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Abstract

Scalp arteriovenous malformation (AVM) accounts for only 8.1% of all
AVM cases. These lesions are made up of an abnormal fistulous tangle
of tortuous dysmorphic network of vessels “vascular nidus” directly
connecting between the feeding arteries and draining veins, without
capillary connection, located within the incision subcutaneous layer.

With time, these congenital lesions may evolve and enlarge and clinically
manifest with variable features. The only effective method of preventing
evolution of these malformations is to exclude the lesion completely
from the circulation. Involvement of the orbit and face may cause severe
facial disfigurement, proptosis, visual obstruction and even facial palsy.
These lesions may be complicated by ulceration, infection and profuse
bleeding.

We present a rare case of 40-year-old female with a recurrent congenital
scalp-orbital AVM causing proptosis, visual obstruction on the right eye
with severe facial disfigurement. The lesion was successfully excised
with acceptable cosmesis and removal of the visual obstruction. A brief
literature review, imaging findings and the surgical techniques have
been presented.
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Introduction

Scalp arteriovenous malformation (AVM) is a rare
congenital entity, accounting for only 8.1% of all AVM
cases.! Generally, scalp AVM presents as a small pulsatile
mass; but with time, if untreated, it will progressively
enlarge and spread to the entire scalp, giving a grotesque
appearance and involves the craniofacial structures and
skull bone and even extends intracranially, leading to
seizures and hemorrhages.

There are varieties of neuro-imaging modalities which help
in characterizing the structural complexity, location and the
extent of the lesion and assist in appropriate preoperative
surgical planning. Among them, three-dimensional CT
angiography (3D-CTA) is regarded as the cornerstone for
investigation.
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Management of these complex lesions may require
multidisciplinary approach with preoperative embolization
and surgical excision. As it is often difficult to cure scalp
AVM with embolization alone, surgical resection is usually
required. Generally, surgical excision is said to be curative;
and recurrence is uncommon after complete resection.

Case report

A 40-year-old housewife, from Western Nepal, presented to
our Neurosurgical Out-patient Clinic with a large pulsatile
grotesque mass over the right fronto-orbital region. She
was very depressed; and she had visited numerous hospitals
to have this lesion removed so that she could see with her
right eye and get rid of the noticeable facial disfigurement.
She was born with a swelling in the right frontotemporal
region, which over time increased in size progressively.
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The pulsatile lesion was excised; and the scalp defect was
reconstructed with full-thickness skin graft in April of 1992
in a different hospital in Nepal. Later, a small swelling
recurred over the right supraorbital region, located anterior
to the previous surgical site, which gradually increased in
size over the last two years. This led to proptosis of the
right eye as well as visual obstruction finally leading to
severe facial disfigurement. However, there was no pain,
discharge, ulceration or bleeding from the lesion.

g

Figure 1. Preoperative picture showing the giant high-
flow scalp-orbital AVM causing visual obstruction of the
right eye and severe facial disfigurement. Note the right
frontotemporal bald area due to previous skin graft and
incisional scar.

On physical examination, she was fairly-built with darker
skin complex. Vital signs were stable. Right frontotemporal
region was bald with glistening skin due to previous
skin graft. An oblong healthy incisional scar was noted
surrounding the 10 x 6 cm2 grafted hairless area. There
was approximately 7 x 5 x 5 cm3 soft to firm spherical non-
tender pulsatile mass with engorged superficial vessels on
overlying the coarse hyperpigmented skin arising from the
right orbital region (Figure 1).

On auscultation, bruit was heard clearly over the lesion.
The patient was unable to open her right eye due to the
large mass; and the right eyeball was displaced downward.
However, the horizontal movement of the right eye was
intact. Both pupils were round, regular and reactive to
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Figure 2. CT angiography demonstrating- large vascular
nidus with multiple arteries feeders, predominantly
supplied by right ophthalmic artery (black arrow).

light. Visual acuity on both eyes was 6/9. Examination of
all other systems was normal.

On neuroradiological evaluation, CT angiography of
head demonstrated an extensive vascular nidus within the
swollen soft tissue of right periorbital and inferior frontal
region. The lesion was supplied by numerous feeding
arteries, namely frontal, supratrochlear, supraorbital
branches of the right superficial temporal artery, angular
branches of both facial arteries; and the major feeder was
from the intracranial circulation via right ophthalmic artery.

Three-dimensional images (3D-CTA) revealed large highly
vascular nidus involving predominantly the right forehead
on supraorbital region and extending into the orbital region
without involvement of skull or intracranial structures
(Figure 2, Figure 3).

The diagnosis was consistent with recurrent high-flow
scalp-orbital AVM. She underwent surgical excision of
AVM and superior eyelid repair under general anesthesia
in May of 2019. Before making the incision, temporary
occlusion of major dilated feeding arteries was performed
by ligating them percutancously with 3-0 silk suture,
approximately 2 c¢cm proximal to the planned excisional
margin. Notably dilated anterior (frontal), supratrochlear
and supraorbital branches of the right superficial temporal

Figure 3. Three-dimensional CT angiography (3D-CTA) showing the giant right scalp-orbital AVM in relation to
the skull and orbit (A) anterior, (B) lateral and (C) oblique views. Note the extension of lesion into the orbit without
involvement skull bone and without intracranial extension.
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artery lying superiorly and right and left angular arteries
located inferior-medially, supplying the pulsatile mass were
ligated to reduce the blood flow to the lesion and decrease
blood loss during dissection and excision of the vascular
mass. A curvilinear incision was made along middle aspect
of the globular swelling inferior to the presumed right
eyebrow. Meticulous dissection and thorough hemostasis
were maintained using monopolar and bipolar coagulation.
The dissection was initiated from the normal-looking tissue
over the superior aspect of vascular nidus. Using monopolar
Bovie cautery, the pericranium and frontalis muscle on the
superior margin of the lesion were delineated and dissected
off the frontal bone. The bony surface was thoroughly
waxed and electrocauterized to stop the oozing blood. The
large dilated vessels were dissected and individually ligated
with 3-0 silk sutures. The lesion was circumferentially
dissected and excess skin was also excised. Utmost care
was taken to avoid injury to the lacrimal gland and levator
and orbicularis muscles. Laterally, the zygomatic branch
and the main stump and non-dilated normal branches of
superficial temporal artery were carefully preserved so as
not to jeopardize vascularity of the previously grafted scalp.
After circumferential excision, the lesion was still attached
to the vascular pedicle involving the orbit. Within the
pedicle, the distal part of right superior ophthalmic artery
was identified and doubly-ligated separately. Finally,
the lesion with the entire vascular nidus was completely
removed via en bloc resection. Hemostasis was strictly
secured using monopolar and bipolar cauterization. The
excess skin over the superior eyelid was removed; and

Figure 4. Postoperative picture showing curvilinear
incision below the right eyebrow and acceptable cosmesis
after excision of right scalp-orbital AVM.

incision was reconstructed for acceptable aesthetic and
cosmesis. The incision was then closed in layers: muscle-
fascia with 3-0 vicryl interruptedly and skin with 4-0
prolene continuously. No drain was placed (Figure 4).

Macroscopic examination demonstrated a single piece of
grey-brown skin tissue grey, measuring 7.5 x 5 cm. The cut
section showed multiple dilated vessels containing clot and
pinpoint hemorrhagic areas. Microscopic view revealed
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multiple variable-sized interlacing vascular spaces in
fat and soft tissues. Some of the vessels were lined by
endothelial cells. However, other vascular spaces showed
elastic and muscular layers as well as arteries and veins.
Nerve bundles were also intermixed. The findings were
consistent with AVM of supraorbital region.

Though there was mild periorbital swelling post-surgery
which eventually subsided, the postoperative course
was largely uneventful. The patient was discharged on
postoperative day four. Sutures were removed on POD#10
in the Out-patient Clinic. On one-month follow up, the
patient was high-spirited. She was finally able to see well,
look up and close her right eye after two long agonizing
years. The incision healed with secondary intention with
patchy area of dark discolored indurated skin on the upper
lateral aspect of the incision.

Though some patchy areas of skin necrosis, requiring no
revision, were noted during one-month follow-up visit,
there were no major postoperative complications, namely
infection, dehiscence or bleeding. The final result was
an acceptable cosmesis without visual obstruction and
correction of severe facial disfigurement caused by the
giant pulsatile mass (Figure 5).

4
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One-month follow-up pictures showing

Figure 5.
elated patient after complete excision of mass with
right supraorbital incisional scar with patchy areas of
hyperpigmentation and skin necrosis. She is able to (A)
open and (B) close her right eye.

Discussion

Scalp-orbital AVMs are rare congenital entities, which
may have variable clinical pictures. Extensive lesions may
cause ulceration, profuse bleeding and disfigurement and
recurrence even after excision. In our case, the patient had
undergone extensive excision with skin graft 10 years back;
but the lesion had recurred and extended into the right
orbital region causing visual obstruction and severe facial
disfigurement. However, there was no skin ulceration or
bleeding.

Over the last two decades, the reports of scalp AVM has
increased significantly; and this is most likely due to
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improved diagnostic tools. In history, due to its unusual
portly appearance, various nomenclature has been used
to describe these lesions, including aneurysm cirsoides,
racemose aneurysm, plexiform angioma, pulsating angioma,
scalp arteriovenous fistula, arteriovenous aneurysm,
aneurysmal varicose and arteriovenous malformations.>*

There is still ongoing controversy regarding clear-cut
etiology of scalp AVM. It maybe congenital, traumatic,>?
infectious, inflammatory and idiopathic.'>" Most authors
accept that it is caused by penetrating or blunt trauma;**2")
some are congenital (spontaneous);?>?* while few can be
iatrogenic such as due to craniotomy, hair transplantation®*2
or even intravenous scalp infusion. Congenital scalp
AVM may present at birth; but, in majority, it remains
asymptomatic until adulthood,>**? similar to our case.

Based on the extent of the blood flow, scalp AVM can
be divided into low-flow or high-flow AVM. The low-
flow lesions are usually well-demarcated, which include
cavernoma, cavernous hemangioma, venous malformation
and sinus pericranii, can easily be diagnosed with MRI and
are treatable by sclerotherapy or embolization alone. On
the other hand, high-flow AVMs are large and extensive,
producing loud bruit® heard on auscultation, containing
multiple feeding and draining vessels and frequently
requiring surgical excision. They may even reduce cerebral
blood flow causing so-called “steal” phenomenon.”

In their study, Shenoy and colleagues® classified these
scalp AVM into two groups based on their angiographic
features: group I: the primary scalp AVM and group II:
secondary venous dilatations. In the primary scalp AVM,
the arterial feeders arise from the calvarial branches of the
external carotid arteries, ophthalmic arteries and vertebral
arteries while the draining veins enter into the scalp venous
system. In group II, the dilated channels are the main
outflow vessels of the intracranial vascular malformations.
Accordingly, our case belonged to group I.

Regarding anatomical location, scalp AVM are roughly
evenly distributed located in the frontal, temporal and
parietal regions.*® Generally, the major feeding vessels
are located in the subcutaneous layer of the scalp, often
originating from external carotid, occipital and supraorbital
arteries.’! Frequently, STA is involved in traumatic cirsoid
aneurysm due to its long unprotected course.’'** In our case,
being a high-flow AVM, it had multiple feeders, including
from anterior, supratrochlear, supraorbital branches of STA
and angular branches from both facial arteries. However,
major feeder was from the right ophthalmic artery
intraorbitally.

The clinical manifestation of AVM is highly variable,
presenting with small pulsatile mass to extensive
craniofacial disfigurement and grotesque appearance,
producing throbbing headache, localized pain, proptosis,
visual hindrance, epistaxis, tinnitus, numbness, necrosis,
ulceration or hemorrhage 2313334
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In regards to the optimum management of such lesion, it
may be quite complicated due to various factors such as
the highly complex vascular anatomy, large collateral link,
high-flow rate, massive blood loss, intracranial and facial
involvement causing cosmetic and neurological problems
after surgical intervention. The aim of treatment should be
to completely eliminate the lesion from the normal scalp
circulation. These lesions are generally diagnosed based on
clinical observation as most are quite noticeable.

Recently, spectra of neuro-imaging modalities are
available for diagnosing this pathology, to know the
extent and complexity of the lesion and to understand the
arterial feeders of the vascular nidus and to decide the
best treatment strategy. These include plain and contrast
Computerized Tomography (CT), three-dimensional CT
angiography (3D-CTA), conventional extracranial and
intracranial angiography, digital subtraction angiography
(DSA), cranial doppler and Magnetic resonance imaging
(MRI). Among them, angiography is considered as the
gold standard of investigation to delineate the lesion,
to understand its angioarchitecture and to exclude any
intracranial component.® It is of great importance for
diagnosis and treatment selection and particularly employed
for the determining main cranial feeders. On the other hand,
MRI of brain shows flow void signs due to rapid flow in the
lesion®%1635 and is significant in establishing the diagnosis.
In our case, we were able to obtain 3D-CTA which was
able to clearly demonstrate the extent of the lesion and
the multiple arterial feeders, making it possible for proper
preoperative surgical planning.

Generally, this is a complex disease requiring
multidisciplinary approach. In regards to treatment options
for craniofacial AVM, there are numerous modalities, which
include direct ligation of supplying vessels, extensive
surgical excision,*?33¢3 embolization via transarterial
and transvenous routes,®?*3%37 percutaneous intralesional
injection of sclerosant’*¥ and electro-thrombosis.**
Conventionally, the most common modality and treatment
of choice that is curative is still the surgical excision.!>!¢20
However, with new advents, endovascular approach by
itself or combination with surgery has been recommended
for these complex malformations.*#?

Variety of agents have been applied for pre or intraoperative
embolization of these lesions, which include boiling water,
absolute alcohol, gelfoam pledgets, fibrin glue, thrombin,
platinum coils, cyanoacrylate, sclerosant and onyx.*

There are numerous innovative techniques to reduce
bleeding during surgery, which includes percutaneous
suturing of the feeding vessels,” interlock-suturing along
the incisional margin and tamponading with tourniquet,
making stepwise incision with manual digital pressure and
compressing the flap with intestinal clamp.?' In our case,
we applied the percutaneous technique of suturing to gain
proximal vascular control prior to incision.
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Due to the abnormal fistulous communication, AVM must be
completely eliminated because recurrence or enlargement
is reported after an incomplete resection;*®)so, emphasis
should be given to en bloc resection of the vascular nidus
and tight ligation of all the feeders to prevent recurrence.
Recurrence has been reported as late as 18 years after
surgical resection.’ In our case, the lesion seems to have
recurred after 8 years. After surgical excision, common
postoperative complications include wound infection,
sepsis, recurrence, hemorrhage and scalp necrosis.>*%16
Except for some patchy area of skin necrosis, none of other
complications occurred in our case.

In our case, we did not apply preoperative embolization
due to the involvement of right orbit rather we were able
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