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CLINICAL STUDY

Clinical survey on contrast-induced nephropathy after coronary

angiography

Feng Wang'*#, Junhui Li'*, Baorui Huang'#, Qing Zhao? Gang Yu', Changyou Xuan', Meng Wei? and

Niansong Wang'

'Department of Nephrology and Rheumatology, Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiaotong University, Shanghai, China and
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Abstract

Objective: To investigate the incidence and risk factors of contrast-induced nephropathy (CIN) in
patients receiving coronary angiography (CAG) in a Chinese medical center. Methods: The
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medical records of the patients receiving CAG at Shanghai Sixth People’s Hospital Affiliated to

Shanghai Jiaotong University from January 2008 to July 2009 were collected to analyze the

History

incidence of CIN under different conditions and the clinical difference between CIN group and

non-CIN group. Results: There were 487 cases enrolled in this study and the total incidence of
CIN was 10.5%. Through Mehran risk score stratification, incidence of CIN increased with risk
scores and in an extremely high-risk group it was as high as 18.0%. Multi-factor regression
analysis showed that preoperative hypotension, heart failure, anemia and low estimated
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glomerular filtration rate (<30 mL/min) were risk factors of CIN after CAG. Conclusion: CIN post
CAG is associated with preoperative hypotension, heart failure, anemia and renal function.

Close attention should be paid to CIN in patients receiving CAG.

Introduction

In the 1970s, contrast-induced nephropathy (CIN) was con-
sidered a major complication after coronary angiography
(CAG) with incidence as high as 50%." In recent 30 years,
medical safety has been highly valued, and hospital-acquired
kidney injuries mainly include major postoperative, drug-
induced renal diseases and CIN. With the rapid development
of imaging and interventional treatment, contrast media are
more and more extensively used. As a result, CIN has become
the third largest cause for hospital-acquired acute kidney
injury.”

The incidence of CIN varies by the diagnostic criterion,
about 3 to 14%, and can reach as high as 20% in high-risk
patients.®>~ In patients with CIN post-CAG, the risk of long-
term mortality and heart attack of patients with CIN is
increasing.®™® These days more and more works on CIN after
CAG have been published, including the mechanism and
prevention studies. But there is not so much clinical data
about CIN post-CAG from China.

*These authors contribute to this work equally.

Address correspondence to Feng Wang, Department of Nephrology and
Rheumatology, Shanghai Sixth People’s Hospital Affiliated to Shanghai
Jiaotong University, 600 Yishan Road, Shanghai 200233, China. Tel.:
+86-21-64369181; Fax: +86-21-64369181; E-mail: zyzwql030@
163.com; Niansong Wang, Department of Nephrology and
Rheumatology, Shanghai Sixth People’sHospital Affiliated to Shanghai
Jiaotong University, 600 Yishan Road, Shanghai 200233, China. Tel.:
+86-21-64369181; Fax: +86-21-64369181; E-mail: wangnian-
song2008@163.com

In this study a clinical survey on CIN was conducted in
patients receiving CAG or percutaneous coronary intervention
(PCI) in a Chinese medical center.

Subjects and methods
Subjects

The patients receiving CAG or PCI from 1 January 2008 to 31
July 2009 were enrolled in this study at Shanghai Sixth
People’s Hospital Affiliated to Shanghai Jiaotong University.
Those patients receiving electrophysiological examination
and left ventricular ablation were excluded. This study was
approved by the ethical committee of Shanghai Sixth People’s
Hospital Affiliated to Shanghai Jiaotong University.

Diagnostic criteria

According to the diagnostic definition of CIN, if levels of
serum creatine (SCr) rose more than 44.2 pmol/L (0.5 mg/dL)
or 25% over the baseline level 48~72h after receiving
contrast media, while other affecting factors were excluded,
the case will be diagnosed with CIN.? Cardiac function was
graded by the grading scheme of New York Heart Association
(NYHA).

Estimated glomerular filtration rate (eGFR) was calculated
according to simplified CG  formula: CG-eGFR: Ccr=
[(140 — age) x weight x (0.85 female)]/(72 x SCr).

Mehran risk scores for prediction of CIN after PCI were
calculated according to the reference.'® The CIN risk score
variables included patient-related characteristics (i.e., age
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>75 years, diabetes mellitus, heart failure, or admission with
acute pulmonary edema, hypotension, anemia, and chronic
kidney disease) and procedure-related characteristics (i.e., the
use of elective intraaortic bloon pump or increasing volumes
of contrast media).10

Grouping

Patients were divided into CIN group and non-CIN group
according to whether they had CIN based on preoperative
baseline SCr and at postoperative 48h SCr.'® After stratifi-
cation according to Mehran risk scores, patients with risk
score no less than 6 points or eGFR no more than 60 mL/min
were divided into high-risk groups, otherwise will be divided
into low-risk groups respectively. Patients with CIN were
further defined as isotonic contrast media group, or hypotonic
contrast group.

Contents and methodology of study

The clinical information of the enrolled patients, included
gender, age, history of hypertension and diabetes, the value
of preoperative hemoglobin (Hb), hematocrit (Hct), serum
total cholesterol (TC) and triglyceride (TG), fasting glucose,
2-h postprandial blood sugar, preoperative SCr, blood urea
nitrogen (BUN), serum uric (UA) acid and postoperative SCr
within 72 h.

During and after CAG or interventional surgery, contrast
media type, dosage, imaging results, type of PCI and the
duration of CAG were recorded.

Statistical analysis

Data were processed by using software SPSS 13.0 (Chicago,
IL). Each parameter was subject to single-factor analysis and
Logistic regression analysis. p-Value <0.05 was considered as
statistically significant.

Results
Basic data

A total of 487 patients were enrolled. Among them patients
with hypertension accounted for 69.2% (7.6% for grade 1,
21.1% for grade 2, and 40.5% for grade 3, respectively). About
29.2% patients were found diabetes, 2.1% impaired glucose
tolerance, 93.8% coronary atherosclerosis, 41.5% acute myo-
cardial infarction (AMI), 2.9% sub-AMI, and 12.1% kidney
disease.

Patients with history of cerebrovascular accidents
accounted for 10.5%, and patients with heart failure or AMI
KillipI-IV accounted for 34.3%. In this study, NYHA-IV and
KillipI-IV were regarded as the same risk score. Patients
with NYHA-I or Killip-I accounted for 21.4%, NYHA-II or
Killip-II 5.7%, NYHA-III or Killip-IIT 5.3%, NYHA-IV or
Killip-1V 1.8%.

Incidence of CIN in patients receiving CAG or PCl

In the 487 patients, 51 cases had SCr increased more
than 25% of the baseline value, and the incidence of CIN
was 10.5% (51/487). After stratification by risk score, the
incidence increased significantly with increasing risk score.
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Table 1. Comparison of incidences of CIN through risk score
stratification.

Risk scores None-CIN (2, %) CIN (n, %) Total

All cases
<5 130, 96.3% 5,3.7% 135
6-10 170, 88.5% 22, 11.5% 192
11-15 95, 86.4% 15, 13.6% 110
>16 41, 82.0% 9, 18.0% 50
Total (n, %) 436, 89.5% 51, 10.5% 487
Low-risk 121, 96.0% 5, 4.0% 126
High-risk 315, 87.3% 46, 12.7% 361
Total (n, %) 436, 89.5% 51, 10.5% 487

Excluding postoperative heart failure
<5 130, 97.0% 4,3.0% 134
6-10 169, 91.8% 15, 8.2% 184
11-15 93, 89.4% 11, 10.6% 104
>16 39, 88.6% 5, 11.4% 44
Total (n, %) 431, 92.5% 35, 7.5% 466
Low-risk 121, 96.8% 4,32% 125
Low-risk 310, 90.9% 31,9.1% 341
Total (n, %) 431, 92.5% 35, 7.5% 466

Notes: Group CIN, patients with CIN. Group non-CIN, patients
without CIN.

The incidences in high-risk and low-risk groups were 12.7
and 4.0%, respectively. Because the elevation of SCr may be
resulted from postoperative heart failure attack, incidence
of CIN should be recalculated by excluding cases with
heart failure attack. The adjusted incidence was 7.5% (35/
487), and among them incidences in high-risk and low-risk
groups were 3.2 and 9.1%, respectively (Table 1).

Comparison of laboratory parameters between
CIN group and non-CIN group

Hb, Hct, SCr, TC, LDL, serum phosphorus, calcium, eGFR,
and left ventricular mass index (LVMI) in CIN group and
non-CIN group were subject to independent 7 test respectively.
The results showed significant in Hb and Het (p <0.05), while
no significant difference in SCr, TC, eGFR, LVMI, phos-
phorus and calcium between the two groups (p>0.05), as
shown in Table 2.

Wilcoxon rank sum test showed that there was significant
difference in hospital stay, heart failure, serum glycated
albumin (GA), d-dimer (DD), brain natriuretic peptide (BNP),
C-reactive protein (CRP), aspartate aminotransferase (AST),
creatine phosphokinase (CPK), lactate dehydrogenase (LDH),
creatine phosphokinase MB (CKMB), cardiac troponin I
(cTnl) and ejection fraction (EF) between CIN group and
non-CIN group (p <0.05) (Table 2).

Risk factor analysis

Patients were grouped by the criteria shown in the table
(conditions not less than 75 years of age, preoperative
hypotension, intraaortic balloon pump (IABP), heart failure
including AMI with varying degrees of pulmonary conges-
tion, anemia, diabetes, and eGFR no more than 30 mL/min).
Chi-square test results of the incidence of CIN in the two
groups (group meeting the conditions and not meeting the
conditions in the table) suggested that preoperative hypoten-
sion, heart failure, anemia and eGFR <30 mL/min were all
risk factors of CIN after CAG, as shown in Table 3. GFR no
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Table 2. Comparison of clinical parameters between CIN group and non-CIN group.
Non-CIN CIN T z p
Hb, g/ 132.6 +18.6 124.6+22.8 2.383 / 0.021%*
Hct, % 38.7+4.8 36.28 £6.5 2.482 / 0.016*
SCr, pmol/L 92.44+36.4 99.8+57.0 —-0.913 / 0.365
TC, mmol/L 45+1.2 46+1.3 —0.576 / 0.565
LDL, mmol/L 30+1.1 337+1.1 —1.966 / 0.050
P, mmol/L 1.1+0.2 1.0+£0.3 0.624 / 0.533
Ca’+, mmol/L 23+1.5 22404 0.892 / 0.373
eGFR, mL/min - 1.73 m? 71.5+29.3 71.90 +£40.9 —0.062 / 0.951
LVMI 97.3+28.6 101.7+31.8 —0.872 / 0.384
Length of hospital stay / / / —3.566 0.000*
Heart failure / / / —4.852 0.000*
GA, % / / / —2.907 0.004*
DD, pg/L / / / —3.330 0.001*
BNP, pmol/mL / / / —4.358 0.000*
CRP, mg/L / / / —2.171 0.030%*
AST, U/L / / / —2.603 0.009*
CPK, U/L / / / —2.650 0.008*
LDH, U/L / / / —3.603 0.000*
EF, % / / / —3.357 0.001*
c¢Tnl, u/L / / / —3.048 0.002*
CKMB, U/L / / / —2.747 0.006*
Notes: Hb, hemoglobin; Hct, hematocrit; SCr, serum creatinine; TC, total cholesterol; LDL, low density lipoprotein;
P, phosphorus; Ca’+, serum calcium; eGFR, estimated glomerular filtration rate; LVMI, left ventricular mass index;
GA, glycated albumin; DD, D-dimer; BNP, brain natriuretic peptide; CRP, C reactive protein; AST, aspartate
aminotransferase; CPK, creatine phosphokinase; LDH, lactate dehydrogenase; EF, ejection fraction; cTnl, cardiac
troponin I; CKMB, creatine phosphokinase MB; Group CIN, patients with CIN; Group non-CIN, patients without CIN.
*p <0.05 versus non-CIN.
Table 3. Chi-square test results of the incidence of CIN by risk factors. 100% 1
O
OR T 90% -
Z £
All cases ® 0%
Age >75 years N/A 0.442 g
Preoperative hypotension 3.870 0.004 5 e
IABP 8.857 0.056 s 0% -
Heart failure 3.599 0.000 5
Anemia 3.483 0.000 & so%
Diabetes N/A 0.574 5
eGFR < 30 ml/min 2.046 0.043 5 40%
Excluding postoperative heart failure E]
Age >75 years N/A 0.203 8 s0% -
Preoperative hypotension N/A 1.000 5
IABP N/A 1.000 g 20% A
Heart failure 5.365 0.000 £ MCIN
Anemia 2.818 0.063 & 0% & Non-CIN
Diabetes N/A 0.988 o
eGFR <30 ml/min 3.843 0.049 ek

Notes: TABP, intraaortic bloon pump; eGFR, estimated glomerular
filtration rate.

more than 30 mL/min was also the risk factor of CIN with
excluding patients with postoperative heart failure attack
(Table 3).

Comparison of the incidence of CIN caused by
different contrast media

The results suggested that the risk of CIN in patients using
isotonic contrast media (n =15, 20%) was significantly higher
than those using hypotonic contrast media (n=35, 8.7%)
(»<0.05) as shown in Figure 1.

Multi-factor analysis of CIN risk factors

Further Logistic regression analysis was performed to evalu-
ate the clinic indexes shown in Table 4 as risk factors

Isotonic hypotonic Total

Figure 1. Comparison of the incidence of CIN with different contrast
media. Group CIN, patients with CIN. Group non-CIN, patients
without CIN. *p>0.05 versus non-CIN.

Table 4. Logistic regression analysis of CIN incidence-related factors.

Variable P OR

Male 0.047 2.999
Weight 0.001 0.905
Emergency PCI 0.014 3.158
Heart failure 0.004 1.809
Hb 0.003 0.961
ALB 0.002 1.195
BUN 0.004 1.052
Diuretics 0.023 3.196
eGFR 0.000 1.039

Notes: Hb, hemoglobin; ALB, albumin; BUN, blood nitrogen urea;
eGFR, estimated glomerular filtration rate.
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Figure 2. Prognosis of patients in CIN and non-CIN groups. (A) Death rate of CIN patients in hospital. (B) Death rate of CIN patients during follow-up
time. Group CIN, patients with CIN. Group non-CIN, patients without CIN. *p>0.05 versus non-CIN.

including age, sex (male =1, female =0), weight, length of
hospital stay, PCI times, cardiac function grading, Hb, Hct,
urinary red blood cell count, urinary specific gravity, albumin
(ALB), SCr, BUN, eGFR, the maximum dose of contrast
media, the number of involved vessels, the number of
implanted stents, and emergency PCI, stay in cardiac care
unit (CCU), urine protein, preoperative hypotension, IABP,
diabetes, diabetic nephropathy, angiotensin convert enzyme
inhibitors (ACEI)/angiotensin II receptor I blockers (ARB)
use, gout, isotonic contrast media, diuretics, AMI and
hydration (value of the following variables: exposure, posi-
tive = 1, unexposed, negative = 0), all of which were covered
as regression factors. The results suggested that male,
emergency PCI, heart failure, ALB, BUN, diuretics and
eGFR were risk factors of CIN after CAG, while weight and
Hb were protective factors (Table 4).

Prognosis

There were four patients (7.8%) with CIN and two (0.5%)
patients without CIN died from sudden cardiac arrest, cardiac
shock, hypovolemic shock, respiratory failure, heart or renal
failure during their hospital stay (p<0.05), as shown in
Figure 2. There was significant difference between the death
rate during follow-up time in CIN group (n=06, 12%) and
non-CIN group (n=35, 1.2%) (p<0.05). There was one
patient who received maintenance hemodialysis in CIN group
while two patients received maintenance hemodialysis in non-
CIN. There were 11 patients that died and three patients that
received maintenance hemodialysis among the enrolled 458
cases with complete follow-up information up to 28 Feb 2010.
The causes of the death included cardiac shock, heart failure,
respiratory failure and renal failure.

Discussion

CIN is an important cause for hospital-acquired acute renal
failure, whose total incidence is about 3 to 14%. In high-risk
patients with renal insufficiency, diabetes and other risk
factors, the incidence of CIN is even high up to 20%.>!!
A single-center prospective study found that the incidence of

CIN in patients with CAG and interventional treatment was
8.7%."

In this study the incidence of CIN in patients receiving
CAG or PCI was 10.5%. Stratification by Mehran risk score
suggested that the incidence of CIN increased with increasing
risk score, and reached up to 18.0% in a very high-risk group,
which was relatively low compared with the Mehran forecast
(57%)."° The incidence of CIN in the low-risk group was
4.0%, which indicated that the incidence of CIN in low-risk
populations was very low.

In single-factor analysis, this study verified the eight
major risk factors first proposed by Mehran, and suggested
that preoperative hypotension, heart failure, anemia and
GFR <30mL/min were all risk factors for CIN 19 The results
revealed that the incidence in isotonic group was higher than
that in the hypotonic group may be due to small number of
cases and most of those patients who selected isotonic media
were high-risk.'*™!3

Our results indicated that CIN is closely associated with
preoperative hypotension, heart failure, anemia, renal func-
tion, and some clinical indicators. Close attention should be
paid and effective approaches should be taken to prevent
the occurrence of CIN in the future.'®!” Prevention strategy
of CIN post-CAG requires the identification of high-risk
patients, elimination of those factors that could increase risk,
intervention to minimize risk, careful follow-up and proper
treatment to the kidney injury.'®
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