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he widespread implementation of defibrillation pro-
grams has saved many patients with out-of-hospital 
cardiac arrest (OHCA), making subsequent care of 

these patients more important than ever.1 Although struc-
tural heart diseases (eg, acute myocardial infarction) are the 
major underlying causes of OHCA,2 accumulating evidence 
indicates that cardiac arrest in the absence of structural heart 
disease is more common than previously expected.3 Sudden 
death in the absence of organic heart disease is termed 
“Pokkuri disease” in Japan, where both coronary vasospasm 
and ventricular fibrillation (VF) may play an important role 
in pathogenesis, although this has not yet been fully investi-
gated. In the present study, we examined the prevalence of 
these 2 factors in OHCA survivors by performing induction 
tests for both coronary vasospasm and VF.
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Methods
The present study was approved by the Ethical Committee 

of Tohoku University, and informed consent was given by 
each patient.

Study Patients
We examined 12 consecutive patients without organic 

heart disease who had survived an OHCA (M/F, 11/1; age, 
44±12 [SD] years) between December 2004 and December 
2008 (Table). The diagnosis of organic heart disease was 
made by physical examination, laboratory tests, 12-lead 
ECG, chest X-ray, 2-dimensional and color-flow-Doppler 
echocardiography, left ventriculography and coronary angi-
ography. The induction tests for coronary vasospasm with 
intracoronary acetylcholine (ACh) and VF with programmed 
stimulation were performed after full recovery from the 
OHCA event (15–58 days, mean 31 days).

Acetylcholine Provocation Test for Coronary Vasospasm
The protocol has been described previously.4 Briefly,  

following control coronary angiography, ACh was admin-
istrated into the coronary artery (12.5, 25, 50, and 100 μg). 
A positive response was defined as the development of 
>90% stenosis accompanied by chest pain and/or ischemic 
ECG changes. The type of coronary spasm was classified 
as focal or diffuse.5

Electrophysiological Study for VF
We performed the electrophysiological study (EPS) after 

the ACh provocation test (0–19 days, mean 9 days). All 
patients with a positive response to the ACh provocation 
test were treated with a calcium-channel blocker (CCB) 
when undergoing the EPS. The programmed stimulation 
protocol included a minimum of 2 basic pacing cycle lengths 
(600 and 400 ms) with single, double or triple extra-stimuli 
at the right ventricular apex. If VF was not induced, the 
same protocol was repeated under isoproterenol stimulation 
and/or pacing in the right ventricular outflow. Drug chal-
lenge test using intravenous flecainide (2 mg/kg) or pilsic-
ainide (1 mg/kg) was also performed to diagnose Brugada 
syndrome.6
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Results
OHCA had occurred between midnight and early morning 

in 10 patients (83%) and VF had been documented as the 
initial rhythm at cardiac arrest in all patients (Table). The 
prevalence of coronary risk factors was relatively low, 
except for smoking habit (Table). Bystander cardiopulmo-
nary resuscitation had been performed in 10 patients and 
therapeutic mild hypothermia in 6 (Table). The left ventricu-
lar ejection fraction was fairly well preserved (66±7%).

All patients were positive for 1 of the 2 tests: coronary 
spasm alone in 3, VF alone in 2, and both in 7 (Table). 
ECG changes typical of Brugada syndrome was induced by 
pilsicainide in 1 patient with VF alone and in 2 patients 
with both coronary spasm and VF (Table). Importantly, 7 
of the 10 patients with coronary spasm also had inducible 
VF, even under intensive medical therapy with CCBs, and 
all of them had the diffuse type of spasm (Table).

All patients subsequently underwent ICD implantation. 
During the follow-up period (1–48 months, mean 19 months), 
none had chest pain or syncope. However, appropriate ICD 
shock for VF was documented in 1 patient with both coro-
nary spasm and Brugada syndrome (Figure).

Discussion
The major finding of the present study is that the patients 

surviving an OHCA without organic heart diseases were 
positive for either coronary vasospasm or VF, suggesting 
heterogeneity of the pathogenesis of OHCA and the impor-
tance of performing the induction tests for both of the dis-
orders that could cause OHCA.

The survival rate of OHCA, especially in witnessed cases 
of VF or pulseless VT, is increasing in association with the 
decrease in the time interval from ambulance call to electri-
cal shock.1 Among OHCA survivors, a number of patients 
have not had apparent structural cardiac abnormalities, 
indicating a potential role of functional cardiac impairment 
in the pathogenesis of OHCA.3 In the present study, all the 
OHCA survivors were positive for either coronary spasm 
or VF, and 50% were positive for both tests, indicating the 
importance of performing both inductions and subsequent 
medical therapy based on the results of the provocation 
tests. It remains to be examined in future studies whether 
coronary microvascular impairment is also involved in 
patients with both coronary spasm and VF.5

ICD implantation is a useful therapy for OHCA survi-
vors with induced VF and/or Brugada syndrome diagnosed 
by EPS,7 but it is still controversial whether ICD is also 
effective for secondary prevention of sudden cardiac death 
caused by coronary spasm. Meisel et al previously reported 
both the efficacy and limitation of ICD therapy in patients 
with refractory variant angina.8 In their 7 patients with variant 
angina complicated by VF, appropriate ICD shocks were 
documented in 4 patients, but 1 patient died of electrome-
chanical dissociation even under intensive medical treatment 
with CCBs.8 In clinical practice, the efficacy of medication 
for preventing coronary vasospasm is assessed on the basis 
of symptoms; however, it is also known that silent myocar-
dial ischemia because of coronary vasospasm can initiate 
fatal arrhythmias9 and that coronary vasospasm could be 
induced despite a fair clinical course with CCBs.10 There-
fore, it remains to be examined in a future multicenter study 
whether ICD therapy can improve the prognosis of OHCA 
survivors with coronary vasospasm.T
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In conclusion, it is important that the induction tests for 
both coronary vasospasm and VF are performed in patients 
surviving a OHCA without organic heart disease.
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Figure.  Representative case of out-of-hospital cardiac arrest (OHCA) with both coronary spasm and ventricular fibrilla-
tion (VF). In this 57 year-old male patient, coronary angiography (CAG) was performed 19 days after the onset of an 
OHCA. Although no significant coronary stenosis was found in control CAG (A), severe and diffuse coronary spasm was 
induced by intracoronary acetylcholine (B). Drug challenge test with 1 mg/kg pilsicainide demonstrated ECG changes 
typical for Brugada syndrome (C), and in the electrophysiological study performed under medication with calcium-
channel blocker (CCB) 10 days after the CAG study, VF was induced by programmed stimulation (D). At 593 days after 
the onset of the OHCA, despite treatment with CCBs, recurrent VF (without proceeding ST-T changes) and an appropriate 
ICD shock was documented (E).


