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Abstract

Aims: To establish the cardioprotective effect of remote ischaemic preconditioning (RIPC) in patients under-
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Methods and results: Pubmed (MEDLINE), Cochrane and Embase were systematically searched for ran-
domised controlled trials of RIPC in patients undergoing PCI. Periprocedural myocardial infarction (PMI)
was the primary endpoint (defined as troponin elevation >3 times upper reference limit) and C-reactive pro-
tein (CRP) was a secondary endpoint. Five studies with 731 patients were included. The median age of the
patients was 62 (59-68) years old, 25% were female (23-33), 29% (25-33) had diabetes mellitus, and 26.5%
(19-31) presented with multivessel disease. RIPC significantly reduced the incidence of PMI (odds ratio: 0.58
[0.36, 0.93]; > 43%), with a greater benefit when performed using the lower limb (0.21 [0.07-0.66]) com-
pared to the upper limb (0.67 [0.46-0.99]). This reduction was enhanced for patients with multivessel disease
(beta —0.05 [-0.09;-0.01], p=0.01) and with type C lesion (beta —0.014 [-0.04;—0.010], p=0.01) and did not
vary according to age, female gender, diabetes mellitus, use of beta-blockers and of angiotensin converting
enzyme inhibitors. Absolute risk difference was —0.10 [-0.19, —0.02], with a number needed to treat of 10
[6-50] patients to avoid one event. CRP —0.69 [-1.69, 0.31] was not significantly reduced by RIPC.

Conclusions: RIPC reduced the incidence of PMI following PCI, especially when performed in the lower

limb and for patients with multivessel disease and complex lesions.
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Introduction

Reperfusion injury occurs at the time of restoration of blood flow
following lethal ischaemia and leads to the generation of superox-
ide radicals. The free radicals promote oxidative stress, endothelial
cell dysfunction and release of pro-inflammatory cytokines. Remote
ischaemic preconditioning (RIPC) antagonises these deleterious
effects through induction of intracellular kinase and subsequent
modification of mitochondrial function within the cells, via open-
ing of ATP-sensitive potassium channels and closure of mitochon-
drial permeability transition pores!''?. In animal models, intermittent,
brief ischaemia in a remote organ has been shown to reduce myo-
cardial infarct size when applied immediately before or during the
onset of coronary ischaemia, as well as during reperfusion'’.

These experimental data have been translated first into clinical prac-
tice for patients undergoing cardiac surgery, especially coronary artery
revascularisation. Two recent meta-analyses'>!> have shown that RIPC
reduced the release of troponin after coronary artery bypass grafting
(CABG). Moreover, a recent randomised clinical trial'* has demon-
strated a reduction in terms of death for patients undergoing CABG.

Potential benefits of RIPC have also been tested in the setting of
percutaneous coronary intervention (PCI). RIPC reduced troponin
release for patients presenting with ST-segment elevation myocardial
infarction', while for patients with stable angina contrasting results
are reported, from a reduction'® of periprocedural myocardial infarc-
tion (PMI) to a neutral effect'”. Similarly, these trials also evaluated
RIPC to reduce C-reactive protein (CRP)'*!°, which has been shown
to be related to the presence and severity of periprocedural myocar-
dial infarctions, without homogenous results. Release of pro-inflam-
matory cytokines plays a pivotal role in ischaemia-reperfusion injury
(IRI) cascade. Parenchymal damage and instability of subcritical
plaques other than the target lesion are two potential consequences of
the iatrogenic inflammatory stimulus during percutaneous coronary
intervention. Large prospective studies have affirmed high-sensitiv-
ity CRP as being a relevantrisk factor in the development of unstable
atherosclerotic plaques. As outlined in recent European guidelines
about cardiovascular disease prevention, specific therapeutic strate-
gies targeting circulating CRP are still lacking. We would like to
prove RIPC as a ground-breaking treatment to prevent IRI. CRP may
thus represent a useful marker of the effectiveness of preconditioning
techniques. Moreover, RIPC recently showed an impressive positive
result for acute kidney injury®.

Thus a meta-analysis was performed to pool available evidence
about the potential cardioprotective role of RIPC in reducing

periprocedural myocardial infarction.

Methods

DATA SEARCH

Pubmed (MEDLINE), Embase and Cochrane databases were
searched using terms such as “ischaemic preconditioning or remote
ischaemic (or ischaemic) preconditioning”, “percutaneous coro-
nary intervention or PCI”, according to optimal search strategies?!.
Moreover, abstract sites for the ESC, TCT, AHA, and ACC were

also searched for abstracts of unpublished studies.

The references quoted in the articles included were also reviewed,
and no language restriction was performed. All corresponding
authors of shortlisted studies were directly contacted for additional
data and invited to participate in data analysis and interpretation, as
well as suggestions for additional studies.

STUDY SELECTION
Randomised controlled trials which evaluated the effect of RIPC
against a control population of patients undergoing PCI were
selected. Inclusion criteria were: i) patients undergoing PCI, and ii)
evaluation of PMI or reactive CRP levels as endpoint. Exclusion
criteria were: i) animal studies, ii) non-randomised clinical studies.
Three investigators (GBZ, EC, FDA) independently reviewed
titles, abstracts, and the full texts as needed, to determine whether
studies met inclusion criteria. Conflicts between reviewers were

resolved through re-review and discussion.

VALIDITY ASSESSMENT

The quality of included trials was explored according to Cochrane,
PRISMA and QUORUM statements*>?*. Methods to obtain sam-
ple size, selection bias (allocation and random sequence genera-
tion), performance bias (blinding of participants and personnel),
detection bias (blinding of outcome assessment ) and attrition bias
(incomplete outcome data) were assessed and graphically
described.

DATA EXTRACTION, STUDY CHARACTERISTICS AND
ENDPOINTS
Three authors (GBZ, EC, FDA) independently abstracted data on
study design, setting, RIPC protocols, and age, gender, patients
with diabetes mellitus and with diagnosis of multivessel disease.
The rate of PMI was the primary endpoint, while absolute values
of CRP after PCI and rates of MACE (major adverse cardiac events)
at follow-up were the secondary ones.

QUANTITATIVE DATA SYNTHESIS
Random effects models were exploited to compute the odds ratio
and risk difference for periprocedural myocardial infarction. The
number needed to treat was reported as 1/absolute risk difference.
Fixed effects models were also tested, and their results reported
only if different from random effect.

Using event rates as a dependent variable, a meta-regression was
performed to test whether there was an interaction between baseline
clinical features (age, female gender, diabetes mellitus and multi-
vessel disease) and rates of periprocedural myocardial infarction.

Hypothesis testing for statistical homogeneity was set at the two-
tailed 0.10 level and based on Cochran’s Q test, with I? values of 25%,
50%, and 75% representing, respectively, mild, moderate, and exten-
sive statistical heterogeneity. Funnel plots were explored to identify
small study biases by the Duval and Tweedie trim and fill method.
Statistical analyses were performed with Review Manager 4.2.4
(Windows; Microsoft, Redmond, WA, USA), and Comprehensive
Meta-Analysis (CMA; Biostat, Inc., Englewood, NJ, USA).



Results
A total of 294 citations were initially screened, and appraised
using the abstracts; nine articles were selected, among which four
were excluded, because of not evaluating clinical endpoints!®20-2425
(Figure 1). Finally, five studies were included in our analysis'®!7262,
Seven hundred and thirty-one patients were randomised to
remote ischaemic preconditioning or control. Their median age was
62 (59-68) years old, 25% were female (23-33), 29% (25-33)
reported a diagnosis of diabetes mellitus, 81% (78-82) were treated
with beta-blockers and 56% (51-62) with angiotensin converting

294 records identified 1 record identified through
through database searching other sources
9 full texts assessed for 4 studies were excluded
eligibility because of not evaluating
iL clinical endpoints
5 studies included in
quantitative analysis

Figure 1. Profile of the review.

Table 1. Main features of patients of included studies.

Remote ischaemic preconditioning in PCI

enzyme inhibitors; 26.5% (19-31) of patients presented with multi-
vessel disease and 39.5% (31-52) with a type C lesion (Table 1).

The protocol of RIPC was similar, with only one study using the
lower limb*, and the definition of periprocedural myocardial
infarction was consistent among studies, i.e., an increase of tro-
ponin greater than three times the 99" percentile URL (Table 2).

RIPC significantly reduced the incidence of PMI (0.58 [0.36,
0.93]; I 43%, Figure 2), with an increased benefit when performed
at the lower limb (0.21 [0.07-0.66]) compared to the upper limb
(0.67 [0.46-0.99]) (Figure 3). This reduction was enhanced for
patients with multivessel disease (beta—0.05 [-0.09;-0.01], p=0.01)
and with type C lesion (beta —0.014 [-0.04;-0.010], p=0.01) and
did not vary according to age (beta 0.06 [-0.03;0.17], p=0.19),
female gender (beta —0.03 [-0.06;0.009], p=0.14), diabetes mellitus
(beta—0.03 [-0.07;0.005], p=0.09), use of beta-blockers (beta —0.05
[-0.15;0.05], p=0.35) and use of angiotensin converting enzyme
inhibitors (beta 0.01 [-0.02;0.04], p=0.47, Figure 4, Figure 5).
Absolute risk difference was —0.10 [-0.19, —0.02], with a number
needed to treat of 10 [6-50] patients to avoid one event.

RIPC did not significantly reduce global release of CRP (OR
-0.69 [-1.69, 0.31]) (Figure 6) or MACE after a follow-up of 12
(1-42) months (Figure 6), although a significant difference was
noted in the study with the longest follow-up.

Nump e T Dlah!_ates Clinical indications | Beta-blockers Angl_otensm Multivessel | Type C lesion
patients gender | mellitus for PCI n (%) converting enzyme dissase 1 (%) 0 (%)
(active:control) ° inhibitors n (%) y °
Ahmed, 13 17:72 54+7 20 (13) 77 (52) Elective PCI 65 (81) 44 (55) 34 (25) 22 (15)
Ghaemian, 13 40:40 61+8 42 (51) 29 (36) Elective PCI 36 (45) 62 (77)
Hoole, 09 104-98 62+9 44 (25) 44 (22) Elective PCI 160 (80) 149 (74) 34(17) 70 (36)
Luo, 13 101:104 60+8 49 (25) 57 (27) Elective PCI 169 (83) 139 (57) 57 (28) =
Prasad, 12 47:48 66+11 16 (17) 26 (27) Elective PCI 65%, 70 (73) 38 (38) 18 (17) 42 (43)
unstable angina 35%

Table 2. Procedural features of included studies.

S Time between RIPC Definition of periprocedural Region of Period of
Protocol of preconditioning S . . .
and PCI myocardial infarction recruitment recruitment
Ahmed, 13 Three cycles of alternating 5 min inflation and Immediately before An increase of cTnT greater than 3 times Asia March-November
5 min deflation of a standard upper-arm PCI the 99™ percentile URL 2012
blood-pressure cuff to 200 mmHg
Ghaemian, 13 | 2 cycles of lower-limb ischaemia and 45 minutes afterend | An increase of ¢cTnT greater than Asia 2009-2009
reperfusion, using a 15 cm-wide lower-limb of RIPC protocol 3 times the 99" percentile URL
tourniquet placed over the patient’s upper thigh
contralateral to the femoral puncture site
Hoole, 09 Three cycles of alternating 5 min inflation and 60 minutes after start | An increase of cTnT greater than 3 times Europe July 2006 -
5 min deflation of a standard upper-arm of RIPC protocol the 99 percentile URL November 2007
blood-pressure cuff to 200 mmHg
Luo, 13 Three cycles of alternating 5 min inflation and Less than An increase of cTnT greater than 3 times Asia March 2012 -
5 min deflation of a standard upper-arm 120 minutes after the 99™ percentile URL August 2012
blood-pressure cuff to 200 mmHg start of RIPC protocol
Prasad, 12 Three cycles of alternating 3 min inflation and An increase of ¢TnT greater than 3 times | North America November 2006 -
3 min deflation of a standard upper-arm the 99" percentile URL November 2008
blood-pressure cuff to 200 mmHg
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RIPC Control

Study or Subgroup Events Total Events Total Weight

Ahmed, 13 6 77 12 72 14.3%
Ghaemian, 12 5 40 16 40 12.7%
Hoole, 09 24 104 22 98 24.7%
Luo, 13 39 101 57 104 28.6%
Prasad, 12 19 47 22 48 19.7%
Total (95% CI) 369 362 100.0%
Total events 93 129

Heterogeneity: Tau?=0.12, Chi?=7.02, df=4 (p=0.13); 1?=43%
Test for overall effect: Z=2.26 (p=0.02)

Odds ratio Odds ratio
IV, Random, 95% ClI IV, Random, 95% CI
0.42[0.15, 1.19] e
0.21[0.07, 0.66] —_—
1.04 [0.54, 2.00] —_—
0.52[0.30, 0.90] —a—
0.80[0.36, 1.811 —
0.58 [0.36, 0.93] <P
— | |
0.05 0.2 1 5 20
RIPC Control

Figure 2. Pooled analysis of periprocedural myocardial infarction according to randomisation group.

As shown in panel A of Figure 7, publication bias towards posi-
tive studies may be present, but Duval and Tweedie’s trim and fill
showed significant reduction both for observed and adjusted meth-
ods. Moreover, risk of bias was small (Figure 7, panel B).

Discussion
To the best of our knowledge this is the largest meta-analysis dem-
onstrating, for the first time, a cardioprotective effect of RIPC dur-
ing non-emergent PCIL.

RIPC significantly reduced PMI with an estimated 10 patients
needed to be treated to avoid one adverse event. Reduction of

periprocedural myocardial infarction was increased for patients
with multivessel disease. These observations are consistent with the
benefit of RIPC we have recently reported in a meta-analysis of
studies among patients with diffuse coronary disease undergoing
surgical revascularisation'?, highlighting the concept that positive
effects of preconditioning may be more relevant and easier to detect
in patients with a larger amount of cardiac damage. This may
account for the fact that some investigations with a small sample
size and in relatively low-risk patients'®!” (i.e., low frequency
of diabetics and multivessel disease) did not demonstrate a ben-
efit of RIPC on PMI. An interesting and hypothesis-generating

RIPC Control Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Lower limb
Ghaemian, 12 5 40 16 40 12.7% 0.21[0.07, 0.66] —-
Subtotal (95% Cl) 40 40 12.7% 0.21[0.07, 0.66] -~
Total events 5 16
Heterogeneity: not applicable;
Test for overall effect: Z=2.67 (p=0.008)
1.4.2 Upper limb
Ahmed, 13 6 77 12 72 14.3% 0.421[0.15, 1.19] —_—
Hoole, 09 24 104 22 98 24.7% 1.04[0.54, 2.00] —
Luo, 13 39 101 57 104 28.6% 0.52[0.30, 0.90] —
Prasad, 12 19 47 22 48 19.7% 0.801[0.36, 1.81] N S
Subtotal (95% CI) 329 322 87.3% 0.67[0.46, 0.99] <P
Total events 88 113
Heterogeneity: Tau?=0.02; Chi?=3.44, df=3 (p=0.33); 1°=13%;
Test for overall effect: Z=2.01 (p=0.04)
Total (95% CI) 369 362 100.0% 0.58[0.36, 0.93] N
Total events 93 129
Heterogeneity: Tau?=0.12; Chi?=7.02, df=4 (p=0.13); 1?=43%; | | | | | |
Test for overall effect: Z=2.26 (p=0.02); 01 02 05 1 2 5 10
Test for subgroup differences: Chi?=3.53, df=1 (p=0.06); 1°=71.7% RIPC Control

Figure 3. Pooled analysis of periprocedural myocardial infarction according to site or RIPC.
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Figure 4. Meta-regression of clinical variables on reduction of periprocedural myocardial infarction (no significant interaction was noted).
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Figure 5. Meta-regression of clinical variables on reduction of periprocedural myocardial infarction (significant interaction with multivessel

disease and lesion type C).
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Z Study or Experimental Control Std mean difference Std mean difference
E Subgroup Mean SD Total Mean SD Total Weight IV, random, 95% ClI IV, random, 95% CI
§' Ahmed, 13 56 7.2 77 6.64 1035 72 33.7% -0.12[-0.44,0.20]
§ Hoole, 09 1.9 53 104 2.1 6.8 98 34.1% -0.03[-0.31, 0.24]
g Prasad, 12 5 1 47 7 1 48  32.2% -1.98[-2.48,-1.49]
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= Test for overall effect: Z=1.35 (p=0.18) Favours experimental ~ Favours control
Study or Experimental Control Odds ratio Odds ratio
Subgroup Events Total Events Total Weight IV, random, 95% Cl IV, random, 95% CI
Ghaemian, 12 4 40 2 40 24.5% 2.11[0.36, 12.24] — | -
Hoole, 09 4 95 13 97 37.4% 0.2810.09, 0.91] —
Prasad, 12 7 47 7 48 38.1% 1.021[0.33, 3.19] —
Total (95% Cl) 182 185 100.0% 0.76[0.25, 2.30] f
Total events 15 22 I | | |
Heterogeneity: Tau?=0.51; Chi’=4.27, df=2 (p=0.12); 1°=53%; 0.01 0.1 1 10 100
Test for overall effect: Z=0.49 (p=0.62) RIPC Control

Figure 6. Pooled analysis of CRP according to randomisation group (above). Pooled analysis of MACE according to randomisation group (below).

observation from our analysis is that the benefits of RIPC may be  theory is true, the lower limb, with its significantly larger bulk of
enhanced when ischaemia and reperfusion therapy is performed in  skeletal muscle, may confer maximal cardiac protection.
the lower limbs. This raises the question as to whether RIPC is an An alternative to RIPC is direct cardiac preconditioning. Laskey®

“all-or-nothing” or a dose-dependent phenomenon®. If the latter . demonstrated that direct ischaemic preconditioning performed in

A Funnel plot of standard error by log odds ratio
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Figure 7. A) Funnel plot describing risk of publication bias. B) Risk of bias percentages of studies with low, unclear or high risk of selection,
attrition, reporting and blinding bias are reported.

1468



the coronary vascular bed prior to PTCA by two 90-second cycles
of ischaemia induced by balloon inflations, separated by five min-
utes of reperfusion, significantly reduced post-procedural creatine
kinase elevation. However, direct preconditioning has the potential
disadvantage of inducing complications such as macro- or micro-
embolisation, ventricular arrhythmia or mechanical trauma to the
vessel. In contrast, RIPC represents a safe, quick and cost-effective
way to reduce PMIs, with a low number of patients needed to be
treated to avoid one event®. This is comparable to a recent trial of
statin use before PCI®!, showing that 10 patients given atorvastatin
were needed to reduce one event.

Although the cardioprotective mechanism of RIPC remains
incompletely understood, preconditioning has been postulated
to stabilise vulnerable plaques through platelet inhibition and
antithrombotic effects®?. Preclinical studies have shown that
humoral mediators such as adenosine and bradykinin or neurogenic
pathways probably play a crucial role in RIPC*. Also, endogenous
myocardial mediators such as erythropoietin, nitric oxide, delta
1-opioid, and free radicals are involved®*3>.

PMI can occur through a variety of mechanisms. A recent study
using magnetic resonance imaging for delayed enhancement with
gadolinium has shown that both impairment of flow in coronary
side branches and distal embolisation of atheromatous material
contribute to myocardial necrosis during PCI3**”. When substantial
elevations of CK-MB of troponin are recorded, side branch occlu-
sion though plaque shift is the most probable mechanism. On the
contrary, smaller increases in cardiac enzymes are more likely due
to microembolisation of thrombotic or atherosclerotic material.
Moreover, some studies advocate that the presence of an enhanced
inflammatory state could predispose patients to thrombosis as well
as vasospasm, playing a role in the microembolism mechanism?®*3°.
The lack of effect of RIPC on the CRP levels in our analysis sug-
gests that modulation of inflammation may not be the predominant
mechanism of action of preconditioning.

The majority of PMI, especially when measured with a sensitive
biomarker such as troponin, probably represent a marker of athero-
sclerotic burden and procedural complexity. Nevertheless, large
PMI are likely to affect prognosis, and strategies to limit them are
worth pursuing®. The Joint ESC/ACCF/AHA/WHF Task Force
Universal definition of Myocardial Infarction 20074 defined PMI
(type 4a) during PCI as an elevation of serum biomarkers (prefera-
bly cardiac troponins) above three times the 99" percentile upper
reference limit (URL) after PCI, in patients with a normal baseline
troponin value. Testa et al*! in a recent meta-analysis of 15 studies
incorporating 7,578 patients demonstrated that these patients were
at high risk of further adverse events both during the hospital stay
and at 18 months. However, the accuracy of these results was lim-
ited by the use in the included studies of troponin cut-off values
higher than the currently recommended 99" percentile. The inci-
dence of PMI in selected studies of our review was about 15-20%,
being higher in those studies with relevant rates of multivessel dis-
ease’?, i.e., with larger atherosclerotic disease and more complex

interventions. Recently, a revised universal definition of PMI has

Remote ischaemic preconditioning in PCI

been proposed®, although the selected threshold of >5x99" percen-
tile is, as acknowledged by the authors, arbitrary and without dem-
onstrated correlation with prognosis®. The studies included in our
study predated this definition and hence did not use it. Moreover, in
our pooled analysis, RIPC did not influence prognosis. This finding
should be confirmed in larger studies. Actually, the lower rates of
adverse events after a PCI for stable angina require a larger sample
size to drive a significant reduction; interestingly, the only positive

trial was the one with the longest follow-up.

Limitations

Our work has several limitations. First, a small number of studies
were included which enrolled a small sample size due to the rela-
tively recent interest in the clinical application of RIPC, which rep-
resented a limitation both for main analysis, and for meta-regression.
Moreover, there is a lack of economic interest in this procedure.
A second publication bias was noted towards positive effects, even
if Duval and Tweedie’s trim and fill produced a negative result. In
the included trials, overall quality was good, with a low risk of

blinding and of selection bias.

Conclusion

The preliminary data for RIPC are very encouraging. However,
confirmation in larger randomised multicentre studies that are
adequately powered to assess major clinical endpoints is required.
Unfortunately, the size of trials required to demonstrate benefits
in hard clinical endpoints makes mortality trials unlikely, neces-
sitating reliance on composite measures together with softer
endpoints.

Impact on daily practice

The potential applications of remote preconditioning span a wide
range of clinical situations targeting the heart, brain, kidney, and
liver. Owing to its easy delivery, its safety and cheapness, the pre-
conditioning treatment looks like an encouraging therapeutic tool
for various different clinical scenarios of ischaemia-reperfusion
injury syndromes. RIPC antithrombotic effects may be particu-
larly useful in cardiology to reduce periprocedural complications
of percutaneous interventions, especially periprocedural myocar-
dial infarction.
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