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Summary: Successful results of a multidisciplinary (interven

tional neuroradiology and plastic surgery) approach of aggres

sive preoperative embolization followed by complete en bloc 

excision of scalp arteriovenous malformations are presented in 

five cases. To cover the defect, we used adjacent tissue

expanded scalp. 
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Vascular malformations involving the scalp 
present with an "expanding" pulsatile mass, as
sociated with headaches, and local ischemic 
ulcerations that can result in various degrees of 
bleeding. On occasion, scalp arteriovenous 
malformations (AVMs) can have significant 
transbony dural supply and sometimes associ
ated dural fistulas with intracranial venous 
drainage that may produce neurologic manifes
tations. If untreated, scalp AVMs usually in
crease in size, with more flow producing venous 
distention , which in turn further reduces tissue 
perfusion ( 1). Cosmetically, these lesions can 
be unsightly because of prominent tortuous 
vessels . Bleeding can be profuse and may be
come life threatening. Treatment is difficult in 
view of the rich vascularity of the scalp and the 
potential for transbony supply to an extra cranial 
lesion from meningeal arteries (1 ) . Therefore, if 
only partially treated by whatever methods (sur
gery, embolization, etc), a high probability of 
recurrence will continue to cause problems for 
the patient. Curative treatment occurs only by 
"encompassing the entire system in a surgical 
resection" (2). In both large and small lesions in 
which the shunt is occluded with a permanent 
tissue adhesive ( 1 ), we have been able to ac
complish complete excision using a combined 

approach of aggressive preoperative emboliza
tion (both transarterial and direct percutane
ous) followed by complete excision (including 
periosteum and skin) and coverage of the de
fect by tissue-expanded adjacent scalp. 

Methods and Materials 
Using this combined approach of scalp tissue expan

sion , preoperative embolization , complete excision, and 
defect repair using the expanded tissue, we have treated 
five patients with scalp AVMs. Three patients were treated 
in this way only after numerous attempts at embolization 
and partial excisions failed to control the lesions (group 
A) . Two patients were treated by this combined approach 
from the outset (group B). One patient from each of these 
groups is presented in detail. 

Group A Patient 

This patient presented more than 1 0 years ago when 
she was 21 years old and in the third trimester of her first 
pregnancy. She noticed pulsations posterior to her left ear. 
On examination there was a soft, pulsatile , compressible 
mass in the tissues ove r the left mastoid region (Fig 1A). A 
loud bruit was easily heard. There was some reddish dis
coloration of the skin and hyperemia of the left pinna. 
Because she was pregnant, a limited left common carotid 
ang iogram was performed with appropriate shielding to 
rule out an intracranial component. This showed a left 
scalp A VM with transbony supply from the left middle 
meningeal artery a nd high flow from the posterior auricular 
a nd occipital arteries; drainage was into the transverse and 
sigmoid sinus through the bone and into superficial scalp 
ve ins. She was advised to have a cesarean-section deliv
e ry at term to avoid undue stress on the vascular malfor
mation. A healthy baby was born without difficulty . The 
AVM did not change after the delivery . Repeat angiogra
phy with se lective injections showed the bulk of supply to 
the malformation from the occipital arte ry . Additional sup
ply from the posterior a uricular, middle meningeal (trans-
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Fig 1. A, Presurgical photograph after embolization shows serpiginous mass behind the left ear. Note marks in skin indicating the site 
of entrance for the percutaneous portion of embolization (arrows). Note also area of small ulceration, which had been bleeding (curoed 
arrow). 

8, Angiogram. Selective middle meningeal artery injection to show transbony supply to scalp AVM. 
C, Plain film. Cast of glue after embolization of the middle meningeal artery . Oblique projection shows the glue passing through the 

bone toward the scalp (arrowhead). Note evidence of glue penetrating the area of the nidus (white arrows) . 
D and £, Angiograms show recruitment of supply from right middle meningeal artery (D) and right occipital artery (£). 
F, Angiogram. Frontal view of right external carotid injection shows the left scalp AVM (arrowheads) and the tissue-expanded right 

scalp (large arrows; small arrows outline outer bony skull). 

bony to scalp) (Figs 1 B and C), ascending pharyngeal , 
and dorsal cervical arteries was demonstrated. Aggressive 
embolization using particles of polyvinyl alcohol foam and 
isobutyl cyanoacrylate was performed and accomplished 
approximately 90% to 95% angiographic closure of the 
lesion. The patient did well for 6 years but returned with 
renewed pulsations, headaches, and "spreading" of the 
lesion. Subsequent angiography showed recurrence with 
recruitment of supply from the left vertebral C-1 and C-2 
branches, left superficial temporal, and opposite (right) 
occipital and middle meningeal arteries (Figs 1 D and E) . 
She was now noticing pulsation in the right occipital re 
gion, where a thrill and bruit were noted; these findings 
were cyclical, being worse about 1 week before menstru
ation. In addition, hair loss and small ulcerations with 
bleeding were occurring over the left sca lp (Fig ·lA) . Sev
eral additional embolizations with both acrylic and polyv i-

nyl alcohol foam were carried out during 4 years \ ithout 
complete control of the malformation. 

In an attempt to completely eradicate the M, a large 
tissue expander was then placed in the less-affected right 
temporal parietal scalp at least 3 em from the edge of the 
A VM; after suffic ient t im e for e pansion (2.5 months) and 
before excision aggressive preoperati e embolization of 
the malformation with liquid acr lie from both the tran ar
terial and percutaneous routes\ as performed (Fig lF-H). 
One week after em bolization complete e.xci ion of the mal
formation was then accompli hed. The e.'<panded calp 
was transposed for coverage of the entire defect. Exci ion 
included periosteum, hich v a lifted off the .bone, re e l
ing large transosseou e el , a fev occluded b acrylic 
but rna t requiring do ure \ ith bone a . De pite embo
lization, there v a m rk d bleeding requiring tran fu i n 
of 6 U of blood during th 3.5-hour rocedure. he now 
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Fig 1, cont'd. 
G, Photograph matches frontal angiogram in F. 
H, Plain fi lm shows cast of glue in vessels to the AVM and a large cast that was 

injected percutaneously into the nidus of the AVM (white arrows). 
I and J, Photographs from the side ( /) and the back ( J) several weeks after surgery 

shows early satisfactory results. 

has been followed for 2 years with no recurrence of the 
vascular malformation. She looks completely normal and 
has normal hair growth (Figs 11 and J). 

Group B Patient 

This 19-year-old man had been struck in the head by a 
surfboard just more than 1 year before treatment. At the 
time of the incident he sustained a small linear skull frac
ture in the parietal region; there was associated scalp 
fullness, which was felt to represent a hematoma. He re
mained neurologically intact throughout. There was per
sistence of parietal scalp fullness for months with the 
development of pulsation in the temporal region and a 
bruit. Computed tomographic and magnetic resonance 
examination showed prominence of the right parietal soft 
tissues with areas of flow void consistent with a diagnosis 
of high-flow arteriovenous fistula or scalp AVM. Angie
graphic examination confirmed the presence of a vascular 
malformation with high flow to the lesion through the right 
superficial temporal artery and bilateral occipital arteries . 
Direct fistulous components were present, draining into 
superficial ve ins (Fig 2A). The findings were interpreted as 
an AVM probably triggered by the trauma. However, trau
matic arteriovenous fistulization with associated angiogen
esis could not be ruled out. Treatment consisted of direct 
percutaneous puncture of the lesion and embolization with 
/'{-butyl cyanoacrylate; a significant component of the le
sion was closed, leaving a lump of glue in the scalp but 
eliminating the pulsations and bruit. The patient decided 

not to have surgery for removal of the lump at that time. 
Within 6 months there was recurrence of pulsation and 
bruit. The patient then underwent tissue expansion of the 
left parietooccipital scalp over 3 months. Repeat direct 
percutaneous embolization with !'{-butyl cyanoacrylate 
was carried out just before en bloc surgical excision of the 
vascular malformation, during which there was minimal 
blood loss (Fig 26-F) . Excellent coverage of the defect 
was obtained with the scalp flap, and the patient has done 
well (Fig 2G). 

Principles and Method of Embolization 

The principles and method of transfemoral approach 
and embolization are thoroughly covered in Volumes 2 and 
4 of Surgical f'{euroangiography (1, 3). For percutaneous 
access to scalp A VMs the procedure is performed under 
general anesthesia . The hair overlying the scalp A VM is 
shaved, and this area is prepared and draped as part of the 
usual preparation for femoral puncture. Superselective an
giographic mapping of the lesion is performed via the 
transfemoral approach. An appropriate area of the malfor
mation is then chosen (feeding pedicle , nidus, or venous 
outflow) and punctured directly using an 18- to 20-gauge 
angiocatheter. A syringe and connecting tubing filled with 
contrast material are attached to the catheter and secured 
in position. Backflow of blood and small injections of con
trast material are used to confirm the position of the cath
eter. An angiogram during hand injection is then per
formed to document the component of the A VM accessed, 
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to rule out supply to normal scalp, to rule out dangerous 
anastomoses, and to define venous outflow. Venous out
flow then can be blocked using manual compression, al
lowing for better penetration of the nidus, better filling of 
fistulous components, and less risk of escape of embolic 
material to the venous circulation. Embolization is carried 
out using N-butyl cyanoacrylate. 

The route of embolization (transarterial versus percuta
neous) is chosen based on the angiographic architecture 

COMBINED ROLE 1243 

c 

Fig 2. A, Angiogram shows right parietal scalp AVM with su
perficial temporal arterial feeders (black) and superficial venous 
drainage (white). 

B, Angiogram. Frontal view shows percutaneous catheter 
(arrow) and injection of an arterial feeder (curved open arrow) 
close to the nidus (arrowheads). Note large superficial draining vein 
(curved closed arrow). 

C, Angiogram during the initial stages of percutaneous injection 
of glue while venous compression is applied (arrows). 

D, Plain film shows end result of multiple percutaneous injec 
tions of glue. An excellent cast of the AVM nidus and venous outflow 
is noted. 

E, Angiogram after embolization for comparison with A. 
F, Angiogram. Frontal view shows normal occipital arterial sup

ply to the tissue-expanded left scalp (arrowheads). Note also the 
cast of glue in the right-sided AVM (arrow). 

G, Photograph from the side several weeks after surgery shows 
early satisfactory results. 

of the malformation . In all cases a selective transarterial 
angiogram is performed before embolization to map the 
lesion. If there are arterial pedicles accessible to supers
elective catheterization that will allow sparing of the nor
mal surrounding scalp supply and good penetration of the 
nidus, these are embolized transarterially . When transbony 
meningeal supply is identified, it is embolized through a 
transarterial approach . Arterial pedicles that are not 
readily accessed transarterially , the nidus, and veins are 
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Five patients with AVMs of the scalp treated with combined approach of embolization and tissue expanders 

Group A (Multiple Previous Embolization Attempts) 
Group B (Combined Approach 

from the Outset) 

Patient 1 Patient 2 

Age at presentation/ Sex 17 / F 18/ F 
Presentation During pregnancy During pregnancy 

noticed pulsations noticed discolored 
posterior to left ear left ear after local 

trauma 

Angiographic Scalp and transbony Scalp and transbony 
architecture m eningeal supply meningeal supply 

Treatment before 3 embolizations in 4 embolizations, 1 
combined approach 10 years skin graft in 3 

years 

Outcome and follow-up Excellent at 2 years, Excellent at 6.5 
no AVM years, no AVM 

recurrence recurrence 

then approached and embolized by a direct percutaneous 
route. 

Principles and Method of Scalp Tissue Expansion and 

Surgery of Scalp A VMs 

Reconstruction after removal of a scalp AVM requires 
considerable planning. The usual options are limited. Lo
cal transposition of tissue rarely provides sufficient cover
age. Free-flap reconstruction requires anastomoses to 
nearby vessels , which may be compromised or enlarged 
by the malformation . In addition , hairless reconstruction is 
esthetically inferior. Tissue expansion has become 
routine for nonvascular scalp lesions (ie , large nevi); the 
technique has required only moderate adjustment for 
scalp vascular lesions. Certain specific principles should 
be noted regarding expanders in scalp AVMs. The 
method of maximizing gain from rectangular expanders 
has been presented previously (4) . Because a scalp 
AVM often has perforating transbony vessels , placement 
of the expander must avoid any of these . The edge of 
the expander must be at least 2 em from the A VM. All 
incisions for the expander placement are perpendicular 
to the expansion and nowhere near the AVM. Ports are 
always externalized to allow bloody fluid egress after 
surgery. This sanguinous drainage tends to continue for 
a few days because even the noninvolved scalp to be 
expanded is thicker and hypervascular. Embolization by 
either transarterial or percutaneous routes must leave 
the main vessel to the expanded tissue alone. This is 
necessary for scalp flap survival. 

Patient 3 Patient 4 Patient 5 

19/ F 20/M 21 /M 
Bleeding from scalp, Persisting scalp Bruit and hair loss 

H/ A 's, difficulty mass and 
swallowing, ataxia , bruit after 

sleep ap nea, minor local 

exophthalmos trauma 

Scalp and transbony Scalp only Scalp and transbony 

meningeal multiple meningeal supply 

dural fistulas 
R external carotid artery 1 embolization None 

ligation (subsequent (initially 

reanastomosis) 6 refused tissue 

embolizations expansion and 
surgery) 

Immediate improvement Excellent at 1 Developed scalp abscess 

in exophthalmos and year, no AVM in late postoperative 
ataxia, residual dural recurrence period, no AVM 

fistulas recurrence at 1 year 

Results 

A summary of the five cases is provided in the 
Table. Several features of scalp AVMs are ap
parent: young age at presentation, inciting fac
tor (ie, pregnancy or minor trauma), and the 
presence of transbony meningeal supply (four 
of five cases). Embolization alone results in only 
partial treatment, requiring repeat treatments 
during the ensuing years (group A). However, 
the combined approach has led to elimina
tion of the A VMs in four of five cases, the fifth 
case having a large dural component, which 
remains . 

Discussion 

The first requirement of any treatment plan is 
to understand and define what is being treated. 
Regarding scalp vascular lesions, a classifica
tion similar to cerebral vascular lesions may be 
applied ( 1, 3). The important distinction is be
tween a single-hole arteriovenous fistula (usu
ally traumatic) and more complex lesions 
(thought to be congenital). These more com
plex lesions are characterized by a network of 
abnormal channels (nidus) between the arterial 
feeder(s) and the draining vein(s) (ie, an AVM). 
They also may have components with no inter
vening nidus (ie, fistulas). The lesions with 
which we are dealing in this report are of the 
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complex congenital type. A single-hole arterio
venous fistula indeed may present in a similar 
way, with the fistula being "hidden" in the en
larged, tortuous venous network that develops. 
However, treatment of these lesions is usually 
more straightforward, whereby identification 
and elimination of the hole leads to cure. On the 
other hand, treatment of congenital scalp AVMs 
is much more difficult. 

Various types of treatments for congenital 
scalp A VMs have been used, including surgical 
excision, vessel ligation, embolization, radia
tion, electrocoagulation, sclerosis, and com
pression, with the goal being complete obliter
ation (5, 6). However, surgery is made difficult 
by the extensive complex vascularity of these 
lesions and the scalp itself (7). Excessive bleed
ing at the time of surgery leads to partial resec
tions. Proximal arterial ligations are certainly 
ineffective, making the situation even more 
troublesome by encouraging intracranial collat
erals and ischemic changes and preventing ac
cess for safe embolization, and are therefore 
contraindicated (8). Embolization alone can be 
effective in controlling some of the aspects of 
scalp AVMs such as size, bleeding, pulsations, 
noise, and unsightly tortuous superficial veins. 
However, obliteration of these lesions by embo
lization alone is difficult (9). Radiation, elec
trocoagulation, sclerosis, and compression 
techniques are unreliable ( 5, 1 0). Definitive 
treatment requires controlled en bloc excision, 
in which the entire malformation is encom
passed by the resection (8, 9). Controlled exci
sion implies manageable intraopertive bleeding; 
this can be attained by aggressive preoperative 
embolization. En bloc excision includes not only 
wide margins but also full depth to include both 
periosteum and skin. A large defect remains 
and will require coverage. 

Embolization has been most effective if liquid 
agents can be used, because they will prevent 
recanalization and permit good nidus penetra
tion. We combine transarterial embolization of 
meningeal transbony supply with percutaneous 
nidus injections. It is important to plan the loca
tion of the tissue expanders and the emboliza
tion. Occlusion of the vessels supplying the ex
panded scalp should be 'avoided, even if 
partially supplying the AVM, because this will be 
the supply to the donor scalp. The timing of 
embolization should be shortly before the en 
bloc excision and therefore after the expander 
has matured. 
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Many techniques have been used to cover 
scalp defects; some of these include skin and 
galeal-pericranial flaps, compound musculocu
taneous flaps, and free-tissue transfer ( 11 , 12). 
However, disadvantages of these methods in
clude insufficient locally available tissue, donor 
site deformity , and unmatched coverage with 
tissue of different color, thickness, and hair 
growth (13). Free-tissue transfer requires nor
mal vessels for anastomosis. These difficulties 
are addressed by the use of tissue expansion, 
which has become a widely used plastic surgery 
technique. Neuman (14) described "the expan
sion of an area of skin by progressive distention 
of a subcutaneous balloon" in 1957. Since then, 
tissue expansion has been used in the scalp 
(15), head and neck (13) , face (16), abdomen, 
and extremity ( 17) for coverage of various de
fects related to tumors, trauma, and congenital 
lesions. 

The group A cases illustrate the locally ag
gressive and persistent nature of these lesions. 
Partial embolization treatment provides tempo
rary relief of symptoms related to pulsations 
and bruit and some improvement in the cos
metic appearance. However, symptoms usually 
recur after recruitment of new feeding vessels 
even many years later. The most critical point 
regarding partial embolization is the need for 
distal penetration of the nidus and closure of 
shunts and fistulas, which is best accomplished 
using liquid acrylics by transarterial and percu
taneous injection. Proximal occlusive treatment 
(ie , coils) should be avoided, because it will 
likely be ineffective and probably deleterious. 
Hurwitz and Kerber (8) point out that proximal 
occlusion encourages collateral blood flow by 
further reducing the already low venous resis 
tance of the arteriovenous shunt and also by 
rendering the surrounding tissues relatively 
ischemic. Proximal occlusion of vessels by coils 
or other means also will preclude repeated dis
tal embolizations, which, as in the group A 
cases, can be used during the course of many 
years to provide palliation of these lesions. 

An important concept when considering par
tial treatment for scalp A VM either surgically or 
by distal embolization is the possibility of actu
ally stimulating further growth and aggressive
ness. The inciting factors for this are unknown , 
but it is well recognized that mechanical 
trauma, endocrine stimulation, and inflamma
tion can turn a quiescent lesion into one that is 
more active (1, 1 0) . Note the five cases re-
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viewed here, two presented during pregnancy 
and one presented after minor local trauma. 
J . J. Merland ( 18) recommends treating scalp 
AVMs with some caution, "such that we do not 
create a dramatic situation out of one that did 
not previously exist. If the AVM is quiescent, it 
must be left untouched, and it is better to teach 
the patients to take care of the territory of their 
AVM particularly to prevent aggressive situa
tions (trauma) ." 

Once treatment is decided on for a sympto
matic scalp AVM (pulsation, bruit, bleeding, 
and aesthetics), the approach should be in a 
multidisciplinary mode, with complete removal 
from the outset (ie, group B cases). Very exten
sive vascular malformations can be cured with 
an excellent cosmetic result by a combination 
of embolization and plastic surgery. Heilman et 
al (7) were able to eliminate a scalp "cirsoid" 
aneurysm by a combination of transarterial 
(particles and coils) embolization, and percuta
neous (coils) embolization followed by surgical 
removal of the occluded lesion through a small 
elliptical coronal incision, which was closed pri
marily (note that this lesion was an arterio
venous fistula, not an AVM as in our cases). 
Hurwitz and Kerber reported two cases of scalp 
AVM treated by a combination of embolization 
(polyvinyl alcohol foam particles) and wide ex
cision requiring coverage by a latissimus dorsus 
myocutaneous free flap in one case and by a 
permanently pedicled flap based on the con
tralateral neck in the other case (8). 

Conclusion 

Our approach requires careful planning, 
which includes magnetic resonance imaging, 
full angiographic mapping, and placement of a 
tissue expander that will permit coverage of the 
excised tissue defect. These initials steps are 
followed by aggressive transarterial emboliza
tion of the transbony supply and accessible 
scalp arterial pedicles with acrylic material, and 
direct percutaneous embolization of the super
ficial component that best reaches the nidus, 
sparing the scalp blood vessels. Embolization is 
performed shortly before en bloc resection and 
coverage. 
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The complication of retained embolic mate
rial and scalp abscess has occurred in one case. 
There has been no evidence of recurrence with 
follow-up ranging from 1 to 6 years. The aes
thetic results have been most satisfactory in 
each case. 
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