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Abstract. – OBJECTIVE: To explore the ef-
fects of remote ischemic preconditioning on 
myocardial injury and prognosis after percuta-
neous coronary intervention (PCI) in patients 
with acute coronary syndrome. 

PATIENTS AND METHODS: The study was 
a single center, prospective, randomized, con-
trolled study. A total of 184 patients with unsta-
ble angina undergoing elective PCI were random-
ly assigned to remote ischemic preconditioning 
group (induced by four times of 5-min inflations 
of a blood pressure cuff to 200 mmHg around 
the upper arm, followed by 5-min intervals of 
reperfusion at 1 h before PCI therapy) or control 
group (an uninflated cuff around the arm). Suc-
cessful completion of the PCI eventually includ-
ed 130 cases of patients, including 72 cases in 
the remote ischemic preconditioning group and 
58 cases in the control group. CK-MB, cTnI, sI-
CAM-1, sVCAM-1 and Hs-CRP levels were mea-
sured at 6 am. of the day operating PCI and at 
24 h after PCI in the two groups. Major adverse 
cardiac events were recorded of two groups of 
patients in the postoperative 6 months. (MACE, 
including recurrence of angina pectoris, myo-
cardial infarction and death). 

RESULTS: There were no statistically signifi-
cant differences in baseline indicators between 
the 2 groups. CK - MB, cTnI, sICAM-1, sVCAM-1 
and Hs-CRP levels in patients with remote isch-
emic preconditioning group were significant-
ly lower than those form the control group af-
ter PCI (p < 0.05), but there were no significant 
differences between the occurrence of MACE in 
the postoperative 6 months (p > 0.05). 

CONCLUSIONS: Remote ischemic precondi-
tioning can reduce PCI related myocardial injury 
and protect vascular endothelial function.
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Introduction

Acute coronary syndrome is caused by coro-
nary atherosclerotic plaques resulting in coronary 
stenosis, further leading to myocardial ischemia, 
causing chest pain symptoms, severe cases can 
lead to myocardial infarction. Percutaneous coro-
nary intervention (PCI) can relieve coronary ste-
nosis and open the coronary artery occlusion. It 
is the most effective mean of reperfusion therapy 
in the world. However, PCI can lead to myocardi-
al injury, and the increase of myocardial markers 
is often associated with postoperative myocardi-
al ischemia. According to the Global Definition 
of Myocardial Infarction in 2007, patients with 
normal baseline troponin levels were treated with 
PCI, the myocardial damage marker (preferred 
cTn) increased by more than 3 times the normal 
reference value after receiving PCI treatment, 
and was identified as PCI related myocardial in-
farction1. Therefore, it is particularly important to 
find ways to improve myocardial injury after PCI. 
Some studies have shown that ischemic precondi-
tioning (IPC) is an effective endogenous protec-
tive measure against myocardial ischemia2, but 
the IPC operation of coronary artery is compli-
cated and traumatic, so it is not suitable for clini-
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cal application. Remote ischemic preconditioning 
(RIPC), which is an easy method to operate, is 
also concerned with the protection of myocardi-
al injury. However, there is a lack of large-scale 
clinical studies in RIPC, and there are different 
opinions on myocardial protection. The purpose 
of this study was to investigate the protective ef-
fects of remote ischemic preconditioning on myo-
cardial injury and endothelial function after PCI 
and its impact on major adverse cardiovascular 
events (MACE). 

Patients and Methods

Patients
This study was a single center, prospective, 

randomized, controlled study. A total of 184 pa-
tients with acute coronary syndrome undergoing 
PCI from 2014 Mar to 2016 Feb in Tai’an Central 
Hospital were collected and randomly divided into 
remote ischemic preconditioning group (94 cases) 
and control group (90 cases). This study was ap-
proved by the Ethics Committee of Tai’an Central 
Hospital. Signed written informed consents were 
obtained from all participants before the study. Of 
these, 54 patients were excluded because they did 
not undergo PCI. There were 6 cases in remote 
ischemic pretreatment group and 4 cases in con-
trol group did not undergo PCI treatment, as cor-
onary angiography showed severe lesions in three 
coronary arteries. 16 cases in remote ischemic 
pretreatment group and 28 cases in the control 
group did not have to undergo PCI due to coro-
nary artery stenosis less than 75%. 130 patients 
(72 cases in remote ischemic pretreatment group 
and 58 cases in control group) underwent elective 
PCI successfully and finally were included in this 
study.

Inclusion Criteria
(1) The clinical manifestations of patients ac-

cording to Canadian Cardiovascular Society 
(CCS) angina pectoris grade II-IV; (2) the patients 
undergoing selective coronary angiography and 
were determined at least l coronary artery steno-
sis, and the degree was more than 75% (diameter 
method); (3) the location of the stenosis was the 
definition of ACC/AHAof A or B lesions.

Exclusion Criteria
(1) Preoperative cardiac troponin I (cTnI) eleva-

tion higher than 0.09 ng/ml; (2) aspirin or clopido-
grel is not tolerated; (3) congenital malformations 

associated with myocardial ischemia such as the 
left coronary artery derived from the pulmonary 
artery, congenital coronary stenosis or atresia, the 
coronary artery derived from the anomalous ori-
gin of the contralateral coronary sinus, coronary 
artery fistula and myocardial bridge; (4) congen-
ital heart disease; (5) rheumatic heart disease; (6) 
dilated and hypertrophic cardiomyopathy; (7) 
coronary heart disease and heart failure (NYHA 
grade III\IV); (8) acute infection; (9) rheumat-
ic fever; (10) malignant tumor; (11) severe liver 
and kidney dysfunction; (12) inflammatory mus-
cle activity diseases and infectious diseases; (13) 
mental diseases, etc.

Baseline Materials
Demographic characteristics of the patients 

were collected and recorded in detail, including 
gender, age, height, weight, body mass index 
(BMI), risk factors for coronary heart disease, 
combined disease, drug treatment and physical 
examination results.

All patients completed the routine examina-
tion, including routine blood test, liver and kidney 
function, blood glucose and blood lipid, myocar-
dial enzymes, cardiac markers, ion biochemistry, 
coagulation system, thyroid function, glycosylat-
ed hemoglobin by fasting hemospasia at 6 am. All 
patients signed informed consent. The patients 
were divided into remote ischemic precondition-
ing group and control group according to the ran-
dom number table. Two groups were treated with 
antiplatelet agents, statins, angiotensin converting 
enzyme inhibitors (ACEI) or angiotensin recep-
tor blockers (ARB), β-receptor blockers, calcium 
antagonists and nitrates and other conventional 
treatment. The remote ischemic preconditioning 
group received remote ischemic precondition-
ing at 1 h prior to PCI, the specific method was 
5-min inflations of a blood pressure cuff to 200 
mmHg around the upper arm, followed by 5-min 
intervals of reperfusion by four times. The control 
group was not treated. CK-MB, cTnI, sICAM-1, 
sVCAM-1 content and Hs-CRP level were mea-
sured at 6 am of PCI surgery day and 24 h after 
operation, and recurrent angina, myocardial in-
farction, death and major adverse cardiovascular 
events (MACE) were recorded in 6 months after 
operation. 

Operation Procedures
All patients underwent coronary angiogra-

phy. Coronary stent implantation was performed 
in patients with coronary artery stenosis great-
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er than 75%. The stents were all drug-eluting 
stents. Vascular lesions, balloon expansion pres-
sure, the expansion time, the number of stents, 
stent length, postoperative blood flow TIMI and 
the amount of contrast agent, coronary artery 
dissection, collateral vascular compression, re-
flow, coronary artery spasm, thrombosis and 
other complications for coronary artery were re-
corded; ECG changes and vital signs were mon-
itored during the operation.

Statistical Analysis
All the data were analyzed by SPSS19.0 (Ver-

sion X; IBM, Armonk, NY, USA) statistical soft-
ware. The measurement data were expressed to 
mean ± standard deviation. Before the compar-
ison between groups, the normality test and the 
homogeneity of variance test were carried out. 
Paired data t-test and independent sample t-test 
were used to measure the normal distribution 
and homogeneity of population variance, while 
the rank sum test was used in non-normal distri-
bution. Enumeration data was analyzed with χ2 
test. The difference was statistically significant 
with p < 0.05.

Results

Basic Data for the Enrolled Participants
As shown in Table I, there was no significant 

difference in risk factors such as age, sex, BMI, 

blood lipid, fasting blood glucose and past 
medical history. There was no statistical dif-
ference between the two groups in the routine 
drug treatment, the operation of PCI, the type 
and number of lesion blood vessels, the char-
acteristics of stent implantation, the amount of 
contrast agent and the complications of opera-
tion. (Table I).

CK-MB, cTnl, sICAM-1, sVCAM-1 and 
Hs-CRP Level Changes 

There were no significant differences of CK-
MB, cTnI, sICAM-1, and Hs-CRP (p > 0.05) 
between two groups before PCI (p > 0.05). The 
level of CK-MB, cTnI, sICAM-1, sVCAM-1and 
Hs-CRP in two groups of patients 24h after PCI 
was higher than that before operation (p < 0.01). 
The difference between the remote ischemic pre-
conditioning group and the control group was sta-
tistically significant postoperative (p < 0.05), as 
showed in Table II. 

MACE Events
Telephone follow-up and patient outpatient 

visits and hospitalization. 6 cases (2 cases in re-
mote ischemic preconditioning group) were lost, 
accounted for 3.8%. As shown in Table III, the 
occurrence rate of adverse cardiovascular events 
in remote ischemic preconditioning group is low 
compared with the control group, but no signifi-
cant difference is shown.

Table I. Comparison of basic situation between RIPC group and control group.

		  Control group	 RIPC group
	 Item	 (n = 58)	 (n = 72)	 χ2/t	 p-value

Age	 59.27 ± 9.35	 60.22 ± 9.06	 0.5859	 0.5590
Gender (male/female)	 24 (41.38)	 22 (30.56)	 1.646	 0.200
BMI (kg/m2)	 24.97 ± 0.72	 25.13 ± 0.61	 1.3714	 0.1726
Triglyceride (mmol/L)	 1.71 ± 0.41	 1.58 ± 0.37	 1.8974	 0.0600
Total cholesterol (mmol/L)	 4.41 ± 0.57	 4.29 ± 0.72	 1.0345	 0.3029
LDl-C (mmol/L)	 2.59 ± 0.65	 2.56 ± 0.73	 0.2445	 0.8072
HDL-C (mmol/L)	 1.07 ± 0.16	 1.08 ± 0.23	 0.2808	 0.7793
Fasting plasma glucose (mmol/L)	 5.67 ± 0.52	 5.79 ± 0.46	 1.3948	 0.1655
Smoke [n (%)]	 38 (65.52)	 36 (50.00)	 3.154	 0.076
Hypertension (n (%))	 46 (93.10)	 56 (77.78)	 0.045	 0.833
Diabetes mellitus [n (%)]	 30 (65.52)	 34 (47.22)	 0.260	 0.610
Total balloon dilation time (s)	 40.97 ± 19.58	 42.71 ± 21.16	 0.4817	 0.6308
Number of implants [n (%)]
n = 1	 45	 60	 0.683	 0.409
n = 2	 11	   9	 1.032	 0.310
n ≥ 3	   2	   3	 0.000	 1.000
Total length of stent (mm)	 29.49 ± 18.67	 32.54 ± 20.42	 0.8793	 0.3809
Amount of contrast agent (mL)	 118.86 ± 41.25	 125.15 ± 43.21	 0.8418	 0.4015
The stent falls off or improperly positioned	 0	 0	 –	 –
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Adverse Reactions of Remote Ischemic 
Preconditioning

Remote ischemic preconditioning group had 
3 patients with upper arm ischemic discomfort, 
5 patients suffered distal skin ecchymosis or pe-
techia due to blood pressure cuff compression. 
However, those reactions did not affect the pre-
treatment process.

Discussion

Over the past 30 years, PCI has become the 
most effective means of revascularization in pa-
tients with acute coronary syndromes, but PCI is 
often accompanied by myocardial and endothelial 
damage. Many studies have shown that myocardi-
al injury after PCI is associated with poor progno-
sis3-6. At present, creatine kinase isoenzyme and 
troponin are widely recognized as serum markers 
for the diagnosis of myocardial injury. C- reactive 
protein (CRP) is a sensitive marker of atheroscle-
rosis. It can be directly involved in the formation 
of atherosclerosis and the development of cardio-

vascular disease. Elevated CRP predicts plaque 
vulnerability. CRP can promote the expression of 
focal adhesion factor, reduced endothelial nitric 
oxide bioavailability, change the uptake of LDL 
by the macrophages activation, promotes vascu-
lar inflammation and thrombosis, and ultimately 
exacerbate coronary atherosclerosis. Numbers 
of studies have shown that PCI can induce and 
exacerbate inflammation7,8, and the study also 
showed that the levels of inflammatory markers 
(hs-CRP) were increased immediately after PCI9. 
Related studies have confirmed that the causes of 
myocardial and endothelial injuries were relat-
ed to balloon dilatation and stent release during 
PCI, which resulting in transient coronary isch-
emia and microcirculatory disturbances10,11. The 
total balloon dilation time, total stent length, stent 
number and stent shedding were compared be-
tween the 2 groups during PCI in this study, the 
differences were not statistically significant.

Recent studies12,13 showed that serum sICAM-1 
and sVCAM-1 reflect the endothelial function 
by regulating adhesion between cells, causing 
vascular endothelial injury and activating neu-

Table II. Comparison of relative indexes between RIPC group and control group before and after PCI.

	 Index	 Control group (n = 58)	 RIPC group (n = 72)	 t	 p-value

CK-MB				  
Preoperative	 12.27 ± 3.54	 12.09 ± 2.81	 0.3233	 0.7450
Postoperative	 17.45 ± 8.42	 13.21 ± 7.59	 3.0151	 0.0031
CTNI				  
Preoperative	 0.012 ± 0.006	 0.013 ± 0.007	 0.8622	 0.3902
Postoperative	 0.066 ± 0.007	 0.048 ± 0.006	 15.7816	 < 0.0001
sICAM-1				  
Preoperative	 17.16 ± 2.93	 16.53 ± 3.12	 1.1758	 0.2419
Postoperative	 37.12 ± 3.31	 23.83 ± 2.33	 26.8157	 < 0.0001
sVCAM-1			    	
Preoperative	 18.75 ± 2.23	 18.91 ± 2.69	 0.3634	 0.7169
Postoperative	 43.19 ± 3.86	 26.38 ± 2.89	 28.3829	 < 0.0001
Hs-CRP				  
Preoperative	 4.26 ± 2.71	 4.53 ± 3.02	 0.5302	 0.5969
Postoperative 	 8.63 ± 3.43	 7.12 ± 2.73	 2.7954	 0.0060

Note: There was no significant difference between the RIPC group and the control group in the 6-month MACE event (pa > 0.05).

Table III. Comparison of major adverse cardiovascular events between the RIPC group and the control group 6 months after 
PCI.

	 MACE	 Control group (n = 58)	 RIPC group (n = 72)

Recurrent angina [n (%)]	 8 (13.79%)	 4 (5.55 %)a

Myocardial infarction [n (%)]	 6 (10.34%)	 4 (5.55 %)a

Death [n (%)]	 0 (0%)	 0 (0 %)a
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trophil, starting immune response and inducing 
apoptosis of endothelial cells. PCI can enhance 
endothelial cell injury, promote the expression 
of sICAM-1 and sVCAM-1in vascular endotheli-
al cells, tightening the interaction between cells, 
vascular adhesion molecules and adhesion mol-
ecule of leukocytes, participating in myocardial 
ischemia and reperfusion injury, thus aggravating 
microcirculation dysfunction. Typically, involved 
in inflammation and adhesion reaction, sICAM-1 
and sVCAM-1 were little or none expressed in 
normal vessels, but highly expressed in patients 
in the postoperative PCI. They were related with 
the level of endothelial dysfunction and resteno-
sis, and can be in a certain extent of endotheli-
al injury. SICAM-1 and sVCAM-1 can activate 
white blood cells to produce and release oxygen 
free radicals, leukotrienes and platelet activat-
ing factor of vasoactive substances. These prod-
ucts promoted the development of inflammation, 
caused vascular endothelial injury and induced 
vasoconstriction and hypoxic ischemic myocar-
dium, resulting in vascular cavity occlusion and 
promoting the progression of disease in patients 
with PCI after operation.

In 1986, Murry et al14 found that prior to clamp-
ing the canine circumflex coronary artery for 5 
min, then reperfusion 5 min, repeat 4 times, then 
40 min occlusion, myocardial infarction area de-
creased 75% compared with the control group. 
They call this phenomenon as ischemic precon-
ditioning (ischemic, preconditioning, IPC). But 
the local ischemic preconditioning treatment may 
cause damage to the local tissue, this limits the 
application of the technology in a certain extent. 
If IPC does not affect the local tissue blood sup-
ply situation, it will make more patients benefit. 
In 1993, Przyklenk et al15 found that the circum-
flex coronary artery ischemia can reduce the in-
farct size in the anterior descending branch of the 
blood supply area, suggesting that local ischemia 
can improve the ability of other parts of the same 
organ to adapt to ischemia. Subsequently, Lang 
et al16 found that renal transient ischemia can pro-
tect against myocardial infarction, and Gho et al17 
reported the protective effects of intestinal isch-
emia on the myocardium. Other studies have also 
demonstrated that transient ischemia in multiple 
organs can significantly protect against subse-
quent ischemia-reperfusion injury18-21. Similar to 
myocardial ischemic preconditioning, transient 
ischemia in the extra cardiac tissues and organs 
can protect the autologous myocardium and re-
duce infarct size after prolonged ischemia. This 

preconditioning is, therefore, known as remote 
ischemic preconditioning (remote ischemic pre-
conditioning, RIPC), because it occurs outside the 
heart, which is different from classical myocardial 
ischemic preconditioning. Remote ischemic pre-
conditioning and ischemia can play a similar role 
in pretreatment, thus greatly expanded the scope 
of application of ischemic preconditioning. It had 
simple and easy implementation, no damage, does 
not affect the operation characteristics, is easily 
accepted by people in ethics, so it has a certain 
clinical feasibility22. However, there is disagree-
ment about the protective effect of distal ischemic 
preconditioning on myocardial injury after PCI, 
and there is no large-scale clinical study and the 
impact on the prognosis has not been reported. 
This study through randomized, prospective con-
trol methods, compared myocardial injury index 
of CK-MB, cTnl, sICAM-1, sVCAM-1 and Hs-
CRP changes in remote ischemic preconditioning 
group and control group. The results suggest that 
PCI can lead to myocardial injury, but myocardial 
ischemia and myocardial injury can be alleviated 
by remote ischemic preconditioning, which can 
protect the heart of PCI patients.

In our investigation, remote ischemic precon-
ditioning was performed in patients with acute 
coronary syndromes undergoing elective PCI 
surgery. RIPC was observed to attenuate myocar-
dial and endothelial damage after PCI surgery in 
patients with acute coronary syndromes through 
repeated blood blocking and recovery of upper 
limb ischemic preconditioning. The mechanism 
of remote ischemic preconditioning is still un-
clear; studies have shown that remote ischemic 
preconditioning may reduce the inflammatory 
reaction23,24, but most of the researches are still 
in the field of animal studies and difference ex-
ists between species. In this study, we detected 
the expression of Hs-CRP, sICAM-1 and sV-
CAM-1, and we investigated the reaction of RIPC 
with intravascular disease dermatitis. The results 
showed that remote ischemic preconditioning 
could significantly reduce the levels of Hs-CRP, 
sICAM-1 and sVCAM-1 after PCI, alleviate the 
related inflammatory reaction after PCI, protect 
the vascular endothelial function and alleviate the 
myocardial injury.

Conclusions

This study is a randomized, controlled and sin-
gle center prospective study of small sample cas-
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es, the sample size is relatively small, the related 
indexes is limited, such as only one inflammation 
index hs-CRP. Taking into account issues such as 
patient compliance, we measured related indica-
tors measured only after 24 h in this study, with-
out observing the change process related indica-
tors. There may also be bias in the experimental 
results. Due to time limitations, the occurrence of 
adverse events was followed up for only 6 months. 
The time of follow-up is relatively short and the 
clinical outcome of records is relatively small. 
Therefore, the reliability of this study should be 
further confirmed by larger and longer clinical 
observations.
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