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Abstract

Objective: Contrast induced nephropathy is the most common complication for both coronary angiography and
percutaneous coronary intervention. The aim of the present study is to investigate the role of serum cystatin C
among patients undergoing coronary angiography for earlier detection of contrast induced nephropathy.

Materials and Methods: The study included 80 elective patients attending the cardiology center (48 males, 32
females). The study was conducted in cardiac catheterization unit at Al-Hussein Medical City/ Kerbala Health
Directorate-Holy Kerbala, Iraq. Clinical examination and laboratory investigations were made before and 24 hours
after angiography. These investigations include: serum creatinine, blood urea, estimated GFR and serum cystatin C.

Results: According to the definition, contrast induced nephropathy occurred in 19 patients 23.8% with grade 0 to
2 of renal dysfunction. There were significant increments in serum creatinine, cystatin C and eGFR after 24 hours of
angiography/angioplasty procedures p<0.001, 0.01 respectively. Receiver-operating characteristic analysis showed
a higher area under the curve for creatinine 0.805 (95% CI=0.688, 0.921) p=0.001, 78.9% sensitivity and 60.7%
specificity than serum cystatin C 0.777 (95% CI=0.673-0.881) P=0.001 sensitivity=78.9% and specificity=64%, a cut-
off level of cystatin C>7 ng/ml.

Conclusion: Cystatin C was a good biomarker for earlier diagnosis of contrast induced nephropathy when
compared with blood urea and eGFR.

Keywords: Cystatin C; Contrast-induced nephropathy; Coronary
angiography; Percutaneous coronary intervention

Introduction
Contrast induced nephropathy (CIN) is an important cause of acute

kidney injury, which contributes to the deaths during hospitalization
and prolongs hospital stay [1]. CIN is a complication recognized in
both coronary angiography (CAG) and percutaneous coronary
intervention (PCI) [2]. CIN defined as an increase in serum creatinine
of 0.5 mg/dL (44 μmol/L) or a relative 25% increase from the baseline
value and mostly during the period from 24 to 48 hours following
intravascular administration of contrast media [3]. CIN will occur in
2% to 25% of patients undergoing angiography [4]. This form of
nephropathy has become the third leading cause of acute kidney injury
[5]. Several investigations have been discovered to be used in the
diagnosis of CIN [6]. Some of biomarker are used for detection of renal
function such as serum cystatin C [7]. Cystatin C is 13 kDa non-
glycosylated protein belongs to the superfamily of cysteine protease
inhibitors. It consists of 120 amino acids and has two disulfide bonds.
It is produced by all human cells almost at constant rate with its
removal from the blood by glomerular filtration [8]. Its low molecular
weight makes it freely filtered in the glomeruli and catabolized

completely in the proximal tubules [9]. Cystatin C is less affected by
gender, age, race and muscle mass than creatinine [10].

The aim of present study was to assess whether serum cystatin C
could be used in diagnosis of CIN in patients undergoing elective CAG
and/or PCI, 24 hours after the procedures.

Materials and Methods
This project was conducted at center of cardiology, coronary

catheterization unit, Holy Kerbala city, Iraq and in the department of
biochemistry, College of Medicine, University of Kerbala. The study
started from November 2015 to October 2016. The study included (80)
patients (48 males, 32 females) attending the coronary catheterization
unit for CAG and PCI. The medical history of each patient was taken
regarding age, gender, diabetes mellitus, type of treatment, history of
renal disease, history of any other diseases and smoking status.
Measurements of their height and weight were done to calculate their
body mass index (BMI), blood pressure before and during
angiography. CIN is defined in our study as an increase in serum
creatinine of 0.5 mg/dL (44 μmol/L), or a relative 25% increase from
the baseline value after 24 hours following intravascular
administration of contrast media. We divided our patients who got
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CIN into three groups according to the rising grade of their serum
creatinine [11] as shown in Table 1:

CIN grade Change in serum creatinine (S. Cr)

Grade 0 S. Cr increase <25% and <0.5 mg/dL above baseline.

Grade 1 S. Cr increase ≥ 25% and <0.5 mg/dL above baseline.

Grade 2 S. Cr increase ≥ 0.5 mg/dL above baseline.

Table 1: CIN severity grading system

Amount of contrast media used in each patient was recorded after
the procedure. All patients involved in the study were given low-
osmolar non-ionic contrast media Omnipaque (Iohexol) (350 mg/1 ml,
844 mOsm/l). Serum creatinine, blood urea, eGFR and serum cystatin
C were assessed before and at 24 hours after administration of contrast
media. serum cystatin C (Cosabio, China) was measured by enzyme-
linked immunosorbent (ELISA). Estimated GFR was calculated
according to the modification of diet in renal disease (MDRD)
equation: 0.741 × 175 × (Serum Cr. [mg/dl])-1.154 × (age
[years])-0.203 (if female × 0.742) [12]. This study was approved by the
ethical committees at College of Medicine, University of Kerbala,
Department of Medicine and committee of cardiac angiographic unit,
Kerbala, Cardiac Center- Kerbala Health Directorate/Holy Kerbala,
Iraq.

Statistical Analysis
Statistical analyses were performed by using the statistical package

for social sciences (SPSS) software for windows, version 21, IBM, USA,
data of 80 patients entered and analyzed. Descriptive statistics were
presented as mean ± standard deviation for continuous variables.
Categorical variables were expressed as frequency (No.), and
percentages (%). Data were analyzed by independent sample t-test.
Categorical variables are expressed as percentages and analyzed by chi-
square (X2) or fisher exact test as appropriate. Receiver operating
characteristic (ROC) curves and the area under the curve (AUC) were
constructed to describe the performance of serum creatinine and
serum cystatin C at 24 hours post-contrast media exposure, the
sensitivity and specificity were calculated. The best cut-off values for
biomarkers were chosen on the basis of maximum sensitivity and
specificity. Probability (P) value were considered significant when it is
less than 0.05%, and highly significant if it is less than 0.01%.

Results
The study subjects included 80 patients, 48 of them (60%) were

males and 32 were females (40%). With a mean age of 59.85 ± 9.976
and age range of 41-80 years. All patients underwent elective CAG or
PCI. According to the presented data and to the definition CIN and its
grading in our study, CIN occurred in 19 patients 23.8%. The incidence
of CIN was 0.0% (n=0) in patients with serum creatinine increase
<25% above baseline. While incidence in those with serum creatinine
increase ≥ 25% and <0.5 mg/dL above baseline was 42.1% (n=8) and
57.9% (n=11) serum creatinine increase ≥ 0.5 mg/dL above baseline as
shown in Figure 1.

Table 2 shows the changes in the concentrations of different
biomarkers in both CIN and non-CIN groups. There were significant
increment in serum levels of creatinine, eGFR and cystatin C after 24

hours of angiography/angioplasty procedures p<0.001, 0.01
respectively.

Figure 1: Incidence of CIN.

Markers

 

CIN+, N=(19)

Mean ± SD

 

CIN-, N=(61)

Mean ± SD

P Value

S. Urea (mg/dl)

At 0 hours 36.54 ± 12.91 31.64 ± 7.03 0.036*

After 24 hours 50.20 ± 25.06 39.20 ± 13.23 0.015*

S. Creatinine (mg/dl)

At 0 hours 0.77 ± 0.22 0.88 ± 0.18 0.037*

After 24 hours 1.30 ± 0.29 0.98 ± 0.19 0.001***

S. Cystatin C (ng/ml)

At 0 hours 4.66 ± 5.31 2.56 ± 2.40 0.018*

After 24 hours 22.94 ± 20.73 9.46 ± 10.25 0.001***

eGFR

At 0 hours 102.47 ± 43.04 82.52 ± 19.94 0.006**

After 24 hours 56.57 ± 18.42 72.11 ± 15.89 0.001**

S- Serum, eGFR- estimate glomerular filtration rate, *- significant p value at
0.05, **- p value at 0.01, ***- p value at 0.001.

Table 2: Changes of serum and urinary markers between CIN and
non-CIN groups.

Receiver operating characteristics
The result of receiver-operating characteristics analysis (n=80,

CIN=19) shown in the Figure 2 a higher area under the curve for
serum creatinine was shown 0.805 (95% CI=0.688, 0.921). p=0.001,
78.9% sensitivity and 60.7% specificity. Cut off >1.06 mg/dl. Area
under the curve for serum cystatin C 0.777 (95% CI=0.673, 0.881,
P=0.001). Sensitivity=78.9% and specificity=63.9%, cut-off level of
cystatin C>7 ng/ml. Area under the curve of eGFR 0.739 (95%
CI=0.595, 0.882), sensitivity=73.7% and specificity=62.3%, cut-off
value <63 ml/kg/1.73m2. Area under the curve of urea 0.670 (95%
CI=0.525, 0.816) sensitivity 63.2% and specificity 63.9% and cut-off
value >39 mg/dl.
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Figure 2: Receiver operating characteristics of serum creatinine and
serum cystatain C. Area under the curve for serum creatinine was
shown 0.805 (95% CI=0.688, 0.921). 78.9% sensitivity and 60.7%
specificity. Area under the curve for serum cystatin C 0.777 (95%
CI=0.673, 0.881) Sensitivity=78.9% and specificity=63.9%, cut-off
level of cystatin C>7 ng/ml.

Discussion
Acute kidney injury is an important topic because it has a

significant impact on morbidity and mortality and hospital survival for
patients. CIN is one of the main causes of AKI [13]. It is known that
occurrence of CIN depends on the level of serum creatinine.
According to the definition, CIN was defined as an increase of more
than 25% from the baseline value of serum creatinine or an absolute
increase of at least 0.5 mg/dL within 48 hours after the administration
of contrast media [14].

In this study 80 patients who underwent elective PCI and CAG, the
incidence of CIN was occurred in 19 (2 diagnostic and 17 therapeutic)
patients (23.8%) 24 hours after the procedure. The results showed even
patients with normal kidney function have a CIN after exposure to
contrast media. Numerous studies have different results about
percentage of development of CIN. Nassir in 2014 studied 42 patients
with type 2 diabetes mellitus who developed CIN following PCI. He
found the incidence of CIN, in diabetic patients approximately 2.6
times compared with non-diabetic 48 hours after the procedure [15]. A
recent study was performed by Wang et al. that include 300 patients
and found that only 29 patients of them developed of CIN [16].
Another report Alharazy et al. includes 100 patients with chronic
kidney disease undergoing coronary angiography. The frequency of
CIN in them was 11% and 1 patient required dialysis [17]. While
Ribichini et al. studied 166 patients and he measured their serum
creatinine and cystatin C at baseline and at 12, 24 and 48 hours after
exposure to contrast media. He found that CIN occurred in 30 patients
(18%) [18]. A prospective study of consecutive 87 patients who
underwent elective PCI and CAG, 31 patients had a moderate kidney
disease, CIN occurred in 18 patients and was more frequent 42.0%
[19]. The reason for the difference in incidence rates of CIN among

different studies including this study may be due to differences in the
definitions of CIN (absolute or relative) [20,21]. Another reason is the
number of patient’s disparity as some researchers have their specimen
number which is very large and others have a small as well as some of
the researchers depend on the occurrence of the disease at 48 hours
after angiography other research were taken 24 hours. Also the type of
angiographic procedure; PCI or CAG have effect on occurrence of
CIN. We found a higher incidence among PCI group with a p value of
<0.05. This may be explained by a larger amount of contrast media we
used in PCI group [22]. Therefore contrast volume >100 ml may be
identified as a risk factor of occurrence CIN [23,24]. Although all
patients involved in our study were given low-osmolar contrast agent
Omnipaque (Iohexol) 350 mg/1 ml), osmality of 844. Low-osmolar
contrast media lead to a lower CIN incidence when compared to high-
osmolar contrast media. Nowadays there is no indication for use of
high-osmolar contrast media and therefore this has been almost
completely replaced by low-osmolar contrast media that has less effect
on development of CIN [25]. Visipaque (iodixanol), is iso-osmolar
contrast media (the same osmolarity of blood), non-ionic is a new one
with less incidence of nephrotoxicity. Hydration is the best therapy to
elimination of contrast from the body. It acts to dilute contrast media
in both blood and tubular filtrate in addition to other treatment [26].

The results of the present study are in agreement with the most
results obtained by others reports Kato et al. and Mehran et al. [19-27].
In present study was found a highly significant increment in serum
creatinine and cystatin C while decrease in eGFR 24 hours after
angiography (p<0.001, 0.01) when compared between two groups
(CIN+, CIN-). This result is consistent with Wang et al., Liu et al. and
Nozue et al. founded serum level of cystatin C is a reliable marker for
CIN at 24 hours p<0.001 and serum creatinine increased significantly
at 48 hours, also study carried by Wacker-Gussmann et al. [16-31]
found that cystatin C level and the cystatin C/creatinine ratio
independently predict the risk of CIN in patients undergoing coronary
angiography, but another study by Ribichini et al. [32] found a
significant increase in serum cystatin C concentrations 12 hours earlier
than serum creatinine, therefore a rise of serum cystatin C at 12 hours
from baseline was the earliest predictor of CIN than serum creatinine
[18].

Cystatin C has been known to be a sensitive biomarker of renal
dysfunction. Cystatin C has also been shown to be a good predictor of
cardiovascular mortality and morbidity in various patients [33]. We
conclude in this study that a rise of serum creatinine and cystatin C at
24 hours after angiography were good biomarker for early diagnosis of
CIN than baseline values and better than urea and eGFR. This may be
due to cystatin C which is produced by almost all human cells at a
constant rate and have low molecular weight is freely filtered at the
glomerulus and is completely catabolized by proximal tubules. In
addition, cystatin C is less affected by age, gender and race while eGFR
depended on age, gender and serum creatinine [34]. However, eGFR
did not efficiently predict CIN. The fact that cystatin C is present in
only extracellular fluid while creatinin is present in all body fluid can
explain why cystatin C is an earlier marker of acute kidney injury. A
significant problem with serum creatinine is that it is relatively
insensitive to the rapid GFR changes seen in acute kidney injury,
particularly in patients with normal baseline renal function. Elevations
in serum creatinine typically take 2-3 days to reach the current
diagnostic threshold following an acute renal insult, thus reducing its
usefulness as earlier marker of acute kidney injury. However, early and
minor incremental changes in serum creatinine may be a useful
marker of CIN; recently clinical trial that investigated cystatin C have
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been proposed to specifically detect CIN within minutes to hours of
the renal insult. Unfortunately, to date this biomarker has yet to
progress beyond clinical research, there is a clear clinical need for large
trial validation of its use in the early detection and intervention in
acute kidney injury [11].

By receiver operating characteristic analysis showing a higher area
under the curve for serum creatinine 0.805 (95% CI=0.688, 0.921)
sensitivity=78.9% and 60.7%=specificity, area under the curve for
serum cystatin C 0.777 (95% CI=0.673, 0.881), Sensitivity=78.9% and
specificity=63.9%, cut-off level of cystatin C>7 ng/ml. Although several
studies have revealed that serum cystatin C cut off level >1.2 or >1.18
or >1.3 mg/l, 94% sensitivity and 48% specificity is more accurate for
diagnostic CIN than serum creatinine [19-36]. While study obtained
by Ribichini et al. found that absolute changes in serum creatinine
proved more accurate than serum cystatin C for predicting CIN at an
early stage 12 hours after angiography [18]. In the present study serum
creatinine is still the standard marker for detecting temporal changes
of renal function in individuals with established renal disease. Serum
creatinine is an inexpensive marker use to measure kidney function
compared to the other marker, whereas it is available in all laboratories
and easily measured compared with other. Therefore creatinine still
standard marker for diagnosis of kidney function.

Conclusions
Cystatin C is considered a good biomarker for early detection CIN

after 24 hours angiography better than urea and eGFR. The cut-off
level was >7 ng/ml. In present study CIN occurred in 23.8% of all
patients. Even patients with normal kidney function have risk for
development of CIN after CAG and PCI.
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