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Abstract
Background Convexal subarachnoid hemorrhage (c-SAH) is an infrequent condition with variable causes. c-SAH concomitant
to acute ischemic stroke (AIS) is even less frequent, and the relationship between the two conditions remains unclear.
Methods Between January 2016 and January 2018, we treated four patients who were referred to our stroke unit with ischemic
stroke and concomitant nontraumatic c-SAH. The patients underwent an extensive diagnostic workup, including digital subtrac-
tion angiography (DSA).
Results All four patients developed acute focal neurological symptoms with restricted MRI diffusion in congruent areas. In three of
the patients, infarcts were in a border zone between the main cerebral arteries and c-SAH was nearby. The fourth patient showed a
small cortical infarct, and c-SAHwas in a border zone territory of the contralateral hemisphere. An embolic source was discovered or
strongly suspected in all cases. One patient was treated with intravenous thrombolysis, but this treatment was not related to c-SAH.
None of the four patients showed microbleeds or further cortical siderosis, thus excluding cerebral amyloid angiopathy. In addition,
DSA did not show signs of vasculitis, reversible cerebral vasoconstriction syndrome, or intracranial arterial dissection.
Conclusions We proposed the embolism or hemodynamic changes of the border zone arterioles as a unifying pathogenetic
hypothesis of coexisting c-SAH and AIS.
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Introduction

Atraumatic convexal subarachnoid hemorrhage (c-SAH) is an
unusual presentation of subarachnoid bleeding, typically spar-
ing basal cisterns, ventricles, parenchyma, and interhemispheric
fissures [1]. The most common etiologies are cerebral amyloid
angiopathy (CAA), reversible cerebral vasoconstriction syn-
drome (RCVS), and dissection of intracranial arteries, but many
other rare causes have been reported [1–4]. In the clinical prac-
tice, the etiology remains undetermined in a consistent

percentage of cases (~ 20%) [3]. The association of c-SAH
and concomitant acute ischemic stroke (AIS) has been increas-
ingly reported and specifically attributed to arterial occlusive
disease, CAA, or intracranial cerebral artery dissection [4–11].

Materials and methods

We retrospectively reviewed all patients admitted to our stroke
unit between January 2016 and January 2018 for AIS and
found six patients with concomitant c-SAH and AIS. Two
patients were excluded from this study because they were
not extensively studied (i.e., unable to perform magnetic res-
onance imaging (MRI)). All patients underwent a diagnostic
workup with neuroimaging, including brain computed tomog-
raphy (CT), MRI with diffusion-weighted imaging (DWI),
magnetic resonance angiography (MRA), and gradient
recalled echo (GRE) sequences. Digital subtraction angiogra-
phy (DSA), evaluating both arterial and venous phases, was
performed in all but one patient. Oncomarkers and
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autoimmune screening were performed in all patients to rule
out neoplastic conditions and systemic vasculitis. Trans-
thoracic echocardiography and 24-h Holter electrocardiogram
monitoring were performed to detect cardioembolic sources.
Patent foramen ovale (PFO) was investigated through contrast
transcranial Doppler (TCD) and transesophageal echocardiog-
raphy (TEE) in patients with cryptogenic stroke.

This study was approved by the local ethics committee, and
all patients gave their written informed consent.

Results

Patient 1

A 38-year-old previously healthy male developed left
hemiparesis and hemihypesthesia (National Institutes of
Health Stroke Scale (NIHSS) score of 4). DWI showed a small
cortical lesion in the posterior part of the lenticular nuclei. The
patient underwent intravenous thrombolysis with 0.9 mg/kg
recombinant tissue plasminogen activator. Furthermore, 24-h
neurological examination was fully normal, and no signs of
bleeding were detected on CT scan. At 1 week, the patient
complained of a headache without any new neurological
symptoms. An MRI scan revealed c-SAH in the right
precentral sulcus near an all-new cortical ischemic lesion in
the border zone between the right middle cerebral artery
(MCA) and the posterior cerebral artery (PCA) (Fig. 1).
GRE sequences did not show microbleeds (MB) or cortical
siderosis (CS). DSA excluded RCVS, cerebral venous throm-
bosis (CVT), and other causes of bleeding (Fig. 2). After total
reabsorption of blood, clopidogrel was prescribed. In contrast,
TCD and TEE showed the presence of PFO, which was even-
tually closed. At 2-year follow-up, the patient remained
asymptomatic (modified Rankin Scale score of 0).

Patient 2

A 73-year-oldmale had a clinical history of cigarette smoking,
hypertension, and ischemic coronary artery disease treated
with stenting and hyperlipidemia. He discontinued aspirin
and statin treatment because of side effects. Ten days before
admission, the patient developed mild fluctuating left-side
motor and sensory deficits. His MRI scan showed frontal sub-
arachnoid bleeding, without signs of MBs or CS at GRE im-
ages. DWI sequence showedmultiple, small areas of restricted
diffusion in the right frontal lobe (between the anterior cere-
bral artery and the MCA territories) and occipital lobe (be-
tween the MCA and the PCA territories) (Fig. 1). MRA
showed multiple intracranial stenoses of the right MCA and
right PCA, confirmed by DSA that excluded vasculitis and
CVT (Fig. 2). Unfortunately, follow-up clinical information
is not available.

Patient 3

A 69-year-old male with a history of hypertension and hyper-
cholesterolemia developed a Bwake-up^ stroke and was there-
fore admitted with left facial nerve palsy and mild right
hemiparesis (NIHSS score of 6). Brain MRI demonstrated
DWI-FLAIR mismatch in the right cortical frontal area.
Fur thermore , FLAIR sequences showed cor t ical
hyperintensity in the contralateral superior frontal sulcus, sug-
gestive of c-SAH (Fig. 1). CAAwas excluded because of the
absence of MBs and CS on GRE images. DSA did not show
signs of vasculitis, RCVS, stenosis of cervical or intracranial
vessels, and/or CVT (Fig. 2). An embolic stroke of undeter-
mined source (ESUS) was diagnosed. After 1 week, and total
reabsorption of blood, aspirin was initiated.

Patient 4

A 77-year-old male with a history of hypertension and glucose
intolerance developed left hemipostenia 2 days before admis-
sion (NIHSS score of 3). CT scan revealed right frontal c-
SAH, and CT angiography evidenced the presence of an ul-
cerated fibrolipidic plaque at the origin of the right internal
carotid artery (ICA) (Fig. 2). DWI showed a nearby small area
of restricted diffusion in the right semi-oval center (Fig. 1,
fourth row). GRE images did not show MBs or CS. At day 7,
the patient underwent carotid revascularization. At discharge,
and after 1 year of follow-up, he was fully asymptomatic.

Discussion

c-SAH is a rare cause of subarachnoid bleeding, with a low
prevalence ranging from 3 to 7.5% [1, 3, 4, 6]. The incidence
of c-SAH concomitant with AIS has not been investigated,
being only described in larger series collecting only cases of
SAH [3, 4, 6]. In our study, exploring the setting of AIS,
although limited to 2 years of observation, we identified four
cases of coexisting c-SAH and AIS, suggesting a higher fre-
quency than other reports [4–13]. In one large series of c-SAH
concomitant with AIS, which followed eight patients over a 6-
year period, five patients had major artery occlusion/stenosis
and three patients fulfilled the criteria for CAA [7]. Generally,
the three more reported causes of c-SAH accompanied by AIS
were CAA, arterial occlusive disease, and intracranial cerebral
artery dissection [7–9].

In elderly patients, CAA is considered to be the most com-
mon causes of the simultaneous presence of c-SAH and small
brain infarcts, although both c-SAH and infarcts are more
often asymptomatic [8]. In our study, we excluded CAA,
strictly applying the modified Boston criteria [14].
Nevertheless, in this context, a compelling hypothesis present-
ed itself: because the possible radiological evolution of c-SAH
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is CS, accounted in CAA diagnosis [14], the mere presence of
c-SAH might allow the diagnosis of possible CAA in three of
our patients if diagnostic criteria were expanded. A longer
follow-up would be necessary to confirm this hypothesis,
while the diagnostic work-up revealed other causes.

Our study confirmed an embolic source in three patients,
and an embolic source was supposed in one patient. The first
patient had a paradoxical embolism from PFO, the second
patient had an artery-to-artery embolism from intracranial ste-
nosis, the third patient had an ESUS, and the fourth patient

had an embolism from an ulcerated fibrolipidic plaque at the
origin of the right ICA. Nakajima and colleagues reported on
five patients with occlusion or severe stenosis of major arter-
ies; in two of these patients, they proposed an embolic mech-
anism for occlusion of large vessels [7]. The main mecha-
nisms of c-SAH were believed to be the rupture of dilated
fragile cortical arterioles that were stressed from supplying
areas of hypoperfusion and the recanalization of pial vessels,
allowing emboli to travel distally. However, probably not all
cortical arterioles have the same fragility.

Fig. 1 Brain images of convexal
subarachnoid hemorrhage and
acute ischemic stroke. Each row
corresponds to one patient. The
first image is a DWI, whereas the
second is a gradient echo (patient
1/2) or FLAIR (patient 3/4); the
third column approximately
indicates the localization of AIL
and c-SAH. The white circles
indicate the AIL, the red ones the
c-SAH. The yellow area is
vascularized by ACA, the red by
MCA, and the blue one by PCA.
The vascular territories have great
variability inter-individuals. The
images of vascular territories are a
case courtesy of A. Prof Frank
Gaillard. <a href = Bhttps://
radiopaedia.org/B>Radiopaedia.
org</a>. From the case <a href =
Bhttps://radiopaedia.org/cases/
10814B>rID: 10814</a>
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Three of our patients showed cortical border zone infarcts,
and one had a small territorial infarct. The etiopathological
mechanism of border zone infarcts is not clearly determined
and seems to be a mixture of hemodynamic and embolic, more
likely hemodynamic for deep locations and embolic for corti-
cal ones [15]. One of the three patients reported on by Usmani
and colleagues showed watershed distribution infarction with-
out any vascular disease [5]. Previous reports of AIS concom-
itant to c-SAH are summarized in Table 1. Reviewing all
available images of the cases previously published, the acute
ischemic lesions are border zone infarcts, considering the
great interindividual variability of cerebral vascular territories.

In addition to infarcts, c-SAH occurred in the arterial bor-
der zone in our patients. Interestingly, Fukuma and colleagues
found an identical pattern in c-SAH associated with ischemic
stroke due to intracranial cerebral artery dissection [9]. Seven
percent of strokes due to intracranial dissection developed c-
SAH with the variable temporal relationship and a hemody-
namic change in the border zone arteries was again suggested
[9]. Moreover, a similar pattern was detected in patients with
high-grade atherosclerotic stenosis of intra- or extracranial
cerebral arteries [7]. In these patients, c-SAH was located at

the borderline between the dilated and normally perfused
territories.

The vulnerability of the distal cortical arterioles wall of the
border zone created by an embolism or hemodynamic changes
could establish the link between the co-localization of c-SAH
and small cortical infarct.

Another element worthy of discussion is that in contrast
with a previous report [7], the prognosis was benign in our
study. Nakajima and colleagues found a higher rate of CAA in
their patients; thus, the poor prognosis was associated with the
high incidence of re-bleeding with parenchymal hemorrhage.
Our study included a long clinical follow-up for two patients,
and they are fully independent. Therefore, patients with
coexisting c-SAH and AIS caused by an embolic source had
a relatively good outcome even under antithrombotic and an-
ticoagulant therapy and a low risk of re-bleeding.

One limitation of our study is that it had a retrospective
design. To better evaluate the incidence and prevalence of c-
SAH concomitant with AIS, a multicenter prospective study
should be performed. Follow-up information is not available
for all patients; therefore, conclusions about prognosis must
be considered preliminary.

Fig. 2 Digital subtraction
angiography and computed
tomography angiography images.
Digital subtraction angiography
(DSA) of patients 1–3. Patient 1
and 3: DSA (lateral projections of
the right and left internal carotid
artery, respectively) were totally
normal, both in artery and venous
phases. Patient 2: white arrow
shows stenosis in the right middle
cerebral artery. Patient 4: com-
puted tomography angiography
of neck vessels shows a defect
filling of ICA at its origin (white
arrow) for an ulcerate fibrolipidic
plaque
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Summary

The coexistence of c-SAH and AIS may be related to a com-
mon etiopathogenetic mechanism that makes the border zone
cortical arterioles and brain territories supplied by them more
sensible to embolic/hemodynamic insults.
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