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Abstract
Background: Despite more than half a century of investigations, Acute kidney injury (AKI) remains a major healthcare issue in
medicine today, reported to occur in 1–32% of all hospital admissions and 10–90% of intensive care unit admissions and the
diagnosis of AKI is usually based on changes in Serum Creatinine (SCr) which is a poor marker of early renal dysfunction.
Objectives: To study the role of Serum Cystatin C (CysC) as early marker of AKI and to correlate the Serum Cys C with
conventional marker like SCr in early detection of Contrast induced acute kidney injury (CIAKI) in subjects undergoing
Percutaneous transluminal coronary angiogram (PTCA).
Materials and Method: Prospective cohort study was conducted, where SCr and Serum CysC were serially measured in a
heterogeneous group of subjects (n=60) presenting to cardiology department and the primary outcome was CIAKI.
Results: The study population consisted of 60 subjects. All subjects were divided into 2 groups: “CIAKI group” and “no-CIAKI
group” according to predefined definition. The Serum Cys C increased at 4 hours and reached the peak at 24 hours, whereas SCr
increased at 24 hours and reached peak at 48 hours respectively(P<0.001) and there was no significant correlation between Serum
Cys C with SCr at 0 hours, 4 hours , 24 hours and 48 hours .
Conclusion: Serum CysC is an early marker for detecting CIAKI compare to conventional marker SCr. So earlier detection of
CIAKI by this novel biomarker can reduce morbidity and mortality and also hospital stay.
Keywords: Serum Creatinine, Estimated glomerular filtration rate, Cystatin C, Percutaneous Trans luminal Coronary angiogram,
Contrast induced acute kidney injury.

Introduction
AKI presents a continuum of morbidity that can
vary from subclinical injury, in which SCr changes
minimally, to severe oliguric renal dysfunction
associated with tubular necrosis and failure of the kidney
to function.(1) In developed countries, AKI is common in
elderly and hospital-acquired causes dominate. Where as
in developing countries, AKI is the disease of younger
subjects and community-acquired cases are common.
Acute diarrheal diseases, acute glomerulonephritis,
environmental agents and snake bite are the common
causes of AKI(2) and the acute radio contrast nephropathy
is an another important cause of AKI in hospitalized
patients undergoing contrast-based procedures.(3) SCr
has been the predominant marker of renal function in
clinical practice for more than half a century and its
limitations are well documented.(4,5) Because of the
limitations regarding use of SCr for the early detection
of AKI, the role of serum biomarker, Serum Cys C that
would allow earlier detection of AKI has been conducted
and numerous studies also evaluated the use of Cys C
level as an endogenous marker of kidney function in
populations at risk with Chronic kidney disease(CKD),
showing that Cys C performs comparably or superior to
the diagnostic accuracy of SCr level in the discrimination
of normal from impaired kidney function.(6) Since there
are only few Indian studies with regards Serum Cys C as
early marker of AKI and also it is difficult to study these

markers in relation to entire etiology of AKI. So in this
study we selected subjects undergoing contrast related
procedure as a cause of AKI as the baseline values were
also available in all these subjects.
Materials and Method
Study design and patient population: Prospective
observational cohort study of 30 cases and 30 controls
conducted in the department of Biochemistry, Nizam’s
Institute of Medical Sciences, and Hyderabad, Andhra
Pradesh.
Study material: Subjects admitted in the department of
Cardiology to undergo emergency or elective PTCA
Inclusion criteria: Subjects aged between 18-70 yrs of
either gender who were undergoing elective and
emergency PTCA by using Iohexol contrast, with
normal SCr levels and normal eGFR >60ml/min/1.73m2
(MDRD formula) attended the hospital during the study
period and willing to participate in this study after
obtaining informed consent and ethical committee
approval has be included.
Exclusion criteria:
1. Subjects with non-availability of normal SCr levels
and normal eGFR>60 ml/min/ 1.73 m2 (MDRD) at
admission.
2. Subjects with documented evidence of pre-existing
CKD or ESRD requiring dialysis.
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Subjects underwent contrast related procedure
within 1 week or less from the index procedure.
4. If subjects had concomitant inflammatory
conditions (such as active infection, inflammatory
arthritis or connective tissue disease) or
malignancies or had recent (<4 months) surgery or
major trauma.
Sample Size calculated: Based on baseline data
available on Serum Cys C the anticipated difference in
mean between two groups is 147 and anticipated
standard deviation (SD) is 100, to obtain a power of 99%
with type 1 error of 0.001, the required sample size is 21.
In this study a total of 30 cases and 30 controls are
enrolled.
Sample collection: Venous blood samples were drawn
from all participants after 12-hour overnight fast, before
PTCA and other samples were taken at 4, 24 and 48
hours after the procedure. Blood samples were
centrifuged at 2000 ×g for 10 minutes, and serum
separated. SCr, fasting plasma glucose were estimated in
these samples and in after procedure samples taken at
4hours, 24hours and 48 hours same centrifugation
procedure repeated. Only SCr concentrations estimated
in all these samples. Remaining serum was stored at
−20°C, and the subjects were observed for primary
outcome variable which was the development of CIAKI,
defined as an absolute increase in SCr of >25% or
0.5mg/dl from baseline values occurring within 24 to 48
hours after the coronary procedure. Finally by looking at
the primary outcome, we included about 30 cases (an
increase in SCr by >0.5 mg/dl or >25% within 3 days
after intravascular administration of contrast medium
(CM) without an alternative aetiology) and 30 controls
(who did not showed >25% increase in the SCr at end of

48 hours). All the data were analysed after completion of
study period.
Methods: eGFR is Calculated by applying the MDRD
formula,(7) SCr estimated by Jaffe method(IDMStraceable version),(8) Glucose estimated by HK
(hexokinase) method(9) and Serum Cys C measured by
Automated particle-enhanced turbid metric method.(10)
All the parameters were analysed by using fully
automated analyzer (Hitachi-912).
Statistical analysis: Continuous variables were
presented as mean ± SD and tested with student’s t test
and categorical variables were presented as frequencies
and compared with the use of the Pearson chi-square test
(Fisher’s exact test was applied if the number of
observations per cell was fewer than five). The changing
trends of Serum Cys C was analysed by taking repeated
measures at 0 hours, 4 hours, 24 hours and 48 hours
before and after procedure. Spearman rank correlation
coefficient were used to know the correlation between
Cys C and SCr at different time points. All the analysis
was performed using the SPSS 12.0 windows.
Results
The study population consisted of 60 subjects. All
subjects were divided into 2 groups: “CIAKI group” and
“no-CIAKI group” according to predefined definition.
The “no-CIAKI group” included a total of 30
controls, 27 males (90%) and 3 females (10%) with
average age 57.60 ± 05.4 years, the CIAKI group
included a total 30 cases, 26 males (86.7%) and 4
females (23.3%) with average age 60.20 ± 05.73 years.
(Table 1)

Table 1: The main clinical characteristics of the patient population
Main Characteristics between “CIAKI” group and no “CIAKI” group
Variables
No CIAKI
CIAKI (n=30) P value
(n=30)
Demographic Characteristics
Mean age
57.60±05.4
60.20±05.73
<0.081
Male n (%)
27(90%)
26(86.7%)
1.0000
Clinical Characteristics n (%)
Diabetes Mellitus(DM)
06(20.0%)
28(93.3%)
<0.0001
eGFR ml/min/1.73 m2
64.90±03.07
62.80±02.68
0.0049
Type of contrast media (CM) n (%)
Iohexol
30(100%)
30(100%)
Dose of contrast (ml)
117.70±33.70
280.00±64.17
<0.0001
Continuous values are expressed as mean ± SD; categorical values are expressed as total number and percentage
of the global population (in parentheses).
As depicted in Table, that subjects with CIAKI group were found no difference in age than controls 60.20 ± 5.73
vs 57.60 ± 05.4 years respectively (P<0.081), DM (P<0.0001), eGFR (P=0.004) compared with subjects of “noCIAKI group’ and in subjects who developed CIAKI, a higher dose of CM was administered (P<0.0001), while the
compared analysis of the subject in relation to the molecule type chosen to make coronaries opaque (Iohexol) did not
show any significant statistical difference.
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Table 2: Changing trends of novel biomarker Serum
Cys C after CM exposure in all the 60 subjects (0, 4,
24 and 48 hours)
Changing trends of Serum Cys C after CM
exposure
Time(Hours)
Cys C (ng/ml)
Cys C (ng/ml)
No CIAKI
CIAKI
0
80.8
81.7
4
84.0
87.7
24
85.5
133.7
48
84.7
98.3

Table 3: Changing trends of Conventional marker
SCr after CM exposure in all the 60 subjects (0, 4,
24 and 48 hours)
Changing trends of SCr after CM exposure
Time(Hours)
SCr (mmol/L)
SCr(mmol/L)
No CIAKl
CIAKI
0
94.7
95.3
4
94.0
92.7
24
92.7
93.6
48
93.0
177.0
The changing trends of Serum Cys C and SCr were
showed in Table 2, 3 and Fig. 1, 2 respectively. The
Serum Cys C increased at 4 hours and reached the peak
at 24 hours, while the SCr increased at 24 hours and
reached peak at 48 hours respectively. Thus 24 hours
after CM administration were considered to be
appropriate time point for Cys C measurement.

Fig. 1: Shows changing trends of Serum Cy C after CM exposure

Fig. 2: Shows changing trends of SCr after CM exposure
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Table 4: Changes in Serum Cys C and SCr before and after PTCA in CIAKI group
Changes in serum Cys C (ng/ml) and SCr (mmol/l) in CIAKI group
Variables
Before
4hours
24 hours
48 hours
P value
PTCA:
after PTCA
after PTCA
after PTCA
Serum
80.8 ± 9.6
87.6 ± 8.1
133.6 ± 7.6 a 98.3 ± 23.7 b <0.0001 a, b
CysC(ng/ml)
SCr(mmol/l) 94.6 ± 5.7
92.6 ± 4.4
93.6 ± 4.3
177 ± 16.8 c
<0.0001 c
Results expressed as Mean ± SD a,b=P<0.0001: CysC – Baseline vs 24 hrs and 48 hrs
c=P<0.0001:SCr- Baseline vs 48 hrs
Table 4, Shows that in CIAKI the mean Serum Cys
C level increased significantly at 24 hours after PTCA
compared to the baseline value (133.6 ± 7.6 vs 80.8 ±
9.6ng/ml(P<0.001), while there was no significant
difference between 4 hours after PTCA and baseline.
Whereas in the mean SCr level, there was no significant
difference between 0, 4, and 24 hours after PTCA but
SCr showed significant difference compared to baseline
(177 ± 16.8 vs 94.6 ± 5.7 mmol/l (P<0.001) at 48 hours.
Table 5: Pearson’s correlation analysis
Correlation between Serum Cys C and SCr at
different time line
0hours
4hours
24hours
48hours
r
0.1216
-0.2042
0.0499
-0.1081
P
0.5220
0.2789
0.7933
0.5696
Table 5, Performed to evaluate the correlation
between SCr and Serum Cys C at 0 hours, 4 hours, 24
hours and 48 hours. The result indicated no significant
correlation between Serum Cys C with SCr at 0 hours, 4
hours, 24 hours and 48 hours.

medullary hypoxia, in combination with direct
cytotoxicity to the renal tubular epithelium.(13)
Finding new biomarker is very important for the
early diagnosis of CIAKI. So we investigated Serum
CysC changing trends after CM exposure and evaluated
their characteristics as early biomarker for CIAKI.
Serum Cys C, cysteine proteinase inhibitor has
many features of an ideal glomerular filtration marker. It
is synthesized and released into plasma by all nucleated
cells at a constant rate. It has small size (13kDa) with no
positive charge at physiologic pH and no significant
protein binding therefore, it is 99% freely filtered at the
glomerulars. It is neither secreted nor reabsorbed by
renal tubules but undergoes almost complete catabolism
by proximal tubular cells, and thus little appears in the
urine, with a half-life of about 2 hours. Thus Serum Cys
C reflects GFR better than SCr.(14)
This study showed Serum Cys C increased at
4hours and reached the peak at 24 hours, whereas SCr
increased at 24 hours and reached the peak at 48 hours.
Bachorzewska-Gajewska H et al in their cohort study
found a significant rise in CysC 24 hours after the
procedure. Whereas SCr and Creatinine clearance
remained unchanged after procedure.(15) HergetRosenthal S et al reported that Serum Cys C is a useful
detection marker to detect ARF 1 or 2 days earlier than
Creatinine.(16) Rickli H et al observed that the rise in Cys
C was achieved a maximum at 24 hours after the
application of the contrast agent and within 48 hours Cys
C decreased to the same level as before angiography.(17)
In our study, we have done correlation between SCr
and Serum CysC at 0, 4, 24, and at 48 hours. Serum Cys
C and SCr showed no correlation among them at baseline
and also after exposure to CM. The results might
attribute to different time of production and elimination
of these biomarker. LIU Xiao-li et al showed that plasma
Cys C significantly correlated with SCr (r=0.340, P
<0.001).(18) Shaker OG et al in their study concluded that
CysC as predicative biomarker for AKI after PCI. (19)
This is the study to my knowledge, which examined
prospectively a novel marker (Serum CysC) of AKI in
subjects undergoing PTCA at 0, 4, 24, and 48 hours, as
well as correlations between Serum CysC and SCr in
subject with normal SCr and with eGFR
>60ml/min/1.73m2.

Discussion
CIAKI is a complication of radiological procedures
that expose patients to CM. It may be very high in
selected patient subsets, especially in cardiac procedures
such as PCI (Percutaneous Coronary Intervention) and
coronary angiography. Not only is this a leading cause of
morbidity and mortality, but it also adds to increased
costs in high risk patients undergoing PCI. DM is one of
the strongest predictors of AKI after coronary
intervention. In our study, we found that occurrence of
CIAKI is significantly higher among subjects with DM
compared to other subjects. This is in accordance with
other study Toprak O et al.(11) eGFR found to have
significant difference (P<0.004) in CIAKI subjects
compared to no CIAKI subjects. Renal function
deterioration after exposure to radiographic contrast
agents is common in patients with impaired renal
function. Volume of contrast showed that the CIAKI risk
increases proportionally to the dose of CM like in CIAKI
than no CIAKI this is in accordance with other study
Kane GC et al.(12)
The discrepancies in the above findings may be due
to contributions from several systemic factors like
prolonged vasoconstriction, alterations in nitric oxide
metabolism that lead to renal vasoconstriction, and
impaired auto regulation induced by CM predisposing to
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Conclusion
Serum CysC increased earlier than SCr, hence
Serum Cys C can be used as early marker for detecting
CIAKI compare to conventional marker SCr.
Application of Serum CysC as novel biomarker in
routine can reduce morbidity and mortality and also
hospital stay.
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