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INTRODUCTION

Isolated acute nontraumatic cortical subarachnoid hemor-
rhages (cSAHs), also called convexal subarachnoid hemorrhag-
es and convexity subarachnoid hemorrhages, are rare cases of 
bleeding in the subarachnoid space. They are localized to the 
convexities of the brain, usually several cortical sulci, without in-
volving the brain parenchyma or extending into the interhemi-
spheric fissures, basal cisterns, or ventricles. Unlike convention-
al subarachnoid hemorrhages (SAHs), rupture of the intracranial 
arterial aneurysm may not induce a cSAH. Various etiologies 
are described, such as cerebral venous thrombosis, posterior re-
versible leukoencephalopathy syndrome (PRES), reversible ce-

rebral vasoconstriction syndrome (RCVS), coagulopathy, vas-
culitidis, vascular malformations such as pial arteriovenous 
malformations, dural arteriovenous fistulas, cavernomas, cere-
bral amyloid angiopathy (CAA), brain abscesses, atherosclerot-
ic carotid disease, and primary and secondary brain neoplasms 
(1-14). Kumar et al. (1) suggested two main etiologic groups in-
cluding cSAH patients < 60 years old presenting with thunder-
clap headaches that are ascribed to RCVS; and, cSAH patients 
> 60 years old presenting with transient focal symptoms and 
frequently exhibiting features suggestive of CAA under imag-
ing methods (1, 14). However, the ischemic stroke, especially the 
cerebral infarction or vasculopathy of extra- and intracranial ar-
teries, such as high-grade stenosis, is not considered a common 
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etiology of cSAHs.
We analyzed the associated radiologic findings of magnetic res-

onance imaging (MRI) of the brains of cSAH patients at a single 
center, in order to emphasize the importance of ischemic strokes 
as a common cause of cSAH.

MATERIALS AND METHODS

Study Plan and Patient Group

Our hospital’s Institutional Review Board approved this retro-
spective study.

Patient Inclusion Criteria

We selected patients with cSAHs, i.e., with evidence of acute 
blood restricted to one or several cortical sulci at the convexity of 
the brain on initial brain computed tomography (CT) scans or 

MRI (14, 15).

Patient Exclusion Criteria

We reviewed medical records, including hospital notes, labo-
ratory data, and imaging studies, to exclude traumatic SAH and 
patients who exhibited the spreading of blood into Sylvian or in-
terhemispheric fissures, as well as those with basal cisterns. We 
also excluded patients with intracerebral bleeding that may have 
ruptured into the subarachnoid space, patients with damage to 
the brain parenchyma adjacent to the cSAH, and patients with a 
large degree of cerebral infarction adjacent to the cSAH. Patients 
with only superficial siderosis were also excluded from the study. 
Moreover, patients with preceding episodes of head trauma, in-
tracranial aneurysms, or thrombolytic therapy were excluded.

We retrospectively searched the radiologic reports of all the 
patients identified with cSAHs by initial brain CT scans or MRI 

Table 1. Detailed Overview of the Patients’ Data
No. Sex Age (y) Underlying Diseases Clinical Presentations cSAH Location Associated MRI/MRA Findings
1 M 36 N-S Left side weakness, 

  dysarthria
Right parietal Acute infarction in right parietotemporal area 

Right ICA stenosis 

2 M 71 HTN Headache Left frontal Left MCA bifurcation stenosis 
3 F 35 N-S Loss of conciousness Left frontal Non-specific findings

4 M 66 DM, HTN Involuntary movement 
  of right arm

Left central sulcus Acute infarctions in left parietal area
Left ICA petrous segment stenosis 

5 F 78 HTN Right side weakness, 
  sensory change

Left central sulcus Left MCA M1 stenosis

6 M 74 Lung cancer Asymptomatic Right parietal Acute infarction in right parietal area
Prostate cancer
Chronic kidney disease

7 M 79 Atrial fibrillation, DM Loss of conciousness Right parietal Acute infarctions in right parietal area

8 F 52 N-S Right side weakness Left frontal Acute infarction in left frontal area
Left MCA M1 stenosis

9 F 79 DM Dizziness Right temporal Multiple ICHs in right frontotemporal subcortical area
Probable cerebral amyloid angiopathy

10 M 48 N-S Right leg weakness, 
  motor aphasia

Left frontal Acute infarction in left ACA territory
Left distal ACA stenosis

11 F 30 N-S Headache Right frontal Acute infarction in right frontal lobe
12 F 42 HTN Left side weakness Right frontal Acute infarction in right ACA territory

13 M 69 N-S Left side weakness Right frontal Acute infarction in right MCA territory
Right MCA M1 stenosis

14 F 49 Myocardial infarction Left side weakness Right central sulcus Acute infarction in right internal border zone 
Right MCA M1 occlusion

15 F 55 HTN Right side weakness, 
  aphasia

Left frontal Acute infarction in left ACA territory
Left ACA A2 dissection

ACA = anterior cerebral artery, cSAH = cortical subarachnoid hemorrhage, DM = diabetes mellitus, HTN = hypertension, ICA = internal carotid artery, ICH = 
intracerebral hemorrhage, MCA = middle cerebral artery, MRA = magnetic resonance angiography, MRI = magnetic resonance imaging, N-S = non-specific
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at a single institution. From August 2005 to February 2014, fif-
teen cSAH patients were admitted to our institution including 
seven males and eight females with an average age of 47 years 
(range: 30 to 79 years). The patients who exhibited cSAH in the 

initial brain CT imaging underwent brain MRI for the further 
evaluation of combined pathologies. Thus, all patients with cSAH 
underwent brain MRI and magnetic resonance angiography 
(MRA). A retrospective analysis was conducted on the patients’ 

Fig. 1. 74-year-old man with isolated acute nontraumatic cortical subarachnoid hemorrhage (cSAH) and acute cerebral infarction.
A. FLAIR image shows a cSAH in the right central sulcus (arrowheads). The adjacent right parietal cortex exhibits a hyperintense signal in this im-
age (black arrows). 
B. DWI shows a patchy hyperintense signal in the same area, suggesting acute cerebral infarction (white arrows). The cSAH is represented by a 
hypointense signal along the right central sulcus on the DWI.
DWI = diffusion-weighted image, FLAIR = fluid-attenuated inversion recovery

A B

Fig. 2. 52-year-old woman with cSAH and acute cerebral infarction and intracranial arterial stenosis. 
A. FLAIR image shows cSAH in the sulci of left frontal area. 
B. DWI shows focal acute infarction in the left frontal cortical area (arrowhead). 
C. Magnetic resonance angiographic (MRA) image shows the stenosis of the left middle cerebral artery M1 portion (arrow).
cSAH = cortical subarachnoid hemorrhage, DWI = diffusion-weighted image, FLAIR = fluid-attenuated inversion recovery

A B C
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medical history, clinical presentations, and brain MRI findings. 
Three (20%) patients had diabetes mellitus (DM), three (20%) 
patients had hypertension (HTN), and one (7%) had both. One 
(7%) patient had atrial fibrillation. One (7%) had chronic kid-
ney disease and double primary cancers of the lung and prostate. 
One (7%) had previous myocardial infarction (Table 1). All the 
patients had a normal platelet count, prothrombin time, and 
activated partial thromboplastin time.

MR Imaging Protocol

Brain MRI and MRA systems operating at 1.5T (Signa Excite; 
GE Healthcare, Milwaukee, WI, USA) and 3.0T (Discovery MR 
750; GE Healthcare) were available. The brain MRI included an 
axial fluid-attenuated inversion recovery (FLAIR) image, a diffu-
sion-weighted image (DWI), a contrast-enhanced T1-weighted 
image (T1WI), and a gradient echo (GRE) T2*-weighted se-
quence. The MRA was performed using the time-of-flight method.

The contrast-enhanced T1WI was obtained by intravenous 
injection of 20 cc Meglumine Gadoterate (Dotarem; Guerbet, 
Paris, France) at 3 mL/s in each patient.

A brain dynamic susceptibility contrast perfusion study using 
MRI was performed in eleven cases. Perfusion maps showing 
the cerebral blood volume, cerebral blood flow, mean transit 
time, and time to peak were obtained by post-processing.

RESULTS

Among the fifteen cases involving cSAHs, eight (53%) involved 
cSAHs above the frontal cortex, and three (20%) involved cSAHs 
along the central sulcus. Three other cases (20%) exhibited 
cSAHs in the parietal area, and in one case (7%), bleeding oc-
curred in the temporal area. All cSAHs were observed in the 
FLAIR images. The GRE images also adequately represented 
cSAHs.

The patients experienced a variety of symptoms. Primary mo-
tor or sensory change was regarded as the most common symp-
tom. Nine (60%) patients exhibited hemiplegia, involuntary 
movement, or transient sensory loss. The latter involved the loss 
of consciousness, which occurred in two (13%) patients. Two 
(13%) patients complained of headache, and one (7%) reported 
dizziness.

Regarding the combined pathologies of the cSAH, eleven 

(73%) patients exhibited acute cerebral infarctions in the ipsi-
lateral hemisphere on the DWIs. Four of the eleven patients had 
an acute cerebral infarction without extra- or intracranial vas-
culopathy. Vasculopathy of the intracranial arteries was observed 
in five of the eleven patients with cerebral infarction; of the five 
patients, three had stenosis of the intracranial arteries, and one 
had the occlusion of the right middle cerebral artery (MCA) M1 
portion, and one had a dissection of the left anterior cerebral ar-
tery A2 portion. The remaining two patients with acute cerebral 
infarction had the stenosis of the extracranial arteries.

Two (13%) patients exhibited stenosis of the intracranial ar-
tery that supplied blood flow to the vascular territory containing 
the cSAH, without evidence of cerebral infarction. Both had the 
stenosis of the left MCA. 

Figs. 1 to 4 showed cases of typical cSAH associated with an 
ischemic stroke, such as acute cerebral infarction and the high-
grade stenosis of extra- or intracranial arteries.

Only one (7%) patient showed multiple intracerebral hemor-
rhage (ICH), which satisfied the Boston criteria for probable 
CAA (16). The remaining patient (7%) did not have any com-
bined radiological abnormalities and exhibited only a cSAH. 
Table 2 presented the concise results.

Eleven patients who underwent brain dynamic susceptibility 
contrast perfusion study employing MRI showed no perfusion 
defect; however, three of the eleven patients exhibited the hy-
perperfusion state of the infarcted area. This could be consid-
ered a “luxury perfusion” after the acute cerebral infarction. 

DISCUSSION

cSAH is rarely considered as a type of nonaneurysmal sub-
arachnoid bleeding due to its varied etiologies. The etiologies of 
cSAH are under ongoing debate. Kumar et al. (1) suggested that 
RCVS and the CAA could be the major etiologies of cSAH. Be-
itzke et al. (15) also reported that RCVS is a major etiology of 
the cSAH in patients ≤ 60 years old, but RCVS could not be con-
firmed in these patients via angiograms. The exact pathophysi-
ologic mechanism of cSAHs in patients with RCVS is unclear; 
however, there is speculation that it arises from abrupt changes 
in the cerebral arterial tone (17, 18). Patients > 60 years have an 
increased association of cSAHs with the CAA (15). Spitzer et al. 
(19) and Refai et al. (20) reported that PRES is the major un-
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derlying etiology of cSAH.
In contrast to these previous reports, our study showed that 

the ischemic stroke is the major etiology of the cSAH. Ischemic 
stroke, including cerebral infarctions, extra- or intracranial ar-
terial stenosis, and intracranial arterial dissections was the con-
firmed cause in thirteen of fifteen cases (87%). Among the com-
bined ischemic stroke disease entities, cerebral infarction was 
the most common in the cSAH patients. Some cases with cere-
bral infarction involved a combination of underlying stenosis 
and the dissection of the intracranial arteries.

Three letters to the editor reported cases similar to those con-
sidered in our study. Geraldes et al. (21) reported two cases of 
cSAH associated with acute carotid artery occlusion on the 

unilateral side; Kleinig et al. (22) described three cases of cSAH 
with bilateral internal carotid artery (ICA) stenosis; and Chan-
dra et al. (23) also described a cSAH case with severe ICA ste-
nosis. These authors could not explain the underlying mecha-
nism but proposed that the acute alteration of the hemodynamic 
stress may damage the already maximally dilated pial collateral 
vasculature, leading to cSAHs. They proposed that systemic 
disturbances such as a sudden rise in blood pressure or a coag-
ulation disorder in the presence of pre-damaged vessels account 
for these coincidental observations (21-23). Some of our cases, 
particularly those of intracranial arterial stenosis without cere-
bral infarction, supported this hypothesis.

A possible underlying mechanism of cSAHs is as follows. 

Fig. 3. 66-year-old man with cSAH and acute cerebral infarction and extracranial arterial stenosis. 
A. Pre-enhanced brain CT image shows localized high density along left central sulcus, suggesting cSAH. 
B. FLAIR image shows the localized high-signal intensity in the left central sulcus. 
C, D. DWI (D) shows multiple small hyperintense foci in the left parietal cortex departing from the cSAH, suggesting acute cerebral infarction. 
The cSAH is represented by a hypointense signal along the right central sulcus on the DWI (C). 
E. MRA image shows the stenosis of the petrous segment of the left internal carotid artery (arrow).
cSAH = cortical subarachnoid hemorrhage, DWI = diffusion-weighted image, FLAIR = fluid-attenuated inversion recovery, MRA = magnetic reso-
nance angiographic 
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Changes in the blood-brain barrier (BBB) reportedly occur in 
an acute or chronic ischemic insult (24-30). BBB abnormalities 
are reported in patients with small-vessel diseases secondary to 
HTN and DM (28). Particularly for lacunar strokes, BBB dys-
function was confirmed as a part of the pathogenesis (29). The 
disruption of the BBB during ischemia, hypoxia, or a hemor-
rhage progresses by two steps. The initial opening of the BBB is 
reversible and associated with the activation of matrix metallo-
proteinases. The second opening of the BBB occurs 24 to 48 h 
after a reperfusion, depending on the length of the ischemia. 
The BBB is damaged after these two steps, and its permeability 
increases (28). The qualitative visualization of Gadolinium-di-
ethylenetriaminepenta-acetic acid (Gd-DTPA) indirectly indi-

cates the leakiness of the blood vessels in the acute stage of a 
stroke. Several hours after the injection of Gd-DTPA, FLAIR im-
ages exhibit the disruption of the BBB, which appears as an en-

Fig. 4.  78-year-old woman with cSAH and intracranial arterial stenosis.
A. Pre-enhanced brain CT image shows a localized high density along the left central sulcus (arrowheads). 
B. FLAIR image shows cSAH in the left central sulcus (white arrows). 
C, D. DWI (C) shows a strong linear signal along the left central sulcus (the same area), indicating a cSAH (black arrows). However, the apparent 
diffusion coefficient map (D) shows no evidence of diffusion restriction; thus, there is no evidence of acute cerebral infarction. 
E. However, the MRA image shows the stenosis of the left middle cerebral artery M1 portion (arrow). 
cSAH = cortical subarachnoid hemorrhage, DWI = diffusion-weighted image, FLAIR = fluid-attenuated inversion recovery, MRA = magnetic reso-
nance angiographic 
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Table 2. Etiologies of Isolated Acute Nontraumatic cSAH Based on 
Brain MRI Findings

Etiology Number
Acute or subacute infarctions (n = 12)

Only infarction 4
with vasculopathy of intracranial artery 5
with vasculopathy of extracranial artery 2

Stenosis of intracranial artery 2
Cerebral amyloid angiopathy (probable) 1
Undiagnosed 1

cSAH = cortical subarachnoid hemorrhage, MRI = magnetic resonance 
imaging
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hancement in the sulci over the infarcted area in 1/3rd of acute 
ischemic stroke patients (31). BBB damage is an important fac-
tor in the growth of ICHs and hemorrhagic transformations 
(30, 32, 33). The permeability of the BBB can increase in acute 
strokes because of the breakdown of the BBB by the ischemic 
insult. The BBB breakdown can potentially explain the mecha-
nism underlying the damage to the cerebral vasculature in large-
artery stenosis, which causes a chronic ischemic insult to the 
brain. Therefore, the leakage of blood through the BBB to the 
subarachnoid space in patients with an ischemic stroke may be 
possible.

In contrast to many previous studies, our study showed that 
ischemic stroke is the major etiology of the cSAH. The possible 
reason for the current results is that the difference in propor-
tionate distribution of ischemic-stroke subtypes between West-
ern and Korean populations. Most previous studies on cSAHs are 
conducted on Western patients. Furthermore, Western patients 
have a significantly greater proportion of cardioembolic and 
cryptogenic stroke, as compared with Koreans (34). The Korean 
population has a high incidence of cardioembolic stroke but 
also exhibits the greatest proportion of large-artery atheroscle-
rosis among the ischemic stroke subtypes (35). The higher rela-
tive incidence of large-artery atherosclerosis in Korean patients 
may be one of the reasons why ischemic strokes are frequently 
associated with cSAHs. Thus, large-artery atherosclerosis may 
cause a chronic ischemic insult to the brain, which could be the 
mechanism underlying cSAHs.

Our study had some limitations. Our observations reflect expe-
riences at a single tertiary care center, as obtained by a retrospec-
tive analysis. Thus, the study may have sources of selection bias.

In conclusion, ischemic stroke could be a common underly-
ing etiology of isolated acute nontraumatic cSAHs. Damage to 
the cerebral vasculature, particularly the breakdown of the BBB 
due to an ischemic stroke, is the possible and dominant mecha-
nism underlying the cSAH.
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급성 비외상성 피질부 지주막하 출혈: 자기공명영상 소견에 근거한 
주요 병인 연구

조 은 · 강명진* · 김상현

목적: 본 연구는 급성 비외상성 피질부 지주막하 출혈 환자의 뇌 자기공명영상에서 동반된 영상소견들을 분석하여, 주요 

병인을 제시하는 것을 목적으로 한다.

대상과 방법: 2005년 8월부터 2014년 2월까지 급성 비외상성 피질부 지주막하 출혈로 총 15명의 환자가 내원하였으며, 

이 환자들에 대하여 환자의 의학적 병력 청취, 임상적 특징 분석, 신경영상의학적 소견 분석을 시행하였다. 모든 환자들은 

내원 직후 뇌 자기공명영상 및 자기공명 혈관 조영술을 시행받았다.

결과: 15명 중 11명의 환자에서, 급성 비외상성 피질부 지주막하 출혈이 발생한 부위와 동일 뇌 반구에 확산 강조 영상 소

견 상 급성 또는 아급성 뇌경색으로 생각되는 고신호강도 부위가 관찰되었다. 그 외 4명의 환자에서는 확산 강조 영상에

서 뇌경색으로 의심되는 부위를 볼 수 없었으나, 이 중 2명에서는 두개내 동맥의 협착 소견이 관찰되었고, 1명은 뇌 아밀로

이드 혈관병증으로 생각되는 자기공명영상 소견이 동반되었다.

결론: 결론적으로, 허혈성 뇌졸중, 특히 뇌경색이나 두개내 동맥 협착은 혈관-뇌 장벽의 파괴를 일으킴으로써 급성 비외

상성 피질부 지주막하 출혈을 유발하는 주요 병인 중 하나로 생각된다.

동아대학교병원 영상의학과


