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Background: Surgical resection after embolization is the most accepted approach to treating arteriovenous malformations. The authors analyzed the outcome of surgically treated patients and how surgical resection was influenced
by multiple embolizations.
Methods: Thirty-one patients were included from January of 2000 to December of 2012. The mean patient age was 24.9 years. Anatomical involvement,
definition of limits, functional impairment, number of embolizations, type of
resection, reconstruction method, blood transfusion, and hospital stay were
evaluated. Morbidity, mortality, and regrowth rates and need for additional
procedures were evaluated.
Results: Lesions were preferentially located at the orbits, cheeks, and lips. The
number of embolizations per patient increased with lesion complexity. In 22
cases, total excision was accomplished, and in nine, subtotal resections were
performed to favor function. After multiple embolizations, better lesion identification was observed. Primary closure was performed in 20 cases, local flaps were
performed in seven cases, axial flaps were performed in two patients, and free
flaps were performed in two cases. There were no deaths. Regrowth rates were
influenced by limits between arteriovenous malformations and surrounding tissues (15.8 percent of cases with precise limits versus 58.3 percent of lesions with
imprecise limits; p = 0.021) and by type of resection (18.2 percent of cases after
total resection versus 66.7 percent after subtotal resections; p = 0.015).
Conclusions: Multiple therapeutic embolizations seem to increase safety in the
treatment of arteriovenous vascular malformations and suggest an additional
positive effect besides bleeding control. Preoperative definition of limits and
establishment of conditions for total resection are critical to determine management and risk of regrowth. (Plast. Reconstr. Surg. 135: 543, 2015.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, IV.

A

rteriovenous malformations grow gradually
and may harm the patient unless treated.
Facial arteriovenous malformations can
even be considered life threatening secondary to
hemorrhagic problems or airway involvement.1–3
Typically, treatment involves embolization and
surgical resection.4,5 A surgical approach without embolization is frequently hazardous, and
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endovascular embolization alone usually does
not achieve lifelong control. Therefore, a multidisciplinary approach combining superselective
embolization and surgical resection is the most
accepted method, performed under a planned
and detailed strategy.6–13
When resection is planned, performing superselective presurgical embolization up to 72 hours
before is a useful tool for controlling bleeding during the procedure.5,13,14 Philosophically, it differs
from superselective therapeutic embolization performed as an individual procedure. Superselective
presurgical embolization is usually performed with
Disclosure: The authors have no financial interest
to declare in relation to the content of this article.
There were no sponsors or funding sources.

www.PRSJournal.com

543

Plastic and Reconstructive Surgery s &EBRUARY 
resorbable particles placed more proximally than
superselective therapeutic embolization. The main
objective of superselective presurgical embolization
is to reduce intraoperative bleeding. Superselective
therapeutic embolization, however, regularly uses
permanent agents, including acrylic glue (Histoacryl glue; B. Braun, Melsungen, Germany), ethanol,
ethylene vinyl alcohol dissolved in dimethyl sulfoxide with tantalum powder as a contrast (Onyx;
Covidien, Mansfield, Mass.) or metallic coils, and
is applied as distal as possible and inside the nidus,
to promote intralesional vascular obliteration.6,8,9,15
During the natural history of complex arteriovenous malformations, consecutive therapeutic embolization procedures may be necessary, to
acutely control hemorrhagic episodes or reduce
disease progression, waiting for the best moment
for surgery.1 After therapeutic embolization, tissue ischemia is expected inside the arteriovenous
malformation, promoting tissue fibrosis. It is suggested that fibrosis inside and around the lesion
may cause a better delimitation of an arteriovenous malformation, favoring a bloodless and
more efficient surgical resection, reducing the
risk of regrowth. Especially when using permanent agents such as glue or Onyx, their presence
inside the vessels also helps in defining the lesion.
The main target in treating an arteriovenous
malformation is its complete extermination. However, this is not always achievable and recurrence
may occur even after apparently radical resections. Factors related to recurrences are multiple
and are related primarily to the degree of involvement of adjacent tissues and the radicality of surgical excision. The purpose of this study was to
analyze the outcomes of a series of patients surgically treated and evaluate how surgical resection
was influenced by multiple embolizations.

PATIENTS AND METHODS
A retrospective study was conducted that
included 31 patients who underwent more than
two therapeutic embolizations before surgical

resection, between January of 2000 and July of
2012. All patients had clinical, radiologic, intraoperative, and histopathologic diagnosis of arteriovenous malformation.
The present study was approved by the Ethical
Committee of Hospital das Clinicas, University of
Sao Paulo Medical School (approval no. 521685).
For all cases, informed consent was obtained from
the patients, their parents, or their guardians.
Sixteen patients were male (51.6 percent), and
the mean age of the patients was 24.9 years, ranging from 4 to 55 years (median, 23.0 years; SD,
14.4 years). Data regarding lesion location, facial
involvement, and history of bleeding or functional
impairment were assessed. The severity of anatomical involvement was considered according to overall face/neck involvement and by the definition of
limits between arteriovenous malformations and
normal surrounding tissues. A specific grading system was created based on anatomical face/neck
involvement and definition of limits between arteriovenous malformations and normal surrounding
tissues (Table 1). Grades were defined by progressive involvement of the face and neck (I to IV).
Limits with surrounding tissues were defined as
“precise” (a) or “imprecise” (b), according to clinical evaluation and arteriography information.
Patient care was performed under a multidisciplinary approach, and the team was composed
of plastic surgeons, head and neck surgeons,
interventional radiologists, anesthesiologists,
pathologists, and psychologists. The same group
of professionals treated all patients.
Data regarding the number of therapeutic embolization and their indication (i.e., lesion progression
or bleeding control) were collected. The motivation
for surgery (i.e., functional, aesthetic, bleeding) was
also evaluated. Endovascular procedures and surgical resection followed a specific protocol.
Endovascular Procedures
Therapeutic embolization procedures were
performed percutaneously (direct puncture) or by

Table 1. Grading System Based on Anatomical Face/Neck Involvement and Definition of Limits between
Arteriovenous Malformations and Normal Surrounding Tissues
Grade
Ia
Ib
IIa
IIb
IIIa
IIIb
IVa
IVb
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Description

No. (%)

<25% anatomical unit, precise limits
<25% anatomical unit, imprecise limits
25–50% anatomical unit or <25% face/neck, precise limits
25–50% anatomical unit or <25% face/neck, imprecise limits
50–75% anatomical unit or 25–50% face/neck, precise limits
50–75% anatomical unit or 25–50% face/neck, imprecise limits
100% anatomical unit or >50% face/neck, precise limits
100% anatomical unit or >50% face/neck, imprecise limits

6 (19.3)
1 (3.2)
7 (22.6)
3 (9.7)
1 (3.2)
3 (9.7)
5 (16.1)
5 (16.1)
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endovascular approach with triaxial microcatheter
technique (by means of femoral artery) and were
directed toward the nidus. Therapeutic indications
included prevention of disease progression, volume reduction, and control of acute hemorrhagic
episodes. In therapeutic embolization procedures,
n-isobutyl-cyanoacrylate glue (Histoacryl glue; B.
Braun Laboratories, Rio de Janeiro, Brazil) was used,
in association with ethyl esters of iodized poppy oil
(Lipiodol; Guerbet Produtos Radiológicos Ltda, Rio
de Janeiro, Brazil) as a contrast medium to control
glue polymerization. The option of direct puncture
was indicated when proximal vessel occlusion was
noted, because of previous surgical arterial occlusion or unintended proximal embolization. Superselective presurgical embolizations were performed

with resorbable particles (polyvinyl alcohol) and
glue, 1 to 3 days before surgery, by femoral artery
catheterization with the purpose of reducing intraoperative blood loss.
Surgical Resection Parameters
Surgical procedures were programmed electively and performed by the same surgeon. As
a protocol, surgical resection was designed to
achieve total resection. In grade III and IV lesions,
safety measures were also performed to reduce
intraoperative blood loss and morbidity. This
included transfixing sutures around the arteriovenous malformation (Fig. 1) and surgical control
of proximal arterial trunks for temporary occlusion in case of hemorrhage.

Fig. 1. Upper lip grade IVa arteriovenous malformation with facial involvement and precise limits.
(Above, left) Frontal view. (Above, right) Photograph obtained 14 months postoperatively. (Below,
left) Transfixing sutures placed to reduce vascular flow to the arteriovenous malformation. (Below,
right) Preoperative angiography (lateral view).
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Operative reports were evaluated to obtain
information about conditions of resection,
affected structures, and information regarding
the identification of arteriovenous malformation
during dissection. Charts were also checked for
duration of procedures, type of reconstruction,
and need for perioperative blood transfusion.
Treatment Outcomes
Outcomes were investigated based on morbidity, surgical complications, and mortality rates.
Data regarding total time of hospitalization,
intensive care unit length of stay, infection, wound
dehiscence, clinical intercurrences, and need for
reoperation were collected.
Regrowth rates were compared among
patients, according to two parameters: (1) limits
between the arteriovenous malformation and surrounding tissues (i.e., precise or imprecise) and
(2) type of surgical resection (i.e., total or subtotal). Need for an additional procedure was considered as an outcome parameter, classified in two
categories: (1) surgery necessary to treat regrowth
and (2) surgery necessary to improve functional
or aesthetic aspects.
Statistical Analysis
Statistical tests were performed with IBM SPSS
Version 21.0 (IBM Corp., Armonk, N.Y.). Categorical variables were expressed as frequencies
and their percentages. For statistical analysis, the
Fisher’s exact test was used for discrete variables.
A value of p ≤ 0.05 was considered significant.

RESULTS
The majority of lesions were located at the
orbits, cheeks, and lips, but were distributed all
over the head and neck (Table 2). According to
facial involvement, seven were classified as grade
I, 10 were classified as grade II, four were classified as grade III, and 10 were classified as grade

IV. Arteriovenous malformations had precise limits in 19 cases and imprecise limits in 12 cases.
When first evaluated, 23 patients had functional impairment and 12 had a history of significant bleeding. All 31 patients complained of
aesthetic problems.
Embolization Procedures
Therapeutic embolization was performed in
all patients for control of lesion progression; in 11
patients, it was also indicated for acute bleeding
control. The mean number of embolization procedures increased with lesion complexity (Fig. 2).
Superselective presurgical embolization procedures were performed up to 72 hours before
surgery in 93.5 percent of patients. The procedure was performed between 3 days and 1 week
before surgery in only two cases.
Surgical Resection and Outcomes
Mean follow-up after surgical resection was
42.6 months (median, 48.0 months; SD, 26.72
months), varying from 22 to 120 months. Surgery was performed to solve functional problems
in 23 patients. Absence of clinical control exclusively through therapeutic embolization was an
indication in 15 cases. Bleeding control was an
indication for surgery in 10 cases. However, it was
performed during hemorrhagic episodes in only
three cases.
Mean operative time was 3.61 ± 2.64 hours,
ranging from 1 to 12 hours. In five cases (16.1 percent), hemodynamic instability indicated blood
transfusion. Of patients who required blood transfusion, two were infants and three were adults. They
received, on average, 3 units of red blood cells.
Based on operative reports, the identification of arteriovenous malformations was favored
by multiple embolizations. Reports of “fibrosis around the mass,” “clear dissection plane,”
“well-defined distinction between arteriovenous

Table 2. Distribution of Cases According to
Anatomical Location
Location

No. (%)

Orbit
Cheeks
Lip
Frontal
Nose
Chin
Ear
Scalp
Neck
Tongue

8 (25.8)
9 (29.0)
9 (29.0)
4 (12.9)
3 (9.7)
5 (16.1)
3 (9.7)
2 (6.4)
2 (6.4)
2 (6.4)

546

Fig. 2. Number of therapeutic embolization procedures and arteriovenous malformation complexity based on a grading system.
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malformations and other structures,” and “characteristics of pseudo capsule” were the descriptions for these findings (Figs. 3 through 5).
Total resection was achieved in 22 cases (71.0
percent). Subtotal or partial resections [nine
cases (29.0 percent)] were performed basically to
keep organ function, such as maintenance of the
eye globe or facial nerve preservation.
Reconstruction was based on lesion dimensions and complexity of involved structures.

Primary closure was chosen whenever possible
and was performed in 20 cases. Refinements were
delayed for secondary procedures. In seven cases,
local flaps were used. Axial flaps were performed
in two cases (a pectoralis musculocutaneous flap
for a grade IVa lesion and a temporalis fascial flap
with skin graft for an ear lesion classified as grade
IIa). In two cases, free flaps were performed, both
in grade IV (a and b) lesions and using anterolateral thigh flaps (Table 3).

Fig. 3. (Above, left) Cervicofacial grade IVa arteriovenous malformation after four therapeutic
embolization procedures. (Above, right) Extensive soft-tissue dissection and median mandibulotomy were performed to access the arteriovenous malformation. (Below, left) Complete resection of arteriovenous malformation included total glossectomy. (Below, right)
Photograph obtained 14 months postoperatively.
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Fig. 4. (Above) Preoperative views of a grade IIa arteriovenous malformation after two therapeutic embolization procedures. (Below) Postoperative views after 2 months.

Postoperative intensive care unit admission
was necessary for six patients (19.3 percent), with
a mean stay of 2.17 days (one patient with grade
III and five patients with grade IV arteriovenous
malformations). Hospital stay ranged from 1 to 33
days (median, 2 days; average, 5.1 days; SD, 7.2
days). No mortality was observed in this series.
After a mean follow-up of 3.5 years, the
regrowth rate for the entire series was 32.2 percent (10 of 31 cases). When arteriovenous malformation delimitation was evaluated, there was
a significant difference between regrowth rates
(p = 0.021). Regrowth was observed in 15.8 percent of cases with precise limits versus 58.3 percent of lesions with imprecise limits (Fig. 6).
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Type of resection was also critical for regrowth
(p = 0.015). In total resection cases, the regrowth
rate was 18.2 percent, compared with a rate of 66.7
percent when subtotal resection was performed
(Fig. 7). Additional procedures were indicated in
13 patients, to treat regrowth in 10 and for other
complementary indications in three patients
(Table 4).

DISCUSSION
Arteriovenous malformations are relatively
rare if compared with other vascular anomalies.16
Every arteriovenous malformation is singular in
clinical presentation, which makes establishing a
treatment protocol particularly difficult.1,13 The
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Fig. 5. Grade IVb lesion with severe hemifacial involvement after three therapeutic embolization
procedures. (Above, left) Preoperative view. (Above, right) Postresection appearance. (Below, left)
Primary reconstruction. (Below, right) Photograph obtained 6 months postoperatively.

proposal to create a grading system was based on
the need to center the treatment plan in more
objective parameters. The use of anatomical features and arteriovenous malformation boundaries
emerged as a result of our clinical findings, given
the importance of these parameters in regrowth
rates. This system can be associated with the Schobinger system4 (which does not precisely define
anatomical involvement or limits) and therefore
helps in treatment planning and prognosis.
Management of arteriovenous malformation depends on a multidisciplinary effort, with
collaboration of surgeons and interventional
radiologists.17–21 In large and complex arteriovenous malformations, embolization alone can

only temporarily control progression.4 Expansion
over time is expected, because of the absence of
complete nidus obliteration, involvement of nonaffected areas, and recruitment of contralateral
components. These findings definitively worsen
curative perspectives. Consequently, embolization
should be planned within a strategy that will culminate with surgical resection.
Similarly, surgical resection without preoperative embolization is frequently prone to trouble,
leading to intraoperative hemorrhagic complications and unfavorable resection.13,21 This is the
reason why an exclusively surgical approach is
limited to emergencies, as in the case of uncontrolled bleeding. Furthermore, in the presence
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Table 3. Type of Reconstruction
Technique

No. (%)

Primary closure
Local flaps
Regional flaps
Microsurgical flaps

20 (64.5)
7 (22.6)
2 (6.4)
2 (6.4)

Fig. 6. Regrowth after surgical treatment according to limits
between arteriovenous malformations and normal tissues. A
significant difference in regrowth rate was observed.

Fig. 7. Regrowth after surgical treatment according to type of
resection. Significant difference of regrowth rate was observed.

of acute hemorrhage, control by an endovascular
approach is recommended, postponing definitive
surgical treatment. This is why in the present study
only three patients had surgery close to hemorrhagic episodes.
A combined approach, therefore, with embolization followed by radical surgical resection and
primary reconstruction is the most reasonable
sequence of treatment.1,4,10,13,22,23 Success of embolization requires precise endovascular technique
to produce reduction of blood flow only inside the
nidus.2,3,6,7,24 To our knowledge, the theory of supplementary benefit of multiple therapeutic embolizations on surgical resection was not published
yet. Our intraoperative findings were consistent
with this positive effect. The localized intranidal
ischemia stimulates fibrosis only inside the arteriovenous malformation, defining limits and creating
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conditions for a safer resection. With this rationale,
multiple and sequential therapeutic embolizations,
formerly considered only palliative procedures,
reach a potential to become an adjuvant tool to
simplify surgical resection. Mainly in grade III and
grade IV lesions, which correlates to the most complex cases in the Schobinger classification,4 this
approach is a safer means of treatment.
Clinical impression, however, is subjective,
and this is a limitation of the study. Despite the
experience in treating rare cases, future prospective and comparative studies will provide answers
with greater clinical evidence.
It is our belief that surgical treatment was facilitated after therapeutic embolization procedures.
However, it is still not possible to determine previously how many therapeutic embolizations will
be required for complete individualization of an
arteriovenous malformation. In more severe cases,
more than two previous therapeutic embolization
were frequently performed, and specific diagnostic tools to better visualize the consequences of
therapeutic embolization on arteriovenous malformations must be developed. The recommended
interval between procedures must allow edema
and inflammation to regress, improving individualization. It seems reasonable to have at least 3 to
6 months between therapeutic embolization sessions. Superselective presurgical embolization
with resorbable particles is still recommended for
safety of surgical resection. However, it seemed less
important once the lesion was more delimited after
multiple therapeutic embolization procedures.
Arteriovenous malformations are high-flow
malformations, and some degree of blood loss
is always expected, mainly in complex and less
delimited lesions. The low rate of blood transfusion and absence of mortality observed in the present study also reflects the safety associated with
this approach. It allowed a controlled resection,
also improving simplicity and quality in immediate reconstruction.
The use of transfixing sutures around the arteriovenous malformation worked as a tourniquet
and assisted in obtaining a bloodless resection.
The application was more efficient when arteriovenous malformations had precise limits—subtype a
in our grading system (Table 1). In this condition,
resection was performed in healthy tissue around
the lesion, ensuring total resection.
When working with arteriovenous malformations, a main concern is the risk of recurrence.
The more complex the lesion, the more unpredictable evolution can be. Regrowth usually originates from arteriovenous malformation peripheral
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Table 4. Summary of Clinical Aspects, Arteriovenous Malformation Classification, Type of Resection, Regrowth,
and Outcome
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Location
Tongue
Fronto-orbital
Ear
Orbit
Cheek
Neck
Orbit
Chin
Orbit
Cheek
Fronto-orbital
Scalp
Interorbital
Chin
Cheek
Hemifacial
Hemifacial
Fronto-orbital
Lower lip
Ear
Upper lip
Hemifacial
Mandibular/lip
Ear
Upper eyelid
Nasal
Hemifacial
Cheek
Upper lip
Lower lip/chin
Hemifacial

Type of
Grade Resection Regrowth
IIIb
IIb
IVa
Ia
IIa
IVa
Ib
Ia
Ia
Ia
IIb
IIa
IIb
IIa
Ia
IVb
IVb
IIIb
IIa
IVa
IVa
IVb
IIIb
Iva
IIa
Ia
IVb
IIa
IIIa
IIa
IVb

Total
Partial
Total
Total
Partial
Total
Partial
Total
Total
Total
Partial
Subtotal
Partial
Total
Total
Total
Subtotal
Subtotal
Total
Total
Total
Subtotal
Total
Total
Total
Total
Subtotal
Total
Total
Total
Total

No
No
Yes
Yes
No
No
Yes
No
No
No
No
Yes
No
No
No
No
Yes
Yes
No
No
No
Yes
No
No
Yes
No
Yes
No
No
Yes
No

Other Functional Problems

Need for Additional Procedures
Resection of recurrent AVM
Resection of recurrent AVM

Speech disorders (glossectomy)

Resection of recurrent AVM

Bleeding

Resection of recurrent AVM

Speech disorders, aesthetic
Bleeding, facial paralysis
Bleeding

Eyelid and nasal reconstruction
Resection of recurrent AVM
Resection of recurrent AVM

Hypertrophic scar

Scar revision

Bleeding, facial paralysis
Resection of recurrent AVM
Lip deformity after embolization Scar revision and lip reconstruction
Resection of recurrent AVM
Resection of recurrent AVM
Resection of recurrent AVM

AVM, arteriovenous malformation.

vascular remnants. Therefore, even if arteriovenous malformation is not a malignant disease, the
concept of safety margins must be used because
imprecise limits and nonradical resections potentially increase the risk of regrowth, as observed in
our study. In this context, intraoperative determination of surgical margins should be considered
and investigated as an ancillary tool.
Defining cure after surgical treatment of
arteriovenous malformations is complex, but
the mean follow-up of 3.5 years is reasonable for
the occurrence of regrowth. The total incidence
of regrowth in our study was 32.2 percent and
is comparable with other studies from different
centers.1,2,4,5,9,11,16 However, if we consider the
best conditions of precise limits and total resection, regrowth rates downgrade to 15.8 percent
and 18.2 percent, respectively. These are lower
rates compared with the average published
indexes.4,11
Conversely, the conditions of imprecise limits and incomplete resections lead to such high
regrowth rates that the current strategy of surgical treatment is questionable. Consequently, to

perform partial resection, we must have a significant reason, such as preservation of vital functions or when radical resection poses a definitive
lethal risk. Otherwise, total excision must always
be attempted.
Finally, future studies must address the impact of
this approach on the patient’s quality of life. Instruments to prospectively compare pretreatment and
posttreatment outcomes shall be instituted.

CONCLUSIONS
Multiple therapeutic embolizations performed before surgical resection seem to increase
the safety of the treatment of arteriovenous malformations, suggesting an additional positive effect
besides bleeding control. Preoperative definition
of limits between arteriovenous malformation and
normal surrounding tissues and establishment of
conditions for total resection are critical for determining management and risk of regrowth.
Dov C. Goldenberg, M.D., Ph.D.
Rua Arminda 93 cj. 121
São Paulo, Brazil 04545-100
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PATIENT CONSENT

Patients provided written consent for the use of their
images.
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