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Abstract

Case Report

introduction

Arteriovenous malformation (AVM) of scalp is a relatively rare 
lesion presenting as a pulsatile growing mass, characterized 
by subcutaneous arterial and venous fistulous connections 
without capillary network. AVMs can present with a variety of 
clinical symptoms including intracranial hemorrhage, seizure, 
chronic headache, and progressive focal neurologic deficit. 
These clinical features are correlated with the size of the AVM.

Indications of treatment include cosmetic relief of the 
pulsatile or nonpulsatile mass, prevention of hemorrhage and 
other symptoms such as headache and tinnitus. The different 
treatment strategies available for scalp AVM (SAVMs) are 
surgical excision, ligation, transarterial, transvenous, direct 
puncture embolization and electrothrombosis. Its treatment 
may sometimes be difficult for its high blood flow and the 
possibility of massive bleeding. In this case report, we describe 
the clinical course of a patient with a large SAVM.

casE rEport

A 27-year-old man referred with a soft mass on his right 
retroauricular and parietal regions from few years ago. He has 

a history of trauma to his head many years ago. An informed 
consent was obtained from the patient. On examination, there 
was a 10 cm × 6 cm pulsatile, soft, compressible mass posterior 
to the right ear. There was bruit over the mass and powerful 
pulsation in occipital and superficial temporal arteries of the 
right side. A small scar was visible in the retroauricular region.

Computed tomography scan
Right parieto-occipital scalp mass with normal intracranial 
content [Figure 1].

Computed tomography angiography
Intracranial blood vessels were normal. There was very large 
tortuous tuft of vessels in the right parietooccipital region 
with feeders from the right occipital artery, right superficial 
temporal artery as well as a small feeder from the left side 
[Figures 2 and 3].

Scalp arteriovenous malformation (SAVM) as a rare lesion may be a complication of head injury. A case and its management are presented 
in this article and literature is reviewed. A 27-year-old man came to us with a slowly growing pulsatile mass in his right retroauricular and 
parietal region of the scalp. On examination, there was a compressible mass with loud bruit. Paraclinical studies revealed a large, tortuous 
tuft of vessels with two different feeders. Intracranial vessels were 3 normal. The lesion excised totally by direct surgical intervention after 
ligation of its feeders. The patient recovered and discharged without any abnormal findings. Increased number of reports of SAVM in the past 
decade may be due to improved diagnostic facilities; however, the high incidence of trauma and even its increasing pattern in developing 
countries may be another important factor.
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Cerebral angiography
Normal intracranial content, very high flow vascular anomaly 
in the right parietooccipital region with a very large feeder, 
most probably occipital artery, from right external carotid 
artery.

Surgical procedure
An oblique incision was made along sternocleidomastoid 
muscle and external carotid artery encountered and occipital 
and superficial temporal arterial branches ligated. Flow to 

the vascular anomaly decreased significantly. Then through 
a right occipitotemporal incision, the very large tortuous 
vessels exposed and released from the underlying pericranial 
tissue. The vessels coagulated with bipolar cauterization to 
decrease flow in them and facilitate their removal [Figure 3]. 
The feeders in occipital region and convexity ligated and the 
vascular anomaly excised totally.

Postoperative
The patient’s complain recovered completely, and computed 
tomography (CT) angiography revealed the disappearance of 
the anomaly.

discussion

Based on a basic concept established by Mulliken and 
Glowacki in 1982, the International Society for the Study of 
Vascular Anomalies has established the current classification 
system: (1) vascular tumor, including various types of 
hemangioma, and (2) vascular malformations, including 
capillary malformation, lymphatic malformation, venous 
malformation, arteriovenous fistula, AVM, and other combined 
malformations.[1]

In the past 15 years, the number of SAVM cases reported in 
the literature has increased significantly, most likely due to 
improved diagnostic procedures. The lesion has called with 
different names, including aneurysm cirsoides, aneurysma 

Figure 1: Brain CT scan (Lt.) of the patient showing Rt. parieto-occipital soft tissue lesion, and CT angiography (Rt.) which has revealed dilated, 
tortuous scalp AVM

Figure 2: 3D CT angiography of the AVM (Lt.), and the lesion exposed during surgery (Rt.)

Figure 3: Post-op CT angiography of the presented case
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serpentinum, plexiform angioma, and AVF.[2-9] A limited 
number of cases of SAVMs presenting with concomitant 
intracranial aneurysm has been reported.[2,8]

Differentiating this lesion from others and especially sinus 
pericranii is an important challenge. Sinus pericranii, a venous 
anomaly of the scalp, has intracranial communication with the 
dural sinuses, usually the superior sagittal sinus through diploic 
veins. Most of the times, it has midline location, has bone 
defect, and changes in shape in relation to patient position.[3,10] 
On the other hand, SAVM as defined earlier is an abnormal 
arteriovenous communication within the subcutaneous layer of 
the scalp, with intracranial communication as an exceptional 
finding.[7,8,11,12]

AVM of scalp is a rare lesion. It represents an abnormal 
connection between one or more arteries and one or more 
draining veins without an intervening capillary bed. Most 
often it is located subcutaneously but may involve the muscles 
and bony structures. The involved arteries are often enlarged 
and tortuous and may arise ipsilateral or contralateral to the 
lesion.[13]

While the head composes about 14% of the whole-body surface 
area, about 50% of the integumentary system AVMs occur in 
this region.[4,5,14]

Krayenbuhl and Yasargil found extracranial AVMs in 8.1% 
of 800 of their AVM cases.[15] In a study by Visser et al., 
53 (4.7%) out of 1131 cases of vascular anomalies were 
extracranial AVMs, 32 of which were in the head and neck 
region (2.8%).[16] In a study for endovascular treatment of 
head and neck AVMs, 15 (17%) out of 89 cases had scalp 
lesion.[13] AVM is 20-fold less common in extracerebral 
sites than in the intracerebral vasculature.[17] Kim et al. from 
Korea found 161 (10.1%) cases of AVM from 1,606 patients 
with vascular anomaly referred to their center over a 15-year 
period. Sixty (37.3%) of total AVMs, 3.7% of total vascular 
anomalies were in the head and neck regions. Only 1% of 
these 60 patients had SAVM.[18]

There is controversy regarding etiology of AVMs. It may be 
congenital, traumatic, infectious, inflammatory, and idiopathic 
in origin. The idiopathic lesions are significantly more 
common.[4-7,19-23] About 10% to 40% of SAVMs and in one 
study[24] five out of nine patients (55.6%) developed following 
penetrating or blunt trauma to the scalp.[2-5,7,8,14,17,20,24-27] Such 
interventions as craniotomy, hair transplantation,[28-31] and 
even intravenous scalp infusions are reported as the implicated 
traumatic lesions.[3-5,7]

In this article, we have reviewed 45 case reports of 
SAVM.[2-12,14,15,17,19-21,23-49] Overall 178 cases are presented in 
these papers, 54 (30%) of which had a history of trauma to 
head. A male to female ratio was 114:64 (1.8:1). The right side 
scalp vessels were involved in 76 (43%) patients, left side in 
62 (35%), right to left ratio of 1.2:1, and midline or bilateral 
involvement in 20 (11%) of cases. The side of the lesion in 
20 (11%) of cases were undetermined.

Rapid increase in size during puberty, pregnancy, and 
menstruation may be due to increased production of a vascular 
endothelial growth factor leading to neovascularization and 
growth of these lesions.[35,7,23] Neogenesis of AVMs might be 
triggered by the production of angiogenic factors secondary 
to venous hypertension induced by an obstruction to venous 
outflow, reduction of perfusion, ischemia, and aberrant 
angiogenic activity.[3]

Traumatic AVMs can occur at any age whereas symptomatic 
congenital AVMs are not common until the second decade of 
life.[17,20,26]

Posttraumatic AVM results either due to direct traumatic 
communication between artery and vein (laceration theory) 
or due to canalization of thrombus (disruption theory) by the 
proliferation of the endothelial cells, from the disrupted vasa 
vasorum, into the surrounding hematoma, formation of new 
vessels, and incidental connection to the adjacent veins and 
formation of numerous arteriovenous connections.[9,23] Trauma 
antedated the appearance of lesion by 15 days–30 years with the 
mean duration of 3.8–8 years in different reports.[4,7,8,17,24,36,47,49]

The feeding arteries are usually those vessels supplying the 
scalp. In traumatic cases, the superficial temporal artery, due 
to its long, unprotected course, is frequently involved,[17,24] 
although external carotid artery, occipital and supraorbital 
arteries are common main arterial feeders.[8,22,26,38,40,41] The 
association of SAVM with intracranial ones are rarely 
reported.[3,37] Drainage into the intracranial sinuses is also 
reported,[8,46] however, this is not reported in trauma cases.[32]

They are equally distributed in the frontal, parietal, and 
temporal parts of the scalp.[7,8,24,30,37,41] 

Patients may have a history of the progressive increase in 
the size of the lesion usually in their third decade of life. 
The clinical presentations include loud bruit, hemorrhage, 
throbbing headache, scalp necrosis, pulsation, tinnitus, 
bleeding tendency, skin erosion, and occasionally cosmetic 
or functional problems.[2,8,22,24,42,36,37,38,39,40,47,49] The AVM of the 
scalp sometimes causes neurologic abnormality.[8] High output 
cardiac failure can occur with large fistulae.[2]

Several imaging modalities can be used to map the vascular 
malformation and to plan management. Catheter-based 
angiography, CT, and magnetic resonance (MR) angiography 
are useful for the diagnosis; however, the former is referred as 
the gold standard in most of the reports.[4,5,21,22,24,25,42]

The treatment of this lesion may be difficult for the limited 
experience with its management, highly complex vascular 
structure and shunt flow, anatomy and the possible cosmetic 
complications of surgery.

SAVMs are described into three stages by Matsushige et al.:[20]

•	 Stage 1: Arterial feeders from one or multiple extracranial 
carotid origin

•	 Stage 2: Recruits additional feeders from the intracranial 
component of the carotid vessels through the bone
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•	 Stage 3: SAVM further develops because of additional 
supply from pial arteries of the internal carotid artery.

Treatment options include surgical excision, advanced energy 
devices like Thunderbeat™ which delivers combined ultrasonic 
and electrically generated bipolar heat energy,[48] ligation of 
feeding vessels, transarterial and transvenous embolization 
and intranidal injection of sclerosant and electrothrombosis, 
or a combination of them. Indications for treatment include 
cosmetic, relief of pulsating mass, headache, prevention of 
hemorrhage, and other symptoms such as tinnitus.[2,3-49]

Surgical excision is the most common and successful 
way of the treatment of SAVM. AVM must be completely 
eliminated because recurrence or enlargement is reported 
after an incomplete treatment. Recurrence is reported in 
cases with ligation of superficial temporal artery and multiple 
coil embolization of the feeders. Reoperation for incomplete 
excision of the lesion has also reported.[7,14,34] Recurrence of the 
lesion has been seen as late as 18 years after complete surgical 
resection of the malformation.[16]

Furthermore, CT/MR angiography and/or digital subtraction 
angiography help to differentiate between low flow and high 
flow lesions as well as identify the feeders and the nidus. A high 
flow AVM with a large size, multiple feeders, skin changes, 
skin necrosis, ulceration, and hemorrhage is the right candidate 
for surgical treatment, as it gives best chances of cure with 
better cosmetic results and less chance of recurrence. In the 
management of low flow AVM, patient age, size of lesion, 
presenting complains, skin thickness, and intracranial venous 
sinus communication with the direction of venous blood flow 
are important factors. Various techniques have been used to 
control hemorrhage during surgery, for example, percutaneous 
suture of feeding vessels and interlocking suture along the line 
of incision. Preoperative embolization has been advocated by 
some to reduce intraoperative blood loss. Embolization of both 
feeders and nidus before surgery is safer than embolization of 
the feeders alone to reduce the risk of excessive hemorrhage. 
Temporary occlusion of the main feeding artery can help 
decrease the vascularity of the lesion.[9,8,23,44,32]

Endovascular treatment has used to either decrease the 
hemorrhage and facilitate the surgical treatment or directly 
treat the AVMs. Embolization and endovascular treatment may 
be insufficient in the treatment of large SAVMs.[21] Surgical 
excision resulted in an excellent outcome when used for the 
management of a small SAVM.[43] In the event of scalp necrosis 
and excessive blood loss, total excision is the treatment of 
choice.[26]

Barnwell et al. reported endovascular treatment of SAVM. 
This treatment involves coil embolization of the main 
vessel, followed by injection of embolic agents.[14,33] Large 
diffuse lesions represent an enormous treatment challenge 
and are often impossible to cure. Embolization offers a high 
treatment success rate of 92.1%, particularly as a palliative 
and presurgical treatment modality. Complete cure with 
endovascular means alone is possible for a substantial number 

of patients (31.5%) and is usually feasible for small lesions. 
Surgical/interventional collaboration is imperative to the 
well-being of these patients.[13] The importance of palliative 
treatment should not be underestimated.[13]

conclusion

SAVM is a rare lesion, which may be seen as a complication of 
different kinds of head injury. Since, in spite of all preventive 
measures, the World Health Organization has reported rising 
incidence of such events in developing countries[50] on the one 
hand and the diagnostic facilities for the lesion has improved 
in recent years, on the other hand, the world community may 
witness increasing number of the reports of this complex 
lesion. Surgical excision, in spite of all of the developing 
therapeutic armamentarium, as in this case can be used as a 
definite treatment strategy.
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