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Incidence and Mortality of Acute Myocardial Infarction
A Population-Based Study Including Patients With Out-of-Hospital Cardiac Arrest
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SUMMARY

The in-hospital mortality rate of acute myocardial infarction (AMI) is improving. In Japan, little information exists
concerning the incidence and mortality of AMI. Therefore, our population-based analysis examined the incidence and
mortality rate in AMI cases in individuals that lived in the Matsumoto region in 2002. We studied 169 AMI patients who
were admitted within 14 days after a non-out-of-hospital cardiac arrest (non-OHCA group) and 63 patients with an AMI-
related out-of-hospital cardiac arrest (OHCA group). The in-hospital mortality rate of the non-OHCA group was 9.5%
(reperfusion therapy [+] 3.4%, [-] 22.7%, P < 0.0001). The rate of return of spontaneous circulation and the survival rate
were 21% and 1.6%, respectively, in the OHCA group. The incidence of AMI in the non-OHCA and OHCA groups
combined was 55.2 to 63.1 events/100,000 people annually and the mean age of AMI patients was 70 + 13 years. The
population-based mortality rate of AMI was 34% to 42%. The mortality rate of AMI remains high, and most deaths oc-
cur outside of the hospital. Prehospital care may lower the mortality rate of AMI. (Int Heart J 2011; 52: 197-202)
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heart disease (CHD) has declined substantially in

many Western countries because of successful pre-
vention efforts and improved treatment of CHD and acute cor-
onary syndromes.'™ The in-hospital mortality rate of acute
myocardial infarction (AMI) has dramatically decreased be-
cause of progress in reperfusion therapy and in treating ar-
rhythmias and pump failure. Epidemiological studies and clini-
cal trials show that the 28-day fatality rate of MI among
patients that are alive when they reach the hospital has declined
to 10% or less.*”

However, the mortality rate is still high for patients in
which AMI occurs outside the hospital. Only a few longitudi-
nal studies have analyzed trends in sudden or out-of-hospital
cardiac deaths.”® The majority of all CHD deaths are out-of-
hospital deaths and are therefore of considerable public health
significance. Thus, relatively little is known about trends in
sudden out-of-hospital AMI deaths in light of the recent de-
cline in the AMI mortality rate.

In the current study, we analyzed all AMI cases in the
Matsumoto region of Japan during a 1-year period. The aim of
this study was to investigate and clarify the incidence and mor-
tality rate of all cases of AMI, including out-of-hospital cardiac
arrest due to AMI, using a population-based analysis.

During the past 25 years, the mortality rate of coronary

METHODS

Study populations: We conducted the study in the Matsumoto

region (area 1,750 km?, 420,000 residents) in Nagano prefec-
ture. First, we mailed a letter describing the purpose and proce-
dure of the survey to all 20 general hospitals in the Matsumoto
region and we requested the case reports of patients with AMI
or patients with out-of-hospital cardiac arrest. Second, we Vvis-
ited all 20 hospitals to identify and examine the data of patients
with AMI or patients with out-of-hospital cardiac arrest. Six of
these hospitals have coronary arteriographic facilities and are
equipped for acute coronary care. We included in the registry
all patients examined from January 1, 2002, to December 31,
2002.

Non-OHCA group: We studied all patients admitted within 14
days after the onset of AMI. Patients who had AMI during
their hospital stay due to another disease were also included.
‘We combined and analyzed the data of 2 or more hospitals for
patients that had been transferred to another hospital. AMI was
defined as acute chest pain lasting less than 12 hours with new
ST-segment elevation greater than 1 mm noted in 2 contiguous
leads or new left branch bundle block and levels of cardiac en-
zymes (total creatinine kinase [CK] or CK-MB) that were at
least twice the upper limit of the reference range.

OHCA group: We investigated cases of AMI from all out-of-
hospital cardiac arrests events. We defined cardiac arrest as the
cessation of cardiac mechanical activity as confirmed by the
absence of signs of circulation. We excluded patients with out-
of-hospital cardiac arrest caused by trauma, drowning, drug
overdose, asphyxia, or exsanguination. We collected data retro-
spectively and included all core data recommended in the Ut-
stein-style reporting guidelines for cardiac arrests. The core
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data were sex, age, initial cardiac rhythm, time course of resus-
citation, type of bystander-initiated cardiopulmonary resuscita-
tion (CPR), return of spontaneous circulation, hospital admis-
sion, and in-hospital mortality.” We determined the cause of
cardiac arrest on the basis of the medical chart filled out by the
attending physician in collaboration with emergency medical
service rescuers.

We made a diagnosis of AMI in the OHCA group by us-
ing the criteria of the WHO-MONICA project.'” AMI patients
in the OHCA group were classified as Fatal 1 (F1) if they had
a definite AMI and as Fatal 2 (F2) if they had a possible AMI
or coronary death for definition 2. Collectively, F1 and F2 pa-
tients and patients who were unclassifiable were classified as
Fatal 9 (F9) for definition 1. Definition 2 was more restrictive
and excluded the unclassifiable cases.

Incidence and mortality of AMI: We estimated the incidence
and mortality of AMI by combining the non-OHCA and
OHCA groups. We calculated the event rates for definition 1
and for definition 2. We used the data of definition 2 to analyze
seasonal and circadian differences in the onset of AML

Data analysis: All continuous data are expressed as the mean
+ the standard deviation (SD), and discrete variables are ex-
pressed as the number and percentage. We used the unpaired
Student’s ¢ test for statistical analyses of the 2 groups. Differ-
ences among the 3 groups were analyzed by ANOVA. We
compared dichotomous variables using the chi-square test.
Statview for Macintosh was used for statistical analysis. We
considered a probability (P) value of less than 0.05 statistically
significant.

RESULTS

Non-OHCA group: The non-OHCA group was composed of
169 patients (male 121, female 48). Table I lists the baseline
characteristics of patients in the non-OHCA group. The medi-
an time from onset to admission was 150 minutes. Seventy-
nine percent of patients had Killip’s classification I and the in-
hospital mortality rate was 9.5%. The factors that influenced
AMI mortality in the non-OHCA group are shown in Figure 1.
The mortality rate in patients with Killip’s classification III and
IV was significantly higher than the mortality rate in patients
with Killip’s classification I. It was unknown whether 6 pa-
tients out of 169 had undergone revascularization treatment.

Table I. Baseline Characteristics of Patients in the Non-OHCA Group

n (male/female) 169 (121/48)
Age (years) 70+12
Method of admission (%)
Directly 57
Indirectly 43
Time from onset to admission (minutes) 282 +480
Killip classification (I/ II/ I/ IV) (%) 79/6/9/9

Treatment with revascularization (%) 73
(PCI98%, CABG 1%,
Thrombolysis 1%)

In-hospital mortality rate (%) 9.5

Values of age and time from onset to admission are mean = SD. OHCA
indicates out-of-hospital cardiac arrest; PCI, percutaneous coronary in-
tervention; and CABG, coronary artery bypass grafting.
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Among the remaining 163 cases, 119 patients (73%) received
prompt revascularization treatment. Of the 16 patients (9.5%)
that died of AMI, there were 4 patients treated with reperfusion
therapy, and 10 were treated without revascularization. It is un-
clear whether the remaining 2 patients were treated with revas-
cularization. The mortality rate of patients that were treated
with reperfusion therapy was significantly lower than patients
without revascularization treatment (3.4% versus 22.7%, P <
0.0001). There were no significant differences in the mortality
rate between different methods of admission or between gen-
ders.

OHCA group: An out-of-hospital cardiac arrest occurred in
227 patients. The rate of return of spontaneous circulation was
16% and the survival rate, which refers to successful discharge
from hospital to home, was 1%. Figure 2 shows the clinical di-
agnosis of 227 patients with an out-of-hospital cardiac arrest.
Of these 227 patients, 63 (28%) were diagnosed with definite
or possible AMI (definition 2 in WHO-MONICA criteria), 36
patients (17%) were diagnosed with congestive heart failure
caused by diseases other than AMI, and 33 patients (15%) had
an out-of-hospital cardiac arrest of undetermined cause. Thus,
we enrolled 96 patients that met WHO-MONICA project defi-
nition 1 in the OHCA group and 63 of these patients met
WHO-MONICA project definition 2. The rate of return of
spontaneous circulation and the survival rates of the 227 out-
of-hospital cardiac arrest patients are shown in Figure 3. In the
AMI patients, the rate of return of spontaneous circulation was
21% and the survival rate was 1.6%. Patients hospitalized for
causes other than arrhythmia had a poor prognosis and the sur-
vival rate was very low.

The type of electrocardiogram, such as ventricular fibril-
lation and/or tachycardia (VF/VT), pulseless electrical activity
(PEA), or asystole did not significantly affect the prognosis of
out-of-hospital cardiac arrest patients (Figure 4). Among the
227 patients with an out-of-hospital cardiac arrest, the event
was witnessed in 51% patients and 31% of these patients re-
ceived bystander-initiated CPR. The rate of return of spontane-
ous circulation (ROSC) and the survival rate were significantly
higher in patients whose AMI was witnessed. Bystander CPR
did not significantly influence either the ROSC or survival rate.
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Figure 1. Factors that influenced the AMI mortality rate in the non-OH-
CA group. The mortality rate in patients with Killip classification III and
IV was significantly higher than in patients with Killip classification I. The
mortality rate of patients treated with revascularization therapy was signif-
icantly lower than that of patients not treated with revascularization. AMI
indicates acute myocardial infarction and NS, not significant.
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Figure 2. Clinical diagnosis of 227 out-of-hospital cardiac arrest patients.
Of 227 patients, 63 (28%) were diagnosed with an AMI and enrolled in
the OHCA group. We presumed that 33 patients (15%) had an out-of-hos-
pital cardiac arrest. AMI indicates acute myocardial infarction and PTE,
pulmonary thromboembolism.
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Figure 3. The prognosis of an out-of-hospital cardiac arrest. The rate of
return of spontaneous circulation (A) in patients with an AMI (ie, the
OHCA group) was 21% and the survival rate (B) was 1.6%. The survival
rate of patients hospitalized for causes other than arrhythmia was very low.
AMI indicates acute myocardial infarction and PTE, pulmonary throm-
boembolism.

Table II. Incidence and Mortality of AMI (the Non-OHCA and OHCA
Groups Combined)

ANNUAL EVENT RATE OF ACUTE MYOCARDIAL INFARCTION

A m

A
definition 2 definition 1
Population (n) 420,000 420,000
Non-OHCA 169 169
group (1)
OHCA group (n) 63 96
Rate of incidence 55.2/100,000/year 63.1/100,000/year
of AMI
B
definition 2 definition 1
Death in Non- 16 16
OHCA group (1)
Death in OHCA 62 95
group (n)

Mortality rate (%) (16 + 62)/(169 + 63) =34% (16 + 95)/(169 + 96) = 42%

AMI indicates acute myocardial infarction and OHCA, out-of-hospital cardi-
ac arrest.
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Figure 4. The prognosis of out-of-hospital cardiac arrest across different
types of electrocardiogram. There were no significant differences in prog-
nosis across the different types of electrocardiogram such as VF and/or
VT, PEA, and asytole. VT indicates ventricular tachycardia; VF, ventricu-
lar fibrillation; PEA, pulseless electrical activity; and NS, not significant.
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Figure 5. Age distribution and mortality rate of AMI. Slightly higher
mortality rates were observed in elderly patients in both the non-OHCA
group (A) and all AMI patients (B). OHCA indicates out-of-hospital car-
diac arrest.

However, the AMI was both witnessed and received bystander-
CPR in all survivors.

Incidence and mortality rate of AMI: We calculated the inci-
dence and mortality rate of AMI by combining the non-OHCA
and OHCA groups. The incidence of AMI was 55.2 to 63.1
events/100,000 people per year (Table IIA) with a mean age of
70 + 13 years. The population-based mortality rate of AMI
was 34% to 42% (male 31%, female 41%) (Table 1IB). The
mortality rate was slightly higher in the elderly patients in the
non-OHCA group, but this was not significant (Figure 5).
When data were standardized using the World Standard Popu-
lation for the 35-64 year old age group,'” the annual event
rates according to definition 2 and 1 were 41.0 and 46.6
events/100,000 people per year, respectively. Mortality rates
were 33.9% and 37.3%, respectively.

Seasonal and circadian differences in AMI onset: Figure 6
shows the seasonal and circadian distribution of AMI onset.



Int Heart J

200 ASO, ET AL July 2011
A ) Most studies on the incidence and outcome of AMI have
30 4 — been performed in referral hospitals equipped with angio-
95 graphic facilities and a coronary care unit. It is possible that
20 J 1 - I AMI patients with severe conditions, advanced age, or comor-
s 4 L P bidities (eg, cerebrovascular disease or malignancy) were not
] — transferred from small clinics or general hospitals to referral
107 hospitals. Thus, these previous studies could have been slightly
59 biased in patient selection. Furthermore, few AMI studies have
0 - T 2 3 4 5 6 7 8 9 1011 12 (months) inch}ded both hqspital admission patients and out-of-hospital
cardiac arrest patients.

B® P<0.05 In the current study, we studied the outcome of all AMI
2 and OHCA patients in all 20 hospitals in the Matsumoto re-
?2 ] gion. Fourteen of the 20 hospitals did not have angiographic
10 - facilities or a coronary care unit, and these hospitals usually

5 transfer acute coronary patients to referral hospitals. We inves-
0 tigated all AMI patients in the region, including patients who
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Figure 6. Seasonal and circadian differences in AMI onset. Although the
onset of most AMIs occurs in January and in the early morning, there
were no significant differences in AMI onset between the months (A) or
each circadian time (B).

There was no significant difference in the onset of AMI be-
tween months of the year. The frequency of onset showed a bi-
modal circadian variation distribution with a primary peak fre-
quency between 6:00 AM and 10:00 AM and with a secondary
smaller peak in the evening hours.

DiSCcUSSION

In this study, the incidence of AMI was 55.2 to 63.1
events/100,000 people per year and the AMI mortality rate was
34% to 42% in all patients. The mortality rate was lower in the
non-OHCA group (9.5%) than in the OHCA group. In addi-
tion the mortality rate was especially lower in patients treated
with reperfusion therapy than in patients without this therapy.
Our study demonstrates that the mortality rate of AMI is high,
especially in the OHCA group and that prehospital care is im-
portant for lowering AMI mortality.

Few studies have reported population-based data on the
incidence and mortality of AMI in Japan. A population-based
study performed in the cities of Niigata and Nagaoka demon-
strated an AMI incidence of 45.8 events/100,000 people per
year when data were standardized using the World Standard
Population for the 35 to 64 year old age group."” According to
a 5-year investigation of 9 small to medium workplaces in Os-
aka, the annual incidence of AMI among men aged 40 to 59
years was 72.0 events/100,000 people per year. A report from
Okinawa revealed an annual incidence of 26 per 100,000 in
the standard population of Japan, and 31 per 100,000 among
individuals aged 35 to 64 years, adjusted for the World Stand-
ard Population."”

Hirobe, et al studied MI and coronary death in 257,440
workers from 76 workplaces in Japan.'¥ They found that the
age-standardized annual event rate and case fatality rate for
men, aged 35 to 64 years, were 40.2 per 100,000 persons and
22.2%, respectively. This analysis was not performed for
women because there were so few cases.

were too severely ill for transfer, of advanced age, or with se-
vere comorbidities. Incomplete case ascertainment in our study
depended on the rate of admission of AMI patients in the com-
munity. Because the Matsumoto region is geographically iso-
lated, almost all AMI patients are admitted into hospitals in
this region. Furthermore, because every person in Japan has
medical insurance, the rate of patients seeking treatment and
admission is extremely high. The hospital referral rate for AMI
is also high. Thus, we believe that we detected nearly 100% of
all AMI patients with the exception of OHCA patients. We ad-
ditionally detected all OHCA cases and attempted to precisely
diagnose AMI in the OHCA group. Therefore, we believe that
our population-based study precisely reflects the incidence and
mortality of AMI in Japan.

The incidence of AMI in our study is similar to the inci-
dences in the Niigata and Nagaoka studies. In the WHO-
MONICA project, the annual event rates for MI and coronary
deaths per 100,000 persons for men aged 35 to 64 years were
500 to 800 in Northern Europe and the United Kingdom and
approximately 500 in the United States, and for women, 130 to
250 in Northern Europe and the United Kingdom and approxi-
mately 500 in the United States.''® Thus, our data confirm
that the incidence of AMI is considerably lower in Japan than
in western countries.

The prognosis of patients who undergo reperfusion thera-
py was significantly better than patients who did not undergo
this therapy in the non-OHCA group. Our results confirmed
that early reperfusion therapy improves the prognosis for pa-
tients with AMI. Fourteen of 20 hospitals in the Matsumoto re-
gion do not have angiographic facilities or a coronary care unit.
Therefore, it is possible that the survival rates were influenced
by differences in the quality of intensive care in each hospital
rather than by the effect of reperfusion therapy alone. The most
common reasons that patients did not undergo reperfusion
therapy were conditions too severe for transfer, advanced age,
or comorbidities such as cerebral disease and malignancy.
Thus, the differences in survival rates between patients with
and without reperfusion therapy may have resulted not only
from the effect of reperfusion therapy but also from the pa-
tient’s baseline characteristics.

Sudden cardiac arrest due to AMI is a leading cause of
death in the industrialized world.'” A strong chain of survival
measures (early activation of emergency medical services, ear-
ly CPR, early defibrillation, and early advanced life support
measures) has substantially improved outcomes in several
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smaller cities such as Seattle (Washington, USA),”™ Goteborg

(Sweden),” and Rochester (Minnesota, USA).”” However, the
survival rate of out-of-hospital sudden cardiac arrests, includ-
ing AMI, in large urban populations is generally less than
3%.”"* Relatively little is known about trends in sudden out-
of-hospital AMI deaths in light of the recent decline in AMI
mortality rate.

Consistent with other epidemiological studies, our study
confirms that the majority of AMI deaths take place outside of
the hospital. A recent study showed that advanced cardiac life
support with endotracheal intubation and the administration of
intravenous drugs by paramedics did not improve the rate of
survival of OHCA patients. The SOS-KANTO study indicated
that bystander-initiated CPR appears to prolong VF or pulse-
less VT after a cardiac arrest.””

The Utstein Osaka study demonstrated that bystander-ini-
tiated CPR, either with cardiac only resuscitation or conven-
tional CPR, improves the outcome of a witnessed cardiac ar-
rest of less than 15 minutes duration. The effectiveness of each
type of bystander CPR depends on the duration. Cardiac-only
resuscitation may be superior to conventional CPR within 5
minutes of the cardiac arrest, but rescue breathing may be
helpful for a prolonged cardiac arrest (greater than 15 minutes
from collapse to emergency medical service resuscitation).
These findings suggest that the optimal survival rate for an
OHCA resulting from an AMI will be achieved by training
Japanese citizens in basic life support and in the use of auto-
mated external defibrillators (AED).

Limitations: First, although we attempted to diagnose AMI in
the OHCA group as precisely as possible, there were limita-
tions when diagnosing AMI in OHCA patients that had not
been successfully resuscitated. Second, our data is based on 1
year and can not reflect a temporal trend. In Japan, the survival
rate of out-of-hospital cardiac arrest patients has been improv-
ing because of the use of defibrillation therapy under the com-
prehensive directions by rescue crews since April 2003. There-
fore, it is possible that the mortality rate of AMI has further
declined since completion of this investigation. Further investi-
gation is necessary to clarify temporal trends in the incidence
and mortality rate of AML

Conclusions: In conclusion, the mortality rate of AMI is still
high and most deaths occur outside the hospital. Prehospital
care is important for further lowering the mortality of AMIL. A
well-developed, monitored, layperson-enacted CPR-response
plan may be enhanced by adding AEDs and AED training.
This can improve the mortality rate of AMI by increasing the
number of survivors whose out-of-hospital cardiac arrest oc-
curs in public locations.
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