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Abstract
Objective: The aim of this study was to explore the clinical effects of remote ischemic preconditioning (RIPC) on contrast-induced |
nephropathy after percutaneous coronary intervention (PCI) in patients with acute coronary syndrome (ACS).

Patients and Methods: The study was a single-center, prospective, randomized, controlled study. A total of 161 patients with
ACS and the rate of estimate glomerular filtration (€GFR) 15 to 70mL/min/1.73 m2 undergoing PCl were randomly assigned to RIPC
group (induced by 4 times of 5-minute inflations of a blood pressure cuff to 200mmHg around the upper arm, followed by 5-min
intervals of reperfusion at 1 hour before PCI therapy) or control group (an uninflated cuff around the arm). Successful completion of the
PClI eventually included 107 cases of patients, including 50 cases in the RIPC group and 57 cases in the control group. The level of
serum creatinine (Scr), CystatinC (CysC), blood neutrophil gelatinase-associated lipocalin (NGAL), eGFR were measured in all
patients at 6 av before the day of PCI, and 4-hour NGAL, 24-hour CysC, 72-hour Scr, and eGFR after PCl in the 2 groups. The
incidence of major adverse events in the kidney (including the incidence of CIN, the need for dialysis, or renal replacement therapy
after using contrast agent) and the composite endpoint of cardiovascular events were recorded at 6 months after PCI.

Results: There were no statistically significant differences in baseline indicators between the 2 groups. Scr, CysC, and blood NGAL
levels and the incidence of CIN in patients with RIPC group were significantly lower than those form the control group after PCI
(P < .05), but there were no significant differences between the average value of eGFR and occurrence of Major cardiovascular events
in the postoperative 6 months (P> .05).

Conclusions: RIPC can reduce PCl-related CIN and protect renal function in patients with ACS. The benefits of these patients by
RIPC may be related to the reduction of the NGAL and CysC.

Abbreviations: ACS = acute coronary syndrome, BMI = body mass index, CIN = contrast-induced nephropathy, CysC =
cystatinC, eGFR = estimated glomerular filtration rate, ESCMDRD = Modification of Diet in Renal Disease, NGAL = blood neutrophil
gelatinase-associated lipocalin, PCl = percutaneous coronary intervention, RIPC = remote ischemic preconditioning, Scr = serum
creatinine.
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1. Introduction

Acute coronary syndrome (ACS) is caused by coronary
atherosclerotic plaques resulting in coronary stenosis; it can
lead to myocardial infarction. Percutaneous coronary interven-
tion (PCI) is the most effective means in the treatment of ACS in
the world.""! In recent years, with the development of clinical
diagnosis and interventional therapy, the dose of contrast agent
in PCI is increasing, and PCI can lead to contrast-induced
nephropathy (CIN). Therefore, CIN has become a common
complication of PCI, and has become the third leading cause
of acute renal failure in hospital.**! The diagnostic criteria of
CIN was that the absolute value of serum creatinine (Scr) in 48 to
72hours after the injection of contrast agent was increased by
>44.2mmol/L or above the base value of 25%, and was not
associated with other renal damage.!**! In addition to hydration,
there is still no effective prophylactic regimen available to prevent
occurrence of CIN recently.!® Therefore, it is urgent to explore
new methods to reduce the incidence of CIN. At present, most of
the research evidence show that CIN is the result of renal hypoxia
injury and the direct cytotoxicity of contrast agents to the
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kidney.!”! Renal ischemia and reperfusion injury play a key role in
the occurrence of CIN.®! So prevention of renal ischemia
reperfusion injury may be an effective measure to prevent CIN.
Ischemic preconditioning is a kind of measure that can effectively
protect the ischemic reperfusion injury. Przyklenk et al, on the
basis of ischemic preconditioning, first proposed the concept of
remote ischemic preconditioning (remote ischemic precondition-
ing, RIPC) in 1993.1%' It can reduce the ischemia and reperfusion
injury of target organs by stimulating endogenous protection,
This method was less invasive and stronger feasibility than in situ
ischemic preconditioning. It has a good application prospect.
Therefore, it is particularly important to find ways to prevent
CIN after PCI in patients with ACS. At present, the reports
showed that RIPC can reduce myocardial ischemia reperfusion
injury in the field of animal experimental research. However,
there is a lack of large-scale clinical studies in RIPC, and there are
different opinions on prevention of CIN. The purpose of this
study was to investigate the protective effects of RIPC on
prevention of CIN after PCI and its impact on major adverse
events in patients with ACS, to provide new measure for the
prevention of CIN.

2. Patients and methods

2.1. Patients

This study was a single-center, prospective, randomized, controlled
study. A total of 161 patients with ACS undergoing PCI from
March 2014 to March 2016 in Tai’an Central Hospital were
collected and randomly divided into RIPC group (72 cases) and
control group (89 cases). This study was approved 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 PCIL.
There were 6 cases in RIPC group and 4 cases in control group did
not undergo PCI, as coronary angiography showed severe lesions
in 3 coronary arteries. Sixteen cases in RIPC group and 28 cases in
control group did not undergo PCI, owing to coronary artery
stenosis <75 %. A total of 107 patients (50 cases in RIPC group and
57 cases in control group) underwent elective PCI successfully and
finally were included in this study.

2.2. Inclusion criteria

The inclusion criteria were the clinical manifestations of patients
according to Canadian Cardiovascular Society angina pectoris
grade II-1V; the patients undergoing selective coronary angio-
graphy and were determined at least | coronary artery stenosis,
and the degree was >75% (diameter method); the location of the
stenosis was the definition of ACC/AHA of A or B lesions; coexist
renal inadequacy (that rate of estimate glomerular filtration
[eGFR] is between 15 and 70 mL/min/1.73 m?).

2.3. Exclusion criteria

Exclusion criteria were allergic to contrast media patients;
patients who use of nephrotoxic drugs in the last 1 month; with
malignant tumor patients; severe liver damage and maintenance
hemodialysis patients with renal failure; renal transplant patients;
mental diseases, among others.

2.4. Baseline materials

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

All patients completed the routine examination, including
routine blood test, liver and kidney function, blood glucose and
blood lipid, myocardial enzymes, cardiac markers, ion biochem-
istry, coagulation system, thyroid function, glycosylated hemo-
globin by fasting hemospasia at 6 am. All patients signed
informed consent. The patients were divided into RIPC group
and control group according to the random number table. Two
groups were treated with antiplatelet agents, statins, angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers,
B-receptor blockers, calcium antagonists, and nitrates and other
conventional treatment. According to the 2006 International
CIN expert consensus recommended,'' " standard hydration was
used as preventive treatment to all patients before and after PCI.
As a standardized treatment, all patients received 0.9% normal
saline intravenously 6 hours before the coronary angiography
and 12 hours after the operation. Special patients were adjusted
according to the cardiac function and urine volume. Diabetes
patients before 48 hours of the operation change metformin to
insulin therapy. The RIPC group received remote ischemic
preconditioning at 1 hour before PCI; the specific method was 5-
minute inflations of a blood pressure cuff to 200 mmHg around
the upper arm, followed by 5-minute intervals of reperfusion by 4
times. The control group was not treated.

2.5. Operation procedures

All patients underwent coronary angiography. Coronary stent
implantation was performed in patients with coronary artery
stenosis >75%. The stents were all drug-eluting stents. Vascular
lesions, balloon expansion pressure, the expansion time, the
number of stents, stent length, postoperative blood flow
Thrombolysis in myocardial infarction and the amount of
contrast agent, coronary artery dissection, collateral vascular
compression, reflow, coronary artery spasm, thrombosis, and
other complications for coronary artery were recorded; electro-
cardiogram changes and vital signs were monitored during the
operation.

2.6. Biochemical measurement

All patients were detected Scr, CystatinC (CysC), blood neutrophil
gelatinase related lipid carrier protein(NGAL) on an empty
stomach one day before operation, and the simplified Modification
of Diet in Renal Disease (MDRD) equation was used to calculate
eGFR. After angiography, all patients measured blood NGAL in
4 hours, blood CyC in 24 hours, serum creatinine and eGFR in
72 hours. The levels of Scr and CysC in the department were
determined in Clinical Laboratory of Tai’an Central Hospital.
Blood NGAL was detected by latex-enhanced turbidimetric
immunoassay; the reagent was provided by Beijing nine strong
Biotechnology Co. Ltd. The tests were performed in strict accor-
dance with the instructions of the reagents and equipment suppliers.

2.7. End event

(1) The primary end point was to detect the difference of Scr,
Cysc, eGFR, NGAL levels of 2 groups of patients before and
after PCI and the incidence of CIN in the 2 groups.

(2) The secondary end points were adverse renal outcomes
including the number of patients with renal failure undergoing
dialysis or kidney transplantation, readmission, and death.
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2.8. Postoperative follow-up

Patients were followed up for 6 months after coronary
angiography. The major adverse renal events (renal failure
owing to dialysis or renal transplantation) and composite
cardiovascular end points (readmission and death) in the 2
groups were recorded.

2.9. Statistical analysis

All the data were analyzed by SPSS19.0 (Ver-sion X; IBM,
Armonk, NY) statistical software. The measurement data were
expressed to mean +standard deviation. Before the comparison
between groups, the normality test and the homogeneity of
variance test were carried out. Paired data # test and independent
sample ¢ test were used to measure the normal distribution and
homogeneity of population variance, whereas the rank sum test
was used in non-normal distribution. Enumeration data were
analyzed with x? test. The difference was statistically significant
with P<.03.

3. Results

3.1. Basic data for the enrolled participants

As shown in Table 1, there was no significant difference in risk
factors such as age, sex, BMI, blood lipid, fasting blood glucose,
and medical history. There was no statistical difference between
the 2 groups in the routine drug treatment, the operation of PCI,
and the amount of contrast agent (Table 1).

3.2. Scr, Cys C, NGAL, and eGFR level changes

There were no significant differences of Scr, Cys C, NGAL,
and eGFR (P>.05) between 2 groups before PCI (P >.05). The
level of patients postoperative with 72-hour Scr, 24-hour CysC,
4-hour NGAL in 2 groups was higher than that before operation
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(P<.05).The eGFR of 72 hours was significantly lower than that
before operation (P <.035). The levels of 72-hour creatinine (Cr),
24-hour CysC, 4-hour NGAL in the control group were higher
than that in RIPC group (P<.05).The postoperative 72-hour
eGFR of control group was lower than that of RIPC, but the
difference was not statistically significant (P>.05), as shown in
Table 2.

3.3. Comparison of CIN incidence

As shown in Table 3, 2 groups of patients with CIN occurred in
control group of 15 cases, RIPC group of 5 cases, and the
incidence of RIPC group was lower than that of the control group
(P<.05).

3.3.1. Comparison of major adverse renal events and
cardiovascular events in patients with RIPC group and
control group. After 6 months of PCI, the patients were followed
up. A total of § patients in RIPC group and control group were
admitted to hospital, including RIPC group of 3 cases, the control
group of 2 cases. The results showed that there was no significant
difference between the 2 groups in readmission, renal dialysis, or
transplantation, and death (P>.05) as shown in Table 4.

3.3.2. Adverse reactions of RIPC. RIPC group had 3 patients
with upper arm ischemic discomfort, and 5 patients suffered from
distal skin ecchymosis or petechia owing to blood pressure
cuff compression. However, those reactions did not affect the
pretreatment process.

4. Discussion

With the extensive development of cardiac intervention, CIN has
become a common complication of cardiovascular angiography
and interventional therapy.['?! Early detection and prevention of
CIN are of great significance. At present, it is considered that the

Comparison of the general information between the control group and the RIPC group.

General information Control group (n=57) RIPC group (n=50) tor xz value P
Age 69.14+7.80 69.42+7.07 —0.193 .847
Sex (male/female) 35/22 30/20 0.022 .882
BMI, kg/m? 25.61+4.12 25.35+3.98 0.331 .740
Smoke, n (%) 10 (17.54) 12 (16.00) 0.045 .831
Hyperlipidemia, n (%) 5(26.32) (24 00) 0.076 783
Diabetesm n (%) 27 (47.37) 4 (48.00) 0.004 .948
Hypertension, n (%) 32 (56.14) (56 00) 0.000 .988
Old myocardial infarction, n (%) 6 (10.53) 8 (16.00) 0.702 402
PCI history, n (%) 10 (17.54) 9 (18.00) 0.040 .951
Contrast agent dosage, mL 108.82+43.25 114.76 +£44.22 -0.701 485
Medication
Aspirin, n (%) 57 (100) 0 (100) — —
Clopidogrel, n (%) (1 00) (1 00) — —
Statins, n (%) 5 (96.49) 47 (94.00) 0.023 .881
3-blockers, n (%) (70 18) (76 00) 0.457 499
ACEIl or ARB, n (%) 38 (66.67) 5 (70.00) 0.137 712
Calcium antagonist, n (%) 20 (35.08) (32 00) 0114 .736
Diuretic, n (%) 20 (35.09) 22 (44.00) 0.000 .988
Spironolactone, n (%) 8 (14.03) 9 (18.00) 0.313 576
Insulin, n (%) 14 (24.56) 12 (24.00) 0.005 .946
Hypoglycemics, n (%) 16 (28.07) 12 (24.00) 0.048 .826
lIb/llla receptor antagonist, n (%) 0 (0.00) 0 (0.00) — —

ACEI=angiotensin-converting enzyme inhibitor, ARB=angiotensin Il receptor blocker, BMI=body mass index, PCl=percutaneous coronary intervention, RIPC=remote ischemic preconditioning.
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Table 2
Comparison of postoperative renal function index in control group and RIPC group.
Index Control group (n=57) RIPC group (n=50) t value P
Ser, wmol/L
Preoperative 93.526119.11f 90.420117.464* 0.873 .385
72 h after operative 108.772+35.83 95.980+24.300 " 2.183 031
CysC, mg/L
Preoperative 1.157+£0.188 1.119+0.169 1.073 286
24 h after operative 1.333+0.366" 1.178+0.184"" 2.814 .006
NGAL, ng/mL
Preoperative 175.614 +£53.275 174.440 +45.030 0.122 903
4 h after operative 228.509 +74.394 198.260+56.714 F 2.381 019
eGFR, mL/min/1.73 m?
Preoperative 68.023+10.168 69.994 +8.908 —1.059 292
72 h after operative 60.948 +18.441 67.088+14.837 —1.880 630

CysC=cystatinC, eGFR=estimated glomerular filtration rate, NGAL =hlood neutrophil gelatinase-associated lipocalin, RIPC=remote ischemic preconditioning, Scr=serum creatinine.

" Was compared with the preoperative, P<.05.
TWas compared with the control group, P< .05.

key factor of CIN is the change of renal hemodynamics caused by
contrast agent, which leads to the occurrence of medulla nephrica
ischemia and hypoxia injury."?!

RIPC is an effective endogenous protective mechanism against
ischemia/reperfusion injury. It protects the heart and has a
protective effect on the brain, kidney, small intestine, liver,
skeletal muscle and other organs, and has the universality of
organs." ! In 2000, Ogawa et al*® found that ischemic
preconditioning can alleviate the renal damage in rats after
40-minute ischemia. In the study of 924 patients with cardiac or
vascular surgery, it was found that the incidence of acute renal
dysfunction in the distal ischemic preconditioning group was
significantly lower than that in the control group.'”! In recent
years, some researchers reported the role of limb ischemic
preconditioning in preventing CIN in patients with renal
insufficiency.!"*21 However, for patients with ACS undergoing
PCI, there is a lack of large-scale clinical studies to prevent CIN by
RIPC. The study of preventing CIN is still in its infancy for
patients with ACS undergoing PCI currently. This study shows
that recirculation treatment of 5 times of S-minute ischemia
(pressure maintained at 200 mmHg) of /Smin can reduce the
incidence of CIN. There were 20 cases of CIN in the study,
including RIPC group of § cases (10%), and control group of 15
cases (26.3%). It suggests that RIPC can reduce the incidence of
CIN in patients with ACS undergoing PCI.

At present, Cr is the main criterion for CIN. It often rises to
peak at 72 hours after PCL In this study, 107 cases of patients
with ACS undergoing PCI treatment, the difference of the
creatinine level between 72 hours after operation and preopera-
tion was statistically significant. CysC is a cysteine proteinase
inhibitor,”*! it has small molecular weight, and it can freely
through the glomerular filtration. It can be fully absorbed by

Comparison of the incidence of CIN in control group and RIPC
group after CAG, n (%).

renal tubular epithelial cells, and no longer returns to the blood,
whereas the renal tubules do not secrete CysC. Because of these
characteristics, CysC is superior to Cr, which is a good indicator
of renal function.”>) NGAL is a kind of trace protein; it is an early
and sensitive biomarker of renal injury. It reached the peak at 4
hours after renal ischemia. Glomerular filtration rate (GFR) is the
most important indicator of renal function. It cannot be directly
measured; it is generally believed that the MDRD equation is an
effective way to calculate GER.[**!

The study found that serum NGAL after PCI 4hours was
significantly higher than that before operation in the 2 groups
(P<.05), and CysC postoperative 24hours was significantly
higher than preoperative (P <.05). The levels of Cr and GFR
postoperative 72hours were significantly higher than those
before angiography. This indicates that the NGAL and CysC are
more sensitive than Cr and GFR, and they can detect CIN early.
It is of great value in the diagnosis of CIN.

The mechanism of the protective effect of RIPC is unclear.
Previous studies have suggested that the mechanism of renal
protection by RIPC is that it can play a role in anti-inflammatory
and nerve and humoral pathways by activating a variety of
factors.[®) The latest research finds that the mechanism of effect of
RIPC reduces renal damage in CIN through the activation of
tumor necrosis factor a/nuclear factor-kB pathway, and then
increases the high expression of renal enzymes in the body and
plays the role of anti-apoptosis, anti-inflammatory, and antioxi-
dant protection of kidney.**!

Therefore, RIPC, as an effective endogenous protective
mechanism against ischemia/reperfusion injury, has broad
prospects in the prevention of CIN for patients with ACS
undergoing PCI, and provides a new effective way to prevent CIN
for ACS patients undergoing PCI treatment.

Comparison of major adverse events in control group and RIPC
group after PCI.

Group Total cases incidence of CIN
Control group 57 15 (26.3%)
RIPC group 50 5 (10.0%)
%> Value 4.665

p .031

CAG=coronary angiography, CIN=contrast-induced nephropathy, RIPC=remote ischemic
preconditioning.

Control group  RIPC group
Events (n=57) (n=50)  x2 Value P
Readmission, n (%) 3 (5.26) 2 (4.00) 0.000 1.000
Renal dialysis, n (%) 0 (0.00) 0 (0.00) — —
Renal transplantation, n (%) 0 (0.00) 0 (0.00) — —
Death, n (%) 0 (0.00) 0 (0.00) — —

PCl=percutaneous coronary intervention, RIPC=remote ischemic preconditioning.
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4.1. Limitations and suggestions

This study is a randomized, controlled, and single-center
prospective study of small sample cases; the sample size is
relatively small, and the related indexes are limited. Taking into
account issues such as patient compliance, we measured related
indicators without observing the change process related
indicators. Experimental results may exist bias. Because of
the shorter study time, all patients were followed up for only
6 months, so the clinical results of the records were relatively
small. Therefore, the reliability of this study should be further
confirmed by larger and longer clinical observations.

5. Conclusions

Our research shows that RIPC has preventive effects on CIN,
which can effectively reduce the incidence of CIN and protect
renal function in patients with ACS undergoing PCI. The benefits
of these patients by RIPC may be related to the reduction of the
NGAL and CysC.
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