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Abstract

Objective: Contrast-induced nephropathy (CIN) is a serious complication in patients with acute
coronary syndrome (ACS) and percutaneous coronary intervention (PCI). This study aimed to
analyze the potential risk factors for CIN in patients undergoing PCI.

Methods: Patients with ACS who underwent PCI treatment from January 2017 to January 2020
were selected. The patients’ characteristics and medical information were collected and
compared.

Results: A total of 133] patients undergoing PCl were included. The incidence of CIN was
15.33%. Logistic regression analyses showed that a left ventricular ejection fraction <45% (odds
ratio [OR] 4.18, 95% confidence interval [CI] I.10-7.36), serum creatinine levels <60 umol/L
(OR 3.03, 95% CI 1.21-5.57), age >65 years (OR 2.75, 95% CI 1.32-4.60), log N-terminal pro-B-
type natriuretic peptide levels >2.5 pg/mL (OR 2.31, 95% CI 1.18-5.13), uric acid levels >350
pmol/L (OR 2.29, 95% CI 1.04-5.30), emergency percutaneous intervention (OR 1.35, 95% ClI
0.34-3.12), and triglyceride levels <1.30 mmol/L (OR 1.10, 95% CI 0.01-2.27) were independent
risk factors for CIN in patients who underwent PCI.

Conclusions: Early prevention is required to reduce the occurrence of CIN in patients who
undergo PCI and have risk factors for CIN.
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Background

Acute coronary syndrome (ACS) is a type
of acute and severe disease of the cardiovas-
cular system. Percutaneous coronary inter-
vention (PCI) is an important approach for
the definitive diagnosis and revasculariza-
tion of patients with ACS."? In patients
undergoing PCI, contrast-induced nephrop-
athy (CIN) has become a serious complica-
tion and it is closely related to clinical
adverse events, such as an increased inci-
dence of renal failure and increased short-
and long-term mortality rates.”* CIN refers
to an increase in serum creatinine levels by
25% or an increase in the absolute value by
more than 44.2 umol/L after application of
a contrast agent.” CIN has become a
common cause of hospital-acquired kidney
damage.® The clinical symptoms of CIN are
usually relatively mild or there is no obvi-
ous discomfort, which is easy for clinicians
to miss.” However, CIN is associated with a
prolonged hospital stay and increased inci-
dence of adverse renal and cardiovascular
events, and it even seriously threatens the
patient’s prognosis and life.® Currently,
there is no effective treatment for CIN.’
Therefore, early detection and prevention
of CIN are essential for prognosis of
patients undergoing PCI.

Previous studies'®™'! have shown that
patients with ACS have a high incidence
of CIN, and this incidence is three times
higher than that in other groups.
Moreover, diabetes and renal dysfunction
can increase the incidence of CIN to
50%.'? Studies'> have shown that the

incidence of CIN in patients with normal
or slightly increased creatinine levels
before surgery can be up to 13.9% after
PCI. Additionally, the mortality rate of
patients with CIN is significantly increased,
and other clinical adverse events, such as
renal replacement therapy and recurrent
myocardial infarction, are also significantly
increased after PCL.'* At present, there is
insufficient medical evidence for treatment
of CIN. The potential risk factors for CIN
need to be identified in patients undergoing
PCI to provide evidence for managing these
patients. Therefore, this study aimed to
analyze the potential risk factors for CIN
in patients undergoing PCI.

Methods

Ethical considerations

This present study was approved by the eth-
ical committee of Yan’an University
Affiliated Hospital (No. 20161008062).
Written informed consent was obtained
from all of the participants.

Patients

Patients with ACS who underwent PCI
treatment in our hospital from January
2017 to January 2020 were selected as
potential participants. The inclusion criteria
were as follows: adult patients aged >18
years; patients who underwent primary
PCI; and patients who agreed to participate
in the present study. The exclusion criteria
were as follows: patients with severe heart
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insufficiency (New York Heart Association
class >III), renal insufficiency (glomerular
filtration rate <20 mL/minute, serum creat-
inine levels >442 pmol/L), kidney trans-
plantation, dialysis, abnormal thyroid
function; patients who had taken drugs
that might affect kidney function; and
patients who did not agree to participate
in this study.

All patients were divided into the CIN
and non-CIN groups on the basis of wheth-
er they had a CIN attack. The diagnosis of
CIN was based on the following definition
of the FEuropean  Association of
Genitourinary Radiology:'® nephropathy
occurred after injection of iodine hypotonic
contrast agent within 3 days, and other
causes were excluded, serum creatinine
levels increased by 44.2 umol/L or were
25% higher than the baseline value, and
creatinine levels were detected every day
for 3 days.

Data collection

Two authors retrospectively collected data
and any discrepancy was solved by further
discussion. In all patients, serum creatinine,
uric acid, and N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) levels were
measured at 24 hours after surgery.
Baseline indicators, laboratory test results,
surgical procedures, and major adverse car-
diovascular events (including recurrent
angina and myocardial infarction, cardio-
genic shock, death) were recoded accord-
ingly. Recurrent angina and myocardial
infarction were defined as recurrently
squeezing pain in the precordial area, and
they were confirmed by further coronary
angiography. Cardiogenic shock was
defined as systolic blood pressure <90
mmHg, fluid resuscitation was difficult to
control, and there was clinical and labora-
tory evidence of end-organ dysfunction
(cardiac index per square meter <2.2 L/
minute and lung capillary wedge pressure

>15 mmHg). Emergency PCI refers to
urgent PCI in our study.

PCI for all patients was performed by
experienced clinical interventional cardiolo-
gists using standard techniques.
Preoperatively, 0.1% lidocaine was used
for local anesthesia. The contrast agent
used was hypotonic iopromide (containing
370 mg iodine/mL; Dmile, Shanghai,
China), with a dosage of 5 mL x weight
(kg)/creatinine (mg/dL). The intraoperative
heparin dosage was 60 U/kg, and platelet
glycoprotein III receptor antagonists were
administered as appropriate to maintain
the activated coagulation time at 200 to
250 s.

The left ventricular ejection fraction
(LVEF) was measured using an ACUSON
X180 ultrasound diagnostic system (Daxin
Company, Nanjing, China). NT-proBNP
levels were measured with a fully automatic
fluorescent immunoassay analyzer (Nizper;
Linux, Shanghai, China). Laboratory anal-
yses were conducted by using the Mingxes
200 automatic  biochemical analyzer
(Minhua, Beijing, China).

Statistical analysis

Data analyses were conducted using IBM
SPSS version 23.0 statistical software
(IBM Corp., Armonk, NY, USA). The
characteristics of the patients between the
two groups were analyzed and compared.
Continuous variables were compared by
the t test and categorical variables were
compared by the chi-square test. Potential
candidate variables were those with p<0.01
in univariate analyses. We constructed a
receiver  operating curve and used
Youden’s index to calculate the cutoff
value. Multivariate regression analyses
were performed using the forward likeli-
hood ratio selection method to identify
independent factors. Odds ratios (ORs)
and 95% confidence intervals (95% Cls)
are presented. We wused the stepwise
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regression method to check multicollinear-
ity. Principal component methods were
conducted to check the interaction between
variables in  multivariable  analysis.
Comparisons were considered statistically
different if p was <0.05.

Results

Characteristics of the patients

A total of 1331 patients undergoing PCI
were included in whom 204 had an attack
of CIN. The incidence of CIN in patients
with PCI was 15.33%. Age was significantly
older and the rate of cases of emergency
PCI was significantly higher in patients in
the CIN group than in the non-CIN group
(both p<0.05, Table 1). There were no sig-
nificant differences in sex, weight, body
mass index, smoking status, past medical

Table I. Characteristics of the included patients.

history, number of stents uses, staged PCI
and  contrast  dosage, angiotensin-
converting enzyme inhibitor, angiotensin
receptor blocker, and statin treatment, and
the estimated glomerular filtration rate
between the groups.

Comparison of laboratory indices

Log NT-proBNP and uric acid levels were
significantly higher, and triglyceride levels
and the LVEF were significantly lower in
patients in the CIN group than in those in
the non-CIN group (all p<0.05, Table 2).
There were no significant differences in
levels of urea nitrogen, blood glucose, gly-
cated hemoglobin, hemoglobin, albumin,
total cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein choles-
terol, potassium, and sodium, the glomeru-
lar filtration rate, the platelet count, and the

CIN group Non-CIN group

Items (n=204) (n=1127) t/y? p
Age (years) 67.04+7.62 61.49+£8.45 4273 0.008
Female sex 71 (34.80%) 403 (35.76%) 1.105 0.114
Weight (kg) 71.23£10.14 71.25+£9.58 7.033 0.121
Smoking status 84 (41.18%) 437 (38.78%) 1.861 0.306
Past medical history

Hypertension 128 (62.75%) 689 (61.13%) 1.144 0.087

Diabetes 41 (20.10%) 214 (18.99%) 2.038 0.291

Hyperlipidemia 101 (49.51%) 570 (50.58%) 1.195 0.336

Myocardial infarction 19 (9.31%) 98 (8.70%) 2.113 0.095
Emergency PCI 142 (69.61%) 437 (38.78%) 2.104 0.012
Contrast dosage (mL) 216.33+20.79 202.14+£18.95 8.187 0.094
ACEI treatment 168 (82.35%) 944 (83.76%) 1.402 0.081
ARB treatment 145 (71.08%) 819 (72.67%) 1.175 0.066
Statin treatment 118 (57.84%) 683 (60.60%) 1.133 0.085
eGFR (mL/minute 1.73 cm?)

>90 38 (18.63%) 206 (18.27%) 1.288 0.103

60-90 106 (51.96%)
30-60 55 (26.96%)
20-30 5 (2.45%)

598 (53.06%)
299 (26.53%)
24 (2.12%)

Data are mean =+ standard deviation or n (%).

CIN, contrast-induced nephropathy; PCI, percutaneous intervention; ACEIl, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; eGFR, estimated glomerular filtration rate.
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Table 2. Comparison of laboratory indices between the two groups.

CIN group Non-CIN group

Items (n=204) (n=1127) t p

Log NT-proBNP (pg/mL) 2.63+0.42 2.40+0.36 1.294 0.022
Urea nitrogen (mmol/L) 5.13+£1.07 5.48+1.19 1.056 0.124
Serum creatinine (umol/L) 62.04+20.62 77.33£21.07 8.164 0.015
Uric acid (umol/L) 352.85+53.13 339.04£43.45 17.284 0.046
Glomerular filtration rate 94.11+17.34 92.21+20.49 8.470 0.061

(mL/(minute 1.73 m?))

Blood glucose (mmol/L) 7.73+£2.25 7.17+2.63 1.026 0.193
Glycated hemoglobin (%) 5.81+£1.12 5.97+1.02 1.174 0.210
White blood cells (x 10%/L) 851+£2.13 9.32+2.30 1.226 0.144
Hemoglobin (g/L) 139.324+19.85 140.254+-22.54 14.596 0.187
Albumin (g/L) 41.341+4.96 42.14+5.07 9.177 0.125
Platelet count (x 107/L) 206.18+43.35 211.24+47.40 12.184 0.322
Total cholesterol (mmol/L) 4.11+0.93 4.10+0.83 1.839 0.237
Triglycerides (mmol/L) 1.124+0.47 1.594+0.81 1.024 0.043
LDLC (mmol/L) 2.19+0.75 2.21+0.12 1.297 0.095
HDLC (mmol/L) 1.054+0.25 1.03+0.28 1.835 0.094
Potassium (mmol/L) 3.76+0.46 3.78+0.54 1.137 0.124
Sodium (mmol/L) 137.141+6.86 139.24+7.24 8.101 0.211
LVEF (%) 46.12+7.53 55.30+6.13 6.385 0.019

Data are mean =+ standard deviation.

CIN, contrast-induced nephropathy; NT-proBNP, N-terminal pro-B-type natriuretic peptide; LDLC, low-density lipo-
protein cholesterol; HDLC, high-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction.

Table 3. Comparison of adverse cardiovascular events between the two groups.

CIN group Non-CIN group
Events (n=204), n (%) (n=1127), n (%) x )
Arrhythmia 27 (13.24) 132 (11.71) 1.028 0.059
Secondary angina 39 (19.12) 211 (18.72) 1.195 0.093
Heart failure 43 (21.08) 56 (4.97) 1.336 0.012
Cardiogenic shock 21 (10.29) 38 (3.37) 1.289 0.037
Death 2 (0.98) 9 (0.80) 1.022 0.181

CIN, contrast-induced nephropathy.

white blood cell count between the two
groups.

Comparison of adverse cardiovascular
events
There was a significantly higher incidence

of heart failure and cardiogenic shock in
the CIN group than in the non-CIN

group (both p<0.05, Table 3). There were
no significant differences in the rates of
arrhythmia, secondary angina, and death
between the two groups.

Logistic regression analyses

We found that an LVEF <45% (OR 4.18,
95% CI 1.10-7.36), serum creatinine levels
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Table 4. Logistic regression analyses on the risk factors for CIN in patients with PCI.

Variables B SE OR 95% Cl P Rank
LVEF <45 (%) 0.84 0.19 4.18 1.10-7.36 0.003 |
Serum creatinine levels <60 (umol/L) 091 0.21 3.03 1.21-5.57 0.018 2
Age >65 (years) 1.01 0.14 2.75 1.32-4.60 0.043 3
Log NT-proBNP levels >2.5 (pg/mL) 0.47 0.11 231 1.18-5.13 0.026 4
Uric acid levels >350 (umol/L) 0.29 0.19 2.29 1.04-5.30 0.019 5
Emergency PCI 0.72 0.24 1.35 0.34-3.12 0.025 6
Triglyceride levels <1.30 (mmol/L) 0.63 0.22 1.10 0.01-2.27 0.041 7

CIN, contrast-induced nephropathy; PCI, percutaneous intervention; SE, standard error; OR, odds ratio; Cl, confidence
interval; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

<60 pmol/L (OR 3.03, 95% CI 1.21-5.57),
age >65 years (OR 2.75, 95% CI 1.32-
4.60), log NT-proBNP levels >2.5 pg/mL
(OR 2.31, 95% CI 1.18-5.13), uric acid
levels >350 pumol/LL (OR 2.29, 95% CI
1.04-5.30), emergency PCI (OR 1.35, 95%
CI 0.34-3.12), and triglyceride levels <1.30
mmol/L (OR 1.10, 95% CI 0.01-2.27) were
independent risk factors for CIN in patients
who underwent PCI (Table 4).

Discussion

The incidence of CIN in the general popu-
lation ranges from 0.3% to 2.6%.'®'” The
incidence of CIN is significantly increased
in high-risk people with multiple risk fac-
tors, especially in patients with diabetes
with renal insufficiency (up to 50%).'%"
A previous report®® showed that the inci-
dence of CIN in 510 patients after PCI
was 14.5%. Our study showed that the inci-
dence of CIN in patients with PCI was
15.33%. This finding suggests that CIN
has a higher incidence after PCI and more
attention needs to be paid to this condition.
Furthermore, we found that an LVEF
<45%, serum creatinine levels <60 pmol/
L, age >65 years, log NT-proBNP levels
>2.5 pg/mL, uric acid levels >350 pmol/L,
emergency PCI, and triglyceride levels
<1.30 mmol/L were independent risk fac-
tors for CIN in patients who underwent

PCI. Patients with those factors are at risk
for CIN after PCI and early intervention is
required for prophylaxis of CIN.

CIN is a serious complication after PCI.
Studies®'* have shown that patients with
ACS have hemodynamic instability, activa-
tion of the neuroendocrine system, and a
strong inflammatory response. After appli-
cation of a contrast agent, the contrast
agent induces endothelin, adenosine, and
angiotensin secretion through its viscosity,
osmotic pressure, and ionic properties.”*
Increased secretion of nitric oxide and pros-
tacyclin leads to contraction of infiltrating
blood vessels, and ischemia and hypoxia of
the renal medulla.” This increased secretion
also directly damages the renal tubules, stim-
ulates production of reactive oxygen species
in the kidneys, and causes increased oxida-
tive stress and lipid peroxidation of the bio-
film, eventually leading to CIN. Even if
coronary revascularization is successful,
occurrence of CIN is a sign of short-term
and long-term poor prognosis.*® The mortal-
ity rate within 2 years in patients on dialysis
with CIN can be up to 40%.?” Therefore,
early detection and prophylaxis is vital to
the prognosis of patients with CIN.

Currently identified risk factors for CIN
include renal insufficiency, older age, cardiac
insufficiency, diabetes, and a large amount
of contrast agent use.”® Renal function is
usually evaluated by the glomerular
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filtration rate. However, the glomerular fil-
tration rate is susceptible to various factors,
such as age, sex, body mass, and diet. With
an increase in the patient’s age, the renal unit
progressively decreases and the glomerular
filtration rate gradually decreases, which
leads to poor compensatory function of
renal reserve in older patients.?**
Therefore, a large amount of contrast
agent is often required for PCI treatment.?!
Additionally, some studies’* ** have shown
that cardiac insufficiency can activate the
renin—angiotensin system, causing changes
in endocrine factors, such as an increase in
the vasoconstrictor endothelin and a
decrease in the vasodilator prostaglandin.
This results in an imbalance in renal vaso-
constriction, finally leading to occurrence of
CIN. Mehran et al.* studied 8357 patients
and found that the incidence of CIN was
13.1% in the development set and 13.9%
in the validation set (stages of CIN). They
also found that hypotension, intra-aortic
balloon pump placement, congestive heart
failure, chronic kidney disease, diabetes,
age >75 years, anemia, and total volume
of contrast were independent predictors of
CIN. There was also a strong association
between an increased risk score and develop-
ment of CIN. Some of our results are con-
sistent with Mehran et al.’s* findings, which
provide further clarification on the risk fac-
tors of CIN after PCI.

Elevated NT-proBNP levels are an inde-
pendent risk factor for CIN. NT-proBNP is
a cardiac and renal neurohumoral signal,
which is secreted by ventricular myocytes
and excreted by the kidneys.>*?’
Myocardial cells in patients with ACS are
severely ischemic and hypoxic, and some
myocardial cells are necrotic, which stimu-
lates ventricular myocytes to secrete NT-
proBNP.*® High oxidative stress and
inflammation and an immune response
stimulate release of NT-proBNP, causing
its level to significantly increase.’® Higher
NT-proBNP levels induce renal

vasodilation, decrease renal blood flow,
and lead to medullary ischemia and hypox-
ia by inhibiting sympathetic nerves, dilating
blood vessels, and diuresis, which result in
CIN.*4! Previous studies*** have also
shown that NT-proBNP is a risk factor
for CIN in patients with ACS, which is con-
sistent with our findings. Emergency PCI is
an independent risk factor of CIN and may
be related to the situation where patients
who undergo emergency PCI lack preoper-
ative preparations, such as corrected renal
function. Therefore, these patients may
have a higher risk of CIN. This possibility
needs to be verified in future studies.
There are several limitations to the pre-
sent study. Contrast agents can be divided
into hypotonic, isotonic, and hypertonic on
the basis of osmotic pressure. The osmotic
pressure of a hypotonic contrast agent is
approximately two to three times lower
than that of plasma, and the osmotic pres-
sure of a hypertonic contrast is approxi-
mately five to seven times that of
plasma.** Previous studies***® have shown
that hypertonic contrast agents are signifi-
cantly more toxic to the kidneys than the
other two types of contrast agents.
However, there are still differences in the
effects of isotonic and hypotonic contrast
agents on CIN. A possible limitation is
that we only used hypotonic contrast
agents in the present study. However,
some studies have reported that isotonic
contrast agents are better than hypotonic
contrast agents.*’ Future studies on the
role of osmotic pressure in CIN are war-
ranted. Another limitation is that not all
of the patients in the present study received
hydration therapy. Therefore, we could not
include this factor in data analysis. Because
hydration is the most effective way to pre-
vent CIN, application of hydration may
directly affect the incidence of CIN.
Therefore, hydration analysis should be
added in future studies. Moreover, because
of limited resources, we did not conduct
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long-term follow-up for the patients’ prog-
nosis. Finally, we excluded the patients who
had severe renal insufficiency. Chronic
kidney disease, particularly secondary to
diabetes, is an independent risk factor of
CIN. Additionally, mild renal insufficiency
secondary to diabetes and factors, such as
kidney and renal artery stenosis, should be
considered. Therefore, patients with severe
renal insufficiency who have PCI should be
studied in the future.

Conclusions

Our findings suggest that special attention
should be paid to patients with an LVEF
<45%, serum creatinine levels <60 pmol/L,
age >65 years, log NT-proBNP levels >2.5
pg/mL, uric acid levels >350 pmol/L, emer-
gency PCI, and triglyceride levels <1.30
mmol/L, which are risk factors for CIN.
Early intervention is required for these
patients for prophylaxis of CIN. However,
this study was a retrospective, single-center
study, and C-reactive protein is not regular-
ly detected to reflect systemic inflamma-
tion.*® Therefore, studies with a larger
sample size and more objective outcome
analysis are required in the future to make
more reliable conclusions and provide
insight into the management of PCI.
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