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Coronary Artery Disease

Effects of National Hospital Accreditation in
Acute Coronary Syndrome on In-Hospital
Mortality and Clinical Outcomes

Ta Ko,l* Chia-Hung Yang,z* Chun-Tai Mao,l Li-Tang Kuo,1 Ming-Jer Hsieh,z Dong-Yi Chen,2 Chao-Yung Wang,z
Yu-Sheng Lin,3 I-Chang Hsieh,z Shao-Wei Chen,4 Ming-Jui Hung,1 Wen-Jin Cherngz and Tien-Hsing Chen’

Background: Acute coronary syndrome (ACS) is a life-threatening medical condition that accounts for an annual
expenditure of more than $300 billion in the United States. Hospital accreditation has been shown to improve
patient and hospital outcomes for various conditions.

Objectives: This study aimed to determine the benefits of hospital accreditation in patients with ACS.

Methods: This nationwide population-based cohort study used Taiwan’s National Health Insurance Research
Database from 1997 to 2011 (n = 249,354). Multivariable logistic regression was used to analyze the risk of in-
hospital events among those treated in accredited and non-accredited hospitals, and to compare outcomes in
hospitals before and after accreditation. The effect of accreditation on these events was also stratified by accreditation
grade.

Results: A total of 823 hospitals were included, of which 2.4% were medical centers, 13.7% were regional hospitals,
and 83.8% were district hospitals. The in-hospital mortality [odds ratio (OR), 0.82; 95% confidence interval (Cl),
0.79-0.85; p < 0.001] and recurrent acute myocardial infarction (AMI) admission (OR, 0.81; 95% Cl, 0.71-0.93; p =
0.003) rates were significantly lower in the after-accreditation group than in the before-accreditation group. There
was a substantial and marked decrease in the in-hospital mortality rate after accreditation in 2008.

Conclusions: This cohort study demonstrated that ACS accreditation was associated with better in-hospital mortality

and recurrent AMI admission rates in ACS patients.

Key Words:

Received: May 31, 2019 Accepted: April 21, 2020

!Division of Cardiology, Department of Internal Medicine, Community
Medicine Research Center, Chang Gung Memorial Hospital, Keelung;
Chang Gung University College of Medicine, Taoyuan; *Division of
Cardiology, Department of Internal Medicine, Percutaneous Coronary
Intervention Center, Chang Gung Memorial Hospital, Linkou; Chang
Gung University College of Medicine, Taoyuan; ®Division of Cardiology,
Department of Internal Medicine, Chang Gung Memorial Hospital,
Chiayi; Chang Gung University College of Medicine, Taoyuan;
“Department of Cardiac Surgery, Chang Gung Memorial Hospital,
Linkou; Chang Gung University College of Medicine, Taoyuan, Taiwan.
Corresponding author: Dr. Tien-Hsing Chen, Division of Cardiology,
Department of Internal Medicine, Community Medicine Research
Center, Chang Gung Memorial Hospital, No. 222, Maijin Road, Keelung,
Taiwan. Tel: 886-2-2432-9292 ext. 3181; E-mail: skyheart0826@
gmail.com

* Ta Ko and Chia-Hung Yang contributed equally to this study.

Acta Cardiol Sin 2020;36:416—427

Acute coronary syndrome e Hospital accreditation e In-hospital mortality

INTRODUCTION

Cardiovascular disease is the leading cause of death
in the United States, Europe, and Taiwan,l’4 accounting
for almost 1.8 million deaths or 20% of all deaths in Eu-
rope annually, even after optimal medical treatment.’
Moreover, the estimated annual cost is more than $300
billion in the United States and €196 billion in Europe®’
and the associated recurrence rate is high,®’ especially
for acute coronary syndrome (ACS). Due to this high
mortality rate and heavy economic burden, health care
systems seek to optimize the management of ACS.

Guideline-based hospital accreditation may improve
ACS outcomes. Peterson et al. demonstrated that hospi-
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tals with guideline-recommended treatment had lower
in-hospital mortality rates than those that did not follow
guideline-recommended treatment. Furthermore, every
10% increase in composite adherence at a hospital has
been associated with a 10% decrease in the likelihood of
in-hospital mortality, after risk adjustment.® Eagle et al.
reported that using the Guidelines Applied in Practice
program for acute myocardial infarction (AMI) care im-
proved the 30-day and 1-year mortality rates.’ Velasco
et al. likewise found that adequate hospital process per-
formance could reduce the length of stay, costs, and in-
appropriate application of procedures.'® Ross et al. fur-
ther showed that hospital accreditation could improve
hospital compliance with guideline-based treatment.**
Accordingly, a guideline-based hospital process perfor-
mance guaranteed by hospital accreditation may be a
way to improve the outcomes of ACS. In Taiwan, the
Ministry of Health and Welfare (MOHW) and the Joint
Commission of Taiwan (JCT) established hospital accre-
ditation rules based on the American College of Cardio-
logy/American Heart Association (ACC/AHA) and Euro-
pean Society of Cardiology (ESC) guidelines, and they
have conducted hospital accreditation for ACS care every
3 years since 2009. However, the effects of this hospital
accreditation program have not been proven. Therefore,
this study aimed to determine the benefits of the MOHW
and the JCT hospital accreditation program on ACS care.

METHODS

Data collection

We collected patient data from Taiwan’s National
Health Insurance Research Database (NHIRD), which
covers approximately 23 million Taiwanese residents
and included 99.0% and 99.5% of the Taiwanese popu-
lation in 2004 and 2010, respectively."”” The NHIRD in-
cludes data on personal characteristics, family relation-
ships, clinical information, prescription details, examina-
tions, and operations. Diagnoses in the NHIRD are coded
according to the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) codes.
The accuracy of this coding has been validated.*® All pa-
tient data and records were deidentified before analysis.
This study was approved by the Ethics Institutional Re-
view Board of Chang Gung Memorial Hospital.

Study cohorts and definitions

This nationwide population-based cohort study com-
pared the effects of hospital accreditation on in-hospital
mortality and recurrent AMI admission rates within 14
days in patients with AMI. We enrolled all patients aged
> 18 years with AMI admitted to hospitals between Jan-
uary 1, 1997, and December 31, 2011. The occurrence
of AMI was detected using the discharge diagnoses dur-
ing hospitalization (any myocardial infarction ICD-9-CM
codes in one principal diagnosis and four secondary
diagnoses). We divided the hospitals into two groups:
control (unaccredited) and accredited (before and after
accreditation) groups, to compare the effects of guide-
line-based accreditation. In addition, the hospitals in the
accredited group were subdivided into high- and moder-
ate-grade primary percutaneous coronary intervention
(pPCl)-eligible groups according to the rules established
by the MOHW and the JCT.

Accreditation program

The hospital accreditation program evaluated in this
study was for certification for emergent and critical care
according to the MOHW and JCT. The hospitals certified
by this program are listed on the website of MOHW
(https://dep.mohw.gov.tw/DOMA/np-980-106.html).**
This program standardizes the management of acute
stroke, ACS, acute trauma, emergent medical care, in-
tensive medical care, and pediatric and obstetric emer-
gencies.14

For the management of ACS, and especially ST-ele-
vation myocardial infarction (STEMI), this accreditation
program divides hospitals into high- and moderate-
grade groups according to the time of the first electro-
cardiogram at arrival, the time of the first cardiac en-
zyme examination at arrival, dual-antiplatelet therapy
in the emergency department, percutaneous coronary
intervention (PCI) within 90 minutes, and fibrinolytic
therapy within 30 minutes after arrival. In high-grade
pPCl-eligible hospitals, > 80% of the patients receive
the first electrocardiography (ECG) < 10 minutes after
arrival, dual-antiplatelet therapy in the emergency de-
partment and fibrinolytics < 30 minutes after arrival;
and > 75% of the patients receive PCl < 90 minutes af-
ter arrival. Hospitals with > 60% but < 75% of a door to
balloon time < 90 minutes in pPCl are defined as mo-
derate-grade hospitals."*

Acta Cardiol Sin 2020;36:416—-427



Ta Ko et al.

Study group

Figure 1 illustrates the study design and grouping.
We analyzed the hospitals that were accredited from
2009 to 2011. In the hospitals which were accredited
during 2009, the years 2008 to 2011 were defined as the
after-accreditation period and the years before 2007
were defined as the before-accreditation period. In the
hospitals which were accredited during 2010, the years
2009 to 2011 were defined as the after-accreditation
period and the years before 2008 were defined as the
before-accreditation period. In the hospitals which were
accredited during 2011, the years 2010 to 2011 were
defined as the after-accreditation period and the years
before 2009 were defined as the before-accreditation
period. As the NHIRD contained data until 2011, the
hospitals that were accredited after 2012 were not ana-
lyzed. In the hospitals that did not join the accreditation
program, we compared the years 1997-2007 with 2008-
2011 (Supplemental Figure 1).

Outcomes and covariate measurements

We used ICD-9-CM codes to identify all outcomes
for the index hospitalization. The primary outcomes
consisted of in-hospital mortality and recurrent AMI
admissions within 14 days. We also analyzed other con-
sequences including heart failure within 14 days of ad-
mission, length of hospital stay, length of intensive care
unit (ICU) stay, intra-aortic balloon pump (IABP) sup-
port, extracorporeal membrane oxygenation (ECMO)
support, de novo dialysis, and cardiac rehabilitation. The
definitions of cardiovascular death or death from other
causes met the criteria of the Standardized Definitions
for End Point Events in Cardiovascular Trials drafted by
the Food and Drug Administration.™

Statistical analysis

Patient characteristics among the study groups (con-
trol, before-accreditation, after-accreditation) were com-
pared using the chi-squared test for categorical variables
and one-way analysis of variance for continuous variables
with Bonferroni multiple comparisons (post hoc). We
compared the control group in the early and late stages
to analyze the time effects of accreditation on ACS out-
comes. Furthermore, we compared the risk of in-hospital
events among the study groups by using multivariable
logistic regression after adjustments for hospital and
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patient characteristics. The total medical expenditure,
length of hospital stay, and length of ICU stay during the
index hospitalization were compared among study groups
using multivariable linear regression. Moreover, we eva-
luated the effects of accreditation on in-hospital events
stratified by accreditation grade (moderate versus high
grade). The sensitivity analysis (comparing after accredi-
tation with before accreditation) was restricted to the pa-
tients who were admitted with a principal discharge diag-
nosis of AMI and received a PCI during the same hospital-
ization. Statistical analyses were conducted using Statisti-
cal Package for the Social Sciences (SPSS Version 22.0.;
IBM Corp., Armonk, NY, USA).

RESULTS

Hospital characteristics

A total of 823 hospitals were included in this cohort
study, of which 2.4% were tertiary hospitals, 13.7% were
secondary hospitals, and 83.8% were district hospitals.
Of all hospitals, 767 were unaccredited (control), 29
were moderate-grade pPCl-eligible, and 27 were high-
grade pPCl-eligible hospitals. In total, 6.8% of the hospi-
tals were accredited for ACS by the MOHW and the JCT,
of which more than 50% were proprietary hospitals
(72.3%). The median number of beds in these hospitals
was 89 (Table 1).

Patient characteristics of the control group
Of the 249,354 patients admitted for AMI between

Hospitalizations for acute myocardial infarction
between January 1, 1997 and December 31,
2011
(n =249,354)

|
' !

Control group

Accreditation group

(n = 65,491) (n=183,863)
Control Control Before accreditation After accreditation
1997~2007 2008~2011 1997~2007 2008~2011
(n=47,622) (n=17,869) (n =135,255) (n = 48,608)

Moderate- High-grade
grade hospital hospital
(n=8,311) (n = 40,297)

Figure 1. Flowchart of inclusion.
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Table 1. Hospital characteristics (N = 823)

Variables Total Control Moderate-grade High-grade
Number of hospital 823 767 29 27
Hospital level
Medical center 20(2.4) 0(0.0) 0(0.0) 19 (70.4)
Region hospital 113 (13.7) 78 (10.2) 28 (96.6) 8(29.6)
District hospital 690 (83.8) 689 (89.8) 1(3.4) 0(0.0)
Owner type
Government 71(8.6) 62 (8.1) 6 (20.7) 3(11.1)
Non-profit 119 (14.5) 87 (11.3) 16 (55.2) 14 (51.9)
Proprietary 595 (72.3) 585 (76.3) 7(24.1) 5(18.5)
Military 38 (4.6) 33(4.3) 0(0.0) 5(18.5)
Hospital location
North 237 (28.8) 216 (28.2) 11 (37.9) 10 (37.0)
Middle 217 (26.4) 206 (26.9) 6(20.7) 5 (18.5)
South 325 (39.5) 306 (39.9) 9(31.0) 10 (37.0)
East/offshore islands 44 (5.3) 39(5.1) 3(10.3) 2(7.4)
Number of beds 89 [47, 894] 80 [44, 582] 707 [532, 1301] 1330 [1026, 3199]
Number of ICU beds 0o, 70] 0o, 38] 50 [28, 102] 98 [74, 287]
Number of cardiologist 0][0, 4] 0[0, 2] 4[3,10] 71[4,21)]
Number of cardiac surgeon 0[0, 2] 0[0, 1] 110, 3] 3([2,9]
Number of AMI admissions* 18 [4, 1689] 14 [4, 439] 1882 [1402, 3529] 4133 [2155, 9567]

* Total number from 1997 to 2011.

Data source: https://dep.mohw.gov.tw/DOMA/np-980-106.html.
The announcement from 2010 to 2012.

AMI, acute myocardial infarction; ICU, intensive care unit.

1997 and 2011, 65,491 (26.3%) were included in the
control group. Patients in the late-stage control group
(2008-2011) were older, had higher prevalence rates of
previous myocardial infarction and stroke, peripheral ar-
terial disease, hypertension, dyslipidemia, diabetes mel-
litus, coronary artery disease, heart failure, chronic kid-
ney disease, dialysis, atrial fibrillation, gout, and malig-
nancy, and received more PCls and coronary artery by-
pass grafting (CABG) than those in the early-stage con-
trol group (1997-2007). Noticeably, no significant differ-
ence was observed in in-hospital mortality between the
early- and late-stage control groups (Table 2).

Patient characteristics of the accreditation group

A total of 183,863 patients were included in the
accreditation group. Patients in the after-accreditation
group were older, had higher prevalence rates of previ-
ous myocardial infarction and stroke, peripheral arterial
disease, hypertension, dyslipidemia, diabetes mellitus,
coronary artery disease, heart failure, chronic kidney
disease, dialysis, atrial fibrillation, gout, chronic obstruc-
tive pulmonary disease, and malignancy, and received
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more CABG and PCls than those in the before-accredita-
tion group. The rate of in-hospital mortality was signifi-
cantly lower in the after-accreditation group than in the
before-accreditation group (Table 3).

In-hospital outcomes

After adjusting for comorbidities and age, the rate
of in-hospital mortality was significantly lower in the af-
ter-accreditation group [odds ratio (OR), 0.82; 95% con-
fidence interval (Cl), 0.79-0.85; p < 0.001] than in the
before-accreditation group. After further adjusting for
IABP, ECMO, dopamine use, epinephrine use, norepine-
phrine use, ICU duration, and presence of heart failure
during the AMI admission, the in-hospital mortality rate
was still lower in the after-accreditation group than in
the before-accreditation group (OR, 0.74; 95% Cl, 0.71-
0.77; p < 0.001) (Supplemental Table 1). The incidence
of recurrent AMI admissions within 14 days was lower in
the after-accreditation group. In contrast, accreditation
was not significantly associated with the rate of heart
failure admission within 14 days. In the after-accredita-
tion group, IABP support (OR, 1.06; 95% Cl, 1.02-1.10)

Acta Cardiol Sin 2020;36:416—427
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Table 2. Characteristics and in-hospital outcomes of patients who were hospitalized in the non-accreditation hospitals (N = 65,491)

Variables Control 1997~2007 Control 2008~2011 p value
Number of admissions 47,622 17,869 -
Characteristics
Age (year) 71.8 [61.5, 79.0] 73.9[61.1, 82.2] <0.001
Male gender 31,032 (65.3) 11,525 (64.5) 0.071
Prior myocardial infarction 6,933 (14.6) 3,599 (20.1) <0.001
Prior stroke 7,861 (16.5) 4,653 (26.0) <0.001
Peripheral arterial disease 2,483 (5.2) 1,565 (8.8) <0.001
Prior PCl 2,282 (4.8) 2,269 (12.7) <0.001
Prior CABG 494 (1.0) 353 (2.0) <0.001
Prior carotid stenting 3(0.0) 22 (0.1) <0.001
Prior other comorbidities
Hypertension 24,795 (52.1) 12,218 (68.4) <0.001
Dyslipidemia 7,186 (15.1) 5,043 (28.2) <0.001
Diabetes mellitus 16,680 (35.0) 8,188 (45.8) <0.001
Coronary artery disease 9,094 (19.1) 5,284 (29.6) <0.001
Heart failure 7,270 (15.3) 3,936 (22.0) <0.001
Chronic kidney disease 3,330 (7.0) 1,815 (10.2) <0.001
Dialysis 1,114 (2.3) 990 (5.5) <0.001
Atrial fibrillation 3,915 (8.2) 2,061 (11.5) <0.001
Gout 3,683 (7.7) 1,795 (10.0) <0.001
COPD 12,680 (26.6) 4,631 (25.9) 0.066
Malignancy 2,566 (5.4) 1,612 (9.0) <0.001
In-hospital outcomes
Categorical outcome
In-hospital mortality 10,292 (21.6) 3,903 (21.8) 0.524
Re-AMI admission within 14 days 472 (1.0) 126 (0.7) 0.001
HF admission within 14 days 223 (0.5) 107 (0.6) 0.036
IABP replacement 755 (1.6) 638 (3.6) <0.001
ECMO replacement 428 (0.9) 167 (0.9) 0.667
de novo dialysis 776 (1.6) 575 (3.2) <0.001
Cardiac rehabilitation 552 (1.2) 567 (3.2) <0.001
Continuous outcome
Length of stay (day) 5(2, 10] 5(3,11] <0.001
Length of ICU stay (day) 110, 3] 2 [0, 4] <0.001
Total medical expense (><103 NTD) 32.9[13.7, 83.9] 76.9 [28.7, 157.9] <0.001

CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane
oxygenation; HF, heart failure; IABP, intra-aortic balloon pump; ICU, intensive care unit; PCI, percutaneous coronary intervention.

was more frequently used, but ECMO support (OR, 0.52;
95% Cl, 0.50-0.56) was less frequently used. After ac-
creditation, the rate of de novo kidney dialysis and car-
diac rehabilitation significantly increased. The total me-
dical expenditure of the index hospitalization increased
in the after-accreditation group (Table 4). In addition,
we performed sensitivity analysis including the patients
who were admitted with a principal discharge diagnosis
of AMI and received a PCl. The results showed that the
in-hospital mortality rate was significantly lower in the
after-accreditation group than in the before-accredita-
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tion group (OR, 0.91; 95% Cl, 0.85-0.98; p = 0.011) (Sup-
plemental Table 2).

Subgroup analysis by pPCI eligibility

Both moderate- and high-grade pPCl-eligible hospi-
tals had a decreased mortality rate after accreditation,
and this effect was the same for both groups (p for in-
teraction = 0.137). The effect of accreditation on in-
creasing IABP use was similar in both hospital types (p
for interaction = 0.534); however, the effect of accredi-
tation on decreasing the use of ECMO support was more
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Table 3. Patient characteristics of the accreditation group (N = 183,863)

Variables Before accreditation 1997~2007 After accreditation 2008~2011 p value
Number of admissions 135,255 48,608 -
Age (year) 68.7 [57.3,77.1] 69.3 [57.3, 79.2] <0.001
Male gender 95,497 (70.7) 34,289 (70.5) 0.630
Prior myocardial infarction 27,979 (20.7) 11,346 (23.3) <0.001
Prior stroke 18,138 (13.4) 8,636 (17.8) <0.001
Peripheral arterial disease 7,817 (5.8) 3,742 (7.7) <0.001
Prior PC 14,805 (10.9) 8,786 (18.1) <0.001
Prior CABG 2,371 (1.8) 1,601 (3.3) <0.001
Prior carotid stenting 49 (0.0) 123 (0.3) <0.001
Prior other comorbidities
Hypertension 74,222 (54.9) 32,079 (66.0) <0.001
Dyslipidemia 35,854 (26.5) 17,897 (36.8) <0.001
Diabetes mellitus 51,057 (37.7) 21,287 (43.8) <0.001
Coronary artery disease 30,365 (22.5) 14,792 (30.4) <0.001
Heart failure 18,067 (13.4) 8,561 (17.6) <0.001
Chronic kidney disease 9,834 (7.3) 4,030 (8.3) <0.001
Dialysis 4,861 (3.6) 3,289 (6.8) <0.001
Atrial fibrillation 11,385 (8.4) 4,786 (9.8) <0.001
Gout 10,764 (8.0) 4,420 (9.1) <0.001
COPD 19,459 (14.4) 6,815 (14.0) 0.048
Malignancy 8,233 (6.1) 4,349 (8.9) <0.001
In-hospital mortality 21,580 (16.0) 6,761 (13.9) <0.001

CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention.

Table 4. In-hospital outcomes of patients who were hospitalized in the accreditation hospitals

Number of event (%) Adjusted odds ratio or B and 95% Cl
Variable Before accreditation After accreditation kel
(n = 135,255) (n = 48,608) OR/B (95% Cl) p
Categorical outcome
In-hospital mortality 21,580 (16.0) 6,761 (13.9) 0.82 (0.79-0.85) <0.001
Re-AMI admission within 14 days 1,018 (0.8) 284 (0.6) 0.81 (0.71-0.93) 0.003
HF admission within 14 days 712 (0.5) 304 (0.6) 1.07 (0.92-1.23) 0.389
IABP replacement 11,155 (8.2) 4,363 (9.0) 1.06 (1.02-1.10) 0.006
ECMO replacement 6,976 (5.2) 1,557 (3.2) 0.52 (0.50-0.56) <0.001
de novo dialysis 4,688 (3.5) 2,174 (4.5) 1.31(1.23-1.38) <0.001
Cardiac rehabilitation 6,440 (4.8) 4,756 (9.8) 1.85(1.77-1.93) <0.001
Continuous outcome
Length of stay (day)# 7 [4,13] 7 [4,13] -0.40 (-0.55, -0.24) <0.001
Length of ICU stay (day)” 3[4, 5] 3[4, 5] -0.07 (-0.14, 0.01) 0.092
Total medical expense (x10° NTD)" 129 [57, 198] 149 [88, 223] 12.78 (9.98, 15.58) <0.001

* Adjusted for the variables listed in Table 1 and Table 2. ¥ Regression coefficient and its 95% confidence interval (Cl).

apparent in moderate-grade hospitals (p for interaction
= 0.004). The rate of cardiac rehabilitation after accredi-
tation was significantly higher in high-grade hospitals
than in moderate-grade hospitals (p for interaction <
0.001; Figure 2). Figure 3 demonstrates the trend of de-

creasing in-hospital mortality rates across the study pe-
riod (before and after accreditation) in both the moder-
ate-grade and high-grade hospitals. As mentioned ear-
lier, the observed effect of accreditation between the
moderate-grade and high-grade hospitals was not signifi-

421 Acta Cardiol Sin 2020;36:416—427
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Event (%) Adjusted odds P value P value for
Before After ratio interaction
accreditation  accreditation (95% CI)

In-hospital mortality 0.137
Moderate-grade » 7,552 (15.4) 1,172 (14.1) 0.86(0.80, 0.92) <0.001
High-grade L 2 14,028 (16.3) 5,589 (13.9) 0.81(0.78, 0.84) <0.001

AMI with 14 days 0.190
Moderate-grade —e— 417 (0.8) 66 (0.8) 0.97 (0.74, 1.27) 0.817
High-grade HH 601 (0.7) 218 (0.5) 0.75 (0.64, 0.88) 0.001

Heart failure with 14 days 0.766
Moderate-grade H-o— 279 (0.6) 58 (0.7) 1.17 (0.87, 1.57) 0.292
High-grade (8 - 433 (0.5) 246 (0.6) 1.04 (0.88, 1.23) 0.657

IABP support 0.534
Moderate-grade 3,460 (7.0) 602 (7.2) 1.06 (0.97, 1.17) 0.196
High-grade 7,695 (8.9) 3,761 (9.3) 1.07 (1.02, 1.12) 0.003

ECMO support 0.004
Moderate-grade » 1,506 (3.1) 104 (1.3) 0.37(0.30, 0.45) <0.001
High-grade . 5,470 (6.4) 1,453 (3.6)  0.58(0.55,0.62)  <0.001

de novo dialysis 0.118
Moderate-grade o 1,557 (3.2) 303 (3.6) 1.20 (1.05, 1.38) 0.008
High-grade > 3,131 (3.6) 1,871 (4.6)  1.34(1.26,1.43)  <0.001

Cardiac rehabilitation <0.001
Moderate-grade - 1,637 (3.3) 347 (4.2) 1.30(1.14,1.47) <0.001
High-grade & 4,803(5.6) 4,409 (10.9) 2.05(1.95,2.15)  <0.001

0.0 0.5 1.0 15 2.0 25
Adjusted odds ratio (95% Cl)

Figure 2.

Subgroup analysis of pPCl-eligible hospitals showed no significant difference in the rate of in-hospital mortality (p for interaction = .137)

and significant difference in the rate of ECMO use (p for interaction = .004) and cardiac rehabilitation (p for interaction < .001) between the two

groups. Adjusted for the variables listed in Table 1 and Table 2.

cantly different (p for interaction = 0.137; Figure 2).

DISCUSSION

This nationwide population-based cohort study of
patients with AMI demonstrated that the national ac-
creditation program was significantly associated with a
better prognosis in the ACS patients. This finding was
proven by comparing unaccredited and accredited hos-
pitals. Furthermore, consistent results were also found
by comparing the same hospital before and after ac-
creditation. The ACS accreditation program was inde-
pendently associated with lower rates of in-hospital
mortality and recurrent AMI admissions within 14 days.
Among the hospitals with different accreditation grades,
no significant differences were observed in in-hospital
mortality and recurrent AMI admissions within 14 days.

Accreditation programs to improve a patient’s life
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Figure 3. The trend of decreasing in-hospital mortality rates before

and after accreditation in both the moderate-grade or high-grade hospi-
tals.

span and quality of life have been implemented for many
diseases, surgical procedures, and in many types of hos-
pitals.ll’w’18 Shaw et al. reported that accreditation was
positively associated with a standardized medical care
pathway according to guidelines, especially for AMI and
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stroke.” In addition, Eagle et al. reported that guide-
line-based standardized care was correlated with a 21%
to 26% reduction in mortality, particularly at 30 days
and one year.” Our study also revealed decreased in-
hospital mortality in an accredited hospital, which is
consistent with previous studies.

Our study period included the eras of bare-metal
stents and first-generation and second-generation drug-
eluting stents (DES), and the evolution of stent tech-
nology may have improved the prognosis of patients
with coronary artery disease.’””> However, an in-depth
systemic review by Feinberg et al. found that patients
receiving DESs had a lower incidence of target vessel
revascularization than those receiving BMSs, and that the
all-cause mortality rate was similar between them.??
The SPIRIT IIl, SPIRIT IV, and COMPARE trials also re-
vealed a similar risk of mortality between first-genera-
tion and second-generation DESs.”"*? Therefore, ad-
vances in stent technology may not have affected our
primary outcome (in-hospital mortality). Furthermore,
our study demonstrated that hospital accreditation was
still a strong independent factor associated with im-
proved in-hospital mortality after full adjustments.

Unlike accreditation programs in other countries,
the rules for ACS accreditation in Taiwan are specified by
the MOHW and the JCT according to the health insur-
ance policies of the Taiwanese government. By using
these policies, accredited hospitals can receive more
reimbursements for treating the same diseases. Hence,
health policies change not only patient safety systems
and clinical review but also clinical practice. This cohort
study demonstrated that, when cardiologists started ac-
tively following pPCl, the rates of in-hospital mortality
and recurrent AMI admissions within 14 days decreased.
Significant improvements in outcomes were noted in
the patients and hospitals, and were considered to be
highly associated with the accreditation program.

The ACS accreditation program involves guideline-
based performance metrics and includes dual-antipla-
telet therapy in the emergency department, the first
ECG < 10 minutes after arrival, and PCl < 90 minutes or
fibrinolytic therapy < 30 minutes after arrival.**** Be-
cause this guideline-based accreditation system and its
effects have been previously reported, the medical staff
can reliably follow the accreditation program to improve
clinical outcomes.?®> However, this accreditation program

does not involve the administration of beta-blockers and
renin-angiotensin system inhibitors. Most randomized
trials on beta-blockers and renin-angiotensin system in-
hibitors in ACS patients were performed in the era where
reperfusion or fibrinolytic therapy was not available,
and these medications can provide long-term survival in
heart failure patients. A modern observational study
evaluating the effects of early versus delayed oral beta-
blockers in ACS showed similar in-hospital mortality in
both groups after full adjustments.?® Another recent co-
hort study demonstrated that ACS patients with or with-
out beta-blockers had a similar survival rate at 30 days,
6 months and 1 year if they did not have heart failure or
left ventricular dysfunction.’” A recent systematic re-
view in the Cochrane library revealed that angiotensin-
converting enzyme inhibitors may reduce mortality after
10 days,”® whereas the medium ACS hospital course was
7 days in our study cohort. Therefore, in-hospital mor-
tality, our major outcome, may not be influenced by
these medications.

The in-hospital mortality rate in this study was 13.9%
from 2008 to 2011, whereas an important ACS study in
Taiwan, the Taiwan ACS Full Spectrum Registry, pub-
lished in 2011 reported an in-hospital mortality rate of
1.8% from 2008 to 2010, which is much lower than ours.”
This registry included 3183 patients at 39 hospitals fo-
cusing on unstable angina and type 1 AMI composed of
STEMI and non-ST elevation myocardial infarction (NSTEMI)
with a mean age of 63 years. In addition, 52.3% of their
patients were diagnosed with STEMI, and 87.7% of the
analyzed population received coronary revascularization
procedures such as PCl and CABG.”® On the other hand,
we enrolled patients with traditional AMI defined as a
rise and/or fall in cardiac enzymes combined with symp-
toms of acute myocardial ischemia (e.g., chest pain
and dyspnea) or new ECG changes.*° Therefore, both
type 1 and type 2 AMI patients were included in our
study.30 In addition, The mean age of our study cohort
was 69 years, which is older than the patients in the Tai-
wan registry, and only 41% of our study population re-
ceived PCI. These factors may have led to the higher
in-hospital mortality. After further analyzing the results
of AMI patients undergoing PCl in our study population
(Supplemental Table 2), the in-hospital mortality rate
was 5.9%, which is compatible with the results of the
Global Registry of Acute Coronary Events which reported
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in-hospital mortality rates of 7% and 6% in patients with
STEMI and NSTEMI, respectively.31 However, our results
are still worse than those in the Taiwan ACS registry
even after subgroup analysis. Patient selection bias and
medication adherence may have caused this difference.

Some intriguing changes occurred following ACS
hospital accreditation. First, the use of ECMO support
significantly decreased but that of IABP support signifi-
cantly increased, which implies that early activated PCI
can avoid severe cardiogenic shock and reduce the com-
plications of AM| 3233 Second, the incidence of de novo
kidney dialysis significantly increased. According to the
mandate of ACS accreditation, patients with STEMI are
eligible to receive pPCl irrespective of their age or renal
function, after informed consent has been received for
the procedure. Therefore, the patients in the after-ac-
creditation group were older and had a higher preva-
lence of diabetes mellitus and chronic kidney disease
than those in the before-accreditation group, which may
have resulted in de novo kidney dialysis. Third, the rate
of cardiac rehabilitation in the after-accreditation group
significantly increased and represented improved health
care after AMI. Finally, among the pPCl-eligible hospitals
with different grades, no significant difference was ob-
served in in-hospital mortality. This result provides evi-
dence that emergency medical systems can transfer ACS
patients to moderate-grade pPCl-eligible hospitals when
emergent PCl is available, and then reduce the burden
on high-grade pPCl-eligible hospitals.

Our study has some limitations. First, we could not
identify the severity of AMI, SYNTAX score of coronary
artery disease or post-AMI left ventricular systolic func-
tion, all of which may affect the outcomes of ACS pa-
tients. However, we identified and adjusted for some
possible proxy variables of AMI severity, including IABP,
ECMO, dopamine use, epinephrine use, norepinephrine
use, ICU duration, and presence of post-AMI heart fail-
ure. Second, we lacked laboratory data such as liver
function, renal function, lactate level and N-terminal-
proB-type natriuretic peptide level, which may have pro-
vided more detailed information. However, we included
a history of chronic kidney disease, dialysis, heart fail-
ure, and other important comorbidities. Third, we did
not clarify some factors that can influence long-term
outcomes such as smoking, obesity, and the administra-
tion of beta-blockers and renin-angiotensin inhibitors,
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even though previous studies have reported no strong as-
sociations between these and short-term outcomes.”®***
Finally, we did not categorize the ACS patients into STEMI
or NSTEMI groups, as we found that the ICD-9-CM codes
of STEMI were largely under-diagnosed in the NHIRD.
This indicates that our cohort included both STEMI and
NSTEMI patients, however, the accreditation program
may not be able to affect the short-term outcomes of
NSTEMI patients. Therefore, the benefits of the accredi-
tation program observed in this study may be under-esti-
mated.

CONCLUSIONS

This cohort study clearly demonstrated that ACS
accreditation was independently and significantly as-
sociated with lower rates of in-hospital mortality and re-
current AMI admissions in ACS patients.
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SUPPLEMENT
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After accreditation
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V denotes completed accreditation at the year

Supplemental Figure 1. The illustration of comparing the ‘after-accreditation’, the ‘before-accreditation’ and the control groups (non-accreditation
hospitals).

Supplemental Table 1. In-hospital outcomes among the study groups

Number of event (%) Adjusted odds ratio and 95% CI*
Before After After accreditation vs. After accreditation vs.
Control between A5 . o
Variable 2008~2014 accreditation  accreditation control 20082011 Before accreditation
(n = 17,869) 1997~2007 2008~2011
= 0, 0,
’ (n — 135'255) (n - 48,608) OR/B (954 C') P OR/B (95/:‘ C|) o]

In-hospital mortality 3,903 (21.8) 21,580 (16.0) 6,761 (13.9)  0.61(0.56-0.66) <0.001  0.74 (0.71-0.77) < 0.001

* Adjusted for the variables listed in Table 1 and Table 2 and further adjusted for IABP, ECMO, dopamine use, epinephrine use,
norepinephrine use, ICU duration, and heart failure during the AMI admission. # Regression coefficient and its 95% Cl.

Supplemental Table 2. In-hospital outcomes of patients who were hospitalized in the accreditation hospitals and who were
admitted with a principal discharge diagnosis of AMI and received percutaneous coronary intervention
during the same hospitalization

Number of event (%) Adjusted odds ratio or B and 95% ClI
Variable Before accreditation — After accreditation for after accreditation®
(n=48,953) (n=22,718) OR/B (95% Cl) p
Categorical outcome
In-hospital mortality 3,008 (6.1) 1,331 (5.9) 0.91 (0.85-0.98) 0.011
Re-AMI admission within 14 days 275 (0.6) 98 (0.4) 0.78 (0.61-1.0003) 0.0503
HF admission within 14 days 234 (0.5) 129 (0.6) 1.07 (0.85-1.35) 0.557
IABP replacement 5,705 (11.7) 2,525 (11.1) 0.98 (0.93-1.04) 0.552
ECMO replacement 882 (1.8) 421(1.9) 1.03 (0.91-1.16) 0.696
de novo dialysis 986 (2.0) 610 (2.7) 1.22 (1.09-1.37) 0.001
Cardiac rehabilitation 1,030 (2.1) 1,891 (8.3) 3.67 (3.37-3.99) <0.001
Continuous outcome
Length of stay (day)# 6(4,9) 5(4,8) -0.62 (-0.78, -0.47) <0.001
Length of ICU stay (day)# 3(2,4) 2(2,4) -0.29 (-0.38, -0.21) <0.001
Total medical expense (x10* NTD)" 161.9 (133.3,207.5)  163.3 (136.9, 212.5) 3.36 (0.46, 6.26) 0.023

* Adjusted for the variables listed in Table 1 and Table 2. * Regression coefficient and its 95% Cl.
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