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ABSTRACT
Background: Contrast medium-induced acute kidney injury (CI-AKI) is a cardiovascular
complication after myocardial infarction treated with emergency percutaneous coronary
intervention. The aim of this randomized, sham-controlled trial was to evaluate the impact of
remote ischemic preconditioning (RIPC) on CI-AKI in patients with ST-elevation myocardial
infarction who received emergency primary percutaneous coronary intervention.
Methods and Results: Patients with a suspected ST-elevation myocardial infarction were
randomly assigned at a 1:1 ratio to receive percutaneous coronary intervention either with
(n = 63) or without (n = 62) RIPC (intermittent arm ischemia through three cycles of 5 min of
inflation and 5 min of deflation of a blood pressure cuff). A total of 47 RIPC patients and 47
control patients met all study criteria. The primary endpoint was the incidence of CI-AKI, which
was defined as an increase in serum creatinine > 0.5 mg/dL or > 25% over the baseline value
48–72 hours after administration of contrast medium. The incidence of CI-AKI was 10% (n = 5)
in the RIPC group and 36% (n = 17) in the control group (p = 0.003). The odds ratio of CI-AKI
in patients who received RIPC was 0.18 (95% confidence interval: 0.05–0.64; p = 0.008).
Conclusions: In patients with ST-elevation myocardial infarction, RIPC before percutaneous
coronary intervention reduced the incidence of CI-AKI.
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1.

Introduction

ST-elevation myocardial infarction (STEMI) is a leading cause of mortality and
morbidity. The reduction of myocardial injury is the mainstay of therapy for STEMI and is best
achieved by early reperfusion through emergency percutaneous coronary intervention (PCI) [1].
Patients receiving such treatment achieve infarct-related vessel patency and reperfusion, but risk
sustaining clinically significant myocardial infarction, even when the procedure is done soon
after symptom onset [2]. Cardiac complications after emergency PCI with STEMI, such as heart
failure and cardiac rupture, are potentially lethal and lead to an impaired prognosis [3].
Additionally, contrast medium-induced acute kidney injury (CI-AKI), a cardiovascular
complication after myocardial infarction, is a frequent complication of emergency PCI and is
associated with an increased mortality rate and persistent renal dysfunction [4, 5].
Remote ischemic preconditioning (RIPC) is the phenomenon in which transient
nonlethal ischemia and reperfusion applied to one organ or tissue protects another organ or tissue
from a subsequent episode of lethal ischemia and reperfusion [6]. A previous study showed that
RIPC applied before PCI in patients with evolving STEMI was able to increase myocardial
salvage [7]. Additionally, a recent study demonstrated that RIPC performed before administration
of contrast medium prevented CI-AKI in moderate- to high-risk patients [8-10]. The role of RIPC
in reducing CI-AKI in STEMI patients undergoing emergency PCI is not clear. In this
prospective, randomized, sham-controlled pilot study, we evaluated the impact of RIPC on
CI-AKI in patients with STEMI who received emergency primary PCI, and hypothesized that
RIPC applied before PCI would reduce the incidence of CI-AKI in patients with STEMI.
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2.

Methods
This study was a prospective, single-blind, multicenter, randomized, sham-controlled

parallel-group study conducted from 2012 to 2013 at Saiseikai Imabari Hospital, Ehime
Prefectural Central Hospital, and Okayama University Hospital, in Japan. The study was
approved by the ethics committees of all three hospitals, and written informed consent was
obtained from all participants before beginning the protocol. This study was conducted according
to the principles expressed in the Declaration of Helsinki. The study is registered at UMIN
Clinical Trials Registry (UMIN000012578).

2.1.

Patient selection and randomization

Eligible patients were aged 20 years or older; presented with chest pain within 24 hours
of onset; had ST-segment elevation of > 0.1 mV in two contiguous leads in the first
electrocardiogram recorded on the scene; and were clinically assigned to receive primary PCI.
Exclusion criteria were: left bundle branch block; previous coronary bypass surgery; severe heart
failure requiring percutaneous cardiopulmonary support; and severe chronic kidney disease
requiring dialysis or continuous hemodiafiltration. Patients who did not meet inclusion criteria
were excluded either immediately on arrival at the hospital or when biochemical ischemic
markers failed to confirm a diagnosis of myocardial infarction. Patients were excluded either
when they fulfilled the definition of exclusion or when biochemical markers failed to confirm the
diagnosis of myocardial infarction.
Patients were randomly assigned to receive standard primary PCI (control group) or
standard primary PCI plus RIPC through intermittent upper-arm ischemia (RIPC group). Patients
4

were identified and randomized on arrival at any of the three participating hospitals soon after
they were screened for eligibility. Randomization was stratified by sex and age (< 70 versus
≥ 70 years). Patients were randomized 1:1 with computer-generated block randomization.

2.2

Procedures

In the RIPC group, RIPC was initiated by medical staff at the hospital immediately after
randomization and consisted of three cycles of ischemia/reperfusion of the upper arm achieved by
5 min cuff inflation at 200 mmHg followed by 5 min of complete cuff deflation. The device used
to perform RIPC was an automated continuous blood-pressure device (FB-270; Fukuda Denshi,
Tokyo, Japan) that had been modified to perform the three cycles of inflation and deflation
automatically. If there was insufficient time to complete three cycles of inflation and deflation
before entering the catheter laboratory, the RIPC procedure continued before reperfusion was
achieved. Control patients had an uninflated cuff placed on the right upper arm for 30 minutes.
All patients received standard care according to established clinical practice guidelines. Before
PCI, all patients were treated with 200 mg aspirin orally, 300 mg clopidogrel orally, and
0.1 mg/kg/h continuous injection of nicorandil intravenously. After PCI, patients received a
lifelong prescription for 100 mg aspirin and 75 mg clopidogrel daily. The hydration protocol
involved continuous intravenous infusion of normal saline solution at a dose of 1 mL/kg of body
weight per hour (reduced to 0.5 mL/kg of body weight per hour in patients with heart failure or
fluid overload) beginning before PCI and continuing for 24 h after PCI. All patients received
0.1 mg/kg/h continuous injection of nicorandil for at least 8 hours after primary PCI [11].
Coronary angiographic measurements were made immediately before revascularization using
5

standard techniques. At each hospital, all measurements were made by experienced individuals
blinded to treatment assignment and clinical data. The choice of materials was left to the
operators, with the exception of the radiographic contrast medium, which was a nonionic,
low-osmolar solution in all cases.

2.3.

Primary and secondary endpoints

The prespecified primary endpoint was incidence of CI-AKI. CI-AKI was defined as an
increase in serum creatinine > 0.5 mg/dL from the baseline value or a relative increase of > 25%
of the baseline value 48–72 hours after injection of contrast medium (the maximum measured
concentration of creatinine during this 24-hour period was used). Prespecified secondary
endpoints were 1) maximum reduction in estimated glomerular filtration rate (eGFR), calculated,
using the equation for modification of the diet in a renal study of Japanese individuals
recommended by the Japanese Society of Nephrology, as: eGFR (mL · min−1 · 1.73 m−2) = 194 ×
[serum creatine]−1.094 × [age]−0.287 × [0.739 if female] in the 48 hours after PCI; maximum change
in serum creatinine from baseline in the 48 hours after PCI; infarct size estimated by peak
creatine kinase (CK); left ventricular ejection fraction 2 weeks after PCI; the incidence of
sustained ventricular tachycardia or ventricular fibrillation within 24 hours after PCI; and the
incidence of major adverse cardiac and cerebral events (MACCE) in the 30 days after PCI. These
included hospital admissions with unstable angina or acute coronary syndrome, heart failure,
cardiac rupture, cardiac death, stroke, and transient ischemic attack. Patients were followed by
telephone on day 30 after PCI. Echocardiography was performed with the Vivid 7 cardiovascular
ultrasound system (GE Healthcare, Milwaukee, WI, USA). LV ejection fraction was measured
6

according to the recommendations of the American Society of Echocardiography [12]. The
personnel involved in data collection and handling were blinded to group assignments. Clinical
endpoints were blindly adjudicated by two investigators.

2.4.

Statistical analysis

At the time of study design, limited clinical data were available for estimation of sample
size [[10]]. The sample size was determined on the basis of the primary outcome, incidence of
CI-AKI. We assumed that incidence of CI-AKI to be 30% and that RIPC would reduce the
prevalence of CI-AKI by 10%; therefore, 94 patients were recruited into the study to enable such
a reduction to be detected (power 90%, α = 0.05).
Intention-to-treat analysis of patients fulfilling inclusion criteria was performed.
Continuous data are presented as mean ± SD and categorical data are presented as frequencies.
Continuous variables were compared across groups (control, RIPC) using paired and unpaired
Student’s t tests. Categorical variables were compared across groups using chi-square statistics
and Fisher’s exact test. Pre-procedural estimated risk of CI-AKI was calculated using the Mehran
Contrast-Induced Nephropathy (CIN) risk score [13]. A two-step analysis was used to identify the
independent predictors of CI-AKI. First, a univariate analysis was used to identify the clinical,
angiographic, or procedural risk factors for CI-AKI. Continuous variables were transformed to
binary data according to the median value, with 1 indicating the presence of assumed risk factors
and 0 otherwise. Second, univariate predictors with p < 0.05 were entered into a multivariate
logistic regression model. The odds ratios (ORs) and 95% confidence intervals (CIs) from the
final multivariate model are presented. Statistical significance was accepted for all p
7

values < 0.05.

3.

Results

3.1.

Study flow and patient characteristics

A flow diagram is shown in Fig. 1. One hundred twenty-five STEMI patients were
randomized to receive RIPC before PCI (n = 63) or primary PCI alone (n = 62). Twenty-nine
patients (15 in the RIPC group and 14 in the control group) were excluded because of no
enzymatic evidence of infarction (n = 13), greater than 24-hour symptom-to-balloon time (n = 5),
severe heart failure requiring percutaneous cardiopulmonary support (n = 8), receiving
hemodialysis (n = 3), and withdrawal of informed consent (n = 2). Thus, 47 patients in the RIPC
group and 47 patients in the control group met inclusion criteria and formed the study population
for the analysis.
Baseline characteristics of all patients and those who met inclusion criteria are shown in
Table 1. In patients with patients who met inclusion criteria, mean baseline serum creatinine
value, eGFR, and Mehran CIN risk score were also not significantly different in the two groups
(for RIPC and control, respectively: serum creatinine, 0.82 ± 0.21 versus 0.87 ± 0.44 mg/dL;
eGFR, 73 ± 20 versus 79 ± 33 mL/min/1.73m2; Mehran CIN risk score, 7.8 ± 6.0 versus
7.4 ± 5.7). The amount of contrast medium in patients with patients who met inclusion criteria
was also similar in the two groups (177 ± 53 versus 199 ± 87 mL for RIPC and control,
respectively; p = 0.08). The time from completion of RIPC to injection of contrast medium was
16.9 ± 15.9 min. RIPC was successfully completed without complications in 47 patients. There
8

were no major PCI-related complications (death or urgent revascularization within the first 24
hours) in either group. Angiographic parameters were similar between the two groups (Table 2).
There were no significant differences in the infarct-related artery, Thrombolysis in Myocardial
Infarction (TIMI) flow grade, symptom-to-balloon time, and intra-aortic balloon pump (IABP)
support. Concomitant medications between completion of RIPC and the primary endpoint were
similar between groups (Table 3).

3.2.

Primary endpoint

The incidence of CI-AKI after PCI was lower in the RIPC group (n = 5 patients, 10%)
than in the control group (n = 17 patients, 36%; p = 0.003; Fig. 2A). Twenty-nine factors
potentially associated with CI-AKI were analyzed by univariate analysis. Continuous variables
were converted to binary data according to median value (Table 4). Two factors (age > 68 years
and left anterior descending artery as the culprit artery) were positive predictors of CI-AKI, and
four factors (male, current smoker, 50% or more ST-segment resolution and RIPC) were negative
predictors of CI-AKI (Table 4). These six factors were entered into a .multivariate logistic
regression model, which revealed that RIPC (OR: 0.40; 95% CI: 0.05 to 0.64; p = 0.008) and left
anterior descending artery as culprit artery (OR: 3.50; 95% CI: 1.08 to 11.31; p = 0.03) were
significant predictors of CI-AKI (Table 4).

3.3.

Secondary endpoints

The maximum decrease in eGFR was significantly greater in the control group than in
9

the RIPC group (10.2 ± 17.1 versus 0.17 ± 16.9 mL/min/1.73m2, respectively; p = 0.003; Fig. 2B).
The maximum change in serum creatinine tended to be greater in the control group than in the
RIPC group (0.15 ± 0.31 versus 0.03 ± 0.26 mg/dl; p = 0.06). Fig. 2C shows the serial change in
serum creatinine. Serum creatinine in the control group was significantly higher than that in the
RIPC group 48–72 hours after contrast injection (1.03 ± 0.61 versus 0.81 ± 0.21 mg/dL;
p = 0.02).
Table 5 shows other secondary outcomes. Peak CK was significantly higher in the
control group than in the RIPC group (3,653 ± 2,894 versus 2,648 ± 1,926 IU/L; p = 0.04). There
was no difference in left ventricular ejection fraction 2 weeks after PCI between the control group
and the RIPC group. The incidence of ventricular sustained tachycardia or ventricular fibrillation
within 24 hours after PCI was significantly lower in the RIPC group (one patient, 2%) than that
in the control group (seven patients, 14%; p = 0.01). The incidence of MACCE in the RIPC
group (two patients, 4%) tended to be lower than that in the control group (seven patients, 14%),
but the difference was not statistically significant (p = 0.07). The MACCE in the RIPC group
were severe heart failure (n = 1) and ischemic stroke (n = 1), and in the control group were severe
heart failure (n = 3), left ventricular perforation (n = 1), death due to refractory heart failure
(n = 2), and death due to heart rupture (n = 1).

4.

Discussion

The main finding of this prospective, multicenter, randomized study was that RIPC
induced by intermittent upper-arm ischemia before emergency PCI dramatically reduced the
incidence of CI-AKI in patients with STEMI. Multivariate logistic analysis revealed that this
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protective effect was independent of other risk factors. Additionally, the reduction in CI-AKI was
accompanied by a reduction in infarct size and dysrhythmic events within 24 hours after PCI.
To date, there is no effective prophylactic drug regimen to prevent CI-AKI. Atrial
natriuretic peptide, dopamine, fenoldopam, furosemide, mannitol, aminophylline, captopril, and
calcium-channel blockers have been reported to be ineffective at reducing the incidence of
CI-AKI [14-17]. The effect of N-acetylcysteine remains controversial. Initial studies showed that
N-acetylcysteine was effective at preventing CI-AKI [18]; however, subsequent larger trials
failed to demonstrate any benefit [19, 20]. RIPC has been reported to decrease the incidence of
myocardial injury during cardiac surgery [9, 21] and PCI [22] and to reduce the incidence of both
myocardial injury and renal injury during endovascular surgery [23] and surgical repair of
abdominal aortic aneurysm [24]. Furthermore, a recent study showed that RIPC before PCI
attenuated CIN in patients undergoing elective coronary angiography [10]. Consistent with these
results, our study clearly demonstrated a nephroprotective effect of RIPC in STEMI patients who
underwent PCI. RIPC can be applied easily and without safety concerns if it is performed
appropriately. Given the results of the present study, RIPC before PCI may be considered for the
prevention of CI-AKI in patients with STEMI.
CI-AKI is a frequent and serious complication after coronary angiography and is an
independent predictor of mortality in patients with coronary artery disease [4, 5]. Mehran et al.
[13] developed a system of risk stratification to predict the risk of CIN in patients undergoing
elective coronary angiography. This risk-stratification score includes eight clinical and procedural
variables and is divided into four risk classes: low risk (score < 5), moderate risk (6–10), high
risk (11–15), and very high risk (≥16). In this study, the mean score was 7 in both groups,
indicating that our study population was at moderate risk of developing CI-AKI. Indeed, the
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CI-AKI incidence of 35% in the control group is within the reported range [25] and corresponds
to the incidence predicted by Mehran et al. [13].
In this study, the risk of CI-AKI in patients with STEMI was associated with RIPC and
left anterior descending artery as the culprit artery. The number of the Mehran risk-score points
assigned for a hemodynamic status such as hypotension, use of the intra-aortic balloon pump, or
chronic heart failure was higher than the number of points assigned for level of renal function and
volume of contrast medium in patients undergoing elective coronary angiography. Our results
indicate that the risk of CI-AKI in STEMI patients undergoing emergency PCI may be associated
with hemodynamic status.
Despite its potential clinical significance, the precise pathophysiological mechanisms of
the action of RIPC on CI-AKI have not yet been elucidated. The pathogenesis of CI-AKI is
multifactorial and involves vascular, hemodynamic, and tubular factors. The most common
theory of pathophysiology of CI-AKI is the induction of renal ischemic injury, possibly caused by
iodinated contrast medium-induced reduction in renal blood flow and oxygen
free-radical-mediated direct tubular toxicity [22]. Beneficial effects of RIPC on CI-AKI could be
associated with effects on mitochondria [26], circulating inflammatory cells [27], transcriptional
upregulation of protective pathways [28, 29], and neural pathways [7].
There are several limitations to this study. This pilot investigation of the beneficial
effects of RIPC on renal function had a limited number of subjects. Although we sought to
prevent any bias by blinding the patients and the data-analysis team, the study design cannot
prevent all potential bias. The calculation of sample size was based on inaccurate assumptions
because of the pilot nature of the study. Additionally, although CI-AKI is a valid surrogate maker
of renal damage and has been described extensively in the literature, it is not a clinical endpoint.
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The trends toward a lower incidence of ventricular arrhythmia within 24 hours after PCI and
fewer MACCE in the 30 days after PCI observed in the RIPC group are important, but do not
equate to a primary outcome measure, for which a study with greater statistical power is needed.
In conclusion, we have demonstrated that RIPC before PCI in patients with STEMI
reduced the incidence of CI-AKI. Moreover, the reduction of CI-AKI translated to a trend toward
better clinical outcomes in the 30-day follow-up period. The described RIPC protocol is simple
and well tolerated and thus may be a feasible and attractive therapeutic option. Nonetheless, a
large-scale clinical trial is needed to confirm the efficacy of this approach.

13

References
[1] Andersen HR, Nielsen TT, Rasmussen K, Thuesen L, Kelbaek H, Thayssen P, et al. A
comparison of coronary angioplasty with fibrinolytic therapy in acute myocardial infarction. N
Engl J Med. 2003;349:733-42.
[2] Kaltoft A, Nielsen SS, Terkelsen CJ, Bottcher M, Lassen JF, Krusell LR, et al. Scintigraphic
evaluation of routine filterwire distal protection in percutaneous coronary intervention for acute
ST-segment elevation myocardial infarction: a randomized controlled trial. J Nucl Cardiol.
2009;16:784-91.
[3] Ito H. No-reflow phenomenon and prognosis in patients with acute myocardial infarction. Nat
Clin Pract Cardiovasc Med. 2006;3:499-506.
[4] Rich MW, Crecelius CA. Incidence, risk factors, and clinical course of acute renal
insufficiency after cardiac catheterization in patients 70 years of age or older. A prospective study.
Arch Intern Med. 1990;150:1237-42.
[5] Best PJ, Lennon R, Ting HH, Bell MR, Rihal CS, Holmes DR, et al. The impact of renal
insufficiency on clinical outcomes in patients undergoing percutaneous coronary interventions. J
Am Coll Cardiol. 2002;39:1113-9.
[6] Przyklenk K, Bauer B, Ovize M, Kloner RA, Whittaker P. Regional ischemic
'preconditioning' protects remote virgin myocardium from subsequent sustained coronary
occlusion. Circulation. 1993;87:893-9.
[7] Botker HE, Kharbanda R, Schmidt MR, Bottcher M, Kaltoft AK, Terkelsen CJ, et al. Remote
ischaemic conditioning before hospital admission, as a complement to angioplasty, and effect on
myocardial salvage in patients with acute myocardial infarction: a randomised trial. Lancet.
2010;375:727-34.
14

[8] Igarashi G, Iino K, Watanabe H, Ito H. Remote ischemic pre-conditioning alleviates
contrast-induced acute kidney injury in patients with moderate chronic kidney disease. Circ J.
2013;77:3037-44.
[9] Venugopal V, Hausenloy DJ, Ludman A, Di Salvo C, Kolvekar S, Yap J, et al. Remote
ischaemic preconditioning reduces myocardial injury in patients undergoing cardiac surgery with
cold-blood cardioplegia: a randomised controlled trial. Heart. 2009;95:1567-71.
[10] Er F, Nia AM, Dopp H, Hellmich M, Dahlem KM, Caglayan E, et al. Ischemic
preconditioning for prevention of contrast medium-induced nephropathy: randomized pilot
RenPro Trial (Renal Protection Trial). Circulation. 2012;126:296-303.
[11] Kawai Y, Hisamatsu K, Matsubara H, Dan K, Akagi S, Miyaji K, et al. Intravenous
administration of nicorandil immediately before percutaneous coronary intervention can prevent
slow coronary flow phenomenon. Eur Heart J. 2009;30:765-72.
[12] Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et al.
Recommendations for chamber quantification: a report from the American Society of
Echocardiography's Guidelines and Standards Committee and the Chamber Quantification
Writing Group, developed in conjunction with the European Association of Echocardiography, a
branch of the European Society of Cardiology. J Am Soc Echocardiogr. 2005;18:1440-63.
[13] Mehran R, Aymong ED, Nikolsky E, Lasic Z, Iakovou I, Fahy M, et al. A simple risk score
for prediction of contrast-induced nephropathy after percutaneous coronary intervention:
development and initial validation. J Am Coll Cardiol. 2004;44:1393-9.
[14] Abizaid AS, Clark CE, Mintz GS, Dosa S, Popma JJ, Pichard AD, et al. Effects of dopamine
and aminophylline on contrast-induced acute renal failure after coronary angioplasty in patients
with preexisting renal insufficiency. Am J Cardiol. 1999;83:260-3, A5.
15

[15] Bailey SR. Past and present attempts to prevent radiocontrast nephropathy. Rev Cardiovasc
Med. 2001;2 Suppl 1:S14-8.
[16] Mueller C, Buerkle G, Buettner HJ, Petersen J, Perruchoud AP, Eriksson U, et al. Prevention
of contrast media-associated nephropathy: randomized comparison of 2 hydration regimens in
1620 patients undergoing coronary angioplasty. Arch Intern Med. 2002;162:329-36.
[17] Stone GW, McCullough PA, Tumlin JA, Lepor NE, Madyoon H, Murray P, et al.
Fenoldopam mesylate for the prevention of contrast-induced nephropathy: a randomized
controlled trial. JAMA. 2003;290:2284-91.
[18] Baker CS, Wragg A, Kumar S, De Palma R, Baker LR, Knight CJ. A rapid protocol for the
prevention of contrast-induced renal dysfunction: the RAPPID study. J Am Coll Cardiol.
2003;41:2114-8.
[19] Hoffmann U, Fischereder M, Kruger B, Drobnik W, Kramer BK. The value of
N-acetylcysteine in the prevention of radiocontrast agent-induced nephropathy seems
questionable. J Am Soc Nephrol. 2004;15:407-10.
[20] Webb JG, Pate GE, Humphries KH, Buller CE, Shalansky S, Al Shamari A, et al. A
randomized controlled trial of intravenous N-acetylcysteine for the prevention of
contrast-induced nephropathy after cardiac catheterization: lack of effect. Am Heart J.
2004;148:422-9.
[21] Hausenloy DJ, Mwamure PK, Venugopal V, Harris J, Barnard M, Grundy E, et al. Effect of
remote ischaemic preconditioning on myocardial injury in patients undergoing coronary artery
bypass graft surgery: a randomised controlled trial. Lancet. 2007;370:575-9.
[22] Hoole SP, Heck PM, Sharples L, Khan SN, Duehmke R, Densem CG, et al. Cardiac Remote
Ischemic Preconditioning in Coronary Stenting (CRISP Stent) Study: a prospective, randomized
16

control trial. Circulation. 2009;119:820-7.
[23] Walsh SR, Boyle JR, Tang TY, Sadat U, Cooper DG, Lapsley M, et al. Remote ischemic
preconditioning for renal and cardiac protection during endovascular aneurysm repair: a
randomized controlled trial. J Endovasc Ther. 2009;16:680-9.
[24] Ali ZA, Callaghan CJ, Lim E, Ali AA, Nouraei SA, Akthar AM, et al. Remote ischemic
preconditioning reduces myocardial and renal injury after elective abdominal aortic aneurysm
repair: a randomized controlled trial. Circulation. 2007;116:I98-105.
[25] Lameire NH. Contrast-induced nephropathy--prevention and risk reduction. Nephrol Dial
Transplant. 2006;21:i11-23.
[26] Wang L, Oka N, Tropak M, Callahan J, Lee J, Wilson G, et al. Remote ischemic
preconditioning elaborates a transferable blood-borne effector that protects mitochondrial
structure and function and preserves myocardial performance after neonatal cardioplegic arrest. J
Thorac Cardiovasc Surg. 2008;136:335-42.
[27] Konstantinov IE, Arab S, Kharbanda RK, Li J, Cheung MM, Cherepanov V, et al. The
remote ischemic preconditioning stimulus modifies inflammatory gene expression in humans.
Physiol Genomics. 2004;19:143-50.
[28] Hausenloy DJ, Tsang A, Mocanu MM, Yellon DM. Ischemic preconditioning protects by
activating prosurvival kinases at reperfusion. Am J Physiol Heart Circ Physiol. 2005;288:H971-6.
[29] Kristiansen SB, Henning O, Kharbanda RK, Nielsen-Kudsk JE, Schmidt MR, Redington AN,
et al. Remote preconditioning reduces ischemic injury in the explanted heart by a KATP
channel-dependent mechanism. Am J Physiol Heart Circ Physiol. 2005;288:H1252-6.

17

Figure legends

Fig. 1. Study flow diagram.

Fig. 2. Incidence of (A) CI-AKI and (B) maximum decrease in eGFR 48–72 hours after injection
of contrast medium in the RIPC and control groups. (C) Serial changes in serum creatinine in the
RIPC and control groups. CI-AKI, contrast-induced acute kidney injury; eGFR, estimated
glomerular filtration rate; RIPC, remote ischemic preconditioning. Data expressed as
mean ± standard deviation.
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Table 1
Baseline clinical characteristics.
All patients (n=125)

Patients who met criteria (n=94)
Control

RIPC

group

group

(n = 47)

(n = 47)

Control group RIPC group
p value
(n = 62)

p value

(n = 63)

Age, years

68 ± 14

67 ± 12

0.70

67 ± 15

67 ± 12

0.90

Male, n (%)

43 (69)

46 (73)

0.75

36 (76)

34 (76)

1.00

Hypertension, n (%)

35 (56)

37 (58)

0.97

31 (65)

29 (61)

0.67

Dyslipidemia, n (%)

29 (46)

28 (44)

0.65

25 (53)

24 (51)

0.84

Diabetes, n (%)

22 (35)

18 (28)

0.33

17 (37)

14 (31)

0.56

13.4 ± 2.0

13.5 ± 2.0

0.95

13.7 ± 2.0

13.7 ± 1.8

0.92

26 (41)

33 (52)

0.31

24 (51)

28 (59)

0.42

3 (4)

7 (11)

0.21

3 (6)

7 (14)

0.15

31 (50)

30 (47)

0.99

28 (59)

24 (51)

0.35

1.4 ± 0.9

1.5 ± 0.8

0.64

1.3 ± 0.6

1.4 ± 0.7

0.44

Hemoglobin index, mg/dl
Current smoker, n (%)
Previous MI, n (%)
Pre-MI angina pectoris, n (%)
Killip grade

19

Systolic blood pressure, mmHg

131 ± 27

129 ± 29

0.68

136 ± 25

0.91 ± 0.44

1.0 ± 1.15

0.55

0.87 ± 0.44

Serum creatinine at admission,

133 ± 30

0.59

0.82 ±

mg/dl

0.42
0.21

eGFR at admission,
75 ± 32

71 ± 25

0.55

79 ± 33

73 ± 20

0.22

7.9 ± 6.0

8.2 ± 6.0

0.80

7.4 ± 5.6

7.8 ± 6.0

0.73

8 (12)

6 (9)

0.48

8 (17)

3 (6)

0.13

2 (3)

3 (4)

0.70

2 (4)

3 (6)

0.65

10 (16)

18 (27)

0.12

9 (19)

13 (27)

0.32

ACEI/ARB, n (%)

14 (22)

16 (25)

0.83

13 (27)

13 (27)

1.00

Statins, n (%)

9 (14)

10 (15)

0.92

7 (14)

8 (17)

0.78

2

ml/min/1.73m

Mehran CIN risk score
Pre-MI medications
Antiplatelets,
n (%)
β-blockers, n (%)
Calcium channel
blockers, n (%)

Values expressed as mean ± SD or n (%).
ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin II-receptor blocker; CIN = contrast medium-induced
20

nephropathy; eGFR = estimated glomerular filtration rate; MI = myocardial infarction; RIPC = remote ischemic preconditioning.
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Table 2
Procedural results.
All patients (n=125)

Patients who met criteria (n=94)

Control group

RIPC group

p

Control group

RIPC group

p

(n = 62)

(n = 63)

value

(n = 47)

(n = 47)

value

LAD artery

26 (41)

23 (36)

0.48

21 (44)

19 (40)

0.67

Non-LAD artery

36 (59)

40 (64)

0.48

26 (56)

28 (60)

0.67

TIMI flow grade at admission

0.7 ± 1.0

0.8 ± 1.1

0.70

0.5 ± 0.8

0.5 ± 1.0

0.81

Symptom-to-balloon time, min

615 ± 925

638 ± 1072

0.90

360 ± 274

326 ± 278

0.41

Door-to-balloon time, min

106 ± 39

115 ± 72

0.45

104 ± 35

115 ± 74

0.80

Stenting of culprit lesion by PCI

53 (85)

49 (77)

0.14

46 (97)

44 (93)

0.32

IABP support

15 (24)

13 (20)

0.79

10 (21)

9 (19)

0.79

2.7 ± 0.4

2.7 ± 0.4

0.73

2.6 ± 0.5

2.7 ± 0.4

0.31

20 ± 11

23 ± 26

0.53

22 ± 12

20 ± 14

0.54

Infarct-related coronary artery

TIMI flow grade after procedure
Collected TIMI flow counts after
procedure, counts
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Values expressed as mean ± SD or n (%).
IABP = intra-aortic balloon pump; LAD = left anterior descending; PCI = percutaneous coronary intervention; RIPC = remote
ischemic preconditioning; TIMI = thrombolysis in myocardial infarction.
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Table 3. Concomitant medications between completion of RIPC and primary end point.

Control group

RIPC group

(n=47)

(n=47)

Furosemide (intravenous)

5 (10)

3 (6)

0.48

Furosemide (oral)

3 (6)

5 (10)

0.48

Spironolactone (oral)

3 (6)

1 (2)

0.32

Carperitide (intravenous)

4 (8)

3 (6)

0.70

Isosorbide (oral)

2 (4)

3 (6)

0.65

Nicorandil (oral)

30 (63)

26 (55)

0.41

Dopamine (intravenous)

4 (8)

4 (8)

1.00

Dobutamine (intravenous)

1 (2)

1 (2)

1.00

Values are n (%).
RIPC = remote ischemic preconditioning.
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p value

Table 4
Results of logistic regression analyses for CI-AKI.
Univariate analysis

Multivariate analysis

Odds ratio

95% CI

p value

Odds ratio

95% CI

p value

Age >68 years

4.49

1.49–13.5

0.007

3.38

0.88-12.88

0.07

Male

0.31

0.11–0.90

0.03

0.55

0.13-2.30

0.41

Hypertension

1.69

0.59–4.85

0.32

Dyslipidemia

0.89

0.34–2.32

0.81

Diabetes

0.93

0.33–2.59

0.89

Current smoker

0.28

0.10–0.77

0.01

0.73

0.19–2.79

0.64

Previous MI

0.33

0.04–2.78

0.31

2.06

0.77–5.53

0.14

Hemoglobin <13.8 mg/dl

1.70

0.64–4.49

0.27

Killip grade >1

0.91

0.31–2.64

0.86

TIMI flow grade at

0.99

0.35–2.77

0.99

Systolic blood pressure
>136 mmHg
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admission >0
Pre-MI angina pectoris

2.66

0.93–7.58

0.06

LAD as ‘culprit artery’

4.02

1.45–11.17

0.007

Bare metal stent use

0.97

0.33–2.84

0.96

2.67

0.97–7.35

0.05

1.23

0.43–3.41

0.71

1.68

0.64–4.39

0.29

CK >2760 IU/L

1.70

0.64–4.49

0.27

CK-MB >222 IU/L

2.18

0.81–5.85

0.11

LVEF <55%

0.84

0.31–2.27

0.74

IABP

1.21

0.38–3.86

0.81

0.90

0.17-4.86

0.91

Symptom-to-balloon time
>238 minutes
TIMI flow grade after
procedure <3
Collected TIMI flow counts
after procedure >18 counts

VF or sustained VT within
24 hours after PCI
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3.50

1.08–11.31

0.03

50% or more ST-segment
0.35

0.13-0.96

0.04

Mehran CIN risk score >6

1.25

0.48–3.25

0.64

Creatinine >0.77 mg/dl *

0.54

0.20–1.44

0.22

eGFR <74 ml/min/1.73m2

1.95

0.73–5.23

0.18

Contrast medium >175 ml

1.26

0.48–3.30

0.62

RIPC

0.21

0.07–0.63

0.006

0.48

0.15-1.54

0.22

0.18

0.05–0.64

0.008

resolution

Continuous variables were transformed to binary data according to median value. CI-AKI = contrast medium-induced acute kidney
injury; CIN = contrast medium-induced nephropathy; CK = creatine kinase; IABP = intra-aortic balloon pump; LAD = left anterior
descending; LVEF = left ventricular ejection fraction; MB = myocardial band; MI = myocardial infarction; RIPC = remote ischemic
preconditioning; TIMI = thrombolysis in myocardial infarction; VF = ventricular fibrillation; VT = ventricular tachycardia.
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Table 5
Secondary outcomes.
Control group

RIPC group
p value

(n = 47)

(n = 47)

3653 ± 2894

2648 ± 1929

0.04

303 ± 267

238 ± 159

0.15

7

1

0.02

% ST-segment resolution, %

51 ± 33

62 ± 28

0.09

50% or more ST-segment resolution

29 (61)

35 (74)

0.18

Left ventricular ejection fraction, %

54 ± 13

54 ± 12

0.84

7 (14)

2 (4)

0.07

Cardiac death

3

0

Heart failure

3

1

Ventricular perforation

1

0

Stroke

0

1

Peak CK, IU/L
Peak CK-MB, IU/L
VF or sustained VT within 24 hours after PCI

MACCE
Total
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Values expressed as mean ± SD or n (%).
CK = creatine kinase; LVEF = left ventricular ejection fraction; MACCE = major adverse cardiac and cerebral events;
MB = myocardial band; RIPC = remote ischemic preconditioning; VF = ventricular fibrillation; VT = ventricular tachycardia.
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