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Objective To investigate the cardioprotective efficacy of remote

ischaemic preconditioning (RIPC) in cardiac surgery.

Design We have performed a systematic search of MEDLINE, EMBASE

and Cochrane Central Register of Controlled Trials to identify randomized

controlled trials involving RIPC.

Setting Randomized controlled trials of RIPC in open cardiac surgery

patients.

Main outcome measures Meta-analysis was performed with the

primary outcome the standardized mean difference between intervention

and control groups in 12 hour postoperative troponin concentration.

Heterogeneity was examined by fixed effects meta-regression.

Results Ten studies with a total of 693 participants were included in the

meta-analysis. RIPC reduced troponin levels 12 hours after surgery

compared with control. The fixed and random effects differences were

0.35 (95% CI 0.19 to 0.51) and 0.53 (95% CI 0.18-0.88) respectively.

However, important heterogeneity was present. Fixed effects meta-

regression partially accounted for heterogeneity based onwhether studies

had full blinding, comprising blinding of patients, surgeons, anaesthetists

and investigators. Studies with incomplete or no blinding demonstrated a

larger estimate of effect, 0.74 (95% CI 0.47 to 1.00) compared to those with

full blinding, 0.13 (95% CI - 0.07 to 0.33).

Conclusions Although our analysis suggests RIPC may result in

cardiac protection during cardiac surgery, the effect was most marked in

studies without full blinding, with a smaller and statistically non-

significant effect in fully blinded studies. We propose that further double

blind randomized controlled trials investigating the cardioprotective

effects of RIPC in cardiac surgery are required to resolve the current clinical

uncertainty.
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Introduction

Remote ischaemic preconditioning (RIPC)

describes the phenomenon by which brief
periods of ischaemia in one tissue can protect

other tissues from subsequent prolonged ischae-

mic insults. It is simple to perform by inflation of
a blood pressure cuff on the upper or lower limb

to cause transient limb ischaemia. A number of

mechanisms for how this transient ischaemia pro-
vides protection to other tissues have been

postulated. These primarily operate through

humoral or neuronal pathways.1–3 The potential
utility of this non-invasive and inexpensive tech-

nique during cardiac surgery was first demon-

strated in 2006 when RIPC was found to reduce
postoperative troponin concentrations in children

undergoing open cardiac surgery.4

Other studies have found that RIPC reduces
postoperative troponin levels in adult patients fol-

lowing coronary artery bypass graft (CABG)

surgery5–8 and percutaneous coronary interven-
tion.9 Such was the enthusiasm for RIPC, that in

2009 it was described as potentially the ‘best

hope for myocardial protection in cardiac
surgery’.10 Within a year following this statement,

however, two comparatively large trials failed to

demonstrate significant cardiac protection
through the use of RIPC in CABG surgery.11,12

In this systematic review and meta-analysis we
investigate the efficacy of RIPC in providing

cardiac protection in open cardiac surgery and

the factors that might influence any effect.

Methods

Search strategy

Studies investigating the effect of RIPC on
postoperative troponin in cardiac surgery patients

were identified from the following databases,

search date 7th of April 2011: MEDLINE 1950 to
present with daily update, MEDLINE pending,

OLDMEDLINE, EMBASE and Cochrane Central

Register of Controlled Trials via OVID. The follow-
ing key words were combined by OR: condition$,

precondition$, pre-condition$, ischaemi$, ischemi$.

The resulting papers were then combined by
AND with the keyword remote. Duplicates were

removed and the reference lists of all relevant

studies were examined.

Inclusion and exclusion criteria

Paper titles, abstracts and, if necessary, the full text

were reviewed. For inclusion, studies had to be
randomized controlled trials (RCTs) in humans

undergoing open cardiac surgery. The partici-

pants had to be randomized to receive either
RIPC (via the inflation of a blood pressure cuff

on the upper or lower limb) prior to expected

ischaemic damage during surgery or no RIPC.
The outcome measures had to include a measure-

ment of troponin concentration, which was taken

at any time following surgery. There was no
restriction on language. Conference proceedings

in which the authors were not contactable for

further information were excluded.

Data extraction

Data was extracted from the text, tables or
graphs. Contact was made with authors to

request further information if needed. Wagner

et al.7 and Rahman et al.12 presented published
data as medians, and at our request, supplied

means and standard deviation data. If information

on blinding of patients, anaesthetists, surgeons
and investigators was not completely reported,

an attempt was made to contact the authors for

clarification. Two authors (JP and MW) indepen-
dently extracted the data with differences resolved

by negotiation.

Statistical methods

The primary outcome variable was the troponin

concentration 12 hours after surgery. Secondary
outcome measures were postoperative troponin

concentration at 6–8 hours and 24 hours, the

area under the curve troponin to 72 hours after
surgery, and mortality.

Meta-analysis used the inverse variance

weighting method for standardized mean differ-
ence with bias correction for small samples.13

Homogeneity statistics and the I-squared statistic

were calculated for each analysis.14 Publication
bias was examined through funnel plots and

formal tests of publication bias. The standardized

mean difference was chosen as the metric for
meta-analysis because of the variable concen-

tration of expected troponin release with different

types of cardiac surgery,15,16 as well as
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incomparability between differing troponin
assays.17 The standardized mean difference can

be interpreted as the number of standard devi-

ations difference between active and control treat-
ment. Fixed effects meta-regression18 was

planned, if statistically significant heterogeneity

was identified, based on the following study
level co-variates: CABG versus other types of

cardiac surgery, adult versus infant surgery,

measurement of troponin I versus troponin T,
and full blinding versus incomplete blinding.

Full blinding was defined as blinding of patients,

anaesthetists, surgeons and investigators. All
other studies were defined as incompletely

blinded, including those that did not report any

blinding. For completeness we calculated
random effects estimates although our intention

was to explain, if possible, heterogeneity through
the fixed effects meta-regression.

Results

Systematic review

The OVID search identified 224 papers of which

nine met the criteria for inclusion in the meta-

analysis (Figure 1).4–8,11,12,19,20 An additional
paper,21 not available via OVID, was sourced by

examining the reference lists of relevant papers,

and translated from Chinese to English. A total
of 693 participants were included in the 10

papers (Table 1). All studies reported randomiz-

ation of their participants, with five describing
this to be computer generated6,7,11,12,19 and one

Figure 1

PRISMA statement for inclusion of studies for meta-analysis
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via a random numbers table.5 Three studies
described exclusion of participants following ran-

domization.7,8,11 The majority of studies involved

CABG surgery,5–8,11,12 of which two included con-
current valve surgery.6,7 Two studies investigated

RIPC in valve replacement without CABG19,21

and two involved paediatric cardiac surgery.4,20

With the exception of Hong et al.,11 all studies

involved cardiopulmonary bypass. Various forms

of cardioprotection including cross clamp fibrilla-
tion, cold blood cardioplegia, and crystalloid

cardioplegia were used in the included studies.

Authors chose to time blood tests in relation to
hours after cardiopulmonary bypass,4 cross

clamp removal,19,21 reperfusion12 and end of

surgery.5–8,11,20

Study and patient characteristics hypothesized

to affect the efficacy of RIPC and/or postoperative

troponin are shown in the online supplement
tables S1 and S2. Liu et al.21 reported a significant

difference between treatment and control groups,

with cardiopulmonary bypass time following
aortic cross clamp release in their RIPC group to

be 43 minutes compared to 66 minutes in their

control group (P< 0.05). The mean concentrations
of troponin varied by assay (as demonstrated in

online supplement table S3).
The studies had varied exclusion criteria

regarding cardiac ischaemia prior to surgery

(demonstrated in online supplement S1). Six
studies excluded patients who had unstable

angina.5–8,11,12 Other exclusion criteria involved

a history of myocardial infarction in the seven
days,7,11 four weeks6 or 30 days prior to

surgery.12 Thielmann et al.8 excluded all subjects

with myocardial infarction in the previous two
weeks or a baseline troponin I measurement of

over 0.1 ng/mL, to avoid the inclusion of patients

with unrecognized acute coronary syndrome. All
of the other studies involving adult patients

measured baseline troponin, and did not report

levels as indicative of preoperative acute coronary
syndrome.5–7,11,12,19,21

Four studies blinded the patient, investigators,

surgeon and anaesthetist.4,11,12,19 Blinding can be
performed by inflation of the blood pressure cuff

next to the patient’s limb on the operating table

in the control group, visually obscured by surgical
drapes. In the six studies classified as incomple-

tely blinded, this was due to lack of blinding of

the anaesthetist,8 anaesthetist and investigators,5,6

patients,7 parents of infants undergoing surgery20

and lack of reporting of any blinding.21

Primary outcome

RIPC significantly reduced the concentration of

postoperative troponin at 12 hours after surgery

(Figure 2). Fixed effect and random effect standar-
dized mean differences with RIPC were, respect-

ively, 0.35 (95% CI 0.19 to 0.51) and 0.53 (95% CI

0.18 to 0.88). The homogeneity statistics were sig-
nificant at P< 0.001 and the I-squared statistic

was correspondingly large: 78.4 (95% CI 59.3 to

88.6).
The fixed effects meta-regression found hetero-

geneity was mostly explained by the difference
between incompletely blinded (n= 5) and fully

blinded trials (n= 4), P< 0.001 (Figure 3). The

point estimate for fully blinded trials was 0.13
(95% CI -0.07 to 0.33) and for partially blinded

trials was 0.74 (95% CI 0.47 to 1.0). The blinded

trials were homogenous (P= 0.58), however there
was evidence of heterogeneity within the group of

unblinded trials (P< 0.001), with the very large

estimate of effect for the Liu et al. study21 contribut-
ing substantially to theheterogeneity.Heterogeneity

was not explained by fixed effects meta-regression

for CABG versus non-CABG surgery, troponin T
versus I measurement, or child versus adult

(Table 2). There was weak evidence of publication

bias, P= 0.06, on formal testing, although inspec-
tion of the funnel plot suggested this was due to

the outlying effect of the study by Liu et al.21

Secondary outcomes

RIPC significantly reduced the troponin at the

other time points following surgery (for figures
refer to S4, S5 and S6 of the online supplement).

At 6–8 hours after surgery fixed effect and

random effect standardized mean differences
with RIPC were, respectively, 0.42 (95% CI 0.26 to

0.59) and 0.56 (95% CI 0.27 to 0.86). At 24 hours

after surgery, fixed effect and random effect stan-
dardised mean differences with RIPC were,

respectively, 0.29 (95% CI 0.13 to 0.45) and 0.59

(95% CI 0.16 to 1.01). For the 72 hour area under
the curve, postoperative troponin fixed effect and

random effect standardized mean differences

with RIPC were, respectively, 0.45 (95% CI 0.24 to
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0.67) and 0.49 (95% CI 0.23 to 0.75). Homogeneity

statistics were significant for troponin at 6–8
hours (P= 0.003) and 24 hours (P< 0.001),

but not for area under the curve to 72 hours

(P= 0.21).
The fixed effects meta-regression for the 6–8

and 24 hour postoperative troponin concen-

trations are presented in Table 2. Whether
studies were fully or incompletely blinded

explained heterogeneity. In the 6–8 hour troponin

measurements the resulting fully blinded and
incompletely blinded groups had no heterogen-

eity within them.

Recorded mortality rates were low with only
one death reported in one study.12 No deaths to

30 days were reported in three studies,8,12,19 no

deaths were reported during the postoperative

course in one study11 and no deaths within six

months of discharge in another.20 Mortality was
not reported in the other studies.

Other outcome measures

Zhou et al.20 found postoperative creatinine

phosphokinase (CK), CK-MB and lactate dehydro-
genase (LDH) to be statistically significantly

reduced with RIPC. Liu et al.21 also reported a sig-

nificant reduction in postoperative CK-MB with
RIPC. There are two studies of RIPC in open

cardiac surgery that did not select postoperative

troponin concentration as an outcome measure.
They were therefore ineligible for meta-analysis.

The first study involved eight patients undergoing

CABG surgery with cardiopulmonary bypass and

Figure 2

Forest plot for mean postoperative troponin at 12 hours following surgery demonstrating pooled analysis

favours remote ischaemic preconditioning. Individual trial and pooled estimates with the size of the

boxes on the forest plot inversely proportional to the size of the variance of the study estimates so that

more precise studies have larger boxes
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reported that postoperative CK and CK-MB were

not significantly different between control and

treatment groups.22 It was found that LDH was
significantly increased in patients with RIPC,

which the authors suggested could be due to pro-

tection by increased anaerobic glycolysis. The

second study, involving 100 patients, demon-
strated that CK-MB was significantly reduced by

Figure 3

Combined forest plot for mean postoperative troponin at 12 hours following surgery demonstrating

pooled results from the grouping of trials as fully blinded and incompletely blinded. The size of the boxes

on the forest plot is inversely proportional to the size of the variance of the study estimates so that more

precise studies have larger boxes

Table 2

Meta-regression to explain potential sources of heterogeneity

Potential

heterogeneity source

6–8 hour 12 hour 24 hour

Fully blinded versus

non-fully blinded

Significance Yes (P< 0.001) Yes (P< 0.001) Yes (P< 0.001)

Heterogeneity

within groups

No (P = 0.37 and 0.2

for fully blinded and

partially blinded

trials respectively)

Yes (P= 0.001) Yes (P< 0.001)

CABG versus

non-CABG

Significance Yes (P= 0.037) No (P= 0.91) No (P= 0.29)

Heterogeneity

within groups

Yes (P= 0.009) N/A N/A

Troponin T versus I Significance Yes (P= 0.013) No (P= 0.96) No (P= 0.17)

Heterogeneity

within groups

Yes (P= 0.019) N/A N/A

Child versus adult Significance No (P= 0.37) No (P= 0.23) No (P= 0.38)

Heterogeneity

within groups

N/A N/A N/A

N/A: Not applicable
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RIPC at 8, 16, 24 and 48 hours following CABG
surgery with cardiopulmonary bypass.23

Inotrope support was also used as an outcome

measure in some of the studies. It was found to be
statistically significantly reduced following RIPC

in the two infant studies.4,20 It was also investi-

gated in the studies by Theilmann,8 Rahman12

and Li et al.,19 in which no significant differences

between the control and treatment groups were

reported.
The impact of RIPC on postoperative renal

function has also been investigated. Theilmann

et al.8 found RIPC patients to have lower
postoperative peak creatinine, however there was

no significant difference detected in individual

measurements taken at various points over the
72 hours following surgery. Rahman et al.12 were

unable to detect any impact on creatinine, dialysis

requirements, urine albumin-creatinine ratio or
alpha microglobulin levels.

In infants, RIPC was demonstrated to have an

effect on airway resistance,4 lung compliance
and respiratory index.20 Rahman et al.12 found

no difference in partial pressure of oxygen to frac-

tion of inspired oxygen ratio following RIPC in
adults.

Key excluded studies of interest and

unpublished data

Zhou et al.20 reported an analysis of unpublished

data of RIPC in adult patients undergoing valve
replacement surgery in which ‘heart protective

effects’ were not detected. A conference proceed-

ing from 2009 reported an RCT of RIPC involving
40 patients undergoing elective CABG.24 Troponin

T was found to be significantly reduced at 6, 24

and 48 hour following surgery with RIPC. Stan-
dard deviations or other measures of variability

were not reported and we were unable to contact

the authors.

Discussion

Main findings

This systematic review and meta-analysis has

shown that RIPC significantly decreased

postoperative troponin concentration following
open cardiac surgery. However, there was statisti-

cal heterogeneity between studies which was

partly explained by the degree of blinding.

Blinded studies demonstrated a smaller effects
size and no statistically significant effect of RIPC

on troponin concentrations. As a result, uncer-

tainty persists regarding the presence or magni-
tude of any protective effect of RIPC in cardiac

surgery.

The use of troponin as an outcome

measure

The majority of RIPC studies in cardiac surgery

have used postoperative troponin as their primary
outcome measure.5–8,11,12,19,21 In support of this

approach, the magnitude of troponin release fol-

lowing cardiac surgery has been associated with
an elevated risk of mortality at 30 days and six

months following CABG surgery.16,25 The magni-

tudes of troponin release following valvular16 and
paediatric surgery26 have also been independently

associated with mortality. In addition, raised tropo-

nin has been associated with increased major
adverse cardiac events (MACE).27 However, the

minimum clinically important increase in troponin

after cardiac surgery has not been clearly estab-
lished, particularly as troponin concentrations fol-

lowing cardiac surgery vary with both the type of

surgery15,16 and troponin assay used.17 This
creates difficulty in interpreting how the magni-

tude of the reduction in troponin observed in our

study might influence other clinically important
outcomes such as morbidity and mortality.

Factors influencing outcomes

There was statistical evidence of heterogeneity in
the analysis of troponin measurements at 6–8, 12

and 24 hours after surgery. Blinding in the

studies was the only factor we identified that at
least partly explained heterogeneity at 6–8, 12

and 24 hours following surgery. This is consistent

with previous work demonstrating that in RCTs
blinding results in smaller estimates of treatment

effect.28 It is unknown how blinding could influ-

ence an outcome based on an automated measure-
ment of troponin; however, it may represent a

surrogate measure of other aspects of study

quality. For example, unblinded studies may
have had other systematic attributes associated

with clinical care, which inadvertently favoured

the treatment group.
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We examined the study level co-variates of
adult versus child surgery, troponin I versus

troponin T measurement and CABG versus

non-CABG surgery, and were unable to demon-
strate that heterogeneity was explained by these

factors. A number of other factors that could con-

found the association between RIPC and outcome
could not be analyzed in this meta-analysis due to

lack of individual patient data. These include

factors that may affect RIPC efficacy, such as
age,29 hypertension,29 preoperative cardiac ischae-

mia,30 or medications such as glibenclamide31 or

volatile anaesthetics.32 Factors affecting troponin,
including the European System for Cardiac Operat-

ive Risk Evaluation Score (EUROSCORE),33 type of

surgical procedure15,16 and cardiopulmonary
bypass time 33 could also influence the trial results.

Outcome could also relate to RIPC method-

ology, including the number of cycles, length of
cycles, application to the upper verses lower

limb and the timing of RIPC prior to surgery. A

number of studies did not document the time
between RIPC and events where cardiac injury is

likely, such as cardiopulmonary bypass or cross

clamp removal. There is clinical evidence to
suggest there are two potential windows for pre-

conditioning, with an initial window of protection
within hours and a second within days.34 This late

effect was investigated by Wagner et al.7 who

demonstrated a reduction in postoperative tropo-
nin concentration following administration of

RIPC 18 hours prior to surgery.

Authors had variable definitions for when the
timing of postoperative bloods were taken,

ranging from hours after completion of cardiopul-

monary bypass4 to the end of surgery.5–8,11,20 We
have reported all of these measures as ‘time from

surgery’ in this review, and acknowledge that vari-

ation in the time point at which they were taken
from may have caused variability in results.

There was some evidence of publication bias in

formal tests, suggesting that the meta-analysis
may be biased in favour of RIPC because of publi-

cation of small positive studies. The formal test

used for publication bias was a correlation test
which was strongly influenced by the outlying

study of Liu et al.21 and may have been unreliable

in this setting. Simple inspection of the funnel
plots did not suggest strong evidence of publi-

cation bias. Overall, however, the estimate of the

effect of RIPC is likely to be biased upwards.

We limited the analyses to 6–8, 12, 24 hour
measurements, and 72 hour area under the

curve. This may have still had the effect of inflat-

ing the Type I error rate for individual analyses.
If the individual patient data were available, a

pooled analysis based on the area under the

curve may give a more useful summary of the
overall effect of the treatment as well as increase

the statistical power to detect heterogeneity in

this particular outcome variable.

Implications for future trials

Further RCTs are warranted. It is important that,
where practical, double-blind study design is

implemented in future trials of RIPC in cardiac

surgery and other surgical or medical situations.
In addition the potential influence of factors such

as statin use, cardiopulmonary bypass time and

timing of RIPC application should be considered
in the design and analysis of future trials.

Conclusions

This systematic review and meta-analysis demon-

strated a statistically significant reduction in 12

hour postoperative troponin concentration follow-
ing RIPC in open cardiac surgery. However, there

was heterogeneity partly explained by whether

studies were blinded or not, with partially or
non-blinded studies having a considerably

higher estimate of effect, while fully blinded

studies had a smaller estimate of effect which
was not statistically significant. We propose that

further double-blind RCTs investigating the cardi-

oprotective effects of RIPC in cardiac surgery are
required to resolve the current clinical uncertainty.
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