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ABSTRACT

Background: Fibromuscular dysplasia (FMD) can cause cerebral aneurysms and dissection, which can lead to
stroke. Angiographic findings are important in the diagnosis. We report a case of FMD in which the cause of
hemorrhage could not be determined by angiography.

Case Description: A 73-year-old woman suffered from intracerebral hemorrhage (ICH) associated with FMD
without abnormal angiography cerebral vessels. She presented with headache and nausea. Subsequent head-
computed tomography-revealed ICH in the left frontal lobe, and contrast-enhanced magnetic resonance imaging
revealed a gadolinium-enhancing lesion in the perihematoma area and in the genu of the corpus callosum.
Kyoto Prefectural University of Although cerebral angiography revealed a string of beads appearance in the bilateral extracranial internal
Medicine, Kyoto, Japan. carotid arteries, no abnormality explaining the hemorrhage was identified. The hematoma was removed and the
pathological diagnosis was FMD. In the pathological specimen, various patterns of vulnerable vessels, such as
aneurysmal dilatation and obstruction, were observed, which could easily collapse and result in hemorrhage. In
the case of ICH of unknown origin, microscopic vessel disruption due to FMD should also be considered.
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INTRODUCTION

Quick Response Code:
Fibromuscular dysplasia (FMD) is a noninflammatory and nonatherosclerotic vascular disorder

that leads to arterial tortuosity, stenosis, occlusion, aneurysm, and dissection of the middle
and distal arterial segments of the human body.””” FMD mainly affects the media of arteries,
and the most common histological characteristic is medial fibroplasia, which results in an
artery with an appearance of “string of beads”®®) FMD appears commonly occurs in the renal
arteries, extracranial internal carotid artery (ICA), and the vertebral artery. Most patients with
FMD have a good clinical course; however, some of them with cerebrovascular disorders, called
cerebrovascular FMD, including cerebral aneurysm or dissection, have a high risk of stroke

This 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

Surgical Neurology International « 2022 « 13(26) | 1



Fujiwara, et al.: A case of fibromuscular dysplasia related intracerebral hemorrhage without angiographically cerebral abnormal vessels

and death;"®""! thus, their outcome is worse.’! Here, we
experienced a case with intracerebral hemorrhage (ICH) due
to FMD without findings of culprit aneurysm or dissection
in cerebral arteries and presented with characteristic
pathological findings.

CASE REPORT

A 73-year-old Japanese woman with a history of
hyperlipidemia, diabetes mellitus, and malignant lymphoma
of mucosa-associated lymphoid tissue (MALT) presented
to our hospital complaining of headache and nausea
for 10 days. MALT lymphoma had been treated with
chemotherapy 10 years ago and was in complete remission.
The patient had no antithrombotic medications. The patient
was fully alert and had no neurological deficits on initial
physical examination. Brain computed tomography (CT)
and magnetic resonance imaging (MRI) demonstrated
subacute subcortical hematoma mainly in the left superior
to middle frontal gyrus (43 x 18 x 44 mm) with gadolinium
enhancement in the perihematoma area and in the genu
of the corpus callosum [Figure 1]. Cerebral angiography
detected neither vascular abnormalities nor feeder-like
arteries of tumors in the left ICA, although it revealed
an aneurysm in the contralateral ICA. A string of beads
appearance was also detected in the bilateral extracranial ICA
[Figure 2]. Abdominal three-dimensional CT angiography
performed for examination of hematuria 10 years previously
also revealed a string of beads sign in the right renal artery.
These studies indicate that FMD existed in the background.P!
The abnormal vessels explaining the bleeding source were
not disclosed on angiography; thus, we could not diagnose
the apparent cause of hemorrhage. Craniotomy biopsy and
removal of the hematoma were performed for diagnosis
and decompressive treatment 10 days after admission. With
a left frontal craniotomy, a xanthochromic capsule was
observed on the surface of the hematoma. Although no

specific findings were observed in the intraoperative frozen
section diagnosis, the final permanent pathology specimen
revealed FMD predominantly involving small- to medium-
sized arteries distributed in the hemorrhagic necrotic brain
tissue and overlying meninx. Many of the affected segments
had stenoses with obliterations due to fibroplasia spreading
into the intima and recanalization was observed in some of
the obliterated vessels [Figure 3a]. In addition, aneurysmal
dilatations were formed in the segments with severe medial
lesions [Figures 3b and c]. Immunostaining revealed that the
most of the endothelium of thin-walled blood vessels and
capillaries due to aneurysm had only CD31 without CD34
[Figures 3d and e]. The patient was discharged 27 days after
surgery. She was followed up in the outpatient clinic, and we
recommend intervention for an aneurysm of the right ICA.

DISCUSSION

ICH due to FMD without obvious angiography abnormal
vessels is an extremely rare entity and characteristic
pathological findings are presented in this case. First,
ICH associated with FMD has been reported in some
reports [Table 1]. Mettinger et al.® reported that 8.1% of
cerebrovascular FMD patients had a history of ICH, and
Krittanawong et al.””! reported that 0.01% of all FMD patients
had a history of ICH. Kadian-Dodov et al."! reported that
1.2% of FMD patients with neither aneurysm nor dissection
experienced subarachnoid hemorrhage, although the
frequency of the history of ICH was not mentioned." Since
few cases of ICH due to FMD and few SAH without vascular
abnormalities in FMD have been reported, we can conclude
that this case is very rare. This could be because pathological
examination is the only way to diagnose such an entity.
Further examinations are needed to explore the incidence
and clinical implications of this rare ICH.

According to the previous pathological reports of FMD, it
was reported that FMD has lesions in small- and medium-

Figure 1: CT showed high-density lesion in the left frontal lobe (a). MRI images on admission showed the high intensity around hematoma
and in genu of corpus callosum in TIWI (b and ¢), enhanced lesion around hematoma and in the genu of the corpus callosum in gadolinium

enhancing TIWI (c).
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Figure 2: On cerebral angiography, strings of beads appearance,
was observed in the left extracranial carotid artery (a and b) and
no abnormal vessel in the left carotid artery was detected (c and d).

sized vessels that cannot be captured on imaging.!">'? In
the present case, there was a mixture of medial and intimal
lesions and the intramedullary lesion with ICH was
thought to be caused by the obstruction of small vessels
associated with FMD. Microscopic vascular breakdown,
presumably due to vulnerability, was seen in the present
case. Therefore, we conclude that ICH is related to
FMD without abnormal vessel findings on angiography.
Moreover, in the present case, the immunostaining
findings showed that most of the endothelium of thin-
walled blood vessels and capillaries due to aneurysmal
dilatation had only CD31 without CD34. This is a novel
finding that has not been reported in other FMD cases:
only CD31 positive endothelium without CD34 is usually
seen in the sinusoid of the liver and spleen, which are
highly permeable and have several large pores that
penetrate the sporophyte.¥) The cause of the endothelium
being positive only for CD31 in the lesion is unknown;
nevertheless, functional abnormalities in endothelial cells
have been suggested. In this case, we consider that these
changes may be secondary to wall degeneration and may
also cause functional abnormalities in the endothelium,
which consists of the blood-brain barrier (BBB).["! The
irregular spreading of the lesion around the hematoma and
in the genu of the corpus callosum seen on gadolinium-
enhancing MRI may be interpreted as those seen in
subacute or chronic hematoma,®*!>10181 although we
hypothesize that it could be associated with dysfunction
of the endothelium associated with the breakdown of the

o L

Figure 3: Continuous stenosis with multifocal obliterations in the segment of small arterial fibromuscular dysplasia (FMD) affecting media to
intima (a), and recanalization was shown in some of these obliterations. Consecutive two aneurysms occurring within the arterial wall with
characteristic medial FMD (b) and markedly expanded aneurysm with quite thin residual wall locating nearby the artery with stenosis due to
FMD (c). Areas of wall thickening and greatly dilated vessel endothelium are CD31-positive (d), whereas the endothelium of the thin-walled
aneurysm is CD34-negative (e). (Original magnifications x40 (a-c), x100 (d and e)).
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Table 1: The characteristics and proportion of intracranial hemorrhage in FMD patients of the previous literatures.

Author Year Registry Participants Number Meanage (y) Female (%) SAH (%) ICH (%)
Mettinger et al. 1982 single-center  cerebrovascular FMD 37 47.8 81 48.6 8.1
Pasquini et al. 2015 single-center  cerebrovascular FMD 36 57 88.6 5.6 N/A
Kadian-Dodov et al. 2016 US registry all FMD 921 48.1 93.5 2.8 N/A
Krittanawong et al. ~ 2019 NIS database  all FMD 2,420 62.25 86.2 N/A 0.01
Pappacogli et al. 2020 Euro Registry all FMD 1,022 45.8 81.5 3.2 N/A

FMD: Fibromuscular dysplasia, N/A: Not applicable, SAH: Subarachnoid hemorrhage, ICH: Intracerebral hemorrhage, NIS: National inpatient sample,

Euro: The European/international FMD registry

BBB. The pathological findings described above led to the
diagnosis of ICH due to microscopic vascular disruption.
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