
Case Report
Treatment of a Scalp Arteriovenous Malformation by a Combination of Embolization
and Surgical Removal
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-BACKGROUND: Scalp arteriovenous malformation is a rare disease. In terms
of treatment, surgical removal is often effective and performed. With the
development of endovascular treatments, a combination of surgical removal and
embolization is now often performed.

-CASE DESCRIPTION: A 44-year-old man presented with a mass in his left
occipital region. Cerebral angiography led to a diagnosis of scalp arteriovenous
malformation. Although he had no neurologic deficits, perfusion computed to-
mography (CT) scan showed a slight decrease in blood flow in the left cerebral
hemisphere, which was presumed to have been caused by the scalp arterio-
venous malformation. He suffered from a sleep disorder caused by tinnitus, and a
discomfort with the lesion itself; therefore, we decided to surgically remove the
lesion. To suppress intraoperative bleeding and safely perform the surgery,
preoperative embolization was also planned. After treatment, he had no
neurologic deficits and the sleep disorder improved. Perfusion CT scan per-
formed after the surgery showed an improvement in cerebral blood flow in the
left cerebral hemisphere.

-CONCLUSIONS: Because cerebral blood flow may decrease depending on
the progression of the lesion, the cerebral blood flow should be evaluated.
Considering the treatment modalities depending on the lesion can provide
treatment with less recurrence and higher patient satisfaction.
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INTRODUCTION

Scalp arteriovenous malformation is a rare
disease that can interfere with daily life.1,2

The underlying cause could be trauma,
congenital, or idiopathic.3,4 Clinical
symptoms include headache, local pain,
bruits, tinnitus, and larger lesions that
can result in skin necrosis.2,5,6 In
addition, epilepsy and cerebral ischemia
may be caused by extracranial shunting
of common carotid blood flow.7,8 In
terms of treatment, surgical removal is
often effective and performed.5,6,9 With
the development of endovascular
treatments, a combination of surgical
removal and embolization is now often
performed.
Here, we report a case of scalp arterio-

venous malformation that was treated with
a combination of embolization and surgi-
cal removal.

rights reserved.
CASE REPORT

A 44-year-old man presented with a mass
in his left occipital region 6 months before
visiting our department. The mass lesion
WORLD NEUROSURGERY 138: 93-97, JU
gradually increased with pulsation. As the
mass lesion grew, tinnitus began to
appear. As the symptoms worsened, he
suffered from a sleep disorder caused by
tinnitus, and felt uncomfortable with the
lesion when he was in the supine position,
which prompted him to visit our depart-
ment. During the visit, no neurologic
deficits were observed, and a mass of
approximately 30 mm was found in his left
occipital region. Magnetic resonance
angiography revealed an abnormal blood
vessel mass consistent with the lesion
(Figure 1). Cerebral angiography showed
that the occipital and posterior auricular
arteries were acting as feeders, whereas
the superficial vein was acting as a
drainer, which subsequently led to the
formation of the abnormal blood vessel
mass (Figure 2). These arteries and veins
did not interact in the intracranial area,
leading to a diagnosis of scalp
arteriovenous malformation. Perfusion
computed tomography (CT) scan was
NE 2020 www.journals.
performed to evaluate cerebral blood
flow, therefore revealing a slight decrease
in flow in the left cerebral hemisphere
(Figure 1). Because the patient suffered
from tinnitus and had trouble sleeping
because of discomfort from the lesion,
we decided to perform surgery to remove
the lesion.
To reduce the amount of bleeding and

safely remove the lesion, we decided to
perform embolization in advance. During
embolization, we injected Onyx through the
occipital artery branch to embolize the
nidus. Finally, the feeder, nidus, and drainer
were embolized. Tinnitus disappeared
immediately after embolization, but the
discomfort caused by the lesion remained.
Next,we removed the lesion. Topreserve the
blood flow in skin, a skin incision was per-
formed from the cranial side to caudal side
on the lesion such that the occipital and
posterior auricular arteries were not cut
(Figure 3). The nidus was subsequently
submitted to pathology for analysis. The
elsevier.com/world-neurosurgery 93
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Figure 1. Preoperative magnetic resonance angiography (A)
revealed an abnormal blood vessel mass. Preoperative perfusion

computed tomography scan (B) showed a slight decrease in
blood flow in the left cerebral hemisphere.
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discomfort caused by the lesion disappeared
after removal of the lesion. Postoperatively,
the patient had no neurologic deficits, the
nidus was no longer observed in the
magnetic resonance angiography, and
perfusion CT scan showed improved
cerebral blood flow in the left cerebral
hemisphere (Figure 4). The pathology
results of the resected lesion revealed an
abnormal blood vessel mass with mixed
arteries and veins of various sizes, and the
Figure 2. Cerebral angiography (A) showed
artery (arrow) was a feeder. Cerebral angio
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findings were consistent with
arteriovenous malformations. Furthermore,
Onyx and thrombus were confirmed in the
lumen of the blood vessels (Figure 5).
DISCUSSION

Scalp arteriovenous malformation is an
abnormal blood vessel mass between the
feeding arteries and draining veins,
without an intervening capillary bed
that the occipital
graphy (B) showed

that the posterior auricular
drainer; N, nidus.

WORLD NEUROSURGERY, http
within the subcutaneous layer.1,2 Clinical
symptoms include headache, local pain,
bruits, tinnitus, and larger lesions that
can result in skin necrosis.2,5,6

Additionally, epilepsy and cerebral
ischemia may be caused by extracranial
shunting of common carotid blood
flow.7,8 In terms of treatment, surgical
removal is effective and most widely
performed.5,6,9 With the development of
endovascular treatments, a combination
artery (arrow) was also a feeder. D,
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Figure 3. Intraoperative images of nidus removal. To preserve
the blood flow in skin, a skin incision was performed from the
cranial side to caudal side on the lesion such that the occipital

and posterior auricular arteries were not cut (A). The nidus was
dyed black with Onyx (B). D, drainer; N, nidus; O, occipital artery;
P, posterior auricular artery.
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of surgical removal and embolization is
now often performed.
In the presented case, the patient visited

our department because of the lesion,
Figure 4. There was no nidus in the postop
resonance angiography (A). Perfusion com
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which caused sleep disturbance because of
tinnitus and discomfort with the lesion
itself. Furthermore, the patient was diag-
nosed with a scalp arteriovenous
erative magnetic
puted tomography

scan performed after the su
cerebral blood flow in the le

NE 2020 www.journals.
malformation via cerebral angiography.
Therefore, surgical resection of the mass
was recommended. Although he had no
neurologic deficits, perfusion CT scan
rgery (B) showed an improvement in
ft cerebral hemisphere.
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Figure 5. Pathologic images of nidus. (A) Hematoxylin and eosin
stain (original magnification �50) showed that Onyx and
thrombus were confirmed in the lumen of the blood vessels. (B)
Azan stain (original magnification �50) showed discrimination

between arteries and veins. Arteries (arrow) had smooth
muscles and thick walls. The pathologic findings were
consistent with arteriovenous malformation, with mixed arteries
and veins.

Table 1. Advantages and Disadvantages of Treatment Modalities

Treatment Modality Advantages Disadvantages

Embolization Small scar Neurologic deficits via dangerous
anastomosis/recurrence/skin necrosis

Surgical removal Less recurrence Intra- and postoperative hemorrhage

Combined treatment Less recurrence/less hemorrhage Neurologic deficits via dangerous
anastomosis/skin necrosis
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showed a slight decrease in blood flow in
the left cerebral hemisphere, which was
presumed to have been caused by the
scalp arteriovenous malformation.
This case was diagnosed with scalp

arteriovenous malformation, which is
sometimes referred to scalp arteriovenous
fistula.10 Although these terms are used
interchangeably, they should be
distinguished from each other because
both have different pathologies.10 The
characteristics of cerebral angiography
for scalp arteriovenous malformation
include the formation of an abnormal
blood vessel mass, whereas scalp
arteriovenous fistula results in directly
anastomoses arteries and veins that do
not go through an abnormal vessel
mass.10,11 Because this case presented
with an abnormal blood vessel mass, a
diagnosis of scalp arteriovenous
malformation was made. In both cases,
endovascular treatment and removal are
typically recommended. Some
complications of surgical removal include
skin necrosis and intra- and
postoperative massive bleeding from the
scalp, whereas complications of
embolization include neurologic deficits
via dangerous anastomosis.5,9,12,13

Moreover, we observed skin necrosis
during the time at which Onyx was used
as an embolic substance.14 In cases of
scalp arteriovenous malformation, the
patient should be carefully monitored for
postoperative recurrence. There have
96 www.SCIENCEDIRECT.com
been several studies comparing surgical
removal, embolization, and a
combination of both for postoperative
recurrence.12,15 These studies reported
that embolization alone resulted in
potential recurrence, but there was no
recurrence with surgical removal or a
combination of both.12,15 We need to
understand the characteristics of
treatment modalities (Table 1). In cases
of recurrence caused by endovascular
treatment alone, it has been reported
that large lesions or complicated vascular
structures are the causes.2,15,16 If the
lesion is large, or the vascular
architecture is complex, endovascular
treatment alone may be inadequate;
therefore, we should make plans that
include surgical removal. Understanding
the anatomic features of the lesion and
considering treatment modalities can
provide treatment with less recurrence
and higher patient satisfaction.17
WORLD NEUROSURGERY, http
In this patient, the occipital and poste-
rior auricular arteries were observed as
feeders, forming complex nidus, and the
vascular architecture was complicated;
therefore, endovascular treatment alone
was considered to be a high risk of
recurrence. In addition to that, a sleep
disorder was caused by the discomfort
with the lesion itself; therefore, we
decided to surgically remove the lesion.
Because of the anatomic features of the
lesion and sleep disorder caused by it, we
decided to treat by a combination of
endovascular treatment and surgical
removal. To suppress intraoperative
bleeding and safely perform the surgery,
preoperative embolization was planned.
The surgical goal was achieved by embol-
izing the proximal region of the feeder,
but if the entire occipital artery is embol-
ized, skin perfusion of the occipital region
would decrease, which was a concern
because the patient was judged to have a
s://doi.org/10.1016/j.wneu.2020.02.138
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risk of skin necrosis after the operation. In
this case, to preserve the main trunk of the
occipital artery, we decided to perform the
embolization starting from the branch of
the occipital artery feeder. We were careful
not to disrupt the anastomosis between
the occipital and vertebral arteries at the
cervical vertebrae C1 and C2; therefore, the
vertebral artery was imaged from the oc-
cipital artery.18 Because embolization was
performed from the distal part of the
anastomosis, we were able to perform
the embolization safely. Subsequently,
embolization was performed from the
branch of the occipital artery using Onyx
such that the nidus and drainer could be
embolized, before finally embolizing the
feeder, nidus, and drainer. The patient
had no neurologic deficits after the
embolization. Thereafter, the lesion was
surgically removed. To preserve skin
perfusion, the incision was designed
with a straight incision just above the
lesion such that the occipital and
posterior auricular arteries were not
damaged. The nidus was hardened by
Onyx and turned black, and the amount
of intraoperative bleeding was minimal.
Perfusion CT scan performed after the

surgery showed an improvement in cere-
bral blood flow in the left cerebral hemi-
sphere. Some studies have reported
epilepsy and ischemic symptoms because
of extracranial shunting of common ca-
rotid blood flow of the scalp arteriovenous
malformation.7,8 In the presented case,
although the patient had no neurologic
deficits, the cerebral blood flow was
decreased in the left cerebral hemisphere
before the surgery, and improved after
the surgery. To our knowledge, this is
the first case where cerebral blood flow
was evaluated for scalp arteriovenous
malformation both pre- and postsurgery.
In this case, as the lesion increased,
there was a risk of symptoms occurring
because of extracranial shunting of
common carotid blood flow. Therefore,
an evaluation of the cerebral blood flow
should be performed for cases of scalp
arteriovenous malformation.
WORLD NEUROSURGERY 138: 93-97, JU
The pathologic diagnosis was scalp
arteriovenous malformation. Onyx and
thrombus were confirmed in the lumen of
the blood vessels, and the abnormal blood
vessel mass had mixed arteries and veins.
There was no contradiction between the
clinical and pathologic diagnoses.
CONCLUSIONS

We experienced a rare case of scalp arte-
riovenous malformation treated with a
combination of embolization and surgical
removal. Because cerebral blood flow may
decrease depending on the progression of
the lesion, the cerebral blood flow should
be evaluated. Considering the treatment
modalities depending on the lesion can
provide treatment with less recurrence and
higher patient satisfaction.
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