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Objective: To evaluate the efficacy of remote ischemic conditioning (RIC) as compared to

no conditioning on clinical endpoints in acute coronary syndromes (ACS) patients under-

going percutaneous coronary intervention (PCI).

Design: Systematic review of randomized clinical trials (RCTs).

Material and Methods: Literature was searched up to September 13, 2019, and we

identified a total of 13 RCTs. The efficacy of RIC on incidence of clinical events during

follow-up was quantified by the rate ratio (RR) with its 95% confidence interval (CI), and we

used fixed and random effects models to synthetize the results. Small-study effect was

evaluated, and controlled for by the trim-and-fill method. Heterogeneity between studies

was examined by subgroup and meta-regression analyses. The risk of false-positive results in

meta-analysis was evaluated by trial sequential analysis (TSA).

Results: Pooled analysis of 13 trials (7183 patients) showed that RIC compared to no

conditioning revealed a non-significant risk reduction on endpoint mortality (RR=0.81,

95% CI: 0.56–1.17) during a median follow-up time of 1 year (range: 0.08–3.8) with low

heterogeneity (I2=16%). Controlling for small-study effect showed no efficacy of RIC

(adjusted RR: 1.03, 95% CI: 0.66–1.59). Pooled effect of RIC on the incidence of myocardial

infarction (MI) from 11 trials (6996 patients) was non-significant too (RR=0.85, 95%

CI: 0.62–1.18), with no observed heterogeneity (I2=0%) or small-study effect. A similar

lack of efficacy was found in endpoint congestive heart failure (CHF) from 6 trials including

6098 patients (RR=0.71, 95% CI: 0.44–1.15), with moderate heterogeneity (I2=30%). TSAs

showed that the pooled estimates from the cumulative meta-analyses were true negative with

adequate power.

Conclusion: Evidence from this updated systematic review demonstrates no beneficial

effect of RIC on the incidence of clinical endpoint mortality, MI and CHF during

a median follow-up of 1 year in ACS patients undergoing PCI.

Keywords: remote ischemic conditioning, mortality, myocardial infarction, congestive heart

failure, meta-analysis, trial sequential analysis

Introduction
Remote ischemic conditioning (RIC) is a non-invasive procedure providing temporal

episodes of reversible ischemia through repeated inflations and deflations of a blood

pressure limb cuff. RIC has been tried as a supplement to percutaneous intervention

(PCI) in patients presenting with acute coronary syndromes (ACS) to protect against

ischemia/reperfusion (I/R) injury, which refers to the damage caused by reperfusion

of an organ exposed to a period of ischemia. In RIC the brief episodes of reversible
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ischemia with reperfusion in a vascular bed remote from the

ischemic organ (eg the heart) have been shown to reduce I/R

injury probably through neuronal or humoral mediators.1

There are three temporal variants of RIC according to when

the remote conditioning stimulus is applied; before (pre-

conditioning), during (per-conditioning), or immediately

after reperfusion (post-conditioning). In animal models,

RIC has consistently been shown to reduce infarct size,2

and subsequently a reduction of infarct size by RIC was

reported in small-sized “proof-of-concept” clinical

studies.3–6 Meta-analyses of clinical trials point towards

an association between RIC and lower levels of cardio-

specific biomarker release, and suggest a beneficial effect

of RIC on major adverse cardiac events such as mortality,

myocardial infarction (MI), and congestive heart failure

(CHF) combined or separately.7–12 A trend towards reduced

clinical events at follow-up after RIC in ST-elevation myo-

cardial infarction (STEMI) patients has been reported in

two trials13,14 while no improvement by RIC was reported

in one recent large multicenter trial15 providing additional

clinical data.

Objective
Clinical trials assessing RIC-induced effect on clinical

endpoints have been few. Therefore, we conducted an

updated systematic review followed by meta-analysis and

trial sequential analysis (TSA) to evaluate the efficacy of

RIC as compared to no conditioning on clinical endpoints

in patients with ACS undergoing PCI, and to help clarify

the need for additional trials.

Materials and Methods
The review protocol has been registered at https://www.

crd.york.ac.uk/PROSPERO/, ID: CRD42020147789.

Search
With guidance from a qualified medical librarian, we searched

Ovid Medline and Embase until September 13, 2019 with no

date or language restrictions. The population was limited to

adult humans above 18 years, and the design to randomized

clinical trials (RCTs). In Ovid Medline, the search was con-

ducted using Medical Subject Headings (MeSH) and text

words including, but not restricted to: remote and (ischemic

or myocardial infarction) and (conditioning or preconditioning

or postconditioning) and (randomized controlled trial or con-

trolled clinical trial). An additional search in Cochrane

Database of Systematic Reviews was performed, and we

searched for ongoing systematic reviews using Prospero.

Unpublished clinical trials were searched for by consulting

the Clinicaltrials.gov website. Reference lists of published

meta-analyses were screened for any relevant studies not

included in the original search.

Study Selection
Due to a therapeutic research question we included only

RCTs comparing RIC with no conditioning in adult patients

with ACS according to the specified research question pre-

sented in Table 1. Two investigators (IS and MA) indepen-

dently evaluated the publications to assess whether they met

the predefined inclusion criteria. We resolved any disagree-

ment through discussion with a third author (JE).

Quality Assessment of the Trials
Two reviewers (IS, MA) independently assessed the quality

of included studies following the Cochrane Collaboration’s

tool assessing risk of bias in RCTs;16 randomization and

concealment of treatments allocation (selection bias), blind-

ing of investigator to outcome (detection bias), dropout

(attrition bias), adequacy of analysis according to intention

to treat (other bias), and a beforehand power analysis for

clinical endpoints.

Data Abstraction
Data regarding publication status (first author, publication year,

and country where the study took place), patient-related char-

acteristics of the total cohort (mean age, frequency of male

Table 1 Specification of the Research Question Applying a PICO (Population, Intervention, Comparison and Outcome) Model

Population Intervention Comparison Outcomes

Adults (≥18 years) presenting with acute coronary

syndromes (STEMI, NSTEMI or S/UA), treated with

percutaneous coronary intervention

Remote ischemic conditioning; cycles of blood

pressure cuff inflation and deflation applied before

PCI (pre-conditioning), during PCI (per-

conditioning) or after PCI (post-conditioning)

PCI with no

conditioning

Mortality, myocardial

infarction,

congestive heart

failure

Notes: Subgroups were stratified by population (STEMI versus NSTEMI or S/UA) and intervention (pre-, per-, post-conditioning).

Abbreviations: STEMI, ST-segment elevation myocardial infarction; NSTEMI, no ST-segment elevation myocardial infarction; S/UA, stable/unstable angina pectoris; PCI,

percutaneous coronary intervention.
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gender, hypertension, diabetes mellitus, and smokers), out-

comes (total mortality, MI, and CHF), results (number of

events, total number of patients in intervention and comparison

group, and follow-up time), and study quality (risk of bias

assessment) were extracted in duplicate on a standardized

form according to the á priori protocol. Disagreements were

resolved by discussion among the review authors and subse-

quent consensus.

Summary Measures
The pooled effect of intervention on each clinical endpoint

was quantified by the rate ratio (RR) with its 95% confi-

dence interval (CI), considering the person-year model to

control for variability in the duration of follow-up. Both

fixed and random effects model was considered, but in the

presence of heterogeneity between trials the random effects

model was preferred according to the DerSimonian and

Laird method.17 Using this model the estimate of the pooled

effect measure and its CI incorporate the additional varia-

bility due to inter-study variance (τ2).

Sources of Heterogeneity, Evaluation and

Quantification
Statistical heterogeneity among studies was assessed with

Cochran’s Q test. The magnitude of heterogeneity was eval-

uated by the I2 statistics which describes the proportion of total

variation due to heterogeneity rather than chance.18 When

heterogeneity was present we used subgroup analyses and

meta-regression to investigate possible sources of heterogene-

ity. We stratified our data according to type of ACS (STEMI

versus non-STEMI or Stable/Unstable Angina), timing of RIC

(pre-, per- or post-conditioning), and the following study

characteristics; concealment of randomisation, blinding of

the investigator on the outcome, analysis according to inten-

tion to treat strategy, and presence of á priori power analysis

for the study. To further explore potential sources of hetero-

geneity we considered a random effect meta-regression ana-

lysis, where the outcome variable is the observed RR from

every trial indicating treatment effect and the different study-

level and patient-level characteristics (covariates). Sources of

heterogeneity were considered as important if the covariate

decreased the between- study variance. The estimate of τ2 in
the presence of a covariate in comparison to that when the

covariate is omitted, allows the proportion of the heterogeneity

variance explained by the covariate to be calculated.19

Because we had less than ten trials for endpoint CHF, meta-

regression was not performed.20

Evaluation of Small-Study Effect
In order to assess potential small-study effect we used the

funnel plot, which is a good visual evaluation of sampling

bias. To further assess potential bias we used two well-

established tests of small-study effect; Begg and Mazumdar

rank correlation,21 and Egger’s test of asymmetry.22 For

power considerations a test of funnel plot asymmetry was

not applied for endpoint CHF.23

Correction for Small-Study Effect
In the presence of small-study effect, we considered the

trim-and-fill method24 to adjust for small-study effect.

This method is a kind of sensitivity analysis to assess the

potential impact of missing studies.

Trial Sequential Analysis (TSA)
Evaluation of the meta-analyses by TSA was performed to

eliminate false-positive results, and to help clarify the need

for additional trials. This method was developed by Pogue

and Yusuf25,26 and advocated the use of Lan-DeMets trial

sequence monitoring boundaries (TSMB) for cumulative

meta-analysis. More recently the method was used account-

ing for bias and observed heterogeneity in a retrospective

cumulative meta-analysis.27 We used TSA as it is implemen-

ted in Stata and with the ldbounds package in R-statistical

software, and considered three types of information sizes

calculated by the program: 1) Accrued Information Size

(AIS), which is the total number of patients (N) in the meta-

analysis. Type-I error, Type-II error and relative risk reduc-

tion (RRR) are entered by user, and we estimated power for

the given RRR and sample size. 2) Low Bias Information

Size (LBIS), where RRR is calculated from only those trials

with low bias. Required sample is calculated for this RRR,

Type-I error and Type-II error. 3) Low Bias Heterogeneity

adjusted Information Size (LBHIS), which is calculated simi-

lar to LBIS and then adjusted for heterogeneity. We deter-

mined LBHIS when heterogeneity was over 30%. We set

Type-I error at 5%, Type-II error at 20%, and for AIS the

RRR at 10%. The fixed model was applied when there was

low heterogeneity (I2 < 30%) and the random model when I2

≥ 30%. We estimated the TSMB for AIS, LBIS and LBHIS

to detect potentially spurious level.28

Software for Meta-Analysis
Statistical analyses were performed with STATA 15.0,29

and R–Package–Meta.30 TSA was performed combining

Stata commands with R packages.28
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We followed the preferred reporting items for systema-

tic reviews and meta-analyses (PRISMA) guidelines for

research reporting.31

Results
Trial Selection
After identifying 1220 references, 1184 were excluded due

to irrelevant content and duplicate publications leaving 36

potentially eligible. Records were excluded mainly

because they did not contain the right population (ACS

patients), intervention (RIC versus no conditioning) or

clinical endpoints. Finally, 12 studies3–6,13–15,32–36 met

our inclusion criteria, whereof one with two intervention

arms,34 thus 13 trials were considered in the meta-analysis

(Figure 1). No additional publications were identified in

the forward citation searching or hand searching of refer-

ence lists.

Trial Characteristics
The 13 trials included a total of 7183 ACS patients under-

going PCI (Table 2); the subtypes of ACS were STEMI in

9 trials and NSTEMI or S/UA in 4 trials. Median follow-

up was 1 year (range: 0.08–3.8). The patients median age

was 62.4 years (range: 51.6–67), 75.7% were men (range:

35.4–94.6), 52.1% with hypertension (range: 22.6–78.5),

27.9% with diabetes mellitus (range: 8.6–49.2), and 53.3%

were smokers (range: 32.4–70). The trials were on popula-

tions from 3 geographical regions; Europe (6 trials), Asia

(4 trials), and North America (3 trials).

RIC interventions were quite similar among all trials

with 3–5 cycles of 5-minutes inflation and 5-minutes

deflation of a blood pressure cuff to 200 mmHg sited on

an upper arm or lower limb/thigh. RIC was performed as

pre-conditioning in 6 trials,4–6,13–15 as per-conditioning in

4 trials,3,34,35 and as post-conditioning in 3 trials.32,33,36

Clinical outcomes were considered as primary end-

points in 2 trials only,13,15 and reported as secondary/

additional endpoints in the rest of them. All trials reported

on mortality, 11 on MI,3,5,6,13-15,32–34,36 and 6 on

CHF.4,5,13-15,32

Quality Assessment
Randomization and adequate concealment were considered

adequate in 7 trials, blinding of the endpoint assessor to

treatment allocation in all trials for endpoint mortality while

for other endpoints misclassification might exist. No

dropout was reported during follow-up in 9 trials, and

intention-to-treat strategy was followed in 8 trials

(Table 3). In summary, 5 of the included trials represented

overall low risk of bias.3,13-15,36 Power estimation on clin-

ical endpoint was present in two trials only.13,15

Synthesis of Results from Individual Trials
Mortality was reported in 13 trials (7183 patients) and the

pooled effect of RIC compared to no conditioning was

RR=0.81 (95% CI: 0.56–1.17) with low heterogeneity

(I2=16%), indicating no statistically significant effect

(Figure 2A). The funnel plot visually showed the possibi-

lity of small-study effect (Figure 3A) and asymmetry was

indicated by the Egger’s test (p=0.032), but not by the

Begg’s test (p=0.7603). The trim-and-fill simulation

method suggested 5 studies as missing, and the adjusted

point estimate was altered towards the null-effect (adjusted

RR=1.03, 95% CI: 0.66–1.59). In stratification analysis the

only significant subgroup difference found was between

trials adequately powered for clinical outcomes and those

not (p=0.0457), and in meta-regression this study-related

characteristic was the only covariate significantly asso-

ciated with intervention effect (p=0.0096).

TSA supported lack of evidence for an effect of RIC

compared with no conditioning for endpoint mortality.

Cumulative fixed-effect meta-analysis with Lan-DeMets

bounds showed a true negative result for AIS of 7183

patients. The power of the meta-analysis for a 10% RRR

and the conventional Type-I error of 5% was 99%. The

LBIS required is lower ( 803patients) for a RRR of 18%

and a power of 80% without changing the conclusion; RIC

does not reduce the incidence of mortality in PCI treated

ACS patients. Our meta-analysis is satisfactory powered

for outcome mortality (Table 4A).

Myocardial Infarction (MI) during follow-up was reported

in 11 trials (6996 patients) and the pooled effect of RIC

compared to no conditioning was statistically non-significant

(RR=0.85, 95%CI: 0.62–1.18) with no heterogeneity (I2=0%)

(Figure 2B). The funnel plot visually indicated no small-study

effect (Figure 3B), confirmed by theEgger’s test (p=0.740) and

the Begg’s test (p=0.6971). Stratification analysis and meta-

regression were not indicated since there was no observed

heterogeneity between the trials.

TSA supported lack of evidence for an effect of RIC

compared with no conditioning on endpoint MI.

Cumulative fixed-effect meta-analysis with Lan-DeMets

bounds showed a true negative result for AIS of 6996

patients. The power of the meta-analysis for a 10% RRR

and Type-I error of 5% was 99%. The LBIS required is
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1407 without changing the conclusion for a RRR of 14%

and a power of 80%; RIC does not reduce the incidence of

MI in PCI treated ACS patients. Our meta-analysis is

satisfactory powered for endpoint MI (Table 4A).

Congestive Heart Failure (CHF) was reported in 6 trials

(6098 patients) and the pooled effect of RIC compared to no

conditioning was statistically non-significant (RR=0.71, 95%

CI: 0.44–1.15) with moderate heterogeneity (I2=30%) (Figure

2C). The funnel plot visually indicated small-study effect

(Figure 3C), but asymmetry was not investigated further

because of too few trials. Stratification analysis and meta-

regression were not performed due to less than 10 trials. CHF

was defined in 3 trials.13–15 The incidence ofCHF in the largest

trial with 5115 patients15 and the other 5 trials4,5,13,14,32 was

close, and included in each others’ 95% CIs.

TSA supported lack of evidence for an effect of RIC

compared with no conditioning on endpoint CHF.

Cumulative fixed-effect meta-analysis with Lan-DeMets

Records identified through 

database searching

(n = 1220)

Sc
re
en

in
g
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cl
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ed
El
ig
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ty

noitacifitnedI
Additional records identified 

through other sources

(n = 0)

Records after duplicates removed

(n = 803)

Records screened

(n = 803)

Records excluded

(n =767)

Full-text articles assessed 

for eligibility

(n = 36)

Full-text articles excluded, 

with reasons (n = 24)

Not AMI patients (n=3)
Intervention not pure RIC (n=1)
No clinical endpoints (n=9)
Observational study (n=1)
Other research questions (n=4)
Same material (n=1)
Protocol for included study (n=4)
Protocol (n=1)

Studies included in 

qualitative synthesis

(n = 12→13 trials)

Studies included in 

quantitative synthesis 

(meta-analysis)

(n = 12→13 trials)

Figure 1 PRISMA flow diagram of study selection from the literature searches for the systematic review of randomized clinical trials (RCTs) investigating the efficacy of

remote ischemic conditioning (RIC) in acute coronary syndromes (ACS) patients undergoing percutaneous coronary intervention (PCI).

Note: Copied from Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the

PRISMA statement. Ann Intern Med. 2009;151(4):264–269. doi:10.7326/0003-4819-151-4-200908180-00135.31
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bounds showed a true negative result for AIS of 6098

patients. The power of the meta-analysis for a 10% RRR

and Type-I error of 5% was 98%. The LBHIS required is

487 patients without changing the conclusion for a RRR of

26%, Type-I error of 5% and power of 80%; RIC does not

reduce the incidence of CHF in PCI treated ACS patients.

Our meta-analysis is satisfactory powered for endpoint

CHF (Table 4A).

When stratifying on the placement of the blood pres-

sure cuff, upper arm or lower limb/thigh, there was no

difference in pooled effect as far the 3 clinical endpoints

considered.

Table 2 Characteristics of the 13 Trials Comparing Remote Ischemic Conditioning (RIC) versus No Conditioning (Controls) in Acute

Coronary Syndromes (ACS) Patients Undergoing Percutaneous Coronary Intervention (PCI)

First Author Year Country RIC/

controls

(n/n)

Agea

(mean)

Men

(%)

Hypertension

(%)

Diabetes

(%)

Smokers

(%)

Followupa

(mean)

Patient

Yearsb

Carrasco-Chinchilla36 2013 ES 118/114 64.6 68.1 75.6 42.1 66.0 1.0 232.00

Crimi3 2013 IT 48/48 58.4 87.5 52.1 11.5 47.9 1.0 96.00

Sloth14 2014 DK 126/125 62.5 75.7 31.1 9 56.2 3.8 953.80

Yamanaka4 2015 JP 47/47 67.0 74.5 63.8 33.0 53.3 0.08 7.52

Liu5 2016 CN 59/60 62.4 79.0 42.9 20.2 42.9 1.0 119.00

Lavic34 2016 Canada 119/118 63.8 72.6 70.0 32.9 - 1.7 402.90

Lavic34 2016 Canada 119/118 64.4 73.8 69.6 30.0 - 1.7 402.90

Verouhis35 2016 SE 47/46 61.0 94.6 22.6 8.6 37.6 0.08 7.44

Zhou6 2017 CN 72/58 59.7 35.4 78.5 49.2 56.9 0.5 65.00

Elbadawi33 2017 USA 30/30 51.6 83.3 33.3 41.7 70.0 0.5 30.00

Qian32 2018 CN 37/34 56.4 53.5 54.9 11.3 32.4 0.5 35.50

Gaspar13 2018 PT 231/217 60.0 80.1 49.1 27.9 58.9 2.1 940.80

Hausenloy15 2019 UK, DK,

ES, RS

2546/2569 63.5 76.8 41.4 11.1 39.3 1.0 5115.00

Notes: ayears, bpatients-years = (total number of patients × mean follow-up time in years), cstudy with two intervention arms (RIC with arm cuff and thigh cuff).

Abbreviations: ES, Spain; IT, Italy; PT, Portugal; UK, United Kingdom; DK, Denmark; RS, Serbia; CN, China; SE, Sweden; JP, Japan.

Table 3 Review Authors’ Quality Assessment of the 13 Trials Comparing Remote Ischemic Conditioning (RIC) versus No

Conditioning in Acute Coronary Syndromes (ACS) Patients Undergoing Percutaneous Coronary Intervention (PCI)

First Author Selection Bias Detection Bias Attrition

Bias

Other

bias

Overall

Low Risk

of Bias

Powered

for Clinical

Outcomes
Random

Sequence

Generation

Allocation

Concealment

Blinding of Outcome

Assessment

Incomplete

Outcome

Data

Intention

to Treat

Analysis
Mortality MI CHF

Carrasco-Chinchilla36 Yes Yes Yes Yes - No Yes Yes No

Crimi 3 Yes Yes Yes Yes - No Yes Yes No

Sloth14 Yes Yes Yes Yes Yes No Yes Yes No

Yamanaka4 Yes Unclear Yes - Unclear No Yes Nno No

Liu5 Yes Yes Yes Yes Yes No Unclear No No

Lavia34 Yes Unclear Yes Yes - Yes Unclear No No

Lavia34 Yes Unclear Yes Yes - Yes Unclear No No

Verouhis35 Yes Yes Yes - - No Unclear No No

Zhou6 Unclear Unclear Yes Yes - Yes Unclear No No

Elbadawi33 Unclear Unclear Yes Yes - Yes Yes No No

Qian32 Unclear Unclear Yes Yes Unclear No Yes No No

Gaspar13 Yes Yes Yes Yes Yes No Yes Yes Yes

Hausenloy15 Yes Yes Yes Yes Yes No Yes Yes Yes

Notes: aStudy with two intervention arms (RIC with arm cuff and thigh cuff).

Abbreviations: MI, myocardial infarction; CHF, congestive heart failure.
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Figure 2 Forest plot for meta-analysis of randomized clinical trials (RCTs) comparing remote ischemic conditioning (RIC) with no conditioning in acute coronary syndromes

(ACS) patients for endpoint; (A) mortality (B) myocardial infarction (C) congestive heart failure.

Notes: Total; amount of person-years, Lavi; study with two intervention arms (RIC with arm cuff and thigh cuff)

Abbreviations: RR, rate ratio; CI, confidence interval.
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Subgroup of STEMI Trials
Our results were robust in the subgroup of STEMI

trials. For endpoint mortality from 9 trials (6347

STEMI patients) the pooled effect estimate was larger

but still non-significant (RR=0.66, 95% CI: 0.39–1.11),

and a true negative result indicated with sufficient

power (Table 4B). For endpoint MI from 7 trials

(6160 STEMI patients) the pooled effect estimate was

unchanged (RR=0.84, 95% CI: 0.59–1.19) and a true

negative result indicated with sufficient power

(Table 4B). For endpoint CHF there was no change

as the patient population was STEMI in all 6 trials.

Figure 3 Funnel plot of the effect of remote ischemic conditioning (RIC) for

endpoint (A) mortality (B) myocardial infarction (C) congestive heart failure.

Abbreviations: logrr, log rate ratio; s.e, standard error.

Table 4 Trial Sequential Analysis (TSA) for Power Estimation

A. All Studies

Accrued Information Size (AIS)

Endpoint RRR

(%)

Type-I error

(%)

Power

(%)

AIS (N)

Mortality 10 5 99 7183

Myocardial infarction 10 5 99 6996

Congestive heart failure 10 5 98 6098

Low Bias Information Size (LBIS)

Endpoint RRR

(%)

Type-I error

(%)

Power

(%)

LBIS

(N)

Mortality 18 5 80 803

Myocardial infarction 14 5 80 1407

Congestive heart failure 26 5 80 340

Low Bias Heterogeneity-Adjusted Information Size (LBHIS)

Endpoint RRR

(%)

Type-I error

(%)

Power

(%)

LBHIS

(N)

Congestive heart failure 26 5 80 487

B. Subgroup of Trials with STEMI Patients

Accrued Information Size (AIS)

Endpoint RRR

(%)

Type-I error

(%)

Power

(%)

AIS (N)

Mortality 10 5 99 6347

Myocardial infarction 10 5 99 6160

Congestive heart failure 10 5 98 6098

Low Bias Information Size (LBIS)

Endpoint RRR

(%)

Type-I error

(%)

Power

(%)

LBIS

(N)

Mortality 24 5 80 437

Myocardial infarction 17 5 80 854

Congestive heart failure 26 5 80 340

Low Bias Heterogeneity-Adjusted Information Size (LBHIS)

Endpoint RRR

(%)

Type-I error

(%)

Power

(%)

LBHIS

(N)

Mortality 24 5 80 716

Congestive heart failure 26 5 80 487

Abbreviations: RRR, relative risk reduction; N, patients.
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Discussion
Summary of Evidence
Evidence from this updated systematic review suggests no

protective effect of RIC on the incidence of clinical

adverse events during follow-up in patients with ACS

undergoing PCI. TSAs performed on meta-analyses con-

ducted demonstrate true negative intervention effects on

the endpoints mortality, MI and CHF with adequate power.

Strengths and Limitations
We performed a comprehensive literature search to prevent

missing relevant trials.37 Trial selection and data extraction

were done by two authors to minimize transcription errors,

and the components used for quality assessment are vali-

dated and reported to be associated with bias.38 We have

respected the important principles for meta-analysis meth-

odology regarding eligibility criteria for the individual

trials and analysis methods, pinpointing small-study effect

and correcting for it when necessary.19,20 In addition to

standard methods in meta-analysis, TSA was performed to

avoid false-positive conclusions.27,28 Few trials provided

data on development of CHF during follow-up, they used

different definitions, and the probability of misclassifica-

tion of this endpoint cannot be excluded. In the large trial

of Hausenloy et al15 a blinded independent validation

committee reviewed all events according to standard

operation procedures. In this case the nature of the mis-

classification is non-differential which dilutes the efficacy

of the intervention,39 and the true effect of RIC on CHF

might be stronger than the one estimated by this study. The

major limitation of our study was the small-study effect

and underpowered trials to evaluate clinical endpoints.

The Problem of Small-Study Effect for

Endpoint Mortality
The majority of trials included in our meta-analysis were

small and power deficient for investigating clinical out-

comes, except Hausenloy et al15 and Gaspar et al.13 In this

situation we found no treatment effect when stratifying on

trials adequately powered versus power deficient. The

impact of underpowered trials on meta-analysis results

has been investigated,40 indicating better intervention

effects in underpowered than in adequately powered trials.

Another reason might be that smaller trials are conducted

and analyzed with less methodological rigor than larger

trials, and overestimation of the intervention effects has

been highlighted in lower quality trials as compared to

trials of higher quality.41 Controlling for small-study effect

by the trim-and-fill method confirmed the non-efficacy of

RIC for endpoint mortality.

Evaluation of the Risk of False-Positive

Result in Our Present Meta-Analyses
Often meta-analyses give a false-positive result, especially

when updated with the publication of a new trial.27,28 When

we evaluated the power of our meta-analyses for the 3 end-

points considered, the TSAs indicated presence of excellent

statistical power for a 10% risk reduction and a 5% Type-I

error as we included in the cumulative meta-analyses 7183,

6996, and 6098 patients, respectively. The newest trial15

assessed to be of high quality contributed with 5115 patients

in the meta-analyses, and decisive for the conclusion of no

effect of RIC on endpoint mortality, MI and CHF.

The Potential of False-Positive Results in

Previous Meta-Analyses
Previous meta-analyses have reported cumulative pooled

beneficial treatment effects of RIC on clinical endpoint

mortality,8,10,12 MI,8,11,12 CHF,8,11 and different composite

endpoints.7–9,11,12 Unfortunately none of them considered

a power analysis of the cumulative effect in the meta-

analyses, and their estimates might be false positive pre-

sumably due to small-study effect.

Discrepancies in Efficacy of RIC in ACS

Between Surrogate Endpoints (SEPs) and

Clinical Outcomes
Eleven of the 13 trials included in our study had SEPs as

primary outcomes. Myocardial damage was commonly mea-

sured by biomarkers of infarct size (eg troponin and creatine

kinase) and other outcomes such as resolutions of ST-

segment elevation and change in left ventricular ejection

fraction (LVEF), and their results pointed to possible effect

of RIC. Unfortunately, experience in clinical research under-

lines the failure of SEPs to be a valid measure of clinically

important outcomes in different fields of clinical research.42

SEPs can be used in Phase 2 trials to determine whether an

intervention is biologically active and whether to perform

large trials with clinically important outcomes. RCTs with

SEPs are comparable to experiments in animal model and

must be used with great caution if at all in making clinical

decisions. In our situation there was concordance between

animal models and efficacy on SEPs as both of them con-

sidered measures of infarct size as an endpoint. However,
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trials adequately powered for meaningful clinical outcomes

as incidence of mortality, MI and CHF are essential for

evidence-based decisions in everyday clinical practice. The

need for RCTs investigating clinical endpoints was high-

lighted in a recent meta-analysis reporting marginal efficacy

of RIC during PCI in STEMI patients on SEPs such as

infarct size and change in LVEF.43

Implication for Research
The findings from the recent large high-quality RCT15 and

the present systematic review suggest that further trials are

not necessary to be conclusive regarding the efficacy of

RIC on major clinical events as mortality, MI and CHF.

Implication for Practice
According to criteria for grading the quality of evidence

and the strengths of recommendations44,45 this systematic

review of RCTs provides high-level evidence of a non-

preventive effect of RIC against mortality, MI and CHF in

ACS patients undergoing PCI. There seem to be no bene-

fits on clinical endpoints during a median follow-up of

1 year (range: 0.08–3.8), and the use of RIC as

a supplement to PCI can presently not be recommended.

Conclusion
This systematic review with meta-analysis and TSA sug-

gests that there is no beneficial effect of RIC as

a supplement to PCI in the treatment of ACS patients

with respect to the incidence of mortality, MI and CHF

during a median follow-up time of 1 year.
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