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Implication for health policy/practice/research/medical education:
According to our study, the three-cycle preconditioning approach did not decrease cystatin C (CysC) based contrast-induced 
acute kidney injury (CI-AKI) in 140 low-risk patients undergoing coronary angiography. Furthermore, CysC appears as a proper 
early biomarker for diagnosis of contrast-induced nephropathy, 24 hours after contrast media administration.
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Introduction
Acute kidney injury (AKI) is a sudden renal failure within 
few hours to few days, causing the retention of toxic 

products that are normally excreted by the kidneys (1). 
AKI is a known complication after cardiac interventions 
since up to 30% of patients develop acute kidney damage 

Introduction: Contrast-induced acute kidney injury (CI-AKI) is a known complication of cardiac 
interventions. Remote ischemic preconditioning (RIPC) is a non-pharmacological method which 
has a nephroprotective effect. Serum cystatin C (CysC) is a suitable biomarker for the early 
diagnosis of AKI. 
Objectives: This study aimed to evaluate the incidence of CI-AKI after RIPC in patients undergoing 
coronary angiography, through assessment of CysC. 
Patients and Methods: Around 140 patients with stable coronary artery disease undergoing 
angiography were randomly allocated to two groups of RIPC and control groups. In each group, 
the following biomarkers were assessed: serum creatinine (Cr) and CysC at baseline, 24-hour and 
48-hour serum Cr and 24-hour CysC. The endpoint was the development of AKI based on either 
the KDIGO criteria or a 15% increase in serum CysC. 
Results: No significant difference was observed between two groups regarding the incidence of 
AKI according to either KIDIGO criteria or by the increase of serum CysC (P =0.116 and P =0.392, 
respectively). Moreover, a 46.99% increase in CysC level was observed among patients with AKI 
during the first 24 hours after the procedure, while at the same interval, it increased only 16.01% 
in patients without AKI.
Conclusion: RIPC with three cycles of 5-minute ischemia and 5-minute reperfusion, did not 
decrease serum CysC based CI-AKI or alter renal biomarkers course in patients with low risk, who 
underwent coronary angiography.
Trial registration: This randomized controlled trial was registered in the Iranian registry of 
clinical trials (identifier: IRCT20180924041113N1; https://irct.ir/trial/34184, ethical code; HUMS.
REC.1396.42).
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after cardiac interventions; however, they rarely need 
dialysis (about 1%) (2).

Contrast-induced acute kidney injury (CI-AKI) is a 
common cause of AKI in hospitalized patients, which is 
characterized by increased serum creatinine 48-72 hours 
after exposure to iodine-containing contrast medium. It 
might lead to longer hospitalization and intensive care 
unit (ICU) stay and a greater burden on the health care 
system (2).

In CI-AKI pathophysiology, either risk factors associated 
with the patients or risk factors associated with clinical 
interventions are involved (3). Moderate to severe renal 
dysfunction [glomerular filtration rate (GFR) <60 mL/min 
or serum creatinine> 1.36 mg/dL] is the most important 
risk factor for progression towards CI-AKI followed 
by others including diabetes mellitus (DM), cardiac 
disorders, older patients, consumption of nephrotoxic 
drugs, contrast media administration with higher volume, 
reduced blood pressure during the surgery, and impaired 
hematocrit levels (due to dehydration or anemia) (4).

Several nephroprotective approaches have been 
described to address the increased incidence of contrast-
induced nephropathy including using contrast medium 
with lower osmolality and preoperational hydrotherapy 
(5,6). Considering the limitations and the complexity of 
the above-mentioned nephroprotective approaches, there 
is an ongoing need for an effective preventive strategy to 
avoid this complication (7).

The primary mechanism for the development 
of contrast-induced nephropathy seems to be the 
reperfusion injury. The prolonged renal hypoxia and 
ischemia and the following restoration of blood supply, 
resulting in the generating reactive oxygen species 
(ROS) and parenchymal damage and organ failure. An 
adaptive response has been described by several authors 
to improve the outcomes and protect against reperfusion 
injury called ischemic conditioning (4). Remote ischemic 
preconditioning (RIPC), is a protective intervention 
based on ischemic conditioning response. Although, it 
has shown promising results in reducing the incidence of 
CI-AKI and mortality associated with this complication, 
its long-term effect on kidney function is not clear (8). In 
fact, RIPC is a protective approach that, by creating short-
term impairment in non-vital organs, protects more vital 
organs against long-term ischemia (9).

Serum creatinine is the most common renal marker 
which is used for the diagnosis of AKI. Alongside its 
benefits, serum creatinine has several limitations mainly 
its inability for early renal dysfunction diagnosis. This led 
to numerous studies to find some biomarkers for early 
identification and treating of the CI-AKI (10). Among 
them, serum cystatin C (CysC) shows a promising result. 
CysC, a cysteine protease with low-molecular-weight, is 
stably developed by all of the nucleated cells, freely filtered 
by the glomeruli and fully reabsorbed in the proximal 
tubule without secretion (11).

CI-AKI can be independently predicted by serum 
concentration of CysC or its ratio to creatinine (12), while 
it has been suggested that changes in CysC concentration 
can be a better biomarker for early diagnosis of CI-AKI in 
comparison to serum creatinine (13).

Objectives
In this study, the RIPC of arm with a three-cycle protocol 
and its effect on preventing CysC based CI-AKI following 
coronary angiography (CA) was investigated.

Patients and Methods 
Study design and setting
This single-blinded randomized controlled trial 
(RCT) study was carried out at the heart clinic, Shahid 
Mohammadi hospital of the Hormozgan University of 
Medical Sciences (2017 to 2018). It investigates the effect 
of RIPC on AKI in patients receiving CA.

Participants
Around 140 patients undergoing CA were enrolled in 
this study. The inclusion criteria were patients aged ≥18 
years, with stable coronary artery disease requiring CA. 
Patients with renal dysfunction based on Kidney Disease 
Improving Global Outcomes (KDIGO) criteria (GFR 
<60 cc/min), pregnant women, emergency angiography, 
individuals with cardiogenic shock or recent cardiac 
infarction were excluded. The history and demographic 
information were taken from all patients. Informed 
consent was obtained from all participants.

Intervention
Seventy patients were assigned to either the treatment 
(RIPC) or the control group (no-RIPC) using random 
allocation software (Figure 1). A pneumatic cuff was 
wrapped around the upper arm one hour before the 
procedure. We chose the three-cycle method which was 
less frequently applied in previous studies. In both groups, 
three cycles of cuff inflation for 5 minutes followed by cuff 
deflation for another five minutes was performed. In the 
treatment group, the cuff was inflated to a pressure of 200 
mm Hg to induce transient limb ischemia. In the control 
group, sham RIPC was performed with the pneumatic cuff 
inflated to a non-occlusive 10 mm Hg. All participants 
underwent CA by an experienced cardiac interventionist 
who was blinded to patient group allocation.

Participants of either group received standard care. To 
achieve preferable clotting 300 mg of aspirin and 300 mg 
of clopidogrel was prescribed at least 6 hours before the 
CI with an additional administration of heparin (70-100 
units/kg). The low-osmolality contrast medium volume 
was calculated based on the patient’s weight. Nephrotoxic 
medications were withheld 72 hours before the procedure. 
The hydration plan included normal saline solution one 
ml/kg of body weight per hour (reduced to 0.5 mg/kg/h in 
patients with a left ventricular ejection fraction of ≤35%) 
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for 12 hours before the procedure (whenever possible) 
and 24 hours after it.

Study endpoints
Blood samples were obtained before CA to measure 
serum creatinine (Cr) and CysC and estimated glomerular 
filtration rate (eGFR) [with CKD-EPI (the Chronic Kidney 
Disease Epidemiology Collaboration) formula]. After the 
procedure, 24-hour and 48-hour serum creatinine and 
eGFR and 24-hour CysC were measured. The primary 
study endpoint was acute renal failure development, 
detected by two criteria; the 2012 KDIGO AKI criteria 
(14) or a 15% increase in serum CysC [based on the paper 
published by Zhang et al in 2017 (15)].

The serum creatinine, eGFR, and serum CysC changes 
compared to the baseline values were evaluated and 
analyzed.

Ethical issues 
This paper is a part of the thesis of Azadeh Moradkhani, 
in the internal medicine department of the Hormozgan 
University of Medical Sciences (HUMS). The study was 
conducted according to the Helsinki Declaration and 
informed consent was obtained from all participants. It 
was approved by the ethics board of HUMS (ethical code; 
HUMS.REC.1396.42) and registered in the Iranian registry 
of clinical trials (identifier: IRCT20180924041113N1; 
https://irct.ir/trial/34184). This research was supported 
by HUMS (Grant# 960081).

Statistical analysis 
The outcome measures were analyzed using the SPSS 
software version 22. The t test and Mann–Whitney 
were used for the continuous variables with and without 

normal distribution, respectively. To evaluated categorical 
parameters, Pearson’s chi-square and Fisher’s exact test 
were used. The significance level was considered as < 0.05. 

Results
The patients’ mean age was 56.3 ± 11.8 years and 56.8 ± 
11.4 years in the RIPC and control group, respectively 
(P > 0.05; Table 1). Patients’ detailed clinical data are 
shown in Table 2. As it is demonstrated, there was no 
significant difference between the two study groups 
regarding baseline characteristics.

Clinical results
Of 140 patients, 11 patients were diagnosed with CI-AKI 
by the KIDIGO, 8 in the RIPC group and 3 cases of AKI in 
the control group. Higher CI-AKI incidence in the RIPC 
group was not statistically significant (P = 0.116; Table 3).

When evaluating AKI with the CysC level, 59 patients 
were diagnosed, 27 in the RIPC group and 32 in the 
control group with no significant difference (P = 0.392; 
Table 3).

No significant difference was observed regarding renal 
markers (i.e. serum creatinine, CysC, and eGFR) among 
the two study groups at baseline (Tables 5-7). In the RIPC 
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Figure 1. Consort flow diagram

Table 1. Patients’ age characteristic

Remote Ischemic Preconditioning 
(RIPC) P value

No-RIPC RIPC

Age

Mean 56.8 56.3

0.720
Std. Deviation 11.4 11.8
Minimum 25.0 27.0
Maximum 85.0 85.0
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Table 2. Clinical characteristics of patients

Remote Ischemic Preconditioning (RIPC)
P valueNo-RIPC RIPC

No. % No. %

Gender
F 32 45.7% 29 41.4%

0.609
M 38 54.3% 41 58.6%

Smoking
No 50 71.4% 47 67.1%

0.583
Yes 20 28.6% 23 32.9%

DM
No 53 75.7% 57 81.4%

0.410
Yes 17 24.3% 13 18.6%

Mean SD Mean SD

Contrast volume/kg 0.664 0.506 0.614 0.400 0.529

Hematocrit
Female 38.2 3.6 39.2 3.7 0.290
Male 43.9 3.8 46.0 3.9 0.374

Table 3. AKI occurrence by KIDIGO criteria

Remote Ischemic Preconditioning (RIPC)
P valueNo-RIPC RIPC

No. % No. %

AKI
No 67 95.7% 62 88.6%

0.116
Yes 3 4.3% 8 11.4%

Table 4. CysC based AKI occurrence 

Remote Ischemic Preconditioning (RIPC)
P valueNo-RIPC RIPC

No. % No. %

AKI
No 38 54.3% 43 61.4%

0.392
Yes 32 45.7% 27 38.6%

Table 5. Serum creatinine changes

Remote Ischemic Preconditioning (RIPC)
P valueNo-RIPC RIPC

Mean Std. Deviation Mean Std. Deviation

Creatinine 0 h 0.98 0.20 0.97 0.15 0.569*

Creatinine 24 h 1.04 0.20 1.05 0.16 0.604*

Creatinine 48 h 1.05 0.20 1.09 0.16 0.252*

P value* <0.001** <0.001**

* Independent-samples t test; ** Friedman test.

Table 6. Estimated glomerular filtration rate (eGFR) changes

Remote Ischemic Preconditioning (RIPC)
P valueNo-RIPC RIPC

Mean Std. Deviation Mean Std. Deviation

GFR 0 h 77.76 15.29 79.25 16.38 0.569*
GFR 24 h 72.69 14.61 71.98 14.71 0.776*

GFR 48 h 71.48 14.20 69.28 13.12 0.342*

P value* <0.001** <0.001**

* Independent-samples t test; ** Friedman test.

http://www.jnephropharmacology.com
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group, serum creatinine increased over time reaching 
1.05 mg/dL and 1.09 mg/dL in the 24-hour and 48-hour 
evaluation, respectively compared to the baseline value 
(0.97 mg/dL). In the control group, serum creatinine also 
increased but with a lesser slope, raised from 0.98 mg/
dL at baseline to 1.04 mg/dL and 1.05 mg/dL in the 24-
hour and 48-hour serum samples, respectively. As was 
demonstrated, the 24-hour and 48-hour serum creatinine 
and eGFR values were higher in the RIPC and control 
group, respectively with no significant difference (Tables 
5 and 6). In either group, the ascending serum creatinine 
and descending eGFR course were statistically significant 
(P<0.001).

According to Table 7, in the RIPC group serum CysC 
was 20.41 ng/mL and 23.81 ng/mL, before the CA and 24 
hours after, respectively. In the control group, the values 
were 20.81 ng/mL and 25.20 ng/mL, respectively. As it is 
shown, serum CysC was lower in the RIPC group, with 
no significant differences. In either group, the ascending 
course of the serum CysC was statistically significant (P 
<0.001).

In patients with CI-AKI, the 24-hour and 48-hour serum 
creatinine increased by 28.5% and 40.4%, respectively 
(1.08 mg/dL and 1.18 mg/dL compared to 0.84 mg/
dL), while in other patients, this renal marker increased 
6.1% and 8.1%, respectively (1.04 mg/dL and 1.06 mg/
dL compared to 0.98 mg/dL) (Figure 2).The eGFR course 
was similar to serum creatinine. In AKI patients, eGFR 
decreased to 70.36 mL/min and 61.94 mL/min after 24 

hours and 48 hours after the CA, from the baseline value 
of 88.48 mL/min, whereas in patients without AKI, it 
reduced from 77.66 mL/min to 72.51 mL/min and 71.10 
mL/min, respectively (Figure 3).

A significant serum CysC increase was observed over 
the first 24 hours of the CI in patients with CI-AKI. The 
serum CysC values increased to the 45.05% of the baseline 
values (from 25.77 ng/mL to 37.88 ng/mL), while at the 
same time, in patients without CI-AKI, it increased by 
16.01% (20.17 ng/mL to 23.40 ng/mL; Figure 4). 

Discussion 
CI-AKI is recognized as one of the common complications 
of coronary angiography (16). The growing need for 
contrast mediums resulted in the increasing incidence 
of this complication which has become the third most 

Table 7. Serum CysC changes

Remote Ischemic Preconditioning (RIPC)
P valueNo-RIPC RIPC

Mean Std. Deviation Mean Std. Deviation

CysC 0 h 20.81 11.11 20.41 10.43 0.814*

CysC 24 h 25.20 16.02 23.80 12.46 0.509*

P value* <0.001** <0.001**

* Independent-samples t test; ** Friedman test.

Figure 2. Comparison of serum creatinine in patients with and without 
AKI

Figure 3. Comparison of eGFR in patients with and without AKI.

Figure 4. Comparison of serum CysC in patients with and without AKI.
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common cause of renal failure (17). The risk of dialysis 
after CI-AKI is generally less than 1% but may increase to 
5-50% when accompanying certain morbidities including 
patients with a chronic renal problem, DM and high blood 
pressure (18).

Due to the shortcoming of usual nephroprotective 
approaches, there is a growing debate to introduce an 
effective approach to protect patients against contrast-
induced nephropathy (6,7). Base on this necessity, an 
intervention has been described consisting of several 
transient non-lethal ischemia cycles called remote 
ischemic conditioning (RIC) (9). One of the most common 
approaches of RIC is the RIPC method which we used in 
the present study (19). Several authors in their studies 
showed the renoprotective of RIPC during surgeries (20). 
In this study, we investigated the effect of 3-cycle RIPC 
of the upper arm on preventing CysC based CI-AKI 
following coronary angiography. The principal finding 
of this study was that RIPC with the above-mentioned 
method, neither decrease CI-AKI occurrence nor alter 
serum creatinine, CysC and eGFR course after coronary 
angiography. 

Several RCTs investigated the role of the RIPC in 
patients undergoing cardiac surgery and coronary 
angiography with good results concerning the incidence 
of AKI (2,6,8,21,22). However, other studies failed to 
demonstrate its protective effects (23,24). Several meta-
analysis also failed to reach a consistent conclusion, since 
the meta-analysis by Li et al (25) and also by Yasin et al (26) 
indicated that RIPC had no protective effect on CI-AKI. 
However, these meta-analysis included participants who 
had undergone different interventions, such as cardiac or 
vascular surgery, complex valvular heart surgery, complex 
congenital heart disease surgery, or percutaneous coronary 
intervention. On the contrary, several other meta-analyses 
showed that RIPC decreased the risk of acute renal failure 
and supported the kidney protective role of this method 
(7,27-29).

These conflicting findings could be attributed to the 
different methods used for RIPC. Using three- or four-
cycle approach in upper or lower extremities were the 
most common methods used to induce this intervention, 
respectively. In our study, we performed 3-cycle, 5-minute 
RIPC applied to the arm. Choi et al (23) performed the 
3-cycle RIPC, but with 10-minute cycles, and in the lower 
extremities in patients undergoing complex valvular heart 
surgery. According to their study, although, RIPC failed 
to reduce the renal injury, it was associated with better 
myocardial function and less ICU stay. In Zhou et al 
meta-analysis study (7), subgroup analysis revealed that 
RIC induced through 4 cycle protocol, had a significant 
renoprotective role compared to other protocols. Along 
with the findings of this study, Dong et al (30) and Lu 
et al (31) confirmed the relation between conditioning 
cycles and their efficiency. They demonstrated that RIC 
with more cycles is associated with a better response. 

Er et al (21) and Igarashi et al (22), both performed 
preconditioning with a 4-cycle protocol in high risk and 
low-moderate risk patients undergoing elective coronary 
angiography, respectively and found the RIPC to be 
preventive of CI-AKI with the mentioned protocol. The 
3-cycle approach used by Zarbock et al (2) was successfully 
effective in reducing AKI occurrence during cardiac 
surgery only among high-risk patients. Their findings 
were contrary to our findings which failed to demonstrate 
the nephroprotective effect of the RIPC. In comparison, 
we excluded patients with renal dysfunction (GFR<60 cc/
min), but in the study of Zarbock et al, only patients with 
high risk for AKI were included. Based on these findings, 
we proposed that the protective role of the RIPC is seen 
only in the high-risk population (32). In addition, we 
studied CI-AKI occurrence after coronary angiography, 
whereas Zarbock et al focused on patients undergoing 
cardiac surgery with the use of cardiopulmonary bypass.

Accordingly, Cheung et al (33) performed RIPC with 
4 cycles of 5-minute ischemia by inflating a cuff around 
a leg and found evidence of neither the renal protective 
role of RIPC nor its association with renal biomarkers’ 
improvement, a finding similar to our study. Rear et al 
(24) investigated whether 4 cycles RIPC could safely 
reduce the incidence of CI-AKI in patients with impaired 
renal function undergoing elective or emergency coronary 
angiography or PCI? No difference in CI-AKI occurrence 
or secondary outcome (serum creatinine and urine 
albumin to creatinine ratio) measures was demonstrated 
between RIPC and control group. Despite the neutral 
outcome of the study, several hypothesis-forming findings 
were uncovered, including whether RIPC might be more 
efficacious in patients at very high-risk of CI-AKI or in 
participants with DM who may not have been responsive 
to the RIPC protocol. In our study, RIPC was not effective 
in patients at low-risk of AKI.

Furthermore, we noted that RIPC did not change the 
course of renal biomarkers after coronary angiography. 
According to either Li et al (28) or Yang et al (29), RIPC was 
not associated with a significant difference in the course of 
GFR and serum creatinine after surgery. Choi et al (23), 
reported no significant differences in serum levels of 
creatinine, CysC, and NGAL between groups throughout 
the study period. Plausible causes for the observations of 
this result may be that RIPC is more effective in protecting 
organs enduring direct and obvious ischemia-reperfusion 
insult, resulting in organ damage associated with marked 
pro-inflammatory and oxidative stress. Hence, RIPC has 
shown its renal protective effects in major vascular surgery 
or interventions without perfusion to the kidneys (32). 

Generally, the serum creatinine elevation compared 
to the base level is used as the gold standard for the 
diagnosis of AKI (34). However, the detection of CI-AKI 
using serum creatinine, led to the prolonged duration of 
hospitalization in most patients due to its late elevation 
in response to renal dysfunction (35). In addition, serum 
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creatinine has a low-sensitivity in some cases of acute 
dysfunction, as it may only increase when the renal 
function decrease to 50% (36). In addition, this biomarker 
is affected by several renal and non-renal factors such 
as muscle mass changes, tubular secretion, race, age and 
gender (37). Due to these problems, recent studies have 
looked at other biomarkers such as neutrophil gelatinase-
associated lipocalin (NGAL) and CysC for the diagnosis 
of AKI. However, their results, in particular, their role in 
early detection of AKI, have conflicting results (13). Of 
these biomarkers, CysC is filtered in the glomeruli freely, 
since nearly all of it, reabsorbed in the proximal tubule 
(38). The life cycle of this biomarker is also approximately 
half that of the creatinine, resulting in an earlier change 
compared to serum creatinine (39). As a result, it is a 
good candidate for the early diagnosis of CI-AKI (34). In 
several meta-analysis studies, the predicting value of this 
biomarker in comparison with creatinine serum has been 
reported (40).

We used two criteria for diagnosing AKI. Only 11 
patients were diagnosed to have AKI when using KIDIGO 
criteria, but 59 cases were detected when using a 15% 
increase in serum CysC as the diagnosing method. In the 
study by Zhang et al (15), serum CysC is a more sensitive 
marker than serum creatinine in identifying CI-AKI cases. 
The disparity between serum CysC and serum creatinine 
in CI-AKI detection might be because of the properties 
of CysC, including shorter half-life, absence of renal 
tubular secretion, and less affected by volume status (11). 
Furthermore, in the present study, in patients with AKI in 
the first 24 hours, serum CysC increased roughly twice the 
rate of serum creatinine (45% versus 28.5%), since, CysC 
elevation in this period, was more significant than the 48-
hour serum creatinine increment (45% versus 40.4%). As 
a result, it can be used as an appropriate biomarker for 
earlier CI-AKI detection.

In the study by Yong study et al (41), serum CysC was a 
valuable and powerful marker for the diagnosis of AKI with 
different causes. The detailed assessment parameters, such 
as sensitivity, specificity, positive likelihood ratio, negative 
likelihood ratio, and diagnostic odds ratio for CysC were 
0.82, 0.82, 4.6, 0.22 and 21, respectively. CysC performed 
the best accuracy in CI-AKI. The probable reason might be 
that kidney injury and hemodynamic disorder induced by 
CI-AKI is less serious and complicated than that by other 
AKI causes. Several novel biomarkers have been described 
to diagnose CI-AKI. Of them, NGAL, interleukin-18 (IL-
18) and CysC are the most promising (42). However, the 
former two biomarkers lack established determination 
method in clinical laboratories. Thus, according to the 
results of the study of Yong et al (41), CysC could be the 
optimal marker predicting various AKI.

Kim et al (43), found elevated baseline CysC levels to be 
an independent risk factor for CI-AKI and is a predictor 
of all-cause mortality and major adverse events in patients 

with peripheral artery disease undergoing endovascular 
therapy. Accordingly, Shukla et al (35) conclude that a rise 
of ≥10% in serum CysC at 24 hours could be used as a 
reliable marker for the identification of CI-AKI.

In some studies, the CysC role was compared to other 
biomarkers. Fu et al (34) suggested that comparing the 
CysC and serum creatinine, CysC was a more reliable 
marker of early diagnosis of contrast-induced nephropathy. 
Wacker-Gußmann et al (12) demonstrated that CI-AKI 
in patients with creatinine within the upper normal 
range (between 0.8 and 1.3 mg/dL) is significantly more 
frequent after intra-arterial than after intravenous contrast 
administration. In these patients, renal impairment after 
contrast administration is independently predicted by 
CysC and CysC/creatinine-ratio, whereas blood urea 
nitrogen (BUN) and creatinine were not predictive. Liu et 
al (44) noted that elevated CysC level is a reliable marker for 
CI-AKI; however, the predictive value of CysC-based CI-
AKI varies with the definition of serum creatinine-based 
CI-AKI, without good prediction of long-term outcomes. 
In the study of Cecchi et al (45), neither baseline serum 
and urinary NGAL nor their variations after percutaneous 
coronary invasive procedures (PCIP) were related to CI-
AKI occurrence, while CysC results were associated with 
CI-AKI development, earlier than creatinine and eGFR 
variations. On the contrary, in the study by Xu et al (46), 
serum CysC was not a better marker to evaluate CI-AKI 
after angiography compared to serum creatinine. In our 
study, it should be noted that serum creatinine and CysC 
measurement were obtained 48 hours and 72 hours after 
intervention since blood samples were not taken at 12 or 
24 hours of surgery to assess the diagnostic power of CysC 
and serum creatinine for early detection of CI-AKI.

Despite the strength of this study which was the first to 
evaluate the effect of RIPC on the CysC based CI-AKI, it 
has several limitations that should be addressed in further 
studies. Some of these limitations were small sample size, 
evaluation of short-term renal function and investigating 
only in low-risk patients.

Conclusion 
Our study demonstrated that RIPC, with three cycles 
of 5-minute ischemia and 5-minute reperfusion, did 
not decrease serum CysC based CI-AKI or alter renal 
biomarkers course in patients with low risk undergoing 
coronary angiography. Serum CysC is an appropriate 
biomarker for early diagnosis of CI-AKI, 24 hours after 
receiving the contrast.

Study limitations
This study has several limitations that should be addressed 
in further studies. The main limitations were small 
sample size, evaluation of short-term renal function and 
investigating RIPC only in low-risk patients.
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