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Summary
Background: Scalp arteriovenous malformations (SAVM) are extremely uncommon vascular malformations, with only ~200 cases published 
in the English language in the past years. The objective of the present study was to describe the experience of a single reference service in 
neurosurgery. Methods: This is a descriptive and retrospective study conducted at our institution, which included cases of SAVM treated 
between 2001 and 2022. All information were extracted from the medical records of our institution. Patient confidentiality was preserved. 
Furthermore, an illustrative case has been described in detail. Results: Seven patients were included. The male-to-female ratio was 2.5 : 1 and the 
mean age was 23.3 (3–42) years. Most cases (56.4%) were spontaneous and the lesions were located in the frontal (28.7%) and parietal (28.7%) 
regions. All lesions were supplied by more than one feeder, with the superficial temporal and occipital arteries being the most commonly 
involved (71.5%). Six patients underwent preoperative embolization, and 56.4% patients had scalp necrosis. Five patients underwent surgical 
resection, all without recurrence and with good postoperative evolution. Conclusions: More than one artery was involved in all cases, and the 
properties of the involved vessel influences the approach strategy. Surgical treatment is curative, and preoperative embolization helps reduce 
bleeding during the surgery. Complete resection of the lesions prevents associated complications, such as bleeding or recurrence. Scalp necrosis 
is a frequent complication in the treatment of these lesions, and a multidisciplinary approach involving reconstructive plastic surgery should 
always be considered.
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The therapeutic options available for 
treating SAVM include endovascular, 
surgical, or mixed treatment [7].

Endovascular treatment can be per-
formed using the transarterial or trans-
venous approach, using different mate-
rials for embolization, such as coils and 
Onyx®, or sclerosing materials, such as 
cyanoacrylate [1]. However, several com-
plications associated with this approach 
such as hyperemia, skin necrosis, release 
of embolization material into the sys-
temic circulation, and a  higher rate of 
recurrence have been described. In ad-
dition, multiple treatment sessions are 
often required [6,8].

fers to multiple scalp arteriovenous 
connections, with no capillary bed be-
tween them  [4]. “Cirsoid” refers to the 
ivy-leaf, varicose appearance [1]. “Aneu-
rysma sepertinum,” “plexiform angioma” 
and “aneurysm racemosum” are other 
nomenclatures describing this condi-
tion [1,2,5]. Thus, the term SAVM is pre-
ferred and used in this article.

The gold standard test for identify-
ing anomalous arteriovenous commu-
nications is digital subtraction angiog-
raphy. However, MRI and CT can help 
in anatomical delimitation and under-
standing the involvement of underlying 
tissues [6].

Introduction
Cirsoid aneurysm or scalp arterio-
venous malformation (SAVM) are an ar-
teriovenous fistulas of the scalp. Dilated 
draining veins produce cosmetic con-
cerns, with a  throbbing growing mass. 
Local pain, audible bruits, headache, 
tinnitus, and haemorrhage are other 
symptoms. Treatment includes sur-
gery, embolization or a combination of  
both [1]. 

The term cirsoid aneurysms were in-
troduced and described by Brecht in 
1833 [2,3]. However, “cirsoid aneurysm” 
is an incorrect nomenclature from the 
pathological point of view, since it re-
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diagnosis, sex, clinical presentation, aeti- 
ology, feeding vessels, endovascular and 
surgical treatment, complications, out-
comes and recurrence.

The medical records and all available 
images were systematically reviewed 
and evaluated by the researchers. Some 

Methods
This was a  descriptive and retrospec-
tive analysis in which all cases of SAVM, 
which were treated at our institution be-
tween 2001 and 2022, were included.

Descriptive statistical methods were 
used. Analysed data included – age at 

It is an extremely uncommon disease, 
with only about 200  reported cases 
in 15 years [9]. Due to the rarity of this 
disease, the objective of the present 
study is to describe the experience of 
a single reference neurosurgery service 
over the last 20 years.

Tab. 1. Patient with cirsoid aneurysms treated and followed up at our institution.					   

Case 
(No.)

Age 
(years)

Sex Signs/symptoms Etiology Arterial 
supply

Emboli-
zation

Complications Surgery Follow-up 
(months)  

and results
1 42 M occipital throbbing 

lesion after head 
trauma, 18 months 

earlier

traumatic TSA, OA 
and VA

1 session no complications gross total 
resection

36 months 
no recurrence

2 17 M left frontal throb-
bing lesion, pro-
gressive growth 

since he was 4 years 
old

spon- 
taneous

TSA  
and OA

not 
performed

no complications gross total 
resection

19 months 
no recurrence

3 12 M temporal throbbing 
lesion, progressive 

growth since he was 
2 years old

cerebelar AVM 
associated

spon- 
taneous

TSA  
and SOA

5 sessions scalp  
necrosis after 
embolization

not per-
formed,  

bedridden 
patient after 

a stroke  
during ce

rebellar AVM 
embolization

192 months

stroke after  
cerebellar AVM 
embolization

4 25 F throbbing parietal 
mass

spon- 
taneous

TSA  
and OA

5 sessions scalp  
necrosis after 
embolization

gross total 
resection

36 months

no recurrence

awaits plastic 
surgery to cover 

alopecia area
5 50 M frontal throbbing 

lesion, progressive 
growth since he was 

4 years old

chronic headache 
associated

congenital? TSA  
and OA

2 sessions scalp  
necrosis after 
embolization

gross total 
resection

3 months

no recurrence

6 29 M growing frontotem-
poral mass after 

head trauma,  
15 years earlier

traumatic TSA  
and OA

3 sessions no complications not per-
formed; 
bedrid-

den patient 
after traffic 

accident

10 months

traffic accident 
during follow-up

7 35 F parietal throbbing 
lesion, progressive 
growth since she 
was 17 years old

recurrent bleeding 
after minor trauma

spon- 
taneous

TSA  
and OA

1 sessions no complications Gross total 
resection

2 months

no recurrence

F – female, M – male, OA – ophthalmic artery, SOA – supraorbital artery, STA – superficial temporal artery, VA – vertebral artery 
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erative infections were observed in any 
patient. After gross total resection, no re-
currence was observed. Mean follow-up 
was 42.6 months.

The results of our series are summa-
rized in Tab. 1.

Illustrative case
A 13-years-old male presented to our 
hospital with the complaint of a  pain-
less swelling in the right frontal region, 
which had been present since his early 
childhood, with an objective and subjec-
tive complaint of local pulsation. The in-
jury had a psychosocial impact and ad-
versely affected patient’s quality of life, 
for aesthetic reasons. Arteriography con-
firmed the diagnosis of a SAVM (Fig. 1).

The lesion was approached in a multi-
disciplinary manner, after joint planning 
involving interventional neuroradiology, 
neurosurgery, and plastic surgery.

Preoperative embolization was per-
formed 6 days before the procedure, in 

tion were N-butyl-cyanoacrylate (NBCA) 
and ethylene-vinyl-alcohol copolymer 
(EVOH) (Onyx®).

One of the patients (No. 3) had a re-
sidual lesion after embolization. How-
ever, resection was contraindicated 
since the patient became bedridden 
after endovascular treatment of a small 
cerebellar arteriovenous malformation 
and has been receiving clinical radiolog-
ical treatment for the past 102 months. 
Another patient (No. 6) who underwent 
two embolization sessions became bed-
ridden after suffering a car accident in 
between, which contraindicated surgi-
cal treatment.

Surgical resection was performed in 
five patients. Only one patient was op-
erated without preoperative endovascu-
lar treatment. After embolization, three 
patients suffered from scalp necrosis 
and required reconstruction, which was 
performed using a multidisciplinary ap-
proach with plastic surgery. No postop-

pre- and postoperative photographic 
documentation was also reviewed. The 
identity of patients was not disclosed, 
making procurement of signed in-
formed consent form unnecessary [10]. 

Results
Case series
Seven patients were treated at our insti-
tution for SAVM between 2001 and 2022. 
The patients included five males and 
two females. The median age at diag- 
nosis was 25 years, (range 3−42 years), 
with the mean age of 23.3 years.

The aetiologies of the lesions were 
identified through clinical histories of 
the patients. In order of prevalence, the 
main causes of the aneurysms identified 
were: spontaneous (without apparent 
cause) in four patients (56.4%), traumatic 
in two patients (28.7%), and congeni-
tal in one patient (14.2%). The most fre-
quent locations of lesions were the fron-
tal (28.7%) and parietal (28.7%) regions, 
followed by the fronto-temporo-parietal 
(14.2%), convexity (14.2%), and occipital 
regions (14.2%).

All patients included in our review un-
derwent selective arteriography by dig-
ital subtraction, making it possible to 
identify the arteries involved in the mal-
formation. More than one feeder was 
involved in the lesions of all patients. 
Nourishment via the superficial tempo-
ral artery was visualized in all seven pa-
tients, with the most prevalent asso-
ciation being with the occipital artery 
as visualized in five cases (71.5%), and 
the ophthalmic artery was implicated 
in three cases (43%). The vertebral ar-
tery fed the lesion in only one patient 
(14.2%).

The symptoms that led to the diag
nosis of the lesions were: presence of 
a pulsating mass on the scalp in six pa-
tients (85.8%), history of minor local 
bleeding before diagnosis in one patient 
and chronic headache in one patient.

Six patients were treated with one and 
five embolization sessions before re-
section. The agents used for emboliza-

Fig. 1. A, B) Figures depicting preoperative arteriography demonstrating 
feeding by distal branches of the (right) superficial temporal artery, (left) 
temporal artery and anterior sickle artery, with aspiration flow via ethmoidal 
branches originating from the right ophthalmic artery, with early drainage 
to frontal veins that drain into facial veins bilaterally. C, D) Figure depicting 
preoperative appearance during outpatient consultation.
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tained from branches of the right superfi-
cial temporal artery and to a lesser extent 
by branches of the contralateral equiv-
alent artery, in addition to irrigation by 
small intracranial perforating branches.

The arteries supplying the nidus were 
meticulously and circumferentially 
coagulated, taking care to preserve the 
most proximal portions of the vessels, 
since they had no anatomical correla-
tion with the malformation. After com-
plete coagulation of the arteries, the 
coagulation of the draining veins of the 
nidus was performed and, finally, the le-
sion was completely excised. The pro-
cedure lasted for 150 min and involved 
negligible bleeding.

At the end of the surgery, the area of 
necrosis was resected, making it possi-
ble to perform primary closure without 
tension (Fig. 4).

The patient was discharged 2  days 
after the procedure, with the total hospi-
tal stay lasting for 9 days. After 2 months 
of follow-up, the patient was satisfied 
with the aesthetic results, and the control 
arteriography showed no lesion (Fig. 5).

Discussion
SAVM are rare and challenging lesions 
and are often treated by a multidiscipli-
nary team.

It is more likely to occur in men as com-
pared to women with the ratio of affected 
males and females being 2.5 : 1 and it can 
occur at any age with the median age of 
diagnosis being 25 years [6]. The male to 
female ratio observed in our study was 
2.5 : 1.

The various possible aetiologies 
for occurrence of SAVM are congeni-
tal or spontaneous, traumatic, or iatro-
genic [6]. In our study, the most frequent 
aetiologies were spontaneous, in 57.1% 
of cases, followed by traumatic observed 
in 28.6% of cases.

The pathophysiology is poorly under-
stood, but congenital or spontaneous 
fistulas are believed to arise from persis-
tent embryologic communications, vas-
cular hamartomas, or spontaneous fis-

served, which evolved with a  necrotic 
appearance (Fig. 3).

During surgery, a  careful three-quar-
ter bicoronal skin incision and anatomi-
cal dissection of the subgaleal plane were 
performed and the malformation was 
completely exposed. The lesion was in 
the aponeurotic galea of the right frontal 
region, with predominant irrigation ob-

which 20 mL of EVOH copolymer was in-
jected in the distal branches of the right 
superficial temporal artery, the main ves-
sel supplying the nidus. In the control ex-
amination carried out at the end of the 
procedure, a reduction of approximately 
90% in blood flow was observed (Fig. 2).

After embolization, an area of about 
2 cm radius of ischemic skin was ob-

Fig. 2. Figure showing angiographic appearance before (A) and after 
embolization (B).

Fig. 3. Photograph of the preoperative appearance of the skin before (A) and 
after (B) the surgical incision marking.

Fig. 4. A) Figure showing the macroscopic appearance of the lesion after 
resection. B) Figure showing appearance after primary closure.
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A

A

B

B
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we emphasize that necrosis was re-
stricted to the margins of the lesion re-
section, and a primary or secondary re-
construction, together with plastic 
surgery, was possible in all cases.

The surgical technique, in general, in-
volves identification and coagulation or 
ligation of the nourishing vessels, cir-
cumferentially, followed by identifica-
tion of the periosteum [3]. Although the 
lesion is predominantly located in the 
subcutaneous layer [6], in several cases, 
histological involvement of the pericra-
nium with the presence of arterialized 
vessels has been observed  [3]. Resec-
tion of the pericranium underlying the 
lesion as a way to reduce recurrence is 
the preferred approach of several au-
thors  [3,4,6,7]. However, some authors 
have also reported good outcomes fol-
lowing preservation of the pericranium 
when there is no obvious involvement 

A recent systematic review of the lit-
erature suggests that surgical treat-
ment preceded by embolization is the 
preferred approach for treatment  [6]. 
A higher rate of complications is asso-
ciated with pure endovascular treat-
ment (55.8%), as compared to surgical 
treatment alone (9.9%) and combined 
treatment (0%) [6]. Preoperative embo-
lization is believed to reduce bleeding as 
well as surgical time and is the technique 
chosen in the treatment of our sub-
jects  [13]. However, some authors still 
prefer the pure surgical approach [3,7,8].

Surgery can also give rise to complica-
tions, such as necrosis, infections, bleed-
ing, and even recurrence in the event of 
incomplete resection  [6]. In our study 
group, post-embolization scalp necro-
sis was relatively frequent and was ob-
served in 50% of patients who under-
went endovascular treatment. However, 

tulas at cross-sectional sites. Traumatic 
fistulas can form due to simultaneous le-
sions in arteries and veins, at nearby sites, 
or due to angiogenesis and anomalous 
endothelial proliferation with patholog-
ical communications. Iatrogenic fistulas 
are less common and can arise after cra-
niotomies, temporomandibular arthros-
copies, or even hair transplants [3,6]. 

The regions where the SAVM are com-
monly observed are the frontal region, 
followed by the temporal and occipi-
tal regions [6,11]. Similarly, parietal and 
frontal lesions were the most common 
areas of occurrence of the aneurysms, 
observed in our institution, accounting 
for more than half (57.4%) of the cases.

Most lesions (79.3%) are nourished by 
the superficial temporal artery, possibly 
since its location makes it more suscep-
tible to trauma [6]. Other vessels, such as 
the occipital artery, have also been ob-
served to provide nourishment to the le-
sions in a few case reports [12].

In all cases reviewed by us, lesions 
were observed to receive nourishment 
from two or more vessels. There is no 
mention of the involvement of more 
than one vessel in literature in most se-
ries, and multiple sources of nourish-
ment is an important factor to be consid-
ered when approaching these lesions, 
both endovascularly and surgically.

Clinically, the lesions present as pul-
satile masses in most cases  [3]. Head-
ache and tinnitus may be the symptoms 
associated with the lesion in some pa-
tients  [6]. However, more serious com-
plications, such as recurrent bleeding, 
skin necrosis, theft of intracranial flow, 
ischemia, and even heart failure may be 
observed [7]. The discomfort of presence 
of a pulsatile mass from aesthetic point 
of view was the most frequent com-
plaint among our patients (86%); how-
ever, two patients had bleeding and one 
suffered from headaches before surgery.

The differential diagnoses include 
other low-flow vascular malformations 
such as haemangiomas, hamartomas, 
and sinus pericranii [3,6].

Fig. 5. A, B) Figures showing late postoperative appearance of the surgical 
wound. C, D) Figures showing postoperative arteriography without signs of 
residual flow.
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pletely removed in stages by tissue ex-
pansion from the adjacent intact scalp.

The recurrence rate is generally low, 
ranging from 0% in mixed treatment, 
6.3% in pure surgical treatment, and 
8.3% in endovascular treatment [6]. How-
ever, late recurrences, as late as 18 years, 
have been described [13]. 

Almost none of the patients included 
in our review, and who underwent com-
plete resection had recurrence. The only 
patient with a small residual lesion, fol-
lowing embolization, is on a long-term 
follow-up, without new complications 
or symptoms.

Conclusion
SAVM are uncommon lesions. Their diag- 
nosis is based on an adequate clinical 
history which enables detection of the 
risk factors associated with the lesion, 
as well as an arteriography, which can 
delimit its anatomy and the vessels in-
volved in the malformations.

Surgical resection preceded by embo-
lization is the most effective treatment 
for this condition. Complete resection of 
the lesions prevents associated compli-
cations, such as bleeding and recurrence.

Scalp necrosis is a frequent complica-
tion in the treatment of these lesions, 
and a multidisciplinary approach along 
with reconstructive plastic surgery 
should always be considered.
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