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Abstract

Background Remote ischemic preconditioning (RIPC) is proven to have neuroprotective protective effects. Never-
theless, the impact of RIPC on postoperative cognitive dysfunction (POCD) in patients undergoing general anesthesia
is controversial. This meta-analysis of randomized controlled trials (RCTs) aimed to assess the effect of RIPC on POCD

in adults after general anesthesia.

Methods Relevant literature was obtained by searching Embase, PubMed, Web of Science, Cochrane Library,
Wanfang, and China National Knowledge Infrastructure (CNKI) databases in July 2022. RCTs were included to assess
the influences of RIPC on POCD in adults following general anesthesia. Two investigators independently performed
literature screening, data extraction, and quality assessment based on the inclusion and exclusion criteria. The inci-
dence of POCD, operation time, and hospital stay were analyzed by Review manager5.4 software.

Results Thirteen RCTs with 1122 participants were selected for this meta-analysis. Compared to the control group,
RIPC decreased the incidence of POCD (OR=0.50, 95% Cl 0.31-0.82), as well as reduced the duration of hospitalization
(MD=-0.98,95% Cl —1.69 to —0.27), but did not prolong operative time (MD=—-2.65,95% Cl —7.68 to 2.37).

Conclusion RIPC reduced the incidence of POCD in adult patients after general anesthesia and accelerated their

discharge.

Keywords General surgery, General anesthesia, Remote ischemic preconditioning, Postoperative complications,
Cognitive dysfunction, Neuropsychological tests, Meta-analysis

Introduction

Postoperative cognitive dysfunction (POCD) is one of the
central nervous system complications after general anes-
thesia surgery, especially in elderly patients. It referred
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to the decline of various cognitive functions from base-
line, such as attention, fluency of language, and executive
function [1]. The clinical manifestations of POCD were
mainly characterized by changes in consciousness, dis-
turbance of thinking, psychomotor speed, memory, sleep,
and learning disabilities [2]. Studies have shown that the
incidence of POCD one week after surgery varies from 26
to 53% depending on the type of surgery, anesthesia pro-
tocol, and assessment methods [3, 4]. POCD could lead
to loss of speech, personality changes, and even perma-
nent illnesses such as Alzheimer, which might persist for
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weeks, months, or even longer after surgery [5, 6]. In the
long run, it reduced the possibility of patients returning
to independent living and burdened families and society
[7, 8]. However, the exact pathophysiological mechanism
of POCD remains unknown [9]. Studies showed that
POCD was associated with inflammatory response [10,
11]. Specific drugs and interventions are currently una-
vailable to treat POCD, and the only solution seems to be
prevention.

Remote ischemic preconditioning (RIPC) is an
approach to protect against subsequent vital organ dam-
age through nonlethal ischemic-reperfusion of distal
ischemic-tolerant tissues. An animal experiment revealed
that RIPC could protect the brain from damage during
hypothermic circulatory arrest [12]. In a clinical study,
RIPC appeared safe in patients because it increased the
tolerance of tissue vulnerability in the brain, and no
adverse effects were reported [13]. Furthermore, RIPC
was safe, non-invasive, convenient, and feasible with sig-
nificant clinical application value.

It’s worthwhile to note that RIPC has been shown to
improve POCD in elderly patients undergoing colon
surgery [14]. A recent meta-analysis, however, revealed
that RIPC had no beneficial effect on POCD in adults
after cardiac surgery [15]. Whether RIPC could improve
POCD was debatable in previous studies. To date, no
meta-analysis was performed on the influence of RIPC on
POCD in adult patients after general anesthesia surgery.
The purpose of our meta-analysis was to systematically
and comprehensively summarize and discuss the impact
of RIPC on POCD in adults following general anesthesia.

Methods

Search strategy

The research was designed and implemented according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses(PRISMA)statement [16]. Embase,
PubMed, Web of Science, Cochrane Library, Wanfang,
and CNKI databases were retrieved by two researchers
to find relevant studies that only included human sub-
jects without any language restrictions. Comprehensive
search strategies were (1) "RIPC" OR "remote ischemic
preconditioning” OR "distal ischemic preconditioning®,
(2) "postoperative cognitive dysfunction” OR "Cognitive
Complication” OR “POCD’, (3) "Randomized controlled
trial" OR “randomized” OR “random”. References to rele-
vant articles were also screened as a supplement. The last
database retrieval occurred on July 31, 2022.

Inclusion and exclusion criteria

The literature was eligible based on the following inclu-
sion criteria: (1) patients in adults undergoing gen-
eral anesthesia without limiting the type of surgery; (2)
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randomized controlled trials in humans (RCTs); (3) no
neurological or psychiatric history, and Preoperative
Mini-Mental State Examination (MMSE) score >24; (4)
Intervention: RIPC of upper or lower limbs in the trial
group; The influence of RIPC on POCD was discussed,
and the incidence of POCD, surgery time and hospitali-
zation time were reported.

The exclusion criteria for articles were as follows: (1)
case reports, animal experiments, systematic reviews,
meeting materials, and duplicative publications; (2) cog-
nitive function was not assessed before surgery; (3) fail-
ure to collect complete clinical data or obtain the full
text.

Quality assessment

Two reviewers independently evaluated the risk of bias
in the eligible literature using the Cochrane risk of bias
tool [17]. According to seven criteria, including random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, and
other biases, the risk of bias for each article was assessed
as unclear, low, and high. Disputes between reviewers
were discussed with a third reviewer when necessary and
resolved by consensus.

Data extraction and outcomes

Two researchers collected all the data of the studies from
the screened literature using a standardized data sheet.
If disagreements existed, the issue was resolved through
discussion. The relevant information extracted included
the year of publication, authors, country, blinding, the
number of patients, male and mean age, RIPC method,
diagnostic criteria for POCD, type of operation, and
anesthesia protocol. The incidence of POCD was the
main result of this meta-analysis. Surgery time and the
total hospital stay were secondary outcomes.

Statistical analysis

Review Manager 5.4 software was applied to perform
statistical analysis. We calculated odds ratios (ORs)
and their corresponding 95% confidence intervals (Cls)
using a random effects model to represent effect sizes
for dichotomous outcomes. Mean differences (MDs) and
corresponding 95% Cls were used to analyze continuous
outcomes. We used the I-square (I?) test to evaluate the
heterogeneity of the included literature. If the articles
showed high heterogeneity (P<0.1 or I*>50.0%), a ran-
dom effects model was employed, and we performed a
further sensitivity analysis to identify potential causes of
heterogeneity.
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Fig. 1 Flow diagram of the trials screening procedures

Results

Study selection

Database retrieval, articles review, and selection pro-
cess were displayed in Fig. 1. In short, we initially iden-
tified 1195 potentially relevant articles. After removing
duplicates, 906 unique references were selected. Eight
hundred ninety-one articles were excluded by read-
ing abstracts and titles. Fifteen papers were available for
inclusion. Then, we removed two full-text articles for lack
of vital results. In the end, we included 13 randomized
controlled trials in our meta-analysis. The Cochrane risk
of bias assessment results were shown in Fig. 2.

Study characteristics

The characteristics of 13 articles were displayed in
Table 1. All researches were RCTs involving 1122
patients, which were published from 2009 to 2021 and
performed in China [18-24], Korea [25], Germany [26,

27], and the USA [28-30]. General intravenous anesthe-
sia was used in all clinical experiments. In 12 research,
the RIPC protocol was applied after induction of anesthe-
sia, while in 1 study, it was performed before anesthesia
induction. RIPC was performed by Ischemia of the upper
or lower limbs for 3—4 cycles (the pressure of the cuff was
pressurized to 200 mmHg or 35 Kpa for five min) and
then deflated the cuff for five min. In this meta-analy-
sis, POCD was identified within one week after surgery.
However, the neuropsychological tests used to assess
cognitive dysfunction were different. Specifically, POCD
was defined by 1-SD in 3 studies, MoCA in 3 studies, Z
score in 1 study, MMSE in 4 studies,1 study used both
1-SD and Z score, and the other used both MMSE and
MoCA. Moreover, the types of procedures included in
the RCTs were shown below: 8 were cardiac operations,
2 were liver resection, 1 was colon surgery, 1 was vascular
revascularization for Moyamoya disease, and 1 literature
included 7 types of surgical operations.
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Fig. 2 Risk bias assessment of Cochrane. a Risk of bias summary. A summary table of review authors’judgments for each risk of bias item for each
study; b Risk of bias graph. A plot of the distribution of review authors’assessments across studies for each risk of bias item. Note: “+" represents low
risk; “?" represents unclear risk; “~" represents high risk

The effect of RIPC on the POCD incidence chosen for meta-analysis in terms of moderate hetero-
Ten research with a total of 890 participants reported geneity between trials (P=0.04, >=49%; Fig. 3). The
the efficacy of RIPC on the incidence of POCD 5-7  outcome indicated that the incidence of POCD was sig-
days after surgery. A random-effects model was nificantly decreased in the RIPC group (OR=0.50, 95%
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RIPC Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gasparovic 2019 2 33 4 33 5.9% 0.47 [0.08, 2.75] —
Hudetz 2015 1 15 9 15 4.0% 0.05[0.00,046) +———
Jing 2011 2 20 7 20 6.2% 0.21 [0.04, 1.16] I ——
Joung 2013 11 35 10 35 12.0% 1.15 [0.41, 3.19] ——
Meybohm 2013 29 90 32 9 17.7% 0.86 [0.46, 1.60) =0 T
Meybohm 2018 67 141 71 132 19.9% 0.78 [0.48, 1.25) -
Su 2009 2 18 9 18 6.1% 0.13[0.02, 0.71) ——
Tao 2014 7 40 7 40 10.5% 1.00[0.32, 3.17] —
Zhang 2020 2 30 9 29 6.7% 0.16 [0.03, 0.82] T——
Zhou 2018 7 30 14 30 11.0% 0.35[0.11, 1.05) ——]
Total (95% CI) 452 442 100.0% 0.50 [0.31, 0.82] <
Total events 130 172
-y 2 = 2 -1 ( I I 1 ]
Heterogeneity: Tau® = 0.26; Chi* = 17.61, df = 9 (P = 0.04); I* = 49% b.Ol Otl 1 1'0 100‘

Test for overall effect: Z = 2.72 (P = 0.006)

Favours [RIPC] Favours [control]

Fig. 3 A forest plot for the meta-analysis of the effect of RIPC on POCD after general anesthesia surgery

Table 2 Sensitivity analyses

Study excluded OR/MD (95%Cl)  1*(%) P for P for
Cochrane’s overall
Qtest effect
Influence of RIPC on POCD
Gasparovic 2019 049 [0.29,0.84] 54 0.03 0.009
Hudetz 2015 0.591[0.38,0.91] 36 0.13 0.02
Jing 2011 0.53[0.32,0.89] 50 0.04 0.02
Joung 2013 044 1[0.26,0.76] 51 0.04 0.003
Meybohm 2013 0.43[0.23,0.77] 51 0.04 0.005
Meybohm 2018  0.42[0.23,0.79] 52 0.04 0.007
Su 2009 0.57[0.35,091] 43 0.08 0.02
Tao 2014 0.45[0.26,0.78] 53 0.03 0.004
Zhang 2020 0.56 [0.34,0.91] 46 0.07 0.02
Zhou 2018 0.52[0.30,0.89] 51 0.04 0.02
Influence of RIPC on surgery time
He 2017 —0.99 [-8.5,6.52] 54 0.04 0.8
Hudetz 2015 —243 [-7.68,2.82] 61 0.02 0.36
Jing 2011 —1.96 [-8.15,4.23] 60 0.02 0.53
Joung 2013 -3.18[-8.18,1.82] 56 0.03 0.21
Wang 2021 —4.74[-9.01,-047] 39 013 0.03
Zhang 2020 —279(-7952.38] 59 0.02 0.29
Zhou 2018 —-1.81[-5.09,1,49] 0 0.5 0.28
Zou 2013 -3.06[-8.17,206] 57 0.03 0.24

OR odds ratio, MD mean difference, Cl confidence interval, POCD postoperative
cognitive dysfunction, RIPC remote ischemic preconditioning

CI 0.31-0.82; Fig. 3). As shown in Table 2, the sensitivity
analysis by excluding articles one by one had no signifi-
cant effect on heterogeneity, indicating that our results
were reliable. Meta-analysis of these ten articles proved
that RIPC reduced the incidence of POCD 5-7 days after
surgery.

The association between RIPC and surgery time

Eight articles involving 566 participants reported the
operation time. Considering the apparent heterogene-
ity, the random-effects model was selected (P=0.03,
IP=54%; Fig. 4). The meta-analysis found that the surgery
time was not extended in the RIPC group compared with
the placebo group (MD=-2.65, 95% CI —7.68 to 2.37;
Fig. 4). The results of the sensitivity analysis were shown
in Table 1. There was moderate heterogeneity among
the trials (I?=54%), the results must be interpreted cau-
tiously. Notably, after excluding the Zhou 2018 study,
the heterogeneity among RCTs was significantly reduced
(P=0%), indicating that this research was a primary
source of heterogeneity.

The association between RIPC and hospital stay

The efficacy of RIPC on the length of hospitalization
was displayed in Fig. 5. Only two articles, including 70
patients, reported this result. Considering no heteroge-
neity between studies (P=0.98, P=0%), we used a fixed-
effects model to analyze. Meta-analysis indicated that
RIPC reduced the length of hospital stay (MD=-0.98,
95% CI —1.69 to —0.27).

Discussion

The meta-analysis included 13 randomized controlled
trials with 1122 patients to assess the effectiveness of
RIPC on POCD undergoing general anesthesia surgery in
adults. The primary outcome proved that RIPC reduced
the incidence of POCD in adult patients. The secondary
result indicated that RIPC could shorten the length of
hospital stay. As far as we know, this was the first meta-
analysis to summarize the correlative literature on the



Han et al. Journal of Cardiothoracic Surgery (2024) 19:68

Page 8 of 10

RIPC Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Zhou 2018 219.6 54 30 2288 7.2 30 30.9% -9.20([-12.42, -5.98) w
Hudetz 2015 322 70 15 330 81 15 0.8% -8.00(-62.18, 46.18]
Jing 2011 219.85 12.91 20 223.15 1193 20 193% -3.30(-11.00, 4.40] -
He 2017 102.56 B8.83 45 105.67 10.15 45 29.1% -3.11 [-7.04, 0.82) -
Zou 2013 1728 556 34 1645 493 32 3.5% 8.30[-17.02, 33.62] ]
Wang 2021 160.9 21.58 30 15243 2601 30 11.6% 8.47[-3.62, 20.56] T
Zhang 2020 263.86 58.1 30 254.71 86.16 30 1.7% 9.15[-28.04, 46.34]
Joung 2013 2558 566 35 2433 634 35 2.9% 12.50(-15.66, 40.66] =]
Total (95% CI) 239 237 1000% -2.65(-7.68,2.37]

Heterogeneity: Tau’ = 18.58; Chi’ = 15.24, df = 7 (P = 0.03); I = 54%
Test for overall effect: Z = 1.03 (P = 0.30)

-50 =25 0 25 50
Favours [RIPC] Favours [control]

Fig. 4 Mean differences for surgery time in patients between the RIPC group and the Control group (P=0.30)

RIPC Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hudetz 2015 5 2 15 6 3 15 152% -1.00[-2.82,0.82] —l
Jing 2011 1207 1.3 20 13.05 1.19 20 84.8% -0.98(-1.75,-0.21) ]
Total (95% CI) 35 35 100.0% -0.98 [-1.69, -0.27] @
Heterogeneity: Chi‘ = 0.00, df = 1 (P = 0.98); I’ = 0% =+ % 5 : "

Test for overall effect: Z = 2.71 (P = 0.007)

Favours [RPC] Favours [control]

Fig. 5 Mean differences for hospital stay time in patients between the RIPC group and the Control group (P=0.007)

impact of RIPC on POCD after general anesthesia sur-
gery in adults. Based on the above results, RIPC could be
used clinically to prevent POCD in adult patients under
general anesthesia.

With the aging population trend in many countries,
more and more elderly patients are receiving surgical
treatment, and the incidence of POCD in older adults
is expected to increase [31]. A recent systematic review
suggested that age was the most common predictor of
cognitive outcomes [32]. From the demographic char-
acteristics in Table 1, the average age of patients was
over 60 years in 8 of the 13 studies, partly explaining the
higher incidence of POCD in the present meta-analysis.
In addition, the duration of neuropsychological testing
for included articles was 5-7 days after surgery. Previous
studies suggested that POCD defined early after surgery
might be a precursor to late complications [33]. Thus, the
incidence of POCD within one week after the operation
was a reminder of late prevention and was also of great
significance for clinical practice guidelines.

In this meta-analysis, RIPC reduced the incidence
of POCD in adult patients 5-7 days after surgery. The
primary explanation might be that RIPC reduced the
systemic inflammatory response and oxidative stress,
including regulating inflammation-regulating genes,
reducing neutrophil infiltration and inflammatory fac-
tors releasing [34, 35]. At the same time, the mechanism

of POCD was associated with the neuro-inflamma-
tory reaction [1]. Therefore, we hypothesized that the
decreased systemic inflammatory response contributed
to lower POCD incidence. However, insufficient data in
the included literature prevented this meta-analysis from
analyzing related inflammatory factors. The underlying
mechanism needs to be discovered in future studies. In
addition, the effectiveness of RIPC might be affected by
the number and duration of ischemic cycles. However,
a previous animal experiment has revealed that 4 and 6
cycles of ischemia/reperfusion in 5 min confirmed the
same protective effect of RIPC [36], and this phenome-
non was also proven in a clinical study [37]. Hence, the
number of ischemic cycles was not the reason for the
heterogeneity of the main results in this meta-analysis.

At present, there is no standardized neuropsychologi-
cal test to accurately identify POCD [38]. For this reason,
the literature included in this study contains different
neurocognitive testing protocols, which might reduce the
accuracy of the analysis. Differences in diagnostic tests
between studies might also be one of the reasons for the
heterogeneity of the primary outcome. Consequently, we
performed a sensitivity analysis and found little change
in heterogeneity after excluding one literature at a time,
demonstrating that our conclusions were stable.

The higher POCD incidence and more severe symp-
toms might be due to the prolonged duration of surgery
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and the more complex type of surgery [39]. In our meta-
analysis, RIPC did not prolong the operation time. Con-
sidering the heterogeneity of the results, we further
performed a sensitivity analysis. It was noteworthy that
heterogeneity between studies was reduced after exclud-
ing the study by Zhou 2018 (7 from 54 to 0%), indicat-
ing that this article was a significant contributor to
heterogeneity.

The advantages of this meta-analysis included rigorous
literature screening and quality assessment. Moreover,
sensitivity analysis was used to identify potential causes
of heterogeneity. However, the limitations of this meta-
analysis were as follows. First, publication bias could not
be assessed because of the small number of eligible stud-
ies included. Second, the evaluation of neurological tests
might have subjective reasons, which were easily influ-
enced by individual factors. Finally, we should have per-
formed the subgroup analysis on the type of operation,
owing to the variety of surgical types and limitations in
the number of studies. Therefore, the reliability of the
trial needs to be improved in future studies by controlling
for these two variables.

Conclusion

In summary, this meta-analysis testified that RIPC could
decrease the incidence of POCD in adult patients with
general anesthesia and reduce hospital stay. The results of
our meta-analysis might offer a new testimony to expand
the clinical significance of RIPC.
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