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IMBEREFRIAER
(SEEMH~ZHA - BZR X T) 3.946.2 4.9+6.3
FREVRABFED (SEEND) 13.0+11.6 14.1£11.1
FREH/ABEEERSES (SEEHD) 10.8+12.2 11.1+11.5
BE1EOBRRERHE 11.5+15.0 16.4+53.0
BE 1 FORREGKIKIE 5.6+3.4 5.2+4.2
#£ 12 EFlE X IR O RERIRE - /R - FEZE - BEHRERE o Heig
B8
F+iEERE Al X
FRIRASEI 1 BH 7=V
BEIDADFY (BRE) 6.4+1.1 6.4+1.2
AR CICET M
BE1LBDOFEH ) 23.1+20.1 18.4+17.1
BEIREERE(9) 51.3+28.4 53.6+20.4
REMRARRSRE (93) 91.9+147.6 55.6+76.4
FEEE (15 IFRI (%) 163.9+191.4 188.8+206.6
EE (EH)IFHEE (%) 2.5+1.3 2.4+1.3
BESRE HEBESG) 33.9+39.3 29.5+23.7
WBEIRSRE BEIEF (%) 36.8+41.7 30.1+24.9
#13 BB ok sHk=E GBE12H)
i i X B
SNERE 103 159
AL % AL %
HEEHY DA
Bl E itk 1.9 2.5
LRAZEE 3.9 3.1
BiEZTE 3.9 2.5
TEDLF70 13 12.6 14 8.8
BREMAE 9 8.7 7 4.4
ARIBRORE 16 15.5 16 10.1
Z Dt 42 40.8 91 57.2
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x 14 JEfls KUNKO R - AE - BMI

iE i PO ]
E3:l a5 51 a5t
FHEEE Bk i = Bk i =
R (cm) 169.145.9 155.9+3.6 168.4+6.5 169.5+5.6 156.1+5.5 168.4+6.7
*E (kg) 72.6+18.4 60.7£12.5 71.8£13.6 69.4+£11.3 56.0+9.2 68.2£11.7
BMI (kg/m2) 25.3+3.9 25.0+5.1 25.3+3.9 24.1+3.5 22.9+3.2 24.0+3.5
BMID%% A % A% % A% % Ak % A% % Ak %
18.5Ki# 0 0.0 0 0.0 0 0.0 4 2.8 1 7.7 5 3.2
18.5LL k25K 55 57.3 3 50.0 58 56.9 92 65.2 10 76.9 102 66.2
25 30K 32 33.3 2 33.3 34 33.3 37 26.2 2 15.4 39 25.3
30Uk 9 9.4 1 16.7 10 9.8 8 5.7 0 0.0 8 5.2
&t 96 100.0 6 100.0 102 100.0 141 100.0 13 100.0 154 100.0
& 15 GEflE X I8 o BEE
iE Fl x B
SINEHLE 103 159
AEL % AE %
BEEHY OAH
IDERTEEE 24 23.3 5 3.1
ROIE 8 7.8 2 1.3
i Z= s 5.8 4 2.5
E¥aLrzFo—n 32 31.1 20 12.6
SLDLavxFA—iL 26 25.2 19 11.9
FERRTA - MHEERE 27 26.2 18 11.3
= 1MnE 51 49.5 66 41.5
R AR A S AR IR RE (R B 8 7.8 9 5.7
SEXWE 3.9 12 7.5
3 LE T 50 48.5 73 45.9
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Table 1 Background characteristics of 195 Japanese men with acute myocardial
infarction and 331 controls matched for age and occupation, and odds ratios for
infarction in relation to established risk factors and psychosocial conditions

No (%) of subjects

Cases Contrals Odds ratio™
(n=195) (n=331) (95% €I)
%ﬁ.’ﬁiﬁ Managers and officials 10061 169 (51) NA
F and technical 29 (15) 46 (14) NA
Eq @ ?2 [i ~ % % Clerical and related 23 (12) 31(9) NA
S " Sales 9 (5) 10 (3) NA
& i{l' ;'IE; FEﬁ —C S ~ J Crafts, ion process, ion, and 23 (12) 61 (18) NA
FUHLTINEE ot wdommas CTO—CR—
*L 7,___ Services 5(3) 3(1) NA
-0 Emergency services 1(1) 2(1) NA
Biomedical history
Hypertension 97 (50) 71(21) 3.64 (24510 5.42)
Hypercholesterolaemia 90 (46) 71(21) 3.16 (2.14 to 4.66)
Diabetes 50 (26) 40 (12)  2.38 (150 t0 3.79)
Smokers:
Never 27 (14) 78 (24) 1.00
Former 47 (24) 98 (30) 1.36 (0.77 to 2.40)
Current 121 (62) 155 (47) 234 (14110 3.87)
Body mass index (ka/m?):
<197 9 (5) 31(9) 0.64 (0.29 to0 1.42)
19.8-24.2 98 (50) 185 (56) 1.00
243-264 54 (28) 77 (23) 1.34 (0.89 to 2.14)
2265 34 (17) 38 (11) 1.37 (1.05 to 1.79)
Psychosocial conditions
Amount of work of sedentary nature(%):
=24 70 (36) 125 (38) 1.00
25-50 41 (21) 67 (20) 1.03 (0.60 to 1.75)
51-75 36 (18) 77 (23) 0.77 (0.45 to 1.32)
=76 48 (25) 62 (19) 1.27 (0.75 to 2.14)
Burnout index:
Normal 143 (73) 253 (76) 1.00
Borderline 41 (21) 61 (18) 1.26 (0.80 to 1.97)
Burnout 11 (6) 17 (5) 1.31 (0.59 to 2.90)

*Adjusted for age and occupation categories by conditional logistic regression.
+0ccupation categories classified in 1990 Japanese census.
NA=MNot applicabla.

EYEFEHEAEF
F. AN EREIC
B 5L TLV=

FEEEEA VX

Tahle 3 Categorisation of working hours of 195 Japanese men with acute myocardial
infarction and 331 controls matched for age and occupation, and odds ratios for

FA®
55 (&) B sl Al
AyXH

infarction in relation to working hours

No (%) of subjects

0dds ratio (95% CI)

Mean daily working Cases Controls

hours (n=195) (n=331) Crude* Multiple logistict
In last month before infarction

<7.00 45 (23) 32 (10) 3.07 (1.77 10 5.32) 2.83 (1.52 t0 5.28)
7.01-9.00 80 (41) 182 (55) 1.00 1.00
9.01-11.00 46 (24) 96 (29) 1.06 (0.68 to 1.67) 0.96 (0.58 to 1.60)
=11.01 24 (12) 21 (6) 2.44 (1.26 t0 4.73) 2.94 (1.39 t0 6.25)
In month with shortest mean working hours

<6.00 46 (24) 31 (9) 2.71 (1.60 to 4.60) 2.59 (1.44 10 4.69)
6.01-8.00 96 (49) 195 (59) 1.00 1.00
8.01-9.00 32 (16) 59 (18) 1.08 (0.65 to 1.81) 1.03 (0.59 to 1.83)
=9.01 21 (11) 46 (14) 0.89 (0.49 to 1.61) 0.93 (0.48 to 1.78)
Increase from month with shortest hours to month before infarction

<1.00 121 (62) 244 (74) 1.00 1.00
1.01-2.00 30 (15) 50 (15) 1.28 (0.77 to 2.13) 1.33 (0.75 to 2.37)
2.01-3.00 18 (9) 17 (5) 2.24 (1.11 t0 4.55) 2.38 (1.08 to 5.26)
=3.01 26 (13) 20 (6) 2.53 (1.34 10 4.77) 2.49 (1.24 t0 4.99)

*Adjusted for age and occupation categories classified in 1990 Japanese census.

tAdjusted for age, occupation category, hypertension, hypercholesterolaemia, diabetes, body mass index,

smoking habits, proportion of sedentary work, and burnout index.
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592 Virtanen et al.

First Author, Year

(Reference No.) Country
Russek, 1958 (55) us
Theorell, 1972 (56) Sweden
Thiel, 1973 (57) us

Falger, 1992 (58)

Sokejima, 1998 (59) Japan
Liu, 2002 (60) Japan
Tarumi, 2003 (13) Japan
Uchiyama, 2005 (14)  Japan
Fukuoka, 2005 (61) Japan
Lallukka, 2006 (62) Finland

Holtermann, 2010 (63) Denmark
Virtanen, 2010 (64) UK

Overall (I*=61.9%, P=0.002)

Netherlands CC

Study Total
Design ~ _No._
cc 200
cC 171
cc 100

266
cc 526
cC 705
PC 824
PC 1,615
cc 94
cs 7,060
PC 4,943
PC 6,014

No. of
Cases _RR(95% CI)
i
100 i —— 355235,536)
]
62 : B 2.57(1.37, 4.84)
L}
50 I 1.79 (0.80, 4.01)
]
133 —— 1,66 (1,01, 2.72)
195 —i 2.44 (1.26, 4.73)
L}
260 —— 2.10(1.30, 3.60)
]
42 —il—— 1.10 (0.53, 2.26)
L}
38 € B o 1.24 (0.60, 2.55)
]
47 % 14.00(1.92, 102.20)
]
426 —.— - 1.29 (0.98, 1.70)
i
591 —— 1.28(0.91, 1.78)
L}
369 —i— 1.61(1.16, 2.23)
e 1.80 (1.42, 2.29)
]
]
:
T —1 T | —
0.8 1.0 15 20 3.0 4.0 5.0

Figure 2. Minimally adjusted relative risk (RR) of coronary heart disease in employees working long hours among studies published through
spring 2011. Bars, 95% confidence interval (Cl). (CC, case-control; CS, cross-sectional; PC, prospective cohort; UK, United Kingdom; US,

United States).
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Rural-Urban Disparity in Emergency Care for Acute
Myocardial Infarction in Japan

Jun Masuda, MD, PhD; Mikio Kishi, MD; Naoto Kumagai, MD, PhD; Toru Yamazaki, PhD;
Kenji Sakata, MD, PhD; Takumi Higuma, MD, PhD; Akiyoshi Ogimoto, MD, PhD;
Kaoru Dohi, MD, PhD; Takashi Tanigawa, MD, PhD; Hiroyuki Hanada, MD, PhD;

Mashio Nakamura, MD, PhD; Shigeru Sokejima, MD, PhD; Morimasa Takayama, MD, PhD;

Jitsuo Higaki, MD, PhD; Masakazu Yamagishi, MD, PhD;
Ken Okumura, MD, PhD; Masaaki Ito, MD, PhD

Background: There are few reports examining regional differences between rural prefectures and metropolitan areas in the man-
agement of acute myocardial infarction (AMI) in Japan.

Methods and Results: In the Rural AMI registry, a prospective, multi-prefectural registry of AMI in 4 rural prefectures (Ishikawa,
Aomori, Ehime and Mie), a total of 1,695 consecutive AMI patients were registered in 2013. Among them, 1,313 patients who underwent
primary percutaneous coronary intervention (PPCI) within 24 h of onset were enrolled in this study (Rural group), and compared with
the cohort data from the Tokyo CCU Network registry for AMI in the same period (Metropolitan group, 2,075 patients). The prevalence
of direct ambulance transport to PCl-capable facilities in the Rural group was significantly lower than that in the Metropolitan group
(43.8% vs. 60.3%, P<0.01), which resulted in a longer onset-to-balloon time (OTB: 225 vs. 210 min, P=0.02) and lower prevalence
of PPCI in a timely fashion (OTB <2h: 11.5% vs. 20.7%, P<0.01) in the Rural group. Multivariate analysis revealed that direct ambulance
transport was the strongest predictor for PPCI in a timely fashion (odds ratio=4.13, P<0.001).

Conclusions: AMI patients in rural areas were less likely to be transported directly to PCl-capable facilities, resulting in time delay
to PPCI compared with those in metropolitan areas.

Key Words: Acute myocardial infarction; Direct ambulance transport; Emergency care; Onset-to-balloon time; Rural vs. metropolitan

cute myocardial infarction (AMI) is a major cause prehospital and hospital emergency medical service (EMS)
A of morbidity and mortality in Japan and other systems between rural and urban areas.

foreign countries. Primary percutaneous coronary Accordingly, the purpose of the present study was to
intervention (PPCI) in a timely fashion is the preferred describe the regional differences in the current state of
treatment strategy for AMI patients, and current guide- emergency care for AMI between rural prefectures and
lines suggest that the total ischemic time should not exceed Tokyo metropolitan areas regarding the following aspects:
120min, especially in patients with ST elevation MI (1) transportation status from symptom onset to hospital
(STEMI).}3 A large number of hospitals can perform arrival, (2) patient characteristics and therapeutic strate-
PPCI in Japan, but it is unclear if there are regional differ- gies, and (3) time delay to reperfusion therapy, and to
ences between rural and urban areas in the rate of PPCI clarify the contributing factors to the differences in the
performed in such a timely fashion. In addition, there are time delay to reperfusion by comparing the Rural AMI
no reports on whether these rural-urban disparities, if pres- registry data with the Tokyo CCU Network registry data-
ent, are associated with regional differences in patient char- base in Japan.

acteristics, including life style and traffic patterns, or
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Rural prefectures
AMI within 7 days from onset
N = 1695

Tokyo CCU Network
AMI within 7 days from onset

N = 3452

Unknown or invalid date/time of onset (N=196) <«

Beyond 24 hours after onset (N=68) <

» Unknown or invalid date/time of onset (N=651)

»  Beyond 24 hours after onset (N=191)

AMI within 24 hours from onset
N= 1431

AMI within 24 hours from onset
N= 2610

Unknown mode of transport (N=2) -—

Underwent emergency CABG (N=20) <«

Unknown or invalid date/time of PCI (N=16) <+——

PPCI not underwent within 24 hours
from onset (N=80)

* Unknown mode of transport (N=47)
> Underwent emergency CABG (N=59)
—— Unknown details for reperfusion therapy (N=66)
——=> Unknown or invalid date/time of PCl (N=114)

i *  PPCI not underwent within 24 hours from

onset (N=249)

Rural group
PPCI within 24 hours from onset
N=1313

Metropolitan group
PPCI within 24 hours from onset
N = 2075

Figure 1.
percutaneous coronary intervention; PPCI, primary PCI.

Flow chart for selection of study population. AMI, acute myocardial infarction; CABG, coronary artery bypass graft; PCI,

Methods

Study Design

The Rural AMI registry study is a prospective, multi-
center, multi-prefectural, observational study of AMI in 4
rural prefectures (Aomori, Ishikawa, Ehime and Mie) with
a population size of less than 2 million in Japan. This study
enrolled patients with AMI hospitalized within 7 days
from symptom onset between January 2013 and December
2013 in Aomori, Ehime and Mie prefectures, and between
April 2013 and March 2014 in Ishikawa prefecture because
of the delay of the final ethical approval. In these 4 rural
prefectures, there are a total of 57 hospitals that have car-
diac catheterization facilities for emergency PCI. Among
them, 41 hospitals participated in the Rural AMI registry
study, and were encouraged to enroll consecutive AMI
patients. We aimed to compare the effects of prehospital-
and hospital-EMS systems on the probability of survival
of AMI patients between urban and rural areas, with spe-
cial reference to the difference between the Rural AMI
registry study and the Tokyo CCU Network registry data-
base. Therefore, the Rural registry used the same registra-
tion form as the Tokyo CCU Network registry for AMI.
Data collection was performed via individual chart review
by trained data collection personnel at each collaborating
hospital, and all data were anonymized and transmitted to
the data collection center at the Department of Cardiology
and Nephrology, Mie University Graduate School of
Medicine, Tsu, Japan for processing and analysis.

The following data were collected: the date and time of
symptom onset, patient characteristics, history of cardio-
vascular disease, Killip classification, prehospital manage-
ment (e.g., transport pathway, transport mode, time interval
from the onset of symptoms to coronary revasculariza-
tion), laboratory data, angiographic data and PCI proce-

dure, duration of hospitalization and in-hospital death.

The data for AMI patients in Tokyo metropolitan areas
were obtained from the cohort registered in the Tokyo CCU
Network during the same periods. Details of the Tokyo
CCU Network registry have been described previously.4 In
brief, the Tokyo CCU Network is a well-organized cardio-
vascular care network covering more than 90% of all AMI
patients in the Tokyo metropolitan area. The Tokyo CCU
Network registry is an ongoing multicenter registry that
prospectively collects information from both EMS (Tokyo
Metropolitan EMS) and investigators at participating hos-
pitals on emergency admission to acute cardiac facilities.
In 2013, among all 71 hospitals participating in the Tokyo
CCU Network, patient data were enrolled to the registry
database from 61 hospitals. Individual clinical information
is recorded into the database by network members at each
institution, and the final datasets are collected by the
Tokyo CCU Network Scientific Committee under ano-
nymity, according to the ethical guidelines on epidemiologi-
cal surveys released from the Japanese Ministry of Health,
Labour, and Welfare.

The diagnosis of and therapeutic strategies for AMI
were decided by the cardiologists in each hospital, and all
patients were treated according to the Japanese Circulation
Society, ESC and ACCF/AHA guidelines for the diagnosis
and treatment of AMI.'-356 This study was conducted in
accordance with the Declaration of Helsinki. The protocol
was approved by the institutional review board or ethics
committee of Mie University Graduate School of Medicine,
Kanazawa University Graduate School of Medicine,
Hirosaki University Graduate School of Medicine,
Ehime University Graduate School of Medicine, and
Tokyo CCU Network Scientific Committee. Obtaining
written informed consent from the patients was not required
because all collected data were anonymized and it was a
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Table 1. Baseline Clinical Characteristics
asigode  Memrollangmi  pgue
Baseline characteristics
Age, years 67.9+13.0 67.1+13.2 0.099
>80 years, n (%) 276 (20.9) 409 (19.7) 0.355
Male, n (%) 1,017 (77.5) 1,593 (76.8) 0.644
BMI, kg/m2 23.8+3.6 23.913.9 0.249
Hypertension, n (%) 860 (65.5) 1,250 (60.8) 0.006
Diabetes, n (%) 451 (34.3) 646 (31.4) 0.078
Dyslipidemia, n (%) 594 (45.2) 842 (41.5) 0.032
Current smoking, n (%) 470 (35.8) 746 (36.2) 0.789
Previous stroke, n (%) 72 (5.5) 116 (5.6) 0.843
PAD, n (%) 32 (2.4) 20 (1.0) 0.001
Previous MI, n (%) 102 (7.8) 330 (16.0) <0.001
Previous PCl, n (%) 107 (8.1) 205 (10.0) 0.075
Previous CABG, n (%) 8 (0.6) 26 (1.3) 0.063
Hemodialysis, n (%) 3(1.0) 40 (1.9) 0.030
Presentation
Chest pain as chief complaint, n (%) 1,156 (88.0) 1,799 (86.8) 0.284
Killip class 1, n (%) 984 (74.9 1,615 (75.2)
Killip class 2, n (%) 154 (11.7) 253 (12.6) 0.606
Killip class 3, n (%) 77 (5. ) 99 (4.9)
Killip class 4, n (%) 98 (7.5 147 (7.3)
STEMI, n (%) 1,113 (84. 8) 1,722 (84.2) 0.625

Data are expressed as n (%) for categorical variables and as meanz+standard deviation or median (interquartile
range) for continuous variables unless otherwise specified. For each variable with missing values, data are expressed
as the number (valid percentage). BMI, body mass index; CABG, coronary artery bypass grafting; MI, myocardial
infarction; PAD, peripheral artery disease; PCl, percutaneous coronary intervention; STEMI, ST elevation MI.

noninvasive observational study.

Data Analysis and Definitions

The diagnosis of AMI was based on the 3rd universal
definition of myocardial infarction.” In brief, AMI was
diagnosed by a detection of a rise and/or fall in cardiac
biomarker values (preferably cardiac troponin: cTn), with
at least 1 value above the 99th percentile of the upper refer-
ence limit observed together with evidence of myocardial
ischemia with at least 1 of the following: symptoms of
ischemia, ECG changes indicative of new ischemia, devel-
opment of pathological Q waves on ECG, or imaging evi-
dence of new loss of viable myocardium or new regional
wall motion abnormalities.

Direct ambulance transport was defined as direct trans-
port from the field to the PCI-capable hospital by EMS.
Inter-facility transport was defined as indirect transport
via family physician offices or non-PClI-capable hospitals
to the PCI-capable hospital. Self-transport was defined as
direct visit to the PCI-capable hospital by walking or by
using public/private vehicles.

Onset-to-balloon (OTB) time was defined as the interval
from the onset of symptoms of ischemia to the first device
use or balloon inflation. Door time was defined as the
arrival time at the emergency department where emergency
catheterization was performed (not the arrival time at the
referral hospital or clinic for transferred patients). In the
multivariate analysis of associated factors for time delay to
reperfusion, we selected a cutoff point of 2h for delayed
OTB time based on recommendations by several Western
and Japanese guidelines.!-3

115

Statistical Analysis

Continuous variables are presented as mean and standard
deviation or median and interquartile range (IQR), and
categorical variables as numbers and percentages. We
compared categorical variables with the chi-square test or
Fisher’s exact test, and continuous variables with Student’s
t-test or the Mann-Whitney U test on the basis of the dis-
tribution. In the chi-square analyses involving variables
with more than 2 coding categories, adjusted standardized
residuals were used to identify the contribution of different
cells to the significance of the chi squares.

Comparison of the peak CPK levels or duration of hos-
pital stay between rural and metropolitan groups were
analyzed using analysis of covariance (ANCOVA) after
logarithmic transformation, with the following covariates
as potential confounders: age, sex, mode of transport,
hypertension, diabetes mellitus, dyslipidemia, current
smoker, previous PCI, previous MI, Killip classification at
presentation, STEMI, multivessel disease and left anterior
descending coronary artery (LAD) lesion as culprit.
Multivariate analysis was used to clarify the independent
predictors of final Thrombolysis in Myocardial Infarction
(TIMI) flow grade 3, OTB time <2h and for not using
direct ambulance transport. A logistic regression model
was constructed by adjusting for clinically relevant vari-
ables, and factors that were significantly different between
rural and metropolitan groups (P<0.1) were included in
the multivariate analysis with the stepwise backward elim-
ination procedure. We also conducted a sensitivity analysis
using a simple imputation method (regression imputation)
to examine the effects of missing data. A Cox proportional
hazard model was used to investigate the predictors of in-
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Figure 2. Comparison of situation at symptom onset and pathway or mode of transport. (A) Location of symptom onset. (B) Time
of symptom onset. (C) Pathway of transport to the PCl-capable hospital. (D) Mode of transport to the PCl-capable hospital. *P
value for the chi-square test. **P value <0.01 for analysis of the adjusted standardized residuals. PCl, percutaneous coronary
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hospital death. The variables with a univariate P-value
<0.1 were selected for entry into the multivariate analysis
using the Cox proportional hazard model. For all analyses,
two-tailed probability values of <0.05 were considered
significant, and all statistical analyses were supported by
specialists in biostatistics at the Department of Public
Health and Occupational Medicine, Mie University
Graduate School of Medicine, Mie, Japan, using the SPSS
version 20 software (SPSS, Inc., IL, USA).

Results

Patient Population

The following numbers of patients hospitalized within 7
days from onset of AMI were registered in each registry:
1,695 in the Rural AMI registry and 3,452 in the Tokyo
CCU Network registry. Among them, the following
patients in the Rural AMI registry and the Tokyo CCU
Network registry, respectively, were excluded from the
analysis: 196 and 651 patients with missing information
about date/time of symptom onset; 68 and 191 patients
who were admitted >24h after symptom onset; 2 and 47
patients with missing information about the mode and
pathway of emergency transport; 20 and 59 patients
treated by coronary artery bypass grafting (CABG) sur-
gery; 0 and 66 patients with missing information about
whether the reperfusion therapy succeeded or failed; 16
and 114 patients with missing information about date/time
of PCI; and 80 patients and 249 patients who did not
undergo PCI within 24h from symptom onset (Figure 1).
Therefore, the population of this study consisted of a total
of 3,388 AMI patients who underwent PPCI within 24 h of
symptom onset: 1,313 patients from the Rural AMI regis-
try cohort (Rural group) and 2,075 patients from the
Tokyo CCU Network registry cohort (Metropolitan group).
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Baseline Clinical Characteristics

Baseline characteristics were different in several aspects
between the Rural and Metropolitan groups (Table 1). The
Rural group had a significantly higher prevalence of hyper-
tension, dyslipidemia and peripheral artery disease (PAD),
whereas the metropolitan group had a higher prevalence of
previous MI and hemodialysis. There were no significant
differences in Killip classification or the prevalence of
patients with STEMI. The mean percentage of missing
data among variables in Table 1 was 0.7% in the Rural
group and 1.4% in the Metropolitan group; the highest
proportion of missing data was for body mass index
(11.7% and 8.6%), followed by Killip class (0% and 2.9%)
and ST elevation MI (0.1% and 1.4%), respectively.

Situation at Onset of AMI, Pathway and Mode of Transport
The situation at onset of AMI, and pathway and mode of
transport to the PCI-capable hospitals are summarized in
Figure 2. The Rural group included a higher proportion of
patients who developed AMI symptoms at home than in
the Metropolitan group (74% vs. 64%, P<0.001) (Figure 2A).
Circadian distribution of AMI onset was similar in the 2
groups, occurring most frequently between 06:00 and 11:59
hours (Figure 2B). Regarding the pathway of transport to
the PCI-capable hospital, patients in the Rural group were
less likely to be transported by direct ambulance than those
in the Metropolitan group, but more likely to be trans-
ported by inter-facility transport or self-transport (44% vs.
60%, 40% vs. 28%, 15% vs. 9%, P<0.001, respectively,
Figure 2C). Regarding the mode of transport, both groups
included a high proportion of patients who were trans-
ported by ambulance to the PCI-capable hospitals (82% vs.
85%), but the Rural group had a higher proportion of
patients who were transported by private cars than the
Metropolitan group (Figure 2D).
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Door-to-balloon time, min 5
Level of peak CPK, 1U/L
Duration of hospital stay, days 14
In-hospital all-cause death 86 (6.6)

Table 2. Angiographic, Procedural Characteristics and In-Hospital Outcome

Rural group
(n=1,313)
Infarct-related artery
RCA, n (%) 509 (38.8)
Left main trunk, n (%) 37 (2.8)
LAD, n (%) 610 (46.5)
Left circumflex, n (%) 154 (11.7)
Undefined, n (%) 3(0.2)
Multivessel disease, n (%) 636 (48.5)
Initial TIMI flow grade 0, n (%) 850 (65.3)
Revascularization
Aspiration thrombectomy, n (%) 963 (77.3)
Distal protection device, n (%) 141 (11.5)
Stent implantation, n (%) 1,206 (92.0)
Drug-eluting stent, n (%) 815 (62.2)
Final TIMI flow grade 3, n (%) 1,084 (88.8)
PCl <12h of onset, n (%) 1,185 (90.2)

75 (54, 108)
2,208 (1,051, 4,225)
(11, 19)

Metropolitan group

(n=2,075) P value

812 (39.1)

35 (1.7) 0.120

943 (45.4)

280 (13.5)

6 (0.3)

953 (46.2) 0.187
1,203 (60.7) 0.002
1,639 (74.4) 0.064
212 (10.3) 0.285
1,855 (90.1) 0.069
1,256 (61.0) 0.509
1,901 (93.6) <0.001
1,841 (88.7) 0.161
68 (47, 97) <0.001
1,893 (877, 3,661) <0.001
12 (8, 16) 0.001

105 (5.1) 0.066

Data are expressed as n (%) for categorical variables and as meanzstandard deviation or median (interquartile range) for continuous vari-
ables unless otherwise specified. For each variable with missing values, data are expressed as the number (valid percentage). CPK, creatine
phosphokinase; LAD, left anterior descending artery; RCA, right coronary artery; TIMI, Thrombolysis in Myocardial Infarction.
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between the Rural group and the
Metropolitan group by Mann-Whitney
U-test.

Angiographic and Procedural Characteristics

The distribution of the infarct-related arteries and preva-
lence of multivessel disease were similar between the 2
groups (Table 2). Initial TIMI flow grade 0 was more prev-
alent in the Rural group than in the Metropolitan group.
Although the use of distal protection device, aspiration
thrombectomy and stent implantation were similar
between groups, the attainment rate of final TIMI flow
grade 3 was significantly lower in the Rural group than in
the Metropolitan group. The prevalence of PPCI within
12h of symptom onset was similar between the 2 groups:
90.2% in the Rural group and 88.7% in the Metropolitan
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group (P=0.161). The Rural group had significantly higher
levels of peak CPK and longer hospital stay than the
Metropolitan group, even after adjustment for potential
confounders. In-hospital all-cause death tended to be
higher in the Rural group, but not significantly (6.6% vs.
5.1%, P=0.066, respectively). The mean percentage of miss-
ing data among variables shown in Table 2 was 1.5% in the
Rural group and 3.6% in the Metropolitan group; the
respective highest proportions were for door-to-balloon
time (0.1% and 31.0%y), followed by final TIMI flow grade
3 (7.0% and 2.1%), distal protection device (6.4% and
0.6%) and initial TIMI flow grade (0.8% and 4.4%).
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Table 3. Comparison of Time Delay to Reperfusion With Each Transport Pathway (Direct Ambulance
Transport or Inter-Facility/Self-Transport)
Rural group Metropolitan group P value
Direct ambulance transport
Onset to EMS call, min 41 (15, 105) 37 (13, 112) 0.283
EMS call to arrival at scene, min 7 (5, 10) 8 (6, 10) <0.001
On-scene time, min 10 (7, 15) 16 (13, 20) <0.001
Transport time, min 12 (8, 19) 9 (6, 12) <0.001
Onset-to-door time, min 78 (50, 146) 76 (48, 151) 0.639
Onset-to-balloon time, min 178 (134, 267) 170 (120, 282) 0.080
Inter-facility or self-transport
Onset-to-door time, min 198 (120, 388) 204 (108, 432) 0.554
Onset-to-balloon time, min 286 (195, 494) 285 (180, 522) 0.516

Data are expressed as median (interquartile range) for continuous variables. EMS, emergency medical services.

Variable OR 95% ClI P-value
Direct ambulance transport  4.13  3.27 - 5.20 — <0.001
STEMI 2.09 1.561-2.89 e e <0.001
Previous PCI 1.72  1.17-2.51 —— <0.01
LAD lesion as culprit 120 0.99-1.46 el 0.06
Killip class 2 099 0.73-1.33 —f— 0.95
Killip class 3 059 0.34-1.01 —i— 0.06
Killip class 4 152 1.09-2.13 —— 0.01
Time of onset  0:00-5:59 0.89 0.65-1.22 0.47
Time of onset  6:00-11:59 092 0.71-1.21 0.56
Time of onset 12:00-17:59 1.29 0.98-1.70 0.06
Age* 0.92 0.86-0.99 0.04
Previous MI 0.70 0.49-1.01 0.06
Rural area 0.63 0.51-0.78 = <0.001
Onset at home 0.58 0.50-0.66 [ <0.001
0 1.0 30 6.0

Adjusted Odds Ratio for OTB time < 2 hours

Figure 4. Factors associated with onset to balloon (OTB) time <2h. Adjusted odds ratio (OR) and 95% confidence intervals (Cl)
indicate likelihood of OTB time <2h from logistic regression analysis. OR >1 indicates increased odds of OTB time <2h. Respec-
tive reference categories=transportation other than direct ambulance transport, non-STEMI, absence of selected medical history
variables, other vessels as culprit, Killip class 1, symptom onset between 18:00-23:59 hours, metropolitan area, onset outside
home. *OR and CI were reported for a 10-U incremental change. Covariates: age, sex, pathway for transport, hypertension, dia-
betes mellitus, dyslipidemia, current smoker, previous PCI, previous M, previous CABG, time of onset, location of onset, rural vs.
Tokyo, Killip classification at presentation, STEMI and LAD lesion as culprit. CABG, coronary artery bypass graft; LAD, left anterior
descending artery; MI, myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST elevation M.

Comparison of Time Delay to Reperfusion

The distribution of OTB time in the 2 groups is shown in
Figure 3. The median OTB time in the Rural group was
significantly longer than that in the Metropolitan group
(225 [IQR, 156-380] vs. 210 [IQR, 130-390] min, P=0.02).
The rate of achievement of OTB <2h (shaded area in
Figure 3), which is recommended in Japanese and inter-
national guidelines,!-? was significantly lower in the Rural
group than in the Metropolitan group (11.5% vs. 20.7%,
P<0.01).

Table 3 shows the comparison of time delay to reperfu-
sion with each transport pathway (direct ambulance trans-
port or inter-facility/self-transport). Among patients with
direct ambulance transport, time from symptom onset to
EMS call was comparable in both groups. Time from EMS
call to arrival at scene and on-scene time were significantly
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shorter in the Rural group than in the Metropolitan group,
but the transport time was significantly longer in the Rural
group than in the Metropolitan group. In total, onset-to-
door (OTD) time was comparable between the 2 groups
(78 [IQR, 50-146] min for the Rural group vs. 76 [IQR,
48-151] min for the Metropolitan group, P=0.64). OTB
time was also comparable (178 [IQR, 134-267] vs. 170
[IQR, 120-282] min, respectively, P=0.08). Similarly, among
patients with inter-facility or self-transport, the OTD and
OTB times were comparable in the 2 groups (198 [IQR,
120-388] vs. 204 [IQR, 108-432] min, P=0.55; 286 [IQR,
195-494] vs. 285 [IQR, 180-522] min, P=0.52). In addition,
no significant differences were observed between the Rural
and Metropolitan groups for in-hospital deaths (7.7% vs.
5.7%, P=0.08 among patients with direct ambulance trans-
port; 4.6% vs. 3.5%, P=0.26 among patients with inter-
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in Figure 4.

Variable OR 95% CI P-value
Rural area 2.01 1.73-2.32 =l <0.001
Onset at home 136 1.21-153 —a— <0.001
HTN 129  1.11-1.49 —— <0.01
DM 1.28 1.09 - 1.49 —— <0.01
Sex (female) 122  1.02-1.46 —a— 0.03
Time of onset  0:00-5:59 117 0.94 — 1.46 -+ 0.16
Time of onset  6:00-11:59  1.29 1.06 - 1.57 e tl—— 0.01
Time of onset 12:00-17:59  1.23 0.99 - 1.51 t—— 0.58
Current smoker 1.18 1.00 - 1.39 (i 0.04
Age* 1.09 1.03 - 1.16 & <0.01
Killip class 2 0.71 0.57 - 0.89 i <0.01
Killip class 3 063 0.46-0.88 i <0,01
Killip class 4 053 0.40-0.71 —{— <0.001
Previous PCl 0.67 0.52 - 0.87 = <0.01
0 1.0 2.0 3.0

not using direct ambulance transport

Figure 5. Factors associated with not using direct ambulance transport. Adjusted OR and 95% Cl indicate likelihood of not using
direct ambulance transport from the logistic regression analysis. OR >1 indicates increased odds of not using direct ambulance
transport. Respective reference categories=Tokyo, onset outside home, absence of selected medical history variables, sex (male),
symptom onset between 18: 00-23:59 hours, Killip class 1. *OR and Cl were reported for a 10-U incremental change. Covariates:
age, sex, hypertension, diabetes mellitus, dyslipidemia, current smoker, previous PCI, previous MI, previous CABG, time of onset,
location of onset, rural vs. Tokyo, Killip classification at presentation, STEMI and chest pain as a chief complaint. Abbreviations as

Adjusted Odds Ratio for

facility or self-transport, respectively).

Factors Associated With Time Delay to Reperfusion

Figure 4 shows the factors associated with OTB time <2h
assessed with a multiple logistic regression model. Direct
ambulance transport, STEMI, previous PCI and Killip
class IV at hospital presentation were independent positive
predictive factors for OTB time <2h. On the other hand,
onset at home, rural area and older patients were indepen-
dent negative predictive factors for OTB time <2h. In par-
ticular, direct ambulance transport was the strongest positive
predictive factor for OTB time <2 h (odds ratio (OR): 4.13,
95% confidence interval (CI): 3.27-5.20, P<0.001). We also
evaluated factors associated with not using direct ambu-
lance transport (Figure 5). Rural area, onset at home, coex-
istence of hypertension and diabetes, female sex, onset at
06:00-11:59 hours, current smoker and older age were
significantly associated with not using direct ambulance
transport. On the other hand, Killip classes II-IV and pre-
vious PCI were associated with the use of direct ambulance
transport. In particular, the Rural group had the least use
of direct ambulance transport. In each multiple logistic
regression model, sensitivity analyses for imputation pro-
cedure were performed, but the results did not differ from
the main results (data not shown).

Factors Associated With Final TIMI Flow Grade and
In-Hospital Death

We analyzed the factors associated with final TIMI flow
grade 3 by multivariate logistic regression analysis
(Figure S1). Stent implantation, previous MI and direct
ambulance transport were independently associated with a
higher probability of achieving final TIMI flow grade 3
(OR: 4.58, 95% CI: 3.29-6.38, P<0.001; OR: 1.58, 95% CI:
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1.02-2.44, P=0.04; OR: 1.38, 95% CIL: 1.04-1.84, P=0.03,
respectively). Multivariate analysis by the Cox propor-
tional hazard model revealed that age, previous CABG,
high Killip class at presentation, multivessel disease and
attainment of final TIMI flow grade 3, but not direct
ambulance transport, were the independent predictors of
in-hospital death (Table S1).

Discussion

The major findings of this study were: (1) AMI patients in
the rural prefectures were less likely to be transported
directly by EMS to PPClI-capable facilities than those in
the metropolitan areas, and (2) this low frequency of direct
transportation for patients in the rural prefectures was
directly correlated with the low frequency of PPCI within
2h from onset. To the best of our knowledge, this is the
first prospective, multicenter, multi-prefectural observa-
tional study to demonstrate the regional differences in the
current status of emergency care for AMI between rural
prefectures and Tokyo metropolitan areas in contempo-
rary Japanese clinical practice.

Most of the previous registry studies of AMI included
only patients who were transported by EMS, whereas the
present study also included self-transported patients to
reflect real-world clinical practice in Japan. The frequency
of inter-facility transport was 27.6% in the Metropolitan
area in the present study, which was comparable with pre-
vious studies in urban areas (23-30%),3° but was as high as
39.9% in the Rural group.

Previous studies of STEMI have reported that inter-
facility transfer for PPCI was found to be associated with
longer OTB times, and poorer short- and long-term clini-
cal outcomes than direct transfer 81011 The Rural group
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had a significantly longer OTB time and lower prevalence
of OTB <2h than the Metropolitan group in the present
study, and direct ambulance transport was the strongest
predictive factor for OTB time <2h. However, when
patients were assessed independently on the basis of the
transport pathway, there were no significant differences in
either OTD time or OTB time between the Rural and
Metropolitan groups for both patients with direct ambu-
lance transport or inter-facility/self- transport. Thus, the
low frequency of direct ambulance transport in the rural
prefectures was considered to be one of the major factors
that caused prolonged OTB time.

The Rural group had a similar prevalence of PPCI
within 12 h from onset, distal protection, aspiration throm-
bectomy and stent implantation compared with the
Metropolitan group. However, the Rural group had a
significantly lower attainment rate of final TIMI flow
grade 3 and significantly higher peak CPK levels even after
adjusting for confounding factors. Several previous studies
reported that indirect transfer patients had a significantly
increased risk of less satisfactory reperfusion flow after
PPCI, determined as TIMI flow grade <3 or blush score <3
than direct transfer patients.®1? Consistent with those
previous studies, direct ambulance transport was indepen-
dently associated with a higher probability of achieving
final TIMI flow grade 3 in the present study. In general,
prolonged ischemic time leads to disruption of the micro-
vascular bed and edema in distal capillary beds, which
leads to the no-reflow phenomenon, and low TIMI flow
grade and myocardial blush score.!3-15 Early studies also
found that myocardial salvage and recovery of left ven-
tricular function are greatest when reperfusion is achieved
at <2h.1617 Therefore, the lower attainment rate of final
TIMI flow grade 3 and higher peak CPK levels in the
Rural group of the present study may be attributed to the
lower likelihood of undergoing PPCI in a timely manner.

As described, the importance of rapid transport and
minimizing the time delay to treatment has been confirmed
for STEMI patients, but it is also beneficial for non-STEMI
(NSTEMI) patients. The latest ESC guidelines for the man-
agement of NSTEMI recommended that very-high-risk
patients should undergo angioplasty within 2h, high-risk
patients within 24h and intermediate-risk patients within
72h18

In the present study, the Rural group had signifi-
cantly lower use of direct ambulance transport than the
Metropolitan group. In general, PPCI-capable facilities in
rural areas cover a wider area, including regions with dif-
ficult geographical accessibility than those in metropolitan
areas because of the wider dispersion of the population
and medical facilities. Therefore, such geographic differ-
ences can influence the prevalence of direct ambulance
transport to PCl-capable facilities. On the other hand,
continuous long-term efforts in the metropolitan area may
have contributed to this result. In the Tokyo metropolitan
district, the Tokyo CCU Network was established in 1978
and has continuously attempted to (1) operate the emer-
gency medical network with the help of the Tokyo Fire
Department and local medical associations in order to
directly transport patients with suspected acute coronary
syndrome (ACS) to the nearby PCI-capable hospitals with
CCU and (2) hold public health educational campaigns for
both the general population and health care workers.!® The
differences between areas with and without such long-term
efforts may have been reflected in the present results.
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The present study was unable to show the beneficial
association between direct ambulance transport and in-
hospital death. The Cox proportional hazard model analy-
sis demonstrated that direct ambulance transport was not
a significant predictor of in-hospital death. Patients with
direct ambulance transport had a higher in-hospital mor-
tality rate than those with inter-facility or self-transport in
both the Rural group (7.7% vs. 4.6%) and the Metropolitan
group (5.7% vs. 3.5%), presumably because patients who
were transported by direct ambulance had much more seri-
ous conditions at presentation than those who were not.
Indeed, patients transported directly by ambulance com-
prised a higher proportion of Killip class III or IV than
those with inter-facility or self-transport (data not shown).
These results suggest that severe cardiac conditions on
hospital presentation can mask and even surpass the ben-
eficial effects of direct ambulance transport on in-hospital
death. On the other hand, as several previous studies have
reported the beneficial effect of direct ambulance transport
on mid- and long-term death 31011 3 Jonger follow-up dura-
tion may have been required in the present study to evalu-
ate the association between the regional differences in the
prevalence of direct ambulance transport and death.

Clinical Implications

Our data suggested that in order to improve EMS to
ensure timely transport of AMI patients directly to PCI-
capable hospitals in the rural prefectures the following
specific steps should be taken: (1) hold frequent public
health education campaigns for the general population to
better understand AMI symptoms and the importance of
direct ambulance transport to PCI-capable facilities for
early reperfusion, and (2) coordinate the regional emer-
gency medical network systems in order to transport
directly to nearby PClI-capable facilities for patients with
suggestive symptoms of ACS. Use of prehospital 12-lead
ECG may contribute to an increased rate of direct transfer
and to a shorter delay in reperfusion.?0

Study Limitations

There are several limitations. First, it was not a random-
ized trial, and it is possible that unappreciated or unmea-
surable confounding variables altered the results. Second,
the present study included only patients who underwent
PPCI at participating hospitals within 24 h of onset from
among 4 rural prefectures in the Rural group; therefore,
there may have been some selection bias for enrollment,
which may make it difficult to apply the present results to
all AMI patients in Japan. Third, we did not have detailed
data on inter-facility transfer patients, including the initial
mode of transport to the referral facilities and door-in to
door-out (DIDO) time. Thus, we did not distinguish
whether those patients were transferred to the PCI-incapable
referral hospital regardless of EMS call at onset or whether
they directly went to the PCI-incapable referral hospital or
clinic. Fourth, there was no information regarding medica-
tions before onset, which may affect patient prognosis.
Fifth, there were no data on prognosis after hospital dis-
charge. Sixth, we were unable to adjust for differences in
social structural factors between rural and metropolitan
areas, such as composition or density of regional popula-
tion, economic status, traffic networks, scale or density of
PPClI-capable facilities, and numbers of physicians, which
may have affected our results. Additional detailed nation-
wide observational studies with long-term follow-up are
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needed for further evaluation.

Conclusions

Direct ambulance transport was the strongest independent
predictor for PPCI in a timely fashion within 2h of onset.
In rural prefectures, however, AMI patients were less likely
to be transported directly by EMS to PPCl-capable facili-
ties, resulting in significant longer OTB times, and lower
prevalence of PPCI in a timely manner. In the rural prefec-
tures, further effort is needed to promote widespread
awareness of the importance of direct ambulance transport
to PClI-capable facilities in order to minimize time delay to
reperfusion in patients with AMIL
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