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Background: Whether upper arm remote ischemic postconditioning (RIPostC) exerts protection 

to kidney in patients with ST-elevation myocardial infarction (STEMI) undergoing primary 

percutaneous coronary intervention (PPCI) remains unknown.

Methods: Sixty-four patients with STEMI were randomized to PPCI + RIPostC (n=29) and 

PPCI (n=35) groups. RIPostC consisting of 4 cycles of 5 minutes occlusion/reperfusion by cuff 

inflation/deflation of the upper arm was started within 1 minute after the first balloon dilata-

tion. Peripheral venous blood samples were collected before PPCI and at 0.5, 8, 24, 48, and 

72 hours after PPCI to detect serum creatinine (SCr) and creatine kinase-MB (CK-MB). Acute 

kidney injury (AKI) rate and estimated glomerular filtration rate (eGFR) were calculated. The 

transthoracic echocardiography was performed 7  days after PPCI to assess left ventricular 

ejection fraction (LVEF).

Results: The patients in the PPCI + RIPostC group had a lower AKI rate compared with those 

in the PPCI group (P=0.04). The eGFR after PPCI increased in the PPCI + RIPostC group com-

pared to the PPCI group (P,0.01). The peak of CK-MB concentration in the PPCI + RIPostC 

group was significantly lower than that in the PPCI group (P,0.01). The area under the curve 

of CK-MB decreased in the PPCI + RIPostC group compared with that in the PPCI group. LVEF 

in the PPCI + RIPostC group was significantly higher than that in the PPCI group (P=0.04).

Conclusion: Upper arm RIPostC exerts renal and cardiac protection following cardiac ischemia–

reperfusion in patients with STEMI.

Keywords: myocardial ischemia reperfusion, ST-segmental elevation myocardial infarction, 

primary percutaneous coronary intervention, remote ischemic postconditioning

Introduction
ST-elevation myocardial infarction (STEMI) is one of the leading causes of mortality 

and morbidity worldwide. Rapid reperfusion of the ischemic myocardium can rescue 

the jeopardized myocardium and reduce infarction size (IS). Emergency percutaneous 

coronary intervention (PCI) is the first recommended therapy for STEMI.1 Contrast 

agent for coronary angiography (CAG) can lead to worsening of renal function. Contrast 

medium-induced acute kidney injury (CI-AKI) is a frequent complication of PCI2–4 

and is a predictor of long-term mortality.5

Reperfusion to the ischemic myocardium may abrogate myocardial salvage and 

even induce further injury, which is termed as ischemia–reperfusion injury (IRI), 

accounting for up to 50% of the final myocardial IS.6 Novel strategies for reducing 
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myocardial IRI and CI-AKI have been tested. Ischemic 

postconditioning as a series of repetitive cycles of brief 

reperfusion alternating with brief reocclusion immediately 

after the reopening of the culprit vessel showed promising 

prospects.7,8 However, postconditioning failed in some 

experimental and clinical studies,9,10 including the largest 

randomized DANAMI-3-iPOST trial.11

Remote ischemic conditioning (RIC) by brief episodes 

of ischemia/reperfusion of remote tissues or organs can 

precede (precondition),12 during (percondition),13,14 or follow 

(postcondition)15 the coronary occlusion. RIC appears to be 

promising in clinical setting.16–20 However, Verouhis et al21 

(RECOND trial) showed that 7 cycles of lower limb RIC 

with at least 1 cycle initiated prior to reperfusion failed to 

reduce myocardial Infarction (MI) size in anterior STEMI 

patients.

Clinical trials of patients receiving elective PCI have 

shown that RIC can reduce the incidence of contrast-induced 

nephropathy (CIN).22,23 Remote ischemic perconditioning 

(RIPerC) was found to be protective against contrast-induced 

AKI.24,25 Crimi et al26 reported that lower limb remote isch-

emic postconditioning (RIPostC) exerted the role of protect-

ing kidney in patients with baseline estimated glomerular 

filtration rate (eGFR) ,77 mL/min/1.73 m2. Till now, there 

is no trial about whether upper arm RIPostC can reduce 

contrast-related CI-AKI or CIN in patients with STEMI.

Our research focused on the effect of upper arm RIPostC 

on renal and cardiac functions in patients with STEMI under-

going primary percutaneous coronary intervention (PPCI).

Methods
Study population
This research protocol complied with the Declaration of 

Helsinki (revised version, 1996) and was approved by the 

ethics committee of The First Affiliated Hospital of Soochow 

University (2015027). All participants signed a written 

informed consent. The patient’s age ranged from 18 to 

80  years. All patients presented within 6 hours of symp-

tom onset. The inclusion criteria were as follows: 1) older 

than 18 years and 2) chest pain for .30 minutes accom-

panied by new ST elevation in at least 2 contiguous 

leads .0.2  mV or new bundle branch block. The exclu-

sion criteria were as follows: 1) chronic kidney disease; 

2) eGFR ,60 mL/min/1.73 m2; 3) hemodialysis; 4) coma 

or cardiogenic shock; 5) pregnancy; 6) patients who have 

received trimethoprim or glibenclamide, which may affect 

distant ischemic adaptation; 7) severe peripheral arterial 

disease; and 8) a history of myocardial infarction or coronary 

artery bypass surgery. Group details are shown in Figure 1.

Study design
This was a single-center, prospective, randomized controlled 

study. Patients with STEMI were enrolled from January 2015 

to June 2016 and subjected to PPCI. The patients were then 

randomly divided into conventional PPCI or PPCI + RIPostC 

group. All patients were pre-treated with aspirin 300 mg, 

clopidogrel 600  mg, or ticagrelor 180  mg loading dose 

orally and 70 IU/kg unfractionated heparin. Ioversol alcohol 

(Jiangsu Hengrui Pharmaceutical Co., Ltd.) was used in 

CAG. Thrombectomy and inhibitors of glycoprotein IIb/IIIa 

were used if necessary. After PPCI, patients were given life-

long 100 mg aspirin daily combined with 75 mg clopidogrel 

daily or ticagrelor 90 mg twice a day for 12 months.

RIPostC protocol
All the eligible patients were prepared with a limb cuff 

wrapped around the upper arm before arterial puncture. In the 

treatment group, the protocol was started within 1 minute 

after the first balloon dilatation. The upper arm was exposed 

to 4 cycles of ischemia/reperfusion, each cycle including 

5 minutes cuff inflation at 200 mmHg, followed by 5 minutes 

complete deflation.

Blood analysis
Serum creatine phosphokinase isoenzyme 
(creatine kinase-MB [CK-MB])
Blood samples were collected before PPCI and at 0.5, 8, 

24, 48, and 72 hours after PPCI. The serum samples were 

centrifuged at 3,000  rpm for 10  minutes. Serum CK-MB 

concentrations were measured using a VITROS 350 dry 

biochemical analyzer. GraphPad Prism 5.02 was used to 

measure area under the curve (AUC).

Figure 1 Patient flow chart.
Abbreviations: eGFR, estimated glomerular filtration rate; PPCI, primary 
percutaneous coronary intervention; RIPostC, remote ischemic postconditioning; 
STEMI, ST-elevation myocardial infarction.
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Serum creatinine (SCr)
Blood samples were collected before PPCI and at 24 and 

72 hours after PPCI, and then the samples were centrifuged 

at 3,000 rpm for 10 minutes. The supernatant was used to 

measure SCr using the VITROS 350 biochemical analyzer. 

The Modification of Diet in Renal Disease (MDRD) formula 

was used to calculate eGFR. The incidence of AKI was cal-

culated based on preoperative SCr and the highest SCr within 

72  hours postoperatively. Contrast-associated AKI was 

defined as SCr levels increased by 25% or the concentrations 

of SCr increased by 44 µmol/L compared with preoperation. 

ΔeGFR was calculated according to preoperative eGFR and 

minimum eGFR within 72 hours after PCI.

Ultrasonography (UCG)
The patients underwent UCG on the 7th day after PPCI by 

the doctor, who was unaware of the patient’s treatment, using 

a GE Vivid 7 Color Ultrasound Imager. The left ventricular 

ejection fraction (LVEF) was measured by the double plane 

Simpson method.

Statistical analysis
Data analyses were performed by SPSS 21. Continuous 

variables were expressed as mean ± SD, and the categorical 

variables were expressed as percentage. Student’s t-test was 

used for the continuous variables conformed to normal distri-

bution. The Mann–Whitney U test was used for continuous 

variables not conformed to normal distribution. The Chi-

square test was performed for categorical variables. P,0.05 

was statistically significant.

Results
A total of 64 patients were finally enrolled in the study. 

Of whom, 29 patients underwent PPCI + RIPostC and 

35 cases just PPCI. The average age of the 2 groups was 

58.93±12.82 and 59.24±10.45  years, respectively. There 

were 24 males in the PPCI + RIPostC group and 32 males 

in the PPCI group. There were no significant differences in 

age and sex ratio between the 2 groups. The clinical features 

of patients are summarized in Table 1.

All patients received PPCI. Symptom-to-balloon time 

as a surrogate for total ischemic time in PPCI + RIPostC 

and PPCI groups were 351±132 and 346±141  minutes, 

respectively (P=0.90). Patients presented with single 

culprit vessel, and 24 and 32 cases were included in the 

PPCI + RIPostC and PPCI groups, respectively. The culprit 

vessels in PPCI + RIPostC and PPCI groups were as follows: 

left anterior descending (LAD) artery that was involved in 

15 and 18 cases, respectively; right coronary artery (RCA) 

in 12 and 10 cases, respectively; and left circumflex artery 

(LCX) in 2 and 7 cases, respectively. The 2 groups were 

similar in terms of vascular disease (P=0.26). Killip classes 

on admission were as follows: 28 cases Killip I in the PPCI + 

RIPostC group and 34 cases Killip I in the PPCI group, 

Table 1 Clinical characteristics of patients

Characteristics PPCI + RIPostC PPCI P-value

Number of cases 29 35
Age, years 58.93±12.82 59.37±10.32 0.88
Sex

Man 24 32 0.30
Woman 5 3

Body mass index, kg/m2 24.35±5.22 23.90±2.18 0.65
Basic diseases (n)

Hypertension 21 21 0.30
Diabetes 6 6 0.72
Dyslipidemia 6 7 0.13
Smoking 24 22 0.08

Preoperative indicators
Heart rate, number/min 77±15 79±16 0.59
Systolic pressure, mmHg 124.14±21.85 128.59±26.01 0.47
Diastolic pressure, mmHg 75.39±15.36 80.42±18.66 0.26
Serum creatinine, µmol/L 71.36±19.04 67.13±20.17 0.40
Neutrophils, 109/L 9.04±3.82 8.03±3.05 0.27
Platelet count, 109/L 219.67±47.67 205.16±60.63 0.35
LDL-C, mmol/L 2.82±0.84 3.17±1.52 0.21
TG, mmol/L 3.31±1.67 3.1±2.37 0.67

Medication (n)
Aspirin 29 35 1
Clopidogrel/ticagrelor 29 35 1
Statins 29 35 1
Beta blockers 20 35 0.94
ACEI/ARB 12 15 0.96

Ischemic time, minutes 351±132 346±141 0.90
Vascular lesions (n)

Single branch 24 32 0.45
Multibranch 5 3

Culprit vessel (n)
LAD 15 18 0.26
RCA 12 10
LCX 2 7

Killip (n)
I 28 34 0.36
II 1 0
III 0 1

Postoperative TIMI
3 24 32 0.57
2 3 2
1 2 1
0 0 0

Stent implantation (n)
Stent implanted 26 33 0.65
No stent implanted 3 2

Contrast dose, mL 88.12±23.05 91.50±20.02 0.36

Note: Values are mean ± SD.
Abbreviations: LAD, left anterior descending; LCX, left circumflex artery; RCA, 
right coronary artery; PPCI, primary percutaneous coronary intervention; RIPostC, 
remote ischemic postconditioning; TIMI, Thrombolysis in Myocardial Infarction; 
LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; ACEI, angiotension 
converting enzyme inhibitors; ARB, angiotensin receptor blocker.
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with no significant difference between the 2 groups (P=0.36). 

Postoperative Thrombolysis in Myocardial Infarction (TIMI) 

3 flow in the PPCI + RIPostC group was 24 cases and in 

the PPCI group was 32 cases; TIMI 2 in the 2 groups were 

3 and 2 cases, respectively; TIMI 1 in the 2 groups were 

2 cases and 1 case, respectively; and no TIMI 0 in both 

groups after operation. There was no significant difference 

in postoperative TIMI between the 2 groups (P=0.57). Stent 

implantation was done in 26 cases in the PPCI + RIPostC 

group and 33 cases in the PPCI group, and there was no 

significant difference in the implantation rate between the 

2 groups (P=0.65). The contrast dose applied in 2 groups were 

similar, 88.12±23.05 mL in the PPCI + RIPostC group and 

91.50±20.02 mL in the PPCI group (P=0.36).

Postoperative clinical results
Preoperative CK-MB levels were similar in both groups. 

Serum CK-MB levels at 0.5, 8, 24, 48, and 72 hours after 

PCI in both groups are shown in Table 2. The levels of 

CK-MB in the PPCI group at all time points were higher 

than those in the PPCI + RIPostC group. However, 24 and 

48 hours had no significant difference (P.0.05). Postopera-

tive CK-MB peak in the PPCI + RIPostC group decreased 

significantly compared to the PPCI group (327.60±45.83 

vs 395.21±65.42 ng/mL, P,0.01). CK-MB in both groups 

peaked at 8 hours after PCI. The curve of CK-MB levels at 

each time point is shown in Figure 2A.

The AUC of CK-MB was calculated by the trapezoidal 

method. The median AUC for the PPCI + RIPostC group 

was 754.10 (468.30–893.92). The median AUC for the PPCI 

group was 807.00 (693.30–1,136.00). The infarct size in the 

PPCI + RIPostC group was significantly smaller than that in 

the PPCI group (U=273.50, P=0.04) (Figure 2B).

Echocardiographic results
The postoperative LVEF in the PPCI + RIPostC group was 

51.91%±9.42%, which is higher than 47.32%±6.30% in the 

PPCI group (P=0.04).

Kidney function and AKI
A total of 14 patients had AKI after PPCI, manifested as 

increased SCr and decreased glomerular filtration rate 

(11 cases [31.43%] in the PPCI group and 3 cases [10.34%] 

in the PPCI + RIPostC group). The incidence of AKI in PPCI 

was significantly higher than that in the PPCI + RIPostC 

group (P,0.05).

Preoperative eGFRs in PPCI + RIPostC and PPCI groups 

were 108.26±34.33 and 123.34±49.86  mL/min/1.73  m2, 

respectively (P=0.20). Postoperative eGFR of the PPCI + 

RIPostC group was 105.72±23.34 mL/min/1.73 m2, signifi-

cantly higher than 101.13±27.40 mL/min/1.73 m2 in the PPCI 

Table 2 Serum levels of CK-MB at different time points before 
and after PCI

CK-MB, ng/mL PPCI + RIPostC PPCI P-value

Preoperative 78.74±66.21 76.15±84.19 0.87
After PCI

1/2 hour 259.53±97.44 307.58±85.50 0.04
8 hours 327.60±45.83 395.21±65.42 ,0.01**
24 hours 213.42±89.39 224.21±173.29 0.76
48 hours 67.59±42.84 94.05±80.45 0.17
72 hours 32.39±17.01 48.01±37.86 0.04

Notes: Values are mean ± SD. **P,0.01.
Abbreviations: CK-MB, creatine kinase-MB; PCI, percutaneous coronary inter
vention; PPCI, primary percutaneous coronary intervention; RIPostC, remote 
ischemic postconditioning.

Figure 2 Creatine kinase-MB (CK-MB) levels.
Notes: The curve of CK-MB levels at each time point (A). The AUC of CK-MB (B).
Abbreviations: AUC, area under the curve; CK-MB, creatine kinase-MB; PPCI, primary percutaneous coronary intervention; RIPostC, remote ischemic postconditioning.
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group. ΔeGFRs were −3.43±16.29 and −21.14±15.64 mL/

min/1.73 m2 in PPCI + RIPostC and PPCI groups, respec-

tively (P,0.01). eGFR had a tendency to decrease after 

operation in both groups, with a more significant decrease in 

the PPCI group. The results of renal function in both groups 

are shown in Table 3.

Discussion
Our research shows that upper arm RIPostC could mitigate 

CK-MB release and preserve the LVEF, which might protect 

the patients with STEMI from IRI. Upper arm RIPostC could 

also reduce the AKI rate and ameliorate eGFR decline in 

patients with STEMI. To the best of our knowledge, this 

is the first research to report the protective role of upper 

arm RIPostC in cardiac and renal functions in patients with 

STEMI undergoing PPCI.

In our research, the peak serum CK-MB in the PPCI + 

RIPostC group was significantly lower compared with the 

PPCI group. The median AUC of CK-MB over 72 hours in 

the PPCI + RIPostC group was less than that in the conven-

tional PPCI group. Upper arm RIPostC could reduce the 

enzymatic IS, which might protect the ischemic myocardium 

from IRI in patients with STEMI. The culprit vessels in our 

research include not only LAD artery but also circumflex 

and RCA. While in the study performed by Crimi et al,20 

only occluded LAD artery was included. The majority of 

published clinical studies have used a manual blood pressure 

cuff or an automated cuff device to investigate the efficacy of 

limb RIC; however, lower limb RIC is difficult to be executed 

sometimes in patients with large lower limb diameter. It is 

difficult to achieve full blood flow blocking in RIC for certain 

obese individuals because the lower femoral artery is not as 

superficial as the brachial artery. Nevertheless, it is simple 

and convenient to implement the RIC on the upper limb.

Another finding in this research was the detection of SCr 

in the patients, which could reveal the incidence of CI-AKI. 

The incidence of AKI in the PPCI group was significantly 

higher than that in the PPCI + RIPostC group. eGFR had 

a trend of reduction in both groups, while the PPCI group 

decreased more significantly. The results suggested that 

RIPostC might reduce the incidence of AKI in patients with 

STEMI. Recent studies have found AKI in patients with coro-

nary artery disease (CAD), and especially in patients with 

STEMI, IRI may have an effect on kidney.27 Both heart and 

kidneys are the target organs to be protected for patients with 

STEMI undergoing PCI. Hydration is currently considered 

an effective method of reducing the incidence of contrast-

induced nephropathy (CIN) and has yielded good results 

in large-scale clinical trials.28 However, for patients with 

STEMI, preoperative and postoperative hydration is often 

difficult to be implemented in view of the preoperative time 

window and cardiac insufficiency.29

Regarding the effects of RIC on renal protection, a number 

of randomized controlled studies in the setting of CAG and 

PCI have provided encouraging results. In elective CAG,  

Er et al22 randomized 100 patients with impaired renal func-

tion to standard care or standard care plus RIC by transient 

and repetitive arm ischemia through 4 cycles of 5 minutes 

inflation alternated by 5 minutes deflation of a blood pressure 

cuff. The incidence of AKI was 12% in the RIC group and 

40% in the control group. Igarashi et al23 studied 60 patients 

with moderately impaired renal function (eGFR between 

30 and 60 mL/min/1.73 m2), who were scheduled for CAG 

or PCI. The results showed that 8 patients (26.9%) in the 

control group suffered AKI but only 2 patients in the RIPreC 

group (7.7%). Deftereos et al30 reported that RIC during PCI 

exerted protective function in 225 patients with non-ST-

elevation myocardial infarction (NSTEMI). The reduction 

in the rate of AKI was translated into a trend (of borderline 

significance) toward better 30-day clinical outcome. However, 

there are potential safety issues with intermittent balloon infla-

tions in coronary arteries, such as additional myocardial injury 

and thrombus microembolization. In the trial by Lavi et al,31 

patients with stable or unstable angina combined with nega-

tive Troponin T at baseline were included in the study. RIC 

on lower limb showed no protective role against incidence of 

AKI. Yamanaka et al24 evaluated 94 patients with STEMI who 

underwent three 5-minute RIC cycles on the upper arm (initi-

ated with diagnosis and continued intraprocedurally and prior 

to reperfusion) and found that RIC protected against CI-AKI. 

In a recent study by Olafiranye et al,25 RIC applied in patients 

with STEMI was found to be associated with lower incidence 

of AKI and in-hospital mortality. Our research, to some extent, 

is in consistent with the post hoc analysis by Crimi et al,26 

Table 3 Results of renal function

AKI PPCI + RIPostC PPCI P-value

Cases 3 11
Incidence, % 10.34 31.43 0.04
eGFR, mL/min/1.73 m2

Preoperative 108.26±34.33 123.34±49.86 0.20
Postoperative 105.72±23.34 101.13±27.40 0.58

ΔeGFR −3.43±16.29 −21.14±15.64 ,0.01**

Notes: ΔeGFR, eGFR difference before and after operation. Values are mean ± SD. 
**P,0.01.
Abbreviations: AKI, acute kidney injury; eGFR, estimated glomerular filtration 
rate; PPCI, primary percutaneous coronary intervention; RIPostC, remote ischemic 
postconditioning.
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where lower limb RIPostC had protective effect on kidney in 

patients with baseline eGFR ,77 mL/min/1.73 m2.

The cause of CI-AKI is thought to be renal ischemia with 

toxicity on tubular epithelial cells and vascular endothelial 

cells. Due to their complex microvascular network and high 

energy demand, kidneys are sensitive to ischemic injury, 

which is a major pathophysiological basis of CI-AKI. 

Endothelial dysfunction, oxidative damage, and sympathetic 

activation are common pathways involved in IRI of both 

heart and kidneys.32 RIPostC, RIPerC, as well as RIPreC may 

share some common features with respect to the mechanism 

of RIC. The signal transfer to the heart or other organs is 

through neuronal and humoral communications.33 RIPostC is 

non-invasive, easily feasible, safe, and inexpensive. Taking 

existing tantalizing evidence into consideration, there is a 

need for prospective randomized clinical studies.

This study has few limitations. The potential protective 

effect of RIPostC on different culprit coronary arteries is 

not yet clear. The effect of RIPostC by upper arm versus 

lower limb or joint arm and leg together remains to be 

elucidated. The baseline renal function in patients enrolled 

in our research was normal or mildly impaired, with an 

eGFR .60 mL/min/1.73 m2. Moderate or severely impaired 

renal function or those hemodialysis excluded. Neverthe-

less, patients with chronic renal insufficiency, especially 

those with eGFR ,30  mL/min/1.73 m2, might develop a 

decrease in renal GFR or increase in creatinine clearance. 

The incidence of CIN could be higher clinically, and further 

RIPostC studies are deserved. As a suboptimal biomarker, 

SCr cannot rapidly reflect the degree of kidney injury.23 More 

sensitive biomarkers such as neutrophil gelatinase-associated 

lipocalin, urinary liver-type fatty acid-binding protein, and 

cystatin C are needed to evaluate renal function in future 

studies. Several other factors such as the level of ions (K, Ca, 

Mg, and iron), phosphate levels, pH, parathyroid hormone, 

inflammatory markers, as markers of ventricular arrhythmia 

risk in renal failure,34 need to be considered in further studies. 

Our research might not be robust enough to draw a conclusion 

due to the small sample size.

Conclusion
Upper arm RIPostC imposed to patients with STEMI during 

PCI could not only reduce the enzymatic IS and preserve 

LVEF but also decrease the incidence of AKI and lessen the 

decline of eGFR. The results demonstrated that upper arm 

RIPostC may protect against myocardial IRI and exert renal 

protection. Large prospective randomized clinical trials are 

needed to repeat the results. The implication of our study for 

clinical practice is that patients with STEMI may benefit from 

upper arm RIPostC for cardiac and renal protection.
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