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Conclusion The outcomes of patients with Killip IlI-IV AMI admitted during off- and on-hours were similar.
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Background/Aims: Acute myocardial infarction (AMI) is conventionally recognized as an urgent medical condition requir-
ing timely and effective reperfusion therapy. However, the results of studies on the clinical outcomes in AMI according to
hospital visit timings are inconclusive. To explore the difference in long-term outcomes between off- and on-hour percutane-
ous coronary interventions (PCl) in patients with AMI of Killip functional classification IlI-IV (Killip -1V AMI).

Methods: Data on the characteristics and clinical outcomes of 1,751 patients with Killip llI-IV AMI between November 2011
and June 2015 from the Korea Acute Myocardial Infarction Registry-National Institutes of Health registry were analyzed. All
participants were allocated into two groups: off-hour (weekdays from 6:00 PM to 8:00 AM, weekends, and legal holidays)
and on-hour (weekdays from 8:00 AM to 6:00 PM) groups. The incidence of major adverse cardiac and cerebrovascular
events, defined as a composite of all-cause mortality, nonfatal myocardial infarction, any revascularization, cerebrovascular
accident, and stent thrombosis, was the primary endpoint.

Results: Among the 1,751 patients, 572 (39.1%) underwent PCI during on-hours and 892 (60.9%) during off-hours. At the
3-year follow-up, no significant difference was found in the clinical outcomes between the two groups in both the unadjust-

ed and propensity-score weighing-adjusted analyses.

Conclusions: The outcomes of patients with Killip Ill-IV AMI admitted during off- and on-hours were similar.

Keywords: Percutaneous coronary intervention; Myocardial infarction; Treatment outcome; Republic of Korea; Acute coro-

nary syndrome

INTRODUCTION

Acute myocardial infarction (AMI) is one of the leading
causes of mortality and morbidity worldwide, which is rec-
ognized as an emergent medical condition. The increasing
prevalence of AMI influences a high proportion of socioeco-
nomic problems. Timely percutaneous coronary intervention
(PCl) is the established treatment strategy for AMI. There-
fore, it is crucial to determine whether the efficacy of PCI
in AMI during off-hours is comparable with that during on-
hours. Previous studies on the difference between on-hour
and off-hour PCI have suggested that AMI had detrimental
clinical outcomes when it occurred during off-hours than
during on-hours [1,2]. However, other studies have empha-
sized the lack of significant differences in the clinical out-
comes between patients who presented during on-hours
and those who presented during off-hours [3,4]. Therefore,
whether the clinical outcomes of off-hour AMI are differ-
ent from those of on-hour AMI is still an issue of conflict.
Despite the abundance of comparative studies of this kind
on the overall AMI population, there have been few com-
parisons of clinical outcomes related to the date and time of
hospital visit in patients with AMI of Killip functional classifi-
cation IIHV (Killip -V AMI).

Therefore, the main purpose of this study was to evaluate
the effects of off-hour presentation on the clinical outcomes
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of Killip -V AMI patients.

METHODS

Study population

Al data of the study population were derived from the Korea
Acute Myocardial Infarction Registry-National Institutes of
Health (KAMIR-NIH) registry, based on a nationwide, multi-
center, and web-based observational cohort study. This reg-
istry incrementally collected data on patients with AMI from
approximately 20 PCl-eligible major cardiovascular hospitals
between November 2011 and December 2015. It contains
clinical information on the characteristics and outcomes of
patients with AMI in the Republic of Korea. These data were
obtained by attending medical doctors and trained clinical
research coordinators via the web-based case report form in
a clinical data management system. The published protocol
for the KAMIR-NIH was approved by the ethics committee
of each participating hospital [5].

In the KAMIR-NIH registry, 13,104 patients with AMI were
initially screened. After 11,353 patients with AMI who pre-
sented with Killip classes -l were excluded, a total of 1,751
patients with Killip lll-IV AMI were selected, and their short-
term outcomes were assessed. Among them, 316 patients
who died during the index hospitalization were excluded,
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13,104 AMI patients from KAMIR-NIH registry
(November 2011 to December 2015)

—>‘ 11,353 AMI patients with Killip I-II ‘

Short-term outcomes Long-term outcomes

1,751 AMI patients 1,435 AMI patients

AN with Killip class Ill-IV
with Killip class ll-IV successfully discharged

253 Patients who did not
—| receive PCl or CABG, or —
received failed PCI

316 Patients
who were deceased

1,498 AMI patients
with Killip class lll-IV
receiving any coronary

intervention

— 33 Patients who received CABG

1,464 AMI patients
with Killip class IlI-IV
treated by PCI procedure

Figure 1. Flow chart of the study population. Patients with
ST-segment elevation myocardial infarction were enrolled and
divided into two groups (off-hour and on-hour groups) in ac-
cordance with the time of hospital visit. AMI, acute myocardial
infarction; KAMIR-NIH, Korea Acute Myocardial Infarction Regis-
try-National Institute of Health; PCl, percutaneous coronary inter-
vention; CABG, coronary artery bypass graft.

and long-term outcomes of a total of 1,435 patients were
analyzed. All study patients were allocated into two groups
according to the date and time of hospital visit for PCl pro-
cedure (i.e., off-hour vs. on-hour group). All survivors were
followed up through outpatient visits at regular intervals.
The study design is illustrated in Fig. 1.

Our study was conducted according to the ethical prin-
ciples of the Declaration of Helsinki, which was revised in
2013 [6]. Written informed consent was obtained from all
the enrolled patients.

Definitions and clinical endpoints

AMI was defined in accordance with current guidelines [7],
which comprise the typical rise and/or fall of cardiac bio-
markers (troponin-I) in at least one of the following: (1) clin-
ical symptoms or signs suggestive of myocardial ischemia;
(2) development of pathological Q-waves in the 12-lead
electrocardiogram (ECG); (3) ECG changes suggestive of
myocardial ischemia (i.e., stent thrombosis [ST]-segment el-
evation or depression); and (4) characteristic cardiovascular
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imaging features suggestive of AMI (i.e., new loss of myo-
cardial viability or newly found regional wall motion abnor-
mality). ST-segment elevation myocardial infarction (STEMI)
refers to AMI with new-onset 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. First medical con-
tact (FMC) was defined as the time at which the medical
personnel arrived to support the AMI patient [7,8]. During
FMC, emergency medical service (EMS) was used in two cas-
es and not used in another two cases. Patients with no EMS
use were divided into two groups (first immediate visit to a
PCl-capable center or to a PCl-incapable center). Total isch-
emic time (TIT) was defined as the time from the onset of
angina to the first balloon inflation during the primary PCI.

All demographic and clinical characteristics of the study
patients were recorded. Left ventricular ejection fraction
(LVEF) was evaluated using two-dimensional echocardi-
ography. Body mass index (BMI) was measured using the
patient’s weight and height. Angiographic and procedural
characteristics were also recorded. Image-guided PCl was
defined as the use of optical coherence tomography or in-
travascular ultrasound during the primary PCl. Infarct-relat-
ed artery referred to an epicardial coronary vessel that was
blocked or stenosed by an atheromatous or thrombotic
pathologic process and was directly responsible for acute
coronary syndrome. The degree of coronary flow was quan-
titatively classified according to thrombolysis in myocardial
infarction (TIMI) flow grade [9].

All patients were classified based on the day and time of
arrival to the hospital. Patients who arrived during normal
working hours on weekdays from 8:00 AM to 6:00 PM
were allocated to the on-hours group; patients who arrived
during weekdays from 6:01 PM to 7:59 AM or during the
weekend were allocated to the off-hours group. The week-
end was defined as the period that included Saturdays, Sun-
days, and all public holidays in the Republic of Korea.

After the study commencement, the clinical follow-up
was performed for 3 years. The primary outcome was the
occurrence of major adverse cardiac and cerebrovascular
events (MACCEs). MACCEs were defined as a composite of
all-cause mortality (cardiac and non-cardiac death), nonfa-
tal myocardial infarction (NFMI), any revascularization (any
redo PCl or coronary artery bypass graft), cerebrovascular
accident (CVA), and ST. As for the secondary outcomes, we
also explored the occurrence of net adverse clinical events
(NACEs), all-cause mortality, cardiac and non-cardiac death,
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NFMI, any revascularization, CVA, and ST. NACEs referred
to a composite of cardiac death, NFMI, and any revascular-
ization.

Statistical analysis

Statistical analysis was commenced to explore the differenc-
es in clinical outcomes between the two groups classified
according to the date and time of hospital visit. Continuous
variables were described as mean + standard deviation and
were analyzed using Student’s t test. Discrete (categorical)
variables were described as percentages with numbers and
were analyzed using Pearson’s chi-squared test or Fisher’s
two-by-two exact test. Statistical significance was set at p
<0.05.

To minimize the effect of selection bias during the statis-
tical analysis of observational registry data, two propensity
score weighting methods including propensity score match-
ing (PSM) and inverse probability of treatment weighting
(IPTW) were used. The propensity score was formulated
using a multiple logistic regression model with a total of
31 covariates, which included sex, age > 65 years, FMC
(EMS, PCl-capable center, and PCl-incapable center), TIT >
12 hours, onset-to-door time (O2DT) > 4 hours, door-to-bal-
loon time (D2BT) > 90 minutes, pulse pressure > 40 mmHg,
Killip functional class (lll or IV), BMI > 25 kg/m?, previous
history (hypertension, diabetes mellitus, dyslipidemia, prior
myocardial infarction, prior heart failure, and prior CVA),
smoking (current or ex-smoker and nonsmoker), family
history of coronary artery disease, LVEF < 40%, final diag-
nosis (STEMI or non-STEMI), discharge medications (aspirin,
P2Y12 inhibitor, calcium channel blocker, beta-blocker,
angiotensin-converting enzyme inhibitor or angiotensin
receptor blocker, and statin), and angiographic character-
istics (uses of the transfemoral approach, glycoprotein llb/
llla inhibitor, thrombus aspiration, and thrombolysis, pre-
procedural TIMI flow grade, and anatomical site of the in-
farct-related artery, i.e., the culprit vessel). Participants with
missing data among these covariates or those who were lost
to follow-up after hospital discharge were excluded from
the analysis with PSM and IPTW adjustments.

The analysis of cumulative events was commenced with
time-to-event data through the Kaplan-Meier method. Pa-
tients were censored at the time of the event or at the final
follow-up. Kaplan—Meier survival curves were created for
the time of occurrence of clinical outcomes and compared
using the log-rank test.
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All analyses were performed using SPSS version 25.0 (IBM
Corp., Armonk, NY, USA).

Statement of human rights

The present study was conducted according to the ethical
principles of the Helsinki Declaration. The study protocol for
KAMIR-NIH registry was previously published and approved
by the ethics committee of each participating medical center
(IRB No. CNUH-2011-172). The present study was conduct-
ed retrospectively based on the KAMIR-NIH registry (IRB No.
CNUH-2021-380).

RESULTS

Baseline clinical and procedural characteris-
tics

A total of 1,464 patients received PCI (Fig. 1). Among them,
572 (39.1%) patients were admitted during on-hours and
892 (60.9%) during off-hours. In terms of baseline clinical
characteristics (Table 1), most variables were similar be-
tween the two groups, except for FMC and O2DT. The utili-
zation rate of EMS was higher in the off-hour group than in
the on-hour group (19.2% [n = 110] vs. 28.0% [n = 250], p
=0.001). The off-hour group tended to present earlier with
a lower proportion of O2DT > 4 hours (46.9% [n = 268] vs.
39.8% [n = 355], p = 0.009), than the on-hour group. In
terms of procedural characteristics (Table 2), no significant
differences were observed between the two groups, except
for the use of thrombolysis. The off-hour group received a
higher frequency of thrombolysis than the on-hour group
(0.0% [n=0]vs. 1.6% [n = 14], p = 0.006). After IPTW ad-
justment, the differences in baseline clinical and procedural
characteristics were well balanced between the two groups
(Tables 1 and 2).

Long-term follow-up clinical outcomes

After the exclusion of 316 patients who died during the in-
dex hospitalization of the 1,751 patients with Killip lll-IV
AMI, a total of 1,435 patients who were successfully dis-
charged were included in the survival analysis. The median
follow-up period in the overall study population was 1,072
days. We summarized the clinical outcomes during the
3-year follow-up period, which included MACCE, NACE,
all-cause mortality, cardiac and non-cardiac death, NFMI,
any revascularization, CVA, and ST (Table 3). Kaplan—Meier
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p value
0.908
0.959
0.904
0.879
0.326

(h=1,193)

After IPTW
965 (80.9)
198 (16.6)
279 (23.4)
733 (61.4)

On-hours group Off-hours group

=1,197)
971 (81.1)
197 (16.5)
277 (23.1)
730 (61.0)

(n

p value
0.876
0.867
0.875
1.000
0.815

=481)
376 (78.2)
88 (18.3)
102 (21.2)
300 (62.4)

After PSM
(n

On-hours group Off-hours group

0
300 (62.4)

(n=481)
378 (78.6)
86 (17.9)
104 (21.6)

p value
0.075
0.391
0.651
0.006
0.631
0.546

Before propensity score weighting
(n=892)
745 (83.5)
150 (16.8)
210 (23.5)
14 (1.6)
549 (61.5)

(n=572)
456 (79.7)
107 (18.7)
128 (22.4)
360 (62.9)

On-hours group Off-hours group

Use of transfemoral approach
Use of GPIIb/llla inhibitor
Infarct-related artery (culprit

Use of thrombus aspiration
vessel)

Preprocedural TIMI flow

Use of thrombolysis
grade 0|

Characteristic

https://doi.org/10.3904/kjim.2021.539

37 (3.2)
568 (47.6)
150 (12.6)

58 (4.8)
530 (44.3)
176 (14.7)
433 (36.2)

17 (3.5)
206 (42.8)

72 (15.0)
186 (38.7)

16 (3.3)
219 (45.5)

59 (6.6)
399 (44.7)
125 (14.0)
309 (34.6)

29 (5.1)
248 (43.4)

LMCA
LAD

64 (13.3)
182 (37.9)

85 (14.9)
210 (36.7)

Values are presented as number (%).

LCX

437 (36.6)

RCA

PSM, propensity score matching; IPTW, inverse probability of treatment weighting; GPIlb/llla, glycoprotein lib/llla; TIMI, thrombolysis in myocardial infarction; LMCA, left

main coronary artery; LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery; RCA, right coronary artery.
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analysis was used to depict the unadjusted, PSM-adjusted,
and IPTW-adjusted survival curves (Figs. 2-4). Before and af-
ter PSM and IPTW adjustments, no significant differences
in any clinical outcomes were found between the on- and
off-hour groups.

DISCUSSION

We evaluated the short- and long-term clinical outcomes
among patients with Killip lll-IV AMI, depending on the
time and date of hospital presentation. We analyzed a total
of 1,751 consecutive patients with a confirmed diagnosis
of Killip -1V AMI, which was derived from the KAMIR-NIH
registry. This study revealed that the long-term outcomes
of these patients admitted during off-hours were similar to
those admitted during on-hours. The off-hour group had a
higher proportion of pre-hospital EMS utilization but a low-
er proportion of O2DT >4 hours than the on-hour group. In
terms of procedural characteristics, the off-hour group was
found to receive a higher frequency of thrombolysis treat-
ment than the on-hour group.

Contrary to our common belief that off-hour presentation
may be related to delayed reperfusion time, the TIT in both
groups was significantly comparable. Notably, the off-hour
group showed shorter O2DT than the on-hour group. There
may be various reasons for the disparities of O2DT between
both groups. Considering the lower EMS utilization rates in
the on-hours group, it was thought that on-hours patients
tended to visit the hospital directly or wait patiently despite
the occurrence of angina symptoms and signs. However,
a longer D2BT was observed in the off-hour group, which
was considered to be insignificant. Considering that most
patients with Killip -1V AMI were more hemodynamically
unstable than the general AMI population, it can be inferred
that sufficient backup for these medical conditions includ-
ing the availability of skilled staff, level of staffing capacity,
and the number of paramedics may be inadequate during
off-hours as compared to during on-hours. It can also be as-
sumed that these points were involved in the slight increase
in D2BT in the off-hour group. Based on these findings, it
could be considered that the short O2DT, mainly induced
by the high EMS utilization rate in the off-hour group, com-
pensated for the slightly long D2BT and led to a similar TIT.

In addition to the present study that focused on the long-
term clinical outcomes of these patients who presented
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Figure 2. Event rates of primary and secondary outcomes for all patients after a 3-year follow-up period. These data were obtained be-
fore propensity score matching- and inverse probability of treatment weighting-adjusted analyses. The figure shows the Kaplan—-Meier
curves for cumulative event rates according to the timing of primary percutaneous revascularization. MACCE, major adverse cardiac and
cerebrovascular event; NACE, net adverse clinical event; NFMI, nonfatal myocardial infarction; CVA, cerebrovascular accident; ST, stent

thrombosis.

as the lower likelihood of timely PCI[18,19], disparities in the
healthcare delivery system between during off-hours and
on-hours [20,21], reduced level of staffing capacity [16,22],
and unbalanced inclusion of severe medical conditions, such
as cardiac arrest or cardiogenic shock [1,17,18]. Nonethe-
less, recent studies found similar long-term outcomes in the
off- and on-hour groups. The 1- or 2-year mortality rates
have been reported to be similar in patients with STEMI
presenting during on- and off-hours [4,23,24]. Suwa et al.

https://doi.org/10.3904/kjim.2021.539

[4] reported that patients with STEMI presenting during off-
hours had similar 3-year clinical outcomes to those who pre-
sented during regular hours. According to a meta-analysis,
patients with STEMI presenting during off-hours had similar
short-, intermediate-, and long-term (3—4 years) outcomes
to those who presented during regular hours [23]. Off-hour
presentation showed similar outcomes to on-hour presenta-
tion in the Korean STEMI population, as well [25].
Additionally, we investigated the characteristics and clini-
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Figure 3. Event rates of primary and secondary outcomes for all patients after a 3-year follow-up period. These data were obtained after
propensity score matching-adjusted analysis. The figure shows the Kaplan—Meier curves for cumulative event rates according to the timing
of primary percutaneous revascularization. MACCE, major adverse cardiac and cerebrovascular event; NACE, net adverse clinical event;
NFMI, nonfatal myocardial infarction; CVA, cerebrovascular accident; ST, stent thrombosis.

cal outcomes of other 253 patients who did not receive PCI
or coronary artery bypass graft, or received failed PCI (Sup-
plementary Tables 3 and 4). In the baseline characteristics
of these patients, no significant differences were noted. As
for the treatment outcomes, there were also no significant
differences between the off- and on-hours groups. Howev-
er, the incidence of MACCE up to 3 years were as follows:
overall population (51.7%), on-hours group (49.3%), and
off-hours group (53.4%). These were significantly higher as

600  www.kjim.org

compared to the MACCE rates in PCl-treated population,
which indicated the effectivity of PCI for reducing mortal-
ity in the AMI population, as some previous studies have
demonstrated [26].

We investigated the characteristics of 316 patients who
were deceased during the index hospitalization (Supple-
mentary Table 5). As compared to the overall study popula-
tion, they had higher proportions of age > 65 years, STEMI,
Killip functional class IV but lower LVEF, which indicated a
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Figure 4. Event rates of primary and secondary outcomes for all patients after a 3-year follow-up period. These data were obtained after
inverse probability of treatment weighting-adjusted analysis. The figure shows the Kaplan—Meier curves for cumulative event rates accord-

ing to the timing of primary percutaneous revascularization. MAC

CE, major adverse cardiac and cerebrovascular event; NACE, net adverse

clinical event; NFMI, nonfatal myocardial infarction; CVA, cerebrovascular accident; ST, stent thrombosis.

high disease severity. Interestingly, TIT was more prolonged
despite the higher EMS utilization rate. Since these patients
had a higher proportion of STEMI requiring timely and rapid
reperfusion, D2BT would have been shortened. Nonethe-
less, 02DT would have been greatly prolonged, which may
be possibly due to some patient-based factors. Given that
elderly patients with AMI tend to experience atypical an-
gina or no chest pain, the inclusion of higher frequency of
elderly patients would have contributed significantly to the
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pre-hospital delay. Hence, this treatment delay, which was
mainly driven by delay of O2DT and not D2BT, consequent-
ly contributed to the poor prognosis, including in-hospital
death.

We also investigated the clinical outcomes of 17 patients
who received thrombolysis during the index hospitalization
(Supplementary Table 6). All patients presented with STEMI
during off-hours. Thirteen patients were male, and five
were aged > 65 years. Fourteen patients received PCl, and
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11 among them had prolonged D2BT (D2BT > 90 minutes).
Two patients who did not receive PCl and one patient who
did not arrive at the hospital within 12 hours of pain on-
set (i.e., O2DT > 12 hours) were deceased during the index
hospitalization. As for long-term clinical outcomes, only two
patients experienced MACCE. This indicated that although
thrombolysis was an alternative option in a clinical situation
a delayed PCl, primary PCl had a clear advantage in STEMI.

The results of our study emphasized that patients with Kil-
lip -1V AMI admitted during off-hours had similar outcomes
as those admitted during on-hours. It meant that the same
medical services were provided to these patients regardless
of the hospital visit time. These results may be presumably
explained by technological, procedural, and pharmacologi-
cal innovations in the treatment of cardiovascular disorders.
As many clinical studies have shown the effectiveness and
safety of PCl in reducing the mortality in patients with AMI
[26], catheter-based PCl became the mainstay of reperfu-
sion therapy in these patients, and it underwent a series of
innovations from only balloon-based angioplasty through
bare-metal stents to drug-eluting stents [27]. According to a
study on the status and temporal trend of PCl in the Repub-
lic of Korea, the estimated annual PCl rate and the number
of PCl-capable medical institutions have increased annually
[28]. Furthermore, the proportion of centers capable of a
PCl volume > 500/year was markedly increased [29]. Many
advances have also been made in the clinical field of com-
prehensive post-PCl pharmacological treatment after many
randomized clinical trials have focused on the optimization
of the selection, dosage, and duration of antithrombotic
agents. After elucidating the clinical benefit of dual anti-
platelet therapy (DAPT) using aspirin and clopidogrel [30],
using > 12 months of DAPT was shown to be beneficial
in the secondary prevention of ischemic events [31], and it
has become the standard treatment in the PCl era. Further-
more, new-generation P2Y12 inhibitors were introduced,
and some riveting innovations were made, including the
risk scoring systems to guide antiplatelet therapy post-PCl,
and the evolving concept of ethnic differences regarding
the safety and efficacy of these antithrombotic agents (i.e.,
“Asian paradox”) [32,33]. In contrast, the implementation
of veno-arterial extracorporeal membrane oxygenation has
contributed to the reduction of the mortality rate among
patients with AMI [34]. These advances may well account
for the results of our study.

We investigated the clinical impact of hospital visit tim-
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ing (i.e., off-hour vs. on-hour presentation) on patients with
Killip llI-IV AMI from the KAMIR-NIH registry. Since the KA-
MIR-NIH registry is the leading prospective multi-institution-
al data collection registry of South Korea, we were the first
to represent the clinical characteristics and outcomes for
patients in the South Korean population according to the
time of hospital visit. Furthermore, although comparative
studies between off-hour and on-hour targeting patients
with STEMI or AMI have been conducted worldwide, there
have been no studies on patients with Killip lll-V AMI. To
the best of our knowledge, this is the first comparative study
of clinical outcomes regarding hospital visit timing in AMI of
advanced Killip functional classification. Our study provid-
ed new insights into the inconclusive and persistent debate
over differences in clinical outcomes between off-hour and
on-hour presentation in patients with Killip IIHV AMI, and
highlighted that the off-hour hospital presentation did not
affect their long-term clinical course.

Although our analysis highlighted that the date and time
of hospital visit did not influence the long-term outcomes
of AMI with advanced Killip functional classification, our
study results must be interpreted with caution due to sever-
al limitations. First, the KAMIR-NIH registry included tertiary
cardiovascular institutions that accommodated and treated
high volumes of patients with AMI. In other words, this reg-
istry cannot reflect the real-world features of AMI treatment
in small- and medium-sized medical institutions. More-
over, although it was predicted that during off-hours, the
availability of interventional cardiologists and support from
skilled nursing staff and radiologic technologists will be rel-
atively weakened, and detailed information on them was
not included in this study. Hence, it was difficult to general-
ize the clinical outcomes, including mortality rates and pat-
terns of treatment practice, with respect to all medical in-
stitutions. Second, although this study was based only on a
prospective, observational registry, it was a non-randomized
study. Moreover, it was difficult to conduct a randomized
clinical study based on the hospital visit timing in the clinical
setting of AMI. Therefore, even though the propensity-score
weighing methods such as PSM and IPTW were conducted
to minimize the selection bias, a multicenter randomized
controlled trial was necessitated. Third, despite a sufficient
description of clinical outcomes in the present study, no
information on rehospitalization due to heart failure was
presented. Fourth, since this is just only a clinical study on
the treatment environment of cardiovascular centers in the
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Republic of Korea, it was still questionable whether it will be
translated into a worldwide trend considering the disparities
in the multifactorial aspects of the healthcare system and
economic status of different countries.

Despite the obvious proposition that timely and effective
myocardial reperfusion was the key point in AMI manage-
ment and our traditional belief that off-hour presentation
may be associated with unfavorable clinical outcomes, this
study highlighted the lack of significant differences in the
long-term outcomes among patients with AMI of advanced
Killip functional class regardless of the time of presentation.

KEY MESSAGE

1. Outcomes of patients with Killip lll-IV acute myo-
cardial infarction admitted during off- and on-
hours are similar.

2. Off-hour hospital presentation did not affect the
long-term clinical course of patients with Killip Ill—
IV acute myocardial infarction.
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Supplementary Table 1. Short-term clinical outcomes during index hospitalization, from 1,464 acute myocardial infarction
patients with advanced Killip class IlI-IV treated by percutaneous coronary intervention procedure

Characteristic Off—(:o:r;g%r)oup On—(f;oir;gzr)oup p value
In-hospital decease or hopeless discharge 156 (17.5) 84 (14.7) 0.157
In-hospital decease 149 (16.7) 80 (14.0) 0.162
In-hospital complications
Cardiogenic shock 328 (36.8) 186 (32.5) 0.096
New-onset heart failure 146 (16.4) 75 (13.1) 0.090
Re-occurring Ml 8(0.9) 5(0.9) 0.964
Stent thrombosis 7 (0.8) 4(0.7) 1.000
Any CVA 37 (4.1) 35 (6.1) 0.089
Bleeding complications (Hgb decrease by 5 g/dL or Hct decrease by 15%) 28 (3.1) 20(3.5) 0.708
Atrioventricular block 56 (6.3) 34 (5.9) 0.795
Ventricular tachycardia or fibrillation 159 (17.8) 100 (17.5) 0.867
Atrial fibrillation 94 (10.5) 46 (8.0) 0.113
Acute kidney injury 41 (4.6) 21(3.7) 0.391
Sepsis 15 (1.7) 12 (2.1) 0.564
Multi-organ failure 35(3.9) 13(2.3) 0.083
Supportive treatment
CPR 271(30.4) 156 (27.3) 0.202
Percutaneous ventricular mechanical support devices
IABP 139 (15.6) 73 (12.8) 0.135
ECMO 56 (6.3) 32 (5.6) 0.591
Any defibrillation 148 (16.6) 88 (15.4) 0.540
Permanent pacemaker implantation 3(0.3) 1(0.2) 1.000
ICD 0 2(0.3) 0.152

Values are presented as number (%).
MI, myocardial infarction; CVA, cerebrovascular accident; Hgb, hemoglobin; Hct, hematocrit; CPR, cardiopulmonary resuscitation;
IABP, intra-aortic balloon pump; ECMO, extracorporeal membrane oxygenation; ICD, implantable cardiac defibrillator.
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Supplementary Table 2. Clinical outcomes during post-discharge 6-month follow-up, from 1,435 acute myocardial infarction

survivors with advanced Killip class llI-1V treated by percutaneous coronary intervention procedure

Characteristic Off—(:o:;SG%r)oup On—(f;o:r55795r)oup p value
MACCE 277 (32.2) 194 (33.7) 0.545
NACE 207 (24.1) 141 (24.5) 0.845
All-cause mortality 187 (21.7) 134 (23.3) 0.487
Cardiac death 124 (14.4) 84 (14.6) 0.920

Non-cardiac death 63 (7.3) 50 (8.7) 0.345
NFMI 46 (5.3) 27 (4.7) 0.581

Any revascularization 84 (9.8) 58 (10.1) 0.843
CVA 17 (2.0) 16 (2.8) 0.318
ST 7(0.8) 4(0.7) 1.000

Values are presented as number (%). MACCE is defined as a composite of all-cause mortality, non-fatal myocardial infarction, any
revascularization, cerebrovascular accident, and stent thrombosis.

MACCE, major adverse cardiac and cerebrovascular event; NACE, net adverse clinical endpoint; NFMI, non-fatal myocardial infarc-
tion; CVA, cerebrovascular accident; ST, stent thrombosis.
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Supplementary Table 3. Baseline characteristics of the patients who did not receive PCl or coronary artery bypass graft, or

received failed PCI

Before propensity score weighting method

Characteristic On-hours group Off-hours group
(n = 98) (n = 155) p value

Male patients 55 (56.1) 86 (55.5) 0.921
Age, yr 74.78 £ 11.28 73.25 £ 12.07 0.317

Age > 65 years 78 (79.6) 118 (76.1) 0.521
First medical contact 0.734

Emergency medical service 13 (13.3) 28 (18.1)

No emergency medical service 85 (86.7) 127 (82.0)

PCl-capable center 22 (22.4) 26 (16.8)
PCl-incapable center 63 (64.3) 101 (65.2)

Onset-to-door time > 4 hours 66 (67.3) 89 (57.4) 0.114
Pulse pressure, mmHg 46.03 + 20.07 46.54 + 21.71 0.852

Pulse pressure > 40 mmHg 64 (66.7) 113 (72.9) 0.292
Killip functional classification 0.268

Killip functional class IlI 68 (69.4) 97 (62.6)

Killip functional class IV 30 (30.6) 58 (37.4)
BMI, kg/m? 22.22 +3.19 22.49 £ 3.17 0.535
BMI > 25 kg/m2 15 (17.6) 30 (23.1) 0.339
Previous history

Hypertension 63 (64.3) 103 (66.5) 0.724

Diabetes mellitus 40 (40.8) 70 (45.2) 0.497

Dyslipidemia 8(8.2) 9(5.8) 0.466

Prior Ml 20 (20.4) 22 (14.2) 0.196

Prior heart failure 6 (6.1) 10 (6.5) 0.917

Prior CVA 16 (16.7) 24 (15.7) 0.838
Smoking 37 (37.8) 58 (37.4) 0.957
Family history of CAD 2(2.2) 4(2.7) 1.000
LVEF, % 40.40 = 14.66 4112 £ 1494 0.744
LVEF < 40% 36 (48.6) 54 (47.4) 0.864
STEMI diagnosis 34 (34.7) 51 (32.9) 0.769
Use of thrombolysis 0 3(1.9) 0.285
Discharge medications

Aspirin 91 (92.9) 149 (96.1) 0.251

P2Y12 inhibitor 87 (88.8) 143 (92.3) 0.348

Calcium channel blocker 16 (16.3) 18 (11.6) 0.284

Beta-blocker 54 (55.1) 70 (45.2) 0.123

ACE inhibitor or ARB 54 (55.1) 73 (47.1) 0.215

Statin 56 (57.1) 88 (56.8) 0.954

Values are presented as number (%) or mean = standard deviation.
PCl, percutaneous coronary intervention; BMI, body mass index; MI, myocardial infarction; CVA, cerebrovascular accident; CAD,
coronary artery disease; LVEF, left ventricular ejection fraction; STEMI, ST-segment elevation myocardial infarction; ACE, angioten-
sin-converting enzyme; ARB, angiotensin receptor blocker.

https://doi.org/10.3904/kjim.2021.539

www.kjim.org


www.kjim.org

KJ I Mﬂ The Korean Journal of Internal Medicine Vol. 37, No. 3, May 2022

Supplementary Table 4. Baseline characteristics of the patients who did not receive PCl or coronary artery bypass graft, or
received failed PCI

Characteristic (nolezraSI;) On-f(w:ir;g)roup Off-(:o:rf S%r)oup p value
In-hospital death 81(32.0) 29 (29.6) 52 (33.5) 0.51
Clinical outcomes up to 6 months 172 69 103
MACCE 46 (26.7) 16 (23.2) 30(29.1) 0.389
NACE 37 (21.5) 14 (20.3) 23(22.3) 0.750
All-cause mortality 39(22.7) 15 (21.7) 24 (23.3) 0.811
Cardiac death 31(18.0) 12 (17.4) 19 (18.4) 0.860
Non-cardiac death 8(4.7) 3(4.3) 5(4.9) 1.000
NFMI 8(4.7) 2(2.9) 6(5.8) 0.478
Any revascularization 4(2.3) 1(1.4) 3(2.9 0.650
CVA 3(1.7) 0 3(2.9) 0.275
ST 0 0 0 -
Clinical outcomes up to 3 years 172 69 103 0.317
MACCE 9 (51.7) 34 (49.3) 55 (53.4) 0.596
NACE 66 (38.4) 26 (37.7) 40 (38.8) 0.879
All-cause mortality 82 (47.7) 32 (46.4) 50 (48.5) 0.780
Cardiac death 60 (34.9) 23(33.3) 37 (35.9) 0.727
Non-cardiac death 22 (12.8) 9(13.0) 13(12.6) 0.935
NFMI 2(7.0) 3(4.3) 9(8.7) 0.366
Any revascularization 6 (3.5) 2(2.9) 4(3.9) 1.000
CVA 6 (3.5) 1(1.4) 5(4.9) 0.404
ST 1(0.6) 1(1.4) 0 0.401

Values are presented as number (%).
PCl, percutaneous coronary intervention; MACCE, major adverse cardiac and cerebrovascular event; NACE, net adverse clinical
event; NFMI, non-fatal myocardial infarction; CVA, cerebrovascular accident; ST, stent thrombosis.

www.kjim.org https://doi.org/10.3904/kjim.2021.539


www.kjim.org

Oh S, et al. Off-hour admission in Killip Il1-1V AMI

KJIM™

Supplementary Table 5. Baseline characteristics of 316 patients who were deceased during the index hospitalization

On-hours group

Off-hours group

Characteristic (n = 205) (= 111) p value

Male patients 128 (62.4) 81(73.0) 0.059

Age, yr 723 +£11.8 717 £12.7 0.659
Age > 65 years 159 (77.6) 82 (73.9) 0.462

First medical contact 0.421
Emergency medical service 66 (32.2) 8(25.2)

No emergency medical service 139 (67.8) 83 (74.8)
PCl-capable center 32 (15.6) 8(16.2)
PCl-incapable center 107 (52.2) 5 (58.6)

Total ischemic time > 12 hours 42 (26.8) 22 (25) 0.765
Total ischemic time, hr 149+ 252 9.8+16.2 0.057
Onset-to-door time, hr 11.9+31.1 12.2 +30.6 0.939
Onset-to-door time > 4 hours 85 (41.5) 43 (38.7) 0.638
Door-to-balloon time, min 314.5 +£904.7 174.1 + 607.3 0.149
Door-to-balloon time > 90 minutes 80 (51.0) 31 (35.2) 0.018

Pulse pressure, mmHg 33.8+ 195 375189 0.108
Pulse pressure > 40 mmHg 93 (46.3) 58 (54.7) 0.159

Killip functional classification 0.467
Killip functional class IlI 62 (30.2) 38(34.2)

Killip functional class IV 143 (69.8) 73 (65.8)

BMI, kg/m? 23.0+3.8 233+36 0.565

BMI > 25 kg/m? 34 (23.3) 22 (27.2) 0.517

Previous history
Hypertension 125 (61.0) 65 (58.6) 0.675
Diabetes mellitus 86 (42.0) 39 (35.1) 0.237
Dyslipidemia 94.4) 8(7.2) 0.289
Prior Ml 21(10.2) 11 (9.9) 0.925
Prior heart failure 13 (6.4) 1(0.9) 0.023
Prior CVA 28 (13.7) 18 (16.2) 0.538

Smoking 84 (41.0) 47 (42.3) 0.814

Family history of CAD 7 (3.6) 3(2.9) 1.000

LVEF, % 369+154 359+ 133 0.704

LVEF < 40% 58 (68.2) 30 (66.7) 0.856

STEMI diagnosis 144 (70.2) 80 (72.1) 0.733

Values are presented as number (%) or mean =+ standard deviation.
PCl, percutaneous coronary intervention; BMI, body mass index; MI, myocardial infarction; CVA, cerebrovascular accident; CAD,
coronary artery disease; LVEF, left ventricular ejection fraction; STEMI, ST-segment elevation myocardial infarction.
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Supplementary Table 6. Detailed information about patients who received thrombolysis during the index hospitalization

- Total In-hos-
Group Sex Age,  Killip .STEMl. ischemic D2BT 02DT PCl use pital Long-term
yr class diagnosis : outcomes
time death
Case 1 Off-hours Male 37 Y, Yes 2 hr 1hr 1hr Performed No No event
group 23 min 18 min 5 min
Case 2 Off-hours Male 61 vV Yes 38 hr 34 hr 3 hr Performed No No event
group 39 min 52 min 47 min
Case 3  Off-hours Male 69 1] Yes 75 hr 62 hr 13 hr Performed Yes
group 40 min 5 min 35 min
Case 4 Off-hours Male 59 vV Yes Not 3 hr Not Performed No No event
group estimated 26 min estimat-
ed
Case 5 Off-hours Female 53 \Y Yes Not Not 1hr Not No No event
group estimated estimat- 3 min performed
ed
Case 6 Off-hours Male 60 \Y Yes 10 hr 9 hr 37 min Performed No No event
group 35 min 58 min
Case 7  Off-hours Male 63 1l Yes 26 hr 22 hr 4 hr Performed No No event
group 15 min 52 min 23 min
Case 8 Off-hours Male 61 vV Yes Not Not 23 min Not Yes
group estimated  estimat- performed
ed
Case 9  Off-hours Male 62 vV Yes 63 hr 59 hr 3hr Performed No No event
group 2 min 19 min 43 min
Case 10 Off-hours Male 68 IV Yes 2 hr 1 hr 54 min Performed No No event
group 14 min 20 min
Case 11 Off-hours Male 50 1] Yes 24 hr 20 hr 5 hr Performed No No event
group 18 min 1 min 17 min
Case 12 Off-hours Female 62 1] Yes Not Not 40 min Not Yes
group estimated  estimat- performed
ed
Case 13 Off-hours Female 80 \Y Yes 5 hr 1hr 4 hr Performed No No event
group 10 min 9 min 1 min
Case 14 Off-hours Male 49 1\ Yes 14 hr 14 hr 30 min Performed No No event
group 33 min 3 min
Case 15 Off-hours Male 69 Il Yes  11hr 9 hr 2hr Performed No  Non-cardi-
group 27 min 27 min ac death
Case 16 Off-hours Male 77 Y, Yes 59 hr 56 hr 3 hr Performed No  NFMI, any
group 58 min 28 min 30 min revascular-
ization
Case 17 Off-hours Female 60 vV Yes 106 hr 105 hr 52 min Performed No  No event
group 17 min 25 min

STEMI, ST-segment elevation myocardial infarction; D2BT, door-to-balloon time; O2DT, onset-to-door time; PCl, percutaneous cor-
onary intervention; NFMI, non-fatal myocardial infarction.
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