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Abstract

Background: Intervention of choice for reperfusion is percutaneous coronary intervention (PCI) in patients with coronary artery
disease (CAD), but it may have side effects; one of which is myocardial injury. Cardiac remote ischemic preconditioning (RIPC) can
potentially reduce these adverse effects, especially in patients with cardiovascular risk factors.
Methods: This study received ethics approval on November 29, 2017 (ethics code: HUMS.REC.1396.93; IRCT code:
IRCT20180306038978N1). It was performed on 240 patients (120 cases in the RIPC group and 120 cases in the control group).
The patients undergoing PCI were randomly assigned to the RIPC group (blood pressure cuff was inflated up to 200 mmHg for 30
minutes on the non-dominant arm, and then deflated for 5 minutes (reperfusion); it was repeated 2 more times (3 times in general)
or the control group (an uninflated cuff around the non-dominant arm). Cardiac troponin I (cTnI) was compared between the
healthy controls and diabetic patients before and after PCI.
Results: No significant difference was observed with regard to positive cTnI (P = 0.136). Positive cTnI was insignificantly higher in
the control group compared to the intervention group. However, the frequency of positive cTnI was significantly lower in diabetic
patients in the RIPC group compared to the controls (P < 0.001).
Conclusions: This study demonstrated that RIPC is beneficial in diabetic patients and reduces the release of cTnI after elective PCI
in these patients.
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1. Background

Both types of diabetes (type 1 and type 2) are risk
factors for ischemic heart disease and many studies, in-
cluding clinical trials and epidemiological studies, have
shown that myocardial infarction and post-infarct compli-
cations are more probable in diabetic patients (1, 2). On
the other hand, in these patients, especially type 2 diabetes,
atherosclerotic cardiovascular diseases occur much earlier
in life (3). Not only the risk of cardiovascular events is two-
to three folds higher in diabetics but also cardiovascular
diseases account for 80% of mortality in type 2 diabetes (4).

For most patients with coronary artery disease (CAD)
or ischemic heart disease (IHD), the treatment of choice is
reperfusion via percutaneous coronary intervention (PCI),
which can relieve coronary stenosis. Diabetic patients are
more vulnerable to CAD and will more probably require

PCI. However, PCI can lead to serious side effects such as
myocardial injury and increase in myocardial biomarkers
(biomarkers are increased by more than 3 times the nor-
mal reference value after intervention) (5). Therefore, it is
particularly important to find appropriate interventions
to prevent adverse outcomes and decrease myocardial in-
jury after PCI (6).

Recently, studies have reported that if a remote tissue
or organ undergoes brief cycles of ischemia followed by
reperfusion, this can prevent fatal injury due to ischemia-
reperfusion to the heart (7-9). Some recent meta-analyses
(10, 11) reported that remote ischemic preconditioning
(RIPC) significantly reduces the release of cardiac biomark-
ers after cardiac interventions in adults. Furthermore,
Thielmann et al. found improving outcomes and a re-
duction in mortality in patients receiving RIPC (12). On
the other hand, Hausenloy et al. showed that in patients
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who had undergone elective coronary-artery bypass graft
(CABG) with or without valve surgery, clinical outcomes
were not improved by RIPC (13).

2. Objectives

Thus, studies should be designed to evaluate the effects
of RIPC on the release of cardiac troponin I (cTnI) after elec-
tive PCI (12). As was mentioned earlier, diabetic patients are
more susceptible to IHD and more frequently require PCI;
therefore, the aim of our research was to investigate the ef-
fect of RIPC on patients with diabetes.

3. Methods

3.1. Participants

This single-blinded randomized clinical trial was con-
ducted from May 2017 to April 2018 in the Cardiology De-
partment of Bandar Abbas Shahid Mohammadi Hospital.
Indication for elective PCI was confirmed by a cardiolo-
gist. Inclusion criteria consisted of indication for PCI based
on clinical manifestations of patients, according to the
Canadian Cardiovascular Society (CCS) with angina pec-
toris grade II - IV; elective PCI for stenosis of at least one
coronary artery (> 75% occlusion in diameter); the location
of the stenosis according to the definition of ACC/AHA of A
or B lesions; age > 18 years; and informed consent to take
part in the study.

Exclusion criteria were as follows: emergency PCI, re-
nal dysfunction, high troponin levels before PCI (> 0.09
ng/mL), women of childbearing age, drug history of nico-
randil or glibenclamide, intolerance to aspirin or clopi-
dogrel, acute infection, inflammatory muscle diseases, di-
lated and hypertrophic cardiomyopathy, congenital mal-
formations associated with myocardial ischemia, includ-
ing congenital coronary stenosis or atresia, abnormal ori-
gin of the contralateral coronary sinus, abnormal origin
of left coronary artery, coronary artery fistula and my-
ocardial bridge, severe underlying diseases (severe dis-
ease, advanced cancers causing low life expectancy, severe
liver and kidney dysfunction, and rheumatic diseases),
rheumatic heart disease, coronary heart disease and heart
failure (NYHA grade III\IV), and rheumatic fever.

3.2. Study Design

The study received Ethics approval on November
29, 2017 (ethics code: HUMS.REC.1396.93; IRCT code:
IRCT20180306038978N1). The sample size included 240 pa-
tients and was determined based on previous studies with
α = 0.05 and β = 0.8. We evaluated two hundred fifty cases

who had an indication for elective PCI, confirmed by a car-
diologist. Ten patients were excluded regarding the inclu-
sion and exclusion criteria of the study.

Demographic data were recorded in a prepared ques-
tionnaire. The participants were randomly allocated to
two groups by means of random allocation software. Fi-
nally, two hundred forty patients took part in the study; 120
in the intervention group and 120 in the control group.

There are different protocols for RIPC. The protocol
used in this study was as follows: an hour before PCI, pres-
sure cuff was wrapped around the upper portion of the
non-dominant upper extremity of patients who were ran-
domly assigned to the RIPC group. In this study, RIPC con-
sisted of three 5-min cycles of pressure cuff inflation on
the non-dominant arm up to 200 mmHg (ischemia phase).
Between every two cycles the cuff was deflated for 5 min-
utes (reperfusion phase). Each patient in the IRPC group re-
ceived 3 cycles of ischemia-reperfusion. A deflated cuff was
placed on the non-dominant arm of patients in the control
group for 30 minutes and no inflation-deflation cycle was
performed. At least 6 hours before PCI 300 mg clopidogrel
and 300 mg aspirin were administered in all patients. Also,
after applying the artery access sheath, heparin bolus (70
to 100 U/kg) was administrated as anti-coagulant to reach
blood clotting time of more than 250 seconds. We did not
use IIb/IIIa glycoprotein antagonists. All patients received
75 mg aspirin for 4 weeks and 75 mg clopidogrel for one
year after receiving the embedded drug-coated stent. Be-
fore conducting a remote RIPC, a blood sample was taken
(in order to measure the baseline cTnI) and another blood
sample was taken 18 hours after PCI for measurement of
cTnI. All biochemical measurements were performed with-
out knowing the grouping of individuals. The cTnI was
measured using the highly-sensitive enzymatic kit manu-
factured by VIDAS. A cTnI more than 0.2 µg/L was consid-
ered positive, according to Braunwald’s Heart Disease text-
book.

3.3. Data Analysis

Data were analyzed using the SPSS software version 25.
Qualitative variables were compared using chi-square and
Fisher’s exact tests. To investigate the distribution nor-
mality of quantitative variables, the Kolmogorov-Smirnov
test was performed; variables without normal distribution
were compared using the Mann-Whitney test and those
with normal distribution were compared using Student’s
t-test. The significance level of P value was considered 0.05.

4. Results

This study was performed on 240 patients (120 patients
in the RIPC group and 120 patients in the control group).
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We found that the demographic features and past medical
history did not differ between the two groups (P > 0.05)
(Table 1). By evaluating laboratory findings, we did not find
a significant difference between the two groups in terms
of frequency of positive cTnI (P = 0.136); however, the per-
centage of positive cTnI after PCI was higher in the con-
trol group (7.5% vs 2.5%) (Table 2). The frequency of positive
cTnI was significantly lower in diabetic patients in the RIPC
group compared to the control group (P < 0.001) (Table 3).

Table 1. Anthropometric, Demographic, and Past Medical History Findings

Variables
Groups

RIPC (N = 120) Control (N = 120) P Value

Age, y 58.38 ± 12.34 57.82 ± 11.50 0.717

Sex (male), No. (%) 75 (62.5) 72 (60) 0.691

Height, cm 171.2 ± 6.32 171.65 ± 5.87 0.601

Weight, kg 70.38 ± 9.72 70.88 ± 9.66 0.79

BMI, kg/m2 23.94 ± 2.52 24.02 ± 2.77 0.865

Past medical history,
No. (%)

Hypertension 70 (58.3) 80 (66.7) 0.182

Diabetes 50 (41.7) 38 (31.7) 0.108

Hyperlipidemia 48 (40) 44 (36.7) 0.595

Smoking, No. (%) 50 (41.7) 48 (40) 0.793

Abbreviation: BMI, body mass index.

Table 2. Outcome Findings in Both RIPC and Control Patients

Positive cTnI, No. (%)
Groups

RIPC (N = 120) Control (N = 120) P Value

Before 0 0 -

After 3 (2.5) 9 (7.5) 0.136

Table 3. Outcome Comparison Among Diabetic Patients in Both Groups

Risk Factors Diabetics in the
RIPC Group

Diabetics in the
Control Group

P Value

Diabetes (N = 88) 0.018

Negative
cTnI after
PCI

49 (55.68) 34 (38.64)

Positive
cTnI after
PCI

1 (1.14) 4 (4.54)

5. Discussion

The results of this study showed that RIPC reduces the
release of cTnI after elective PCI in patients with diabetes.

Two studies on human subjects showed contradictory re-
sults. Xu et al. found that markers of myocardial injury are
decreased with RIPC but MI type IV-a and high-sensitivity
cTnI (hscTnI) were not affected in patients with CHD co-
morbid with diabetes mellitus (DM) who had drug-eluting
stent (DES) implantation (14). Moreover, Jensen et al. re-
ported that O-linked N-acetylglucosamine (O-GlcNAc) lev-
els involved in the resistance of insulin in muscle cells and
adipocytes are influenced by humoral agents; cardiopro-
tection is mediated by RIPC and is chronically activated in
the myocardium of diabetic patients, which prevents the
myocardium from more protection caused by RIPC; there-
fore, RIPC may have less cardioprotective effects in diabet-
ics (15). Contrary to the findings of our study, according to
the two aforementioned studies, diabetics respond worse
to the RIPC.

The results of studies on non-human subjects have also
proved to be contrary to the results of our study. Hu et
al. demonstrated that the RIPC is highly effective in both
non-diabetic and diabetic rats at reducing incidence and
duration of all classes of post-ischemic ventricular tach-
yarrhythmias; however, atrioventricular block (AVB) was
highly responsive to RIPC in non-diabetic rats and unre-
sponsive to RIPC in diabetic rats (16).

In addition, in a canine model study by Kersten et al. it
was shown that ischemic preconditioning significantly re-
duces the extent of infarction in normal, but non-diabetic
dogs. Put it differently, ischemic preconditioning did not
protect against infarction in diabetic dogs (17). Different
results of the reviewed literature may be because of the dif-
ference in cardiac procedures, inclusion and exclusion cri-
teria, sample size, and demographic characteristics of pa-
tients.

5.1. Conclusions

The results of this study show the beneficial effects of
RIPC on preventing myocardial injury and release of cTnI
in special subgroups of patients with diabetes. However,
we did not observe significant changes in cTnI in all the
patients, which necessitates the need for further investiga-
tions in multicenter prospective studies to confirm these
results and to assess long-term outcomes in patients un-
dergoing the PCI.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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