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Abstract

In this updated meta-analysis, we assessed the cardioprotective effect of remote ischemic preconditioning (RIPC) in pedi-
atric patients undergoing congenital heart surgery. A total of 9 randomized controlled trials (RCTs) involving 793 pediatric
patients under 18 years old were identified. RIPC obviously reduced the release of troponin I at 6 h after surgery [standard
mean difference (SMD) —0.59, 95% confidence interval (CI) —1.14 to —0.04; p =0.03], mitigated the inotropic scores within
4-6 h (SMD —-0.43, 95% CI —0.72 to —0.14; p=0.004) and within 12 h (SMD -0.26, 95% CI —0.50 to —0.02; p =0.03) and
shortened the ventilator support time (SMD —0.28, 95% CI —0.49 to —0.07; p=0.01) as well as the duration of intensive
care unit (ICU) stay (SMD —0.21, 95% CI —0.35 to —0.06; p =0.004). Our meta-analysis determined that RIPC had cardio-
protective effects in the early postoperative phase. Additional RCTs focused on the cardiac benefits from RIPC in pediatric

patients are warranted.
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Introduction

Congenital heart disease (CHD) occurs in 4-50 cases per
1000 live births, and it is the one of the most common causes
of infant death [1]. Children appear to be more vulnerable
to cardiac dysfunction when they undergo cardiac surgi-
cal procedures [2, 3], and abnormally elevated increases
of myocardial enzymes are closely related to worse out-
come in both the early and later postoperative phases [4,
5]. Moreover, complications following myocardial injury
are also associated with prolonged ventilator support time,
prolonged intensive care unit (ICU) and hospital stays and
even increased mortality.

There are various approaches to preventing myocardial
injury following cardiac operations, including minimizing
the duration of aortic cross-clamping, the modulation of
temperature (cold, tepid or warm), intermittent or continuous

X Qi Miao
miaoqipumc @hotmail.com

Department of Cardiac Surgery, Peking Union Medical
College Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing 100730, China

infusion, the selection of crystalloid or blood cardioplegia
and pharmacological pretreatment [6]. Unfortunately, there
are few absolutely effective methods for the mitigation of
myocardial damage.

Remote ischemic preconditioning (RIPC) is originated
from local ischemic preconditioning and is a noninvasive
and nonpharmacologic method that has been reported to
be promising and feasible for cardioprotection in animal
experiments since the mid-1980s. RIPC was first employed
in patients in 2006, which led to many studies regarding its
use. RIPC might prevent the heart from injury via activating
neuronal or humoral pathways or systemic responses that
release anti-inflammatory cytokines and prosurvival signals
[7]; thus, RIPC might serve as a noninvasive method for
the prevention of myocardial damage in patients undergoing
cardiac surgery.

To date, several clinical trials seeking to determine the
role played by RIPC in pediatric postoperative cardiopro-
tection have been published. However, the published data
lack strong evidence and a uniform conclusion has not been
reached; thus, the result remains controversial. Therefore,
our primary aim was to systematically review and demon-
strate the recent evidence of postoperative cardioprotective
effects from RIPC in pediatric patients who have undergone
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congenital heart surgery [the index included the release of
troponin I (¢Tnl) and inotropic scores]. As a secondary aim,
we investigated the ventilation support time, duration of the
ICU stays and length of hospital stays with the intervention
of RIPC in these clinical trials.

Methods
Study Selection and Outcome Measures

Eligible studies were required to possess the following char-
acteristics: (1) all patients were children (under 18 years
old); (2) they underwent surgical procedures to address
congenital heart defects, such as ventricular septal defects
(VSD), atrioventricular septal defects (ASD), tetralogy
of Fallot (TOF), aortic regurgitation (by valve repair) and
transposition of the great arteries; (3) RIPC was used as an
intervention in the upper or lower limbs; and (4) the studies
were RCTs for the detection of myocardial injury following
congenital cardiac surgery.

The primary endpoints were the release of cTnl and the
inotropic scores. The secondary endpoints were the ventila-
tion support time and the duration of ICU and hospital stays.

Search Strategy

The PubMed, Embase and Cochrane databases were
screened until April 16, 2017. The search terms were as fol-
lows: ((((((((((cardiovascular surgical procedures) OR car-
diac surgical procedures) OR cardiac surgery) OR heart sur-
gery) OR ventricular septal defects) OR atrial septal defects)
OR tetralogy of Fallot) OR cardiopulmonary bypass)) AND
((((ischemic preconditioning) OR myocardial ischemic pre-
conditioning) OR remote ischemic preconditioning) OR
limb ischemic preconditioning)) AND (((((((((child) OR
children) OR infant) OR infants) OR newborn) OR new-
borns) OR neonate) OR neonates) OR pediatrics). The refer-
ences of recent review articles and the included trials were
searched for additional studies. The abstracts and titles were
repeatedly checked by two of the authors (W.T. and C.Z.) to
guarantee their adherence to the inclusion criteria. The full
texts were carefully reviewed if the articles possessed vague
titles or abstracts.

Study Quality Assessment

The quality of the included studies was measured using the
Cochrane risk of bias criteria. Two investigators (W.T. and
C.Z.) independently evaluated the quality of these studies.
The criteria included random sequence generation and allo-
cation concealment (selection bias); blinding of personnel
and participation (performance bias); blinding of outcome
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assessment (detection bias); incomplete outcome data (attri-
bution bias); selective reporting (reporting bias); and other
bias. Then, the risks were graded as low risk, high risk or
unclear risk.

Data Extraction

Two reviewers (W.T. and C.Z.) extracted data from the eligi-
ble studies utilizing uniform standard criteria and by reach-
ing a consensus. An arbitrator (Q.M.) resolved any disputes
between the reviewers. Each of the reviewers independently
evaluated every trial and extracted data on the basic char-
acteristics of the patients (e.g., age, sex and country), type
of operation, type of anesthesia, anesthetic regimen, RIPC
protocol, release of cTnl, inotropic scores, mechanical ven-
tilation time and duration of the ICU and hospital stays after
surgery. Any missing data and supplemental information
required from the original studies were requested from the
author via email. In cases where there were no responses, we
used arithmetic or graphic approximation methods to deter-
mine missing values, and medians and interquartile ranges
were transformed into the mean and SD.

Data Analysis

The data from the studies were analyzed using Review
Manager (RevMan) version 5.3. We evaluated the collected
data using the standard mean difference (SMD) with 95%
confidence intervals (CIs) in the inverse variance method
with a random-effects analysis model. Statistical heteroge-
neity was assessed using the y° test and /° statistics. Values
of p<0.10 for the test of heterogeneity were considered to
be statistically significant. Moreover, the heterogeneity was
considered mild if /> 25%; moderate if I >50%; and high
if I >75%. If heterogeneity was detected, we performed a
sensitivity analysis by excluding one study at a time from
the pooled analysis.

The protocol for our meta-analysis was registered on
PROSPERO (ID: CRD42017070210) and can be accessed
at http://www.crd.york.ac.uk/prospero/display_record.
asp?ID=CRD42017070210.

Results
Study Selection and Identification

A total of 157 publications were identified from the ini-
tial database search [PubMed (n=82), Embase (n="73)
and Cochrane (n=2)]. Among those, 32 articles were first
excluded due to duplicate studies, and then, 98 articles were
excluded after screening the titles or abstracts. Among the
remaining 27 articles, 4 articles were conference papers, 3
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were letters to the editor, 5 were irrelevant papers, 2 involved
irrelevant interventions, 1 was a meta-analysis and 1 was an
animal experiment; these were excluded after screening the
full text. The remaining 11 papers were eligible randomized
controlled trials (RCTs). However, data from one study were
presented as a mean difference with the 95% CI instead of
the mean with SD [8] and data from another study were pre-
sented by a box plot [9]; as a result, we could not collect data
from these two papers, and thus, the papers were excluded.
Finally, nine eligible RCTs were selected and included in
the meta-analysis. The process of identifying eligible RCTs
is presented in Fig. 1.

Characteristics of the Eligible Studies

Table 1 displays the basic characteristics of the eligible
studies. These studies were published from 2006 to 2017

and included 793 children in 5 countries. The sample
sizes ranged from 37 to 299. The intervention of RIPC
in all studies included three cycles or four cycles of
ischemia—reperfusion for 5 min using a sphygmomanome-
ter cuff inflated to over 200 or 15-40 mmHg above systolic
pressure on the upper or lower limbs. The RIPC method
varied among these trials: six trials [10-15] applied four
cycles of intervention, three trials [16—18] applied three
cycles, eight trials [10-16, 18] applied RIPC on the lower
limbs and one trial [17] applied RIPC on the upper limbs.
Among the 9 included studies, 4 studies [10-12, 17] evalu-
ated the concentration of cTnl at 6 h, 5 studies measured
the release of ¢Tnl at 12 [10-13, 16] and 24 h [10-13,
17] after surgery; 5 articles [10, 11, 13, 17, 18] reported
the inotropic scores at 4—6 and 12 h; 6 articles [10-13,
17, 18] reported the inotropic scores at 24 h; 6 articles
[11-13, 16—18] described the mechanical ventilation time;

Fig. 1 Identification process for . .
the included studies 157 studies identified from databases:
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Table 1 Baseline characteristics of the included studies

Study ID Year Country  No. of patients ~ Surgery type Age Intervention Location
(RIPC/control)

Cheung 2006 Canada 17/20 CHD 0-5.6 years old 4 Cycles X5 min, 15 mmHg>SBP Leg

Wenwu 2010 China 30/30 VSD 98.31-218.39 days old 3 Cycles X 5 min, 240 mmHg Upper arm

Luo 2011  China 20/20 VSD 1-5 years old 3 Cycles X 5 min, 200-300 mmHg  Thigh

Lee 2012  Korea 27128 VSD 0.6—-12 months old 4 Cycles x5 min, 30 mmHg>SBP  Thigh

Pedersen 2012 Denmark 54/51 CHD 0-15 years old 4 Cycles X5 min, 40 mmHg>SBP  Leg

Pepe 2013  Australia  20/20 TOF 3.3-14.2 months old 4 Cycles x5 min, 30 mmHg>SBP  Leg

McCrindle 2014 Canada 151/148 CHD 0.5-7.8 years old 4 Cycles x5 min, 15 mmHg>SBP  Lower limb

Wu 2017 China 55/57 TOF 3.85-17.41 months old 3 Cycles x5 min, 30 mmHg>SBP  Lower limb

Guerra 2017 Canada 22/23 CHD <6 weeks old 4 Cycles x5 min, 20 mmHg>SBP  Lower limb

RIPC remote ischemic preconditioning, CHD congenital heart disease, VSD ventricular septal defect, TOF tetralogy of Fallot

8 articles [11-18] reported the duration of the ICU stay;
and 6 articles [12-16, 18] reported the duration of the
hospital stay.

Quality Assessment

According to the criteria of the Cochrane handbook of
bias assessment, the final risk of bias summary and risk
of bias graph are shown in Fig. 2. The selection bias was
determined to be low risk, as the percentage of random
sequence generation was 56% and the allocation conceal-
ment was 67%. Performance bias evaluated by the blinding
of personnel and participants was identified as low risk at
89%. However, the detection and reporting biases were
unclear in over half of the included studies due to limited
information. Moreover, the unclear risk of attrition bias
remained high at 56% due to insufficient information of
the reported outcome.

Postoperative Cardiac Troponin |

A total of 6 RCTs [10-13, 16, 17] involving 277 pediat-
ric patients were used to assess the effect of RIPC on the
postoperative release of cTnl. Overall, RIPC decreased the
concentrations of ¢Tnl at 6 h after congenital heart sur-
gery (SMD —0.59, 95% CI —1.14 to —0.04; heterogeneity
7$=15.43, P =74%, P,;=0.004; p=0.03, Fig. 3a). However,
RIPC could not decrease the release of ¢cTnl at 12 h (SMD
—0.61, 95% CI —1.28 to 0.05; heterogeneity ;(zz 15.17,
I?=80%, P;;=0.002; p=0.07, Fig. 3b) and 24 h (SMD
—0.18, 95% CI —0.72 to 0.37; heterogeneity )(2= 17.10,
PP=77%, P;=0.002; p=0.53, Fig. 3c). Sensitivity analysis
by omitting one article at a time showed that the outcomes
became nonsignificant at 6 h when the study by Cheung
et al. was removed.
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Postoperative Inotropic Scores

A total of 5 studies [10, 11, 13, 17, 18] involving 304 pedi-
atric patients reported the inotrope scores at 4—6 h and
12 h, and 6 studies [10-13, 17, 18] involving 349 patients
reported the inotrope scores at 24 h. The pooled results
showed that RIPC decreased postoperative inotropic scores
at 4-6 (SMD -0.43, 95% CI —0.72 to —0.14; heteroge-
neity y*=6.06, I?=34%, P,;=0.19; p=0.004, Fig. 4a) and
12 h (SMD -0.26, 95% CI —0.50 to —0.02; heterogeneity
7$=4.35, P=8%, P;=0.36; p=0.03, Fig. 4b), but the pro-
tective effect of RIPC was not observed at 24 h (SMD -0.02,
95% CI —0.25 to 0.22; heterogeneity y*>=6.05, *=17%,
Py=0.30; p=0.89, Fig. 4c).

Ventilator Support Time

A total of 6 RCTs [11-13, 16-18] involving 352 pediatric
patients reported the ventilation support time after cardiac
surgery. The RIPC intervention was associated with a shorter
ventilator support time (SMD —0.28, 95% CI —0.49 to
—0.07; heterogeneity y>=3.76, I’=0%, P;=0.59; p=0.01,
Fig. 5a).

Duration of the ICU Stay

The outcomes of 8 studies [11-18] involving 756 pediatric
patients showed that RIPC reduced the duration of the ICU
stay after cardiac surgery (SMD -0.21, 95% CI —0.35 to
—0.06; heterogeneity y*=5.08, I*=0%, Py =0.65; p=0.004,
Fig. 5b).

Hospital Stay
The pooled results of 6 RCTs [12—-16, 18] with 661 patients did

not show a significant decrease in the duration of hospital stay
when the patients received RIPC intervention before cardiac
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Fig.2 Quality assessment. Risk of bias assessment of all included studies; the final risk of bias summary (up) and risk of bias graph (below);

data are presented as a percentage

surgery (SMD —0.24, 95% CI —0.49 to 0.01; heterogeneity
7$=10.99, *=55%, P,;=0.05; p=0.06, Fig. 5c). However,
when the study by McCrindle et al. was omitted, RIPC was
shown to reduce the duration of hospital stay (SMD —0.32,
95% CI —0.53 to —0.11; heterogeneity y*=3.92, ’=0%,
Py =0.42; p=0.003).

Discussion
We selected relevant RCTs to assess the cardioprotective

effect of RIPC in pediatric patients undergoing congeni-
tal heart surgical procedures. Compared with the control

@ Springer



Test for overall effect: Z = 2.11 (P = 0.03)

622 Pediatric Cardiology (2018) 39:617-626
a
RIPC Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI Year 1V, Random, 95% CI
Michael M. H. Cheung2006 15.65 2.65 17 21.78 3.38 20 17.3% -1.95[-2.76,-1.15] 2006 —_—
Wanjun Luo2011 0.28 0.361 20 0.487 0.647 20 20.1% -0.39[-1.01, 0.24] 2011 —
J.-H. Lee2012 10 6.5 27 12.5 9.8 28 21.7% -0.30[-0.83, 0.24] 2012 —
Salvatore Pepe 2013 10.9 6.5 20 11.2 5.4 20 20.2% -0.05 [-0.67, 0.57] 2013 —
Gonzalo Garcia Guerra 2017 13.7 8.07 22 18.8 11.85 23 20.7% -0.49 [-1.09, 0.10] 2017 e —
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J.-H. Lee2012 8.1 6.2 27 11.6 16.6 28 26.3% -0.27[-0.80, 0.26] 2012 —
Gonzalo Garcia Guerra 2017  12.34 6.3 22 134 8 23 25.4% -0.14 [-0.73, 0.44] 2017 — =T
Total (95% CI) 96 101 100.0% -0.61[-1.28, 0.05] -
Heterogeneity: Tau? = 0.37; Chi® = 15.17, df = 3 (P = 0.002); I> = 80% _52 _51 5 i 25
Test for overall effect: Z = 1.80 (P = 0.07) Favours [RIPC] Favours [control]

C

RIPC Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl Year 1V, Random, 95% CI
Michael M. H. Cheung2006 4.2 0.35 17 8.8 4.05 20 17.7% -1.50[-2.24,-0.76] 2006 —=——
Zhou Wenwu 2010 1.7 0.39 30 1.65 0.41 30 21.4% 0.12 [-0.38, 0.63] 2010 B
J.-H. Lee2012 53 3.4 27 6 5.2 28 21.1%  -0.16[-0.69, 0.37] 2012 e
Salvatore Pepe 2013 42 23 20 36 1.6 20  19.6% 0.30 [-0.33, 0.92] 2013 I B —
Gonzalo Garcia Guerra 2017  10.37 6.84 22 93 34 23 20.2% 0.20 [-0.39, 0.78] 2017 I A
Total (95% ClI) 116 121 100.0% -0.18 [-0.72,0.37] ’
Heterogeneity: Tau? = 0.29; Chi? = 17.10, df = 4 (P = 0.002); I* = 77% 5_2 _?1 ) i 25

Test for overall effect: Z = 0.63 (P = 0.53)

Favours [RIPC] Favours [control]

Fig. 3 Forest plot for the effect of RIPC on cTnl. a The release of cTnl at 6 h; b the release of cTnl at 12 h; ¢ the release of cTnl at 24 h. CI con-

fidence interval, SD standard deviation

group, our meta-analysis suggested that RIPC had a car-
dioprotective effect in children during the early postopera-
tive phase. cTnl release at 6 h and the inotropic scores at
4-6 h strongly suggested the beneficial cardioprotective
effects of RIPC. In addition, RIPC also deceased the ino-
trope scores at 12 h, the ventilator support time and the
duration of the ICU stay, but it did not reduce the duration
of the hospital stay.

Troponin I (cTnl) is the first choice and most reported
parameter for the detection of myocardial damage due to
its specificity and sensitivity [19]. In our meta-analysis,
RIPC mitigated the release of cTnl at 6 h; however, it
did not reduce the release of cTnl at 12 and 24 h. A pos-
sible reason was that the increase of cTnl concentration
was fastest within 6 h, and the peak value appeared at
12-24 h after surgery [20]. Due to the presence of high
heterogeneity, we removed one article (Cheung et al.) from
the meta-analysis, and the heterogeneity decreased to O.
Although the outcome might be more reliable and stable
if the RCT by Cheung et al. was excluded, we should be
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cautious of the deletion, as the RCT complied with our
inclusion criteria.

The postoperative cTnl is a beneficial tool for reassess-
ment after cardiac surgery. It is noninvasive, easily obtained
and allows for prediction of patients at risk for death and
major adverse cardiac events (MACESs) within a few months
[21]. However, the source of troponin during cardiac surgery
is still a controversy. Although some argue that troponin is
released from damaged cardiac myocytes, it has also been
indicated that increased permeability of the cell causes
leakage of troponin from the cytosol [22]. Regardless of
the source, previous studies have determined that troponin
release following cardiac surgery has also been indepen-
dently associated with short-term and long-term outcomes
postoperatively, such as morbidity and mortality [23]. In
addition, the postoperative troponin levels have been used
in a majority of RIPC meta-analyses in cardiac surgery as
the primary outcomes [24, 25]. From the clinical perspec-
tive, equating the increased troponin with myocardial injury
still makes a good deal of clinical sense.
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Fig.4 Forest plot for the effect of RIPC on the inotropic scores. a Inotropic scores at 4—6 h; b inotropic scores at 12 h; ¢ inotropic scores at 24 h.

CI confidence interval, SD standard deviation

The inotropic scores were also used as an additional
tool to measure illness severity during the postoperative
period [26]. The inotropic score = (dopamine + dobu-
tamine) X 1 + milrinone X 10 + epinephrine X 100, and a
higher inotropic score reflects a greater degree of myocar-
dial dysfunction. Reduced inotropic scores at 4—6 h were
in accordance with the time window of decreased cTnl. In
addition, the data also showed that RIPC decreased ino-
tropic scores at 12 h and shortened the duration of mechani-
cal ventilation and the ICU stay, which are indirect indices
of postoperative complications [27] in our pooled analysis.
All the summarized outcomes suggested that RIPC, which
may cause the transfer of protective signals to remote organs
via neuronal and humoral communication [28], exhibited an
overall positive effect, especially during the early phase after
cardiac surgery.

Regarding the duration of hospital stay, McCrindle et al.
analyzed their trial data by subgroup analyses and the strat-
ification of confounding factors, including age, sex, type
of surgery, Aristotle level, duration of cardiopulmonary
bypass or aortic cross-clamping and the perioperative use

of propofol. RIPC was not found to have any statistically sig-
nificant effect in any of these subgroup analyses. Due to its
large sample size of 299 pediatric patients, which accounted
for 25.9% of the final outcome in our analysis, the stability
of the pooled effect was influenced by the inclusion of this
trial. Despite the moderate heterogeneity, this trial could not
be excluded because the summarized data on the duration of
the hospital stay may be an authentic outcome.

Following its use in adult patients, RIPC was adapted for
application to children under 18 years old who were under-
going congenital heart surgery. Recently, a meta-analysis
that used the release of troponin I (cTnl) as the primary end-
point evaluated the cardioprotective effect of RIPC in chil-
dren; unfortunately, the outcomes were controversial [25].
Moreover, with the new RCTs that were published this year,
an updated meta-analysis was needed. Our meta-analysis
extended the previous pooled analysis in several ways. First,
by adding 2 new papers including 157 pediatric patients,
the statistical power was increased for the determination of
myocardial protective results. Second, other representative
clinical endpoints, such as the inotropic scores, mechanical
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Fig.5 Forest plot for the effect of RIPC on ventilator support time and the duration of the ICU and hospital stays. a Ventilator support time; b
duration of ICU stay; ¢ duration of hospital stay. CI confidence interval, SD standard deviation

ventilator support time and duration of the ICU and hospital
stay, were collected for a more comprehensive assessment.

Nevertheless, there were several limitations in our meta-
analysis. First, troponin release can be affected by different
type of congenital heart surgery. Higher troponin levels are
seen post-operatively in surgeries that require direct inci-
sions on the myocardium (such as VSD and ASD) and are
lower in surgeries that mostly work on the major vascular
structures (such as extracardiac Fontan operation and the
Glenn procedure). Due to lack of adequate information,
we were not sure these surgeries were balanced in the two
groups. Second, we could not perform a subgroup analysis
to exclude confounders due to a limited number of studies.
Previous meta-analyses have also failed to determine the car-
dioprotective effect of RIPC due to the presence of numer-
ous confounders in the included studies, including age, type
of congenital heart surgery and anesthesia regimen (volatile
anesthesia and propofol), which could mask the effect of
RIPC or interfere with RIPC [28]. Third, due to the lack
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of replies from several authors, we employed the graphic
approximation method to acquire data, and although two
data collectors (X.L. and Y.C.) performed the data approxi-
mation collection, there might be some errors. Finally, we
omitted one study at a time from our meta-analysis for the
sensitivity and heterogeneity analyses. Although excluding
one study could reduce the heterogeneity, we still should be
cautious when drawing conclusions.

Several meta-analyses on adult patients have reported that
RIPC could reduce the release of cTnl after cardiovascular
surgery [29, 30] and even reduce the risk for cardiovascu-
lar events and acute kidney injury [31-33]. Although the
effect of RIPC is still controversial, the latest meta-analysis
revealed that after excluding interference from the anesthe-
sia regimen (propofol), RIPC was observed to be beneficial
for adults undergoing cardiac surgery [34]. Beta-blockers
and volatile anesthetics may also attenuate the effect of
RIPC [35]. Moreover, RIPC seemed to be more effective
when the exposure time was longer and the volume of tissue
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undergoing RIPC was greater [36]. If RIPC is combined
with remote ischemic postconditioning, the protective effect
may be more obvious [37-40]. Currently, there are registered
clinical trials investigating the protective effect of RIPC on
other organs, including neuroprotection and kidney protec-
tion. We anticipate that the clinical outcomes of these new
trials may extend the benefits of RIPC.

In summary, the limited evidence in our meta-analysis
suggests that RIPC might offer cardioprotection by reduc-
ing the release of cTnl and by reducing the inotropic scores
during the early postoperative phase. In addition, RIPC ben-
efited children undergoing cardiac surgery by shortening the
ventilator support time and the duration of the ICU stay.
Additional large-scale, high-quality RCTs are required in
the near future to assess the effect of RIPC on the early and
late postoperative phases in children.
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