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ABSTRACT
Introduction: Delirium is one of the most common
complications after cardiac surgery in the elderly.
Future studies aimed at preventing postoperative
delirium will need an accurate estimate of incidence.
However, there are no available systematic reviews on
the incidence, and reports of incidence of postoperative
delirium after a cardiac operation vary widely with
significant heterogeneity. Therefore, we aim to perform
a systematic review and meta-analysis to determine the
most accurate incidence possible of postoperative
delirium in individuals aged >65 years after cardiac
surgery.
Methods and analyses: We will undertake a
comprehensive literature search among PubMed,
EMBASE, the Cochrane Library, PsycINFO and CINAHL,
from their inception to January 2017. Prospective
cohort and cross sectional studies that described the
incidence of delirium will be eligible for inclusion. The
primary outcome will be the incidence of delirium. Risk
of bias and methodological quality for the included
studies will be assessed using a risk of bias tool for
prevalence studies and the Cochrane guidelines.
Heterogeneity of the estimates across studies will be
assessed. Incidence data will be pooled by selective or
emergency surgery. This systematic review will be
reported according to the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA).
Ethics and dissemination: This proposed
systematic review and meta-analysis is based on
published data, and thus there is no requirement for
ethics approval. The study will provide an up to date
and accurate incidence of postoperative delirium
among the older population after cardiac surgery,
which is necessary for future research in this area. The
findings of this study will be presented at conferences
and disseminated through publication in a peer
reviewed journal.
Trial registration number: CRD42016047773.

INTRODUCTION
Postoperative delirium is one of the most
common complications for elderly patients
who undergo surgery, characterised by acute
onset, fluctuating course, inattention and, at

times, an abnormal level of consciousness.
Recent studies have provided evidence that
postoperative delirium in elderly patients is
associated with poor outcomes. Postoperative
delirium is associated with an increased
risk of long term cognitive dysfunction and
functional decline compared with patients
without postoperative delirium.1 Moreover,
patients who had experienced delirium were
also at increased risk of death.2

Although systematic review and meta-
analysis of incidence exist for acute stroke,
emergency department visits, intensive care
units and orthopaedic surgery, no such sys-
tematic review and meta-analysis exists for
delirium after cardiac surgery.3–5 Such a sys-
tematic review and meta-analysis is needed
for several reasons. Future intervention
studies aimed at preventing delirium will
need an accurate estimate of incidence.
Currently, reports of incidence vary too
widely (8–65%)6–11 to use for comparison.
Furthermore, if researchers perform placebo
controlled intervention trials, the incidence
in the placebo group could be compared
with that of the meta-analysis to ensure the
placebo group had the expected incidence.
The incidence could also be used to help

Strengths and limitations of this study

▪ This study will provide an up to date and accur-
ate incidence of postoperative delirium in the
elderly after cardiac surgery.

▪ A subgroup analysis of certain patient character-
istics make it possible to determine the incidence
for specific populations and screen the popula-
tions with higher than average risk of delirium.

▪ The findings of this study will help guide
researchers as they develop intervention trials to
prevent delirium in the older population.

▪ Non-English articles will not be included in our
study due to language difficulties and this may
cause publication bias to some extent.
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researchers perform power calculations for number of
subjects needed in trials.12 Finally, the incidence of post-
operative delirium varies depending on the character-
istics of patients and type of surgery.6–9 For example,
delirium is more common among older patients with
baseline cognitive impairment compared with patients
with normal cognitive function.13 14 Type of cardiac
surgery is another factor that affects the incidence of
delirium.15 16 A systematic review and meta-analysis that
analyses and identifies higher incidence of certain sub-
groups (such as baseline cognitive impairment) could
help future researchers focus interventions on these
higher than average risk populations. Additionally,
characteristics of higher than average risk populations
would be important to recognise for researchers who
recruit participants into study protocols so that the
researchers will measure all potential baseline variables
that increase the risk of postoperative delirium in both
the interventional and control groups.
Thus we intend to conduct a systematic review and

meta-analysis to ascertain the incidence of delirium
among older people undergoing cardiac surgery. We will
also ascertain incidence based on certain patient
characteristics (if data are available) that might have a
higher than average expected incidence. It has been
confirmed that there are numerous risk factors or
patient characteristics associated with delirium, but some
are mentioned much more often and we will conduct a
subgroup analysis based on these characteristics. These
characteristics include, but are not limited to, age ≥65
years (including two subgroups of older patients: 65–79
years and ≥80 years), baseline cognitive impairment, dia-
betes mellitus, depression and cerebrovascular disease,
and type of cardiac surgery (‘closed’ surgery, such as
valve replacement and ‘open’ surgery, such as bypass
surgery), all of which have been found in previous
meta-analyses on risk factors to be associated with the
occurrence of delirium.17 18

METHODS
Criteria for included studies
We will conduct a comprehensive search on the data-
bases MEDLINE, EMBASE, the Cochrane Library,
PsycINFO and CINAHL from their inception to January
2017. References of eligible studies and relevant review
articles or meta-analyses will be manually searched for
additional studies. The MeSH word and free words used
are as follow: ‘delirium,’ ‘acute confusion,’ ‘acute
organic psycho syndrome,’ ‘toxic confusion,’ ‘delir$’,
‘surg$’, ‘operati$’, ‘perioperati$’, ‘postoperati$’, ‘preva-
lence’, ‘incidence’, ‘occurrence’ (see the Ovid search
strategy in online supplementary appendix 1).
We will include: (1) prospective studies that include

preoperative assessment of cognition; (2) cross sectional
studies and other cohort study designs as long as pre-
operative assessment of cognition was done; (3) publica-
tions in English; (4) studies in which a validated

measurement tool was used to screen for delirium as
well as those that utilised diagnostic criteria for delirium
as described in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-V/DSM-IV-TR) or International
Classification of Diseases ICD-10; and (5) studies that
provide the data necessary to calculate incidence. We
will exclude: (1) retrospective studies and interventional
studies and (2) studies that only report prevalence of
delirium because it is not clear in these studies if
patients had delirium preoperatively. Incident delirium
is preferred to investigate the actual condition of delir-
ium after cardiac surgery.
The DSM criteria are widely accepted as the gold

standard in the diagnosis of delirium, and the ICD cri-
teria are also applied widely by clinicians. Instruments
such as the Confusion Assessment Method (CAM),19

Delirium Rating Scale (DRS),20 Delirium Symptom
Interview (DRI),21 Intensive Care Delirium Screening
Checklist (ICDSC),22 etc, have been validated against
DSM or ICD criteria. Studies using any of these methods
for diagnosis of delirium are acceptable. Studies using
non-validated instruments, such as the Mini-Mental
Status Examination (MMSE)23 and the Short Mental
Status Test (SMST),24 will be excluded as they were
developed to measure cognitive impairment rather than
delirium.25

Studies will be limited to human subjects aged ≥60
years. The population of interest will be older hospita-
lised patients that undergo cardiac surgery, such as elect-
ive coronary artery surgery or heart valve replacement/
repair, either with or without coronary bypass grafting.

Outcome
The primary outcome is the incidence of postoperative
delirium. Postoperative delirium is defined as an
episode of delirium occurring after surgery.

Study selection and data extraction
Two authors will independently screen the titles and
abstracts of all citations identified by the searches for
potentially eligible studies. Full text of potentially eli-
gible studies will be obtained and assessed according to
the aforementioned inclusion criteria. We will present
the process of search and study selection using a flow
process chart.
A standardised data extraction form will be developed

for data extraction. Two authors will independently
perform data extraction. We will collect the following
information from every included trial: (1) publication
(title, first author, year of publication); (2) study
design; (3) patient demographics (sample size, mean
age, gender ratio, type of surgery, baseline cognitive
status); (4) details of outcome measures; (5) details
necessary to assess the risk of bias. Any disagreements
will be resolved by consulting a third author or the ori-
ginal authors will be contacted for further information
if necessary.
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Risk of bias (quality) assessment
We will incorporate quality assessment into our analyses
by evaluating sources of bias that may affect the overall
estimations. We will assess the quality of included studies
using the risk of bias tool for prevalence studies devel-
oped by Hoy, and the Cochrane guidelines.26 27 Risk of
bias and quality scores will be presented in a table.
In addition, a minimum sample size will be calculated

to differentiate estimates with good precision. Studies
with a sample size equal to or higher than the minimum
sample size will be classified as ‘with good precision.’
Small study effect on the effect size will be explored by
funnel plots, and symmetry will be tested using Egger’s
test.

Statistical analysis
Estimates for the incidence of postoperative delirium
will be pooled into a meta-analysis and displayed with
95% CIs. We will derive SEs where studies have provided
the corresponding numerator and denominator for
delirium incidence estimates. The study specific esti-
mates will be pooled to obtain an overall summary esti-
mate of the incidence across studies using a random
effects, after stabilising the variance of individual studies
with the Freeman–Tukey double arc-sine transform-
ation.28 Statistical heterogeneity across studies will be
assessed by the Cochrane Q test and quantified by calcu-
lating I2. A value of I2 >50% indicates substantial hetero-
geneity. Where heterogeneity is statistically significant,
we will conduct a subgroup analysis to investigate the
possible sources of heterogeneity according to the fol-
lowing variables: age, type of surgery, methods used for
delirium diagnosis or assessment, pre-existing cognitive
impairment, diabetes mellitus, depression and cerebro-
vascular disease.17 As different diagnostic methods for
delirium have various sensitivity and specificity29 and
this may influence the incidence of delirium to some
extent,30 we will also perform subgroup analyses based
on diagnostic methods, if possible. Furthermore, a sensi-
tivity analysis will be performed to find out how our
results would change if only high quality studies were
considered. Symmetry of the funnel plot will be used to
assess publication bias across studies or selective report-
ing bias. Data will be analysed using Stata V.13.1 for
Windows.

Reporting of this review
This systematic review will be reported following the
guideline of Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA),31 and of
meta-analyses of observational studies (MOOSE).27

DISCUSSION
This systematic review and meta-analysis will define the
incidence data for delirium in the elderly after cardiac
surgery. Determining the current burden of post-
operative delirium in the elderly undergoing cardiac

surgery based on certain baseline patient characteristics
will be important for clinicians providing care to this
potentially vulnerable population and will help guide
researchers as they develop interventional trials to
prevent this important syndrome in the older popula-
tion. Furthermore, understanding baseline (preopera-
tive) patient characteristics that increase postoperative
delirium is critical for balanced randomisation in inter-
ventional trials to prevent postoperative delirium.
A major possible limitation of this study may be the

heterogeneity of the studies, as the study populations’
baseline of each trial and the methods used to assess
delirium are so heterogeneous. To explore the possible
source of heterogeneity, we will conduct subgroup ana-
lysis based on patients’ baseline characteristics, type of
cardiac surgery and diagnostic methods. Due to the lan-
guage barrier, only English articles will be included in
our study. This may be another limitation of this study,
for which we may lose relevant data from non-English
spoken areas and may cause publication bias to some
extent.
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