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Abstract

Background

Although current guidelines recommend admission to the intensive/coronary care unit (ICU/

CCU) for patients with ST-segment elevation myocardial infarction (MI), routine use of the

CCU in uncomplicated patients with acute MI remains controversial. We aimed to evaluate

the safety of management in the general ward (GW) of hemodynamically stable patients

with acute MI after primary percutaneous coronary intervention (PCI).

Methods

Using a large nationwide administrative database, a cohort of 19426 patients diagnosed

with acute MI in 52 hospitals where a CCU was available were retrospectively analyzed.

Patients with mechanical cardiac support and Killip classification 4, and those without pri-

mary PCI on admission were excluded. A total of 5736 patients were included and divided

into the CCU (n = 3488) and GW (n = 2248) groups according to the type of hospitalization

room after primary PCI. Propensity score matching was performed, and 1644 pairs were

matched. The primary endpoint was in-hospital mortality at 30 days.

Results

The CCU group had a higher rate of Killip classification 3 and ambulance use than the GW

group. There was no significant difference in the incidence of in-hospital mortality within 30

days among the matched subjects. Multivariable Cox proportional hazard model analysis

among unmatched patients supported the findings (hazard ratio 1.12, 95% confidence inter-

val 0.66–1.91, p = 0.67).
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Conclusions

The use of the GW was not associated with higher in-hospital mortality in hemodynamically

stable patients with acute MI after primary PCI. It may be feasible for the selected patients to

be directly admitted to the GW after primary PCI.

Introduction

Acute myocardial infarction (MI) remains a leading cause of death worldwide [1]. However,

the prognosis of patients with acute MI has improved in recent decades and is mainly attrib-

uted to accessibility to early reperfusion therapy and established medical treatments [2, 3]. For

example, between 1995 and 2015, 30-day mortality decreased in patients with ST-segment ele-

vation myocardial infarction (STEMI) and non-ST-segment elevation myocardial infarction

(NSTEMI) from 14% to 3% and from 11% to 3%, respectively, in France [2]. In-hospital mor-

tality of acute MI in Japan has similarly decreased from 18.3% to 6.6% between 1980 and 2014

[4]. In particular, acute MI patients undergoing primary percutaneous coronary intervention

(PCI) have better prognoses than their non-PCI counterparts, resulting in in-hospital mortal-

ity ranging from 2% to 6% [5, 6].

Management in an intensive care unit/coronary care unit (ICU/CCU) may also improve

mortality in patients with acute MI through the monitoring of post-infarction complications,

such as life-threatening ventricular arrhythmias or mechanical sequelae [7, 8]. However, the

impact of CCU had been established before the reperfusion therapy era, although the inci-

dence of complications has been greatly reduced by early reperfusion therapy, particularly pri-

mary PCI [9, 10]. It is unknown whether CCU is still beneficial to patients with acute MI

undergoing primary PCI.

Recent European guidelines recommend using CCU for patients with STEMI [11], whereas

American guidelines do not specify the role of CCU care in STEMI [12]. In Japanese guidelines,

routine CCU use for patients with acute MI, including both STEMI and NSTEMI, is recom-

mended [13]. Recent observational studies also showed mixed findings. Valley et al. reported that

CCU rather than general ward (GW) admission for STEMI, but not NSTEMI, was associated

with improved survival at 30 days [14]. Two studies indicated no impact of CCU use on clinical

outcomes in patients with NSTEMI or low-risk patients with STEMI when compared to GW use

[15, 16]. A possible explanation for this inconsistency is that the feasibility of patient care in the

GW may vary by risk and severity of acute MI. Management in the GW may be acceptable for

low-risk STEMI and NSTEMI. In the current era of early reperfusion therapy and established

medical treatments, quite a few patients with acute MI could be managed safely in GW.

The impact of the CCU on in-hospital mortality should be evaluated using up-to-date data.

In particular, more attention should be focused on patients with acute MI undergoing primary

PCI because they are expected to have a low risk of in-hospital mortality. Therefore, we con-

ducted this retrospective study to evaluate the safety of management of hemodynamically sta-

ble acute MI after primary PCI in the GW using large-scale data of patients admitted to

hospitals from 2015 to 2019.

Materials and methods

Data source

The Diagnosis Procedure Combination (DPC) system is a case-mix classification system used

in Japan to calculate reimbursements from insurers to acute care hospitals. This study used the
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DPC database, which consists of administrative claims data regularly collected from voluntar-

ily participating hospitals that operate under the DPC system. The DPC database includes

summarized inpatient information, such as recorded diagnoses of the disease that resulted in

hospitalization, other major diagnoses, Killip class on admission, comorbidities on admission,

and discharge status. Diseases were identified through the International Classification of Dis-

ease, 10th revision (ICD-10), codes. The database also contains detailed information on the

use of medical resources, diagnostic tests, surgical procedures, and prescribed medications.

The Ethical Committee of Chiba University approved this study (unique identifier: 3309). As

the data were anonymized, the requirement for informed consent was waived.

Study population

We identified patients who fulfilled the following inclusion criteria: 1) age�18 years; 2) acute

MI patients (ICD-10 codes: I21.0, I21.1, I21.2, I21.3, I21.4, and I21.9) admitted to a hospital

between January 2015 and December 2019; and 3) patients treated at a hospital where a CCU

was available (Fig 1). Patients were excluded from the present analysis based on the following

criteria: 1) not receiving primary PCI on the day of admission; 2) receiving an intra-aortic bal-

loon pump and/or extracorporeal membrane oxygenation on admission; 3) Killip class 4 on

admission; and 4) missing outcome data (Fig 1). Briefly, patients with hemodynamically stable

STEMI and NSTEMI were included. The final sample comprised 5736 patients (CCU: 3488

[61%]; GW: 2248 [39%]).

Fig 1. Flowchart of the study population. Emergency IABP and ECMO are defined as the procedures performed on the day of admission. BMI, body mass

index; CCU, coronary care unit; ECMO, extracorporeal membrane oxygenation; GW, general ward; IABP, intra-aortic balloon pump; MI, myocardial

infarction; PCI, percutaneous coronary intervention.

https://doi.org/10.1371/journal.pone.0240364.g001
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Outcomes

The primary outcome was in-hospital mortality within 30 days, measured from the time of

hospital admission. We also calculated the total duration of hospitalization (days from admis-

sion to discharge) and total hospitalization cost based on reimbursement of treatment costs

from the DPC system.

Variables

The exposure variable was CCU use on hospital admission. Admission to the CCU was defined

as the presence of an ICU/CCU revenue center code in the administrative DPC data. We

defined GW admission as the lack of any ICU/CCU revenue center code. Patients were divided

into CCU and GW groups according to the type of hospitalization room on admission after

primary PCI. We included the following variables as confounding factors: age, sex, ambulance

use, source of admission (home, another hospital, and nursing home), body mass index, Killip

classification on admission, the presence of anterior MI, and comorbidities (hypertension, dys-

lipidemia, diabetes mellitus, and chronic kidney disease). The use of an intra-aortic balloon

pump and extracorporeal membrane oxygenation beyond the day of admission, ventilator,

intravenous vasopressor agent (catecholamine, etc.) and intravenous vasodilators (nitrates,

carperitide, etc.) were selected as surrogates of disease severity. We also evaluated medications,

including antiplatelet agents, renin-angiotensin system blockers, β-blockers, and statins, dur-

ing hospitalization to examine compliance with medical treatments.

Statistical analysis

All statistical analyses were performed using the SAS statistical software package version 9.4 (SAS

Institute, Cary, USA). Continuous variables were expressed as mean ± standard deviation when

normally distributed, and as median and interquartile range when non-normally distributed. Cat-

egorical data were presented as absolute numbers and percentages. Continuous variables were

compared using Student’s t-test or Mann-Whitney U-test, as appropriate. Categorical variables

were compared using Pearson’s chi-square test or Fisher’s exact test. Propensity scores were calcu-

lated for each participant using multivariate logistic regression based on the variables shown in

Fig 1. We conducted a 1:1 propensity score matching (PSM) analysis without replacement (greedy

matching algorithm), with a caliper width equal to 0.2 of standard deviation of the logit of the pro-

pensity score. To examine the balance of covariate distribution between the CCU and GW groups,

we calculated the standardized difference (SD). The Kaplan-Meier method and log-rank test were

used to analyze the 30-day survival in PS-matched groups. As a sensitivity analysis, in-hospital

mortality through hospitalization was used as an outcome. Furthermore, univariate and multivari-

ate Cox proportional-hazards regression analyses for 30-day mortality and in-hospital mortality

during hospitalization were performed using the unmatched patients. We adjusted for patient

age, sex, body mass index, prevalence of anterior MI, use of ambulance, source of admission, and

Killip classification on admission, and determined the hazard ratio (HR) and 95% confidence

intervals (CIs) for each variable. P value<0.05 was considered statistically significant.

Results

The clinical characteristics of the study population are summarized in Table 1. The CCU

group had a higher rate of ambulance use and Killip class 3, whereas transfer from another

hospital and unclassified Killip subgroups were more frequently found in the GW group. After

PSM, the two matched groups (1644 patients in each arm) showed no significant differences in

baseline clinical characteristics, including ambulance use and Killip classification (Table 1).
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Medications, such as antiplatelet agents, β-blockers, angiotensin-converting enzyme inhibitors,

and statins, were well prescribed in both CCU and GW groups before and after PSM (Table 2).

There was no significant difference in crude 30-day in-hospital mortality before and after PSM

between CCU and GW groups (before: 1.7% vs. 1.8%, p = 0.93; after: 1.8% vs. 1.1%, p = 0.08).

Kaplan-Meier curve analysis after PSM showed no significant difference in the incidence of

30-day in-hospital mortality (Fig 2). Sensitivity analysis applying multivariate Cox propor-

tional hazard model analysis by using the unmatched patients supported the findings (HR

1.12, 95% CI 0.66–1.91, p = 0.67), showing that older age, admission from nursing home, and

Killip classification were significantly associated with an increased risk of 30-day in-hospital

mortality (S1 Table). Similar patterns were observed even when in-hospital mortality during

entire hospitalization period was used as outcome (PSM analysis: log rank p = 0.17; Cox pro-

portional-hazards regression analysis: HR 1.02, 95% CI 0.63–1.69, p = 0.91).

In addition, we examined the length of stay and total hospitalization costs. The total dura-

tion of hospitalization was shorter (11 [9–15] vs. 12 [9–16] days, p<0.001), and total hospitali-

zation cost was lower in the GW group than in the CCU group after PSM (1780000 [1480000–

2150000] vs. 1830000 [1560000–2240000] JPY, p<0.001)

Discussion

In the present study, we focused on low-risk patients with acute MI: patients with primary PCI

and without mechanical circulatory support on arrival. As expected, the 30-day mortality was

Table 1. Patient characteristics (before and after propensity score-matching).

Variable Before Propensity score matching After Propensity score matching

CCU (n = 3488) GW (n = 2248) SD CCU (n = 1644) GW (n = 1644) SD

Age (years) 68.6±12.8 69.4±12.8 −0.063 68.7±12.7 68.9±12.9 −0.013

Male 2700 (77%) 1747 (78%) −0.007 1305 (79%) 1298 (79%) 0.011

BMI (kg/m2) 24.0±3.8 24.1±3.8 −0.008 24.0±3.8 24.0±3.8 −0.019

<18.5 167/3313 (5%) 101/1983 (5%) −0.002 84 (5%) 87 (5%) −0.008

18.5–25.0 1956/3313 (59%) 1172/1983 (59%) −0.001 969 (59%) 968 (59%) 0.001

>25.0 1190/3313 (36%) 710/1983 (36%) 0.003 591 (36%) 589 (36%) 0.003

Ambulance use 2492 (71%) 1500 (67%) 0.102 1136 (69%) 1139 (69%) -0.004

Source of admission

Home 3328 (95%) 2103 (94%) 0.082 1543 (94%) 1538 (94%) 0.013

Another hospital 118 (3%) 126 (6%) -0.107 84 (5%) 95 (6%) -0.030

Nursing home 42 (1%) 19 (1%) 0.035 17 (1%) 11 (1%) 0.039

Killip Classification

1 2179 (63%) 1294 (58%) 0.100 1093 (66%) 1072 (65%) 0.027

2 965 (28%) 513 (23%) 0.112 426 (26%) 442 (27%) −0.022

3 261 (7%) 85 (4%) 0.161 68 (4%) 73 (4%) −0.015

Unclassified 83 (2%) 356 (16%) −0.481 57 (3%) 57 (3%) 0.000

Anterior MI 1486/3103 (48%) 925/1994 (46%) 0.030 769 (47%) 749 (46%) 0.024

Hypertension 1250 (36%) 813 (36%) −0.007 618 (38%) 611 (37%) 0.009

Diabetes mellitus 1134 (33%) 716 (32%) 0.014 513 (31%) 517 (31%) -0.005

Dyslipidemia 2389 (68%) 1500 (67%) 0.038 1124 (68%) 1118 (68%) 0.008

Chronic kidney disease 190 (5%) 126 (6%) −0.007 65 (4%) 81 (5%) −0.048

Data are shown as mean ± standard deviation, or number (%). BMI, body mass index; CCU, coronary care unit; GW, general ward; MI, myocardial infarction; SD,

standardized difference.

https://doi.org/10.1371/journal.pone.0240364.t001
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lower in this population, with no significant difference between CCU and GW groups (1.7%

vs. 1.8% in the CCU and GW groups). To our knowledge, this is the first report investigating

the safety and feasibility of management in the GW of hemodynamically stable patients with

acute MI following primary PCI.

The 30-day mortality of acute MI in this study (1.7% vs. 1.8% in the CCU and GW groups)

was low, as expected. Two previous studies reported no impact of CCU use on clinical out-

comes in patients with NSTEMI with low in-hospital mortality (1.3% vs. 1.2% in the CCU and

GW groups) and STEMI patients with low APACHE III scores and a low likelihood of compli-

cations [15, 16]. On the other hand, Valley et al. showed that ICU admission was associated

with improved survival at 30 days among patients with STEMI with high mortality (14.3% vs.

8.3% in the ICU and GW groups) [14]. This may explain the survival benefit of the ICU in

high-risk cohorts, whereas low-risk patients (i.e., patients with low in-hospital mortality) may

be managed appropriately in the GW. Our study also showed no association between ICU

admission and in-hospital mortality among the matched patients (very low-risk patients: 30

days mortality, 1.8% vs. 1.1% in the CCU and GW groups) and the unmatched patients (the

entire population) in the sensitivity analysis, supporting the feasibility of management in the

GW for low-risk patients with acute MI.

CCU use is potentially beneficial for patients with cardiogenic shock (Killip 4) or requiring

mechanical circulatory support, who were excluded from this study. On the other hand, hemo-

dynamically stable patients undergoing PCI could be managed safely in the GW, probably

because the rate of life-threatening ventricular arrhythmias and mechanical complications in

acute MI has been largely reduced by early reperfusion therapy, particularly by primary PCI

[9, 10], with a reported incidence of 0.27% in STEMI and 0.06% in NSTEMI [17]. Indeed, the

reported in-hospital mortality rate of patients with acute MI following primary PCI is quite

low: 2.2%-6.1% among European countries and 2.7%/0.7% in patients with STEMI/

NSTE-ACS in Japan [5, 6]. Outcomes of acute MI in the current era have entailed such low

rates of in-hospital mortality to suggest that routine use of the CCU rather than the GW may

Table 2. Post treatment variables and outcomes (before and after propensity score-matched cohort).

Variable Before Propensity score Matching After Propensity score Matching

CCU (n = 3488) GW (n = 2248) P value CCU (n = 1644) GW (n = 1644) P value

Medication

Antiplatelet agent 3423 (98%) 2235 (99%) <0.0001 1612 (98%) 1638 (99.6%) <0.0001

Statins 3189 (91%) 2093 (93%) 0.021 1491 (91%) 1538 (94%) 0.002

ACEI/ARB 2695 (77%) 1872 (83%) <0.0001 1276 (78%) 1422 (87%) <0.0001

β-blocker 1582 (45%) 1105 (49%) 0.005 725 (44%) 826 (50%) 0.0004

Intravenous vasopressors 95 (3%) 92 (4%) 0.005 42 (3%) 67 (4%) 0.015

Intravenous vasodilators 322 (9%) 383 (17%) <0.0001 166 (10%) 253 (15%) <0.0001

Ventilator 52 (1.5%) 21 (0.9%) 0.061 20 (1%) 18 (1%) 0.744

IABP 124 (4%) 67 (3%) 0.233 53 (3%) 31 (2%) 0.015

ECMO 8 (0.2%) 6 (0.3%) 0.780 5 (0.1%) 3 (0.2%) 0.726

Hospitalization day, days 12 [9–16] 11 [8–15] <0.0001 12 [9–16] 11 [9–15] <0.0001

Hospitalization cost, 10,000 JPY 184 [156–224] 176 [144–217] <0.0001 183 [156–224] 178 [148–215] <0.0001

30-day mortality 61 (1.7%) 40 (1.8%) 0.932 30 (1.8%) 18 (1.1%) 0.079

In-hospital mortality 68 (1.9%) 48 (2.1%) 0.627 34 (2.1%) 22 (1.3%) 0.105

Data are shown as mean ± standard deviation, median (interquartile range), or number (%). ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin

receptor blockers; CCU, coronary care unit; GW, general ward; IABP, intra-aortic balloon pump; PCPS, percutaneous cardiopulmonary support.

https://doi.org/10.1371/journal.pone.0240364.t002
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not provide significant survival benefits, especially in hemodynamically stable patients. In

addition to early reperfusion therapy, optical medical therapy (i.e., antiplatelet agents, β-block-

ers, angiotensin-converting enzyme inhibitors, and statins), as was done in our study, could be

vital for safe management of the selected patients in the GW [18]. Further studies are needed

to evaluate the criteria for admission to the CCU and essential factors, such as optical medical

therapy, in the safe management of the selected low-risk patients with acute MI in the GW.

Primary PCI has been widely performed in patients with acute MI (France: 76%, Japan:

85%) [2, 19, 20]. In the era of primary PCI, care of selected low-risk populations with acute MI

in the GW may be beneficial in terms of not only in-hospital mortality, but also the length of

hospital stay and total hospitalization costs. We found that the total hospitalization costs of

direct admission to the GW were lower than those of admission to the CCU. CCU care is a sig-

nificant component of total costs worldwide [21]. Previous studies have reported that mean

hospitalization costs were 2.5 times higher among patients admitted to the ICU than those

managed in the GW [21, 22]. In addition, it is conceivable that management of hemodynami-

cally stable patients with acute MI in GW offers opportunities for other patients who require

intensive care in CCU. Considering the limited capacity of ICU beds, this would be beneficial

Fig 2. Kaplan–Meier curves for the probability of survival after propensity score matching. CCU, coronary care unit; GW, general ward.

https://doi.org/10.1371/journal.pone.0240364.g002
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to improve health resource allocation. Although this study did not focus on cost effectiveness,

our findings warrant further investigation about the potential benefit of GW management of

acute MI patients to save cost and medical resources.

Limitations

There were several limitations to the present study. First, this was a retrospective study using

the DPC administrative database, which does not provide detailed clinical information includ-

ing past medical history, laboratory findings, reperfusion strategies, and ST-segment elevation

on electrocardiogram. Thus, residual confounding based on these factors cannot be ruled out.

In the present study, acute MI includes STEMI and NSTEMI, both of which could not be distin-

guished. Second, we excluded patients with acute MI who underwent primary PCI on the day

following admission or later. This may have impacted patient selection. However, given that

immediate or early invasive strategies are recommended in patients with STEMI and high-risk

NSTEMI [11], patients who did not undergo primary PCI within 24 hours may belong to differ-

ent subsets of acute MI, such as supply/demand (type 2) MI. Third, patient care in the GW was

left to the discretion of physicians in daily clinical practice; therefore, it could not be defined sys-

tematically. Fourth, the very low-risk patients were selected among all patients by PSM, and

treated with acute MI. However, sensitivity analysis applying the multivariable Cox propor-

tional hazard model also supported the outcome in all subjects. Lastly, PCI procedures done in

Japanese routine clinical practice are different from those in Western countries in some aspects,

including the predominant use of intracoronary imaging in Japan [23–25].

Conclusions

The present large-scale data set demonstrated that using the GW instead of the CCU was not

associated with an increased risk of in-hospital mortality in hemodynamically stable patients

with acute MI after primary PCI. The total duration of hospitalization was shorter, and total

hospitalization cost was lower in the GW group. Patient care in the GW directly after primary

PCI may be feasible and safe in selected populations of acute MI.
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Temporal trends in mechanical complications of acute myocardial infarction in the elderly. J Am Coll

Cardiol. 2018; 72: 959–966. https://doi.org/10.1016/j.jacc.2018.06.031 PMID: 30139440

11. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. 2017 ESC guidelines

for the management of acute myocardial infarction in patients presenting with ST-segment elevation:

the task force for the management of acute myocardial infarction in patients presenting with ST-seg-

ment elevation of the European Society of Cardiology (ESC). Eur Heart J. 2018; 39: 119–177. https://

doi.org/10.1093/eurheartj/ehx393 PMID: 28886621

12. O’Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de Lemos JA, et al. 2013 ACCF/AHA

guideline for the management of ST-elevation myocardial infarction: a report of the American College of

Cardiology Foundation/American Heart Association task force on practice guidelines. Circulation. 2013;

127: e362–425. https://doi.org/10.1161/CIR.0b013e3182742cf6 PMID: 23247304

13. JCS 2018 Guideline on Diagnosis and Treatment of Acute Coronary Syndrome, https://www.j-circ.or.jp/

cms/wp-content/uploads/2020/02/JCS2018_kimura.pdf (2020, accessed 4 July 2020).

PLOS ONE Feasibility of management of patients with acute MI and primary PCI in the general ward settings

PLOS ONE | https://doi.org/10.1371/journal.pone.0240364 October 9, 2020 9 / 10

https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.1016/S0140-6736(12)61728-0
http://www.ncbi.nlm.nih.gov/pubmed/23245604
https://doi.org/10.1161/CIRCULATIONAHA.117.030798
http://www.ncbi.nlm.nih.gov/pubmed/28844989
https://doi.org/10.1001/jama.2011.522
http://www.ncbi.nlm.nih.gov/pubmed/21521849
https://doi.org/10.1253/circj.CJ-16-0799
http://www.ncbi.nlm.nih.gov/pubmed/28154296
https://doi.org/10.1253/circj.cj-13-0174
https://doi.org/10.1253/circj.cj-13-0174
http://www.ncbi.nlm.nih.gov/pubmed/23502993
https://doi.org/10.1093/eurheartj/eht529
http://www.ncbi.nlm.nih.gov/pubmed/24419804
https://doi.org/10.1016/s0140-6736(61)90738-3
http://www.ncbi.nlm.nih.gov/pubmed/14452757
https://doi.org/10.7326/0003-4819-108-6-887
http://www.ncbi.nlm.nih.gov/pubmed/3285749
https://doi.org/10.1016/j.amjcard.2008.08.008
https://doi.org/10.1016/j.amjcard.2008.08.008
http://www.ncbi.nlm.nih.gov/pubmed/19064011
https://doi.org/10.1016/j.jacc.2018.06.031
http://www.ncbi.nlm.nih.gov/pubmed/30139440
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehx393
http://www.ncbi.nlm.nih.gov/pubmed/28886621
https://doi.org/10.1161/CIR.0b013e3182742cf6
http://www.ncbi.nlm.nih.gov/pubmed/23247304
https://www.j-circ.or.jp/cms/wp-content/uploads/2020/02/JCS2018_kimura.pdf
https://www.j-circ.or.jp/cms/wp-content/uploads/2020/02/JCS2018_kimura.pdf
https://doi.org/10.1371/journal.pone.0240364


14. Valley TS, Iwashyna TJ, Cooke CR, Sinha SS, Ryan AM, Yeh RW, et al. Intensive care use and mortal-

ity among patients with ST elevation myocardial infarction: retrospective cohort study. BMJ. 2019; 365:

l1927. https://doi.org/10.1136/bmj.l1927 PMID: 31164326

15. van Diepen S, Lin M, Bakal JA, McAlister FA, Kaul P, Katz JN, et al. Do stable non-ST-segment eleva-

tion acute coronary syndromes require admission to coronary care units? Am Heart J. 2016; 175: 184–

192. https://doi.org/10.1016/j.ahj.2015.11.020 PMID: 27179739

16. Norton JM, Reddy PK, Subedi K, Fabrizio CA, Wimmer NJ, Urrutia LE. Utilization of an ICU severity of

illness scoring system to triage patients with ST-elevation myocardial infarction. J Intensive Care Med.

2020: 885066620928263. https://doi.org/10.1177/0885066620928263 PMID: 32519573

17. Elbadawi A, Elgendy IY, Mahmoud K, Barakat AF, Mentias A, Mohamed AH, et al. Temporal trends and

outcomes of mechanical complications in patients with acute myocardial infarction. JACC Cardiovasc

Interv. 2019; 12: 1825–1836. https://doi.org/10.1016/j.jcin.2019.04.039 PMID: 31537282

18. Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Population trends in the incidence and out-

comes of acute myocardial infarction. N Engl J Med. 2010; 362: 2155–2165. https://doi.org/10.1056/

NEJMoa0908610 PMID: 20558366

19. Ishihara M, Nakao K, Ozaki Y, Kimura K, Ako J, Noguchi T, et al. Long-term outcomes of non-ST-eleva-

tion myocardial infarction without creatine kinase elevation- The J-MINUET Study. Circ J. 2017; 81:

958–965. https://doi.org/10.1253/circj.CJ-17-0033 PMID: 28320999

20. Sawano M, Yamaji K, Kohsaka S, Inohara T, Numasawa Y, Ando H, et al. Contemporary use and

trends in percutaneous coronary intervention in Japan: an outline of the J-PCI registry. Cardiovasc

Interv Ther. 2020; 35: 218–226. https://doi.org/10.1007/s12928-020-00669-z PMID: 32440831

21. Halpern NA, Pastores SM. Critical care medicine in the United States 2000–2005: an analysis of bed

numbers, occupancy rates, payer mix, and costs. Crit Care Med. 2010; 38: 65–71. https://doi.org/10.

1097/CCM.0b013e3181b090d0 PMID: 19730257

22. Chalfin DB, Cohen IL, Lambrinos J. The economics and cost-effectiveness of critical care medicine.

Intensive Care Med. 1995; 21: 952–961. https://doi.org/10.1007/BF01712339 PMID: 8636530

23. Yamashita T, Sakamoto K, Tabata N, Ishii M, Sato R, Nagamatsu S, et al. Imaging-guided PCI for

event suppression in Japanese acute coronary syndrome patients: community-based observational

cohort registry. Cardiovasc Interv Ther. 2020. https://doi.org/10.1007/s12928-020-00649-3 [Epub

ahead of print] PMID: 32052349

24. Saito Y, Kobayashi Y, Fujii K, Sonoda S, Tsujita K, Hibi K, et al. Clinical expert consensus document on

standards for measurements and assessment of intravascular ultrasound from the Japanese Associa-

tion of Cardiovascular Intervention and Therapeutics. Cardiovasc Interv Ther. 2020; 35: 1–12. https://

doi.org/10.1007/s12928-019-00625-6 PMID: 31571149

25. Mintz GS. Intravascular ultrasound guidance improves patient survival (mortality) after drug-eluting

stent implantation: review and updated bibliography. Cardiovasc Interv Ther. 2020; 35: 37–43. https://

doi.org/10.1007/s12928-019-00616-7 PMID: 31482290

PLOS ONE Feasibility of management of patients with acute MI and primary PCI in the general ward settings

PLOS ONE | https://doi.org/10.1371/journal.pone.0240364 October 9, 2020 10 / 10

https://doi.org/10.1136/bmj.l1927
http://www.ncbi.nlm.nih.gov/pubmed/31164326
https://doi.org/10.1016/j.ahj.2015.11.020
http://www.ncbi.nlm.nih.gov/pubmed/27179739
https://doi.org/10.1177/0885066620928263
http://www.ncbi.nlm.nih.gov/pubmed/32519573
https://doi.org/10.1016/j.jcin.2019.04.039
http://www.ncbi.nlm.nih.gov/pubmed/31537282
https://doi.org/10.1056/NEJMoa0908610
https://doi.org/10.1056/NEJMoa0908610
http://www.ncbi.nlm.nih.gov/pubmed/20558366
https://doi.org/10.1253/circj.CJ-17-0033
http://www.ncbi.nlm.nih.gov/pubmed/28320999
https://doi.org/10.1007/s12928-020-00669-z
http://www.ncbi.nlm.nih.gov/pubmed/32440831
https://doi.org/10.1097/CCM.0b013e3181b090d0
https://doi.org/10.1097/CCM.0b013e3181b090d0
http://www.ncbi.nlm.nih.gov/pubmed/19730257
https://doi.org/10.1007/BF01712339
http://www.ncbi.nlm.nih.gov/pubmed/8636530
https://doi.org/10.1007/s12928-020-00649-3
http://www.ncbi.nlm.nih.gov/pubmed/32052349
https://doi.org/10.1007/s12928-019-00625-6
https://doi.org/10.1007/s12928-019-00625-6
http://www.ncbi.nlm.nih.gov/pubmed/31571149
https://doi.org/10.1007/s12928-019-00616-7
https://doi.org/10.1007/s12928-019-00616-7
http://www.ncbi.nlm.nih.gov/pubmed/31482290
https://doi.org/10.1371/journal.pone.0240364

