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Introduction: Vascular anomalies comprise a diverse group of ab- 

normalities in blood vessel morphogenesis that usually occur pre- 

natally. Arterio-venous malformations (AVMs) are rare congenital 

vascular lesions accounting for 1.5% of all vascular anomalies, with 

50% of them occur in the oral and maxillo-facial regions. Treat- 

ment of large, complex vascular lesions is a serious challenge for 

patients and surgeons because it can cause disfigurement and mas- 

sive haemorrhage, which may be spontaneous or the result of sur- 

gical intervention. Our study aimed to demonstrate surgical man- 

agement of massive AVMs of the head and neck. 

Method: This retrospective study shows the treatment outcomes 

of 28 patients with massive maxillo-facial vascular malformations, 

who presented to our department for treatment from 1 January 

2015 to 31 July 2022. 

Results: Twenty-eight patients with a mean age of 17.32 ± 12.21 

years (women: 15, men: 13) were enrolled in the study. Diagnosis 

included extra cranial AVMs of the head and neck region. Treat- 

ment modalities, in isolation or combination, included angioem- 

bolisation procedure, sclerotherapy, and surgery. 

Conclusion: Management of AVMs is challenging owing to the re- 

placement of normal tissue by the diseased ones and the high rate 
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of recurrence. Hence, multi-modal approaches are needed for the 

effective restoration of tissues. 

© 2024 Published by Elsevier Ltd on behalf of British Association 

of Plastic, Reconstructive and Aesthetic Surgeons. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Vascular anomalies constitute some of the most difficult diagnostic and therapeutic problems en-

ountered in medicine. Their clinical presentation is diverse, ranging from asymptomatic birthmarks

o life-threatening haemorrhages. 1 The international society for the study of vascular anomalies cat-

gorises vascular malformations into high-flow and low-flow lesions. 2 This classification is useful in

he correct diagnosis of the lesion and definitive management of the patient. Approximately 60% of

alformations in children occur in the maxillo-facial region. 3 In the head and neck region, these mal-

ormations pose a functional threat and cause significant cosmetic disfigurement as well. 

Arterio-venous malformations (AVMs) represent 1.5% of all vascular malformations, among which

0% are intracranial AVMs. 4 , 5 The complexity of AVM management increases when they are present in

he head and neck region. Multiple treatment modalities have been postulated. These range from em-

olisation and sclerotherapy to surgery. Several authors have suggested a combination of embolisation

ollowed by surgery. 6 

Multiple or large AVMs of the head and neck are associated with serious complications during

heir evolution, from recurrent bleeding, ulceration and infection. 2 Multiple emergency admissions

ay be required, which poses a burden on the health care system and the patient. Early diagnosis

nd treatment will aid in curtailing these issues. 

This study was conducted in our department, and outlines the surgical management and presents

he outcomes of patients with large AVMs of the maxillo-facial region. 

atients and methods 

This study was approved by the Ethics Committee (IRB#0182-22). 

This retrospective study was conducted on 28 patients who presented to our department from 1

anuary 2015 to 31 July 2022. Data were obtained from the medical records and all patients who met

he inclusion criteria were included in the study. 

nclusion criteria 

All patients with extracranial high-flow vascular malformations of the head and neck region, in-

olving one or more than one facial subunit and or more than one-third area of the scalp. 

xclusion criteria 

Vascular malformations in other parts of the body 

Low-flow malformations of the head and neck 

Vascular tumours such as haemangioma 

Patient’s demographics, gender and age at presentation were recorded and data is shown in

able 1 . Other recorded information included area involved by the malformation, status of embolisa-

ion, treatment given, mode of reconstruction, postoperative complications, last follow-up, recurrence

nd the need for surgical revisions. 

Radiological evaluation was carried out using either contrast-enhanced MRI or CT angiography.

hese cases were discussed with the interventional radiology team for assessing the possibility of
60
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Table 1 

Patient demographics and treatment. 

Patient 0-10 years 11-20 years 21-30 years 31 years and above 

No of patients (n) 10 7 8 3 

Previous embolisation (other institutions) 2 - 1 - 

Embolisation - 3 2 1 

Complete excision 6 5 8 3 

Partial excision 4 2 - - 

Reconstructive modality 

Local flap 3 - 1 - 

Free flap 7 7 7 3 

Mean Follow-up period (months) 12.2 18.8 33.4 7.8 

Secondary procedures 1 1 5 - 

Recurrence 2 2 1 - 
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arrying out angioembolisation, which is usually performed 24 h prior to surgical debulking. Three

atients in this study group were previously embolised in different centres, prior to presenting to our

epartment. No records of their previous treatments were available. 

The protocol for debulking was to mark the feeders using a pencil Doppler before draping the pa-

ient. Local adrenaline solution at a concentration of 1:40 0,0 0 0 was infiltrated in the operative field.

ll patients underwent controlled hypotensive anaesthesia to decrease the burden of blood loss dur-

ng the resection phase. Control of the major feeding vessels was attained prior to excision. Surgical

xcision was performed with the help of vessel sealing devices (LigaSure or cautery). 

esults 

A total of 28 patients were included in the study, and 13 (46.4%) were men and 15 (53.6%) were

omen. The mean age was 17.32 ± 12.21 years. The most frequently involved area was the cheek.

wo of the patients had bone involvement as well (the maxilla and the mandible). 

Cosmetic disfigurement was the primary concern of all patients. Along with disfigurement, some

atients also experienced functional abnormalities such as visual obstruction, drooling of saliva, occa-

ional bleeding from the lesion and difficulty in mastication, articulation and ulceration. 

Radiological imaging was performed for all patients. In 4 (14.3%) patients CT angiography was the

ole investigation. Most patients (85.7%) underwent an MRI, followed by CT angiography to assess

or preoperative embolisation. Most patients (75.0%) underwent a single session of debulking, 17.9%

nderwent 2 sessions and 7.1% underwent 3 sessions. 

Six (21.4%) patients underwent angioembolisation of the AVM prior to surgical debulking. After

4 h, the patients underwent surgery. Polyvinyl alcohol was used for embolisation in our centre. No

ecord was available for patients who underwent embolisation outside of our facility. 

Reconstruction was planned in accordance with the defects ( Figs. 1-4 ). In 85.7% of the patients,

econstruction was done using free flaps and local flap coverage was performed in 14.3% of patients.

n our department, radial forearm flaps were used in 18 patients (62.3%), anterolateral thigh flaps in

 patients (17.9%) and vascularised fibula in 1 patient (3.6%). Seven (25%) patients needed secondary

rocedures for aesthetic improvement, which included flap debulking, lateral canthopexy, oral com-

isuroplasty and tissue expansion for restoration of scalp hair. One patient (3.6%) requested for dental

mplants in the upper alveolus post-resection of her involved maxilla. She was a young patient and

ollowed up after 4 years of primary debulking. She had undergone subtotal maxillectomy and recon-

truction with a de-epithelised anterolateral thigh flap. Her upper alveolus was reconstructed using a

ascularised fibular graft. The patient recovered uneventfully and is scheduled for dental implants. 

Complications ranged from remnant scarring (38.6%), mild bleeding not requiring active surgical

ttention (29.7%), hematoma formation (20.1%) and suture line dehiscence (11.6%). No flap failure was

bserved in any of the patients and these complications were dealt on an outdoor basis. Follow-up

anged from 6 months to 4 years. In all patients the minimum follow-up time was 6 months. During

his time, 1 patient developed recurrence. Recurrence was observed more frequently in the younger
61
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Figure 1. A: A 54-year-old patient with AV malformation over the left forehead, extending to the scalp; the lesion is ulcerative 

in nature. B: Post-resection image of the lesion and coverage with an anterolateral thigh flap, early postoperative period. C: The 

flap healed at the 9-month follow-up. 
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ge group and in those who did not undergo complete excision of the malformation. Four patients

eveloped recurrence after the initial 6-month period. 

iscussion 

Large AVMs of the maxillo-facial region are disfiguring owing to their location and nature. They

ause significant morbidity and mortality in children and adults. 6 Most AVMs (90%) occur intra-

ranially. In a series by Visser et al., extra cranial AVMs were present in only 4.7% of the 1131 pa-

ients with vascular anomalies who were referred to the centre of vascular anomalies over a 14-year

eriod. 7 These lesions are diagnostically and surgically challenging. Most cases have delayed presenta-

ion due to misdiagnosis or lack of available treatment. Furthermore, these lesions may be associated

ith several different syndromes. 

The onset of symptoms is usually before the age of 30 years, 8-10 our patients also presented in a

imilar age group. The course of vascular malformation correlates with the growth of the patient. 10

ence, as the patient grows, severity of the symptoms worsens and the treatment plan becomes more

omplex. A study by Hong et al. 11 showed that patients usually present in the age group ranging from

2 to 43 years. Although these lesions occur congenitally, they tend to grow during adolescence. 12 The

rigger for growth is still not understood completely. Hormonal changes (puberty, pregnancy and hor-

one therapy), trauma, infection or iatrogenic causes (biopsies, surgery and embolisation) are known

o be possible factors that stimulate progression. 13 However, Liu et al. 14 did not find progression in

regnant mothers with quiescent lesions. We were also unable to delineate any specific factors caus-

ng the expansion in our patients. 

There was no gender predilection with regard to AVMs. Our study had a slightly higher number of

emale patients, which could easily be considered as half the study population. A similar trend was

bserved in other studies. 12 , 13 
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Figure 2. A: A young female with a large AV malformation involving the upper eyelid, which obstructed her vision. B: An- 

giogram showing the vasculature of the lesion. C: The post-debulking defect, without the involvement of the eye ball. The 

defect was reconstructed using a radial forearm free flap. D: The patient at the 20-month follow-up after flap debulking and 

eyebrow hair transplant 
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Maxillo-facial malformations can cause profuse bleeding, visual obstruction, airway obstruction,

lceration and pain. 15 All patients who presented to us were symptomatic. There were functional

mpairments and cosmetic disfigurements in these patients. 

The diagnostic approach in our study included MRI with contrast and CT angiogram for these le-

ions. These modalities are proven to be far superior to others and can outline vascular pathology in

uch larger detail, which ultimately aids the management plan. CT angiography is essential, if preop-

rative embolisation is being considered. Most studies 10 diagnosed these lesions using colour Doppler

nd contrast-enhanced MRI, and CT was done in cases with skeletal involvement. 

The management of AVMs continues to evolve with the advent of modern technology and medica-

ions. Several treatment options ranging from sclerotherapy, angioembolisation and surgical debulking

ave been employed. 16 In our study, we discussed our cases with an interventional radiologist and

orked in liaison with their team. Twenty-four hours post-embolisation, the patients underwent sur-

ical debulking. Literature suggests waiting for at least 1 to 3 days post-embolisation 

7 , 17 , 18 before

mbarking on a surgical plan as the hypothesis suggests that longer waiting periods may result in

he expansion of the lesion. Pedreira et al. 19 showed in their review that waiting for a long duration

nabled better demarcation of the lesion and reduced oedema. They also concluded that the duration

f the interim period did not affect the recurrence rates. In our study, no recurrence was noted in pa-

ients who were 31 years and above, probably owing to the completion of excisions. Recurrence rates

ere higher in the younger age groups, in which the patients had undergone partial excisions of the

esion. Goldenberg et al. 18 reported a 15.3% recurrence rate at the 3.5 years follow-up in 31 cases of

omplete resection using a protocol specifying resection within 72 h of embolisation in most patients.

Complete resection of the malformation provides the best chance of minimising the recurrence

ate. However, areas that are technically difficult to reconstruct, such as the aesthetic units of the
63
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Figure 3. A: AVM of the upper lip. B: Radiological evidence of hyper vascularity. C: Post resection and reconstruction with local 

flap mobilization; photograph taken at the follow-up at 24 months. 
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ace, pose a challenge to the surgeon. In our study, the primary importance was given to removing the

idus and completely excising the lesion where possible. Post-embolisation, identification of feeders

as carried out using a pencil Doppler, and these were ligated prior to excision of the lesion. This

echnique provided good surgical control of the malformation and aided in controlling blood loss.

overage was provided according to the defect, and secondary procedures were carried out later to

mprove facial symmetry and contour. In their case report, Wu et al. 20 highlighted the importance
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Figure 4. A: A young male with AV malformation of the mandible and overlying mucosa. B: Resection and reconstruction with 

vascularized free fibula as shown in the Orthopantomogram. C: Follow-up at 28 months showing excellent symmetry 
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f immediate reconstruction post-resection of facial AVM. Moreover, similar studies have endorsed

mmediate reconstruction after malformation excision. 7,21–23 

Free flaps have normal vascularity and are thought to suppress the hypoxic cycle responsible for

VM growth. 24 , 25 Some studies 11 , 15 suggest that free tissue transfer with their normal physiology acts

s a “regulating flap” by suppressing residual AVM by not supporting collateral formation. Bradley

t al. suggest that coverage using a free flap is a safe option, if the microvascular anastomosis is placed

way from large pathological vessels. 26 On the contrary, some studies suggest using the feeding vessel

s a recipient vessel for free tissue transfer, Yamamoto et al. 27 reported 12 cases in which they used

he feeding vessel for anastomosis and reported no thrombus formation post-operatively. However,

e avoided using pathological vessels for anastomosis and performed all anastomosis in the neck,

xcept for one case where it was done with superficial temporal vessels. In this case, the flap was

n anterolateral thigh flap, which had a short pedicle length and was inset over the forehead region;

ence, it was feasible to anastomose with superficial temporal vessels. 

Complications in such cases are numerous and range from simple wound infections to life-

hreatening on-table bleeding. No patient in our study experienced massive per-operative bleeding or

ap failure. Wound complications were managed in the outpatient clinic. Secondary procedures were

arried out for 7 (25%) patients. These procedures did not include re-excision of the remnant malfor-

ation or recurrence. These procedures were deemed necessary to enhance the aesthetic outcome of

he patient. Another study 19 outlines the importance of secondary aesthetic procedures. 

The recurrence rate (17.9%) in our study is comparable to those of few other studies. 18 , 19 Recur-

ence was observed more frequently in the younger population in our series, which could be at-

ributed to the fact that these patients were growing and the remnant malformation grew with time.

hen compared with a similar study, the recurrence rate was dictated by the size of lesion, with

he largest dimension being more than 6 cm. No such correlation was observed in our series. Kansy

t al. 28 indicated that combination treatment (embolisation and surgery) had superior results in terms
65
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f recurrence and disease control than monotherapy. They performed a meta-analysis, which also con-

rmed the above statement and reported lower success rates in non-resectable malformations that

ere managed with palliative treatment. 

onclusion 

Management of vascular malformations has not been investigated in depth. Hence, no standard

reatment algorithm is available. With the advent of technology and interventional angioradiology, the

rognosis has improved immensely. 15 The management protocols are flexible and tailored individually

o suit each case. 

onflict of interest 

No conflict of interest. 

cknowledgements 

I would like to thank my family for supporting me, and Farhana Fatima for helping me with some

ner details of the manuscript. 

unding 

None 

tatement of consent 

Written consents were obtained from all patients for the publication of their photographs in the

rticle. 

This study was approved by the ethical review board (IRB# 0182-22) 

eferences 

1. Singal A, Bhatt S. Venolymphatic malformation of the tongue and response to sclerotherapy using sodium tetradecyl sulfate.

Journal of Cutaneous and Aesthetic Surgery . 2020;13(1):73–75 . 
2. Wassef M, Blei F, Adams D, Alomari A, Baselga E, Berenstein A, Burrows P, Frieden IJ, Garzon MC, Lopez-Gutierrez JC,

Lord DJ, Mitchel S, Powell J, Prendiville J, Vikkula MISSVA Board and Scientific Committee. Vascular anomalies clas-
sification: recommendations from the International Society for the Study of Vascular Anomalies. Pediatrics . 2015 Jul

1;136(1):e203–e214 . 

3. Mahady K, Thust S, Berkeley R, Stuart S, Barnacle A, Robertson F, Mankad K. Vascular anomalies of the head and neck in
children. Quantitative Imaging in Medicine and Surgery . 2015 Dec;5(6):886–897 . 

4. Su L, Wang D, Han Y, Wang Z, Zheng L, Fan X. Absolute ethanol embolization of infiltrating-diffuse extracranial arteriove-
nous malformations in the head and neck. European Journal of Vascular and Endovascular Surgery . 2015 Jul 1;50(1):114–121 .

5. Gemmete JJ, Pandey AS, Kasten SJ, Chaudhary N. Endovascular methods for the treatment of vascular anomalies. Neuroimag-
ing Clinics of North America . 2013 Nov 1;23(4):703–728 . 

6. Donnelly LF, Adams DM, Bisset III GS. Vascular malformations and hemangiomas: a practical approach in a multidisciplinary

clinic. American Journal of Roentgenology . 20 0 0 Mar;174(3):597–608 . 
7. Visser A, FitzJohn T, Tan ST. Surgical management of arteriovenous malformation. Journal of Plastic, Reconstructive and Aes-

thetic Surgery . 2011 Mar 1;64(3):283–291 . 
8. Cappabianca S, Del Vecchio W, Giudice A, Colella G. Vascular malformations of the tongue: MRI findings on three cases.

Dento Maxillo Facial Radiology . 2006 May;35(3):205–208 . 
9. Bhandari SP, Sadhotra LP, Bhargava P, Bath AS, Mukherjee MK, Maurya S. Management strategy for facial arteriovenous

malformations. Indian Journal of Plastic Surgery . 2008 Jul;41(2):183–189 . 

10. Fernández-Alvarez V, Suárez C, de Bree R, Nixon IJ, Mäkitie AA, Rinaldo A, Downer J, Ferlito A. Management of extracranial
arteriovenous malformations of the head and neck. Auris, Nasus, Larynx . 2020 Apr 1;47(2):181–190 . 

11. Hong JP, Choi JW, Chang H, Lee TJ. Reconstruction of the face after resection of arteriovenous malformations using antero-
lateral thigh perforator flap. Journal of Craniofacial Surgery . 2005 Sep 1;16(5):851–855 . 
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