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Elevation of preoperative cystatin C as an early predictor
of contrast-induced nephropathy in patients receiving
percutaneous coronary intervention

Guogiang Gu, MD, FACC, Ningning Yu, Yaqing Zhou, MD, Wei Cui, MD, PhD
Department of Cardiology, Hebei Institute of Cardiology, the Second Hospital of Hebei Medical University, Shijiazhuang, China

Introduction: Contrast-induced nephropathy (CIN) is a serious complication of percutaneous coronary intervention (PCI). The most important
predictor of CIN is renal function before PCI. Serum creatinine (SCr) is a commonly used biomarker of renal function, but an elevation in SCr
lags behind the onset of kidney injury and is not viable for early detection of CIN after PCI. Our primary objective was to investigate whether
preoperative cystatin C (CysC) before PCI was an early predictor of postoperative CIN. The secondary objective was to evaluate associations
between preoperative CysC and renal biomarkers.

Methods: From December 2014 to December 2015, 341 patients with normal renal function were enrolled into the study at our medical centre.
All patients were apportioned to normal CysC (<1.03 mg/L) or high CysC (>1.03 mg/L) groups before PCI and were hydrated from four hours
prior to PCI to 24 hours after it. Renal function was monitored at 48 hours after PCI. Clinical parameters were recorded before and after PCI.

Results: There was no significant difference in preoperative SCr between the CIN and non-CIN groups. However, preoperative CysC demonstrated
significant difference between the two groups (p <0.01). Logistic regression analysis showed that elevated CysC before PCI was a risk factor
for CIN (p = 0.013). Furthermore, the linear regression models identified an association between CysC before PCI and renal function after PCI.

Conclusion: CysC before PCI was viable as a biomarker of renal function after PCI and high preoperative CysC was able to predict CIN
earlier than SCr.
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INTRODUCTION

Contrast-induced nephropathy (CIN) is an acute iatrogenic
kidney injury caused by the contrast agent used for medical
imaging procedures. CIN is indicated by an increase in serum
creatinine (SCr) of44.2 pmol/L (or 0.5 mg/dL) above baseline
or SCr > 125% of baseline within 48 hours of contrast use,!
barring other explanations for renal impairment (e.g., acute
heart failure, malignant arrhythmia or other disorders). CIN can
lead to a poor prognosis, both in the short and long terms, and
its management increases the cost of medical care. Prevention
and early diagnosis of CIN is an important focus in cardiology
and nephrology research.

Although SCr is considered a biomarker of renal injury, its
specificity and sensitivity are relatively low. SCr levels are also
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influenced by other factors, and its elevation, as a response to
kidney injury, usually lags behind the onset of renal injury.

Recent studies have indicated that cystatin C (CysC) may be a
viable biomarker of renal function.?# CysC is an extracellular
subtype of cystatin that is abundant in the bodily fluids,
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and is synthesised and released at a constant rate. CysC is
freely filtered at the glomerulus, reabsorbed and metabolised
completely. However, CysC is not secreted by kidney tubules.
CysC levels are not associated with age, ethnicity, gender or
muscle mass."! In addition, the half-life of CysC is only about
one-third that of SCr. Thus, the blood levels of CysC stabilise
more quickly when renal injury occur as compared to SCr
levels. Previous research has shown that when compared with
SCr, using CysC as a predictor of acute kidney injury allows
earlier diagnosis (by one or two days), and both the sensitivity
and specificity of CysC are higher than those of SCr.l®) Many
studies have reported similar findings.[””) Moreover, various
other studies have also shown that preprocedural CysC levels
were an early useful biomarker for contrasted scanning
of peripheral vascular disease and computed tomography
coronary angiography.l'“"3l' A study found that CysC was an
early marker of CIN in patients with sepsis in the intensive
care unit.' Moreover, CysC and CysC-to-creatinine ratio
could independently predict renal impairment after contrast
administration, whereas blood urea nitrogen and creatinine
were not predictive.l'! Altogether, CysC has been reported
specifically as a potential biomarker for the early diagnosis
of CIN.®!¢

As was known, besides the renal marker, cardiac markers
are also important in the process of CIN. For instance, the
prevalence of CIN was about 1%-2% in the general population,
but patients with coronary artery disease, congestive heart
failure and chronic kidney disease have a dramatically
higher prevalence of CIN at 20%-30%.!"" Left ventricular
end-diastolic pressure (LVEDP) was a cardiac marker that
presented the pressure at the end diastole produced by blood
reflux from pulmonary circulation to the left ventricle and
accurately reflected the haemodynamic changes. A recent study
showed that LVEDP correlated inversely with CIN in patients
undergoing percutaneous coronary intervention (PCI).['8]

PCI, used to treat acute coronary syndrome, involves the use
of radiography to visualise blood vessels. The incidence of
CIN has increased significantly since the application of PCI
has become common. Therefore, the primary objective of
the present study was to evaluate whether preoperative high
CysC before PCI was associated with increased risk of CIN.
A secondary objective was to identify the relationship between
preoperative CysC and renal biomarkers.

METHODS

The institutional review board at The Second Hospital of
Hebei Medical University, Shijiazhuang, China, approved
this prospective study. All patients and their families provided
written informed consent.

In total, 341 patients with normal renal function who
underwent PCI at our medical centre from December 2014
to December 2015 (men, n = 245; women, n = 96; age

range 31-78 years) were enrolled. For the study’s analysis,
patients were apportioned to two groups based on their
baseline CysC levels: normal (CysC <1.03 mg/L; n = 192);
or high (CysC >1.03 mg/L; n = 149).

Only patients who conformed to the following criteria were
included in the study: patients had received PCI; were in the age
range 18-78 years; and both patient and family had provided
informed consent.

Patients satisfying any of the following criteria were
excluded: those who had undergone emergency PCI; were
on renal replacement therapy; had received contrast medium
during the two-day period before enrolment; were allergic to
contrast medium; had received aortic valve replacement, renal
transplantation or heart transplantation; had acute heart failure,
severe valvular disease or left ventricular (LV) thrombus; or
had other contraindications for PCI.

Postoperative CIN was diagnosed as an elevation of SCr of
44.2 umol/L (or 0.5 mg/dL) above baseline or SCr >125% of
baseline within 48 hours after PCL"?! when other factors that
could lead to kidney impairment were excluded (e.g. acute
heart failure, malignant arrhythmia).

Hyperlipidaemia is a disorder of lipid metabolism in the body
that leads to increased blood lipid levels and causes a series
of clinical and pathological symptoms. Hyperlipidaemia is
diagnosed when cholesterol >5.20 mmol/L or triglyceride
>1.70 mmol/L, and low-density lipoprotein cholesterol
>3.37 mmol/L or high-density lipoprotein cholesterol
<0.91 mmol/L, according to medical reference ranges.

Renal biomarkers included SCr, creatinine clearance (CCr)
and glomerular filtration rate (GFR).

The following clinical data was collected: demographics
(including bodyweight, height, age and gender); medical
history; physical examination findings; laboratory test
results (including routine blood test, renal functioning and
blood glucose); and cardiac ultrasonography.

Hydration was performed with normal saline
(dose 1 mL/kg/hour) from four hours before PCI to
24 hours after PCI. All patients were administered
furosemide (dose 20 mg) after PCI. Venous blood samples
were collected before PCI. CysC and SCr were tested using
particle-enhanced turbidimetric immunoassay and automatic
biochemical analyser, respectively, and these two biomarkers
were retested 48 hours after PCI.

The CKD-EPI (Chronic Kidney Disease-Epidemiology
Collaborative Group) creatinine-cystatin C equation (2012)
can be expressed as a single equation:

135 x min(Scr/x, 1)* x max(Scr/k, 1) x min(Scys/0.8, 1)037
x max(Scys/0.8, 1)071 x 0.995%¢ [x 0.969, if female] [x 1.08,
if black]
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where Scr is serum creatinine, Scys is serum cystatin C, k is 0.7
for women and 0.9 for men, o is —0.248 for women and —0.207
for men, min indicates the minimum of Scr/x or 1, and max
indicates the maximum of Scr/x or 1.2

The Cockeroft-Gault equation was used to calculate 24-hour
CCr:21

CCr, mL/min = [(140 — age, y) * (bodyweight, kg) x
(0.85, women only)]/(72 x SCr, mmol/L)

where CCr is creatinine clearance and SCr is serum creatinine.

Statistical analyses were performed using SPSS 16.0
(SPSS Inc, Chicago, IL, USA). The baseline characteristics
of demographics and clinical indicators were analysed
between the normal CysC and high CysC groups. Continuous
variables were presented as the mean + standard deviation for
normally distributed values, or as median and interquartile
range for variables that were not normally distributed.
Comparisons between the two groups were conducted using
independent sample ¢-tests, when the data were normally
distributed. Otherwise, a non-parametric test was used for
data analysis. Categorical variables were presented as number
and percentage and compared using Chi-square test. The
univariate factor analysis between CIN and non-CIN groups
were conducted in the same manner. The incidence of CIN
in different CysC groups was assessed using Chi-square
test. Demographic characteristics (e.g. gender and age) and
clinical characteristics (e.g. contrast media, whether patients
had hypertension and diabetes mellitus) were adjusted during
univariate logistic regression analysis.

Following adjustment for demographics and clinical
characteristics as well as other confounding factors, the factors
that exhibited significant difference during univariate logistic
regression analysis included the following: preoperative CysC,
contrast agent type; LV ejection fraction (LVEF); LVEDP;
LV diameter; B-type natriuretic peptide (BNP); C-reactive
protein (CRP); and the presence or absence of heart failure,
acute myocardial infarction and hyperlipidaemia. Multivariate
logistic regression analysis was conducted for the above
factors as independent variables, and CIN as the dependent
variable, to analyse risk factors of CIN. The multivariate
logistic regression was performed with backward stepwise
regression. Linear regression model analysis was applied to
identify the relationship between CysC before PCI and renal
function after PCI. A P value <0.05 was considered to be
statistically significant.

RESULTS

Overall, 341 patients were enrolled —245 (71.85%) men and
96 (28.15%) women. All patients were aged 3178 years, with
a median age of 58 years. Of all patients, 145 (42.52%) were
diagnosed with acute myocardial infarction and 196 (57.48%)
patients were diagnosed with unstable angina [Table 1].

To evaluate whether preoperative high CysC was associated
with increased risk of CIN, multivariate logistic regression
analysis was conducted, which revealed that higher CysC
levels before PCI was a risk factor of CIN (odds ratio [OR]
3.876, 95% confidence interval [CI] 1.332—11.278; P=0.013)
[Tables 2 and 3].

The probability formula of CIN:

_ exp(~11.510+1.355High — CysC +0.132LV - 0.134LVEDP)
1+exp(-11.510+1.355High — CysC +0.132LV — 0.134LVEDP)

Before PCI, there was no significant difference in preoperative
SCr, CCr and GFR between the CIN and non-CIN groups.
However, preoperative CysC, which was seen earlier than SCr,
demonstrated significant difference between these groups.
The incidence of CIN in patients with high preoperative
CysC was higher than among those with low preoperative
CysC [Table 2].

Linear regression analyses of CysC before PCI and renal
function after PCI found that there was an inverse relationship
between CysC before PCI and GFR after PCI (r = 0.662,
P <0.001) [Table 4].

Logistic regression analysis also demonstrated that an enlarged
LV was arisk factor for CIN (OR 1.141 [95% CI 1.045-1.245];
P = 0.003), while LVEDP was a protective factor of CIN
(OR 0.875[95% CI1 0.797-0.960]; P=0.005) [ Tables 2 and 3].

DISCUSSION

This study investigated the predictive role of preoperative
CysC level for renal function and its potential application in
the clinical settings. We enrolled patients undergoing PCI with
renal function within the normal range (measured using SCr),
and divided them into two groups according to their CysC
levels. Our findings suggested that preoperative CysC levels
positively correlated with SCr levels but negatively correlated
with GFR and CCr. This indicates that preoperative CysC level
may be regarded as a biomarker of renal function. The SCr
levels before PCI were similar in the CIN and non-CIN groups,
while preoperative CysC in the CIN group was significantly
higher than that in the non-CIN group. Logistic regression
analysis also found that higher preoperative CysC level was
a risk factor for CIN. Thus, aside from acting as a biomarker
of renal function, preoperative CysC might also predict the
development of CIN early. Furthermore, while high LVEDP
was a protective factor for CIN, an enlarged LV was a risk
factor for it.

Previous studies found that renal insufficiency at baseline was
a risk factor of CIN, which was confirmed by our results.?223
CysC was more sensitive to renal injury than SCr. Some
studies have reported that SCr lags behind a decrease in
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Table 1. Preoperative demographic and clinical characteristics.

Variable No. (%) P
Total (n=341) Normal CysC (n=192) High CysC (n=149)
Male gender 245 (71.85) 132 (53.88) 113 (46.12) 0.149
Age (yr) 58.00 57.00 60.00 0.001*
(52.00-64.00) (51.00-63.00) (53.00-66.00)
Smoking 144 (42.23) 82 (56.94) 62 (43.06) 0.839
Hypertension 190 (55.72) 108 (56.84) 82 (43.16) 0.823
Heart failure 37 (10.85) 18 (48.64) 19 (51.35) 0.320
Acute myocardial infarction 145 (42.52) 78 (53.79) 67 (46.21) 0.421
Hyperlipidagmia 154 (45.16) 89 (57.79) 65 (42.21) 0.615
Multivessel disease 204 (59.82) 115 (56.37) 89 (43.63) 0.976
Angiotensin-converting enzyme inhibitors or 157 (46.04) 91 (57.96) 66 (42.04) 0.569
angiotensin Il receptor blockers
Statins 321 (94.13) 178 (55.45) 143 (44.55) 0.203
Lopromide injection 315 (92.38) 176 (55.87) 139 (44.13) 0.576
CIN 21 (6.16) 7(33.33) 14 (66.67) 0.028¢
Left ventricular ejection fraction (%)" 62.03 (60.17-63.56) 62.00 (60.09-63.54) 62.12 (60.37-63.56) 0.921
Haemoglobin (g/L)$ 138.00+13.59 136.93+13.57 139.38+13.55 0.099
Bodyweight (kg)" 72.00 (65.00-80.00) 71.50 (65.00-80.00) 72.00 (65.00-78.00) 0.579
Height (cm)” 170.00 (160.00-173.00) 170.00 (160.00-173.00) 170.00 (163.00-173.00) 0.449
Left ventricular diameter (mm)” 48.00 (45.00-51.00) 48.00 (45.00-51.00) 48.00 (45.00-51.00) 0.239
Left ventricular end-diastolic pressure (mmHg)” 18.00 (14.00-22.00) 18.00 (14.00-22.00) 18.00 (14.00-22.00) 0.615
B-type natriuretic peptide (pg/mL)” 36.60 (15.00-94.10) 33.45 (13.05-89.60) 40.30 (17.40-94.30) 0.215
C-reactive protein (mg/L)" 3.60 (2.00-6.20) 3.80 (1.70-6.25) 3.60 (2.10-6.20) 0.753
Contrast media (mL)” 100.00 (100.00-160.00) 100.00 (100.00-160.00) 100.00 (100.00-160.00) 0.245
CysC (mg/L)" 1.00 (0.88-1.18) 0.89 (0.81-0.96) 1.20 (1.12-1.33) <0.001f
Serum creatinine (umol/L)® 69.84+12.44 68.70£12.42 71.31+12.34 0.055

“Data presented as median (range) and ‘mean+tstandard deviation. "P<0.01 was considered statistically significant. *P<0.05 was considered statistically

significant. CIN=contrast-induced nephropathy, CysC=cystatin C.

Table 2. Demographic and clinical characteristics of the CIN and non-CIN groups.

Variable No. (%) P
CIN group (n=21) Non-CIN group (n=320)
Male gender 18.00 (85.71) 227.00 (70.94) 0.145
Age (yn)" 59.19+8.42 57.51+9.14 0.412
Smoking 12.00 (57.14) 132.00 (41.25) 0.153
Hypertension 8.00 (38.10) 182.00 (56.88) 0.093
Diabetes mellitus 6.00 (28.57) 92.00 (28.75) 0.986
Heart failure 7.00 (33.33) 30.00 (9.38) 0.002°
Acute myocardial infarction 17.00 (80.95) 128.00 (40.00) 0.000%
Hyperlipidagmia 5.00 (23.81) 149.00 (46.56) 0.042¢
Multivessel disease 14.00 (66.67) 190.00 (59.38) 0.509
Angiotensin-converting enzyme inhibitors or angiotensin Il receptor blockers 7.00 (33.33) 150.00 (46.88) 0.228
Statins 20.00 (95.24) 301.00 (94.06) 1.000
Lopromide injection 16.00 (76.19) 299.00 (93.44) 0.014+
Left ventricular ejection fraction (%)" 54.14x12.16 61.14+6.78 0.016¢
Haemoglobin (g/L)" 75.00+£11.22 72.00+10.03 0.390
Bodyweight (kg)” 75.00+£11.22 72.00+10.03 0.245
Height (cm)® 172.00 (166.00-174.50) 170.00 (160.00-173.00) 0.192
Left ventricular diameter (mm)$ 52.00 (48.50-56.00) 48.00 (45.00-51.00) 0.000"
Left ventricular end-diastolic pressure (mmHg)$ 14.00 (10.00-19.00) 18.00 (14.00-22.00) 0.010¢
B-type natriuretic peptide (pg/mL)® 117.00 (51.00-403.00) 35.45 (14.55-83.55) 0.000f
Contd...
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Table 2. Contd...

Variable

C-reactive protein (mg/L)®
Contrast media (mL)$
Before PCI
Low CysC
High CysC
Serum creatinine (umol/L)
Creatinine clearance ml/min®
Glomerular filtration rate ml‘min-'-1.73 m2"
After PCI
Low CysC
High CysC
Serum creatinine (umol/L)$
Creatinine clearance (ml/min)”
Glomerular filtration rate ml-min-'-1.73 m2"

No. (%) P
CIN group (n=21) Non-CIN group (7=320)
7.40 (2.45-23.15) 3.60 (1.90-5.90) 0.005
100.00 (100.00-160.00) 100.00 (100.00-160.00) 0.832
7.00 (33.33) 185.00 (57.81) 0.028¢
14.00 (66.67) 135.00 (42.19)
69.30 (63.60-73.50) 70.75 (60.53-78.75) 0.313
105.20 (93.87-133.85) 98.68 (85.86-114.29) 0.094
83.59+15.19 86.12+15.21 0.467
6 (28.57) 193 (60.31) 0.004%
15 (71.43) 127 (39.69)
91.60 (82.50-100.25) 70.15 (59.95-78.85) <0.001f
85.04+28.19 103.72+26.50 0.0021
72.19+15.78 87.90+16.06 <0.001"

“Data presented as mean+standard deviation and Smedian (range). P<0.01 was considered statistically significant. ¥P<0.05 was considered statistically
significant. CIN=contrast-induced nephropathy, CysC=cystatin C, PCI=percutaneous coronary intervention.

Table 3. Multivariate logistic regression analysis of
factors related to CIN.

Variable Odds ratio  95% ClI for P
Exp (B)
Preoperative CysC (mg/L)
Normal CysC 1 (reference)
High CysC 3.876 1.332-11.278  0.013"
Left ventricular diameter (mm) 1.141 1.045-1.245 0.003"
Left ventricular end-diastolic 0.875 0.797-0.960 0.005"

pressure (mmHg)

"P<0.01 was considered statistically significant. CI=confidence interval,
CIN=contrast-induced nephropathy, CysC=cystatin C.

Table 4. Linear regression analysis of preoperative
CysC (before PCI) and postoperative renal function
(after PCI).

Y X Intercept  Slope P
Postoperative glomerular ~ Preoperative 133.12 —4454  <0.01f
filtration rate CysC

Postoperative creatinine  Preoperative 137.69 —-33.87 <0.01f
clearance CysC

Postoperative serum Preoperative 54.27 15.88 <0.017

creatinine CysC

"Y indicated the dependent variable and X indicated the independent
variable. TP<0.01 was considered statistically significant. CysC=cystatin
C, PCl=percutaneous coronary intervention.

GFR, so that SCr could not reflect the patient’s renal function
precisely.’?* However, CysC was sensitive to early renal
injury — its sensitivity and specificity were 89.6% and 63.6%,
respectively.) When renal injury occurred, the CysC level
rose before the SCr level.**!

LVEDP represents the preload of LV. Our study suggested that
higher LVEDP was protective against CIN.

Logistic regression analysis suggested that higher preoperative
CysC level was arisk factor of CIN. We also found that elevated
preoperative CysC was associated with older age. Odden
et al.™! found that there was a strong relationship of age with
kidney function based on CysC, even for healthy individuals.
Many other studies have also reported that elevated CysC
was not only associated with age but also gender, ethnicity,
uric acid level, blood urea nitrogen, renal function, body
mass index and blood pressure among others.***! However,
most studies considered CysC as a new and stable parameter
that could reflect renal function independent of age, gender,
height and other parameters.®3%3! In our study, patients with
elevated preoperative CysC were older; older age may have
been a reason for the higher CysC levels found in them. The
possible reasons for elevated preoperative CysC will be further
elucidated in future polycentric randomised controlled trials.

This study had its strengths and limitations. Renal function was
tested 48 hours after PCI, but there was no other follow-up.
Therefore, we were unable to demonstrate changes in renal
function over time after PCI. The fluctuation of clinical
parameters was also not monitored continuously. Again, CysC
assessments remain more expensive and are not yet widely
available for it to be considered a viable option for routine
investigations prior to invasive procedures.

In conclusion, CysC before PCI may have a higher potential
to function as a biomarker for renal function that predicts CIN
after PCI when compared with SCr. To improve the prognosis
of patients undergoing PClI, it is recommended that caregivers
monitor patients with high CysC levels more intensively.
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