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Influences of remote ischemic
preconditioning on postoperative delirium
and cognitive dysfunction in adults after
cardiac surgery: a meta-analysis of
randomized controlled trials
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Abstract

Background: Remote ischemic preconditioning (RIPC) has been suggested to confer neuroprotective effect.
However, influences of RIPC on postoperative delirium (POD) and cognitive dysfunction (POCD) in adults after
cardiac surgery are less known. We performed a meta-analysis of randomized controlled trials (RCTs) to evaluate the
effects of RIPC on POD and POCD.

Methods: Relevant studies were obtained by search of PubMed, Embase, and Cochrane’s Library databases. A
random-effect model was used to pool the results.

Results: Ten RCTs including 2303 adults who received cardiac surgery were included. Pooled results showed that
RIPC did not significantly affect the incidence of POD (six RCTs, odds ratio [OR] 1.07, 95% confidence interval [CI]
0.81 to 1.40, P = 0.65) with no significant heterogeneity (I2 = 0%). In addition, combined results showed that RIPC
did not significantly reduce the incidence of POCD either (six RCTs, OR 0.64, 95% CI 0.37 to 1.11, P = 0.11) with
moderate heterogeneity (I2 = 44%). Sensitivity analysis by excluding one RCT at a time showed consistent results (P
values all > 0.05).

Conclusions: Current evidence from RCTs did not support that RIPC could prevent the incidence of POD or POCD
in adults after cardiac surgery. Although these findings may be validated in large-scale RCTs, particularly for the
results of POCD, based on these findings, RIPC should not be routinely used as a preventative measure for POD and
POCD in adult patients after cardiac surgery.

Keywords: Remote ischemic preconditioning, Postoperative delirium, Postoperative cognitive dysfunction, Cardiac
surgery, Meta-analysis
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Introduction
Postoperative delirium (POD) and postoperative cogni-
tive dysfunction (POCD) are common postoperative
cognitive disorders in patients following cardiac surgery
with general anesthesia (Thiele et al., 2021; Kapoor,
2020). Clinically, POD is defined as a transient disturb-
ance of the consciousness, attention, cognition, and per-
ception of the patient, which could affect up to 50% of
elderly patients after cardiac surgery such as coronary
artery bypass grafting (CABG) (Duning et al., 2021; San-
son et al., 2018). As for POCD, it is typically presented
as a decline in cognitive function after the surgery,
which could affect both the young and old patients after
cardiac surgery (Hua & Min, 2020; Glumac et al., 2019).
Previous studies have confirmed that both POD and
POCD are associated with prolonged hospitalization, im-
paired functional ability, and increased mortality in pa-
tients after cardiac surgery (Goldberg et al., 2020;
Labaste et al., 2020; Brown et al., 2018; Li et al., 2021).
Therefore, development of a novel strategy to prevent
the incidence of POD/POCD is of importance in clinical
practice. Remote ischemic preconditioning (RIPC) refers
to a strategy which confers protective efficacy to target
organs by inducing short episodes of ischemia and re-
perfusion in distant tissue (Heusch et al., 2015; Pickard
et al., 2015). Emerging evidence has indicated that RIPC
during the perioperative period may reduce the inci-
dence of postoperative complications in patients after
cardiac surgery, such as acute kidney injury (Liu et al.,
2021) and myocardial injury (Moscarelli et al., 2021).
Interestingly, recent evidence shows that RIPC may be
effective for slowing cognitive decline in patients with
cerebral small-vessel disease (Wang et al., 2017), subcor-
tical ischemic vascular dementia (Liao et al., 2019), and
after ischemic stroke (Landman et al., 2019). However,
previous studies have not fully determined whether
RIPC is effective in reducing POD/POCD in patients
after cardiac surgery (Jing & Zheng, 2011; Joung et al.,
2013; Meybohm et al., 2013; Hudetz et al., 2015; Mey-
bohm et al., 2015; Brown, 2016; Kim et al., 2017; Mey-
bohm et al., 2018; Gasparovic et al., 2019; Wang et al.,
2019). Accordingly, we performed a meta-analysis of
randomized controlled trials (RCTs) to systematically
evaluate the potential influences of RIPC on postopera-
tive cognitive complications in patients following cardiac
surgery.

Methods
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement (Moher et al.,
2009) and the Cochrane Handbook guidelines (Higgins
& Green, 2011) were followed during the designing and
implementation of the study.

Search strategy
PubMed, Embase, and the Cochrane Library (Cochrane
Center Register of Controlled Trials) databases were
searched for relevant studies with a combined strategy
of (1) “ischemic preconditioning” OR “remote ischemic
preconditioning” OR “RIPC”, (2) “cardiac surgery” OR
“heart surgery” OR “postoperative” OR “cognition” OR
“cognitive” OR “delirium” OR “dementia”, and (3) “ran-
dom” OR “randomized” OR “randomized” OR “ran-
domly.” Only clinical studies were considered. The
references of related reviews and original articles were
also searched as a complementation. The final database
search was conducted on April 20, 2021.

Study selection
Studies that fulfilled the following criteria were included
as follows: (1) articles published in English or Chinese,
(2) designed as parallel-group RCTs, (3) included adult
patients scheduled for open heart surgery who were ran-
domly allocated to a RIPC treatment group or a control
group, and (4) reported the incidence of POD and/or
POCD in the perioperative periods. The diagnostic cri-
teria of POD and POCD outcomes in the meta-analysis
were in accordance with that applied in the included
studies. Reviews, studies with children or neonates, stud-
ies of non-cardiac surgery, preclinical studies, observa-
tional studies, and repeated reports were excluded.

Data extraction and quality assessment
Database search, data extraction, and quality evaluation
were conducted by two independent authors. If disagree-
ment occurred, it was resolved by discussion with the
corresponding author. We extracted data regarding
study information (first author, publication year, and
study country), study design (blind or open-label), pa-
tient information (number of participants, mean age,
and sex), surgery type, perioperative anesthetics, and
anesthesia depth monitoring, RIPC protocol, and diag-
nostic strategy for patients with POD and/or POCD.
Quality evaluation was achieved using the Cochrane’s
Risk of Bias Tool (Higgins & Green, 2011) according to
the following aspects: (1) random sequence generation,
(2) allocation concealment, (3) blinding of participants
and personnel, (4) blinding of outcome assessors, (5) in-
complete outcome data, (6) selective outcome reporting,
and (7) other potential bias.

Statistical analysis
Incidence of POD and POCD was separately evaluated
via odds ratios (ORs) and their 95% confidence intervals
(CIs) in this meta-analysis. We used the Cochrane’s Q
test to detect the heterogeneity (Higgins & Thompson,
2002). The I2 statistic was also calculated, and an I2 >
50% reflected significant heterogeneity. Pooled analyses
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were calculated using a random-effect model because
this method incorporates the influence of potential het-
erogeneity and retrieves a more generalized result (Hig-
gins & Green, 2011). Sensitivity analysis by excluding
one study at a time was used to evaluate the influence of
each study on the pooled results of the meta-analysis
(Higgins & Green, 2011). Publication bias was evaluated
by visual inspection of funnel plots, and the Egger’s re-
gression asymmetry test (Egger et al., 1997). If high risk
of publication bias was suggested, a “trim-and-fill” ana-
lysis was used for further evaluation, which estimates the
influence of possible studies with negative findings on
the meta-analysis outcome (Higgins & Green, 2011). P
values < 0.05 were considered statistically significant.
The RevMan (Version 5.1; Cochrane, Oxford, UK) and
Stata software (Version 12.0; Stata, College Station, TX)
were applied for statistical analyses.

Results
Search results
The process of database search and study identification
was shown in Fig. 1. Briefly, 1124 articles were obtained
through the database search, and 972 were retrieved

after exclusion of duplicated records. Among them, 918
articles were subsequently excluded based on titles and
abstracts primarily because these studies were irrelevant
to the aim of the meta-analysis. Of the 54 articles that
underwent full-text review, 44 were further excluded for
the reasons presented in Fig. 1 Finally, 10 RCTs (Jing &
Zheng, 2011; Joung et al., 2013; Meybohm et al., 2013;
Hudetz et al., 2015; Meybohm et al., 2015; Brown, 2016;
Kim et al., 2017; Meybohm et al., 2018; Gasparovic et al.,
2019; Wang et al., 2019) were included.

Study characteristics
Table 1 shows the characteristics of the included studies.
Overall, 10 RCTs with 2303 patients were included in
the current meta-analysis (Jing & Zheng, 2011; Joung
et al., 2013; Meybohm et al., 2013; Hudetz et al., 2015;
Meybohm et al., 2015; Brown, 2016; Kim et al., 2017;
Meybohm et al., 2018; Gasparovic et al., 2019; Wang
et al., 2019). These studies were published between 2011
and 2019 and performed in China (Jing & Zheng, 2011;
Wang et al., 2019), Korea (Joung et al., 2013; Kim et al.,
2017), Germany (Meybohm et al., 2013; Meybohm et al.,
2015; Meybohm et al., 2018), and the USA (Hudetz

Fig. 1 Flowchart of literature search
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et al., 2015; Brown, 2016; Gasparovic et al., 2019), re-
spectively. All of these studies were double-blinded
RCTs. Eight studies included patients with on-pump
heart surgeries (Jing & Zheng, 2011; Meybohm et al.,
2013; Hudetz et al., 2015; Meybohm et al., 2015; Brown,
2016; Kim et al., 2017; Meybohm et al., 2018; Gasparovic
et al., 2019), while the remaining two included patients
with off-pump surgeries (Joung et al., 2013; Wang et al.,
2019). General anesthesia with intravenous anesthetics
was applied in the included studies. In nine studies,
RIPC was performed after anesthesia induction (acute
RIPC) (Jing & Zheng, 2011; Joung et al., 2013; Meybohm
et al., 2013; Hudetz et al., 2015; Meybohm et al., 2015;
Brown, 2016; Meybohm et al., 2018; Gasparovic et al.,
2019; Wang et al., 2019), while in one study RIPC was
performed 24~48h before the surgery (chronic RIPC)
(Kim et al., 2017). The protocol of RIPC included 3~4
cycles of upper or lower limb ischemia (5 min of blood
pressure cuff inflation to a pressure of 200 mmHg or at
least a pressure that was 40 mmHg higher than the sys-
tolic arterial pressure), followed by 5~10 min reperfusion
(with the cuff deflated). Uninflated cuffs were used on
patients in the control group after anesthesia for studies
evaluating the acute effect of RIPC (Jing & Zheng, 2011;
Joung et al., 2013; Meybohm et al., 2013; Hudetz et al.,
2015; Meybohm et al., 2015; Brown, 2016; Meybohm
et al., 2018; Gasparovic et al., 2019; Wang et al., 2019),
while cuff inflated with 10mmHg pressure was applied
for patients of control group in the only delayed-effect
study (Kim et al., 2017). The outcome of POD was re-
ported in six RCTs (Hudetz et al., 2015; Meybohm et al.,
2015; Brown, 2016; Kim et al., 2017; Gasparovic et al.,
2019; Wang et al., 2019), which were diagnosed based
on instruments of CAM-ICU (Meybohm et al., 2015;
Brown, 2016; Kim et al., 2017; Gasparovic et al., 2019;
Wang et al., 2019) or ICDSC score (Hudetz et al., 2015).
The incidence of POCD events was also reported in six

RCTs (Jing & Zheng, 2011; Joung et al., 2013; Meybohm
et al., 2013; Hudetz et al., 2015; Meybohm et al., 2018;
Gasparovic et al., 2019), most of which were diagnosed
by the standard deviation (SD) criteria (Jing & Zheng,
2011; Meybohm et al., 2013; Hudetz et al., 2015; Mey-
bohm et al., 2018; Gasparovic et al., 2019). Specifically,
POCD was defined as postoperative performance deteri-
oration by ≥ 1 SD on ≥ 2 tests in four studies (Jing &
Zheng, 2011; Meybohm et al., 2013; Meybohm et al.,
2018; Gasparovic et al., 2019), by > 20% on ≥ 2 cognitive
tests in one study (Joung et al., 2013), and by ≥ 1 SD on
≥ 1 cognitive test in the other study (Hudetz et al.,
2015). Patients with POD and POCD were identified
within 5~7 days after surgery in all of the included
studies.

Data quality
Table 2 shows the details of study quality evaluation. All
of the included RCTs were double-blind studies.
Methods of random sequence generation were reported
in seven RCTs (Jing & Zheng, 2011; Joung et al., 2013;
Meybohm et al., 2015; Brown, 2016; Meybohm et al.,
2018; Gasparovic et al., 2019; Wang et al., 2019), and in-
formation of allocation concealment was reported in six
RCTs (Meybohm et al., 2013; Hudetz et al., 2015; Mey-
bohm et al., 2015; Kim et al., 2017; Meybohm et al.,
2018; Gasparovic et al., 2019). The overall quality score
varied between 5 and 7, indicating generally good study
quality.

Meta-analysis results
Pooled results showed that RIPC did not significantly
affect the incidence of POD (six RCTs, OR 1.07, 95%
CI 0.81 to 1.40, P = 0.65; Fig. 2A) with no significant
heterogeneity (P for Cochrane’s Q test = 0.78, I2 =
0%). Sensitivity analysis by excluding one study at a
time showed consistent results (Table 3). In addition,

Table 2 Details of quality evaluation for the included RCTs according to the Cochrane’s Risk of Bias Tool

Study Random
sequence
generation

Allocation
concealment

Blinding of
participants

Blinding of
outcome
assessment

Incomplete outcome
data addressed

Selective
reporting

Other
sources
of bias

Total

Jing 2011 Low Unclear Low Low Low Low Low 6

Joung 2013 Low Unclear Low Low Low Low Low 6

Meybohm 2013 Unclear Low Low Low Low Low Low 6

Hudetz 2015 Unclear Low Low Low Low Low Low 6

Meybohm 2015 Low Low Low Low Low Low Low 7

Brown 2016 Unclear Unclear Low Low Low Low Low 5

Kim 2017 Low Low Low Low Low Low Low 7

Meybohm 2018 Low Low Low Low Low Low Low 7

Wang 2019 Low Unclear Low Low Low Low Low 6

Gasparovic 2019 Low Low Low Low Low Low Low 7
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combined results showed that RIPC did not signifi-
cantly reduce the incidence of POCD either (six
RCTs, OR 0.64, 95% CI 0.37 to 1.11, P = 0.11; Fig.
2B) with moderate heterogeneity (P for Cochrane’s Q
test = 0.11, I2 = 44%). Sensitivity analysis by omitting
one study at a time also did not significantly affect
the results (Table 3). Of note, the heterogeneity
among the included RCTs for the meta-analysis of
POCD was substantially reduced (I2 = 0%) after ex-
cluding the study by Hudetz 2015 (Hudetz et al.,
2015), suggesting this study was the major contributor
to the heterogeneity.

Publication bias
The funnel plots for the meta-analysis of POD were
symmetrical, suggesting low-risk of publication bias
(Fig. 3A). The funnel plots for the meta-analysis of
POCD were asymmetrical on visual inspection, sug-
gesting the potential risk of publication bias (Fig.
3B). Egger’s regression tests were not performed
since only six RCTs were available for each outcome.
We therefore performed a trim-and-fill analysis for
the outcome of POCD. As shown in Fig. 3B, incorp-
orating the hypothesized study (black circle)
achieved symmetry of the funnel plots, and the

Fig. 2 Forest plots for the meta-analysis of effects of RIPC on POD and POCD after cardiac surgery. A Forest plots for the meta-analysis of RIPC on
POD and B forest plots for the meta-analysis of RIPC on POCD

Table 3 Sensitivity analyses

Study excluded OR (95% CI) I2 (%) P for Cochrane’s Q test P for overall effect

Influence of RIPC on POD

Hudetz 2015 1.08 [0.83, 1.42] 0 0.86 0.56

Meybohm 2015 0.86 [0.49, 1.52] 0 0.77 0.61

Brown 2016 1.07 [0.81, 1.41] 0 0.65 0.64

Kim 2017 1.06 [0.80, 1.42] 0 0.65 0.68

Wang 2019 1.07 [0.82, 1.41] 0 0.75 0.60

Gasparovic 2019 1.09 [0.83, 1.43] 0 0.76 0.55

Influence of RIPC on POCD

Jing 2011 0.72 [0.42, 1.23] 41 0.15 0.23

Joung 2013 0.54 [0.28, 1.04] 51 0.09 0.07

Meybohm 2013 0.50 [0.22, 1.13] 54 0.07 0.10

Hudetz 2015 0.78 [0.56, 1.10] 0 0.52 0.15

Meybohm 2018 0.50 [0.21, 1.19] 55 0.06 0.12

Gasparovic 2019 0.64 [0.34, 1.18] 54 0.07 0.15

OR odds ratio, CI confidence interval, POD postoperative delirium, POCD postoperative cognitive dysfunction
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results of the meta-analysis remained consistent after
including this study (OR 0.72, 95% CI 0.36 to 1.43,
P = 0.35; I2 = 61%).

Discussion
In this study, by pooling the results of available RCTs,
the results of the meta-analysis showed that RIPC does
not significantly reduce the incidence of POD or POCD
in adults following cardiac surgery. To the best of our
knowledge, this is the first meta-analysis which

summarized the current knowledge regarding the influ-
ence of RIPC on postoperative cognitive complications
in adults after cardiac surgery. Based on these findings,
RIPC should not be routinely used as a preventative
measure for POD and POCD in adult patients after car-
diac surgery.
For the meta-analysis evaluating the potential effect

of RIPC on POD, six RCTs were included (Hudetz
et al., 2015; Meybohm et al., 2015; Brown, 2016; Kim
et al., 2017; Gasparovic et al., 2019; Wang et al.,

Fig. 3 Funnel plots for the effects of RIPC on POD and POCD after cardiac surgery. A Funnel plots for the effect of RIPC on POD and B funnel
plots with “trim-and-fill” analysis for the effect of RIPC on POCD (black circle indicates the hypothesized study to achieve the symmetry of the
funnel plots)
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2019). Although one of the largest RCT primarily
contributed to the results of the meta-analysis (Mey-
bohm et al., 2015), results of the other small-scale
RCTs were all consistent, leading to a very low het-
erogeneity among the included studies (I2 = 0%). Un-
surprisingly, sensitivity analysis by excluding one
study at a time showed consistent results, which fur-
ther confirmed the robustness of the finding. Taken
together, results of our meta-analysis confirmed that
in adults following cardiac surgery, RIPC is not effect-
ive to reduce the incidence of POD. Currently, the
mechanisms underlying the pathogenesis of POD re-
main largely unknown. It is generally accepted that
multiple mechanisms may be involved in the patho-
genesis of POD, such as inflammation, activated cyto-
kines, and the neurochemical imbalances that affect
neurotransmission (Oh & Park, 2019). Moreover, mul-
tiple risk factors have been identified underlying the
development of POD, such as advanced age, preexist-
ing cerebral and affective disorders, preoperative fluid
fasting and dehydration, perioperative bleeding and
hypovolemia, hyponatremia or hypernatremia, and the
use of drugs with anticholinergic effects (Aldecoa
et al., 2017). The physiological efficacy of RIPC is to
meliorate the extent of ischemic-reperfusion injury,
which may be simply not adequate to prevent mul-
tiple possible mechanisms that involved in the patho-
genesis of POD (Pieri et al., 2020).
Similarly, six RCTs (Jing & Zheng, 2011; Joung et al.,

2013; Meybohm et al., 2013; Hudetz et al., 2015;
Meybohm et al., 2018; Gasparovic et al., 2019) were
available for the meta-analysis evaluating the efficacy of
RIPC on POCD after cardiac surgery. The sample sizes
of the included RCTs were generally small, with a total
of 659 patients observed and 245 with POCD. Pooled re-
sults showed that RIPC was not associated with signifi-
cantly reduced POCD after cardiac surgery, although
moderate heterogeneity was noticed. Sensitivity analysis
by omitting one study at a time also showed consistent
results, suggesting the robustness of the findings. How-
ever, it should be noticed that excluding the study by
Hudetz et al. (Hudetz et al., 2015) substantially reduced
the heterogeneity of the meta-analysis (I2 from 44 to
0%), suggesting that this study is the major source of
heterogeneity. Interestingly, the study by Hudetz et al. is
different from others in the diagnostic criteria for
POCD. POCD was defined as a substantial decline of
performance on ≥ 1 cognitive test in this study (Hudetz
et al., 2015), while in the other studies, substantial de-
clined performance on ≥ 2 cognitive test were requested.
The relative loose criteria for the diagnosis of POCD in
this study may lead to more patients diagnosed as
POCD, and this is the only included RCT which showed
that RIPC significantly reduced POCD after cardiac

surgery. These findings may suggest that the effect of
RIPC on POCD following cardiac surgery may be differ-
ent according to the different diagnostic criteria for
POCD applied among the included studies. However, in
view of the emerged consensus regimens for neurocog-
nitive testing and diagnostic criteria for POCD, such as
the Recommendations for the Nomenclature of Cogni-
tive Change associated with Anaesthesia and Surgery
(2018) (Evered et al., 2018), studies evaluating the pos-
sible preventative strategies for POCD diagnosed with
standardized criteria are needed. The result of this meta-
analysis highlighted the important influence of defini-
tions of POCD on the interpretation for studies that
evaluated the potential preventative strategies for POCD
(Needham et al., 2017).
The strengths of the current meta-analysis included

rigorous literature search, strict inclusion and exclusion
criteria, and performance of multiple sensitivity analysis
to evaluate the potential source of heterogeneity. Be-
sides, this study also has limitations. Firstly, as previously
indicated, regimens for neurocognitive testing and diag-
nostic criteria for POCD varied among the included
studies, and the difference in the definition of POCD
may affect the results of the meta-analysis. Furthermore,
we did not have access to the individual patient data.
Accordingly, potential influences of patient or study
characteristics on the outcomes of the meta-analysis
could not be evaluated. Moreover, the sample sizes of
the included RCTs varied significantly, particularly for
the outcome of POD. The study with largest sample size
(Meybohm et al., 2015) comprised over half of the in-
cluded patients of the meta-analysis, which may primar-
ily contribute to the overall results. Finally, the potential
risk of publication bias was noticed for the outcome of
POCD. However, further “trim-and-fill” analysis by in-
corporating the hypothesized studies with a positive re-
sult did not significantly change the overall results of the
meta-analysis.

Conclusion
In conclusion, results of this meta-analysis showed that
RIPC does not significantly reduce the incidence of POD
or POCD in adults following cardiac surgery. Although
these findings may be validated in large-scale RCTs, par-
ticularly for the results of POCD, based on these find-
ings, RIPC should not be routinely used as a
preventative measure for POD and POCD in adult pa-
tients after cardiac surgery.

Abbreviations
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