
Abstract. – Introduction: Facial arteriove-
nous malformations (AVMs) are quite rare mor-
bid conditions that clinically present themselves
mainly as a massive bleeding or a significant
aesthetic defect. Vascular malformations do not
regress spontaneously; this is the reason why
their resection is necessary. The successful
treatment of these vascular anomalies is often
compromised, since a high incidence of recur-
rence could be expected if the lesion is not man-
aged properly. A multidisciplinary approach is
needed for the assessment and treatment of
these lesions. The therapeutic management in-
volves a preoperative superselective embolisa-
tion, a surgical resection of the lesion within the
following 24 hours and finally an aesthetic recon-
struction.

Patients and Methods: The study was car-
ried out on a total of 62 patients with facial
AVMs; all the patients underwent surgical proce-
dures from 2000 to 2010.

Results: The case series consisted of 8 pa-
tients with haemangiomas and 54 patients with
AVMs; in 31 cases of the latter group the vascu-
lar malformations showed a low blood flow,
whereas the remaining 23 cases had a high
blood flow. The lips were the most common lo-
calization. All 54 patients with AVMs underwent
a surgical resection. Among the 23 patients with
facial high-blood flow AVM, 21.7% were classi-
fied as stage I Schobinger, 47.9% as stage II, and
30.4% as stage III. The treatment consisting of
associated embolisation and resection was per-
formed in 14 arteriovenous malformations (stage
II, III) with high blood flow; 5 of them required a
flap reconstruction.

Conclusion: Recent advances in micro-
surgery and interventional angioradiology have
improved the prognosis of treatment for these
malformations. Combining embolisation and re-
section with aesthetic flap reconstruction repre-
sents the therapy of choice for facial arteriove-
nous malformations, as it prevents their recur-
rence.

Key Words:

Arteriovenous malformation, Selective embolisation.

European Review for Medical and Pharmacological Sciences

Treatment of facial vascular malformations with
embolisation and surgical resection

V. POMPA*, E. BRAUNER, L. BRESADOLA*, S. DI CARLO, V. VALENTINI, G. POMPA

Department of Dentistry and Maxillo-Facial Surgery, “Sapienza” University, Rome (Italy)
*Department of Emergency Radiology, “Sapienza” University, Rome (Italy)

Corresponding Author: Edoardo Brauner, MD; e-mail: edoardo.brauner@uniroma1.it 407

Introduction

The use of a common classification for the
vascular malformations represents a necessity
since the literature reports more than 50 different
denominations.
The ISSVA (International Society of Study of

Vascular Anomalies – 11th Workshop Rome,
Italy, 1996) classification is easy to use particu-
larly in vascular head and neck abnormalities. It
is based on clinical criteria, evolution,
histopathologic and haemodynamic parameters
and consists of two large groups: haemangiomas
and vascular malformations.
Facial vascular abnormalities can be classified

as haemangiomas and vascular malformations.
The haemangiomas are common in childhood and
in these cases it is usually recommended a conser-
vative “wait and see” approach, as most of the le-
sions regress spontaneously1. Histologically, the
lesion is characterized by endothelial hyperplasia
and increased number of mast cells during the pro-
liferative phase2, whereas a fibrotic replacement
with reduced number of cells and normal mast
cell count characterizes the involutional phase.
Although vascular malformations may be pre-

sent at birth, they are defined as “mature” be-
cause may show a proportional development in
parallel with the body growth . These malforma-
tions are often found in adults and do not disap-
pear spontaneously3. They are not tumors, but
represent an accumulation of abnormal vessels
with endothelial proliferation and normal mast
cell count, or are morphogenetic errors and struc-
tural abnormalities without an endothelial cell
proliferation4.
Vascular malformations are classified accord-

ing to the type of vessel involved, as capillary,
venous, lymphatic, and arteriovenous malforma-
tions and then subclassified as low-blood flow le-
sions (capillary, venous, lymphatic, or their com-
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binations) and high-blood flow lesions (usually
arteriovenous)5.
The treatment of facial high-blood flow arteri-

ovenous malformations (AVMs) is a real chal-
lenge as they show the tendency to grow rapidly.
Surgery alone often cannot solve the problem;
therefore, a multidisciplinary approach is consid-
ered the treatment of choice6.
The transcatheter embolisation is particularly

useful in children with vascular malformations
involving the upper or the lower jaw. However,
during the growing age, the surgical removal of
large segments of bone may lead to an impair-
ment of facial growth resulting in an abnormal
appearance as well as in an altered dental occlu-
sion that would require later on an orthodontic
treatment and a prosthetic rehabilitation7. Thus,
the surgery in this age group is confined to the
“debulking” of the soft tissues involved by the
vascular malformation.

Patients and Methods

A total of 62 patients with facial vascular arte-
riovenous malformations treated surgically from
2000 to 2010 were enrolled in the study.

Collected data include patients’ age at the
time of surgery, gender, presenting signs and
symptoms, anatomical location of the anomaly,
its size, final diagnosis, type and characteristics
of the surgical treatment performed, histopatho-
logical findings and postoperatory results.
Histopathologically the vascular abnormalities

were classified either as haemangiomas or as
vascular malformations.

Results

A total of 62 patients were treated; 8 of them
presented with haemangiomas while the remaining
54 patients had vascular malformations. All pa-
tients were submitted to a surgical resection of the
vascular lesion involving the face with or without
the association of some adjunctive treatments.
The group suffering from haemangiomas in-

cluded 2 males and 6 females. The group with
vascular malformations included 31 patients with
low-blood flow vascular malformations, and 23
with high-blood flow lesions (arteriovenous mal-
formations).
Table I shows the patients suffering from fa-

cial high-blood flow AVMs: 14 were men and 9

were women; their age ranged between 6 and 42
years (mean age: 29.2 years). The most common-
ly involved areas were lip (8) followed by cheek
(6), forehead (5), lower jaw (2), and nose (2).
Lesion size ranged from 5 × 5 × 40-60 mm.

Six patients were treated for recurrence follow-
ing a previous surgical treatment .
The 23 patients belonging to this group

showed the following features of their AVM: pro-
gressively increasing bulge/swelling12, mass pul-
sation index (4), bleeding (4), pain and discom-
fort (1), positive Valsalva’s sign (1) and a high
local temperature (1).
Eight patients had a history of congenital dis-

ease, whereas in 3 patients the arteriovenous mal-
formation was observed for the first time during pu-
berty. The malformation appeared immediately af-
ter a trauma in 1 patient while in the remaining 11
patients the lesion became prominent in adulthood.
Among the diagnostic tests, MRI and/or CT

were performed in 17 cases while superselective
angiography with embolisation was applied in
14 cases.
Surgical excision alone was carried out in 9

patients, while 14 cases – 8 Schobinger stage II
and stage III – were treated with superselective
embolisation followed by an en bloc resection
within 24 hours (Figures 1 and 2).
Two of the patients required a soft tissue graft;

the free flap was obtained from the forearm and it
was going to be used in a second phase for the re-
construction of the lip by a debulking technique.
The follow-up period ranged from 6 to 60

months (mean duration: 26 months). During the
follow-up 3 patients were initially treated only by
surgical resection; subsequently they were sub-
mitted to preoperative embolisation followed by
excision of the lesion; such a procedure required a
soft tissue reconstruction through the use of scalp
tissue after its expansion. All other lesions were
excised and underwent primary closure.
No recurrences were observed in the case se-

ries under study.
At the last follow-up, the results were defined

as very good in 8 (34.7%), good in 13 (56.6%)
and unsatisfactory in 2 (8.7%) cases.

Discussion

The proper management of vascular anomalies
depends on an accurate diagnosis. It is important
to differentiate between haemangiomas and arte-
riovenous malformations. In addition, the latter
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Case Location Vessels Embolization technique Embolization results

1 L Facial artery
Venous drainage: facial vein PVA (polyvinyl alchool) 90% reduction of flow

2 L Facial artery
Venous drainage: facial vein PVA and Gelfoam 70% reduction of flow

3 F External carotid artery (internal Coils 40% reduction of flow Residual
maxillary and facial arteries) AVM from facial artery
Venous drainage: internal maxillary
vein, facial vein

4 C Internal maxillary artery, facial PVA 90% reduction of flow
artery
Venous drainage: superficial and
deep facial veins

5 M External carotid artery (facial PVA 90% reduction of flow
branches and internal maxillary)
Venous drainage: internal maxillary
vein, facial vein into jugular veins

6 N External carotid artery 70% reduction of flow

7 C Facial artery Coils 90% reduction of flow
Venous drainage: superficial and
deep facial veins

8 C Facial artery Coils 90% reduction of flow
Venous drainage: facial vein

9 F External carotid artery (internal PVA 90% reduction of flow
maxillary and facial arteries)
Venous drainage: internal maxillary
vein, facial vein

10 C Facial artery PVA and Gelfoam 80% reduction of flow
Venous drainage: facial vein

11 F External carotid artery
(internal maxillary)
Venous drainage: internal 90% reduction of flow
maxillary vein

12 L Facial artery Coils 80% reduction of flow
Venous drainage: facial vein

13 M External carotid artery (facial PVA 70% reduction of flow
branches and internal maxillary)
Venous drainage: internal maxillary
vein, facial vein into jugular veins

14 L Facial artery Coils 90% reduction of flow
Venous drainage: facial vein

Table I. Details of embolized oromaxillofacial high-flow AVMs. L: lip; C: cheek; F: face: M: mandible; N: neck.
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Of crucial importance is the fact that the pri-
mary pathological lesion often develops at the ar-
teriolar-capillary AV shunts.
The only guarantee for a long-term success is

the complete resection of AVMs1,2. The proximal
surgical ligation of arteries without resection is
doomed to failure and must be avoided as it is
not possible to use a therapeutic embolisation in
a second stage.

morbid conditions must be classified according
to their low-blood flow or high-blood flow.
The term describes an arteriovenous malforma-

tion with multiple low-resistance shunts2. Such a
vascular anomaly shows the tendency to expand as
a result of a haemodynamic mechanisms, rather
than by cell hyperplasia, thus leading to the forma-
tion of collateral circulation which in turn deflect
the regional blood flow from the periphery.



Figure 1. Superselective angiography of faciall artery be-
fore embolization with coil.

Figure 2. Superselective angiography after embolization.
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The AVMs may progress as a result of acute
stimuli such as trauma, pregnancy, puberty, in-
fection, or iatrogenic injury (biopsy, proximal
ligation, or subtotal excision)3,5,10.
Clinically, the overlying skin may appear

normal, like a pulsatile mass, red in colour and
with increased local temperature. Other clinical
features may be pain, excessive growth and pro-
fuse bleeding; heart failure has been reported.
Based on Schobinger’s classification, 25% of

our patients presented with stage I (skin redness
or heat), 55% with stage II (visible pulsation, ex-
pansion of the lesions), 20% with stage III (pain,
ulceration, hemorrhage, infection); none had
stage IV (heart failure).
On MRI, the AVMs were characterized by en-

larged blood vessels, collateral arteries and by a
considerable drainage in instances of high-blood
flow vascular lesions.
The MRI is essential for the early diagnosis of

AVMs. On the MRI the lesion appears as a globu-
lar or irregular mass with small, round, low-signal
spots inside or around the mass on T1 and T2 se-
quences. It can also show low-signal extracellular
haemosiderin, that may be located also in proxim-
ity of the AVMs, thus indicating either a sympto-
matic or an asymptomatic hemorrhage. The con-
trast MR angiography can identify masses of 1
cm in diameter but it is not appropriate for the
study of the morphology of arteries and veins.
Angiography, performed in 91,9% of our cases

(57 out of 62), was necessary to evaluate the

Aesthetic and functional considerations, how-
ever, require to restrict the unnecessary sacrifice
of tissue.
A classification of peripheral arteriovenous

malformations has been proposed by Kennedy
and Allison9 and is based on both clinical and an-
giographic characteristics of the blood flow. It
consists of the following three groups:

Group 1: In which arterial and arteriovenous le-
sions are predominant;

Group 2: In which the predominant pathology
involves small blood vessels; and

Group 3: in which venous lesions are predomi-
nant.

A classification was suggested at the 11th ISS-
VA workshop held in Rome in 1996. Such a clas-
sification is easy to use and provides an initial
distinction between haemangiomas and vascular
malformations, as well as a distinction of AVMs
in low-blood flow (capillary, venous, lymphatic,
or their combinations) and high- blood flow (ar-
teriovenous).
The majority of our cases were malforma-

tions of the lips (35%), cheeks (25%) or face
(20%), and there were no ear malformations in
contrast with the data reported by Allison and
Kennedy9, and Kohout and Hansen10, where out
of 81 arteriovenous malformations the most
common localizations were the cheek (31%)
and the ear (16%).
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Figure 3. Clinical case: angiography revealed an invol-
ment of both facial artery and vein. Figure 4. Clinical case after embolization.
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We can use a variety of maneuvers to minimize
the intraoperative bleeding: hypotensive anaesthe-
sia15, a temporary suture around the periphery of
the excision site, up to a cardiopulmonary bypass
with hypodermic circulatory arrest16.
Arterial embolisation techniques have im-

proved considerably since 1904 when Dawbarn
for the first time injected hot liquid wax in the
external carotid artery of a patient with a cranio-
facial tumor17.
In the last 10 years considerable progress has

been made both in the improvement of embolisa-
tion materials {fast-acting cyanoacrylate [N-
butyl Cyanoacrylate (NBCA)], polyvinylic alco-
hol, thrombus-inducing coils, soft emboli, small
balloons} and in a better knowledge of the anato-
my of microcirculation.
Djindjian and Merland12 were the first to use a

superselective angiography and described in de-
tail the possible complications of such a tech-
nique.
The aim of embolisation is to block the high-

flow shunt between the arterial and the venous sys-
tem. AVMs reduction or closure makes resection
and radiosurgery more accurate, safe and easy.
The potential risks associated with the applica-

tion of extra-axial embolisation include the neuro-
logical defects produced by the reflux of embolis-
ing material into intra-axial blood vessels, the re-
duction in cerebral blood flow and the possible
paralysis of cranial nerves caused by the closure
of small vascular branches of the external carotid
artery supplying the peripheral cranial nerves.

anomaly in details before surgical excision
and/or embolisation12. In instances of high-blood
flow it showed a large number of shunts. In one
case, angiography showed involvement of the
lower jaw, the hypothalamus and the optic nerve,
thus facilitating the diagnosis of the Wyburn-Ma-
son syndrome13.
In all the patients angiography (Table I) re-

vealed an involvement of both facial artery and
facial vein (Figures 3 and 4).
The treatment of arteriovenous anomalies is

difficult and the results are sometimes disap-
pointing.
In 1815 Bell14 admitted that an AVM (from the

aneurysm to the anastomosis) is obviously differ-
ent from an acquired fistula; he concluded that
the only hope for a long-term success is the total
resection of the involved tissues.
Selective embolisation of the blood vessels is

he treatment of choice for AVMs in association
with surgical resection and aesthetic soft tissue
reconstruction.
The aim of preoperative embolisation is main-

ly to reduce blood loss and facilitate the surgical
procedure; it should not be considered as a
means for reducing the extent of resection.
Surgical resection should be performed within

48 hours following embolisation, as the resulting
inflammation neutralises the haemodynamic ben-
efits and makes surgery more difficult.
AVMs remain often undiagnosed until a dra-

matic bleeding occurs following some dental
procedure7.
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However, these complications could be mini-
mized by an experienced operator18. It is essen-
tial that these procedures are going to be per-
formed in specialized competent centers.
The technique of embolisation as well as a

better understanding of the principles of blood
flow and occlusion have significantly lowered
complication rates.
Following the ligation of the vessels that sup-

ply the principal mass some microshunts appear
due to an incomplete embolisation, or to a subto-
tal resection with the possibility of recurrence of
the primary lesion which is often larger than the
previous one.
The recurrence observed in 2 instances of the

present case series was due to an initial incom-
plete and inadequate surgical resection and appli-
cation of a non-optimal embolisation.
An appropriate selection of patients and the

choice of the right surgical technique are the
main factors that contribute to a successful em-
bolisation in the overall management of extra-ax-
ial lesions of the head and neck.
The embolisation material used is commonly

made up of polyvinyl alcohol (PVA), which is
not absorbed and is available in a series of par-
ticles whose size ranges from 0.15 to 1.0 mm in
diameter.
These particles become expanded 10-15 times

in a few seconds after contact with the blood.
Our angiographic protocol is as follows: all

superselective embolisation procedures are per-
formed within 24 hours before surgery. A diag-
nostic angiography is carried out both before and
after the selective embolisation.
Access is gained through the femoral artery

and reaches the carotid artery and the vertebral
vessels; then the nearest vessel to the AVM is se-
lected.
Afterwards the blood pressure is obtained by

means of a coaxial catheter in order to identify
any possible risks of subsequent bleeding.
If an intracranial involvement is suspected, a

temporary anaesthesia with amytal sodium could
be applied at the level of the vessels affected by
the AVM; such a procedure is called “superselec-
tive Wada testing”.
This test can be performed in 5 minutes; it

evaluates some parameters (language, memory,
spatial vision, sensitivity and motor functions)
and determines the possible functional involve-
ment of certain intracranial components that
could lead to neurological disorders due to em-
bolisation or resection.

Conclusions

For the treatment of AVMs, a lot of Authors
recommend a multidisciplinary approach with in-
volvement of radiologist, surgeon, plastic sur-
geon, anesthetist and blood bank6,19,20.
The unavoidable development of neovascular-

ization, often due to vessels of intracranial origin,
leads to further difficulties. An adequate amount
of blood is required for transfusion.
The total one-stage resection of large AVMs

with high-blood flow at times may not be feasible
and therefore the patient must be informed about
the possibility of a second surgical procedure.
It is unanimously agreed that superselective an-

giography alone does not provide an effective
treatment unless it is inevitable followed by surgi-
cal resection within the subsequent 24-48 hours.
A careful clinical evaluation and a combined

management consisting of selective embolisation
followed by total resection, ideally performed
within 24 hours5,6, is highly recommended by the
Authors for the treatment of arteriovenous mal-
formations.

References

1) MCHEIK JN, RENAULD V, DUPORT G, VERGNES P, LEVARD
G. Surgical treatment of haemangioma in infants.
Br J Plast Surg 2005; 58: 1067-1072.

2) MULLIKEN JB, GLOWACKI J. HAEMANGIOMAS and
vascular malformations in infants and children:
a classification based on endothelial character-
istics. Plast Reconstr Surg 1982; 69: 412-422.

3) WATZINGER F, GOSSWEINER S, WAGNER A, RICHLING B,
MILLESI-SCHOBEL G, HOLLMANN K. Extensive facial
vascular malformations and haemangiomas: a re-
view of the literature and case reports. J Cran-
iomaxillofac Surg 1997; 25: 335-343.

4) LEON-VILLAPALOS J, WOLFE K, KANGESU L. GLUT-1: an
extra diagnostic tool to differentiate between hae-
mangiomas and vascular malformations. Br J
Plast Surg 2005; 58: 348-352.

5) JACKSON IT, CARRENO R, POTPARIC Z, HUSSAIN K. He-
mangiomas, vascular malformations, and lym-
phovenous malformations:classification and
methods of treatment. Plast Reconstr Surg 1993;
91: 1216-1230.

6) ERDMANN MW, JACKSON JE, DAVIES DM, ALLISON DJ.
Multidisciplinary approach to the management of
head and neck arteriovenous malformations. Ann
R Coll Surg Engl 1995; 77: 53-59.

7) RODESCH G, SOUPRE V, VAZQUEZ MP, ALVAREZ H, LAS-
JAUNIAS P. Arteriovenous malformations of the den-

V. Pompa, E. Brauner, L. Bresadola, S. Di Carlo, V. Valentini, G. Pompa



tal arcades. The place of endovascular therapy:
results in 12 cases are presented. J Craniomax-
illofac Surg 1998; 26: 306-313.

8) COLEMAN CC. Diagnosis and treatment of congeni-
tal arteriovenous fistulas of the head and neck.
Am J Surg1973; 126: 557-564.

9) ALLISON DJ, KENNEDY A. Peripheral arteriovenous
malformations. Br Med J 1991; 303: 1191-1194.

10) KOHOUT MP, HANSEN M, PRIBAZ JJ, MULLIKEN JB. Arte-
riovenous malformations of the head and neck:
natural history and management. Plast Reconstr
Surg 1998; 102: 643-654.

11) WU JK, BISDORFF A, GELBERT F, ENJOLRAS O, BURROWS
PE, MULLIKEN JB. Auricular arteriovenous malfor-
mation: evaluation, management, and outcome.
Plast Reconstr Surg 2005; 115: 985-995.

12) DJINDJIAN R, MERLAND JJ eds. Superselective An-
giography of the External Carotid Artery. Berlin:
Springer-Verlag, 1978: pp. 76-88.

13) WYNBURN, MASON R. Arteriovenous aneurysm of
midbrain and retina,facial nevi and mental
changes. Brain 1943; 66: 163-203

14) BELL J. The Principles of Surgery. London: Long-
man, Hurst, Rees, 1815: p. 456.

15) MUNRO IR, MARTIN RD. The management of gigan-
tic benign craniofacial tumours: the reverse facial
osteotomy. Plast Reconstr Surg 1980; 65: 777-
785.

16) MULLIKEN JB, MURRAY JE, CASTANEDA AR, KUBAN LB.
Management of a vascular malformation of the
face using total circulatory arrest. J Gynecol Ob-
stet 1978; 146: 168-173.

17) DAWBARN RHM. The starvation operation for malig-
nancy in the external carotid area. JAMA 1904;
17: 792-795.

18) RICHE MC, MERLAND JJ. Embolization of vascular
malformations.In: Mulliken JB, Young AE eds.
Vascular Birthmarks:Hemangiomas and Malfor-
mations. Philadelphia: WB Saunders, 1988: pp.
436-453.

19) APFELBERG DB, LANE B, MARX MP. Combined (team)
approach to haemangioma management: arteri-
ography with superselective embolization plus
Yag laser/sapphire ti presection. Plast Reconstr
Surg 1991; 88: 71-81.

20) JACKSON IT, JACK CR, AYCOCK B. The management of
intraosseous arteriovenous malformations in the
head and neck areas. Plast Reconstr Surg 1989;
84: 47-59.

413

Treatment of facial vascular malformations with embolisation and surgical resection


