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Abstract
Background: The selection of appropriate contrast media (CM) remains an important issue in terms 
of renal preservation in patients with acute myocardial infarction (AMI) and renal impairment sched-
uled for percutaneous coronary intervention (PCI). We compared the clinical outcomes of patients with 
AMI and renal impairment, depending on the CM type (iso-osmolar CM [IOCM] vs. low-osmolar CM 
[LOCM]) that was used during PCI.
Methods: From the Convergent Registry of Catholic and Chonnam University for Acute Myocardial 
Infarction, 3174 post-PCI patients with AMI and renal impairment were subdivided into two groups 
(IOCM [n = 2101] and LOCM [n = 1073]).
Results: Regarding in-hospital clinical outcomes, the IOCM group had a higher peak creatinine (Cr) 
level and lower “Cr differential” than the LOCM group. A higher proportion of dialysis was noted in 
the IOCM group. In 30-day clinical outcomes, the IOCM group showed higher incidence of new-onset 
heart failure (HF) but lower incidence of revascularization than the LOCM group. The differences in 
in-hospital and 30-day clinical outcomes were attenuated after inverse probability of treatment weight-
ing, except for new-onset HF. All other variables in 30-day clinical outcomes, including all-cause death, 
non-fatal myocardial infarction, cerebrovascular accidents, stent thrombosis, and any dialysis events, 
were similar between the two groups.
Conclusions: IOCM use did not prevent future incidence of dialysis compared to LOCM use in AMI 
patients with renal impairment. (Cardiol J 2023; 30, 5: 790–798)
Key words: myocardial infarction, contrast media, renal dialysis, percutaneous  
coronary intervention, Korea

Introduction

With the increase in the incidence and preva-
lence of acute myocardial infarction (AMI), the 
rate of percutaneous coronary intervention (PCI) 

is gradually increasing in clinical practice [1]. 
Therefore, patient exposure to contrast media 
(CM) has substantially increased, highlighting an 
important issue, i.e., contrast-induced nephropathy 
(CIN) — an acute decline in kidney function fol-
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lowing CM administration in the absence of other 
etiologies [2]. It is related to significant morbidity 
and mortality, including the need for hemodialysis 
or kidney transplantation [3, 4], and it may de-
velop into persistent renal damage, leading to 
increased mortality [5]. Therefore, the type and 
volume of CM plays a crucial role in preventing 
the development of CIN. It is well-known that the 
use of low-osmolar CM (LOCM) and iso-osmolar 
CM (IOCM) causes fewer cardiovascular adverse 
effects than the use of high-osmolar CM (HOCM) 
[6, 7]. Compared to HOCM, they were associated 
with reduced CIN incidence [8]. Thus, both IOCM 
and LOCM are becoming increasingly popular in 
various CM-based radiographic procedures. 

Although many prospective studies have eval-
uated the efficacy of iodixanol (IOCM) compared 
to various types of LOCM in the past decade, it re-
mains controversial whether, compared to LOCM, 
IOCM is associated with a lower incidence of CIN 
because of the mixed results of previous studies. 
In the first comparative study between the two CM 
types, no significant difference was found in the 
incidence of CIN [9]. Two randomized controlled 
trials demonstrated a significantly lower incidence 
of CIN with iodixanol (IOCM) use compared with 
iohexol and ioxaglate (LOCM) use [10, 11]. How-
ever, other studies have demonstrated no signifi-
cant difference between IOCM and LOCM [12, 13]. 
One meta-analysis reported the beneficial effect of 
IOCM compared to LOCM [14], while some other 
meta-analyses demonstrated no significant differ-
ence between the two [15, 16]. 

Because it is known that the risk of CIN is 
substantially increased in patients with renal im-
pairment such as chronic kidney disease [14], the 
optimal use of CM in reduced renal function is an 
important medical issue in terms of the preven-
tion of renal-function deterioration. In particular, 
it is uncertain which CM type will produce better 
outcomes in patients with AMI and renal impair-
ment (AMI-RI) undergoing PCI. We aimed to 
determine the CM type (IOCM vs. LOCM) with 
better clinical outcomes in patients with AMI-RI 
undergoing PCI.

Methods

Study design and participants
The Convergent Registry of Catholic and 

Chonnam University for Acute Myocardial Infarc-
tion (COREA-AMI) is a large-scale, multicenter 
registry designed to investigate the real-world 
characteristics of patients with AMI (including ST-

-segment elevation myocardial infarction [STEMI] 
and non-STEMI [NSTEMI]) in the Korean popula-
tion. COREA-AMI I included patients with AMI 
undergoing PCI from January 2004 to December 
2009. COREA-AMI II included additional patients 
from January 2010 to August 2014. All consecu-
tive patients with AMI in 9 tertiary institutions 
were retrospectively included in this registry [17], 
containing demographic, clinical, and angiographic 
information, as well as clinical outcome data. These 
data were collected and stored by an attending phy-
sician and a trained clinical research coordinators 
using a web-based case report form in a clinical 
data management system. 

In the COREA-AMI, 10,719 patients with AMI 
were initially screened. However, 7545 patients 
were excluded, including the following: (1) those 
who had creatinine clearance (CrCl) ≥ 60 mL/ 
/min/1.73 m2, (2) those whose CrCl was not meas-
ured, (3) those with insufficient CM data, (4) 
those who received mixed use of both IOCM and 
LOCM, and (5) those who had received dialysis. 
A total of 3174 patients were finally enrolled. We 
further divided this population into an IOCM group  
(n = 2101) and an LOCM group (n = 1073), de-
pending on the CM type applied during PCI. The 
study design is summarized in Figure 1.

The present study was conducted in accord-
ance with the ethical principles of the Declaration 
of Helsinki as revised in 2013. The study protocol 
of the COREA-AMI was approved by the ethics 
committee of each participating tertiary institution. 
All enrolled patients provided written informed 
consent. 

Definitions and study endpoints
Clinical and diagnostic parameters, includ-

ing demographic data, previous medical history, 
laboratory data, prescribed medications, and angio-
graphic/echocardiographic profiles, were assessed 
in all study subjects. 

Acute myocardial infarction was defined in 
accordance with contemporary guidelines [18], 
which comprise the typical rise and/or fall of car-
diac biomarkers in at least one of the following: 
(1) clinical symptoms or signs suggestive of myo-
cardial ischemia, (2) development of pathological 
Q-waves in 12-lead electrocardiography (ECG), 
(3) ECG changes suggesting myocardial ischemia 
(i.e., ST-segment elevation or depression), and  
(4) characteristic cardiovascular imaging features 
suggestive of AMI (i.e., new loss of myocardial 
viability or newly found regional wall motion ab-
normality). STEMI refers to AMI with new-onset 
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ST-segment elevation of at least 1 mm (0.1 mV) in ≥ 
2 contiguous leads or new-onset left bundle branch 
block on surface ECG [18]. Image-guided PCI refers 
to the utilization of intracoronary cardiovascular im-
aging (optical coherence tomography or intravascu-
lar ultrasound) during the PCI procedure. Left main 
coronary artery (LMCA) disease was defined as  
a ≥ 50% reduction in the intraluminal diameter of 
the LMCA. Multivessel coronary artery disease 
(CAD) was defined as significant stenosis in ≥ 2 
epicardial coronary arteries (i.e., ≥ 70% stenosis 
in ≥ 2 epicardial coronary arteries or ≥ 70% ste-
nosis in 1 epicardial coronary artery, with ≥ 50% 
stenosis of the LMCA). The degree of antegrade 
intracoronary flow was classified in accordance 
with the Thrombolysis In Myocardial Infarction 
(TIMI) flow grade. Image-guided PCI refers to 
the utilization of optical coherence tomography or 
intravascular ultrasonography during PCI. The left 
ventricular ejection fraction (LVEF) was examined 
using two-dimensional echocardiography.

Kidney function was determined using the 
CrCl, calculated using the Cockcroft–Gault formula 
[19]. The CrCl value was the original serum cre-
atinine (Cr) level at the time of admission. In the 

present study, renal impairment was determined as 
CrCl < 60 mL/min/1.73 m2, based on the serum Cr 
level at the time of admission. Depending on their 
CrCl value, the patients were divided into three 
subgroups: (1) CrCl ≥ 40 and < 60 mL/min/1.73 m2,  
(2) CrCl ≥ 20 and < 40 mL/min/1.73 m2, and  
(3) CrCl < 20 mL/min/1.73 m2. The body mass in-
dex calculation was based on the weight and height 
at the time of admission. Anemia was defined as 
hemoglobin level < 12 g/dL.

The CM used during PCI was categorized 
into two types according to osmolality: IOCM 
(290 mOsm/kg) and LOCM (600 to 800 mOsm/kg) 
(Suppl. Table 1). Patients who received an IOCM 
infusion during PCI were included in the IOCM 
group, and those who received an LOCM infusion 
were included in the LOCM group. 

We examined both in-hospital and 30-day 
outcomes in the patients. In-hospital outcomes 
included all in-hospital complications such as in-
hospital death, reoccurring MI, new-onset heart 
failure (HF), cerebrovascular accidents (CVAs), 
any revascularization, stent thrombosis, peak Cr 
level, Cr level at discharge, Cr level at discharge 
minus initial Cr level (DCr [discharge – initial]), 

10,719 AMI patients from COREA-AMI I and COREA-AMI II registries
— COREA-AMI I: January 2004 to December 2009

— COREA-AMI II: January 2010 to August 2014

3174 AMI patients
with renal impairment

2896 AMI patients
who was successfully

discharged

2Patients with CrCI ≥ 60 mL/min/1.73 m

Patients with insufcient data of CrCI (unmeasurable CrCI)
Patients with insufcient data of contract media
Patients with mixed use of IOCM and LOCM
Patients who had received renal replacement therapy

278 were excluded
— Patients who were deceased during index hospitalization
— Patients lost to follow-up after discharge

IOCM
(n = 2,101)

IOCM
(n = 1,908)

LOCM
(n = 1,073)

LOCM
(n = 988)

In-hospital outcomes 30-day outcomes

Figure 1. Study population flow chart. Acute myocardial infarction (AMI) patients with renal impairment were enrolled 
and divided into two groups (IOCM vs. LOCM group) in accordance with the type of contrast media; COREA-AMI 
— the Convergent Registry of Catholic and Chonnam University for Acute Myocardial Infarction; CrCl — creatinine 
clearance; IOCM — iso-osmolar contrast media; LOCM — low-osmolar contrast media.
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peak Cr level minus initial Cr level (∆Cr [peak 
– initial]), and any adverse event. Thirty-day 
outcomes included all-cause death, non-fatal MI, 
new-onset HF, CVA, any revascularization, stent 
thrombosis, and any dialysis event. New-onset HF 
refers to any rehospitalization because of clinical 
symptoms and/or signs of HF, such as shortness of 
breath, fatigue and general weakness, or swelling 
in the lower extremities. Any revascularization 
refers to any repeat PCI or surgical bypass of any 
anatomical part of the epicardial coronary arteries. 
Any dialysis event was defined as hemodialysis or 
peritoneal dialysis.

Statistical analysis
Statistical analysis was performed to evaluate 

differences in clinical outcomes between the two 
groups (IOCM vs. LOCM). Continuous variables 
are expressed as means ± standard deviation and 
were analyzed using Student’s t-test. Discrete 
variables are described as percentages with num-
bers and were analyzed using Pearson’s χ2 test or 
Fisher’s two-by-two exact test. Results were con-
sidered statistically significant at a p-value < 0.05.

To minimize the effect of selection bias in the 
analysis of observational data, a propensity score 
weighting method, i.e., inverse probability of treat-
ment weighting (IPTW) was used. The propensity 
score was derived by a multiple logistic regression 
model containing 35 covariates, including CM amount, 
age ≥ 75 years, sex, final diagnosis, Killip functional 
classification ≥ II, cardiogenic shock, cardiac arrest, 
intra-aortic balloon pump (IABP), extracorporeal 
membrane oxygenation (ECMO), body mass index 
≥ 25 kg/m2, previous medical history, family CAD 
history, smoking history, laboratory and angiographic 
parameters, and prescribed medications. Patients 
with missing data in these covariates or those who 
were not followed up after hospital discharge were 
excluded from the analysis with IPTW adjustment.

All analyses were performed using SPSS ver-
sion 25.0 (IBM Corp., Armonk, NY, USA).

Results

Baseline clinical and procedural  
characteristics

The data of 3174 consecutive patients with 
AMI-RI were included in the analysis, and the 
baseline characteristics of these patients are sum-
marized in Table 1. Among them, 2101 patients 
were in the IOCM group and 1073 patients were in 
the LOCM group. The IOCM group included more 

male patients and patients with STEMI diagnosis. 
Although the patients in the LOCM group were 
older than those in the IOCM group, the proportion 
of patients ≥ 75 years old was comparable between 
the groups. Although some severe conditions 
including Killip functional class ≥ II, cardiogenic 
shock, and out-of-hospital or in-hospital cardiac ar-
rest were similar in both groups, the patients in the 
IOCM group received relatively high proportions 
of IABP and ECMO. Regarding previous history, 
the patients in the LOCM group had higher preva-
lence of hypertension, dyslipidemia, and prior PCI 
history but lower prevalence of prior HF. Although 
the patients in the IOCM group tended to be more 
anemic, the proportion of anemia was similar in 
both groups. The patients in the IOCM group had 
worse kidney function, showing a higher initial Cr 
level but lower CrCl. In the CrCl subclasses, CrCl 
< 20 mL/min/1.73 m2 was more predominantly 
found in the IOCM group. The IOCM group showed 
a higher proportion of LVEF < 40%. Multivessel 
CAD was more prominently found in the IOCM 
group. Regarding discharge medications, beta-
-blockers were more frequently prescribed in the 
LOCM group. After IPTW adjustment, these dif-
ferences were well-balanced.

In-hospital outcomes
All in-hospital outcomes are described in  

Table 2. The peak Cr level was higher in the IOCM 
group. However, the value of DCr (peak – initial) 
was similar in both groups. The value of DCr (dis-
charge – initial) was statistically different between 
the groups. A higher percentage of patients in 
the IOCM group received dialysis. After IPTW 
adjustment, all variables related to the in-hospital 
outcomes were comparable.

Thirty-day outcomes
After excluding all patients who died during 

the index hospitalization and those lost to follow-
up after discharge, the 30-day outcomes of 2896 
consecutive patients were analyzed, as described 
in Table 3. Clinical outcomes, including all-cause 
death, non-fatal MI, new-onset HF, CVA, any re-
vascularization, stent thrombosis, and any dialysis 
event, were determined. Before IPTW adjustment, 
most outcome variables were similar between the 
groups, except for new-onset HF and any revas-
cularization. After IPTW adjustment, a similar 
tendency was observed in new-onset HF, but the 
difference in any revascularization before IPTW 
adjustment was statistically attenuated.
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Table 1. Baseline characteristics of the patients.

Characteristics Before IPTW adjustment After IPTW adjustment

IOCM  
(n = 2101)

LOCM  
(n = 1073)

P IOCM  
(n = 2698)

LOCM  
(n = 2711)

P

Male patients 1178 (56.1) 537 (50.0) 0.001 1460 (54.1) 1457 (53.7) 0.848
Age [years] 73.41 ± 9.15 74.08 ± 8.81 0.049 73.55 ± 9.13 73.54 ± 8.94 0.966
Age ≥ 75 years 1012 (48.2) 548 (51.1) 0.122 1315 (48.7) 1319 (48.6) 0.974
STEMI diagnosis 1107 (52.7) 505 (47.1) 0.003 1334 (49.5) 1331 (49.1) 0.860
Killip functional class ≥ II 670 (34.7) 363 (34.8) 0.938 916 (34.0) 921 (34.0) 0.999
Cardiogenic shock 186 (8.9) 81 (7.6) 0.212 190 (7.1) 189 (7.0) 0.944
Out-of-hospital or in-hospital  
cardiac arrest

105 (5.0) 62 (5.8) 0.351 92 (3.4) 98 (3.6) 0.813

Mechanical circulatory support:
IABP 137 (6.5) 45 (4.2) 0.008 130 (4.8) 140 (5.2) 0.747
ECMO 27 (1.3) 5 (0.5) 0.029 15 (0.6) 16 (0.6) 0.943

BMI ≥ 25 kg/m2 438 (21.2) 239 (22.6) 0.380 590 (21.9) 582 (21.5) 0.806
Previous history:

Hypertension 1,345 (64.0) 734 (68.4) 0.014 1,774 (65.7) 1,790 (66.0) 0.893
Diabetes mellitus 815 (38.8) 405 (37.7) 0.566 1,040 (38.5) 1,046 (38.6) 0.988
Dyslipidemia 251 (11.9) 199 (18.5) < 0.001 419 (15.5) 419 (15.4) 0.945
Old MI 106 (5.0) 62 (5.8) 0.383 141 (5.2) 139 (5.1) 0.904
Prior PCI history 180 (8.6) 117 (10.9) 0.032 255 (9.5) 252 (9.3) 0.897
Prior CABG history 12 (0.6) 6 (0.6) 0.966 18 (0.7) 17 (0.6) 0.943
Prior HF 62 (3.0) 19 (1.8) 0.046 71 (2.6) 77 (2.8) 0.814
Old CVA 246 (11.7) 112 (10.4) 0.284 308 (11.4) 317 (11.7) 0.845

Known CKD with no RRT 10 (0.5) 1 (0.1) 0.112 6 (0.2) 6 (0.2) 0.974
Family CAD history 23 (1.1) 10 (0.9) 0.669 29 (1.1) 34 (1.2) 0.748
Smoking history: 0.763 0.868

Current smoker or ex-smoker 834 (39.7) 420 (39.1) 1,076 (39.9) 1,072 (39.5)
Non-smoker 1267 (60.3) 653 (60.9) 1,622 (60.1) 1,639 (60.5)

Hemoglobin [g/dL] 12.63 ± 2.09 12.48 ± 1.95 0.042 12.61 ± 2.09 12.60 ± 1.94 0.908
Anemia (hemoglobin < 12 g/dL) 1,058 (50.8) 558 (52.4) 0.374 1357 (50.3) 1362 (50.2) 0.990
Initial Cr level [mg/dL] 1.39 ± 0.93 1.29 ± 0.87 0.001 1.33 ± 0.80 1.38 ± 1.10 0.379
Initial Cr ≥ 1.5 mg/dL 548 (26.1) 220 (20.5) 0.001 640 (23.7) 647 (23.9) 0.943
CrCl [mL/min/1.73 m2] 41.63 ± 12.66 43.00 ± 12.07 0.003 42.55 ± 12.40 42.27 ± 12.45 0.608
CrCl subclasses: 0.012 0.816

CrCl ≥ 40 or < 60 mL/min/1.73 m2 1260 (60.0) 679 (63.3) 1691 (62.7) 1671 (61.6)
CrCl ≥ 20 or < 40 mL/min/1.73 m2 691 (32.9) 344 (32.1) 843 (31.2) 881 (32.5)
CrCl < 20 mL/min/1.73 m2 150 (7.1) 50 (4.7) 164 (6.1) 159 (5.9)

LVEF < 40% 404 (21.0) 176 (17.5) 0.022 527 (19.5) 525 (19.4) 0.920
Transfemoral vascular access 1779 (84.7) 892 (83.1) 0.260 2233 (82.8) 2253 (83.1) 0.817
Preprocedural TIMI 0-I 1014 (48.3) 507 (47.3) 0.589 1279 (47.4) 1286 (47.4) 0.988
Multivessel CAD 1465 (69.7) 644 (60.0) < 0.001 1771 (65.6) 1782 (65.7) 0.955
LMCA disease 185 (8.8) 92 (8.6) 0.827 231 (8.6) 232 (8.6) 0.984
Image-guided PCI 403 (19.2) 189 (17.6) 0.284 515 (19.1) 518 (19.1) 0.998
Contrast dose [mL] 301.27 ±  

± 193.40
290.10 ±  
± 187.85

0.120 304.70 ±  
± 194.83

306.12 ±  
± 203.83

0.869

Discharge medications:
ASA 1881 (89.6) 970 (90.4) 0.464 2516 (93.2) 2533 (93.4) 0.860
P2Y12 inhibitors 1874 (89.2) 969 (90.3) 0.332 2507 (92.9) 2520 (93.0) 0.952
Beta-blockers 1534 (73.0) 841 (78.4) 0.001 2116 (78.4) 2125 (78.4) 0.991
ACEI/ARB 1442 (68.6) 765 (71.3) 0.123 1965 (72.8) 1969 (72.6) 0.908
Statin 1739 (82.8) 902 (84.1) 0.357 2345 (86.9) 2366 (87.3) 0.802

Values are presented as number (percentage) for categorical values and means ± standard deviation for continuous variables. ACEI/ARB —  
angiotensin converting enzyme inhibitors or angiotensin receptor blockers; ASA — acetylsalicylic acid; BMI — body mass index; CABG — 
coronary artery bypass grafting; CAD — coronary artery disease; CKD — chronic kidney disease; Cr — creatinine; CrCl — creatinine clear-
ance; CVA — cerebrovascular accidents; ECMO — extracorporeal membrane oxygenation; HF — heart failure; IABP — intra-aortic balloon 
pump; IOCM — iso-osmolar contrast media; LMCA — left main coronary artery; LOCM — low-osmolar contrast media; LVEF — left ventricu-
lar ejection fraction; MI — myocardial infarction; PCI — percutaneous coronary intervention; RRT — renal replacement therapy; STEMI —  
ST-segment elevation myocardial infarction; TIMI — Thrombolysis In Myocardial Infarction
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Discussion

Our study compared clinical outcomes be-
tween IOCM and LOCM in real-world patients 
with AMI-RI. There were more male patients and 
patients with STEMI in the IOCM group, and the 
proportion of mechanical circulatory support was 
higher in this group than in the LOCM group. 
Hypertension, dyslipidemia, and prior PCI history 
were more prevalent in the LOCM group, whereas 
prior HF was more prevalent in the IOCM group. 
The initial kidney function and LVEF were lower 

in the IOCM group. There was a higher proportion 
of multivessel CAD in the IOCM group. Regard-
ing discharge medications, beta-blockers were 
more frequently prescribed in the LOCM group. 
These differences were well-balanced after IPTW 
adjustment. 

Regarding in-hospital outcomes, the IOCM 
group showed a higher peak Cr level but similar 
∆Cr (peak – initial) value. Considering that the 
IOCM group had higher initial Cr level, kidney 
function tended to worsen proportionally to the 
initial Cr level, but there was no significant differ-

Table 3. Thirty-day outcomes of the patients after successful discharge.

Characteristics Before IPTW adjustment After IPTW adjustment

IOCM  
(n = 1908)

LOCM  
(n = 988)

P IOCM  
(n = 2559)

LOCM  
(n = 2575)

P

All-cause death 59 (3.1) 22 (2.2) 0.180 68 (2.7) 63 (2.5) 0.775

Non-fatal MI 9 (0.5) 8 (0.8) 0.261 14 (0.5) 22 (0.9) 0.318

New-onset HF 28 (1.5) 4 (0.4) 0.008 40 (1.6) 12 (0.5) 0.020

Cerebrovascular accident 8 (0.4) 4 (0.4) 1.000 10 (0.4) 10 (0.4) 0.949

Any revascularization 9 (0.5) 11 (1.1) 0.049 13 (0.5) 30 (1.2) 0.058

Stent thrombosis 5 (0.3) 2 (0.2) 1.000 6 (0.2) 6 (0.2) 0.961

Any dialysis event 6 (0.3) 1 (0.1) 0.434 9 (0.4) 4 (0.1) 0.368

Values are presented as number (percentage) for categorical values. HF — heart failure; IPTW — inverse probability of treatment weighting; 
IOCM — iso-osmolar contrast media; LOCM — low-osmolar contrast media; MI — myocardial infarction

Table 2. In-hospital outcomes of the patients.

Characteristics Before IPTW adjustment After IPTW adjustment

IOCM  
(n = 2101)

LOCM  
(n = 1073)

P IOCM  
(n = 2698)

LOCM  
(n = 2711)

P

In-hospital death 189 (9.0) 81 (7.5) 0.167 135 (5.0) 122 (4.5) 0.573

Reoccurring MI 12 (0.6) 7 (0.7) 0.779 14 (0.5) 16 (0.6) 0.835

New-onset HF 83 (4.0) 41 (3.8) 0.859 110 (4.1) 91 (3.4) 0.358

Cerebrovascular accident 24 (1.1) 13 (1.2) 0.863 25 (0.9) 38 (1.4) 0.283

Any revascularization 8 (0.4) 4 (0.4) 1.000 13 (0.5) 3 (0.1) 0.080

Stent thrombosis 19 (0.9) 7 (0.7) 0.456 28 (1.0) 22 (0.8) 0.677

Renal outcomes:

Peak Cr level [mg/dL] 1.685 ± 1.242 1.553 ± 1.409 0.007 1.61 ± 1.15 1.64 ± 1.55 0.739

Cr level at discharge [mg/dL] 1.343 ± 0.995 1.278 ± 0.816 0.093 1.28 ± 0.89 1.30 ± 0.84 0.703

∆Cr (peak – initial) [mg/dL] 0.314 ± 0.725 0.288 ± 1.050 0.487 0.30 ± 0.70 0.30 ± 1.03 0.992

∆Cr (discharge – initial) [mg/dL] –0.062 ± 0.779 0.001 ± 0.720 0.042 –0.06 ± 0.68 –0.05 ± 0.87 0.898

Any dialysis event 75 (3.6) 21 (2.0) 0.012 82 (3.1) 57 (2.1) 0.199 

Values are presented as number (percentage) for categorical values and means ± standard deviation for continuous variables. Cr — creati-
nine; DCr (discharge – initial) — Cr level at discharge minus initial Cr level; DCr (peak – initial) — peak Cr level minus initial Cr level; HF — heart 
failure; IPTW — inverse probability of treatment weighting; IOCM — iso-osmolar contrast media; LOCM — low-osmolar contrast media; MI — 
myocardial infarction
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ence in the change in Cr level between the groups. 
The value of ∆Cr (discharge – initial) was statisti-
cally lower in the IOCM group, suggesting that 
both groups showed similar Cr levels at discharge 
regardless of the significant difference in initial Cr 
level between the groups. Notably, the incidence of 
any dialysis event was higher in the IOCM group. 
Given that the patients in the IOCM group had 
worse kidney function at initial presentation and 
higher peak Cr level, the former had undergone 
dialysis at a higher frequency than the latter, ow-
ing to the higher likelihood of kidney-function 
deterioration. Nevertheless, these differences in 
in-hospital outcomes were attenuated post-IPTW 
because of the balancing of the covariates.

In 30-day outcomes, a higher incidence of new-
-onset HF in the unadjusted analysis was noted in 
the IOCM group, possibly because of selection bias 
owing to differences in baseline characteristics. 
The IOCM group included more male patients. 
Regarding previous medical history, more patients 
in the IOCM group had prior HF. Furthermore, the 
patients had higher Cr levels and lower CrCl, and  
a higher proportion had CrCl < 20 mL/min/1.73 m2, 
indicating worse kidney function. Patients in the 
IOCM group also had lower LVEFs, with a consid-
erable proportion of patients with LVEF < 40%. 
Regarding discharge medications, beta-blockers, 
which are known to reduce infarct size and early 
mortality, were less frequently prescribed in the 
IOCM group. Additionally, a higher proportion of 
patients in the IOCM group had multivessel CAD 
and STEMI. These multi-faceted factors may con-
tribute to the occurrence of new-onset HF within 
a 30-day follow-up interval [20–25]. Furthermore, 
this worse outcome was not attenuated after 
adjustments with IPTW, with the between-group 
difference remaining significant.

The rates of dialysis tended to be higher in the 
IOCM group, although this trend was attenuated 
after IPTW adjustment. Although the requirement 
of dialysis does not directly signify the presence 
of CIN, our results seem somewhat similar to or 
different from those of some previous studies.  
A literature review reported several studies that 
compared IOCM and LOCM groups [11, 14–16, 
26]. Some studies showed a similar incidence of 
CIN between the groups [15, 16, 26], while other 
studies demonstrated a beneficial effect of IOCM 
on lowering the CIN risk [10, 11, 14]. Meanwhile, 
only one clinical study from the Swedish Coronary 
Angiography and Angioplasty Registry (SCCAR) 
demonstrated lower incidence of kidney failure 
in ioxaglate-treated patients compared to IOCM-

-treated patients [27], which suggests that IOCM 
can lead to the deterioration of kidney function 
compared to LOCM. Given that only unadjusted 
results were considered in our study, the results 
of the SCCAR study seem consistent with those of 
our study. However, SCCAR was a non-randomized 
observational registry, and the survival analyses of 
the study results were not adjusted for covariates. 
Moreover, two subsequently published randomized 
controlled trials produced contradictory results, 
demonstrating that IOCM was less nephrotoxic 
than LOCM [10, 11]. Furthermore, the in-hospital 
outcomes, including the incidence of in-hospital 
dialysis, were statistically attenuated after IPTW 
adjustment.

In 30-day outcomes, most variables including 
all-cause death, non-fatal MI, CVA, stent thrombo-
sis, and any dialysis event were similar between 
the groups. According to a study conducted in Chi-
na, both CMs had similar 2-year all-cause death [5],  
which is consistent with our post-discharge out-
comes. Naturally, there are several differences 
between that study and the present one. The 
study included all patients undergoing elective 
PCI, whereas the present study targeted patients 
with AMI-RI undergoing emergent or urgent PCI. 
Moreover, the study showed the 2-year outcomes 
of patients from a single institution, while our study 
showed clinical outcomes over a relatively short 
period of time of patients from multiple medical 
centers.

Iodinated CM is mainly excreted by the kid-
neys, with a biologic half-life of < 60 min in indi-
viduals with normal kidney function [28]. Naturally, 
if kidney function is compromised, this half-life 
may be lengthened, increasing the likelihood of 
CM retention in the human body and worsening 
kidney function. Because all study subjects had 
RI, it seems plausible that they might have been 
more prone to nephrotoxicity compared to AMI 
patients with preserved kidney function. Given 
that the in-hospital dialysis rate was different but 
the 30-day dialysis rate was similar in the groups, 
the CM type does not appear to have a long-lasting 
effect on kidney function as expected. Because 
iodixanol is traditionally believed to be less harm-
ful to the kidneys than most other CM, our results 
are remarkable.

Given that the PCI rates of AMI in South Ko-
rea were reported to be quite high [1] compared 
to those from other regions of the world [29], 
this investigation in Korean patients with AMI 
is important. Nevertheless, there is a paucity of 
this type of study on renal outcomes between 

796 www.cardiologyjournal.org

Cardiology Journal 2023, Vol. 30, No. 5



IOCM and LOCM. We found only one randomized 
controlled trial that compared IOCM and ioxaglate 
in patients with renal insufficiency undergoing 
angiography [11]. This study, however, did not 
target patients with AMI who required emergent 
PCI. To our knowledge, our study is the first to 
evaluate clinical outcomes in patients with AMI-RI,  
depending on the CM type used during PCI, in  
a Korean population.

Limitations of the study
Our study has several limitations that should 

be considered in the interpretation of the results. 
First, the COREA-AMI registry only included  
9 tertiary centers with high volumes of patients 
with AMI. Therefore, it is difficult to generalize 
the real-world characteristics and all clinical out-
comes of the two study groups. Second, although 
this study was based on a large-scale, multicenter, 
and observational registry, it was non-randomized, 
introducing selection bias in the statistical analy-
sis. Moreover, we excluded patients who received 
mixed use of both IOCM and LOCM. Thus, al-
though the propensity score weighting method 
was performed to minimize the selection bias, 
conducting a multicenter randomized controlled 
trial would be preferable in the future.

Conclusions

Despite previous studies having reported fa-
vorable effects of IOCM use on the development 
of CIN, and our traditional and common belief that, 
compared to LOCM, IOCM is associated with more 
favorable renal outcomes in patients with AMI 
undergoing PCI, the present study demonstrated 
that IOCM use did not prevent future incidence of 
dialysis compared to LOCM use in patients with 
AMI-RI.
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