
Surgical Neurology International • 2022 • 13(175)  |  1

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others 
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2022 Published by Scientific Scholar on behalf of Surgical Neurology International

Case Report

A case of subarachnoid hemorrhage caused by multiple 
cerebral aneurysms due to segmental arterial mediolysis
Takaho Tokuda1, Seiji Tajiri1, Yutaka Ueda2, Yuki Ohmori3, Akitake Mukasa3

1Department of Neurosurgery, Minamata City General Hospital and Medical Center, Kumamoto, 2Department of Neurosurgery, Miyazaki Prefectural 
Nobeoka Hospital, Nobeoka, 3Department of Neurosurgery, Kumamoto University Hospital, Kumamoto, Japan.

E-mail: *Takaho Tokuda - tanosiku.sugosoukana@gmail.com; Seiji Tajiri - seijitajiri@gmail.com; Yutaka Ueda - ytkedy@gmail.com;  
Yuki Ohmori - ohmori4497@gmail.com; Akitake Mukasa - mukasa@kumamoto-u.ac.jp

*Corresponding author: 
Takaho Tokuda, 
Department of Neurosurgery, 
Minamata City General 
Hospital and Medical Center, 
Kumamoto, Japan.

tanosiku.sugosoukana@gmail.
com

Received	 :	 23 March 2022 
Accepted	 :	 06 April 2022 
Published	:	 29 April 2022

DOI 
10.25259/SNI_282_2022

Quick Response Code:

INTRODUCTION

Segmental arterial mediolysis (SAM) is a pathological condition in which the arterial wall 
becomes vulnerable due to degeneration of the arterial tunica media, resulting in arterial 
dissection and aneurysm formation. SAM is a pathological condition proposed by Salvin et al. in 
1976 and was the first vascular lesion reported by Inayama et al. in 1992 in Japan. SAM is often 
reported as the cause of intra-abdominal hemorrhage due to a ruptured abdominal aneurysm. 
However, there are also reports of complications of subarachnoid hemorrhage (SAH) and intra-
abdominal hemorrhage, and rarely, intracranial blood vessels alone.

ABSTRACT
Background: Segmental arterial mediolysis (SAM) is a condition in which an aneurysm is formed by causing 
lysis of the media and remodeling of blood vessels. Short-term recurrence has been reported in abdominal aortic 
aneurysms. Cerebral aneurysms have been suggested to form in a short period not only in the abdominal cavity 
but also in the intracranial arteries in SAM.

Case Description: A  36-year-old pregnant woman at 35  weeks’ gestation developed sudden headache and 
disorientation. Head magnetic resonance imaging showed a small amount of subarachnoid hemorrhage in the 
right ambient cistern. A fusiform cerebral aneurysm was found in the periphery of the right superior cerebellar 
artery, and small saccular aneurysms were found in the periphery of the right posterior cerebral artery and 
left posterior inferior cerebral artery. After delivery of the fetus, endovascular embolization of the ruptured 
aneurysm was performed. However, 10-week postoperatively, she developed sudden headache. Hemorrhage was 
found in the fourth ventricle, and enlargement of the left posterior inferior cerebellar artery (PICA) peripheral 
aneurysm and disappearance of the right posterior cerebral artery peripheral aneurysm were confirmed. 
A ruptured aneurysm in the peripheral left PICA was removed after trapping. Intraoperatively, an unruptured 
thrombosed aneurysm that was not visualized by imaging was also removed. Histopathological examination 
showed no calcification or inflammation, rupture of the internal elastic lamina, and lack of segmentation, and 
SAM was diagnosed.

Conclusion: In atypical dissecting aneurysms, SAM should be considered as a differential diagnosis. Systemic 
examination and short-term follow-up are also necessary.
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In this report, we present a case of multiple cerebral aneurysms 
forming only in intracranial blood vessels, followed by an 
enlargement, a rupture, or disappearance of aneurysms in a 
short period. Pathological findings of some of the aneurysms 
resulted in a definitive diagnosis of SAM.

CASE REPORT

Clinical history

•	 Case: A 36-year-old female
•	 Medical history: Migraine
•	 Clinical findings: Japan Coma Scale (JCS) score of I-1 

and Glasgow Coma Scale score of 13 (E3V4M6). No 
neurological deficits were observed

•	 History: A  pregnant woman at 35  weeks’ gestation 
was referred to our department because of increasing 
headache and disturbance of consciousness.

Imaging findings

Since the patient was pregnant, magnetic resonance imaging 
(MRI) was given priority, considering radiation exposure. 
A  SAH was suspected because low signal intensity on the 
right ambient cistern on T2 star-weighted images and high 
signal intensity on fluid-attenuated inversion recovery 
images were observed [Figures  1a and b]. Although 
the patient was pregnant, a thorough examination was 
necessary. After shielding, a simple computed tomography 
(CT) scan of the head showed a faint, hyperabsorbed 
right bypass basin, and a 3D-CT scan showed a fusiform 
enlargement in the peripheral right superior cerebellar 
artery (SCA). The diagnosis was SAH due to a ruptured 

dissecting cerebellar aneurysm. In addition, small saccular 
aneurysms were also found in the periphery of the right 
posterior inferior cerebellar artery (PICA), which were 
diagnosed as unruptured cerebral aneurysms based on the 
distribution of hemorrhage [Figures 1c and d].

Progress (1)

In consultation with the obstetrics and gynecology department, 
it was decided to treat the aneurysm after delivery of the baby 
by cesarean section on day 2. The aneurysm was a deep lesion, 
requiring bypass and wrapping for craniotomy, which was 
considered highly risky. Therefore, endovascular treatment was 
performed. Embolization of the aneurysm from the main trunk 
of the SCA was performed using n-butyl cyanoacrylate since it 
was difficult to guide the catheter to the aneurysm site [Figure 2]. 
Postoperative MRI revealed cerebral infarction in the right SCA 
region. Her consciousness was almost clear, with spelling aphasia 
and upper limb ataxia, and she was transferred to the hospital for 
rehabilitation with a modified Rankin scale score of 4.

Progress (2)

Ten weeks after the transfer, the patient developed sudden 
headache during rehabilitation. Head CT showed bleeding 
in the fourth ventricle and she was readmitted to the 
hospital. The 3D-CT angiography showed an enlargement 
of the previously observed aneurysm in the periphery of 
the right PICA, which was considered to be the bleeding 
source because it coincided with the bleeding site. Other 
aneurysms also showed changes in a short period (e.g., 
the disappearance of the peripheral aneurysm) [Figure 3].

Figure 1: (a) Fluid-attenuated inversion recovery image demonstrates hemorrhage in the right ambient cistern (red arrow head). (b) T2 star-
weighted MR image demonstrates hemorrhage in the right ambient cistern (red arrow head). (c) Axial CT image demonstrates hemorrhage in 
the right ambient cistern (red arrow head). (d) CT angiography shows a dissecting cerebral aneurysm at the right distal SCA (red arrow head).
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Surgical findings

Direct surgery was performed for the peripheral right PICA 
aneurysm. Bilateral occipital subcranial craniotomy was 
performed in the prone position, the right PICA was traced 
to the periphery, and the aneurysm in the fourth ventricle 
was trapped and removed with the telovelotonsillar segment 
[Figure 4]. A thrombotic unruptured aneurysm that was not 
visualized by 3D-CT angiography was also found in the right 
cerebellar hemisphere and thus was removed by trapping.

Histopathological findings

Histopathological examination by Elastica van Gieson staining 
revealed that the internal elastic lamina was torn in the ruptured 
aneurysm and segmentally missing even in the unruptured 

aneurysm. On the other hand, no calcification of the blood vessel 
wall or infiltration of inflammatory cells was observed, and the 
patient was pathologically diagnosed with SAM [Figure 5].

Postoperative course

Postoperative examination showed no obvious exacerbation 
of symptoms compared to preoperative examination; 
however, JCS I-1 and scanning speech remained. Since the 
pathological diagnosis was SAM, a CT scan and renal artery 
echo were performed to examine the abdominal cavity, but no 
obvious intra-abdominal aneurysm was noted. In addition, 
blood tests were negative for various antinuclear antibodies, 
and vasculitis workup was negative. She was transferred to 
the hospital and rehabilitation was continued.

DISCUSSION

In this case, a ruptured and an unruptured aneurysm were 
removed by surgery, and the pathological diagnosis led to 
a definitive diagnosis of SAM. As no abdominal aneurysm 
was found on whole-body CT, this is a very rare case that 
involved only the intracranial vessels.

SAM is a noninflammatory aneurysm without calcification, 
and a similar disease is fibromuscular dysplasia (FMD), which 
is a noninflammatory and nonarteriosclerotic arterial disease. 
The characteristic imaging findings of FMD include the 
string-of-beads sign;[1] however, SAM may also show similar 
findings[10] and cannot be distinguished by imaging. As for 
the clinical characteristics, SAM does not have a specific 
predominant age and sex group, whereas FMD is more 
common in young to middle-aged and female patients.[16] In 
addition, SAM has a high risk of aneurysm formation, rupture, 
and arterial dissection, and there is a risk of developing acute 
abdomen due to intra-abdominal aneurysm rupture, whereas 
stenosis and dissection lesions are seen in FMD, but the risk 
of bleeding is low.[10] Since treatment strategies differ between 
SAM and FMD due to the different risks, it is important to 
distinguish between the two conditions in determining 
the treatment approach.[10] Both diseases are differentially 

Figure 2: (a) Digital subtraction angiography examination of the vertebral artery angiogram shows a dissecting cerebral aneurysm at the 
right distal SCA (red arrow head), (b) which are occluded with n-butyl-2-cyanoacrylate (red arrow head).
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Figure 3: (a) Axial CT image demonstrates hemorrhage in the right 
ambient cistern and fourth ventricle 10 weeks after the patient was 
transferred. (b-d) CT angiography showing a new aneurysm at 
the right distal PICA (red arrow head) and  a disappearance of the 
peripheral aneurysm (red arrow).
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diagnosed by histopathological examination only when direct 
surgery can be performed.[10] However, since pathological 
diagnosis cannot be made in all cases, SAM may be diagnosed 
only by diagnostic imaging or clinical findings.[11]

FMD is histopathologically characterized by thickening or 
thinning of the blood vessel wall due to hyperplasia or the 
disappearance of smooth muscle and fibers.[23] The pathological 
findings of SAM are characterized by vacuolar degeneration 
of smooth muscle cells in the tunica media, which progresses 
to dissection of the tunica media from the adventitia, and 
formation of an aneurysm, resulting in the appearance of 
medial islands of residual tunica media in the arterial wall.[14] 
One of the characteristics is that there is no inflammation of 
the blood vessel wall or findings of porridge effect.[7,9] SAM 
easily forms an aneurysm in the intra-abdominal artery by 
remodeling, which was proposed by Salvin et al. in 1976 and 
first reported by Inayama et al. in 1992 in Japan. SAM has 

been often reported as intra-abdominal hemorrhage due to 
the rupture of an abdominal aneurysm, but less frequently, 
intracranial aneurysms have also been reported with 
pathological findings similar to those of the intra-abdominal 
aneurysms.[11] In the literature search, there were 17 reports of 
SAM cases that developed SAH  [Table 1].[2-6,8,11-13,15,17,19-22] Since 
12 of 17 (71%) patients had intra-abdominal hemorrhage, close 
examination of the abdominal cavity is always recommended 
when diagnosing SAM-related subarachnoid hemorrhage. In 
the previous case reports, aneurysm formation due to rapid 
remodeling after aneurysm treatment has been reported in 
cases of abdominal aortic aneurysms caused by SAM.[14,19]

There are two notable points in this case report. First, in the 
intracranial artery, the known unruptured aneurysm enlarged 
and ruptured within a short period after the dissociative 
aneurysm ruptured. It is considered that this is related to 
the pathological condition of remodeling and changes in 
the blood vessel wall could be confirmed by pathological 
examination. The other point is that the aneurysm that 
was not detected by preoperative 3D-CT angiography was 
identified intraoperatively. The reason why the aneurysm 
could not be identified on imaging was thought to be because 
the inside of the aneurysm was completely thrombosed. The 
unruptured aneurysm found in the periphery of the right 
posterior cerebral artery disappeared on the images at the 
time of readmission, which may be due to the thrombus in 
the aneurysm. In cases where SAM cannot be completely 
ruled out, such as multiple cerebral aneurysms with dynamic 
changes in imaging findings or an atypical course for arterial 
dissection, closer follow-up of intracranial aneurysms may 
be required, even after the aneurysm treatment.

In this case, endovascular treatment was chosen because 
of the high risk of craniotomy due to the presence of a 
deep aneurysm. Depending on the choice of treatment, 

Figure 4: Intraoperative findings show an aneurysm in the fourth 
ventricle in addition to the right distal PICA aneurysm (blue 
arrow). Both were trapped and removed. A thrombotic unruptured 
aneurysm on the right cerebellar hemisphere (blue arrow head) that 
was not visualized by 3D-CT was also removed.

Figure  5: In the ruptured aneurysm, the internal elastic lamina is segmentally torn. (a) Histopathological examination. (b) Elastica van 
Gieson. Even in an unruptured aneurysm, the internal elastic plate is segmentally missing. (c) Histopathological examination. (d) Elastica 
van Gieson. (e) Masson trichrome.
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Table 1: 17 reports of SAM cases that developed SAH.

Case Author year Age Sex Location
(Intracranial 
aneurysm)

Appearance 
or increase of 
aneurysm in a 
short period

Abdominal 
aneurysm 

Abdominal 
hemorrhage

Treatment 
of 
aneurysm

Autopsy Outcome

1 Fuse, et al. 1996 56 F Rt. MCA, Lt. 
ICA

- Gastroepiploic  
artery

+ IVR - GR,  
mRS 0

2 Sakata,  
et al. 

2002 48 M - - - + Medication 
only

+ D, mRS 6

3 Yamakawa, 
et al. case 1

2005 55 F Rt. PICA - - - Direct 
surgery

+ GR,  
mRS 0

4 Yamakawa, 
et al. case 2

2005 49 M Lt. PICA - Not described - Clipping + D, mRS 6

5 Stetler, et al. 2012 59 F Rt. ICA-Pcom - Hepatic artery + IVR - Not 
described

6 Matsuda, 
et al. 

2012 58 M Rt. ACA, Lt.VA - Splenic artery, 
Hepatic artery, 
Gastroduodenal 
artery, Gastroepiploic 
artery, Bilateral renal 
artery

- Coating - D, mRS 6

7 Cooke,  
et al. 

2013 55 M Lt. VA + Bilateral renal artery - IVR - Not 
described

8 Shinoda, 
et al. 

2016 47 M Lt. VA + Midle colic artery + IVR + MD, 
mRS 3

9 Hellstern, 
et al. 

2018 30 M Lt. ICA, Rt. 
ICA, BA

+ - + IVR + Not 
described

10 Isaji, et al. 2018 45 M Rt. VA - Accessory middle 
colic artery

+ IVR - GR,  
mRS 0

11 Hayashi, 
et al. 

2018 49 F Lt. ICA - Splenic artery, 
Gastroduodenal 
artery, Common 
hepatic artery, 

+ Clip - Not 
discaibed

Superior mesentric 
artery

12 Morita, 
et al. 

2019 49 F Rt. MCA - - - Clip + GR,  
mRS 0

13 Mayuko, 
et al. 

2019 77 F Rt. ICA - - + Medication 
only

+ D, mRS 6

14 Ohara,  
et al. 

2019 82 F Lt. VA-PICA - Gastroepiploic 
artery,Hepatic artery

+ IVR - MD, 
mRS 3

15 Tanaka, 
et al. 

2020 60s M Rt. ICA Not described Posterior inferior 
pancreaticoduodenal 
artery

+ High flow 
bypass, 
Trapping

+ D,  
mRS 6

16 Hori,  
et al. 

2020 67 F Rt. IC-PC - Splenic artery + Clip - GR,  
mRS 1

17 Present  
case

2021 36 F Rt. PICA, Rt. 
SCA, Rt. PCA

+ - - IVR, Clip, 
Trapping

+ MD, 
mRS 4

ACA: Anterior cerebral artery, ICA: Internal carotid artery, IC-PC: Internal carotid-posterior communicating artery, IVR: Interventional radiology,  
MCA: Meddle cerebral artery, PICA: Posterior inferior cerebellar artery, SCA: Superior cerebellar artery, VA: Vertebral artery, GR: Good recovery,  
MD: Moderately disabled, SD: Severely disabled, VS: Vegetative state, D: Dead

pathological diagnosis may not be possible, as in this case, but 
SAM should also be considered in the differential diagnosis 
when dynamic changes of atypical dissecting aneurysms or 

multiple cerebral aneurysms are observed. If new aneurysms 
or the enlargement of existing aneurysms are detected, early 
surgery may be necessary. On the other hand, in case studies 
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of long-term follow-up of SAM, it has been reported that 
once the active phase is over, aneurysms no longer form.
[18] Therefore, the literature recommends imaging follow-up 
every 6  months–1  year if aneurysms cannot be confirmed 
after 1 year of close follow-up.

CONCLUSION

In this study, we report a case with multiple coexisting 
aneurysms that changed in a short period after SAH due to the 
rupture of a dissecting aneurysm, and one of the aneurysms 
ruptured again. Histopathological examination confirmed 
SAM diagnosis. SAM is a disease that causes aneurysms to 
form in a short period due to vascular remodeling. When a 
noninflammatory aneurysm without calcification is observed 
on imaging, as in this case, SAM should be considered in the 
differential diagnosis for further investigation. Pathological 
diagnosis is necessary for definitive diagnosis, but it is 
necessary to consider detailed imaging follow-up even in the 
absence of pathological tissue confirmation.
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