suitability against the inclusion and exclusion criteria (Table 1); conflicts
were resolved through discussion with reference to a third reviewer if
needed. Full-text of eligible articles were reviewed using a similar
process.

Data extraction and quality assessment
Data extraction (using a standardized proforma) and quality assessment
[using the Critical Appraisal Skills Programme (CASP)] template for co-
hort studies22 was performed by two authors (T.B. and either L.M.A.,
C.S.H., or J.S.) with disagreements resolved through discussion until con-
sensus was achieved. The agreed quality assessment information was
used to generate a risk of bias graph and a risk of bias summary using
RevMan,23 addressing the domains of selection bias, detection bias, con-
founding bias, attrition bias, and other biases.24

Data synthesis
The key features and findings of included studies were evaluated and sum-
marized by T.B., then discussed with the review team until agreement
was reached. Due to heterogeneity of the included studies, meta-analysis
was not performed. Instead, results were summarized using descriptive
statistics, tables, and narrative synthesis. As a result of the variation in the
timing of postoperative neuropsychological assessment, and therefore
the time point at which predictive modelling occurred, the independent
predictors identified were grouped by follow-up time point: 7 days to
6 weeks, 3 months, 6 months, 12–18 months, and 3–5 years.

Results

Study selection
A total of 2870 papers were identified for possible inclusion (Figure 1)
with 196 papers undergoing independent full-text assessment.
Reasons for exclusion are presented in Supplementary material

2 T. Bowden et al.
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....................................................................................................................................................................................................................

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

• Adult patients (>_18 years of age)
• Patients undergoing cardiac surgical procedures
• Published between January 2005 and March 2021
• Measurement of cognitive function measured using an objective

validated tool, measured at least 7 days postoperatively

• Operations other than cardiac surgery
• Cardiac transplantation
• Sternal wound repair
• Thoracic surgery
• Transcatheter aortic valve implantation (TAVI) or transcatheter aortic

valve replacement (TAVR)
• Studies that focus solely on significant comorbidities, the effects of intrao-

perative factors, or delirium as an outcome
• Studies that did not include multivariable analysis of predictors of POCD

Figure 1 PRISMA flow chart.
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online, Table S2. Overall, 36 papers were included for data synthesis.
Inter-rater reliability for inclusion was good [Kappa (j) statistic
0.773–0.808].

Study characteristics and quality
appraisal
Studies were conducted across four continents: Asia (n = 12),
Australia (n = 4), Europe (n = 9), and North America (n = 11), and the
majority were prospective observational studies [n = 28 (75.7%),
Table 2, Supplementary material online, Table S3]. Most studies were
single centre [n = 30 (81.1%)], with significant variation in the type of
surgery patients had undergone, including coronary artery bypass
graft (CABG) surgery only (n = 19), CABG and/or valve surgery
(n = 10), valve only surgery (n = 2), or CABG and/or valve and other
(n = 5). Of the studies including CABG surgery only, most were per-
formed on pump [n = 14 (73.7%)]. Of the remaining CABG surgery
only studies, operative techniques included off-pump only (n = 1), on-
pump vs. off-pump (n = 4), and unknown (n = 1).

The majority of studies reported baseline cognitive function
[n = 35 (97.2%)], measured the day before surgery (n = 14), within 1
week of surgery (n = 7), or within 2 weeks of surgery (n = 2). Eleven
studies measuring baseline (preoperative) cognitive function did not
specify the timing of assessment. There was significant variation in the
timing of postoperative cognitive function measurement with the
most frequent occurring at 7 days (n = 13). The remaining studies
opted for postoperative cognitive function assessments at 2 weeks
(n = 2), 20 days (n = 1), 1 month (n = 2), 6 weeks (n = 3), 3 months
(n = 11), 6 months (n = 5), or 1 year (n = 9). Six studies measured
cognitive function beyond 1 year, ranging from 15 months to 5 years.

Thirty-four of the included studies reported predictors of POCD,
one reported predictors of cognitive recovery, and one reported
predictors of both POCD and cognitive recovery. The criteria used
to define POCD varied across the studies (Supplementary material
online, Table S3). The standard decline criterion [n = 14 (37.8%)] and
the use of the z score [n = 7 (23.5%)] were most commonly used,
while seven studies did not provide a POCD definition. Cognitive
function measurement was achieved through a variety of domain-
specific measures in 31 studies, with the remaining five opting for
measures of global cognition. The cognitive domains assessed were
similarly variable: complex attention (n = 30), learning and memory
(n = 28), executive function (n = 16), perceptual-motor function
(n = 16), and language (n = 4), as was the variability in reported cogni-
tive domains being measured by the tests employed (Supplementary
material online, Table S4).

Risk of bias was generally moderate, with minimal detection and at-
trition bias (Figure 2, Supplementary material online, Figure S1).
Thirty-one studies were deemed to be at high risk of confounding
bias (Supplementary material online, Table S5) for failing to evaluate
key factors.

Independent predictors of POCD
Predictors (and non-predictors) of POCD after cardiac surgery were
identified on multivariable analysis across 35 studies (Table 3,
Supplementary material online, Table S6). Preoperative variables
focused on patient-related factors, comorbidities, and biochemical
variables, while postoperative variables included intensive care unit

(ICU)-related variables, postoperative complications, and biochem-
ical variables. Sixty-one independent predictors (45 preoperative and
16 postoperative) were identified across five time points (Table 3).

In terms of preoperative variables, age was predictive of outcome
at all five time points and commonly identified across studies [n = 16
(45.7%)]. Education level, baseline cognitive function, and diabetes
were independently predictive of outcome at three time points,
while abnormal left ventricular function, the presence of collateral
circulation, hypertension, serum creatinine, baseline perceptual-
motor function, diabetic retinopathy, and depression were predictive
at two time points. Of the 16 identified postoperative variables, only
ICU length of stay was predictive of outcome at two time points
while the remaining 15 were predictive at only one time point.

Independent predictors of cognitive
recovery
Of the two studies exploring predictors of cognitive recovery, both
at 12 months, no common variables were identified as predictive of
outcome (Supplementary material online, Table S6).

Discussion

We sought to identify preoperative and postoperative predictors of
POCD in adults following cardiac surgery to inform development of
appropriate interventions. While a number of predictors have been
identified, as found previously, these have been reported inconsist-
ently across studies. Advancing age and education level appear to be
the most important predictors identified, as older patients and those
with lower educational levels can be prioritized when developing and
trialling interventions to improve cognitive function. While advancing
age has emerged as the most common predictor of cognitive out-
come,25,28,30,33,36,40–43,46,48,50,54,56,57 this was reported inconsistently.
Those that found age to be non-predictive of cognitive outcome
tended to have smaller sample sizes.47,55 Furthermore, some of the
larger studies reporting age as non-predictive of POCD did not use
control groups to compare the rate of cognitive decline in age-
matched populations who were not exposed to anaesthesia or sur-
gery,26,27 a recognized limitation of POCD research.4,10,61,62 Older
patients are more likely to have neurovascular disease risk factors,
structural brain changes, and dementia development, placing them at
higher risk of POCD.1,3

Our findings are consistent with previous research,63 suggesting
that education level influences cognitive outcome, with lower

Figure 2 Risk of bias across studies (n = 36).
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educational levels being predictive of POCD25,26,45,46,48,57 and higher
educational levels being predictive of cognitive recovery.31 It has
been postulated that those with higher educational levels have
greater cognitive reserve; in educated individuals the brain is exposed
to challenging mental activities that potentially decrease the suscepti-
bility to clinical manifestations of structural brain changes.64

However, the results are inconclusive with some studies reporting
educational level as non-predictive,27,33,34,49 therefore further investi-
gation is warranted.

Lower preoperative baseline cognitive scores, indicating cognitive
decline, has previously been linked with a potential increase in
POCD risk.65 However, overall, baseline cognitive function was
found to be an inconsistent predictor of POCD. Interestingly, when
baseline perceptual-motor function was assessed using the Purdue
Pegboard Test,32 and the Grooved Pegboard Test49 baseline per-
formance was more consistently identified as an important predictor.
Despite this, assessment of motor function occurs less frequently
than the domains of memory and attention,6,61 even though the
Grooved Pegboard Test is one of the core recommended tests in
the Statement of Consensus on assessment of neurobehavioral out-
comes after cardiac surgery.10

Recent studies have explored the role of biochemical markers of
cognitive function, as adjuncts to neuropsychological testing, risk fac-
tors, and predictors for the development for POCD. Studies included
in this review have investigated the role of amyloid beta (Ab,) iso-
forms Ab40 and Ab42,30 kynurenic acid,32 neopterin,32 apolipopro-
tein e4 allele,25 and high-sensitivity troponin T45; however, there was
minimal overlap between studies exploring the predictive role of
these variables making it difficult to draw conclusions.

The inconsistencies in our findings are most likely explained by the
heterogeneity in relation to cognitive outcomes measured across the
studies, including the neurocognitive tests, the diagnostic criteria, and
the timing of assessments used to diagnose POCD. Methodological
issues of POCD research have been widely reported, however des-
pite recommendations for a standardized approach,4,10,11 such vari-
ability remains.7 Reducing heterogeneity in future studies will allow
more meaningful comparisons between studies and strengthen the
conclusions of systematic reviews in this area. Larger multi-site stud-
ies with methodological consistency is one way to achieve this.
Furthermore, identification of the predictors of POCD could help
practitioners identify patients most likely to benefit from targeted
cognition-based interventions aimed at improving cognitive function.

As previously indicated, POCD has been researched extensively.
Despite this, the causes, mechanisms, and significance of POCD are
still poorly understood. In this review, we have focused on preopera-
tive predictors of POCD (as well as postoperative predictors) to de-
termine if designing an intervention (that could be delivered either
preoperatively or postoperatively) was appropriate and feasible.
Though we have not included intraoperative factors in this review, it
is important to acknowledge the importance of such factors in the
development of POCD, for example the type and invasiveness of sur-
gery, duration of surgery, repeat procedures, operative technique
(e.g. on- or off-pump), depth of anaesthesia, pain, and pain manage-
ment.5 Within this emerging area of investigation, a number of studies

have explored intraoperative preventative strategies, including anaes-
thetic approaches, cerebral perfusion pressure management, and the
individual anaesthetic drugs used. Without any definitive preventative
or treatment strategies, further research is required in this area to
prevent patients from developing POCD and to treat POCD once it
develops.1,66

Strengths and limitations
This systematic review has several limitations. First, no study was
excluded on the basis of quality assessment and this may be consid-
ered a limitation but helped ensure potentially valuable results were
included in the final synthesis; it also resulted in the risk of bias of
included studies being generally moderate. It was remarkable that
none of the studies had an overall low risk of bias. In addition, meth-
odological heterogeneity meant that meta-analysis was not possible.
Second, we were unable to obtain full-text versions of some poten-
tially eligible papers. Authors from the primary studies were not con-
tacted. Finally, as previously highlighted, intraoperative factors
undoubtedly play an important role in the development of POCD.
Subsequently, there is a lot of interest in developing intraoperative
strategies to improve cognitive outcomes. We have focused on pre-
operative and postoperative predictors of POCD in this review;
however, it is clear that a contemporary appraisal and synthesis of
intraoperative predictors and risk factors of POCD is required.

To the best of our knowledge, this is the first review exploring pre-
dictors of POCD in cardiac surgical patients. Other strengths include
the robustness of our review process including dual screening, quality
assessment, and data extraction. Finally, a comprehensive search
strategy was employed, which included non-English papers, again
ensuring potentially valuable results were included in the final
synthesis.

Conclusion

In conclusion, although a number of preoperative and postoperative
predictors of POCD have been identified in this systematic review,
they have been reported inconsistently across studies. These findings
are less surprising if we consider the methodological shortcomings of
included studies. Advancing age and fewer years of education were
consistently identified as important predictors of POCD, therefore
older patients and those with lower education levels should be pri-
oritized when developing and trialling interventions to improve cog-
nitive function. Though a considerable body of research exists in
relation to risk factors associated with POCD, less attention has
been paid to predictors of POCD. It is evident that further high-
quality research exploring predictors of POCD is required to enable
practitioners to identify patients most likely to benefit from
cognition-based interventions.

Supplementary material

Supplementary material is available at European Journal of
Cardiovascular Nursing online.
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