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Renal Function and its Time-Sensitive
Influence on Survival Rates of Acute
Myocardial Infarction

Hirota Kida, MAS, PhD; Yuki Matsuoka, MD; Daisuke Sakamoto 2, MD; Shungo Hikoso ¢, MD, PhD;

Daisaku Nakatani @2, MD, PhD; Katsuki Okada 2, MD, PhD; Akihiro Sunaga @, MD, PhD; Taiki Sato, MD, PhD;
Tetsuhisa Kitamura (2, MD, PhD; Yasuhiko Sakata, MD, PhD; Hiroshi Sato (2, MD, PhD; Masatsugu Hori 2, MD,
PhD; Issei Komuro @, MD, PhD; Yohei Sotomi @2, MD, PhD; Yasushi Sakata 2, MD, PhD; Osaka Acute Coronary
Insufficiency Study (OACIS) Investigators

BACKGROUND: Primary percutaneous coronary intervention is the preferred treatment for acute myocardial infarction. However,
in patients with chronic kidney disease (CKD), the use of contrast media can exacerbate renal dysfunction, often necessitating
alternative strategies. The impact of CKD on acute myocardial infarction prognosis, particularly in the context of percutaneous
coronary intervention, is not fully understood.

METHODS AND RESULTS: This study utilized real-world registry data from the OACIS (Osaka Acute Coronary Insufficiency Study)
to evaluate prognosis across different CKD grades, including advanced

CKD and hemodialysis. From a database of 12093 patients with acute myocardial infarction, we identified 8411 patients with
renal function data at admission (@ median follow-up period of 1765 days). These patients were classified into 8 CKD categories
based on estimated glomerular filtration rate (€GFR); G1 (€GFR>90 mL/min per 1.73 m?): n=1122, G2 (90>eGFR >60 mL/min
per 1.73 m?): n=3588, G3a (60>eGFR>45 mL/min per 1.73 m?): n=1923, G3b (45>eGFR>30 mL/min per 1.73 m?): n=1030, G4:
(30>eGFR>15 mL/min per 1.73 m?): n=473, G5a: (15>eGFR=8 mL/min per 1.73m?): n=80, G5b: (eGFR<8 mL/min per 1.73 m?):
n=53 and hemodialysis: n=142. Percutaneous coronary intervention rates declined with advancing CKD, reaching the lowest in
Gbha (80.3%) but increasing again in G5b and hemodialysis groups (=90%). Thirty-day all-cause mortality rates increased with
CKD severity, with a notable reduction in G5b (9.4%) before rising again in patients with hemodialysis (16.9%). Long-term data
showed a progressive worsening of prognosis with advanced CKD, culminating in the poorest outcomes among patients with
hemodialysis.

CONCLUSIONS: This study demonstrated differential impacts of CKD severity on short- and long-term clinical outcomes in the
context of patients with acute myocardial infarction.

Key Words: acute myocardial infarction ® chronic kidney disease m hemodialysis ® primary percutaneous coronary intervention m real-
world data

primary percutaneous coronary intervention (PCI) of contrast media can exacerbate renal dysfunction,

In the context of acute myocardial infarction (AMI), patients with chronic kidney disease (CKD), the use
is currently the first-line treatment. However, in often leading to alternative strategies being used. The
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CLINICAL PERSPECTIVE
What Is New?

e In general, patients with acute myocardial
infarction with a higher stage of chronic kidney
disease or on hemodialysis exhibit progressively
worse short- and long-term outcomes.

e However, this real-world study indicated that
patients with severe chronic kidney disease
(estimated glomerular filtration rate <8 mlL/
min per 1.73 m? but not on hemodialysis
nevertheless  demonstrated  unexpectedly
favorable short-term survival rates, potentially
due to the increased frequency of primary
percutaneous coronary intervention.

What Are the Clinical Implications?

¢ In patients with acute myocardial infarction and
advanced chronic kidney disease, aggressive
revascularization strategies might be given
precedence over the preservation of renal
function. Future prospective randomized trials
are warranted to investigate the potential
advantages of the strategy.

Nonstandard Abbreviations and Acronyms

OACIS Osaka Acute Coronary Insufficiency
Study

real-world impact of this on overall prognosis, con-
sidering the comorbidity of CKD and AMI, is not fully
understood. In Japan, the number of patients with
CKD is estimated to be 13.3 million, and the preva-
lence of patients with hemodialysis has been gradu-
ally increasing.! CKD is recognized as an independent
risk factor for cardiovascular events in patients with
AMI, significantly influencing treatment strategies due
to potential renal deterioration from contrast media
during PCl.%

This study aims to comprehensively evaluate the
differences in prognosis across various CKD grades,
including advanced CKD and patients undergoing
hemodialysis. Utilizing real-world registry data from
a large-scale prospective cohort study of patients
with AMI OACIS (Osaka Acute Coronary Insufficiency
Study), we seek to elucidate how different CKD
stages impact both short- and long-term outcomes.
Understanding these differences is crucial for optimiz-
ing treatment strategies and improving prognostic out-
comes for patients with AMI with varying degrees of
renal impairment.

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005
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METHODS

Our study data will not be made available to other re-
searchers for purposes of reproducing the results be-
cause of institutional review board restrictions.

Study Subjects

The OACIS is a prospective, multicenter, observa-
tional study in which 25 collaborating hospitals in the
Osaka region of Japan recorded demographic, proce-
dural, and outcome data from patients with AMI. The
OACIS is registered in the University Hospital Medical
Information Network Clinical Trials Registry (UMIN-
CTR) in Japan (ID: UMINO00004575). The study was
conducted in accordance with the Declaration of
Helsinki Ethical Principles. Written informed consent
was obtained at enrollment. The present study was
approved by the institutional review board of Osaka
University Hospital (ID: 14360-9). A detailed descrip-
tion of the OACIS has been published elsewhere.>° A
total of 12093 patients with AMI were registered in the
OACIS registry between 1998 and 2014. A diagnosis
of AMI was made if the patient fulfilled at least 2 of the
following 3 criteria: (1) clinical history of central chest
pressure, pain, or tightness lasting >30 minutes, (2) ST-
segment elevation >0.1 mV in at least 1 standard or 2
precordial leads, and (3) a rise in serum creatine phos-
phokinase concentration to more than twice the normal
laboratory value. Collaborating hospitals were encour-
aged to enroll consecutive cases of AMI irrespective
of their treatment strategy or outcome. Of these, 3824
patients with renal function data not available on hos-
pital admission were excluded from the current analy-
sis. Finally, we identified 8411 consecutive cases where
the estimated glomerular filtration rate (eGFR: mL/min
per 1.73 m?) was available upon admission. We classi-
fied these patients into 8 categories according to their
renal function on admission; G1 (eGFR >90 mL/min per
1.73 m?), G2 (90>eGFR>60 mL/min per 1.73 m?), G3a
(60>eGFR >45 mL/min per 1.73 m?), G3b (45>eGFR
>30 mL/min per 1.73 m?), G4: (30>eGFR >15 mL/min
per 1.73 m?), Gba (15>eGFR>8 mL/min per 1.73 m?),
G5b (eGFR<8 mL/min per 1.73 m?) and hemodialysis
based on the guideline.®!" The grade 5 was further di-
vided into Gba group, which has not yet crossed the
border of indication of hemodialysis and G5b group,
which has already reached to the indication level of he-
modialysis according to the guideline but not yet re-
ceived hemodialysis."?

Data Collection and Patient Follow-Up

Investigative cardiologists and research coordinators
collected patient demographic and clinical data by
direct interview of patients or their family members.
Patient follow-up was conducted 3 and 12 months
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after discharge for AMI and annually thereafter for up to
Syears. Information on the clinical event was collected
by local investigators when visiting outpatient clinics or
through verbal or written contact with patients or family
members. All data were transmitted to the data collec-
tion center (Osaka University Hospital) for processing
and analysis.

Study End Point

The primary end point of this study was all-cause mor-
tality. Short-term and long-term outcomes were eval-
uated at 30days and byears after the onset of AMI,
respectively. The definitions of the causes of death in
our study are tabulated in Table S1. Of note, cardiovas-
cular death within 30 days after AMI is generally defined
as death due to AMI. However, in this study, we further
identified detailed causes such as fatal arrhythmias
and cardiogenic shock, even within 30days of AMI
study.®™ Three researchers reviewed the causes of
death described in the data set. In cases of any doubt,
they discussed until a consensus was reached as to
the most likely cause of death. Two matching votes
were needed to finalize the classification.

Statistical Analysis

Categorical variables were presented as number (fre-
quency) and compared using the x? test or Fisher exact
test among 8 groups based on level of kidney function.
Continuous variables were presented as medians (inter-
quartile range) and compared using 1-way ANOVA for
normal distribution or the Kruskal-Wallis test for skewed
distribution between 8 groups. Missing data were im-
puted by random forest imputation using “missForest”
package in R before the following logistic regression

Prognostic Impact of Renal Function in AMI

analysis and the Cox regression analysis. The “missFor-
est” algorithm fits a random forest model on the observed
data to predict missing values, under the assumption of
missing at random.'® The Cochran-Armitage trend test
was used to examine the trends of 30-day mortality
among the different CKD grades. Univariable and mul-
tivariable logistic regression models were utilized to as-
sess whether CKD grade was associated with 30-day
all-cause, cardiovascular, and noncardiovascular death.
We defined G2 as a reference, since G2 had the largest
number of patients. The multivariable logistic regression
model was used to evaluate the impact of CKD grade
with adjustment for the following clinically relevant co-
variates selected based on clinical consensus: age, sex,
diabetes, hypertension, dyslipidemia, prior myocardial
infarction, prior cerebrovascular disease, primary PCI,
cardiac pulmonary arrest on admission, creatinine kinase
>3000 IU/L, and medications such as catecholamine, -
blockers, angiotensin-converting enzyme inhibitors, an-
giotensin Il receptor blocker, diuretics, and statins. As for
all-cause death after hospital admission up to final fol-
low-up, differences in survival curves among the 8 CKD
grades were estimated by the Kaplan—-Meier method and
analyzed using the log-rank test. Also, we performed
landmark analysis at 30days from hospital admission in
order to separately evaluate the impact of CKD grades
on short- and long-term prognosis. The trend among dif-
ferent CKD grades was analyzed by Log-rank trend test.
Considering the proportional hazards assumption, the
follow-up period was segmented into 2 distinct phases:
(1) the initial 6 months starting from the landmark point at
30days, and (2) the subsequent phase from 6 months to
5years. The impact of CKD on all-cause mortality was
assessed using a univariable and multivariable Cox pro-
portional hazard model, with G2 as reference, across the

N =12093

AMI patients from 1998 to 2014 in OACIS study

Renal function data on admission not available

n = 3682

Renal function data on admission available

n=8411
CKD G1 CKD G2 CKD G3a CKD G3b CKD G4 CKD Gb5a CKD G5b HD
(eGFR290) (90>eGFR=60) | |(60>eGFR245)| |(45>eGFR=30)| |(30>eGFR=215)| | (15>eGFR=8) (8>eGFR)
n=1122 n=3588 n=1923 n=1030 n=473 n=80 n=53 n=142

Figure 1. Study population.

AMI indicates acute myocardial infarction; CKD G, chronic kidney disease grade; eGFR, estimated glomerular filtration rate; HD,

hemodialysis; and OACIS; Osaka Acute Coronary Insufficiency Study.

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005




Prognostic Impact of Renal Function in AMI

Kida et al

(penupuo)

100°0> A (rv9) 28 (Ge9) ee (€99 e¥ (F19) 2ve (K29) 875 (5°09) Ge6 (Gv¥) 9851 Q0w ery (8'/1) s6.€ 9sBOSIP (0SSN

100'0> 68 (€'8¢) 1S (rge) 21 (L19) g2 (o) 621 (9'1¥) z8e (0w 202 8¢ lekt (622 62 (0'9¢) 2622 A1eu0100 1By

SLEO 68 (081 ve €9y (o1 oL (902 18 o9y 271 65182 (@91) 265 (281) /61 (291) 8221 X8JUNOII0 o]

1000> 6'8 (Fsv) 09 (€'89) 82 (8'09) 1€ (0'se) set (7'6€) 29e ('ev) v2 (€'09) 5991 ('v9) 128 (F2¥) 209 |  Buipusosep lousiue yeT

100'0> 68 (G2 ok €9y (99 v (99 ce (€9 L9 v eL (F2) 89 (60) 6 (l'e) 6ee unJ} urew e
Aiarie parejal-104eju|

100°0> vk (979) 2 (CirAbe} @1 e (6€) 71 (9¢)ce ©'1oe (CHNNGZ (Fa) e €2 9l 99v0

100°0> 68 (6'68) 911 (906) 8% (€08) L8 (€88) vge (0'z6) 898 (r'v6) 9r9L (Fge) erie (0'96) 286 (8'¢6) 6812 10d Asewitid
2INPad0.d

le'or -609] [988 -0z'9] gy -6¢e€l loe'z-021] log'1 -0z'1] lort-9670] [06°0-02°0] [99:0-05°0] [orL-020]

100°0> 9L 128 ok €9¢ 002 ek vO'L 080 090 060 (Ip/Bw) eulunesin

100°0> 9y (8'6¢) 6¥ (8'sv) 2 (2'89) ¥ (e'e9) vee 1) vee (€92 181 G2y ley €2) 6L (r'12) 8LLL IIZ ssejo dijiiy

1700 9 [soL 2188 loor—ezls8| [eor-o9les| [oor-09le8| [0OL-09] 08 [z6 -9l 82 [06 —99] 8/ [06 —29] ‘82 [e6 -59] 82 (uiw/syeaq) eres LeaH

(BHww)

000> €8 [06 -09] €2 [o8 —29] 08 [r8 -89l 02 [g8 -85l 02 (88 -09] €2 [06 —¥9] 82 [¥6 -0.] 08 [96 —¥2] 8 [e6-89] 08 | @insseid poojq dljoiselq

(BH wiw)

100'0> 9| logt -vilger | [o9k —geH ovl | [rvL—00H gek | [ovL-86l vk | [0S -0 Gek | [egh -0k el | [8St —0gH 8et | [09k —veH ovh | [9G1 —ghi] gt ainssa.d poojq oljo}sAs

100°0> ey (298 2+ (Ne)R% (Lv) e (2°9) 95 (€9 16 €2 08 (G0 s (€€) 992 UOISSIWPE UO V4O

SLEO 8t (208 et (F18) e (Lv2) 69 618 628 (L'28) ge8 (9'78) 085k (0'78) 6262 (5's8) 2g6 (0'78) 0269 IN3LS
uoISsIWpe uo snjeis

100'0> re 912 0e (2gh8 (221 ok (Bel) €9 (el gL €6) 22t (6'8)91e (r'9) 09 €6) 192 10d Jold

uoloJeUl

L00'0> 8t (osh 1e Gen s 621) 71 (CECINECY2 (8's1) 851 (oeh) vie (G6) 9ee (rg) 28 @) 126 [e1pse00AW Jold

L00'0> 9¢ (F29) ¥9 (rov) 61 @19) ve (S'sv) 861 (G'29) 805 (¢'89) 0201 (0's9) 8222 (€sl) zes (F'29) 6£09 Buows

100'0> ey @9l ez (0zh9 (rze) 21 (F12) 96 (8'51) GGt (201 961 (0'9) v22 (r'v) 8y (0'01) 608 |  @sessIp Jgnosenoiqele)

100°0> Iy B'1€) e (0's¢) 61 (028 22 (€2€) 891 1) 268 ('9v) e98 (9'9v) 809+ (G'9v) 205 (rgt) 619€ elwepidisig

H00'0> €e (6'89) €8 (6'v9) 82 B€9) (96v) S22 (0'8e) 69E (L2€) s09 (¢ 0e) vSot (Lve) ege (0ve) g9/¢ sejeqeld

H00'0> 9¢ (0'ze) 9zt (r82) ov (€'52) 85 (€08) 89¢ 812 LeL (2'99) gech (1'19) Lete (G'19) BSS (6€9) 6219 uoisualedAH

[ove -1l Sz g6l [ge -8°0e] [r'ge -v0cl ['ge -6°02] [oge-v1el [8'gg 212l legz-21el (262 -v'1el

100°0> I'g €22 /'ce 822 822 zee Gee 162 82 gee /B Ing

100'0> 0 (€82) L1t (6'09) 22 (8'89) Lt (6'29) /2 (G29) 969 (F92) govt (€62) L¥8e (6'92) €98 (@el) L2e9 ole

H00'0> 0 [92-69] 29 [62 -€9] 69 [eg -99] 92 leg -0/ 22 [eg 29l v2 [22-—29l 0L [e2-85] 99 [99 -0g] 69 [92 -6 89 (A) oy

solsu9joeIRY) duljdseqg

Downloaded from http://ahajournals.org by on July 9, 2025

elep Juened

‘I alqeL

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005



§20Z ‘6 AInc uo Aq Blo'sjeuinofeue//:dny wouy papeojumoq

Kida et al

Prognostic Impact of Renal Function in AMI

a
T
N g
o o|lo|o ©
3 =i R} Re]
s} c|lo|o 5
v 2AR2RY 2
©
g
=
B
5]
@ | 2
A NI S| @
© Gl=|F £
Ke]
o
=l |2 B
3 Nlgl 0w
©
d=ls|o| £
o llSiee B
28| |w|o @
H®QPlw|lo|o o
~L Q|- |-
[T
(O]
[0
— i
— > %
® © e
Ol =" | ~ =
~ || 1|= ©
| |o|o|w >
o S| ©
ofRlo|lale 5
RO 2 D= .
Ec
Ele]
) &8
™ 3 o9
215, 38
©1g0 |9 =
I - 8
o*—ﬁgl\ < 5
@B =)ol = a s
CE|RIR| 8 O 5
5 ©
C>\
— g E
(e} c
D184 Ee
3535 £
<1 |eBle| §3
t9Qlolo|9 S €
oo~k g5
9|2 =|Q o
o £
]
© _-
= c
o) £ =
<) o < =
D& P = o
Q2| 1]@ £0
| S =
ol |2|5|D S
S8 2Ik|ls|l °6
AL ||~ |~ o B
=g
= ¥ €
Blo|8al 5%
F ) olke]
Slell|s| &=
|£‘?,5; £ 8
© @,
c812|R|5| =€
=
N2 O |- |~ £ c
© S
_ g 3
.
= — o)
TIR|3|¥ X
ol<=| 1 |la| @O0 [
DR o |2 D5
ool L] o Egg
o © S| €8
oaégorircn ST P
PO 2|F|lQ| o8
o O P
Q2 o=
— N 5%(0_
Q| _|& 8 2=
29|45 ELE
L15|2|a| 250
o2l oo
DAl o ot ¢
®
:909—01 o %9
Ao |F|la|o| &8
c © O
®© < >
€5¢c
N o252
RIS
© 3 o)) 5 <
BN I|L|L8] 28 &
okhlol2 =] 5<5
e N U -E O]
58Ik &| ECo
-2 AN |O| =x ©
cC o v
g5
kst
5,8
o|lo8%
el - %)
o S|4 8 €3
3 =13l 9>
£ —~ 18|22l 882
=] I Q=] a —_
c = o m 3 0
> (9] o 50
0 = AlZ|lol g
° 5 |5|8|8 28y
o
: AR RIS
: ~ ~x|lx |2 522
® § |8/§8|2| =<3
2 o ala|F| 8= 0
g omE
@
= <

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005

2 consecutive time periods. The proportional hazards
assumption for CKD grade concerning each end point
was validated through the analysis of Schoenfeld residu-
als (P >0.05) (Table S2). The distribution of Martingale
and Deviance residuals for each Cox proportional hazard
model is shown in Figures S1, S2, S3, and S4. Martingale
and Deviance residuals in each Cox proportional haz-
ard model exhibited positive skewness. Impact of CKD
grade was assessed with adjustment for the clinically
relevant covariates selected based on clinical consen-
sus: age, sex, diabetes, hypertension, dyslipidemia, peak
creatinine kinase >3000 (IU/L), B-blockers, angiotensin-
converting enzyme or angiotensin Il receptor blocker,
diuretics, and statins on discharge were analyzed. As
a sensitivity analysis, we assessed the short-term and
long-term impact of CKD by developing 2 alternative
models each incorporating additional covariates. These
models are summarized in Tables S3 and S4. Moreover,
we conducted complete case analyses using univariable
and multivariable logistic regression and Cox proportional
hazard models as a sensitivity analysis. All analyses were
performed using R software (version 4.0.0; R Foundation
for Statistical Computing, Vienna, Austria) with R Studio
(version 3,6,1; Boston, MA).

RESULTS

Baseline Characteristics

From a database of the OACIS registry (N=12093), we
identified 8411 patients with renal function data available
on admission (Figure 1). These patients were classified
into 8 CKD categories based on eGFR: G1 (€GFR >90
mL/min per 1.73 m?): n=1122, G2 (90>eGFR =60 mL/min
per 1.73 m?): n=3588, G3a (60>eGFR >45 mL/min per
1.73 m?): n=1923, G3b (45>eGFR =30 mL/min per 1.73
m?): n=1030, G4: (30>eGFR >15 mL/min per 1.73 m?):
n=473, G5a: (15>eGFR>8 mL/min per 1.73 m?: n=80,
Gbb: (eGFR<8 mL/min per 1.73 m?): n=53 and hemo-
dialysis: n=142. Baseline clinical characteristics by CKD
grade and hemodialysis are shown in Table 1. Patients
with advanced CKD (G4 and G5) and hemodialysis had
more comorbidities such as diabetes and hypertension,
more multivessel disease, and more frequently presented
Kilip class >l than G1-G3 groups. Performance rate of
primary PCI exhibited a gradual decrement as the CKD
grade advanced (Figure 2) with the lowest rate of 80% in
Gba group (80.3%). However, there was a slight increase
again in patients with G5b and hemodialysis to *90%.

Treatments and Complications Within 1
Week From Admission

Medical treatments during 1 week from hospital ad-
mission stratified by CKD grades are shown in Table 2.
B-blockers, angiotensin-converting enzyme inhibitors,
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A Peformance rate of primary PCI
%) 100
- p<0.001
R 95.1
95 938 - 944
92
- 90.6 80.9
90 88.3
85
80.3
80
75 I
70 — L L
All patients G1 G2 G3a G3b G4 GSa GSb Hemodialysis
(eGFR290)  (90>GFR260) (60>eGFR245) (45>eGFR230) (30>eGFR21S) (15>eGFR28)  (8>¢GFR)
Patient 8411 122 3588 1923 1030 a7 80 53 142
number
B IABP use
(%) 50
p 23 434 P<0.001
40 36
35 319 32.4
30 ]
55 249
20.6
20
15 13.4 14.4
10
5
0 |l
All patients 61 G2 G3a G3b Ga Gsa GSb Hemodialysis
(eGFR290)  (90>eGFR260) (60>eGFR245) (45>eGFR>30) (305eGFR215) (15>eGFR28)  (8>eGFR)
Patient 8411 122 3588 1923 1030 473 80 53 142
number
C ECMO use
(%) 20
18 p<0.001
16 15.1
14
12 11.1 114
10 9.8 9.2
8 6.6
6 49
4 2.4
2 14
: =
All patients G1 G2 G3a G3b G4 GSa GSb Hemodialysis
(eGFR290)  (90>eGFR260) (60>eGFR245) (45>¢GFR230) (30>eGFR215) (15>eGFR28)  (8>¢GFR)
:::.L;Tr 8411 1122 3588 1923 1030 473 80 53 142

Figure 2. Performance rates of primary PCI, IABP, and ECMO.

Bar charts indicate the performance rates of primary percutaneous coronary intervention (PCI) (A), intra-
aortic balloon pumping (IABP) (B), and extracorporeal membrane oxygenation (ECMO) (C). CKD indicates
chronic kidney disease; and eGFR, estimated glomerular filtration rate.

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005 6



Prognostic Impact of Renal Function in AMI

Kida et al

JONQIYUI ZLAZd ‘I21AZd Pue ‘Buidwind uoojjeq oiloe-eiul ‘day| ‘sisAjeipowsy ‘qH ‘eyeJ Uopei| Jejnialio]d pejewnss ‘H4ns ‘uopeusbAxo sueiquiew [eelodiooriixe ‘ONDT

"Sjue|NBRODNUE [BJO JO/PUB 8SN UlBday SNOUSABIIUI SO1edIpUl UOIEINBEODIUY,

{Adesayy jojere|dilue [enp ‘| 4va ‘ploe oljhoiesiAleoe Sy :1ex00|q Jojdadal || uisuslolbue ‘gyy LoHgiyul owAzus BuileAuo uisusloibue seyedipul |30V "UOnelep asImis]| yim (ebejusdiad) Jequinu se passe.idxe e ejeq

}O9M 1S4id 9Y} Ul Juswleal] g 9[qEeL

Downloaded from http://ahajournals.org by on July 9, 2025

L00'0> 60 (ree) o (rev) €2 Oew ve (0'9¢) 69} (6'+€) 92e (6'v2) v (rvh) els (ren el (9°02) 8LLL esn dav|
+00'0> 60 @elek (Fen 8 (rine (86) 91 (KL eLk (99) 9zt (re) 28 (G ] (6'7) 607 esn ONO3
7000 €0 (c26) 88t (F86) 2 (000 62 (2'g6) 0S¥ (026) 566 (2:26) 0281 (7°86) 22se (0'86) 8601 (626) 1028 |  .uonenbeoonUY
7980 L'e (0001 vOL (000b 0 (0oob ¥ (266) 90¢ (266) e (2'66) €151 (8'66) 6162 (0001 06 (8'66) 1299 IgkAcd
€00 89 (0001 Let (826) G (9'86) 89 (0'66) G0 (2'66) 226 (266) G221 (8'66) €8¢8€ (8'66) 980+ (2'66) 1182 vSY
100°0> 6¢ (€'92) 00k (F22) 2 (r69) 1 (0'69) 262 (rsl) 212 (F62) SGpL (8'62) 66.2 (re2) 088 (@82) 12e9 1dvad
100'0> b (Gze) ce [(Re37R (€'e9) 09 (Fol) 8ze (€29 e85 (Fov) 2.8 (rve) gech (9'82) 81€ (€'1y) vrve asn sofainig
100'0> b (G2 6 [CRor i (G12) L1 (r'ge) 6hE (0'82) g82 (9'ge) 829 (1) 65+ (2'w) vor (g'9¢) 2808 osn ujels
100°0> L (G'av) 9 (r'1e) 9 (Fve) 6L (8°0€) vt (G'ge) 29e (¢ov) 992 (9'9v) 59t (keg) 08s (Gzy) vvse &sn Jex00|q-g
100'0> L 009 + ece) 8 (r'ge) 82 (¢ev) 2oz (999 225 (€59) evel (5°02) 5052 (el els (€'59) 1y¥G | 8sn gy 10 3OV
H00'0> b (8'92) 8 (9610 (€02 9L (9ve) Gt (rv2) 617C (0z2)s1s (0'62) Leok (rze) L (922) 8622 osn guy
H00'0> b (8'92) 8 (Lgn8 (221 w1 €12 66 (1ge) 8se 0+ 082 (L'ev) #SSH een) e (2'ov) 0see esn |30V
asn

100°0> L (G'1¥) 6S (Fav) ez (9'69) 69 (09 €82 (209) 219 (L2e) 229 (81 €99 (rv1) 09k (¢'82) 1gee aule|oyoeRe)

10.1161/JAHA.125.043005

J Am Heart Assoc. 2025;14:e043005. DOI



Prognostic Impact of Renal Function in AMI

Kida et al

Je|noLIlUaA/BIPJBOAYOE] JBINDLIUBA ‘YA /LA PUE ‘SISA[eIpoway ‘gH ‘81el UoHeJ}|l) Jejniawo|f peiewnss ‘H45e ‘UoloJejul [eIp/ed0Aw 81noe sayedlpul |\ "UOIB|ap asImisl yim (eBejusoiad) Jequinu se passaidxe mLMoﬂ_m“MN_ »

oeaulpusl

100°0> €0 (re)e (000 €L 616 (20 2 o6 €06 (0o (G0)6e| eEPIOYD e painydny

uoneJlopad

100°0> €0 (oo (G (ks €2 1 (808 G0 6 €0 et (000 (G0 er [eydes ejnoLjuep

100'0> €0 (20t (GRS (0o @€l st 62 08 [CHNT] (60 €e (Foeb G eer aunydni oeIp1e)
L00'0> €0 B2 v B'H (8¢ ¢e (r2) e v er (S2) Lv GHes (Foek (r'2) 86k uoeo)|dwod [edlueyosin
100'0> S0 (Fae 89¢e et @2 ek (92 L2 GHee ('Hee 09 1) lek oNs
100'0> S0 (Lov s (AGINNo]E ey L (7o) 6 (9'8) 88 (1'9) 86 (2 06 6112 (r'v) 298 Buipes)q sofepy
100°0> 70 (8'92) 8¢ @1e) 1 (221 v) (8'61) €6 (9'22) cce (5'02) e6€ (L'v1) g2s (Few) vk (121 B2PL ANLA
100°0> €0 (el el (6l ok (992) 12 (0'92) 22t (061 961 (CrdAVraz4 (r'v) 651 (52 82 (re) 162 >ooys olusbolpied
/890 70 (20) 1 (G B¢ e e 6102 (L2) 2 (92) 26 62 2e @2 vie INY Juelinoey

99 1S414 9y} ul suoneoldwo) °g 9|qeL

Downloaded from http://ahajournals.org by on July 9, 2025

10.1161/JAHA.125.043005

14:e043005. DOI

J Am Heart Assoc. 2025



G20z ‘6 AInc uo Aq Bio'sjeusnofeye//:dny wouy papeoumoq

Kida et al

Prognostic Impact of Renal Function in AMI

(%)
30 30.0
Cochran-Armitage trend test
All-cause death: p < 0.001
Cardiovascular death: p < 0.001 225
Non-cardiovascular death: p < 0.001
20 19.7
> 30-day all-cause death
= 16.9
© " .
E - W . 30-day cardiovascular death
1S 30-day non-cardiovascular death
§ 10.9 LS
&10 Ll
7.5 7.5
6.4 7
4.7 : 4.9
3.6 3.8
2.1
09 07 19 09 I
0 & 0.2 es |
G1 G2 G3a G3b G4 G5a G5b HD
n=1122 n=3588 n=1923 n=1030 n=473 n=80 n=53 n=142

Figure 3. Thirty-day mortality stratified by CKD grades.

Bar chart indicates the incidence of short-term death stratified by CKD grade. CKD indicates chronic kidney disease.

and statins were less frequently used as the CKD grade
progressed. Extracorporeal membrane oxygenation
and intra-aortic balloon pumping were more frequently
used as the CKD grade advanced, with the highest
rate in the G5b group (15.1% and 43.4%, respectively)
(Figure 2). Cardiovascular complications during 1 week
from hospital admission stratified by CKD grades are
summarized in Table 3. Patients with a higher CKD
grade more frequently experienced the cardiovascular
complications.

Clinical End Point
30Days Short-Term Follow-up Data

Among total 8411 patients, 526 patients (6.3%) died
within 30days after admission. All-cause and car-
diovascular mortality rates increased with advancing
CKD grade (Figure 3). Notably, there was, however, a
marked decrease to all-cause mortality rate of 9.4%
and cardiovascular mortality rate of 3.8% for G5b pa-
tients, before rising again to 16.9% and 11.3% among
patients with hemodialysis, respectively. Logistic re-
gression models for 30-day mortality are shown in
Figure 4. These results showed a distinct pattern at
Gb5b group. Specifically, a significant reduction in
mortality was observed for both all-cause death and
cardiovascular death at this group, whereas no signifi-
cant reduction was noted in noncardiovascular death.
Cardiogenic shock was the most common cause of
death in almost all CKD groups (Figure 5). However,
in G5b groups, cardiovascular cause of mortality

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005

markedly decreased. The 2 alternative models with
additional covariates and the complete case analyses
consistently showed similar results (Figures S5 and
S6). Kaplan—Meier curves up to 30days are shown
in Figure 6.

Five-Year Long-Term Follow-Up Data

During a median follow-up period of 1765 [492, 1825]
days, 1209 patients (14.4%) died. Landmark analysis
at 30days showed that there was a significant differ-
ence in the survival rate across different CKD grades
(Kaplan-Meier estimated 5-year survival rate: Gi
95.9%, G2 93.0%, G3a 87.8%, G3b 80.6%, G4 66%,
G5a 71.0%, G5b 63.4%, hemodialysis 63.3%, Log-rank
test P <0.001, Log-rank trend test, P <0.001) (Figure 6).
Cox proportional hazard model showed incrementally
worse prognosis as the CKD grade advanced, with
the worst clinical outcome in G5b patients during 6
months (Figure 7) and in patients with hemodialysis
during the period from 6 months to 5years (Figure 8).
The marked drop observed in the G5b group in short-
term data was not found in the long-term follow-up
data. Cardiovascular cause of death increased as the
CKD grade got advanced (Figure 9). The 2 alternative
models with additional covariates consistently showed
similar results (Figures S7 and S8). The complete case
analysis of Cox proportional hazard model during 6
months from landmark at 30 days indicated that certain
models failed to converge due to the reducing number
of observed events (Figure S9); conversely, during the
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Figure 4. Logistic regression analysis for 30-day mortality.

We used the logistic regression model to evaluate the impact of CKD grade on short-term mortality (30days). Panel (A) indicates the
univariable model. Panel (B) indicates the multivariable model. In each panel, the top panel shows odds ratios for all-cause death,
the middle panel for cardiovascular death, and the bottom panel for noncardiovascular death. In the multivariable model (B), the
impact of CKD was adjusted for age, sex, diabetes, hypertension, dyslipidemia, prior myocardial infarction, primary percutaneous
coronary intervention, prior cerebrovascular disease, cardiopulmonary arrest on admission, peak creatine kinase, and medication:
catecholamine, -blockers, angiotensin-converting enzyme inhibitors or angiotensin |l receptor blockers, diuretics, and statins. CKD
indicates chronic kidney disease; eGFR, estimated glomerular filtration rate; and HD, hemodialysis.

subsequent period from 6 months to 5years consis-
tently showed similar results (Figure S10).

DISCUSSION

The present study from the real-world registry of pa-
tients with AMI demonstrated the following findings:
(1) patients with AMI with more advanced CKD grade
or hemodialysis had worse short- and long-term out-
comes; (2) CKD Gba group (15>eGFR >8 mL/min per
1.73 m?) showed the highest 30-day mortality; (3) CKD
G5b group (8>eGFR mL/min per 1.73 m?) showed a

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005

huge drop of mortality rate in short-term data but not
in long-term data; and (4) patients with hemodialysis
showed comparable short- and long-term data in com-
parison with patients with advanced CKD (G4 and G5).

In our study, patients with AMI with more advanced
CKD grade or hemodialysis had worse short- and
long-term outcomes. Several studies have already
reported the significant association between renal
dysfunction and clinical outcomes in patients with
AMI.'819 However, there is no report comparing the
long-term prognosis between advanced CKD and pa-
tients with hemodialysis after Ml, nor on the long-term
5-year outcome of patients with hemodialysis after

10
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Figure 5. Cause of short-term mortality (30days).

Bar chart indicates the distribution of cause of short-term death stratified by CKD grade. CKD indicates chronic kidney disease.

MI. Our study is the first to demonstrate that patients
with hemodialysis had comparable 30-day and 5-year
outcomes to patients with advanced CKD in the PCI
era. The previous study from the Korea AMI Registry
database (n=12636) showed that patients with more
advanced CKD grades had higher rates of in-hospital
and 1-year death.'® However, the impact of hemodialy-
sis was not evaluated in this study. The previous study
from the Acute Coronary Treatment and Intervention
Outcomes Network registry, a nationwide sample of
ST-segment—elevation myocardial infarction (n=19029)
and non-ST-segment—elevation myocardial infarction
(n=30462) patients also showed that patients with
more advanced CKD had higher rates of in-hospital
death.'”” However, this study is limited by the short-term
follow-up (only in-hospital outcomes). A study from
the J-MINUTE study (N=3281 patients with AMI) ex-
tended the follow-up duration and showed that CKD
remains a useful predictor of 3-year mortality after AMI
in the modern PCI and optimal medical therapy era.'®
Nevertheless, this study did not separate the patients
undergoing hemodialysis and advanced patients with
CKD not receiving hemodialysis. The latest study from
the MIE ACS registry (N=4509 patients with AMI: 89

AMI/hemodialysis versus 4420 AMI/nonhemodialysis)
presented that hemodialysis was independently asso-
ciated with worse 2-year mortality (hazard ratio, 3.43
[95% CI, 1.88-6.26]; P <0.001)."° However, this study
simply compared patients with versus without hemo-
dialysis, and therefore, did not provide insights into the
difference between advanced CKD (G4 and G5) and
patients with hemodialysis.

The strength of our study lies in its relatively large
sample size, which may enable a comprehensive evalu-
ation of the disparities between patients with advanced
CKD not yet on hemodialysis and those already receiv-
ing hemodialysis. Contrary to expectations, the results
indicated that the G5b group exhibited a more favorable
prognosis than the G5a and hemodialysis groups during
a short-term follow-up of 30days. This may be attribut-
able to the relatively high rates of primary PCl and the use
of mechanical circulatory supports such as extracor-
poreal membrane oxygenation and intra-aortic balloon
pumping, which likely led to increased rates of coronary
revascularization in the acute phase, regardless of hemo-
dialysis status. Notably, 90.6% of G5b patients received
primary PCI, compared with 80.3% of Gb5a patients, a
factor that likely contributed to the significantly lower

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005 11
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Figure 6. Kaplan-Meier curves stratified by CKD grade.
Panel (A) indicates Kaplan—Meier curves for a short-term follow-up period (30days). Panel (B) indicates
Kaplan—-Meier curves for the overall follow-up period with a landmark analysis at 30days (5years). CKD

indicates chronic kidney disease.
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Figure 7. Impact of CKD grade on 6-month all-cause death using landmark analysis at 30days.

We used the Cox proportional hazard model to evaluate the impact of CKD grade on all-cause mortality (6 months) using landmark
analysis at 30days after hospital admission. Panel (A) indicates the univariable model. Panel (B) indicates the multivariable model. In
each panel, the top panel shows hazard ratios for all-cause death, the middle panel for cardiovascular death, and the bottom panel
for noncardiovascular death. In the multivariable model (B), the impact of CKD was adjusted for age, sex, diabetes, hypertension,
dyslipidemia, peak creatinine kinase >3000 IU/L, and medication at discharge: 3-blockers, angiotensin-converting enzyme inhibitors
or angiotensin Il receptor blockers, diuretics, and statins. CKD indicates chronic kidney disease; and HD, hemodialysis.

cardiovascular mortality observed (Figure 3). Although
our multivariable adjustment models included primary
PCI as a covariate, G5b patients showed better short-
term clinical outcomes. Presumably, in Gbb patients,
primary PCl might have been performed without re-
strictions on contrast agent, potentially leading to better
achievement of complete revascularization. Because the
precise information on the complete revascularization is
unfortunately unavailable in our data set, this needs to
be investigated in future research. Our data set does not
include specific data on the use of hemodialysis in the

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005

acute phase. Nonetheless, it is reasonable to infer that
both G5b and patients with hemodialysis underwent he-
modialysis during the periprocedural period. Given that
prophylactic hemodialysis does not prevent contrast-
induced nephropathy in patients with chronic renal in-
sufficiency undergoing cardiac catheterization, it can be
inferred that the improvement in prognosis of G5b pa-
tients is more likely due to the proactive revascularization
efforts without renal concerns.?® Our findings lend sup-
port to the strategy of implementing aggressive, tempo-
rary artificial support of renal function to facilitate early

13
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Figure 8. Impact of CKD grade on 5-year all-cause death using landmark analysis at 6 months.

We used the Cox proportional hazard model to evaluate the impact of CKD grade on all-cause mortality (5years) using landmark
analysis at 6 months after hospital admission. Panel (A) indicates the univariable model. Panel (B) indicates the multivariable model.
In each panel, the top panel shows hazard ratios for all-cause death, the middle panel for cardiovascular death, and the bottom panel
for noncardiovascular death. In the multivariable model (B), the impact of CKD was adjusted for age, sex, diabetes, hypertension,
dyslipidemia, peak creatinine kinase >3000 IU/L, and medication at discharge: $-blockers, angiotensin-converting enzyme inhibitors
or angiotensin Il receptor blockers, diuretics, and statins. CKD indicates chronic kidney disease; and HD, hemodialysis.

revascularization, which may improve the short-term
outcomes in patients with grade 4 and grade 5 CKD.
This hypothesis necessitates further validation through
a prospective randomized trial. The improvement in the
short-term outcomes observed in the G5b group did not
translate into better long-term outcomes. The increased
coronary complexity and more pronounced systemic
atherosclerosis in this group may explain their long-term
poor prognosis comparable to patients with hemodial-
ysis. Other approaches including precise management
of basic comorbidities would be necessary to improve
long-term outcomes. Future investigations need to

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005

focus on identifying predictors for short-term prognostic
enhancement in these patients. Furthermore, the mech-
anisms underlying long-term prognostic outcomes re-
quire comprehensive elucidation.

Short-Term and Long-Term Effect of
Hemodialysis

It is conceivable that patients with hemodialysis
presented with a more deleterious systemic health
status before the AMI event, culminating in a worse
short-term prognosis. A meticulous review of computed

14
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Figure 9. Cause of long-term mortality (5years).

Bar chart indicates the distribution of cause of long-term death stratified by CKD grade. CKD indicates chronic kidney disease.

tomography—guided evaluations of coronary artery
calcification in patients with hemodialysis revealed
a pronounced prevalence of calcifications, which
were characterized by their progressive nature.?!
Furthermore, patients with hemodialysis inherently
possess a heightened susceptibility to hemorrhagic
events, because uremia precipitates platelet
dysfunction alongside aberrant platelet-vascular wall
interactions.?® The regulation of electrolytes, including
serum potassium levels in patients with hemodialysis,
presents significant challenges, with both hyperkalemia
and hypokalemia recognized as pivotal risk elements
for sudden cardiac death.?>?* In our study population,
hemodialysis patients exhibited the highest rate of
prior PCl across all CKD grades. Within the initial
week of hospitalization, a notable 10.7% of patients
with hemodialysis experienced major bleeding events,
alongside the highest recorded incidence of ventricular
arrhythmias, including ventricular fibrillation and
ventricular tachycardia. These findings may highlight
the severe systemic health decline and the complexities
of managing patients with hemodialysis in the acute
phase following AMI.

As to the long-term prognosis, several possi-
ble explanations are postulated. First, patients with

J Am Heart Assoc. 2025;14:e043005. DOI: 10.1161/JAHA.125.043005

hemodialysis manifested the highest incidence rates
of diabetes and hypertension upon admission across
all CKD categories, indicating a significant contribution
towards worse long-term cardiovascular incidents.?®
Second, in our research, patients with hemodialysis
demonstrated the highest frequency of stroke as a
mortality cause across all CKD grades. It is reported
that patients with hemodialysis frequently experience
cerebral microbleeds (asymptomatic bleeding) during
hemodialysis sessions due to the routine anticoagula-
tion.?8 This could precipitate major hemorrhagic events
leading to stroke. Lastly, individuals with CKD experi-
ence an augmented rate of complications from infec-
tions, attributed to compromised immune functionality
via diverse mechanisms, with the risk of infection es-
calating in tandem with CKD severity. Specifically, pa-
tients with hemodialysis were found to be significantly
more susceptible to sepsis compared with the general
populace, as evidenced in a study utilizing Japanese
national Vital Statistics data because of the elevated
risk of bloodstream infections linked to vascular ac-
cess arteriovenous fistulas.?” In our investigation, infec-
tions emerged as the predominant long-term mortality
cause in patients with hemodialysis after myocardial
infarction.
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Clinical Implications

In patients with AMI with severe CKD, the proactive
revascularization without concern for worsening renal
function, even with the aggressive use of mechanical
support, may potentially improve short-term clinical
outcomes. However, the proactive revascularization
during the acute phase appears to eventually have
no substantial effect on long-term survival rates. This
distinction suggests that while such support can be
critical for managing acute hemodynamic status in
AMI and patients with CKD, its benefits do not alter the
overall progression of underlying chronic conditions.
Therefore, although temporary mechanical support is
valuable for immediate patient stabilization, it should
not be viewed as a solution for long-term disease man-
agement. This insight is essential for guiding clinical
decision-making, emphasizing the necessity for further
investigative trials to explore additional therapeutic op-
tions that may enhance long-term survival and quality
of life.

Limitations

Several limitations should be acknowledged. First,
changes in renal function over time after hospital dis-
charge were not available in our database, which did
not allow us to investigate its impact on long-term
prognosis. Second, we had access to data on medica-
tion prescribed only at the time of discharge but not
during the long-term follow-up. Some medications may
have changed during the follow-up period. Third, the
performance rate of temporary hemodialysis during the
periprocedural period and initiation of chronic mainte-
nance hemodialysis during hospitalization or after dis-
charge are unknown in our data set. Fourth, details of
the PCI procedure including the achievement of com-
plete revascularization and the amount of contrast me-
dium were not accessible. Recent advancement of the
PCI procedure and device technologies possibly pro-
vides differing results. The amount of contrast media
may strongly influence renal function.?® Fifth, while CKD
grades are basically categorized using both eGFR and
albuminuria levels, our database lacked albuminuria
data, which may impact the comprehensiveness and
accuracy of CKD classification in our study. Sixth, al-
though there was a relatively large-scale sample size in
the overall cohort, the sample size of the patients with
severe CKD (especially G5a, G5b) and hemodialysis
was relatively limited, raising some concern for fragil-
ity of inferences about these CKD subgroups. Seventh,
Martingale and Deviance residuals in each Cox pro-
portional hazard model exhibited positive skewedness,
suggesting a potential underestimation of risk by the
model. Eighth, the percutaneous left ventricular assist
device may have a potential impact on renal perfusion
by unloading the left ventricle and improving kidney
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blood flow. Our registry comprises data collected be-
fore the introduction of the percutaneous left ventricular
assist device, thereby precluding an assessment of its
impact. Finally, the present study is the East-Asian reg-
istry, which would limit the generalizability of the current
findings to other races.

CONCLUSIONS

This study demonstrated differential impacts of CKD
severity on short- and long-term clinical outcomes in
the context of patients with AMI.
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