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ingly elderly AMI patients.!”

Insufficient Control of Coronary Risk Factors

The WHO-MONICA studies, as well as the Japanese epide-
miological studies, have previously shown that the risk of
cardiovascular diseases increases with clustering of risk
factors, such as hypertension, hyperlipidemia and diabetes
mellitus.'®20 The present study demonstrates that the control
of major coronary risk factors is still insufficient in Japan
(Figure 3), which could largely account for the increasing
incidence of AMI. The westernization of lifestyle and the
high rate of aging in Japan are apparent causative factors for
the trend. Furthermore, the prevalence of smoking still
remains high at ~40% in male patients with AMI, although it
has been reported that the smoking rate has declined by 20%
in the general Japanese population.?!??

Higher Risk for Females for In-Hospital Mortality of AMI
One of the important findings in the present study is that
the in-hospital mortality still remains relatively higher for
female patients than for male patients (Figure 5). A similar
trend has been reported from the American Heart Association
Heart Disease and Stroke Statistics.?® Several factors could
be involved in the sex difference in in-hospital mortality,
including higher age, longer time elapsed from onset to
hospitalization, and low prevalence of PCI in female AMI
patients. Indeed, in the present study, the average age of
the female patients was 10 years older than that of the male
patients. The older age of female patients at the time of
admission may further limit the use of several therapies,?*
which could have been the case in the present study. In addi-
tion, the incidence of death from procedural complications,
such as vascular and hemorrhagic complications, is greater
in females.” Thus, more attention should be paid to these
factors when treating female AMI patients.

Unchanged Time of Onset and Infarct Site

It has been repeatedly demonstrated that the onset of AMI
peaks early in the morning in both Japan?® and Western
countries.?”-?® The present study not only confirmed this point
but also demonstrated that such a tendency has remained
unchanged for the past 30 years in Japan (Figure 4). These
results suggest that the triggering mechanism(s) for AMI has
remained unchanged despite the increasing incidence of the
disease.

The present study also demonstrated that the AMI site has
unchanged in the last 30 years. Although anterior AMI is
associated with worse outcome, as compared with inferior
AMIL? the present result indicates that the improvement of
morality is likely to be related to factors other than the AMI
site.

Improvement of Critical Care and In-Hospital Care for AMI
The present study demonstrated the overall in-hospital mortal-
ity (age-adjusted) has significantly reduced from ~20% in
1979 to 12.2% in 2008. The duration of hospital stay was
also significantly shortened over the past 30 years (Figure 8),
during which the paradigm of AMI management has shifted
from a conservative strategy to an interventional strategy.*
In fact, in the present study, use of primary PCI has been
increasing from 20% in 1992 to ~80% in 2008 (Figure 6),
and in-hospital mortality was lower in patients who under-
went primary PCI than in those who did not. The progress in
reperfusion therapy, especially that of primary PCI, appears
to have contributed to the reduction in in-hospital mortality

and hospital stay, as previously reported from this registry.5

Currently, approximately half of AMI patients in the
Western countries are transported to hospital by ambu-
lance.?'32 The present study demonstrated the ambulance use
in Japan has increased to ~70% in the past 10 years (Figure 5).
Because the majority of AMI patients in the past 30 years
were hospitalized within 6h (Figure 7), the increased use
of ambulances may not have directly contributed to the
shortened interval from onset of symptoms to hospitaliza-
tion. However, the increased use of ambulances should have
resulted in increased use of primary PCI with a resultant
improvement in the in-hospital mortality.

The increasing incidence of, but decreasing in-hospital
mortality from, AMI in Japan may have resulted from the
recent increase in the number of patients with ischemic heart
failure, as reported in the Chronic Heart Failure Analysis and
Registry in the Tohoku District (CHART) registry study.®
For surviving AMI patients, it is important to understand
the underlying risk factors that lead to secondary cardiac
events.* Indeed, a more effective strategy to improve the
management of post-infarction heart failure needs to be
developed.?33

Conclusions

Our MIYAGI-AMI Registry Study demonstrates that over
the past 30 years in Japan, there has been a steady trend
of increasing incidence, but decreasing mortality, for AMI in
the Japanese population, although female patients are still
at higher risk for in-hospital mortality than male patients, a
result in which both positive (eg, increased use of ambulance
and primary PCI) and negative factors (eg, insufficient con-
trol of coronary risk factors and aging of the whole society)
may be involved.
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Appendix 1

List of Participating Hospitals

Fukaya Hospital, Hiroshi Akiho, MD; Hikarigaoka Spellman Hospital,
Tomofumi Mimata, MD; Ishinomaki Municipal Hospital, Kenjirou Akai,
MD; Ishinomaki Red-Cross Hospital, Hiroyasu Sukegawa, MD; JR
Sendai Hospital, Masao Kuroha, MD; Katta General Hospital, Hiroyuki
Kanno, MD; Kesen-numa Hospital, Kazunori Ogata, MD; Kurihara
Central Hospital, Seiji Komatsu, MD; Tohoku Rosai Hospital, Tatsuya
Komaru, MD; Marumori National Health Insurance Hospital, Masataka
Otomo, MD; Miyagi Eastern Cardiovascular Institute, Toru Naganuma,
MD; Miyagi Cancer Center, Nobuo Tomisawa, MD; Miyagi Cardio-
vascular and Respiratory Center, Noboru Osawa, MD; Mori Hospital,
Akio Mori, MD; Nagamachi Hospital, Hidetoshi Mitobe, MD; Nishitaga
National Hospital, Shigenori Kitaoka, MD; NTT EAST Tohoku Hos-
pital, Aki Yamada, MD; Oizumi Memorial Hospital, Yoshirou Koiwa,
MD; Osaki Citizen Hospital, Tetsuya Hiramoto, MD; Saito Hospital,
Keiji Otsuka, MD; Saka General Hospital, Atsushi Obata, MD; Sanuma
Municipal General Hospital, Hiroshi Ishii, MD; Sendai Cardiovascular
Center, Shin-ya Fujii, MD; Sendai City Hospital, Tetsuo Yagi, MD;
Sendai Kosei Hospital, Taiichirou Meguro, MD; Sendai Medical Center,
Tsuyoshi Shinozaki, MD; Sendai Open Hospital, Masaharu Kanazawa,
MD; Sendai Public Health Insurance Hospital, Yoshichika Oikawa,
MD; Sendai Red-Cross Hospital, Yuji Konno, MD; Sendai Tokushukai
Hospital, Kimihiko Ogata, MD; Sen-en General Hospital, Ryouichi
Hashiguchi, MD; Shichigashuku National Health Insurance Clinic,
Takahiro Nagashima, MD; Shiogama City Hospital, Jun Goto, MD; South
Miyagi Medical Center, Kan-ichi Inoue, MD; Tohoku Kosai Hospital,
Mitsumasa Fukuchi, MD; Tohoku University Hospital, Department
of Cardiovascular Medicine, Hiroaki Shimokawa, MD; Department of
Cardiovascular Surgery, Kouichi Tabayashi, MD; Department of Gastro-
enterology, Toru Shimosegawa, MD; Tohoku Welfare and Pension
Hospital, Yoshiaki Katahira, MD; Tome Public Hospital, Munehiko Ishii,
MD.
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Background: Low-energy shock wave (SW) therapy has improved myocardial ischemia in both a porcine

model and in patients with severe angina pectoris.

Methods and Results: To further confirm the effectiveness and safety of SW therapy, 8 patients with severe
angina pectoris were treated with SW therapy in a double-blind, placebo-controlled and cross-over manner. SW
therapy, but not placebo, significantly improved chest pain symptoms and cardiac function without any complica-

tions or adverse effects.

Conclusions: Extracorporeal cardiac SW therapy is an effective, safe and non-invasive therapeutic option for

severe angina pectoris. (Circ J 2010; 74: 589-591)

Key Words: Angina pectoris; Angiogenesis; Myocardial ischemia; Shock wave

without indications for coronary artery bypass graft-

ing (CABG) or percutaneous coronary intervention
(PCI) is rapidly increasing worldwide and their prognosis
still remains poor.'? Thus, it is crucial to develop new thera-
peutic strategies for these patients. We have previously
demonstrated that extracorporeal cardiac shock wave (SW)
therapy with low-energy SW (=10% of the energy density
used for urolithiasis) ameliorates myocardial ischemia and
dysfunction in a porcine model of chronic myocardial isch-
emia in vivo.** We subsequently demonstrated in an open
trial that our SW therapy effectively improved chest pain
symptoms and exercise tolerance without any adverse effects
in 9 patients with severe angina pectoris.> In the present
study, to further confirm the effectiveness and safety of our
SW therapy, we performed a double-blind placebo-controlled
trial in patients with severe angina pectoris.

T he number of patients with severe angina pectoris

Methods

We enrolled 8 consecutive patients with severe angina
pectoris who already had undergone CABG or PCI, but who
no longer had further indications for these therapies even
though they still suffered from stable effort angina under

intensive medication (M/F, 5/3; age, 7043 years) (Table).
The patients were treated with one series of placebo and
the SW therapy in a double-blind and cross-over manner with
an interval of 3 months. One series of therapy comprised 3
sessions per week. Throughout the study, the patient and the
doctor in charge were not informed of the type of therapy. We
performed the SW therapy (200shoots/spot at 0.09 mJ/mm?
for 40-60 spots per session; Modulith SLC, Storz Medical,
Kreuzlingen, Switzerland) as described previously.*> As pla-
cebo, the patients underwent the procedure of SW therapy
but without irradiation. The patients were followed-up for
3 months after completion of the therapy. We evaluated symp-
toms using the Canadian Cardiovascular Society (CCS) class
score, the patient’s requirement for nitroglycerin,® exercise
tolerance in a 6-min walk, and a cardiopulmonary exercise
test, and cardiac function assessed by MRI (Achieva 1.5 T,
Philips, Eindhoven, Netherlands). The left ventricular ejection
fraction (LVEF) was measured using contiguous short-axis
slices obtained by cine MRI; end-diastolic and end-systolic
endocardial traces were used to determine end-diastolic and
end-systolic left ventricular (LV) volumes, respectively.
We also evaluated the number of circulating progenitor cells
in peripheral blood by FACS analysis 2 days before the 1+
session and 1h after the 3% session in 7 of the 8 patients
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Table. Baseline Characteristics of the 8 Patients With Severe Angina Pectoris
Patient Age Previous
no. (vears) Gender CAD reatment oMi ASO HT DM HL
1 69 M 3vD CABG, PCI + + + - -
2 61 M 3vD CABG, PCI + - + +
3 70 M 3VvD CABG + + + - i
4 78 F 3vD CABG, PCI + - + - +
5 80 M 3vD CABG, PCI + - + + -
6 60 F 3VD CABG, PCI - - + + +
7 72 F 3vD CABG, PCI + - - - +
8 70 M 3vD CABG, PCI + + + + +
CAD, coronary artery disease; OMI, old myocardial infarction; ASO, arteriosclerosis obliterans; HT, hypertension;
DM, diabetes mellitus; HL, hyperlipidemia; VD, vessel disease; CABG, coronary artery bypass grafting; PCI, percuta-
neous coronary intervention.
CCS class score Use of NTG (/week) 6-min walk (m) Max. exercise (W) Peak VO, (ml-kg~'-min-1)
4 — 8 — 600 e ———— 20 ——
P=1.00 P<0.005 \ P=0.10 P<0.01 P=0.31 P<0.01 P=0.95 P=0.09 | P=0.51 P=0.08
KR e B B 6 +—— 450 —— 60 +—— 5
2 4 ‘ 300 40 10
1
1 - 2 150 20 5 4
0 . . 0 - - 0 hed — 0 1l = - o ‘, ~ S—
Placebo SW Placebo SW Placebo SW Placebo SW Placebo SW
LVEF (%) LVSV (ml) LVEDV (ml) BNP (pg/ml)
80 - 80 200 - 400
| P=0.09 P<0.05 'PZO.GB P<0.005 jP=0.86 P=0.53 P=0.16 P=0.50
60 300 +
40 200 e ] Before therapy
Bl 3 month after therapy
20 100
1 0 1 S— - 1
Placebo SW Placebo SW Placebo SW
Figure. Effects of shock wave (SW) therapy. Results are mean + SE (n=8 each). CCS, Canadian Cardiovascular Society; NTG,
nitroglycerin; Max. exercise, maximum exercise capacity in watts (W); Peak VOz, peak oxygen uptake; LVEF, left ventricular
(LV) ejection fraction; LVSV, LV stroke volume; LVEDV, LV end-diastolic volume; BNP, brain natriuretic peptide.

(technical problem in the remaining one patient).

The present study was approved by the Ethical Committees
of Tohoku University in 2005, and informed consent was
given by each patient.

Results are expressed as mean+SEM. Comparisons dur-
ing the time course after SW therapy were made by repeated
measure ANOVA followed by Bonferroni/Dunn post hoc
test. All statistical analyses were performed using StatView
(SAS Institute, Cary, NC, USA), and P<0.05 was considered
to be statistically significant.

Results

The SW therapy, but not placebo, significantly improved
symptoms (CCS class score) and nitroglycerin use (Figure).

The SW therapy also significantly improved the 6-min walk-
ing distance and tended to improve both maximum exercise
capacity and peak oxygen uptake (peak VO2). LVEF and LV
stroke volume evaluated by MRI were significantly improved
only with the SW therapy, although LV end-diastolic volume
and plasma brain natriuretic peptide level remained un-
changed. The number of CD34*/KDR* and CD34+*/KDR*/
c-kit* cells in peripheral blood also remained unchanged with
both therapies (data not shown). No procedural complications
or adverse effects were noted during or after either therapy
as in the previous studies.*”’

Discussion

We have previously demonstrated that low-energy SW

Circulation Journal Vol.74, March 2010
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therapy enhanced angiogenesis and improved myocardial
ischemia in a pig model of chronic myocardial ischemia,**
and that SW therapy improved the symptoms and myocar-
dial perfusion in patients with severe angina pectoris in an
open trial.*> The present double-blind and placebo-controlled
study further demonstrates that our extracorporeal cardiac SW
therapy is an effective therapeutic option for severe angina
pectoris, providing convincing evidence for its effectiveness
and safety.

During the past 2 decades, regenerative therapies using
genes, cytokines, and progenitor cells have been under inves-
tigation for ischemic cardiovascular diseases.® However, these
therapies have not been consistently effective in humans,
despite promising results in early preclinical studies.”'> A
potential explanation for these inconsistent results is the com-
plex crosstalk among multiple pathways, in which enhance-
ment of only 1 factor among numerous angiogenic factors
may not be enough to achieve clinical benefit. Furthermore,
animal studies of cell therapy have revealed that the number
of newly generated vascular cells is too low to induce any
functional improvement, suggesting that the paracrine action
of transplanted cells stimulates intrinsic angiogenic capacity.'?
In contrast, low-energy SW upregulates multiple angiogenic
pathways (eg, VEGF, fit-1, SDF-1, and nitric oxide syn-
thase).*7-14

There are several limitations to the present study. First,
the number of patients is small. Although more than 150 pa-
tients with severe angina pectoris were reviewed as potential
candidates for this study, most of them were excluded due
to insufficient midication, potential indications of CABG or
PCI, and co-existence of malignant tumor. However, we were
able to reconfirm the beneficial effects of SW therapy in the
present double-blind and placebo-control study, as we had
observed in a previous open study.’ A future large-scale trial
would validate the present results. Second, maximum exer-
cise capacity and pVO:2 were not significantly improved while
the symptoms and 6-min walking distance were significantly
improved by the SW therapy. In 6 of the 8 patients, exercise
was stopped because of leg pain or fatigue before reaching
the anaerobic threshold. Thus, exercise tolerance might have
been underestimated because of arteriosclerosis obliterans
and/or physical deconditioning. Another parameter, such as
arteriovenous difference in lactate concentration under over-
drive pacing, might have been a better index of ischemia.
Third, the number of circulating progenitor cells in periph-
eral blood was not increased in the present study. Thus, it
remains to be examined whether our SW therapy promotes
recruitment of bone marrow-derived cells by the ischemic
myocardium of humans.'*!5 Fourth, the detailed molecular
mechanisms of the beneficial effects of SW in humans
remain to be clarified in future studies.*”’

In conclusion, the present double-blind, placebo-controlled
study further confirmed the effectiveness and safety of our
extracorporeal cardiac SW therapy for the treatment of severe

Circulation Journal

angina pectoris, although large-scale multi-center study is
needed.
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Potential usefulness of fish oil in the primary
prevention of acute coronary syndrome
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This editorial refers to ‘Fish intake and acute coronary
syndrome’l, by L.J. Bjerregaard et al. on page 29

Acute coronary syndrome (ACS) is a major health problem and
leads to a large number of hospitalizations annually in Europe.’
ACS refers to a group of clinical conditions caused by myocardial
ischaemia, including unstable angina pectoris, non-ST-segment
elevation myocardial infarction (NSTEMI), ST-segment elevation
myocardial infarction (STEMI), and sudden cardiac death. ACS
results from a common underlying pathophysiological mechanism,
i.e. plagues vulnerable to rupture or erosion, with different
degrees of superimposed thrombosis and distal embolization.
Vulnerable plaques that are likely to rupture or erode have evi-
dence of inflammation, together with thin fibrous caps and large
lipid cores. The platelet-rich thrombus, developed in association
with pro-coagulant-vulnerable blood, can release vasoconstrictor
substances such as serotonin and thromboxane A, that may
induce vasoconstriction at the site of plaque rupture or in the
microcirculation.

Bjerregaard et al. followed-up 25 573 men and 28 653 women in
the large cohort of the Danish health system for 7.6 years.? During
that period, ACS developed in a total of 1122 cases, among which
the number of ‘non-fatal’ events was much higher than that of ‘fatal’
events (n = 175). A significant association was found between the
intake of fatty fish and the incidence of ACS in men, whereas in
women only a trend was seen in the highest quintile. A high con-
sumption of fish or long-chain omega (n)-3 polyunsaturated fatty
acids (n-3 PUFAs) rich in fish oil is thought to be associated with
a reduction in deaths from coronary artery diseases, i.e. fatal myo-
cardial infarction and sudden cardiac death.* Although there has
been debate as to whether n-3 PUFAs may reduce ‘non-fatal’ car-
diovascular events, the study by Bjerregaard et al. may provide a
clue to this important issue.

n-3 PUFAs possess several beneficial effects on the pathological
processes of ACS, including reduction in blood pressure and
plasma levels of triglyceride, inhibition of thrombus formation
and inflammation, and stimulation of endothelial production of
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Vi VEVVE VW
t

Omega-3
n-3

CH

Docosahexaenoic acid, DHA, 22:6 n-3

Figure | Pleiotropic effects of (n)-3 polyunsaturated fatty acids
(n-3 PUFAs), which are beneficial for vulnerable plaque and
patients who develop acute coronary syndrome (ACS).

nitric oxide.*> These pleiotropic effects of n-3 PUFAs beyond
their lipid-lowering effect (Figure 1) may not only prevent the
development of atherosclerotic plaques but also stabilize them,
as reported in an experimental study using Apo-E deficient
mice® and in a clinical study using samples obtained at carotid
endarterectomy.” A recent study using multidetector row com-
puted tomography demonstrated a significant correlation
between serum n-3 PUFA levels and the extent of coronary soft
plaques and calcification in Japanese patients with ACS® Even
after partial or complete occlusion of the coronary artery, n-3
PUFAs could attenuate myocardial ischaemia/reperfusion injury,
through mechanisms mediated in part by the opening of K(Ca)
channels and nitric oxide in rabbits.” Importantly, fish oil or n-3
PUFAs have unique feature of suppression of arrhythmias

The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.
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through several actions on the ionic channels that regulate trans-
membrane action pc)tentials.m‘11

The study of Bjerregaard et al. indicates the potential role of fish oil
in the primary prevention of ‘non-fatal’ cardiovascular events such as
ACS.2 However, several issues remain to be elucidated. First, baseline
intake of n-3 PUFAs from the sources (fish), which would be
associated with the frequency of consumption and the serving sizes
of the specific fish, was not precisely assessed. Secondly, no evidence
has been found for the effective dosage and combination of fish oil
components such as eicosapentaenoic acid and docosahexaenoic
acid. Thirdly, males and females appear to differ in their ability to
synthesize n-3 PUFA with a resultant difference in their plasma
concentrations. These issues remain to be clarified in future studies.

Conflict of interest: none declared.
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Clinical Characteristics and Long-Term Prognosis of
Vasospastic Angina Patients Who Survived Out-of-Hospital
Cardiac Arrest
Multicenter Registry Study of the Japanese Coronary Spasm Association

Yusuke Takagi, MD; Satoshi Yasuda, MD; Ryusuke Tsunoda, MD; Yasuhiro Ogata, MD;
Atsushi Seki, MD; Tetsuya Sumiyoshi, MD; Motoyuki Matsui, MD; Toshikazu Goto, MD;
Yasuhiko Tanabe, MD; Shozo Sueda, MD; Toshiaki Sato, MD; Satoshi Ogawa, MD;
Norifumi Kubo, MD; Shin-ichi Momomura, MD; Hisao Ogawa, MD;

Hiroaki Shimokawa, MD; on behalf of the Japanese Coronary Spasm Association

Background—Coronary artery spasm plays an important role in the pathogenesis of ischemic heart disease; however, its
role in sudden cardiac death remains to be fully elucidated. We examined the clinical characteristics and outcomes of
patients with vasospastic angina in our nationwide multicenter registry by the Japanese Coronary Spasm Association.

Methods and Results—Between September 2007 and December 2008, 1429 patients with VSA (male/female, 1090/339;
median, 66 years) were identified. They were characterized by a high prevalence of smoking and included 35 patients
who survived out-of-hospital cardiac arrest (OHCA). The OHCA survivors, as compared with the remaining 1394
non-OHCA patients, were characterized by younger age (median, 58 versus 66 years; P<<0.001) and higher incidence
of left anterior descending coronary artery spasm (72% versus 53%, P<0.05). In the OHCA survivors, 14 patients
underwent implantable cardioverter-defibrillator implantation while intensively treated with calcium channel blockers.
Survival rate free from major adverse cardiac events was significantly lower in the OHCA survivors compared with the
non-OHCA patients (72% versus 92% at 5 years, P<<0.001), including appropriate ICD shocks for ventricular
fibrillation in 2 patients. Multivariable analysis revealed that OHCA events were significantly correlated with major
adverse cardiac events (hazard ratio, 3.25; 95% confidence interval, 1.39 to 7.61; P<0.01).

Conclusions—These results from the largest vasospastic angina cohort indicate that vasospasm patients who survived
OHCA are high-risk population. Further studies are needed to determine whether implantable cardioverter-defibrillator
therapy improves patient prognosis. (Circ Arrhythm Electrophysiol. 2011;4:00-00.)

Key Words: acetylcholine m angina m arrhythmia ® prognosis m vasospasm

ut-of-hospital cardiac arrest (OHCA) is a major public

health problem. ks cstimated number is 300000 to
400 000 per year in the United States.! A prospective study
showed an incidence of 53 in 100 000 per year, with 25% of
victims being younger than 65 years.2 Causes of OHCA are
strongly associated with coronary artery disease as evidenced
at autopsy, and the survival rate from OHCA still remains to
be substantially improved.' Importantly, a significant number
of OHCA cases remained unexplained if victims have no
structural abnormalities (eg, organic coronary stenosis) in the
postmortern analysis.> This finding strongly suggests that

functional abnormalities of the coronary artery are also
involved in the pathogenesis of OHCA 4

Clinical Perspective on p eee

Recently, the prevalence of early access to emergency
medical service, early bystander cardiopulmonary resuscita-
tion, and early defibrillation has been increasing, with a
resultant improvement of the survival rate from QHCA 57
The progress of the chain of survival now opens the window
to elucidate the underlying mechanisms of patients who
survived OHCA. Coronary artery spasm plays an important
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role in the pathogenesis of a wide variety of ischemic heart
disease, including sudden cardiac death, and thus could be
one of the most important functional abnormalities of the
coronary artery.®-'© However, little is known about the
clinical characteristics including sex difference and long-term
prognosis of patients with vasospastic angina (VSA) who
survived OHCA, except for the previous single-center studies
with a small number of patients.!1:12

In the present study, we thus conducted the nationwide
multicenter registry study with the large patient number by
the Japanese Coronary Spasm Association to elucidate the
clinical characteristics and long-term prognosis of VSA
patients, especially those who survived OHCA.

Methods

The Japanese Coronary Spasm Association was founded in 2006,
and currently 68 institutes participate. The present study was
approved by the institutional review boards or ethics committees of
all participating institutions.

Study Patients

All VSA patients were referred or admitted to the participating
institutes and were originally diagnosed between April 1, 2003, and
December 31, 2008. The registration was made between September
1, 2007, and December 31, 2008. In the present study, data collection
was conducted in a retrospective fashion for patients seen before
September 2007 and in a prospective manner for those seen after that
date. The diagnosis of VSA was made based on the Guidelines for
Diagnosis and Treatment of Patients with Vasospastic Angina of the
Japanese Circulation Society.!3 The definition of VSA included an
angina attack at rest and/or on effort, accompanied by a transient
ECG ST-segment elevation or depression of >0.1 mV or a newly
appearance of negative U wave in at least 2 related leads, and/or a
total or subtotal coronary artery narrowing during the provocation
test of coronary spasm, accompanied by chest pain and/or ischemic
ECG changes mentioned above.

Data Collection

The demographic and clinical data were submitted to a central data
base, including age, sex, coronary risk factors, family history, type of
angina episodes, circadian distribution of angina attacks, leads of
ST-segment elevation or depression and arrhythmias during sponta-
neous or provoked angina attack, location of coronary spasm, device
therapy such as implantable cardioverter-defibrillator (ICD), medical
therapy, and its adherence. We defined reduction and discontinuation
of medication as having a gap in use of any medication and no use
of medication, respectively. Hypertension, dyslipidemia, and diabe-
tes mellitus were diagnosed on the basis of guidelines of the Japanese
Society of Hypertension, Japan Atherosclerosis Society and the
Japan Diabetes Society, respectively.'4-1¢ Significant coronary ste-
nosis was defined as >50% of luminal narrowing of major coronary
arteries evaluated by coronary angiography. OHCA was defined as
the cessation of cardiac mechanical activity as confirmed by the
absence of signs of circulation.!?

End Points

The primary end point was major adverse cardiac events (MACE),
including cardiac death, nonfatal myocardial infarction, hospitaliza-
tion for unstable angina pectoris and heart failure, and appropriate
ICD shocks during the follow-up period, which began at the date of
original VSA diagnosis. The secondary end point was all-cause
mortality. Cardiac death was defined as sudden death (ie, death
occurring unexpectedly without any apparent symptoms or within 1
hour of symptom onset or nonwitnessed death in the absence of any
other possible cause) or death associated with acute myocardial
infarction. Acute myocardial infarction was defined in patients with
prolonged (=30 minutes) chest pain, associated with ST-segment

changes and elevated levels of cardiac enzymes. Unstable angina
pectoris was diagnosed if chest discomfort or pain became recurrent
or worsening along with ischemic ECG changes. Heart failure was
diagnosed if a patient showed signs of exertional dyspnea, orthopnea,
rales in more than one-third of the lung fields, elevated jugular
venous pressure, or pulmonary congestion on chest radiography
related to cardiac dysfunction.

Statistics

Continuous variables are presented as medians and interquartile
ranges and categorical variables as percentages. Group comparisons
were performed with Mann-Whitney test for continuous variables,
Fisher exact test for categorical variables, and log-rank test for
survival curves. Survival free from death and MACE was analyzed
by the Kaplan-Meier method. Multivariable analysis of correlated
factors of MACE was performed with a Cox proportional hazard
model. Variables depicted by univariable analysis to be correlated
with MACE and well-known predictive variables were subjected to
the forced entry method. The proportional hazards assumption was
examined with the log minus log plot. Hazard ratio and 95%
confidence intervals were also calculated. A value of P<<0.05 was
considered to be statistically significant.

Results

Clinical Characteristics of Patients With VSA
Among a total of 1528 VSA patients registered from 47
institutes, 99 patients were excluded because they did not
meet the diagnostic criteria (n=7) or the inclusion criteria
(n=92). Finally, 1429 patients were studied (online-only
Data Supplement Figure 1). The clinical characteristics of
those patients are summarized in Table 1. Among the coro-
nary risk factors, smoking was observed most frequently
(~60%), especially in male patients. The prevalence of
family history of ischemic heart diseases, previous myocar-
dial infarction, and the existence of organic coronary stenosis
was relatively low (=~10%). When compared with the female
patients, the male patients were characterized by younger age,
higher incidences of previous myocardial infarction, organic
coronary stenosis, angina attack with ST-segment elevation,
and lower incidence of family history of ischemic heart
diseases. In contrast, no sex difference was noted in the
prevalence of arrhythmia during spontaneous attacks, includ-
ing OHCA (Table 1). Among the 1317 patients in whom ECG
was recorded during spontaneous attack, significant ST-
segment elevation and depression was documente<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>