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a  b  s  t  r  a  c  t

Background:  Subarachnoid  haemorrhage  (SAH)  is  known  as  one  of the  aetiologies  of  out-of-hospital  car-
diac arrest  (OHCA).  However,  the  mechanisms  of  circulatory  collapse  in  these  patients  have  remained
unclear.
Methods  and  results:  We  examined  244  consecutive  OHCA  patients  transferred  to  our  emergency  depart-
ment.  Head  computed  tomography  was  performed  on  all  patients  and  revealed  the  existence  of SAH  in
14 patients  (5.9%,  10  females).  Among  these,  sudden  collapse  was  witnessed  in  7  patients  (50%).  On  their
initial  cardiac  rhythm,  all  14  patients  showed  asystole  or pulseless  electrical  activity,  but  no  ventricular
fibrillation  (VF).  Return  of spontaneous  circulation  (ROSC)  was  obtained  in  10  of  the  14  patients  (14.9%
of  all  ROSC  patients)  although  all resuscitated  patients  died  later.  The  ROSC  rate  in patients  with  SAH
(71%)  was  significantly  higher  than  that  of  patients  with  either  other  types  of  intracranial  haemorrhage

(25%,  n  = 2/8)  or  presumed  cardiovascular  aetiologies  (22%,  n  =  23/101)  (p <  0.01).  On  electrocardiograms,
ST-T  abnormalities  and/or  QT prolongation  were  found  in  all 10 resuscitated  patients.  Despite  their
electrocardiographic  abnormalities,  only  3 patients  showed  echocardiographic  abnormalities.
Conclusions:  The  frequency  of  SAH  in patients  with  all causes  of  OHCA  was  about  6%,  and  in resuscitated
patients  was  about  15%.  The  initial  cardiac  rhythm  revealed  no  VF  even  though  half  had  a  witnessed  arrest.
A high  ROSC  rate  was  observed  in  patients  with  SAH,  although  none  survived  to hospital  discharge.
. Introduction

Stroke is a cause of cardiac arrest (CA). American Heart Asso-
iation (AHA)/American Stroke Association guidelines emphasize
hat stroke is an impending condition leading to CA.1,2 Death
rom subarachnoid haemorrhage (SAH) is often sudden and dif-
erent from that of ischemic stroke and other types of intracranial
aemorrhage (ICH).3–5 SAH is known to be one of the causes of
ut-of-hospital cardiac arrest (OHCA).5,6 Some reports showed that

AH accounts for 4–10% of all OHCA.6–8 On the other hand, SAH is
ften accompanied with abnormal cardiac findings, such as electro-
ardiographic and echocardiographic abnormalities and increased

� A Spanish translated version of the abstract of this article appears as Appendix
n  the final online version at doi:10.1016/j.resuscitation.2011.05.019.
∗ Corresponding author at: Division of Cardiology, Niigata University Graduate

chool of Medical and Dental Sciences, 1-754 Asahimachi dori, Chuoku,
iigata 951-8510, Japan. Tel.: +81 25 227 2185; fax: +81 25 227 0774.

E-mail address: mwataru@hotmail.com (W.  Mitsuma).

300-9572/$ – see front matter ©  2011 Published by Elsevier Ireland Ltd.
oi:10.1016/j.resuscitation.2011.05.019
© 2011 Published by Elsevier Ireland Ltd.

cardiac enzymes.9 The mechanisms leading to CA after SAH have
remained unclear, and cardiac findings of resuscitated patients
have hardly been discussed before. In this study, we  examined
clinical and cardiac features of patients with OHCA after SAH.

2. Methods

2.1. Study population

The study protocol was reviewed and accepted by the local
ethics committee of Niigata University Department of Medicine.
We investigated patients with OHCA who arrived at the emergency
department of Niigata University Medical and Dental Hospital, a
tertiary referral center covering a local population of approximately
800,000, from April 2007 to June 2009. Cardiopulmonary resus-

citation (CPR) for OHCA victims is performed in accordance with
the Basic/Advanced Cardiac Life Support guidelines of 2005.10,11

Data was  recorded according to the Utsutein style which includes
such factors as sex, age, initial cardiac rhythm, time course of

dx.doi.org/10.1016/j.resuscitation.2011.05.019
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2011.05.019
mailto:mwataru@hotmail.com
dx.doi.org/10.1016/j.resuscitation.2011.05.019
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Table 1
Clinical features of OHCA patients.

SAH
(n = 14)

Other types of
ICH (n = 8)

Presumed
cardiovascular
aetiology (n = 101)

p

Age (years) 67 ± 15 65 ± 14 72 ± 18 0.3
Female 10 5 41 0.05
Initial  cardiac rhythm

VF 0 0 14
Non  VF (asystole/PEA) 14 (8/6) 8 (6/2) 84 (59/25) 0.11

Witness 7 2 40 0.29
Bystander CPR 5 1 42 0.25
ROSC 10 2 23 <0.01
1-Week survival 2 0 11
1-Month survival 1 0 11
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PR, cardiopulmonary resuscitation; ICH, intracranial haemorrhage; OHCA, out-of
irculation; SAH, subarachnoid haemorrhage; VF, ventricular fibrillation.

esuscitation, bystander-initiated CPR, and return of spontaneous
irculation (ROSC).12 CA was defined as the cessation of cardiac
echanical activity as confirmed by the absence of signs of cir-

ulation, according to the criteria of the AHA.10 Head computed
omography (CT) of all patients was performed after ROSC or
eath for the diagnosis of hemorrhagic stroke. Traumatic ICH was
xcluded from this study. Hemorrhagic stroke was divided into SAH
nd other types of ICH.

.2. Classification of SAH

The CT grading scale of SAH was determined according to
he data from Claassen et al.13: grade1, minimal or diffuse thin
AH without bilateral intraventricular haemorrhage (IVH); grade
, minimal or thin SAH with bilateral IVH; grade 3, cisternal clot
ithout bilateral IVH; and grade 4, cisternal clot with bilateral

VH. The CT of patients with OHCA were grouped and graded by 2
xperienced neurologists blinded to the patients’ clinical data. The
everity of the clinical presentation after ROSC was quantified by
he guideline of the World Federation of Neurological Surgeons14:
rade 1, 15 points of Glasgow Coma Scale (GCS) without motor
eficit; grade 2, 13 or 14 points of GCS without motor deficit; grade
, 13 or 14 points of GCS with motor deficit; grade 4, 7–12 points of
CS with or without motor deficit; and grade 5, 3–6 points of GCS
ith or without motor deficit.
.3. Cardiac examinations

In SAH patients after ROSC, a standard 12-leads electrocar-
iogram (ECG), chest X-ray and echocardiogram were obtained.

able 2
linical features of patients with OHCA after SAH.

No. Age/sex Initial cardiac
rhythm

ROSC Witness Bystander
CPR

I

1 32/F PEA + + − C
2  40/M Asystole + + − S
3  62/M PEA + + − S
4  69/M PEA + + + C
5  71/F PEA + + + S
6  71/F Asystole + − − V
7 72/F  Asystole + + − C
8  78/F Asystole + − + U
9  78/F PEA + + + U
10  79/F PEA + − − U
11  57/F Asystole − − − U
12 74/F Asystole −  − − V
13 81/M Asystole − − − U
14  84/F Asystole − − + U

PR, cardiopulmonary resuscitation; CT, computed tomography; ICH, intracranial haemor
eturn  of spontaneous circulation; SAH, subarachnoid haemorrhage; WFNS, World Feder
ital cardiac arrest; PEA, pulseless electrical activity; ROSC, return of spontaneous

ECG was recorded at a paper speed of 25 mm/s and amplifica-
tion of 10 mm/mV. ST segment elevation or depression, T-wave
inversion, and QT interval were analyzed by 2 experienced car-
diologists blinded to the patients’ clinical data, as previously
described.15 The corrected QT interval (QTc) was calculated accord-
ing to Bazet’s formula. Two-dimensional echocardiography was
performed within 6 h after ROSC to evaluate the LV wall motion
abnormality and ejection fraction was measured by a modified
Simpson’s method.16

2.4. Statistical analysis

Values are expressed as mean ± standard deviation (SD). Com-
parisons among the 3 groups were performed using one-way
ANOVA with Tukey’s post hoc test. Comparisons of proportions
were performed by the Chi-square test. A two-sided p-value <0.05
was  considered to be statistically significant. All statistical analyses
were performed with SPSS (SPSS Inc., Chicago, Illinois) for Windows
(Microsoft Corp., Redmond, Washington) version 17.

3. Results

3.1. The clinical features of SAH in OHCA

During this study period, 244 patients with OHCA were trans-
ferred to our emergency department, and 67 patients (27%)

achieved ROSC. Spontaneous SAH, other types of ICH, and presumed
cardiovascular aetiology were identified as the cause of CA in 14, 8,
and 101 patients, respectively. SAH was  found in 5.7% of all OHCA.
Clinical characteristics of SAH patients with OHCA are shown in

nitial symptoms WFNS
grade

CT
grade

Outcome

ollapse after moaning 5 4 Death, 8 days
udden collapse 5 4 Death, 5 days
udden unresposiveness 5 3 Death, 2 months
ollapse after moaning 5 4 Death, 18 h
udden collapse 5 3 Death, 2 days
omiting 5 4 Death, 3 h
ollapse after headache 5 4 Death, 6 h
nknown 5 4 Death, 40 min
nresposiveness after vomiting 5 3 Death 16 h
nknown 5 3 Death, 4 days
nknown − 3 Not resuscitated
omiting − 4 Not resuscitated
nknown − 4 Not resuscitated
nknown − 4 Not resuscitated

rhage; OHCA, out-of-hospital cardiac arrest; PEA, pulseless electrical activity; ROSC,
ation of Neurological Surgeons.
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ables 1 and 2. The mean age was 67 years (aged 32–84). A tendency
f female dominance in SAH was observed in comparison with
ther aetiologies (p = 0.05). All 14 SAH patients showed asystole
r pulseless electrical activity (PEA), but not ventricular fibrillation
VF), though sudden collapse was witnessed in 7 patients (50%).
OSC was obtained in 10 of 14 SAH patients (71%), and SAH was

ound in 14.9% of all ROSC patients. The ROSC rate was  significantly
igher in SAH patients than in OHCA patients with other types of

CH and presumed cardiovascular aetiology (p < 0.01). Head CT of all
4 SAH patients showed grade 3 or 4, and clinical presentation after
OSC showed deep coma without motor deficit (Table 2). How-
ver, all resuscitated SAH patients finally died later. Of those with
ther types of ICH, 4 had a brainstem haemorrhage, 2 had a tha-
amus haemorrhage, and 2 had a subcortical haemorrhage (frontal
nd occipital). Although 2 patients with brainstem haemorrhage
chieved ROSC, all 8 patients eventually died.

.2. Clinical and cardiac features of resuscitated SAH patients

Clinical characteristics of resuscitated SAH patients are shown
n Table 2 (No. 1–10). Of the 10 patients, the mean age was  65 years
ranging from 32 to 79) and 7 were female. CA of 7 patients (70%)
as witnessed, and 5 patients (No. 1, 2, 4, 5, and 7) collapsed sud-
enly after the onset of SAH. Although 6 patients had bilateral IVH,
iffuse and thick SAH was found on the head CT scan in all resus-
itated patients. The initial ECG monitor recorded by emergency
edical service showed asystole in 4 and PEA in 6 patients, while
F was not present. Table 3 shows cardiac features of resuscitated
AH patients. ECG after ROSC showed sinus rhythm in 7 and atrial
brillation in 3 patients. The median heart rate was 115 beats/min
ranging from 86 to 157), and wide QRS was found in 3 patients. All
0 patients had ST segment deviations. Eight patients had ST eleva-
ion in aVR with ST depression in widespread leads (such as that of
evere myocardial ischaemia). Three of these patients showed ST
levation ≥2 mV  in aVR (No. 6, 9 and 10). ST depression was  found
n 9 patients, and large (>5 mV)  depression in 3 patients (No. 2, 6,
nd 9). ST segment was frequently depressed in leads V4 and V5.
chocardiograms were obtained in 9 of 10 patients. LV contraction
as impaired in 3 patients; akinesis of LV apical and mid  ventric-
lar segments with normal wall motion in basal segment (apical
allooning) was found in 2 (No. 1 and 7), and akinesis of mid  ven-
ricular segments with normal wall motion in both apical and basal
egments (mid ventricular ballooning) was found in 1 patient (No.
). Serial echocardiograms of 2 patients showed that these ven-
ricular contraction abnormalities were transient and improved 7
nd 14 days later. Serum creatine kinase levels on admission were
ormal in 9 and slightly elevated in 1 patient with normal LV con-
raction. Chest X-ray film was obtained in 6 patients. Pulmonary
dema was present in 3 patients. Although 2 of 3 had pulmonary
dema with LV contraction abnormalities, 1 patient (No. 9) had
ulmonary edema without LV contraction abnormalities.

. Discussion

In this study, we found 4 major findings: (1) in patients with
HCA after SAH, the initial cardiac rhythm recorded by emergency
edical service revealed no VF even though half had a witnessed

rrest, (2) the frequency of SAH in all ROSC patients was  about
5%, (3) there was a high ROSC rate in SAH patients although
heir survival rate and neurological outcome were poor, and (4)
arious cardiac findings were documented in SAH patients after

OSC.

Previously, some reports suggested that SAH is one of the causes
f OHCA. From earlier reports, SAH was found to be present in
–10% of all OHCA, and about 4% of SAH patients experience CA Ta
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fter the onset of symptoms.5–7,17 VF was not common in their
tudies. Kürkciyan et al. and Inamasu et al. reported that only 2
f 27 (7%) and 1 of 23 (4%) patients showed VF on their initial ECG,
espectively.5,7 In the present study, 50% of patients with SAH had

 witnessed CA, but no VF was recorded whereas CA was  witnessed
n 39% and VF was recorded in 13% when the cause was cardiac in
rigin. There are 2 possible mechanisms of CA after SAH: CA follow-
ng respiratory arrest and direct CA.7,17,18 Respiratory suppression
y a sudden increase in intracranial pressure with brainstem her-
iation can lead to CA in some patients. In this setting, however,
atients would not show sudden collapse. In our SAH patients who
ad a witnessed arrest and had a high ROSC rate, CA was assumed
o be cardiac in origin although VF was not documented. Thus, fur-
her examination will be needed about a hypothesis concerning the

echanisms of direct CA after SAH without VF. We  also found the
requency of SAH in all ROSC patients was about 15%. Although sev-
ral studies found the frequency of SAH in OHCA patients, this is
he first report showing the frequency of SAH in all ROSC patients
sing head CT.

Several cardiac findings were observed in our resuscitated
AH patients. Abnormalities of ECG, echocardiograms, and car-
iac biomarkers are well-known findings after the onset of SAH
ithout CA.9,19 ECG findings, such as ST-T elevation/depression, T
ave inversion, QT prolongation and supraventricular/ventricular

rrhythmias, have been found in more than 50% of SAH patients
58–100%).9,20 Global or segmental LV dysfunction has been
bserved on left ventriculography and/or echocardiography.9,21

hese ECG and echocardiographic findings were more likely
o occur with increased neurological deficits, and 58% and
2% of patients with severe neurological deficits had ECG
nd echocardiographic abnormalities, respectively.9 Echocardio-
raphic abnormalities do not always accompany ECG findings.9 In
ecent reports, Takotsubo-like wall motion abnormalities (apical
allooning) were observed after SAH.18,22 These cardiac findings
ere transient phenomena and irrelevant to the coronary artery
isease.21,23,24 In the present study, we first demonstrated that the
requency of cardiac abnormalities in SAH patients who experi-
nced CA was  similar to previous reports of SAH without CA, and
all motion abnormalities of all 3 patients revealed Takotsubo-like

egional LV dysfunction. Although the pathophysiology of cardiac
bnormalities after SAH remains uncertain, catecholamine surge
ollowing brainstem damage has been considered to produce neu-
ogenic myocardial stunning and ECG abnormalities, the same as
A after SAH.18,19

There was  another clinical implication. Resuscitated patients
ith SAH often mimic  acute coronary syndrome upon cardiac

xamination as in our study. Thus, clinicians should carefully mon-
tor the existence of SAH in CA because the therapy for acute
oronary syndrome is completely different from that for SAH.

We had some limitations. Further large and multicenter studies
re needed because our study was small and a single center one.
e could not perform angiographical evaluation of the cerebral

neurysm. Thus, the relationship between the aneurysm site and CA
ould not be investigated, as was undertaken in previous studies.17

oronary angiographical evaluation was also not performed for the
xclusion of ischemic heart disease.

. Conclusions

In conclusion, the frequency of SAH in patients with all causes

f OHCA was about 6%, and in resuscitated patients was  about 15%.
he initial cardiac rhythm revealed no VF despite the high incidence
f witnessed collapse. A high ROSC rate was observed but their
utcomes were poor in patients with SAH.
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