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Acute Coronary Syndrome

Impact of Intravascular Ultrasound-Guided Percutaneous
Coronary Intervention in Patients With Acute
Myocardial Infarction and Chronic Kidney Disease

Ji Woong Roh, MD, PhD; SungA Bae, MD, PhD; Thomas W. Johnson, MD;
Seok-Jae Heo, PhD; Yongcheol Kim, MD, PhD; Deok-Kyu Cho, MD;
Jung-Sun Kim, MD, PhD; Byeong-Keuk Kim, MD, PhD; Donghoon Choi, MD, PhD;
Myeong-Ki Hong, MD, PhD; Yangsoo Jang, MD, PhD;

Myung Ho Jeong, MD, PhD; on behalf of the KAMIR-NIH Investigators

Background: In the setting of acute myocardial infarction (AMI), there are no data regarding the benefits of intravascular ultrasound
(IVUS) for chronic kidney disease (CKD) patients.

Methods and Results: This study used data from the Korea Acute Myocardial Infarction Registry, a large, multicenter prospective
cohort. We evaluated 1,759 patients with AMI and CKD, defined as estimated glomerular filtration rate (eGFR) <60 mL/min/1.73m2,
and patients were classified into 2 groups: with and without IVUS. The primary outcome was target lesion failure (TLF) at 3 years.
The hazard ratio (HR) of TLF according to eGFR was also analyzed. A total of 1,759 patients with AMI and CKD who underwent
IVUS-guided PCI (19.2%) had a significantly lower risk of TLF at 3 years (8.9% vs. 15.3%; HR 0.55; 95% confidence interval [Cl]:
0.38 to 0.81; P=0.002) than those who underwent angiography-guided PCI, regardless of their eGFR and the presence of end-stage
renal disease (ESRD). The results were consistent after confounder adjustment and inversed probability weighting.

Conclusions: In patients with CKD and AMI who underwent PCI with 2nd-generation DES implantation, the use of IVUS guidance
was associated with a significant reduction in 3-year TLF and showed consistently favorable outcomes regardless of eGFR and ESRD.

Key Words: Acute myocardial infarction; Chronic kidney disease; End-stage renal disease; Intravascular ultrasound; Percutaneous
coronary intervention

chronic kidney disease (CKD) is cardiovascular dis-

ease.! Compared with patients without CKD, those
with CKD present more complex, calcified, and extensive
coronary artery disease.? Intravascular ultrasound (IVUS)-
guided percutaneous coronary intervention (PCI) is a
known technique that provides more accurate lesion mor-
phological analysis and helps stent optimization, which
leads to better clinical outcomes compared with angiogra-

T he most common cause of death in people with

phy-guided PCI in the drug-eluting stent (DES) area.3# In
subgroup analyses of previous randomized clinical trials,
the rate of target vessel failure in patients with CKD was
significantly decreased using IVUS-guided PCI compared
with angiographic guidance.’ Recently, IVUS-guided PCI
with DES implantation showed better long-term clinical
outcomes even in patients with acute myocardial infarction
(AMI).%7 In a subgroup analysis, the beneficial effect of
IVUS-guided PCI was also observed in patients with AMI

Received March 21, 2023; revised manuscript received April 8, 2023; accepted April 11, 2023; J-STAGE Advance Publication
released online May 30, 2023 Time for primary review: 7 days

Yonsei University College of Medicine and Cardiovascular Center, Yongin Severance Hospital, Yongin (J.W.R., S.B., Y.K., D.-K.C.),
Korea; Bristol Heart Institute, Bristol (T.W.J.), UK; Division of Biostatistics, Department of Biomedical Systems Informatics,
Yonsei University College of Medicine, Seoul (S.-J.H.); Severance Cardiovascular Hospital, Yonsei University Health System,
Seoul (J.-S.K., B.-K.K., D.C., M.-K.H.); Department of Cardiology, CHA Bundang Medical Centre, CHA University, Seongnam
(Y.J.); and Chonnam National University Hospital, Gwangju (M.H.J.), Korea

The first two authors contributed equally to this work (J.W.R., S.B.).

Clinical Trial Registration: iCReaT Study No. C110016

Mailing address: Yongcheol Kim, MD, PhD, FACC, FESC, FAPSC, Cardiovascular Center, Yongin Severance Hospital, 363
Dongbacekjukjeon-daero, Giheung-gu, Yongin 16995, Republic of Korea. email: Yongcheol@yuhs.ac and Myung Ho Jeong,
MD, PhD, FACC, FAHA, FESC, FSCAI, FAPSIC, Principal investigator of the Korea Acute Myocardial Infarction Registry,
Department of Cardiology, Chonnam National University Hospital, 42 Jebong-ro, Dong-gu, Gwangju 61469, Republic of
Korea. email: myungho@chollian.net

All rights are reserved to the Japanese Circulation Society. For permissions, please email: cj@j-circ.or.jp —

ISSN-1346-9843 (cOSC)

Circulation Journal Vol.87, October 2023



1340

ROH JW et al.

and CKD.” However, there are few subgroup analyses
regarding the benefit of IVUS for patients with CKD, and
none in the setting of AMI. Therefore, this study aimed to
evaluate the long-term clinical impact of IVUS guidance
for 2nd-generation DES implantation in patients with both
AMI and CKD.

Methods

Design and Study Population

We analyzed the data from the nationwide, multicenter
prospective Korea Acute Myocardial Infarction Registry-
National Institutes of Health (KAMIR-NIH) registry.
Patients with AMI were enrolled in 20 major cardiovascu-
lar centers between November 2011 and December 2015.
The all-clinical parameters of patients in the KAMIR-NIH
registry have been described previously.® Trained study
coordinators at each center saved the data using a web-
based report form on the Internet-based Clinical Research
and Trial Management System. The clinical outcomes

were followed up to 36 months by the attending physicians
with trained coordinators using web-based standardized
case report forms. It has been supported by a grant from
the Korea Centers for Disease Control and Prevention
since November 2011 with the Internet-Based Clinical
Research and Trial Management System (iCReaT study
No. C110016; cris.nih.go.kr identifier KCT0000863). The
study protocols were approved by the ethics committees of
each participating cardiovascular center, following the
principles of the revised Declaration of Helsinki. Informed
consent was gathered from all participated patients in the
KAMIR-NIH.

In this study, CKD was defined as estimated glomerular
filtration rate (eGFR) <60mL/min/1.73m? calculated
using the Modification of Diet in Renal Disease (MDRD)
equation. End-stage renal disease (ESRD) was defined as
eGFR <15mL/min/1.73m2.® Among the 13,104 patients
with AMI enrolled in the KAMIR-NIH registry, we
selected 1,759 patients with CKD who underwent PCI with
2nd-generation DES implantation. The exclusion criteria

Table 1. Baseline, Lesion, and Procedural Characteristics of Study Population With Chronic Kidney Disease
Crude population
POLasn  POlmerasy | Pvalue
Demographics
Age, years 69.8+11.0 70.7+10.9 0.19
Male 225 (66.8%) 884 (62.2%) 0.13
Body mass index 24.1+3.5 23.6+3.3 0.04
Killip class Ill 48 (14.2%) 307 (21.6%) 0.003
Clinical presentation
STEMI 131 (38.9%) 658 (46.3%) 0.02
NSTEMI 206 (61.1%) 764 (53.7%)
Cardiovascular risk factors
Hypertension 233 (69.1%) 1,012 (71.2%) 0.50
Diabetes mellitus 164 (48.7%) 667 (46.9%) 0.60
Dyslipidemia 49 (14.5%) 155 (10.9%) 0.08
Current smoker 75 (22.3%) 353 (24.8%) 0.36
Previous history of Ml (1 0.4%) 136 ( .6%) 0.72
Previous history of PCI 2 (6.5%) 4 (6.6%) 0.99
Previous history of CVA 30 (8.9%) 170 (12.0%) 0.14
Familial history 23 (6.8%) 9 (4.1%) 0.15
LVEF <50% 135 (40.1%) 685 (48.2%) 0.009
eGFR, mL/min/1.73m?2 42.5+15.5 41.5+15.6 0.30
CKD stage lll 270 (80.1%) 1,104 (77.6%) 0.58
stage IV 35 (10.4%) 174 (12.2%)
stage V 32 (9.5%) 144 (10.1%)
Hemoglobin level 12.5+2.2 12.2+2.2 0.12
Medication at discharge
DAPT
Aspirin 337 (100.0%) 1,420 (99.9%) 0.93
P2Y12 inhibitor 336 (99.7%) 1,417 (99.6%) 0.89
Clopidogrel 282 (83.7%) 1,229 (86.4%) 0.22
Prasugrel 20 (5.9%) 103 (7.2%) 0.47
Ticagrelor 73 (21.7%) 256 (18.0%) 0.14
RAAS inhibitor 271 (80.4%) 1,107 (77.8%) 0.34
B-blocker 273 (81.0%) 1,176 (82.7%) 0.51
Statin 315 (93.5%) 1,279 (89.9%) 0.06
(Table 1 continued the next page.)

Circulation Journal Vol.87, October 2023



IVUS-Guided PCI in Patients With AMI and CKD 1341
Crude population
Poleaan Pl ragsy . Palue
Lesion characteristics
Vessel disease 0.09
1 110 (32.6%) 551 (38.7%)
2 141 (41.8%) 519 (36.5%)
3 86 (25.5%) 352 (24.8%)
Culprit vessel <0.001
LM 43 (12.8%) 55 (3.9%)
LAD 149 (44.2%) 601 (42.3%)
LCX 43 (12.8%) 222 (15.6%)
RCA 102 (30.3%) 544 (38.3%)
ACC/AHA B2/C lesion 280 (83.1%) 1,200 (84.4%) 0.61
3 vessels treated 16 (4.7%) 45 (3.2%) 0.21
Procedural characteristics
Transradial approach 105 (31.2%) 397 (27.9%) 0.90
Glycoprotein llb/llla inhibitor 55 (16.3%) 129 (9.1%) <0.001
Thrombus aspiration 63 (18.7%) 294 (20.7%) 0.46
Stent type 0.52
Biolimus 52 (15.4%) 208 (14.6%)
Everolimus 186 (55.2%) 806 (56.7%)
Zotrarolimus 81 (24.0%) 360 (25.3%)
Sirolimus 15 (4.5%) 39 (2.7%)
Novolimus 3 (0.9%) 9 (0.6%)
Stent diameter 3.2+0.5 3.1£0.4 <0.001
Total stent length, mm 33.0+17.3 31.2+15.6 0.08
>60 35 (10.4%) 108 (7.6%) 0.12
Total no. of stents 1.7+£0.9 1.5+0.8 0.002
>3 58 (17.2%) 166 (11.7%) 0.008
Successful PCI 335 (99.4%) 1,410 (99.2%) 0.95

Values are presented as mean+SD or n (%). ACC, American College of Cardiology; AHA, American Heart Associa-
tion; CVA, cerebrovascular accident; DAPT, dual antiplatelet therapy; DES, drug-eluting stent; eGFR, estimated
glomerular filtration rate; LAD, left anterior descending artery; LCX, left circumflex artery; LM, left main; MI, myocar-
dial infarction; NSTEMI, non-STEMI; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary interven-
tion; PS, propensity score; RAAS, renin-angiotensin-aldosterone system; RCA, right coronary artery; SMD, standard
mean difference; STEMI, ST-elevation myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.

were patients with cardiogenic shock, thrombolysis, no
PCI or PCI without stenting, PCI with a bare-metal stent
or Ist-generation DES, fractional flow reserve use or opti-
cal coherence tomography-guided PCI, and missing data,
patients without CKD, and patients lost to follow-up (i.e.,
when the patient was safely discharged but did not visit the
hospital again and unable to be contacted by telephone)
(Supplementary Figure 1). Patients with AMI who under-
went 2nd-generation DES implantation were managed
according to the most up-to-date AMI guidelines.'®-!! The
choice of the preballoon size or stent size and type, inter-
ventional strategy (e.g., use of thrombus aspiration), and
therapeutics (e.g., use of glycoprotein IIb/Illa inhibitors,
heparin dose) were left to each operator.

Study Outcome

The primary outcome was target lesion failure (TLF) at 3
years after PCI, defined as a composite of cardiac death,
target vessel myocardial infarction (TV-MI), and ischemia-
driven target lesion revascularization (ID-TLR). Death
was considered as cardiac death unless the exact non-car-
diac cause of death could be identified. TV-MI was consid-
ered as an MI with evidence of myocardial necrosis in the

territory of the treated target vessel according to the 3rd
Universal Definition of MI.122 ID-TLR was regarded as any
PCI of the target lesion due to the presence of 250% angio-
graphic diameter stenosis associated with symptoms of
angina or a positive functional study, or a 270% angio-
graphic diameter stenosis without symptoms of angina or
a positive functional study. Secondary outcomes included
the individual components of TLF, which was defined
according to the Academic Research Consortium defini-
tion, and major adverse cardiovascular events (MACE)
such as all-cause death, any MI, definite or probable stent
thrombosis, and any revascularization.!3

Statistical Analysis

Categorical variables are expressed as frequencies and per-
centages. Depending on the number of each variable, the
chi-square or Fisher’s exact test was performed. Continu-
ous variables were analyzed with descriptive methods
depending on their distribution, and variables with a nor-
mal distribution are presented as means and standard
deviations. Cumulative incidences of clinical events at 3
years were calculated based on a Kaplan-Meier curve, and
comparisons of clinical outcomes between the IVUS- and
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Figure 1.

Cumulative incidence of clinical outcomes according to IVUS Use. Kaplan-Meier curves for comparison of (A) the rates
of target lesion failure and (B) major adverse cardiovascular events between IVUS- and angiography-guided PCI in patients with
AMI and CKD. Target lesion failure for (C) non-ESRD and (D) ESRD groups are shown. AMI, acute myocardial infarction; CKD,
chronic kidney disease; ESRD, end-stage renal disease; IVUS, intravascular ultrasound; PCI, percutaneous coronary intervention.
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angiography-guided PCI groups were analyzed by log-
rank test. A Cox regression model with a restricted cubic
spline was used to graphically display a plot of the hazard
ratio (HR) across the range of eGFRs for the interaction
effect of TLF between the type of guided PCI and eGFR.
As differences in baseline characteristics could affect clini-
cal outcomes, sensitivity analyses were performed to adjust
for confounding factors as much as possible. First, a mul-
tivariable Cox regression model was used to assess clinical
outcomes. Variables that were significant on univariate
analysis (P<0.1) or important variables were included in
the multivariate analysis with the following covariates: age,
sex, body mass index, Killip class III as acute pulmonary
edema, ST-elevation MI (STEMI), hypertension, diabetes
mellitus, prior PCI, history of cerebrovascular accident,
left ventricular ejection fraction <50%, CKD stage, statin
use, multivessel disease, left main PCI, glycoprotein I1b/
Ila inhibitors, and procedural factors (transradial

approach, stent diameter, stent length >60 mm, and stent
number >3). Second, we performed inverse probability
weighting (IPW) between the groups to quantitatively
assess the difference between PCI strategies. The IPW of
all variables was assessed using the proportional hazard
regression model. The values after IPW adjustment were
within £10% across all matched covariates, demonstrating
successful balance between the comparative groups
(Supplementary Figure 2). All statistical analyses were per-
formed using the survival, Matchlt, and WeightIt pack-
ages of R, version 3.6.3 software (R Foundation for
Statistical Computing, Vienna, Austria).

Results

The selection of the enrolled patients is shown in
Supplementary Figure 1. In total, 1,759 CKD patients with
AMI underwent PCI with 2nd-generation DES implanta-
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Table 2. Comparison of 3-Year Clinical Outcomes in Patients With Chronic Kidney Disease

IVUS-guided PCI Angiography-guided Unadjusted
Fyear olitcomes (n=337) POl (no1.422) HR (95% CI) P value
Target lesion failure* 30 (8.9%) 218 (15.3%) 0.55 (0.38-0.81) 0.002
Cardiac death 23 (6.8%) 160 (11.3%) 0.59 (0.38-0.91) 0.02
TV-MI 3 (0.9%) 32 (2.3%) 0.38 (0.12-1.24) 0.11
ID-TLR 7 (2.1%) 55 (3.9%) 0.51 (0.23-1.12) 0.09
MACE+ 68 (20.2%) 426 (30.0%) 0.63 (0.49-0.82) <0.001
All-cause death 37 (11.0%) 259 (18.2%) 0.58 (0.41-0.82) 0.002
Any MI 10 (3.0%) 73 (5.1%) 0.54 (0.28-1.05) 0.07
Any revascularization 25 (7.4%) 140 (9.8%) 0.72 (0.47-1.10) 0.12
Definite/probable ST 2 (0.6%) 8 (0.6%) 1.02 (0.22-4.79) 0.98
Multivariable-Adjusted* IPW-Adjusted
3-year outcomes
HR (95% CI) P value HR (95% CI) P value
Target lesion failure* 0.61 (0.42-0.90) 0.01 0.58 (0.38-0.88) 0.01
Cardiac death 0.68 (0.44-1.05) 0.08 0.66 (0.42—1.09) 0.08
TV-MI 0.40 (0.12-1.31) 0.13 0.40 (0.12-1.27) 0.12
ID-TLR 0.50 (0.23-1.11) 0.09 0.41 (0.15-1.08) 0.07
MACE+ 0.68 (0.53-0.88) 0.004 0.66 (0.49-0.88) 0.005
All-cause death 0.65 (0.46-0.92) 0.01 0.65 (0.45-0.94) 0.02
Any Ml 0.58 (0.30-1.12) 0.11 0.57 (0.30-1.12) 0.10
Any revascularization 0.73 (0.45-1.12) 0.33 0.67 (0.43-1.05) 0.08
Definite/probable ST 1.11 (0.23-5.34) 0.90 0.97 (0.19-5.09) 0.97

Values are presented as n (%) unless otherwise indicated. *Target lesion failure: composite of cardiac death, target vessel Ml, ischemic driven
TLR. +*MACE: a composite of all-cause death, MI, any revascularization. *Adjusted variable: age, sex, body mass index, Killip class 3, STEMI,
hypertension, diabetes, history of PCI, CVA, LVEF <50%, CKD stage, statin use, multivessel disease, LM PCI, glycoprotein lIb/llla inhibitors,
and procedural factors (transradial approach, stent diameter, stent length >60mm, stent number =3). ClI, confidence interval; HR, hazard ratio;
IPW, inverse probability weighting; MACE, major adverse cardiovascular event; MI, myocardial infarction; ST, stent thrombosis; TLR, target
lesion revascularization; TV-MI, target vessel myocardial infarction.
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Figure 2. Relationship between type of PCl and eGFR for target lesion failure. Cox regression model with a restricted cubic spline
was used to calculate the HR and 95% CI. The solid line is the HR of IVUS-guided PCI vs. angiography-guided PCI across the
range of eGFRs. The shaded area around this line represents the 95% CI. The Wald test was used to evaluate the interaction
between type of guided PCIl and eGFR level. Cl, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio;
PCI, percutaneous coronary intervention.
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Figure 3. Kaplan-Meier curves for comparison of (A) the rates of target lesion failure in the CKD state including ESRD and (B) the
rates of target lesion failure in the ESRD state between IVUS- and angiography-guided PCI. (C) The 3-year clinical outcomes of
target lesion failure with their components. CKD, chronic kidney disease; ESRD, end-stage renal disease; IVUS, intravascular
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tion; 337 (19.2%) underwent IVUS-guided PCI and 1,422
(80.8%) underwent angiography-guided PCI.

Baseline Characteristics of Patients

The patients’ mean age was 70.4£10.8 years, and 1,109
(63.0%) were male. Their baseline clinical, lesion, and pro-
cedural characteristics are summarized in Table 1. The
IVUS-guided PCI group had lower prevalence of Killip
class III, STEMI and ejection fraction (<50%) than the
angiography-guided group. For the procedural character-
istics, the IVUS-guided PCI group had higher rates of left
main disease, left anterior descending artery disease, glyco-
protein IIb/Illa inhibitor use than the angiography-guided
PCI group. A significantly larger stent diameter and total
stent number were observed in the IVUS-guided PCI
group than in the angiography-guided PCI group. The rate
of successful PCI was similar between groups.

Clinical Outcomes According to PCI Strategy
The median follow-up duration was 3 years (interquartile

range: 2.85-3.06 years). Figure 1, Supplementary Figure 3,
and Table 2 present a comparison of clinical outcomes
between the IVUS- and angiography-guided PCI groups
of patients with AMI and CKD. The risk of 3-year TLF
was significantly lower in the IVUS-guided group (8.9%)
than in the angiography-guided group (15.3%) (HR: 0.55;
95% confidence interval (CI): 0.38-0.81; P=0.002)
(Figure 1A, Table 2). The results were consistent after mul-
tivariable Cox regression analysis (multivariable-adjusted
HR: 0.61; 95% CI: 0.42-0.90; P=0.012) and IPW adjust-
ment (IPW-adjusted HR: 0.58; 95% CI: 0.38-0.88;
P=0.010) (Table 2). IVUS-guided PCI was significantly
associated with a reduction in MACE, and all-cause death,
after multiple adjustments for various confounding factors
and IPW adjustment (Figure 1B, Table 2).

Comparisons of Clinical Outcomes According to CKD Stage
When TLF were compared between non-ESRD and ESRD
patients, the IVUS-guided PCI group showed significantly
better outcomes in both non-ESRD and ESRD groups
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(Figure 1C,D). The restricted cubic spline curve showed the
benefit of IVUS-guided PCI on the 3-year TLF across a
range of eGFRs (Figure 2). However, there was no statisti-
cal difference in the HR of IVUS-guided PCI vs. angiogra-
phy-guided PCI according to eGFR (P interaction=0.613).

Discussion

In this study, we compared the 3-year clinical outcomes
between IVUS- and angiography-guided PCI with 2nd-
generation DES implantation in patients with AMI and
CKD using data from a nationwide, multicenter prospec-
tive dedicated AMI registry. The main findings of the cur-
rent study were: (1) IVUS guidance was significantly
associated with a lower risk of TLF and MACE at 3 years
compared with angiography-guided PCI, (2) IVUS guid-
ance was consistently associated with a reduction in the
3-year TLF in patients with AMI and CKD including
ESRD regardless of eGFR (Figure 3).

Recently, nonrandomized clinical trials and subgroup
analyses of AMI registry data have shown benefits of
IVUS-guided PCI with DES implantation for patients with
AMI and CKD.” Furthermore, the benefits of IVUS guid-
ance were also proven in patients with high ischemic risk,
including CKD of AMI, and were more dominant among
patients with CKD than among those without CKD.14

When compared with patients without renal impair-
ment, patients with CKD are more likely to have a higher
ischemic burden, including long and calcified lesions with
multivessel disease, associated with periprocedural and
long-term higher mortality rates.!>18 The only data on the
effect of IVUS in patients with CKD are from a subgroup
study’ of a randomized trial regarding IVUS vs. angiogra-
phy guidance, and IVUS-guided PCI demonstrated sig-
nificantly better clinical outcomes in patients with CKD in
terms of ischemic events, but not in the non-CKD group.
In patients with CKD, the number of stents was higher,
and the stent length was longer with smaller stent diameter
than in patients without CKD.5 These PCI characteristics
of patients with CKD are a possible explanation for why
stent optimization of IVUS is more important in patients
with CKD and that the benefits of IVUS in patients with
CKD are shown to be better than on those in patients
without CKD. In our study using dedicated AMI registry
data, when compared with angiographic guidance, the
stent diameter was bigger and stent number was higher in
the IVUS group, which could affect the favorable clinical
outcomes in IVUS-guided PCI. Possibly the operators
have to make more effort to optimize PCI using IVUS
guidance for the diffuse and tight lesions of CKD even
though the AMI settings. In addition, although the study
did not include data on periprocedural myocardial injury,
a combination of approaches, such as the use of IVUS
together with optimal stenting and pretreatment with spe-
cific medications such as statins and nicorandil, may
potentially contribute to improved clinical outcomes in
this patient population by addressing these concerns.!-2!

Our study also showed the benefits of IVUS guidance,
depending on the eGFR, including ESRD state. Our analysis
demonstrated the consistent effect of IVUS-guided PCI in
patients with CKD and AMI, regardless of eGFR. There-
fore, we suggest that the use of IVUS for patients with
AMI and renal impairment, including ESRD, should be
considered to achieve PCI optimization, although further
randomized studies are needed to fully determine the ben-

efits of IVUS-guided PCI in patients with AMI and CKD.

Study Limitations
First, this study had the inherent limitations of observa-
tional registry data with selection biases, because IVUS use
was decided at the operator’s discretion and the exact
reason for IVUS use was unknown in this registry. Second,
IVUS guidance might not guarantee stent optimization,
because the details of IVUS parameters such as minimal
stent area or stent expansion rate or post dilatation with
non-compliant balloon after stenting were not provided in
the registry. Third, the present registry data did not collect
the amount of contrast media used during PCI, which
might affect clinical outcomes; therefore, the results should
be interpreted with caution. Fourth, we did not have infor-
mation on MI size assessed by cardiac magnetic resonance
imaging, which is an important factor in evaluating the
prognosis of AMI patients. However, we attempted to
overcome this limitation by including as many factors as
possible that could potentially affect infarct size in our
multivariable-adjusted model to compare clinical out-
comes. Fifth, our study lacked proteinuria and albumin-
uria data, which are crucial components in the definition
of CKD. Instead, we focused on eGFR, calculated using
the MDRD equation, to classify CKD stages. Despite this
constraint, we believe our study still provides valuable
insights into the relationship between CKD stages and
clinical outcomes in patients with AMI. Sixth, calcification
is a limitation of the procedure or the use of IVUS in CKD
patients, but unfortunately the degree of calcification or
the use of rotational atherectomy are not investigated in
this registry, so we conducted this study only for patients
who were successfully implanted with a 2nd-generation DES.
In this nationwide multicenter registry, IVUS guidance
for patients with AMI and CKD undergoing second-gen-
eration DES implantation was associated with a lower risk
of TLF at 3 years and showed consistently favorable out-
comes regardless of eGFR level, including ESRD.
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