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RESUMEN
No se ha demostrado adecuadamente 
el papel del preacondicionamiento 
isquémico remoto (RIPC) en 
la prevención del desarrollo de 
nefropatía inducida por contraste 
(NIC) y si existe una diferencia entre 
los resultados de las aplicaciones de 
RIPC en las extremidades superiores 
o inferiores. Se incluyó a los pacientes 
sometidos a coronariografía por 
angina de pecho estable en este estudio 
piloto, aleatorizado, unicéntrico. 
Inscribimos al azar a un total de 168 
pacientes en uno de los tres grupos 
(60 pacientes en el grupo de RIPC 
de miembros superiores, 58 pacientes 
en el grupo de RIPC de miembros 
inferiores, 50 pacientes en el grupo 
de control). De acuerdo con la Acute 
Kidney Injury Network (AKIN), 
NIC no se desarrolló en ningún 
paciente con RIPC y se desarrolló en 
el 6% de los controles (OR: 3,511, 
IC del 95%: 2,757-4,471, p = 0,025). 
Según las directrices de la Sociedad 
Europea de Radiología Urogenital 
(ESUR), la NIC se desarrolló en el 
1,7% de los pacientes con RIPC y en 
el 8% de los controles (p = 0,065). Se 
encontró que los niveles de creatinina 
aumentaron en el grupo de control y 
disminuyeron en los grupos de RIPC 
(línea de base: 0,81 ± 0,19 mg / dL 
y 0,86 ± 0,25 mg / dL y control: 
0,76 ± 0,17 mg / dL y 0,91 ± 0,36 
mg / dL, p <0,001). Cuando se 
compararon los resultados de RIPC 

de miembros superiores e inferiores, 
no hubo diferencias estadísticamente 
significativas en la incidencia de NIC. 
En análisis multivariado descubrimos 
que la TFGe basal, la presión 
arterial media basal, el volumen del 
agente de contraste y la RIPC se 
asociaron de forma independiente 
con el desarrollo de NIC. La RIPC 
es un método prácticamente útil en 
la prevención de NIC en pacientes 
sometidos a coronariografía. Las 
aplicaciones de RIPC de miembros 
superiores o inferiores parecen tener 
un efecto similar.

PALABRAS CLAVE: Injuria renal 
aguda; lesión por isquemia-reperfusión; 
preacondicionamiento isquémico 
remoto; nefropatía por contraste; 
angiografía coronaria.

ABSTRACT 
Background: The role of remote 
ischemic preconditioning (RIPC) 
in preventing the development 
of contrast-induced nephropathy 
(CIN) and whether there is a 
difference between the results of 
applications of RIPC to the upper 
or lower extremities has not been 
adequately demonstrated. Methods: 
We included the patients who 
underwent coronary angiography 
due to stable angina pectoris in this 
single center, randomized, pilot 
study. We randomly enrolled a total 
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of 168 patients in one of three groups (60 patients 
in the upper limb RIPC group, 58 patients in 
the lower limb RIPC group, and 50 patients 
in the control group). Results: According to 
the Acute Kidney Injury Network (AKIN), 
CIN did not develop in any RIPC patients 
and developed in 6% of controls (OR: 3.511, 
95% CI: 2.757-4.471, p=0.025). According to 
the European Society of Urogenital Radiology 
(ESUR) guidelines, CIN developed in 1.7% of 
RIPC patients and 8% of controls (p=0.065). It 
was found that creatinine levels increased in the 
control group and decreased in the RIPC groups 
(baseline: 0.81±0.19mg/dL and 0.86±0.25mg/dL 
and control: 0.76±0.17mg/dL and 0.91±0.36mg/
dL, p <0.001). When the upper and lower 
limb RIPC results were compared, there was 
no statistically significant difference in the 
incidence of CIN. In multivariate analyses we 
found out that baseline eGFR, baseline mean 
blood pressure, contrast agent volume, and 
RIPC were independently associated with the 
development of CIN. Conclusions: RIPC is a 
practically useful method in preventing CIN 
in patients undergoing coronary angiography. 
Upper or lower-limb RIPC applications seem to 
have a similar effect.

KEYWORDS: Acute kidney injury; 
ischemia-reperfusion injury; remote ischemic 
preconditioning; contrast-induced nephropathy; 
coronary angiography

INTRODUCTION
Contrast-induced nephropathy (CIN) may 

develop after coronary angiography due to 
intravascular administration of iodinated contrast 
agents in susceptible individuals. In the United 
States, approximately one million coronary 
angiographies are performed annually, and this 
number is about 335,000 per year in our country 
(1,2). The incidence of CIN has been reported to 
be lower than 3% in patients with normal renal 
function; however, this rate rises to 12-40% in 
the presence of additional risk factors (3,4). CIN 
is the third most common cause of hospital-
acquired acute kidney injury (AKI) (5).

Although there is a high level of quality 
evidence related to intravenous hydration, the use 
of non-ionic, low-osmolar, or iso-osmolar contrast 

agents, there are also applications with lower levels 
of evidence such as the use of oral n-acetylcysteine 
and high-dose statin in preventing CIN (6,8). 

Remote ischemic preconditioning (RIPC) is 
a non-invasive, easy-to-apply, and inexpensive 
method with few side effects used to protect a 
remote organ or tissue from a prolonged episode 
of ischemia/reperfusion injury via applying one 
or more brief episodes of ischemia to an organ 
or tissue. Since 1986, RIPC application has been 
shown to reduce organ damage in several studies 
(9,14). RIPC is thought to protect by activating 
various anti-inflammatory, antioxidant, 
neuronal, and humoral pathways (15). However, its 
mechanism has not been clarified yet. 

Although RIPC can be an effective tool to 
protect kidneys from ischemic injury based on 
experimental and clinical evidence, the ideal areas 
of application (arm, leg, internal organ) have not 
been clarified yet. Wever KE. et al. demonstrated 
that bilateral RIPC was more effective than 
unilateral RIPC in an animal experiment, but 
clinical trials in humans have not been conducted 
(16). Therefore, we compared alterations in renal 
functions and the rate of development of CIN 
after coronary angiography by applying RIPC in 
the lower and upper limbs of patients undergoing 
coronary angiography due to stable angina 
pectoris.

METHODS
Study Population

We started this single center, randomized 
controlled, and prospective pilot study after 
obtaining approval from the University 
of Health Sciences Haseki Training and 
Research Hospital Ethics Committee (approval 
number:406/19.10.2016). 

We included the patients who underwent 
coronary angiography because of stable angina 
pectoris, who were over 18 years of age, and 
provided written informed consent. The exclusion 
criteria were as follows: acute myocardial 
infarction within the last 7 days, clinical signs 
of unstable angina pectoris, patients who were 
administered intravenous or intra-arterial 
contrast agent within the last 4 weeks, AKI in 
the last three months, pregnant women, patients 
having peripheral vascular disease affecting the 
upper or lower extremity, any advanced systemic 
disease, a recent history of nephrotoxic drug use 
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or diuretic use, patients who were administered 
contrast agent below 30 ml were excluded.

A total of 168 adult patients who gave 
informed consent and underwent coronary 
angiography due to stable angina pectoris in 
the Cardiology Clinic at Haseki Training and 
Research Hospital were enrolled in the study. 
We randomized patients to RIPC groups (arm, 
leg, and control group) according to the order in 
which they came to the coronary angiography 
unit. 60 patients were randomized to the upper 
limb group, 58 patients to the lower limb group, 
and 50 patients to the control group. 

Application of Research and Data Collection: 
All demographic features of patients were 
recorded. We asked the patients not to consume 
tea/coffee and smoke at least 30 minutes before 
the measurement, blood samples were taken, and 
we placed them in a quiet environment to rest 
for half an hour and measure blood pressure. We 
divided the patients into 4 categories according 
to the Mehran risk score used for the prediction 
of CIN after percutaneous coronary intervention. 
Mehran risk score is a scoring system based on 8 
variables: age >75 years, hypotension, intra-aortic 
balloon pump, congestive heart failure, chronic 
kidney disease, diabetes, anemia, and volume of 
contrast. A score of 0-5 was scored as a low risk, 
a score of 6-10 was grouped as moderate risk, a 
score of 11-15 was grouped as high risk and, a 
score of 16 or above was grouped as a very high-
risk group 17. Patients who had a high risk for 
developing CIN according to the Mehran score 
were given 1 mL/kg/h intravenous isotonic saline 
for a total of 12 hours, 6 hours before and 6 hours 
after the procedure.

RIPC Application: We randomized patients 
to RIPC groups (arm, leg, and control group) 
according to the order in which they came to the 
coronary angiography unit. The blood pressure 
was measured on both arms and legs with the 
correct size cuff according to the manufacturer’s 
instructions. The thigh was used for the lower 
extremity and the arm was used for the upper 
extremity. The dominant limb was preferred for 
the extremity to be used. RIPC consisted of 3 
cycles of 5-minute inflation of a blood pressure 
cuff to 50 mmHg above the resting systolic arterial 
blood pressure to one lower extremity or upper 

extremity followed by 5-minute reperfusion with 
the cuff deflated 18. In the control group, the cuff 
was applied to the patient’s dominant arm but the 
inflation process was not performed. 
Coronary Angiography: The physicians, who 
were blinded to the study groups, performed all 
coronary angiography procedures according to 
the standard using Iohexol (KOPAQ) non-ionic 
low-osmolar contrast agent. The volume of 
contrast agent used during the procedure was 
recorded in mL, by obtaining information from 
the physician performing coronary angiography. 
The time between the end of the RIPC procedure 
and the beginning of the coronary angiography 
was between 10 and 45 minutes. 

Follow-up and Definitions: Within 48-72th 
hours after the procedure, we measured serum 
creatinine levels of all patients, inpatients at the 
hospital while other patients were called from 
home. Δ percent in creatinine levels of patients 
were calculated with the formula (48-72th hours 
creatinine / initial creatinine x 100). 

According to the European Society of 
Urogenital Radiology (ESUR) guidelines on 
contrast agents, an increase in serum creatinine 
by more than 25% or 0.5 mg/dL indicates CIN. 
Acute Kidney Injury Network (AKIN) criteria 
defined contrast-induced AKI as an increase 
in serum creatinine by more than 0.3 mg/dL 
and/or 50% from baseline (19,20). The estimated 
glomerular filtration rate (eGFR) was calculated 
by the modification of diet in renal disease 
(MDRD) using the formula (21).

The primary outcome of our study was to 
compare the rate of prevention of CIN between 
lower limb and upper limb RIPC. Secondary 
outcomes were as follows: To evaluate the rate 
of CIN and prevention of CIN using RIPC 
compared to the control group, the effect of RIPC 
on Δ creatinine levels, duration of hospitalization, 
myocardial infarction status during the procedure 
and on mortality during hospitalization as well 
side effects associated with RIPC.

STATISTICAL ANALYSIS
The analyses were performed by using the 

SPSS software (Statistical Package for the Social 
Sciences, version 20.0, SPSS Inc, Chicago 
Illinois, USA). Descriptive statistics; numbers 
and percentages were given for categorical 
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variables and mean and standard deviation for 
numerical variables. The Chi-square test was 
used for the comparison of the ratios between 
the groups. The independent sample t-test 
was used for the comparisons between the 
two independent groups when the numerical 
variables provided the normal distribution and 
Student’s t-test was used for the dependent 
groups if the normal distribution condition 
was provided. Comparisons between three 
independent groups were performed by 
ANOVA test when the numerical variables 
provided the normal distribution condition. 
The independent predictors of CIN were 
evaluated using multivariate Binary regression 
analyses. The Binary logistic models included 
demographic and clinical parameters that 
suggested a potential effect on the development 
of CIN in univariate analyses. The statistically 
significant independent predictors of CIN were 
determined by the Binary regression using the 
“enter method”. A p-value of less than 0.05 was 
considered statistically significant.

RESULTS

Baseline Data
The study was completed with 168 adult 

patients (60 patients to upper limb RIPC, 58 
patients to lower limb RIPC, and 50 patients 
to control group) with a mean age of 59.6 ± 9.1 
years; 15 of 183 patients were excluded from the 
study because it could not be obtained a control 
blood sample; 95 (56.5%) patients were male. 
The median Mehran risk score was 4 (IQR 
1-5) and the mean was 3.5±2.5. According to 
the Mehran risk score, 135 (80.4%) patients 
belonged to the low-risk, 31 (18.5%) to moderate-
risk, and 2 (1.2%) to the high-risk category. No 
patient was having a very high risk for CIN. The 
median duration between RIPC and coronary 
angiography was 20 (IQR 15-30) minutes and 
the median dose of intravenously administered 
contrast medium was 80 (IQR 50-100) mL.

Remote Ischemic Preconditioning versus 
Control

RIPC was performed in 118 of 168 patients 
and 50 patients served as controls. Data of the 
patients before and after the procedure are 
given in Table 1. Using the ESUR criteria, AKI 

incidence was found in 1.7% of 118 patients 
who underwent RIPC, while 8% of patients in 
the control group (OR: 5.053; 95% CI: 0.893-
28.488; p=0.065). According to the AKIN 
criteria, none of the 118 patients who underwent 
RIPC had CIN whereas, in the control group, 
AKI developed in 6% of patients. (OR: 3.511; 
95% CI: 2.757-4.471; p=0.025). Also, serum 
creatinine levels at the 48-72th hours after 
coronary angiography were significantly higher 
in controls than in RIPC patients (p=0.001). 
Creatinine levels were increased by 32% and 
54% of RIPC patients and controls, respectively 
(p=0.008). No complication was observed 
during RIPC except pain and tingling in the 
extremity. (Tabla 1-pág. 300)

Upper Limb versus Lower Limb
The mean inf lation pressure in patients 

who underwent upper limb RIPC was 182±16 
mmHg and the mean inf lation pressure in 
patients who underwent lower limb RIPC was 
203±12 mmHg. Table 2 shows the comparison 
of the general characteristics of patients who 
underwent upper limb RIPC, lower limb RIPC 
and patients without RIPC as the control group. 
(Tabla 2-pág. 301)

Mehran scores and eGFR before coronary 
angiography were found to be similar between 
lower and upper-limb RIPC patients and controls. 
While 48 (80%) of upper limb RIPC patients 
had a lower risk of developing CIN according 
to the Mehran score, this rate was 79.3% and 
82% in lower limb RIPC patients and controls, 
respectively (p = 0.937) (Figure 1- pág 301).

When the three groups were compared with 
each other, there was no significant difference in 
the duration of hospitalization. The 48-72th hour 
serum creatinine level in the control group was 
significantly higher than in the other two groups, 
however, there was no significant difference 
between lower limb and upper limb RIPC patients 
(p=0.003 and p=0.935, respectively). According 
to the ESUR guideline, there was no significant 
difference in the development of CIN between 
the three groups (p=0.082). However, when we 
compared according to the AKIN criteria, the 
incidence of CIN was significantly higher in 
the control group than in the other two groups; 
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the rates were similar between lower limb and 
upper limb RIPC patients (p=0.027 and p<0.99, 
respectively). When the creatinine levels in the 
three groups were compared with the baseline 
values, the mean creatinine level was found to be 

increased in the control group and decreased in 
the other two groups (p<0.001) (Figure 2). Also, 
the percentage of creatinine change after lower 
limb and upper limb RIPC was similar (p=0.322).
(Figure 2- pág. 302)

Table 1: Comparison of data of the patients and the control group before and after RIPC 

RIPC
(n=118)

Control
(n=50) p

Female gender, n (%) 53 (44.9) 20 (40) 0.557

Age (years), mean±st.dev 59.7±8.8 59.4±9.8 0.847

Mean arterial pressure (mm Hg) 95±10 91±10 0.016

Diabetes mellitus, n (%) 40 (33.9) 12 (24) 0.204

Hypertension, n (%) 76 (64.4) 31 (62) 0.767

Ischemic heart disease, n (%) 49 (41.5) 22 (44) 0.767

Heart failure, n (%) 6 (5.1) 0 0.104

Smoking status, n (%) 24 (20.3) 10 (20) 0.960

ACEi/ARB use, n (%) 50 (42.4) 21 (42) 0.964

Statin use, n (%) 29 (24.6) 7 (14) 0.127

Mehran score, mean±st.dev 3.4±2.3 3.7±2.7 0.600

Hemoglobin before RIPC (g/dL) 13.6±1.7 13.0±1.7 0.051

Hematocrit before RIPC (%) 40.3±4.9 38.7±4.5 0.046

Serum urea before RIPC (mg/dL) 32.5±10.4 37.2±16.9 0.085

Serum creatinine before RIPC (mg/dL) 0.81±0.19 0.86±0.25 0.239

eGFR (ml/min/1.73 m2), mean±st.dev 95±22 93±28 0.706

Contrast volume (mL), mean±st.dev 86±43 76±36 0.115

Duration of hospitalization (day) , mean±st.dev 1.2±0.8 1.1±0.7 0.474

48-72nd serum creatinine (mg/dL), mean±st.dev 0.76±0.17 0.91±0.36 0.001

Δ Creatinine (%), mean±st.dev -4.5±14.1 6.8±25 <0.001

Acute kidney injury, n (%)

According to ESUR guideline

According to AKIN criteria

2 (1.7)

0 (0)

4 (8)

3 (6)

0.065

0.025

RIPC: remote ischemic preconditioning; ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor 
blocker; eGFR: estimated glomerular filtration rate; ESUR: European Society of Urogenital Radiology; AKIN: Acute 
Kidney Injury Network
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Table 2: Comparison of data of the RIPC applied to patients on upper and lower extremities and the 
control group.

Upper extremity 
RIPC
(n=60)

Lower extremity 
RIPC
(n=58)

Control
(n=50) p

Female gender, n (%) 31 (51.7) 22 (37.9) 20 (40) 0.271

Age (years) , mean±st.dev 59.7±8.9 60.3±8.7 59.4±9.8 0.881

Mean arterial pressure (mm Hg) 95±12 95±9 91±10 0.063

Diabetes mellitus, n (%) 18 (30) 22 (37.9) 12 (24) 0.290

Hypertension, n (%) 39 (65) 37 (63.8) 31 (62) 0.948

Ischemic heart disease, n (%) 25 (41.7) 24 (41.4) 22 (44) 0.956

Heart failure, n (%) 3 (5) 3 (5.2) 0 (0) 0.267

Smoking status, n (%) 18 (30) 6 (10.3) 10 (20) 0.029

ACEi/ARB use, n (%) 29 (43.7) 21 (36.2) 21 (42) 0.411

Statin use, n (%) 13 (21.7) 16 (27.6) 7 (14) 0.229

Mehran score, mean±st.dev 3.4±2.3 3.5±2.4 3.7±2.7 0.836

Hematocrit before RIPC (%) 40.6±5.1 40.0±4.7 38.7±4.5 0.121

Serum urea before RIPC (mg/dL) 33.6±10.4 32.2±9.3 37.2±16.9 0.141

Serum creatinine before RIPC (mg/dL), 
mean±st.dev 0.80±0.21 0.82±0.17 0.86±0.25 0.367

eGFR (mL/min/1.73 m2), mean±st.dev 95±23 94±21 93±28 0.897

Contrast volume (mL), mean±st.dev 87±46 85±40 76±36 0.321

Duration of hospitalization (day) 1.3±1.1 1.0±0.2 1.1±0.7 0.08

48-72th serum creatinine (mg/dL) 0.77±0.19 0.76±0.16 0.91±0.36 0.003

Δ Creatinine (%), mean±st.dev -2.2±14.9 -6.9±12.9 6.8±25 <0.001

Acute kidney injury, n (%)
According to ESUR guideline

According to AKIN criteria
2 (3.3)
0 (0)

0 (0)
0 (0)

4 (8)
3 (6)

0.082
0.027

Figure 1: Category of Mehran 
scores before coronary 
angiography in lower and 
upper limb RIPC patients and 
controls. According to the 
Mehran score, there was no 
significant difference between 
the groups employing the 
development of CIN before 
coronary angiography (p= 
0.937).

RIPC: Remote ischemic preconditioning; ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker; 
eGFR: estimated glomerular filtration rate; ESUR: European Society of Urogenital Radiology; AKIN: Acute Kidney Injury 
Network
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In Table 3, we also presented the characteristics 
and laboratory data of the patients with the 
development of CIN according to the ESUR 
criteria. The only significant difference between 
patients who developed CIN and those who did not 
was the application of RIPC. (Tabla 3-pág. 303)

We performed a multivariate analysis to reveal 
independent factors related to the development of 

Figure 2: The creatinine levels 
before and after coronary 
angiography in lower and upper 
limb RIPC patients and controls. 
The mean creatinine level was 
found to be increased in the 
control group and decreased in 
the other two groups compared 
with the baseline values 
(p<0.001)

CIN using a regression model including age, gender, 
baseline eGFR and hematocrit, mean baseline blood 
pressure (BP), Mehran score category (medium or 
high risk vs. low risk), RIPC, and contrast agent 
volume and found out that baseline eGFR and 
mean blood pressure, contrast agent volume and, 
RIPC application were independently associated 
with the development of CIN (Tabla 4)

Table 4: Multivariate analysis of the factors for contrast-induced nephropathy.

 

P OR

95% CI for OR

 
Lower Upper

Age (year) 0.065 1.216 0.988 1.497

Gender (male vs. female) 0.773 0.716 0.074 6.891

Baseline eGFR (mL/min/1.73 m2) 0.041 1.091 1.004 1.185

Baseline hematocrite (%) 0.090 0.779 0.585 1.039

Mean Baseline BP (mmHg) 0.028 1.364 1.034 1.799

Mehran Score* 0.359 0.215 0.008 5.748

RIPC application 0.031 0.001 0.001 0.530

Contrast agent volüme (ml) 0.027 0.916 0.848 0.990

eGFR: Estimated glomerular filtration rate; RIPC: remote ischemic preconditioning. The regression model 
included age, gender, baseline eGFR and hematocrit, mean baseline blood pressure (BP), Mehran score category 
(medium or high risk vs. low risk), RIPC application, and contrast agent volume that were given to the patients.
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Table 3: The characteristics and lab values of the patients according to the development of contrast-induced 
nephropathy (CIN) defined by ESUR. We considered CIN as an increase in baseline serum creatinine greater 
than 0.5mg / dL or greater than 25% in control samples taken 48-72 hours after coronary angiography.

  Contrast Nephropathy
Total

(n:168)
No

(n:162)
Yes

(n:6)

Demographics, comorbidities, medications

Age (year), median (IQR) 60.5(54.0-65.0) 57(52.0-73.0) 60.5(53.0-65.5)

Gender (female/male), n (%) 70(43.2)/ 92(56.8) 3(50.0)/ 3(50.0) 73(43.5)

Hypertension, n(%) 102(63.0) 5(83.3) 107(63.7)

Diabetes mellitus, n(%) 50(30.9) 2(33.3) 52(31.0)

Congestive heart failure, n(%) 6(3.7) 0(0) 6(3.6)

Ischemic heart disease, n(%) 70(43.2) 1(16.7) 71(42.3)

Peripheral arterial disease, n(%) 0(0) 0(0) 0(.0)

Cerebrovascular disease, n(%) 3(1.9) 0(0) 3(1.8)

Chronic kidney disease, n(%) 3(1.9) 0(0) 3(1.8)

Smoking habitus. n(%) Current smoker 33(20.4) 1(16.7) 34(20.2)

Never smoked 55(34.0) 4(66.7) 59(35.1)

Quit smoking 74(45.7) 1(16.7) 75(44.6)

ACEi-ARB Use. n(%) 68(42.0) 3(50.0) 71(42.3)

Mean BP (mmHg), median (IQR) 101.7 (86.7-106.7) 93.3(86.7-100.0) 93.3(86.7-103.3)

Labs

Urea (mg/dL), median (IQR) 33.4(20.3-36.5) 31.55(26.9-40.1) 31.55(26.9-40.1)

Creatinine (mg/dl) , median (IQR) 0.62(0.5-0.9) 0.825(0.7-1.0) 0.815(.7-.9)

Baseline eGFR (ml/min/1.73m2) , median (IQR) 125(91.0-137.0) 94(77.0-108.0) 94.5(77.0-108.0)

*Control creatinine (mg/dl), median (IQR) 0.89(0.8-1.1) 0.775(0.7-.9) 0.79(.7-.9)

*D creatinine (%), median (IQR) 41.4 (33.8-82.0) -3.8(-10.5-4.3) -3.4(-10.3-5.6)

Hemoglobin (g/dL), median (IQR) 12.3(10.9-12.9) 13.7(12.4-14.8) 13.7(12.4-14.8)

Hematocrit (%), median (IQR) 36(32.4-37.9) 40.9(37.0-43.7) 40.7(37.0-43.7)

Procedure parameters

Contrast agent volume (ml) , median (IQR) 50(30.0-50.0) 80(50.0-100.0) 80(50.0-100.0)

Mehran Score Category. n(%)
Low

131(80.9) 4(66.7) 135(80.4)

Medium
29(17.9) 2(33.3) 31(18.5)

High
2(1.2) 0(0) 2(1.2)

*RIPC Application. n(%)
No

46(28.4) 4(66.7) 50(29.8)

 

Yes
116(71.6) 2(33.3) 118(70.2)

RIBC group. n(%)
Arm

58(35.8) 2(33.3) 60(35.7)

Leg
58(35.8) 0(0) 58(34.5)

Control 46(28.4) 4(66.7) 50(29.8)

ESUR: European Society of Urogenital Radiology, ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor 
blocker; eGFR: estimated glomerular filtration rate; RIPC: remote ischemic preconditioning; IQR: Inter quantile range *p<0.005
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p=0.002) (11). Yamanaka et al. also found a low 
rate of CIN after coronary angiography in patients 
with a mean Mehran risk score of 7.8 ± 6.0 and 7.4 
± 5.7 and reported that the incidence of CIN was 
10% in the RIPC group and 36% in the control 
group (p=0.003) (12). Recently, two randomized 
controlled studies and meta-analysis reported that 
RIPC after percutaneous coronary intervention 
significantly reduced the incidence of AKI (12,14,22). 
Although there have been randomized controlled 
trials showing RIPC to be an effective method of 
preventing CIN after coronary angiography in risky 
patient groups, there are also some studies that did 
not have favorable results about RIPC application 
to prevent CIN. In their study, Arash Gholoobi et 
al. reported that there was no significant difference 
in the incidence of CIN between RIPC patients 
and controls and that adequate fluid therapy was 
still the most effective method of prevention of CIN 
(23). There are also meta-analysis showing the same 
conclusion (24). Menting et al. reported that RIPC 
application was ineffective in preventing CIN but 
in subgroup analysis, it was found to be effective, 
especially in patients whose Mehran risk score was 
11 and above (25). In a meta-analysis in which the 
results of nine recent studies were evaluated, it was 
reported that RIPC may be effective in preventing 
CIN (6.5% in RIPC, 13.5% in the control group 
(RR 0.430, 95% CI 0.286–0.648; p=0.000) (26). 
In our study, the incidence of CIN was found 
to be lower in RIPC patients than in controls 
(according to the ESUR criteria, 1.7% in RIPC 
and 8% in controls, OR: 5.053; 95% CI: 0.893-
28.488; p=0.065 and, according to AKIN criteria, 
0% in RIPC and 6% in controls OR: 3.511; 95% 
CI: 2.757-4.471; p=0.025). While pre-operative 
creatinine levels were similar between both groups, 
post-operative creatinine level was significantly 
higher in the control group (0.76±0.17 mg/dL in 
RIPC groups and 0.91±0.36 mg/dL in controls; 
p=0.001). In addition, creatinine levels in RIPC 
patients decreased by -4.5±14.1% compared to 
baseline, whereas creatinine levels increased by 
6.8±25% compared to baseline in the control 
group (p<0.001). All of these results suggest that 
RIPC may be an effective method to prevent CIN 
after coronary angiography in patients in low- or 
moderate-risk groups according to the Mehran 
score.

The most important point that confuses 
the mind about the clinical application of the 

DISCUSSION
The kidney which is particularly susceptible to 

ischemic injury with its high energy requirements 
and the complex microvascular network is one of 
the major organs used in RIPC’s clinical practice. 
Although experimental and clinical evidence 
suggest that RIPC can be an effective way to 
protect kidneys from ischemic injury, the fact 
that the ideal areas of application of the method 
(arm, leg, internal organs) have not been clarified 
is an important deficiency in this issue. In our 
study, we demonstrated that RIPC may be an 
effective method in preventing CIN after coronary 
angiography. But we did not find any difference 
between the RIPC application sites (arm vs. leg). 
The fact that there has been no study comparing 
the application site for this method makes our 
study valuable.

In our study, the incidence of AKI was found 
to be 3.6% and the most important reason for 
this low rate may be the fact that 80% of patients 
in our patient group were in the low-risk group 
according to the Mehran score. In our study, only 
two patients were in the high-risk group and two 
patients had premedication (i.v. hydration) and 
AKI did not develop in these patients. AKI was 
seen in 1.7% of RIPC patients and 8% of controls. 
In addition, creatinine levels after the procedure 
were significantly lower in RIPC patients than in 
controls. The percentage of creatinine change after 
the procedure was also higher in the control group. 
In multivariate analysis, RIPC was found to be an 
independent factor affecting the development of 
CIN. All of these results suggest that preoperative 
RIPC may be an effective method for the 
prevention of CIN developing after coronary 
angiography in low- and medium-risk groups of 
patients. First, in 1986, Murry et al. described the 
cardioprotective effect of short ischemic attacks 
after prolonged ischemia in dogs and revealed 
that it can be used effectively in different organs 
9. In the RenPro-Trial study, Er et al. showed that 
RIPC dramatically decreased the risk of CIN after 
invasive coronary intervention in patients with 
chronic kidney disease who had a high Mehran 
score (12% in the RIPC group, 40% in the 
control group, p=0.002) 10. In a study conducted 
by Deftereos et al., it was observed that RIPC 
decreased CIN after coronary angiography in 
patients with a median Mehran score of 10 (12.4% 
in the RIPC group, 29.5% in the control group; 
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RIPC method in routine practice is the lack of 
a standardized optimal protocol for the delivery 
of RIPC. Different results between studies cause 
problems in comparison. In a meta-analysis 
performed by Hu et al., in 22 of the 30 studies 
included in the study, RIPC was done in the upper 
limb, in the lower limb in 5, and both upper and 
lower limbs in 1, and the iliac artery was clamped 
in two studies (26). In our study, we compared the 
results of lower and upper limb RIPC and we 
found similar creatinine levels after lower limb 
and upper limb RIPC (p=0.935). The ratio of 
AKI development and the percentage of change 
in creatinine levels after RIPC administration to 
the arm and the leg was similar (p=0.322). These 
results have shown that lower limb and upper limb 
RIPC had similar efficacy in preventing CIN.

Since the benefit of RIPC has been reported 
to be more prominent in high-risk patients in 
previous studies, we assume that our study includes 
low- and medium-risk patients and revealing 
the effectiveness of the method in these patient 
groups may contribute to further studies. In this 
way, we aimed to show that this application may 
be widely used for preventing CIN in all patients 
undergoing coronary angiography. However, 
being non-invasive, cheap, and easy to apply differs 
RICP from other recommendations. The absence 
of any side effects rather than pain and tingling is 
also an important advantage. 

The main limitation of our study was a single-
center pilot study. Because the primary objective 
of the study was the comparison of the upper and 
lower extremities, to reduce the effect of other 
variables to standardize the method, our study was 
planned as a single center. Second, as this was a 
pilot study, the number of patients was limited and 
therefore these findings should be confirmed in a 
larger prospective study. 

As a result, RIPC is a non-invasive method 
that can be applied easily without serious side 
effects. It is especially useful in preventing CIN 
in low or medium-risk groups. Applying RIPC on 
the leg or arm has a similar effect. Studies on the 
effectiveness of RIPC application in patient groups 
with high CIN risk are needed.

BIBLIOGRAPHY
1) Writing Group Members, Mozaffarian D, Benjamin 

EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et 

al. American Heart Association Statistics Committee; 
Stroke Statistics Subcommittee: Executive 
Summary: Heart Disease and Stroke Statistics-2016 
Update: A Report from the American Heart 
Association. Circulation 133: 447-454. DOI:10.1161/
CIR.0000000000000366.

2) Yücel Balbay, Selim Bener, Taner Kaygusuz, Serkan 
Çay, Erdoğan İlkay. Koroner revaskülarizasyon 
(Dünya ve Türkiye örnekleri). Arch Turk Soc Cardiol 
2014; 42: 245-252. DOI: 10.5543/tkda.2014.49765.

3) Jurado-Román A, Hernández-Hernández F, García-
Tejada J, Granda-Nistal C, Molina J, Velázquez M, et 
al. Role of hydration in contrast-induced nephropathy 
in patients who underwent primary percutaneous 
coronary intervention. Am J Cardiol.2015; 115: 1174-
1178. DOI: 10.1016/j.amjcard.2015.02.004.

4) Parfrey PS, Griffiths SM, Barrett BJ, Paul MD, 
Genge M, Withers J, et al. Contrast material-induced 
renal failure in patients with diabetes mellitus, renal 
insufficiency, or both. A prospective controlled study. 
N Engl J Med.1989; 320:143-149. DOI: 10.1056/
NEJM198901193200303.

5) Nash K, Hafeez A, Hou S. Hospital-acquired renal 
insufficiency. Am J Kidney Dis. 2002; 39: 930-936. 
DOI: 10.1053/ajkd.2002.32766.

6) Gonzales DA, Norsworthy KJ, Kern SJ, Banks 
S, Sieving PC, Star RA, et al. A meta-analysis of 
N-acetylcysteine in contrast-induced nephrotoxicity: 
unsupervised clustering to resolve heterogeneity. BMC 
Med. 2007; 5: 32. DOI: 10.1186/1741-7015-5-32.

7) Leoncini M, Toso A, Maioli M, Tropeano F, Villani S, 
Bellandi F. Early high-dose rosuvastatin for contrast-
induced nephropathy prevention in acute coronary 
syndrome: Results from the PRATO-ACS Study 
(Protective Effect of Rosuvastatin and Antiplatelet 
Therapy On contrast-induced acute kidney injury and 
myocardial damage in patients with Acute Coronary 
Syndrome). J Am Coll Cardiol. 2014; 63: 71-79. DOI: 
10.1016/j.jacc.2013.04.105.

8) Spargias K, Alexopoulos E, Kyrzopoulos S, Iokovis 
P, Greenwood DC, Manginas A, et al. Ascorbic acid 
prevents contrast-mediated nephropathy in patients with 
renal dysfunction undergoing coronary angiography or 
intervention. Circulation 2004; 110: 2837-2842. DOI: 
10.1161/01.CIR.0000146396.19081.73.

9) Murry CE, Jennings RB, Reimer KA. (1986) 
Preconditioning with ischemia: a delay of lethal cell 
injury in ischemic myocardium. Circulation 1986; 74: 
1124-1136. DOI: 10.1161/01.cir.74.5.1124.

10) Er F, Nia AM, Dopp H, Hellmich M, Dahlem 
KM, Caglayan E, et al. Ischemic preconditioning for 



306 ISSN 0326-3428 

www.renal.org.ar Rev Nefrol Diál Traspl. 2022;42(4):296-306  /  Art. Original  /  Uzun, Cebeci, Dogan, et al.  

prevention of contrast medium-induced nephropathy: 
randomized pilot RenPro Trial (Renal Protection 
Trial). Circulation 2012; 126: 296-303. DOI: 10.1161/
CIRCULATIONAHA.112.096370.

11) Deftereos S, Giannopoulos G, Tzalamouras V, Raisakis 
K, Kossyvakis C, Kaoukis A, et al. Renoprotective effect 
of remote ischemic post-conditioning by intermittent 
balloon inflations in patients undergoing percutaneous 
coronary intervention. J Am Coll Cardiol. 2013; 61: 
1949-1955. DOI: 10.1016/j.jacc.2013.02.023.

12) Yamanaka T, Kawai Y, Miyoshi T, Mima T, Takagaki 
K, Tsukuda S, et al. Remote ischemic preconditioning 
reduces contrast-induced acute kidney injury in 
patients with ST-elevation myocardial infarction: a 
randomized controlled trial. Int J Cardiol. 2015; 178: 
136-141. DOI: 10.1016/j.ijcard.2014.10.135.

13) Zhou F, Song W, Wang Z, Yin L, Yang S, Yang F, 
et al. Effects of remote ischemic preconditioning on 
contrast-induced nephropathy after percutaneous 
coronary intervention in patients with the acute 
coronary syndrome. Medicine (Baltimore) 2018; 97: 
9579. DOI: 10.1097/MD.0000000000009579.

14) Moretti C, Cerrato E, Cavallero E, Lin S, Rossi ML, 
Picchi A, et al. The EUROpean and Chinese cardiac 
and renal Remote Ischemic Preconditioning Study 
(EURO-CRIPS CardioGroup I): A randomized 
controlled trial. Int J Cardiol. 2018; 257: 1-6. DOI: 
10.1016/j.ijcard.2017.12.033.

15) Zarbock A, Kellum JA. Remote Ischemic 
Preconditioning and Protection of the Kidney--A 
Novel Therapeutic Option. Crit Care Med. 2016; 44: 
607-616. DOI: 10.1097/CCM.0000000000001381.

16) Wever KE, Warlé MC, Wagener FA, van der Hoorn 
JW, Masereeuw R, van der Vliet JA, et al. Remote 
ischaemic preconditioning by brief hind limb 
ischaemia protects against renal ischaemia-reperfusion 
injury: the role of adenosine. Nephrol Dial Transplant. 
2011; 26: 3108-3117. DOI: 10.1093/ndt/gfr103.

17) 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: 1393-1399. 
DOI: 10.1016/j.jacc.2004.06.068.

18) Zarbock A, Schmidt C, Van Aken H, Wempe C, 
Martens S, Zahn PK, et al. RenalRIPC Investigators. 
Effect of remote ischemic preconditioning on kidney 
injury among high-risk patients undergoing cardiac 
surgery: a randomized clinical trial. JAMA 2015; 313: 
2133-2141. DOI: 10.1001/jama.2015.4189.

19) Thomsen HS, Morcos SK. Contrast media and the 

kidney: European Society of Urogenital Radiology 
(ESUR) guidelines. Br J Radiol. 2003; 76: 513-518. 
DOI: 10.1259/bjr/26964464.

20) Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco 
C, Warnock DG, et al. Acute Kidney Injury Network. 
Acute Kidney Injury Network: report of an initiative 
to improve outcomes in acute kidney injury. Crit Care 
2007;11: R31, DOI: 10.1186/cc5713.

21) Levey AS, Coresh J, Greene T, Stevens LA, Zhang 
YL, Hendriksen S, et al. Chronic Kidney Disease 
Epidemiology Collaboration: Using standardized 
serum creatinine values in the modification of diet in 
renal disease study equation for estimating glomerular 
filtration rate. Ann Intern Med.2006; 145: 247-254. 
DOI: 10.7326/0003-4819-145-4-200608150-00004.

22) Deng J, Lu Y, Ou J, Shao X, Wang X, Xie H. Remote 
Ischemic Preconditioning Reduces the Risk of Contrast-
Induced Nephropathy in Patients with Moderate Renal 
Impairment Undergoing Percutaneous Coronary 
Angiography: A Meta-Analysis. Kidney Blood Press Res. 
2020; 45: 549-564. DOI: 10.1159/000507330.

23) Gholoobi A, Sajjadi SM, Shabestari MM, Eshraghi 
A, Shamloo AS. The Impact of Remote Ischemic 
Pre-Conditioning on Contrast-Induced Nephropathy 
in Patients Undergoing Coronary Angiography and 
Angioplasty: A Double-Blind Randomized Clinical 
Trial. Electron Physician 2015; 7: 1557-1565. DOI: 
10.19082/1557.

24) Stokfisz K, Ledakowicz-Polak A, Kidawa M, 
Zielinska M. Remote Ischemic Preconditioning 
and Contrast-Induced Acute Kidney Injury in 
Patients Undergoing Elective Percutaneous Coronary 
Intervention: A Randomized Clinical Trial. Curr 
Ther Res Clin Exp. 2020; 93: 100599. DOI: 10.1016/j.
curtheres.2020.100599.

25) Menting TP, Sterenborg TB, de Waal Y, Donders 
R, Wever KE, Lemson MS, Et al. Remote Ischemic 
Preconditioning to Reduce Contrast-Induced 
Nephropathy: A Randomized Controlled Trial. Eur J 
Vasc Endovasc Surg. 2015; 50: 527-532. DOI: 10.1016/j.
ejvs.2015.04.002.

26) Hu J, Liu S, Jia P, Xu X, Song N, Zhang T, et al. 
Protection of remote ischemic preconditioning 
against acute kidney injury: a systematic review and 
meta-analysis. Crit Care. 2016 Apr 20;20(1):111Hu 
J, Liu S, Jia P et al. Protection of remote ischemic 
preconditioning against acute kidney injury: a 
systematic review and meta-analysis. Crit Care 2016; 
20: 111. DOI: 10.1186/s13054-016-1272-y.




