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Abstract. Risk factors associated with the development of 
contrast‑induced nephropathy (CIN) remain poorly defined 
in patients with ST‑elevation myocardial infarction (STEMI) 
undergoing percutaneous coronary intervention (PCI). The 
present study was designed to assess the association between 
the Killip grade and the development of CIN in patients with 
STEMI and pump failure undergoing PCI. Data were retro‑
spectively collected from the records of patients with STEMI 
and pump failure from the Chinese Society of Cardiology and 
American Heart Association database. A total of 7,471 patients 
were analyzed, including 5,521 patients with Killip grade II, 
878 with Killip III and 1,072 with Killip IV pump failure. 
Patients were classified into two groups: Those undergoing 
primary PCI (PPCI; n=5,063) and those undergoing elective 
PCI (EPCI; n=2,408). Patients in the PPCI group had higher 
cardiac arrest rates, lower blood pressure and higher cholesterol 
levels as compared to the EPCI group. There was a statistically 
significant difference in the rates of CIN with Killip II pump 
failure in the PPCI group as compared to the EPCI group, 
but not in those with Killip III and VI pump failure. Logistic 
regression analysis indicated that the Killip classification is a 
risk predictor for post‑PCI CIN. The present results indicated 
a positive association between the Killip grade and post‑PCI 
CIN in patients with STEMI and pump failure. In addition, 
patients with STEMI and Killip grade II pump failure were at 

a higher risk of PCI after PPCI as compared to EPCI. Further 
prospective studies are required to confirm the present results.

Introduction

Percutaneous coronary intervention (PCI) is an effective 
treatment for the management of patients with ST‑elevation 
myocardial infarction (STEMI) (1). However, PCI is not bereft 
of complications. Clinical studies have demonstrated that 
PCI treatment may be associated with the development of 
contrast‑induced nephropathy (CIN) (2), due to either contrast 
anaphylaxis or renal hypoperfusion (3,4). The development 
of CIN is associated with poor patient‑associated outcomes, 
including prolonged hospital stay and increased mortality (5,6). 
Furthermore, the risk of CIN with PCI is higher in patients 
with STEMI as compared to other patients requiring contrast 
administration. It was also indicated that no therapy is able to 
effectively attenuate CIN‑related symptoms (7). Thus, there is 
a need to understand the risk factors associated with CIN in 
patients with STEMI undergoing PCI.

Studies have indicated that pump failure is an important 
risk factor for renal injury in patients with STEMI (8,9). Due 
to decreased cardiac function, patients with STEMI and pump 
failure are prone to develop CIN after PCI (10). Furthermore, 
PCI has also been characterized as a particular risk factor 
for the development of CIN, probably due to the urgency of 
primary PCI (PPCI) to prevent pump failure or congestive heart 
failure (11). To reduce CIN, clinicians have used drug‑based 
preventive strategies prior to PCI contrast administration and 
results have indicated a renal benefit for patients with STEMI, 
including improved renal function and decreased CIN event 
rates (12). However, such preventive therapies are frequently 
used in patients undergoing elective PCI (EPCI) rather than 
in patients undergoing PPCI  (13). Furthermore, the CIN 
risk factors in patients with STEMI and pump failure have 
remained currently elusive and it should be clarified whether 
there are any differences in the risk between PPCI and EPCI.

Improving Care for Cardiovascular Disease in China (CCC) 
is a collaborative project between the American Heart 
Association and the Chinese Society of Cardiology  (14). 
It is an ongoing registry and quality improvement project 
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focusing on the quality of care for patients with acute coronary 
syndrome (ACS). The present retrospective study (based on 
this CCC‑ACS project) on patients with STEMI and pump 
failure undergoing either PPCI or EPCI aimed to explore 
clinical risk factors for CIN. The aim was to clarify pump 
failure‑associated risks based on Killip classes for patients 
with STEMI and pump failure undergoing PCI.

Materials and methods

Patients. Data from 40,343 patients with STEMI who had 
undergone PCI (EPCI or PPCI) within the CCC‑ACS project 
were retrospectively collected  (14). Ethical approval was 
provided by the institutional review board of the First Affiliated 
Hospital of the University of Science and Technology of China 
(USTC; Hefei, China).

For the study, STEMI was defined as per the 2010 guide‑
lines issued by the Chinese Society of Cardiology  (15). 
Patients fulfilling the following criteria were included in the 
study: i) Presenting within 12 h of the onset of symptoms 
(typical chest pain lasting for >30 min); ii) presenting with 
ST‑segment elevation ≥1 mm in at least two consecutive leads; 
and iii) treated with stent deployment.

Exclusion criteria of the study were as follows: i) Patients 
who did not undergo stent deployment and those who had 
undergone surgical revascularization procedures or biode‑
gradable stent implantation; ii)  patients who had serum 
creatinine levels >2.0 mg/dl; iii) patients with post‑procedural 
thrombolysis in myocardial infarction flow grade; iv) patients 
with pump failure Killip I class; and v) patients on dialysis or 
with end‑stage kidney disease.

Data collection. The web‑based data collection platform 
managed by each participating hospital was used for the 
collection of data. For creatinine measurements, reports of 
biochemical laboratory analyses for blood samples taken 
on admission and after the first 72 h of hospitalization were 
used. CIN was defined as an increase in serum creatinine by 
0.5 mg/dl or 25% within 72 h of PCI (13).

For other variables (except for lipid profiles and glucose 
levels), reports of admission blood samples were used. For 
lipid profiles, results were obtained from fasting blood 
samples collected within the first 24 h of hospitalization. 
Total cholesterol, high‑density lipoprotein cholesterol and 
triglyceride levels were measured enzymatically (Architec 
c‑Systems; Abbott Laboratories) and low‑density lipoprotein 
cholesterol levels were calculated from these lipid parameters 
using the Friedewald formula. Complete blood count analyses 
were performed using standard clinical laboratory methods 
(Coulter LH 780 Hematology Analyzer; Beckman Coulter) 
and hemoglobin and glycated hemoglobin  (HbA1c) were 
determined.

Coronary angiography data and Killip grading. Angiographic 
PPCI or EPCI data obtained directly from the cardiac catheter‑
ization laboratory records were examined by two independent 
researchers (HC and XY), who were blinded to the patient 
data. When there was a difference of opinion, we discussed 
together and came to a unanimous conclusion. The Killip 
classification (16,17) was used for grading pump failure as 

follows: i) Killip I: Absence of heart failure symptoms but 
increased pulmonary capillary wedge pressure; ii) Killip II: 
Mild to moderate heart failure, lung rales in <50% of the 
two lungs. X‑ray characteristics of pulmonary venous plethora; 
iii) Killip III: Severe heart failure with acute pulmonary edema. 
Lung rales present in >50% of the two lungs; iv) Killip IV: 
Cardiogenic shock.

Statistical analysis. All continuous variables were expressed 
as the mean ± standard deviation and all categorical variables 
as n (%). The assumption of a normal distribution was tested 
for continuous variables using a Kolmogorov‑Smirnov anal‑
ysis. Differences in continuous variables between groups were 
assessed using Student's t‑test or the Mann‑Whitney U test 
and categorical variables were compared using Pearson's 
Chi‑square test or Fisher's exact test. Logistic regression 
analyses were performed to investigate the univariable and 
multivariable predictors with 95% CI. P<0.05 was considered 
to indicate statistical significance. Variables with P<0.10 and 
the other variables that have been reported to be associated 
with contrast‑induced nephropathy in patients with STEMI 
and pump failure were included in the univariate analysis of 
the multivariable logistic regression model. Included vari‑
ables were age, male sex, Killip grade, hypertension, primary 
PCI, chronic heart failure, chronic kidney failure, smoking, 
old myocardial infarction, post‑PCI, post‑CABG, diabetes 
mellitus, family history of CHD, hyperlipemia. All statis‑
tical analyses were performed using the Statistical Package 
for Social Sciences software (SPSS  20.0 for Windows; 
IBM Corp.).

Results

Patients. A total of 7,471 patients fulfilled the inclusion criteria 
for the analysis (5,521 with Killip grade II, 878 with Killip III 
and 1,072  with Killip  IV). Patients were further divided 
into two groups, with 5,063 patients in the PPCI group and 
2,408 in the EPCI group (Fig. 1). The mean age of the patients 
in the PPCI and EPCI group was 63.6±12.5 and 64±11.6 years, 
respectively. A total of 78.2% of patients in the PPCI group 
and 76.2% in the EPCI group were male.

Baseline variables. Details of the baseline characteristics 
of the study groups are presented in Table I. There were no 
statistically significant differences in terms of sex, age, body 
mass index, hypertension, hyperlipemia, diabetes mellitus, 
ongoing myocardial infarction, post‑PCI, post‑coronary 
artery bypass graft, heart rate, triglyceride and glycated 
hemoglobin between the two groups. The percentage of 
patients with family history of congestive heart disease and 
that of smokers was significantly higher in the PPCI group, 
while the percentage of patients with chronic heart failure was 
significantly higher in the EPCI group (P<0.05). Comparison 
of cardiac arrest rates and related variables indicated that 
the incidence of cardiac arrest was higher in the PPCI group 
(5.3%) compared to the EPCI  group (3.2%; P<0.001; 
Table  I). Furthermore, the mean systolic (P<0.001) and 
diastolic (P<0.01) blood pressures were significantly lower 
in the PPCI group as compared with that in the EPCI group, 
providing a mechanism for the increased cardiac arrest rates. 
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Table I. Comparison of baseline data between the PPCI and EPCI groups.

Variable	 Total (n=7,471)	 PPCI (n=5,063)	 EPCI (n=2,408)	 P‑value

Male sex	 5,792 (77.5)	 3,958 (78.2)	 1,834 (76.2)	 0.051
Age (years)	 63.7±12.2	 63.6±12.5	 64.0±11.6	 0.233
BMI	 24.2±3.3	 24.2±3.2	 24.2±3.6	 0.699
Smoking	 3,437 (46.0)	 2,372 (46.8)	 1,065 (44.2)	 0.034
Hypertension	 3,681 (49.3)	 2,486 (49.1)	 1,195 (49.6)	 0.671
Hyperlipemia	 424   (5.7)	 284 (5.6)	 140 (5.8)	 0.721
Diabetes mellitus	 1,592 (21.3)	 1,050 (20.7)	 542 (22.5)	 0.081
Family history of CHD	 151 (2.0)	 116 (2.3)	 35 (1.5)	 0.016
Chronic heart failure	 91 (1.2)	 50 (1.0)	 41 (1.7)	 0.008
Chronic kidney failure	 71 (1.0)	 48 (0.9)	 23 (1.0)	 0.976
OMI	 411 (5.5)	 271 (5.4)	 140 (5.8)	 0.414
Post‑PCI	 352 (4.7)	 247 (4.9)	 105 (4.4)	 0.323
Post‑CABG	 18 (0.2)	 13 (0.3)	 5 (0.2)	 0.686
HR (bpm)	 80.1±18.6	 80.4±19.2	 79.6±17.2	 0.074
HbA1c (%)	 6.71±1.70	 6.67±1.70	 6.80±1.70	 0.077
TG (mmol/l)	 1.66±1.19	 1.66±1.23	 1.66±1.12	 0.903
Cardiac arrest	 344 (4.6)	 266 (5.3)	 78 (3.2)	 <0.001
DBP (mmHg)	 75.4±15.5	 75.1±16.1	 76.1±14.1	 0.009
SBP (mmHg)	 123.5±24.9	 122.7±25.8	 125.2±22.9	 <0.001
TC (mmol/l)	 4.46±1.25	 4.54±1.26	 4.28±1.23	 <0.001
LDL‑C (mmol/l)	 1.11±0.43	 2.87±1.00	 2.67±0.90	 <0.001
HDL‑C (mmol/l)	 2.81±0.97	 1.13±0.45	 1.07±0.39	 <0.001

Values are expressed as the mean ±  standard deviation or n (%). PPCI, primary PCI; EPCI, elective PCI; BMI, body mass index; CHD, 
congestive heart disease; OMI, old myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; DBP, 
diastolic blood pressure; HR, heart rate; bpm; beats per minute; TG, triglyceride; HbA1c, glycated hemoglobin; TC, total cholesterol; SBP, 
systolic blood pressure; LDL‑C, low‑density lipoprotein cholesterol; HDL‑C, high‑density lipoprotein cholesterol.

Figure 1. Flow diagram for the present retrospective study. PPCI, primary PCI; EPCI, elective PCI; PCI, percutaneous coronary intervention; STEMI, 
ST‑elevation myocardial infarction.
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In addition, cholesterol levels related to cardiac arrest onset 
were also higher in the PPCI group (P<0.001). The above 
results demonstrated that the patients in the PPCI group, 
as expected, exhibited emergency features in line with the 
emergency treatment needed in this group.

Culprit arteries and myocardial injury during PCI treat-
ment. Data on the frequencies of culprit arteries and 
myocardial injury were analyzed from the patients' records. 
The culprit artery distributions varied depending on the 
group. The proportions of left main coronary artery and 
right circumflex artery were both higher in the PPCI group, 
while those of left anterior descending, left circumflex 
artery and saphenous venous graft lesions were smaller 
than those in the EPCI group (P<0.05; Table II). In addi‑
tion, the incidence of anterior myocardial infarction in the 
PPCI group (60%) was significantly lower than that in the 
EPCI group (61.2%; P<0.001; Table II), while simultaneous 
treatment of non‑culprit arteries was less common in the 
PPCI group (6.6%) than in the EPCI group (11.8%; P<0.001; 
Table II).

Incidence of CIN. Clinical parameters of renal factors, including 
pre‑PCI creatinine and pre‑PCI estimated glomerular filtra‑
tion rate, were not significantly different between the PPCI 
and EPCI groups (P>0.05; Table III). After PCI treatment, the 
patients in the PPCI group had significantly higher post‑PCI 
maximum creatinine levels (P<0.05) as compared to the 
patients in the EPCI group. In addition, the incidence of CIN 
was significantly higher in the PPCI group (17%) as compared 
to the EPCI  group (P<0.05). Further subgroup analyses 
based on pump failure demonstrated that only patients with 
Killip II pump failure had a statistically significant increase 
in the incidence of CIN in the PPCI group as compared to the 
EPCI group (P<0.05). No such difference was noted in patients 
with Killip III and IV pump failure.

Logistic regression analysis indicated that age, sex, the 
Killip classification, hypertension, PPCI vs. EPCI, presence of 
chronic heart failure and chronic renal failure were the major 
independent variables predicting post‑PCI CIN (Table IV). 
Specifically, Killip classification was positively associated 
with an increased risk of CIN after PCI with an odds ratio of 
1.160 (95% CI, 1.069‑1.259).

Table II. Comparison of culprit artery and related infarction area.

Variable	 Total (n=7,471)	 PPCI (n=5,063)	 EPCI (n=2,408)	 P‑value

Culprit artery				      0.001
  LM	 130 (1.7)	 102 (2.0)	 28 (1.2)
  LAD	 4,379 (58.6)	 2,934 (57.9)	 1,445 (60.0)
  LCX	 850 (11.4)	 552 (10.9)	 298 (12.4)
  RCA	 2,030 (27.2)	 1,427 (28.2)	 603 (25.0)
  SVG	 19 (0.3)	 10 (0.2)	 9 (0.4)
  Others	 63 (0.8)	 38 (0.8)	 25 (1.0)
Simultaneous treatment of	 616 (8.2)	 333 (6.6)	 283 (11.8)	 <0.001
non‑culprit artery
Anterior myocardial infarction	 4,509 (60.4)	 3,036 (60.0)	 1,473 (61.2)	   0.001

Values are expressed as the mean ± standard deviation or n (%). PPCI, primary PCI; EPCI, elective PCI; PCI, percutaneous coronary interven‑
tion; LM, left main coronary artery; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right circumflex artery; SVG, 
saphenous venous graft.

Table III. Comparison of CIN between the PPCI and EPCI groups.

Variable	 Total (n=7,471)	 PPCI (n=5,063)	 EPCI (n=2,408)	 P‑value

Pre‑PCI Cr (mmol/l)	   86.7±37.4	   86.4±37.3	   87.2±37.7	 0.423
Pre‑PCI eGFR (ml/min)	   96.78±50.05	   97.12±49.97	   96.08±50.23	 0.403
Maximum Cr (mmol/l)	 105.60±63.99	 106.88±67.82	 102.92±55.95	 0.042
CIN incidence	 1,212 (16.2)	 860 (17.0)	 352 (14.6)	 0.009
Killip grade
  II	   824 (14.9)	 580 (15.7)	 244 (13.4)	 0.029
  III	   175 (19.9)	 112 (21.3)	   63 (17.9)	 0.230
  IV	   213 (19.9)	 168 (20.2)	   45 (18.8)	 0.622

Values are expressed as the mean ± standard deviation or n (%). PPCI, primary PCI; EPCI, elective PCI; PCI, percutaneous coronary interven‑
tion; Cr, creatinine; eGFR, estimated glomerular filtration rate; CIN, contrast‑induced nephropathy.
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Discussion

The present results indicated that the incidence of CIN in 
patients with STEMI undergoing PPCI with Killip grade II 
pump failure is higher as compared to those undergoing 
EPCI. This difference is not apparent in other Killip classes. 
In addition, the present analysis demonstrated that the Killip 
classification is positively associated with post‑PCI CIN onset 
for patients with STEMI and pump failure.

PPCI is the gold standard treatment for patients with 
STEMI, particularly for those with pump failure. On the other 
hand, pump failure is an important predictor for CIN (18). For 
efficient management of patients with pump failure, coronary 
artery disease, acute coronary syndrome or STEMI, risk 
factors for CIN must be recognized early so that appropriate 
management protocols are followed (19). The present study 
was focused on the subgroup of patients with STEMI and 
pump failure, which is known to be significantly affected by 
CIN (18). Studies have demonstrated that oxidative stress, 
inflammation and renal ischemia/reperfusion are the major 
potential pathophysiological mechanisms of CIN, while perfu‑
sion markers (including the Killip grade) have been indicated 
to predict the risk of CIN (20,21). On the other hand, impaired 
renal function is a risk factor for cardiovascular diseases and 
pre‑admission renal parameters or worsening of renal function 
during hospitalization have been reported to indicate the risk 
for adverse events in patients with STEMI (22,23).

Similar to those of a previous study  (24), the present 
results indicated a positive correlation between the develop‑
ment of CIN and PPCI treatment. The present retrospective 
analysis also demonstrated a higher incidence of cardiac arrest 
events, lower SBP values and higher cholesterol levels in the 
PPCI group as compared with those in the EPCI group. These 

results are consistent with those of previous studies focusing 
on patients with PPCI (25,26). In addition, the incidence of 
anterior myocardial infarction in the PPCI group was signifi‑
cantly lower than that in the EPCI group, while simultaneous 
treatment of non‑culprit arteries was less frequent in the 
PPCI group. Of note, the simultaneous treatment of non‑culprit 
arteries has been reported as a protective factor against CIN 
onset (27), which may partially explain the difference in CIN 
incidence rates between the groups of the present study. In the 
present study, patients in the PPCI group had a higher inci‑
dence of CIN than those in the EPCI group. Similar results 
have been reported previously (28).

The effects of pump failure on CIN remain to be fully eluci‑
dated. More specifically, the association between the Killip 
grade and the development of CIN in patients with STEMI 
after PPCI has remained to be explored. The regression analysis 
of the present study demonstrated that failing pump function 
was significantly associated with an increased risk of CIN. 
Furthermore, patients with Killip grade II in the PPCI group 
had a significantly higher incidence of CIN as compared with 
those in the EPCI group. However, there was no significant 
difference in the incidence of PCI among the Killip III and 
IV subgroups, despite the greater severity of pump failure in 
these patients. The lack of significance in the incidence of CIN 
between the PPCI and EPCI patients with Killip III or IV with 
pre‑PCI renal hypoperfusion may be attributed to their prior 
treatment for heart failure (before PPCI), thereby restoring 
their renal reperfusion and diminishing renal injuries after 
contrast administration. Thus, patients with Killip II without 
severe renal dysfunction, who are not pretreated before the 
PPCI, may develop ischemia‑reperfusion renal injury more 
frequently as compared to patients with more severe pump 
failure.

Table IV. Logistic regression analysis for contrast‑induced nephropathy.

Variable	 Unadjusted OR (95% CI)	 P‑value	 Adjusted OR (95% CI)	 P‑value

Age (per unit increase in years) 	 1.024 (1.019‑1.030)	 <0.001	 1.019 (1.013‑1.025)	 <0.001
Sex (male vs. female)	 0.651 (0.567‑0.747)	 <0.001	 0.805 (0.689‑0.941)	    0.006
Killip class (per unit increase in grade)	 1.214 (1.121‑1.315)	 <0.001	 1.160 (1.069‑1.259)	 <0.001
Hypertension (present vs. absent)	 0.747 (0.660‑0.845)	 <0.001	 0.840 (0.739‑0.955)	   0.008
Type of PCI (PPCI vs. EPCI)	 1.195 (1.044‑1.368)	   0.010	 1.198 (1.044‑1.373)	   0.010
Chronic heart failure (present vs. absent)	 0.453 (0.288‑0.714)	   0.001	 0.579 (0.357‑0.939)	   0.027
Chronic kidney failure (present vs. absent)	 0.276 (0.171‑0.444)	 <0.001	 0.335 (0.206‑0.547)	 <0.001
Smoking (present vs. absent)	 1.377 (1.215‑1.561)	 <0.001	 1.093 (0.924‑1.294)	   0.300
OMI (present vs. absent)	 1.013 (0.773‑1.328)	   0.926	 1.148 (0.720‑1.828)	   0.562
Post‑PCI (present vs. absent)	 1.002 (0.750‑1.340)	   0.988	 1.189 (0.725‑1.951)	   0.493
Post‑CABG (present vs. absent)	 0.677 (0.222‑2.060)	   0.492	 1.022 (0.216‑4.84)	   0.978
Diabetes mellitus (present vs. absent)	 0.813 (0.703‑0.939)	   0.005	 0.951 (0.789‑1.145)	   0.593
Family history of CHD (present vs. absent)	 0.975 (0.632‑1.505)	   0.911	 1.050 (0.604‑1.828)	   0.862
Hyperlipemia (present vs. absent)	 0.944 (0.727‑1.225)	   0.663	 0.816 (0.596‑1.117)	   0.204

Adjusted variables: Age, male sex, Killip grade, hypertension, primary PCI, chronic heart failure, chronic kidney failure, smoking, old myo‑
cardial infarction, post‑PCI, post‑CABG, diabetes mellitus, family history of CHD and hyperlipemia. PPCI, primary PCI; EPCI, elective PCI; 
PCI, percutaneous coronary intervention; OR, odds ratio; OMI, old myocardial infarction; CABG, coronary artery bypass grafting; CHD, 
coronary heart disease.
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As for contrast dosage and type, previous studies have 
demonstrated that the contrast dosage is associated with the 
post‑PCI CIN incidence in patients with STEMI (29,30). In 
addition, hypotonic and hyperosmotic contrasts display similar 
risk profiles for CIN (31). Therefore, the influence of contrast 
media on CIN was not analyzed in the present study.

The limitations of the present study should be mentioned. 
The retrospective nature of the analysis prevents us from 
drawing a causal association between the presence of CIN and 
the development of pump failure. Only randomized clinical 
trials are able to firmly establish such an association. In addi‑
tion, the establishment of an animal model will improve our 
understanding of the detailed mechanisms.

In conclusion, the Killip classification was positively 
associated with post‑PCI CIN events in patients with STEMI 
and pump failure. The present results also indicate that 
patients with Killip II grade pump failure undergoing PPCI 
are at a higher risk of CIN as compared to those undergoing 
EPCI and there is a need for adequate preventive measures to 
avoid the development of CIN in such individuals. Since our 
conclusions are derived from a retrospective cohort, there is 
a need for further prospective studies to confirm the present 
results.
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