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Abstract

Introduction:
Scalp arteriovenous �stulas (AVF) following hair transplantation are rare; few single case reports have
been described. Therapeutic options include open surgery, percutaneous and transarterial endovascular
embolization; in recent years these latter have gained favour because of their minimally invasive
approach also concerning post-treatment cutaneous appearance.

Case presentation:
A 29 y/o male after 3 months from a hair transplantation procedure began to notice a little pulsatile mass
beneath the skin of the forehead. Subsequent diagnostic imaging (CTA and angiography) showed the
presence of a scalp frontoparietal AVF with a single super�cial temporal artery (STA) feeder and a
super�cial subcutaneous veins drainage. After a few months a sudden worsening of symptoms was
reported. Endovascular treatment was performed in general anaesthesia, with right femoral arterial
access, ECA catheterization, superselective STA microcatheterization right at �stula point and
embolization with platinum detachable coils. No procedural complications occurred. Patient was
discharged on the 4th day, asymptomatic. Clinical symptoms resolved promptly after just 3–4 weeks. A
control angiogram after 6 months showed complete disappearance of the �stula.

Conclusions
Hair transplantation procedures are associated with a low risk pro�le, and scalp AVF is a very rare
complication; both endovascular interventions and open surgery are safe and effective in treating this
complication. A complete preliminary angiographic study is needed; if vascular anatomy is favourable, a
transarterial approach can be performed. Coiling occlusion compared to glue embolization avoids
cutaneous discoloration and/or subcutaneous mass among the �stulous point. In this case this
technique was proven to be safe and effective.

Introduction
Scalp AVF are de�ned as a direct connection between arterial scalp vessels (distal branches of STA) and
draining veins, often widely dilated, without juxtaposition of capillary bed[1]. Symptoms include headache,
bruit, tinnitus, and pulsatile mass. Main causes are traumatic or iatrogenic injury to the super�cial scalp
vessels, such as diving or car accidents, sharp objects penetrating wounds, TMJ arthroscopy and punch-
graft hair transplantation; this latter is exceedingly rare, limited primarily to single case reports. Treatment
options include surgical excision or ligation of feeders, endovascular transarterial and transvenous
embolization, and percutaneous injection of both glue/sclerosing agents. We present a case of scalp
frontoparietal AVF following follicular hair transplantation.
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Case Presentation
A 29 y-o man who had undergone a follicular unit extraction (FUE) transplantation procedure on Jan 20,
began after 3 weeks to notice a little pulsatile mass of his right scalp, beneath the skin. This was
continuing to enlarge over a 2–3-month period and eventually becoming symptomatic (headache) and
interfering with his sleep. CTA performed after 5 months (May 20) showed the presence of an AV �stula
with serpiginous vessels super�cial to the right parietal bone (Fig. 1a,b). Diagnostic angiography (Jul 20)
with selective catheterization of bilateral ECA and ICA con�rmed the presence of the right parietal scalp
�stula, with a single arterial feeder from a hypertrophied anterior branch of STA, pseudoaneurysmal
appearance of �stula hole, and venous drainage through a main collector towards a large frontal vein
draining bilaterally into angular and facial veins -with retrograde opaci�cation of superior ophthalmic
vein- and a second collector towards posterior auricular vein. (Fig. 2a,b,c). There were no connections
with the intracranial vasculature. Contralateral ECA angiograms were unremarkable. After collegial
discussion, endovascular therapy was chosen among surgical ligation and percutaneous embolization.
Treatment (Sep 2020) was performed in general anaesthesia. Through a 6F right femoral access a guide
catheter (Envoy DA, Codman Neurovascular, Raynham, MA, USA) was placed in proximal ECA;
superselective catheterization of STA was performed with Headway Duo 156 cm microcatheter
(Microvention-Terumo, Aliso Viejo, CA) and Synchro 10/14 guidewire (Stryker Neurovascular, Fremont,
CA). Microcatheter was advanced right before the �stula point, followed by deployment of 17 cm of coils
both bare platinum and with nylon micro�laments (Axium Prime/Micro FX, Medtronic, Minneapolis, MN)
(Fig. 3a). Control angiograms at the end of the procedure showed complete occlusion of the AVF (Fig. 3b-
c). There were no intraprocedural complications. Patient was discharged on the 4th day, completely
asymptomatic. Follow-up angiography performed 6 months later (Mar 21) demonstrated complete
occlusion of the �stula, with diameter of STA branches now similar to the contralateral (Fig. 4a-b).
Clinical symptoms resolved promptly after just 3–4 weeks, and after less than 3 months the cutaneous
appearance of the scalp was unremarkable (Fig. 5)

Discussion
The most common cosmetic operation for men is hair transplantation, with more than 735.000 estimated
hair restoration procedures performed worldwide in 2019[2]. These procedures classically involve the
resection of small patches of super�cial skin containing hair follicles that are then implanted into a
recipient site via an incision or punch insertion. Scalp AVF is an extremely rare complication and is related
to direct vascular injury due to punches, needles, and/or micro-blades. Newer methods such as follicular
unit transplantation result in far less scalp trauma and thereby a much-decreased risk of this
complication[3]. Because of the very low incidence of this complication, available literature is limited to
single case reports; A literature review has been performed in 2018 by Liounakos et al.[4], with 17 total
cases of scalp AVF after hair transplantation available from 1970 to 2018. In 10/17 cases (58,8%) �stula
was removed surgically; in 2/17 (11,7%) by transarterial embolization; in 1/17 (5,8%) with a combined
embolization + excision treatment; in 3/17 (17,6%) by percutaneous direct puncture embolization; in 1/17
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(5,8%) patient refused any treatment. In all cases diagnosis was made via angiography, with one or
multiple arterial feeders (often bilateral) originating from STA branches, and venous drainage into one or
more dilated super�cial scalp veins. All surgical and endovascular interventions have resulted in a 100%
resolution rate, with no recurrences reported. In recent years endovascular techniques -less invasive and
allowing for simultaneous diagnosis and treatment- began to gain attention and progressively to be
chosen among surgery, which can present relevant procedural di�culties because of their high �ow
shunting -which can lead to massive blood loss if the �stula is punctured during resection and an
associated large resection area necessitating reconstructive skin procedures[5]. As the �stulous point is
the primary target for embolization, both transarterial and percutaneous (directly through the scalp)
approaches can be used to deliver the embolization material required for a complete obliteration of these
lesions. If a percutaneous approach is chosen, some Authors point out the usefulness of occluding
venous out�ow (such as a small cylinder held in place with a small pressure applied circumferentially[3]),
and transfemoral ECA catheterization in order to perform control angiograms. Dalyai et al[6] in 2011
reported a transvenous retrograde femoral embolization (combined use of Onyx and coils) with proximal
balloon-protection in a scalp AVF with a serpiginous arterial supply coming from occipital artery,
precluding both transarterial and percutaneous approaches. In our case, a transarterial approach was
chosen because of limited tortuosity of the feeding vessels to the �stulous point. Coils were preferred
among liquid embolic agents -such as Onyx- because of the risk by tantalum-induced black skin
discoloration at the injection site[5].

Conclusion
The choice of transarterial approach appeared to be safe and effective in curing this very rare iatrogenic
complication, potentially avoiding the limits of direct puncture techniques and cosmetic issues caused by
surgical excision.

Abbreviations
AVF
Arteriovenous �stula
TMJ
Temporomandibular joint
FUE
Follicular unit extraction
CTA
CT angiography
ECA
External carotid artery
ICA
Internal carotid artery
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STA
Super�cial temporal artery
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Figures

Figure 1

CTA with 3D VR reconstructions showing the presence of a right hypertrophied STA with early
opaci�cation of super�cial veins. No contralateral abnormalities

Figure 2

DSA (AP, LL and magni�ed 45° RAO) con�rming the presence of an AV �stula with single feeder from a
parietal branch of STA, focal pseudoaneurysm and early injection of frontal super�cial, angular and
facial veins 

Figure 3

a: distal superselective arterial microcatheterization of �stula point and initial coil deployment b,c: control
angiograms performed after complete coil deployment showing complete occlusion of AVF

Figure 4

6 months follow-up DSA (AP and LL views) showing complete occlusion of the �stula with no residual
abnormalities
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Figure 5

a: Clinical appearance of the subcutaneous serpiginous vessels (Apr 20) b: Complete resolution after 3
months from treatment (Dec 20)
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