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hemostasis to avoid re-bleeding that carries an even 
greater mortality rate. Although extremely rare, SAH 
does occur due to small arterial rupture. The diagnosis 
is quite difficult because of the small size of the artery. 
In this report, we describe a case of subarachnoid hem-
orrhage from the posterior pial artery of the medulla 
oblongata. That was related to hemodynamic stress 
caused by parent artery occlusion. Preoperative accu-
rate diagnosis was difficult, but repeated and super-se-
lective angiography including super-selective angiogra-
phy provided important information that was revealed 
in surgical exploration.

Case Report

History
A 66-year-old female was transported to our hospital 

by an ambulance with complaints of sudden posterior 
cervical pain and vomiting. She had a history of hyper-
tension and SAH due to aneurysmal rupture of the distal 
anterior cerebral artery 9 years ago. She had undergone 
aneurysmal neck clipping surgery and fully recovered. 
On arrival, she was alert, had a stiff neck, posterior cer-
vical pain, and nausea, but no other focal symptoms. A 
computerized tomography scan (CT scan) revealed SAH 
with thick hematoma in the cisterna magna spreading 
into the ventricles, towards the foramen Monro (Figure 
1). The CT angiography also revealed a saccular aneu-
rysm of 3 mm diameter at the bifurcation of the internal 
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Introduction
Subarachnoid hemorrhage (SAH) is a severe disease 

with high mortality and many of survivors will be left 
with disability. A key to good prognosis for cases with 
SAH is prompt diagnosis of the cause of bleeding and 
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Figure 1: (a: Arrow) CT scan on arrival show thick hematoma in cisterna magna; (b-d: Arrow heads) The hematoma spread 
to ventricles and subsequently to foramen Monro.
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Figure 2: Angiography (a: A-P view, b: Lateral view) Super-selective angiography of left PICA; (c: A-P view, d: Lateral view, 
e: 3D-DSA). The tip of microcatheter was at the origin of the left PICA (dotted arrow). Left VA was partially visualized (as-
terisk in 2c-2e). Irregularity of the small artery (arrow heads) was shown.
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The artery merged into the distal portion of the left PICA 
distally. Also, the occlusion of the left PICA just distal to 
the branching point of the medullary pial artery was re-
vealed. The medullary pial artery formed the collateral 
pathway. The artery was slightly dilated near the bleed-
ing point (dotted arrow in Figure 3). Confirming that 
the PICA distal to the occluded lesion was visualized 
by indocyanine green (ICG) in a retrograde fashion, the 
bleeding point was carefully coagulated using bipolar 
forceps in order to arrest bleeding. Because we had sus-
pected the dissecting PICA was the culprit artery for the 
SAH, we decided to examine the pathology of the lesion 
of PICA. The occluded lesion of the PICA was trapped 
with proximal as well as distal clipping and resected to 
pathological examination.

Pathological findings of the resected PICA revealed 
the hemosiderosis and fibrosis in the media, without 
apparent dissection.

Postoperative course
Postoperative course was favorable without severe 

complication. The patient was shifted to a suburban 
hospital for rehabilitation treatment at 48 days after the 
onset. At follow-up around 3 months after the onset, 
the patient had no neurological deficit.

Discussion

Cause of the small artery rupture

This is an extremely rare case of SAH from the medul-
lary pial artery. Although the bleeding point was slightly 
dilated, the change was too small to be delineated in the 
pre-surgical angiography. We assumed that the cause of 
SAH was related to the vulnerability of the small artery 
and hemodynamic change due to PICA occlusion.

Anatomically, arteries of the posterior surface of the 
upper cervical spinal cord and the medulla oblongata 
tend to make small arterial plexus contrary to the ar-
tery of anterior surface. These arteries develop from the 
primitive lateral basilo-vertebral anastomosis (PLBA) 

carotid artery and the posterior communicating artery, 
but no other vascular abnormality in posterior circula-
tion. A cerebral angiography was also done but added no 
more information. A conservative treatment approach 
with antihypertensive drugs and bed rest were initiated. 
On the same day after the admission, she still showed 
signs of repeated vomiting and the CT scan revealed the 
hematoma growth. She was intubated and kept deeply 
sedated to prevent further bleeding. Another cerebral 
angiography including super-selective angiography was 
taken three days after the admission, which revealed 
irregularity of a small artery branching from the left ver-
tebral artery (VA) (Figure 2). We assumed the artery to 
be the early branching left posterior inferior cerebellar 
artery (PICA) as it ascended from the left VA to perfuse 
the lower area of the cerebellum distally, and the irreg-
ularity was due to dissection of the artery. The anatom-
ical location of the left PICA was just in the place where 
the thick hematoma was. Although it was difficult to 
make an accurate diagnosis at that time because the 
artery was too small to be delineated precisely even on 
the super selective angiograph, we suspected the cul-
prit artery for the SAH was the dissecting left PICA. En-
dovascular surgery was difficult because the artery was 
too small. We planned the open surgery four days after 
the admission in order to prevent further bleeding and 
to make definite diagnosis.

Operation
The patient underwent surgery by lateral suboccipi-

tal approach with C1 hemi laminectomy. Thick hemato-
ma was seen on the posterior surface of medulla oblon-
gata. The hematoma was thick and localized so that the 
bleeding point was presumed to be just under the he-
matoma (Figure 3). After the hematoma was removed, 
bleeding point in a pial artery was revealed. Weak arte-
rial bleeding was seen in the medullary pial artery after 
removing the hematoma. The bleeding point (arrow in 
Figure 3) was not in the left PICA was rather found in 
the medullary pial artery (arrow heads in Figure 3) that 
originated from the proximal portion of the left PICA. 
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Figure 3: Intraoperative photographs (a) Thick hematoma was seen on the posterior surface of medulla oblongata; (b) After 
the hematoma was removed, bleeding point in a pial artery was revealed.
H: Hematoma, M: Medulla oblongata, P: PICA, T: Tonsil, V: VA, Asterisk: occluded PICA.
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(3DRA) compared with the classical digital subtraction 
angiography (DSA), especially for aneurysms with less 
than 4 mm diameter [10]. However, they admitted that 
4.2% of spontaneous SAH was still angiogram-negative 
even using 3DRA. Super-selective angiography could 
add information about location of bleeding point, and 
helped to prevent surgical complications. Recently, 
there were some reports about the benefit of cone-
beam CT (CBCT) angiography for detecting precise in-
formation on the cerebral vascular lesions [11,12]. Re-
peated and super-selective angiography in combination 
with such high-resolution studies might be useful for 
searching such tiny vessel lesions.

In terms of treatment, surgical exploration and if 
possible, clipping (or trapping, wrapping) in acute stage 
should be utilized for the purpose of diagnosis and he-
mostasis. Because of the small diametric size of the ves-
sels and difficulty in diagnosis, endovascular approach 
may not be suitable. Angiogram-negative SAH other 
than perimesencephalic type has relatively high risk of 
re-bleeding and is not necessarily a good outcome [6-
8,13-15]. Re-bleeding in acute phase could occur even 
if the size of the responsible artery and aneurysm was 
very small like this case. We recommend that if the he-
matoma is localized, surgical exploration in acute stage 
seems to be reasonable considering the risks and ben-
efits involved.

Conclusion
We report an extremely rare case of SAH from med-

ullary pial artery. Detecting the bleeding point is quite 
difficult preoperatively. However, re-bleeding could 
occur even the small arterial rupture. This necessitates 
the need for repeated angiography in combination with 
super-selective angiography and prompt surgical explo-
ration. Newly introduced high-resolution studies such 
as CBCT angiography might be useful in these small le-
sions.
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referred by Padget, and could have anastomosis with 
PICA or VA that have the same origin. In our case, the 
responsible artery coursed medially and rostrally, pos-
terior to the 11th nerve rootlet, making plexus of small 
arteries on the posterior surface of the medulla oblon-
gata. It coursed more on the medial and dorsal side, but 
developmentally similar to lateral spinal artery (LSA). 
Chen, et al. reported two cases with saccular aneurysms 
of the LSA related to the high-grade stenosis of the par-
ent artery [1]. They noted that the increased hemody-
namic stress from the collateralization due to the severe 
stenosis of parent artery likely contributed to the aneu-
rysm formation and rupture. Although it is rare, there 
have been a few reported cases of aneurysm of the LSA 
related to the same mechanism of hemodynamic stress 
[1-3].

The characteristic finding in our case was that there 
was no apparent change on the response artery other 
than slight dilatation of the bleeding point. In the oper-
ative findings, we could not find an enlargement or any 
other morphological changes on the artery compared 
with the neighboring pial arteries (Figure 3). That was the 
reasons why preoperative accurate diagnosis was quite 
difficult. This might have resulted from the duration of 
hemodynamic stress and the size of the responsible ar-
tery. Recent studies showed that chronic inflammation 
and degradation of the extracellular matrix in the ves-
sel wall induced by long term hemodynamic stress are 
associated with the formation of the aneurysm [4,5]. It 
was also suggested that it takes a few weeks to detect 
an experimentally induced cerebral aneurysms in rats 
after the aneurysmal induction. Given the situation that 
hemodynamic stress occur on the vulnerable artery in 
the short term, collapse of the vessel wall without an-
eurysmal formation or other morphological change may 
happen.

Diagnostic evaluation, treatment
In this case, it was difficult to make accurate diag-

nosis before the operation in spite of the repeated ce-
rebral angiography. The main reason for the failure in 
diagnosis was the size of the responsible artery. We 
assumed the dissection of the left PICA. The fact was 
the pial artery rupture with occlusion of PICA. The mi-
cro-surgical findings revealed that what we thought as 
dissecting lesion was an almost normal pial artery.

In general, approximately 10-20% of spontaneous 
SAH is angiogram-negative [6-8]. Tatter, et al. retrospec-
tively reviewed seven patients with angiogram-negative 
SAH who had micro aneurysm discovered in the surgical 
exploration [9]. They pointed out that these micro an-
eurysms were too small to delineate even in ideally ori-
ented oblique images. Along with the development of 
the instrument, rates of angiogram-negative SAH were 
diminished. Ishihara, et al. reported the efficacy and su-
periority of three dimensional rotational angiography 
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