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Abstract Vascular malformations are congenital lesions
caused by errors in endothelial development. Mulliken’s
classification of vascular malformations subdivides lesions
into high-flow (such as arteriovenous malformations) and
low-flow lesions (such as venous and lymphatic malfor-
mations). Although they can occur virtually anywhere in
the body, the majority occur in the head and neck. The
therapeutic management of vascular malformations is
challenging even for highly experienced practitioners; they
are often complex lesions that require a specialized mul-
tidisciplinary team approach for optimal treatment. Cur-
rently, endovascular therapeutic techniques, such as
sclerotherapy, with or without adjunctive surgical resec-
tion, are among the first-line treatment options for vascular
malformations. There are a wide variety of embolosclero-
therapy agents which have been used effectively to treat
vascular malformations. This article presents a brief over-
view of the endovascular management of craniofacial
vascular malformations.
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Introduction

Vascular malformations are uncommon lesions in the head
and neck, estimated to occur in about 0.3 % of live births,
with as many as 90 % clinically recognized within the first
month of life [1, 2]. They grow commensurate with the size
of the child, often demonstrating growth acceleration dur-
ing puberty or pregnancy. Based on pathologic and
molecular genetic classification, vascular malformations
are categorized into two main groups: high-flow and low-
flow lesions [2, 3]. High-flow lesions comprise arterial
malformations, arteriovenous malformations (AVMs),
capillary AVMs, and arteriovenous fistulae. Low-flow
vascular malformations are characterized by the dominant
endothelial cell component: capillary, venous, lymphatic
or, combined (e.g., capillary—lymphatic venous malforma-
tion, lymphovenous malformation).

The management of vascular malformation patients,
some of whom are quite complex, have been repeatedly
shown to benefit from a multidisciplinary approach [4-6].
Practitioners from vascular surgery, orthopedic surgery,
plastic/reconstructive surgery, otolaryngology, ophthal-
mology, diagnostic and interventional radiology, physical
and rehabilitation medicine, hematology—oncology, psy-
chiatry, and patient advocacy all potentially play important
roles in the management of these complex patients. Head
and neck vascular malformation treatment, in particular,
often is prolonged and in most lesions staged in a stepwise
fashion by multiple practitioners.

The approaches for treating head and neck vascular
malformations are quite variable and include observation,
medical management, surgical resection, endovascular
sclerotherapy, or ablation, and often, a combination of
several approaches. Many factors play into the manage-
ment decision, most predominantly the lesion type, size,
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and anatomic location. For example, lesions that extend
into the oral cavity or airway may require airway man-
agement intervention as part of a staged treatment
approach. Most lesions involving the tongue and buccal
mucosa are generally treated with surgical resection,
although combined therapy with endovascular, laser, or
radiofrequency ablation has been reported [7, 8]. The
purpose of this review is to provide the reader a detailed
overview of endovascular management techniques for
craniofacial vascular malformations.

Venous Malformations

Venous malformations (VM) are rare congenital lesions
with an estimated incidence of 0.01 %; 40 % of these are
found in the head and neck, 40 % in the trunk, and 20 % in
the extremities [3]. VMs often reside within a broad phe-
notypic spectrum which most often includes lymphatic
malformation elements, as illustrated by venolymphatic
malformations (Fig. 1). Factors that can lead to altered
morphology include hormonal changes, trauma, and prior
surgery and/or endovascular intervention. Clinically, typi-
cal VMs are bluish to purplish superficial lesion(s) which
are compressible and characteristically expand with the
Valsalva maneuver or when manipulated into a dependent
position. VMs do not have arterial supply, and as a result,
on physical exam will not demonstrate a thrill or increase
in skin temperature. The architecture of most focal lesions
is most typically composed of low pressure inflow into a
dilated abnormal channel(s), with concomitant low pres-
sure drainage; these flow characteristics predispose to int-
ralesional thrombosis.

VM patients present with pain, which is attributed to
focal thrombosis, local inflammatory fibrosis, and associ-
ated deformities in underlying bone, muscle, or joints. In
head and neck VM, deep structure involvement can lead to
bleeding via muscosal surfaces; swelling too can be prob-
lematic in circumstances in which adjacent structures such
as the orbit, airway, or nerves are impacted [9, 10, 11e].
Bleeding and airway compromise is common with exten-
sive head and neck mucosal lesions, and the goal of therapy
is to decrease the chances of bleeding and relieve any
airway compromise. For most patients with VM, recur-
rence is more the rule than the exception, attributed to both
lumen recanalization and hypertrophy of small portions of
the lesion that remain untreated. In addition, VM lesions
will tend to quickly grow during characteristic provocative
events, such as direct trauma, and systemic hormonal
changes such as puberty, pregnancy, birth control pills, etc
[11e]. Due to the typically chronic course of most VM,
objectives of treatment center on controlling pain and
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reducing the appearance of the lesion or visible deformi-
ties; cosmesis is of particular concern to head and neck VM
patients, and the visibility of the lesion has been shown to
severely impact quality of life [12].

Sclerotherapy, injecting chemicals into the malforma-
tion with the intention of thrombosing and obliterating the
lumen, is often the first-line approach in management of
VM (Table 1) [13-15]. In most cases, sclerotherapy is
performed via direct puncture of the lesion under direct
image guidance (ultrasound or fluoroscopy). In our prac-
tices, a small (20-22G) angiocath-sheathed needle is
advanced percutaneously under ultrasound visualization.
Contrast material is then injected into the lesion to define
the anatomic boundaries, communication with adjacent
vascular structures, proximity to nerves, determine the flow
rate, and to estimate the approximate volume of the lesion
(Fig. 2). Flow rate and draining veins, if present, play
critical roles in choice and quantity of sclerotherapy agent
used for treatment. For example, when a draining vein is
visualized, determination must be made as to whether a
direct conduit into the central veins exists, in which case
the risk of non-target embolization rises [16—18]. Large or
central draining veins can be compressed manually during
sclerosant injection or via endovascular balloon catheter
deployment. In certain cases, draining veins can be em-
bolized directly, with coils or NBCA before the injection of
the sclerotherapy agent [17, 19]. These strategies will
reduce non-target embolization and help ensure that the
highest possible concentration of the sclerotherapy agent
will remain in the VM.

Sclerosant is injected using fluoroscopic or ultrasound
visualization to evaluate in real time for the presence of
extravasation into the extravascular tissues, and to monitor
for potential egress of the agent out from the lesion; both can
be caused by overfilling/overinjection. Some authors advo-
cate a 2-needle access technique to avoid overfilling whereby
a second percutaneous access is obtained into the VM and is
allowed to decompress the lesion during sclerosant injection
[14, 20]. During injection, it is critically important to eval-
uate the overlying skin for ischemic change; pallor,
blanching, or increased tightness of the overlying tissues
should signal cessation of treatment. In our practices, cold
saline compresses are used immediately following sclero-
sant injection in an effort to vasoconstrict regional tissue and
prevent sclerosant leaking into surrounding tissues.

Special precautions should be taken during sclerotherapy
of head and neck VMs. For example, when performing
sclerotherapy in the upper 1/3 of the face, the possibility of
accidental embolization of the cavernous sinus should
always be considered. Further, facial venous connections
may connect to the angular vein, which drains superiorly to
join the superior ophthalmic vein and cavernous sinus. Often
manual compression of the angular vein against the maxilla
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Fig. 1 Low-flow
(venolymphatic) malformation
during serial sclerotherapy
treatment. (a) Contrast-
enhanced axial CT of the neck
demonstrates a low attenuation
right submandibular cystic
lesion (*) which extends into the
right masticator space and
displaces the adjacent
musculature and vessels.

(b) Greyscale image of the
lesion (*) revealing fluid—fluid
levels without significant flow
on Doppler (not shown).

(c) These findings are consistent
with a lymphatic predominant
malformation component.
Fluoroscopic image from
contrast injection via single
percutaneous access into the
lesion (*) reveals an isolated
macrocystic LM; no venous
drainage or extravasation. This
lesion was sclerosed using
Doxycycline. There was
resolution of the swelling and
patient remained asymptomatic
for 12 months at which point
she redeveloped swelling.

(d) Ultrasound at that time
reveals a persistent cavity,
although much smaller than on
original presentation (X).

(e) Fluoroscopic image from
contrast injection via single
percutaneous access into the
lesion (X) reveals decreased
size of the cavity and new
communication with the
external jugular vein (arrows)
concerning for predominant
venous component.

(f) Subsequent T2-weighted
coronal MRI reveals a
complicated multicystic
appearance of the lesion (O) in
the right submandibular space
with diffuse enhancement (not
shown), which is confirmed to
be predominantly a venous
malformation on fluoroscopic
injection of contrast (g); the
communication with the
external jugular vein has
resolved. This lesion (O) was
then sclerosed using STS

to prevent upward flow to the eye, or compressing the vein  cavernous sinus. Another consideration is when sclerother-
connections around the glabella of the upper nasal area can  apy is performed in proximity to the parotid gland, particu-
effectively prevent non-target embolization into the  larly near the medial third of the gland, as damage to the
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Table 1 Common sclerotherapy agents for endovascular management of vascular malformations

Sclerotherapy ~ Primary Mechanism Concentrations Maximum dose Key advantages Key disadvantages
agent lesions
types
treated
Alcohol VM (slow Chemically injuring the Typically 95 0.5-1 mL/kg Most potent Highest reported rate of
flow), vascular endothelium or 100 % sclerosant available adverse side effects
LM, and denaturing blood solution especially for large of all agents (dose-
AVM protein, which results VM dependent acute
in an intense pulmonary
thrombosis hypertension,
vasospasm, cardiac
arrese, CNS
depression)
Sotradecol VM (slow Acts on venous 1,3 % 0.5 mg/kg Excellent safety Frequent recurrence,
flow), endothelium to profile, foam Superficial skin
varices, induce sclerosis by preparation breakdown frequently
LM interference with cell improves reported
membrane lipids. endothelial surface
contact
Polidocanol VM (slow Acts on venous 05,1,2,3% 2 mglkg Excellent safety Frequent recurrence,
flow), endothelium to profile, foam inadvertent nontarget
varices induce sclerosis by preparation embolization due to
interference with cell improves high solubility
membrane lipids. endothelial surface reported
contact, inherent
local anesthetic
properties
Doxycycline LM Unclear—may induce 5 to 20 mg/mL. 150 mg to 1G High efficacy in Very painful during
inflammatory mixed lesions, injection, reports of
reaction within the excellent safety constitutional
endothelial-lined profile, well symptoms, local
cavity resulting in tolerated, can be erythema and
deposition of fibrin effective even with swelling. Unclear
and collagen and microcystic long term risk of
eventual involution subtypes, tooth discoloration in
of cavity inexpensive children <2y
Bleomycin VM (slow Unclear—may cause 1 to 2 mg/mL No more than 1 mg/ Excellent Rare reports of
flow), damage to kg per session, effectiveness for pulmonary toxicity
LM endothelial cells via more than macrocystic
unknown 2 weeks between morphology
inflammatory sessions, and no
pathway greater than 5 to
6 mg/kg lifetime
dose
OK 432 LM Biologic product 0.01 mg/mL 0.2 mg of OK-432  Excellent Microcystic LMs
(Picibanil) created from the per single effectiveness for respond poorly or not
incubation of group injection macrocystic at all; moderate rate
A streptococcus with morphology of side effects. Rare

penicillin—
immunologic
reaction causes
inflammation
resulting in adhesion
and sclerosis of cyst

anaphylaxis in
patients with allergy
to penicillin

facial nerve and subsequent facial paralysis can occur.
Finally, for patients with VM in the tongue, floor of the
mouth, parapharyngeal area, and soft palate, the airway may
be compromised postoperatively; prolonged endotracheal
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intubation or prophylactic tracheotomy may be needed. In
our practices all craniofacial VM sclerotherapy patients
receive IV steroids prior to treatment in an effort to reduce
airway compromise and inflammation around nerves.
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Fig. 2 Low-flow (venous)
malformation sclerotherapy.

(a) Axial T2-weighted MRI
image demonstrates a
heterogeneous mass (*) along
the right submandibular soft
tissues. (b) Fluoroscopic image
taken after contrast injection of
the lesion via percutaneous
access demonstrates a large
venous malformation (*) with
prominent draining vein
(arrows) which was compressed
during sclerotherapy which was
performed with STS (not
shown)

Choice of sclerosant agent is highly practice dependent.
There have been no prospective randomized trials for scle-
rotherapy agents for VM. A lack of uniformity in endovas-
cular treatment approach, protean manifestation of the VM
lesions, and absence of a consensus clinical management
protocol all are significant barriers to performing compara-
tive effectiveness research. To date, the most common agents
used appear to be ethanol and sodium tetradecyl sulfate
(STS) foam. Other drugs used as sclerosing agents in the
treatment of VM include ethanolamine, diatrizoate acid,
quinoline, poppy oil, hypertonic glucose, tetracycline or
doxycycline, Ethibloc, urea, and OK-432 [21].

Ethanol is the most effective sclerosant agent available,
however, it is also the most toxic [5, 19, 22-24] ethanol
works by causing instant precipitation of endothelial cell
proteins and rapid thrombosis. In adults, 1 mL/kg (or
60 mL) per session should never be exceeded, and in
pediatric patients, a maximum dose of 0.5 mg/kg per ses-
sion is recommended; treatments with more than 1 mL/kg
lead to increased risk of respiratory depression, cardiac
arrhythmias, seizures, and rhabdomyolysis [18]. Injection
of less than 0.14 ml/kg body weight every 10 min obviates
the occurrence of cardio-pulmonary collapse [18]. In a
series of 60 patients with head and neck VM treated with
ethanol, 68 % experienced complete response with a 10 %
complication rate [25]. In another larger series of 158 head
and neck VM patients, 16 % of patients had a complete
response, with a much higher 27 % of these patients
experiencing a complication [8]. Finally, a series of 87
patients with craniofacial VMs treated with ethanol scle-
rotherapy, 32 % had an excellent response with a 5 %
complication rate [23].

STS foam is the sclerosant of choice in our practice, and
a safe, effective approach for endovascular management.
Mechanism of action includes damage to vascular endo-
thelium cells, promoting thrombosis, and inflammation
with subsequent fibrosis; the selectivity of action on
endothelium of the foam reduces the risk of tissue damage,

however, more treatment sessions are required on average
to achieve response rates comparable (or better) than eth-
anol sclerotherapy. STS is available in 1 and 3 % con-
centrations, and is most commonly mixed into foam for
injection either by mixing with air alone or with equal parts
of ethiodol. Although far less literature exists than for
ethanol, sclerotherapy response rates as high as 90 % have
been described in extremity VM with 3 % STS foam
sclerotherapy after a mean of four treatment sessions [26].
The total dosage is determined by the location, size, and
the patient’s age, rarely exceeding more than 15 mL per
injection. If repeat sessions are needed, then injection is
repeated at an interval of 6 to 8 weeks, and not more than
four consecutive sessions.

In patients with extensive VMs in whom a low fibrin-
ogen level is present (less than 200 mg/dL), low molecular-
weight heparin is recommended for 2 weeks pretreatment
and posttreatment. If fibrinogen drops below 100 post
procedure, patient may require cryoprecipitate. This ther-
apy reduces the consumptive coagulopathy of the extensive
VM, a phenomenon termed localized intravascular coagu-
lopathy (LIC) [19]. The presence of LIC can result in
disseminated intravascular coagulopathy (DIC) during
trauma or surgery, and is a very important consideration for
combined endovascular/surgical cases [27].

After sclerotherapy, the VM will be firm to palpation,
and patients can expect swelling to gradually increase,
peaking roughly 24 h after the procedure. In our practices,
if the lesion involves the airway, the patient may need to be
kept intubated overnight in the intensive care unit. The
affected area is kept elevated and ice packs are applied to
minimize swelling. Patients receive IV fluids at twice the
maintenance dose before, during, and after the sclerother-
apy for 24 h, and urine output is closely monitored for
hemoglobinuria. Appropriate IV and oral analgesics and
antiinflammatory agents are prescribed in the hospital and
for 1-2 weeks after discharge. Unlike extremity lesions,
which will benefit by the use of compression garments
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which limit swelling and discomfort, head and neck VMs
cannot be treated in this fashion.

Combined endovascular and surgical approaches to
craniofacial VM lesions have been shown an effective
strategy for management, particularly of challenging or
high risk lesions (lip, eyelid, parotid, oral cavity, etc.).
Preoperative sclerotherapy of facial VMs has been per-
formed, and found to be associated with less operative time
per lesion volume and less operative blood loss [28¢]. One
method includes pre-embolizing the malformation using n-
butyl cyanoacrylate (n-BCA) glue prior to same day sur-
gical resection [29¢¢]. This glue is approved by the US
Food and Drug Administration for high-flow cerebral
arterial malformations and has been used extensively to
treat intracranial and extracranial AVMs. After percuta-
neous access of the VM, n-BCA is dispersed under direct
fluoroscopic guidance into the venous channels in contact
with the vessel wall. There are two primary goals: first, the
blood in the lesion is displaced by the solidified glue
reducing intraoperative bleeding, and second, the hardened
glue presents a palpable demarcation line between the VM
and healthy tissue for precise surgical removal. In a series
of 11 patients who were treated with same day preoperative
n-BCA glue followed by surgical resection, all patients
were closed primarily and none of the patients experienced
lesion persistence or post-procedural complications [29e¢].
Other agents, such as Ethylene—vinyl alcohol copolymer
(Onyx), a liquid polymer, may also be useful for preoper-
ative embolization of VMs before resection. More con-
ventional combined strategies include sclerotherapy to
initially control the lesion, followed by surgical resection
within several days.

Lymphatic Malformations

Lymphatic malformations (LMs) are congenital lesions
derived from lymphatic tissue that results from defective
embryologic development of the primordial lymphatic
channels. The incidence of LMs is 1.2-2.8 %, approxi-
mately 50 % is present at birth and 90 % is diagnosed
before 2 years of age [30]. As a vascular malformation
subtype, they are considered low-flow vascular malforma-
tions; these lesions are further divided into microcystic
(cysts <1 cm), macrocystic (cysts >1 cm), or mixed. While
seemingly arbitrary, this distinction instead has very
important implications for treatment. LMs usually present
as diffuse soft tissue thickening and grow in proportion to
the patient; a clinical hallmark of LM is periodic swelling
that occurs, usually but not always, temporally related to a
systemic illness such as a respiratory virus (Fig. 3).
Swelling may also be due to hemorrhage or lymphatic
obstruction, the former more common in “mixed” lesions
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that contain some component of venous malformation or
communication with vascular structures. Because they can
swell rapidly and unpredictably, craniofacial LMs can be
life-threatening lesions if the airway is threatened, and
aggressive management is pursued, including tracheostomy
and staged resections for large lesions (Fig. 3). LMs that
involve the suprahyoid neck and involve the mucosa are
commonly and frequently infected primarily. Orbital
lesions can present with pain, swelling, proptosis, and other
mechanical dysfunction, sometimes suddenly. Finally, an
underlying cerebral developmental anomaly is seen in
45 % of patients with orbital involvement [20, 31-35]. In
direct contrast to VM, on physical examination the lesions
cannot be compressed as readily, and do not become dis-
tended with dependant positioning or Valsalva. When
doubt exists, pathologic evaluation and the positive stain
for D2-40 antibody will confirm the diagnosis [36].

The endovascular approach to manage LMs is well
described and often quite effective in macrocystic lesions
in particular. A staging system has been proposed [37], but
similar to VM management, is seldom used in practice.
Multiple sclerosing agents have been used effectively for
the treatment of LMs, including ethanol, sodium tetradecyl
sulfate, doxycycline, Ethibloc, OK 432, and bleomycin. As
in VM treatment, there is wide variation in treatment
protocols used and variable results obtained between
studies, such that there is no clear consensus as to when
sclerotherapy is indicated, what agents offer the most
benefit, and how these agents should be administered for
optimal results. The most common agents include ethanol,
doxycycline, and bleomycin.

The objective of LM sclerotherapy involves first
accessing the lesion percutaneously, typically with imaging
guidance. In our practices, a 20-22G angiocath-sheathed
needles are used to puncture the largest cavity under
ultrasound guidance; in large lesions an 18G sheathed
needle can be used to permit the passage of 0.038” working
guidewires or, alternatively, larger sheathed needles can be
used; both will permit subsequent drainage catheter
placement. The goal with the initial access is to aspirate as
much fluid as possible, in multiloculated lesions often
several access points are required. Once drained, contrast is
injected into the lesion under fluoroscopic visualization to
define the lesion size, relationship to other structures, and
presence of unexpected findings such as venous commu-
nication or additional cavities. Once defined, the lesion is
again emptied and the sclerosing agent, often mixed with a
small quantity of contrast, is injected again under fluoro-
scopic visualization. The injection should be stopped
immediately if abnormal change in the skin color, such as
pallor or cyanosis, occurs. In our practices, we prefer to
leave the sclerosant to dwell and do not aspirate; in large
lesions managed with drainage catheters, the sclerosant is
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Fig. 3 Lymphatic malformation in the right cervical neck. (a) T2 fat
suppressed axial MR image of the neck demonstrates a large septated
fluid-signal mass in the left cervical neck (*) causing leftward shift of
the trachea (arrow) and insinuating around the right common carotid
artery (arrowhead). (b) Fluoroscopic image taken after percutaneous
image guided pigtail drain placement into the lymphatic malformation
in the right cervical neck (*) followed by sclerotherapy using

left overnight prior to drainage. The drain can be left in
place over several days and repeated daily irrigation with
sclerosant can be performed until roughly <10 % of the
original volume remains [20].

In contrast to the larger macrocystic LM, microcystic
lesions are much more challenging to treat and respond less
definitively to sclerotherapy agents (Fig. 4). When larger
cysts are present, these are preferentially treated in hopes that
communication is present with the smaller cysts to allow for
sclerosant to distribute. Unlike macrocystic lesions, patients
with microcystic LM will often require multiple sessions to
achieve measurable result; in our practices, medical man-
agement of these lesions has enjoyed modest success with
Rapamycin in select cases [38].

Of the various available agents, the most extensively studied
and commonly used worldwide for LM sclerotherapy is OK-
432 (Picibanil), a lyophilized mixture of group A Streptococ-
cus. Originally conceived as an immunotherapeutic agent in the

Doxycycline. Note the improved rightward deviation of the airway as
evidenced by straightening of the endotracheal tube course (arrow)
and impression of the right common carotid on the contrast filled
lesion (arrowhead), similar to comparison MR. (¢) Before and
(d) after treatment photographic images of the patient’s lymphatic
malformation

treatment of gastric and lung carcinoma, it was used as an
experimental sclerosant in the treatment of an LM in 1987 [39].
The protocol for OK-432 is injection of 0.01 mg/mL dilution of
OK-432 in physiological serum for the desired volume [39, 40].
The therapeutic response of OK-432 is delayed, typically taking
about 6 weeks or more. Several reports have described the use
of OK-432 as first-line treatment for lymphangiomas. A recent
literature review found an 88 % complete response rate for
macrocystic lesions [41]. Although not currently approved for
use in the United States, a clinical trial was performed in 182
LM patients; the group reported 94 % of the patients with
macrocystic disease responded to treatment, while 0 % of the
patients with microcystic disease responded to treatment [42].
In two other series, complete response rates of 76 and 83.5 %
were reported [43, 44]. Most reported adverse side effects were
minor and consisted of fever, lethargy, and local inflammation;
however, severe complications have been reported such as
respiratory compromise requiring an emergency tracheostomy
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Fig. 4 Microcystic lymphatic malformation (¥) arising in the soft
tissues inferior to the right orbit on coronal T2 fat suppressed image
(a) and greyscale ultrasound image (b). This lesion was treated using
doxycycline with clinical resolution of the swelling

immediately after treatment of a large cervical lymphangioma
with an intrathoracic extension, cervical cellulitis 4 weeks after
therapy requiring intravenous (IV) antibiotics, and proptosis
due to intracystic hemorrhage 4 weeks after therapy of a lym-
phangioma adjacent to the left orbit [45].

Doxycycline is also a commonly used agent, and given
the more limited FDA approved agents, is preferred by
many US practitioners. As a derivative of tetracycline, it
was first explored as a sclerosant for pleurodesis of
malignant effusions with no significant side effects. The
exact mechanism by which doxycycline is as effective as a
sclerosant is unknown; the typical inflammatory reaction
and syndromic fever and redness that is typical after OK-
432 injection, does not occur. It has been speculated that
Doxycycline therapy inhibits matrix metalloproteinases
and suppresses the vascular endothelial growth factor—
induced angiogenesis and lymphangiogenesis [46].
Although protocols vary widely, when used for sclero-
therapy it is injected as a solution of 10 mg/mL (range
from 5 to 20 mg/mL), and the maximum dose can range
from 150 mg to 1G, depending on the size of the lesion. In
macrocystic LM, several series have described complete
response rates with single treatment in 90 % of cases [33,
47]. Also, unlike other agents, including OK-432, pub-
lished reports have demonstrated efficacy in microcystic
lesions, with response rates in one large series of up to
83 % [48] Doxycycline causes severe pain during injection
which lasts for several hours afterward, leading to the
common practice of general anesthesia for most patients.
Other adverse effects of Doxycycline have been described
in neonates, including hemolytic anemia, hypoglycemia,
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and metabolic acidosis, and as a result the maximum dose
per session is often limited to between 100 and 150 mg.
Finally, due to the high incidence of spontaneous infection
together with an increased risk on accessing the lesion,
prophylactic antibiotics have been recommended immedi-
ately before LM sclerotherapy [32, 33, 49].

Bleomycin is another widely used agent for lymphatic
malformation sclerotherapy, demonstrated in multiple
studies to be both safe and effective. In a retrospective
review of 70 LM patients treated with intralesional injec-
tion of bleomycin, 47 % achieved excellent response, with
recurrence in less than 10 % [50] In another series of 200
patients with LM treated with intralesional injection of
bleomycin, 87 % of patients demonstrated complete reso-
lution and recurrence rate of 13 % [51]. Dosing per
injection is 1 mL/cm? of the lesion as determined by
clinical measurement, the maximal dose for one injection is
8 mg, and the total dose should not exceed 40 mg in an
adult patient. After injection, the lesion is compressed for
5 min to prevent bleeding and effusion of the sclerosant. If
repeated treatment is required, the appropriate interval is
3-4 weeks. If no response is noted after two injections,
other treatment options should be considered rather than
repeated injections. A treatment cycle often consists of 3—5
sessions. The dosage for children should be reduced
accordingly.

High-Flow Vascular Malformations

AVMs are among the most rare of the vascular malforma-
tions, with an estimated prevalence of 0.0001 %, over half of
these involve the head and neck [52]. They tend to grow at the
same rate as the individual, but can show accelerated growth
at puberty, during pregnancy, and in some cases after trauma
or after intervention. In lesions located in areas accessible to
physical examination, they may present as a soft-tissue mass,
with or without palpable pulsation or thrill. They are typi-
cally nontender to palpation and will not demonstrate mor-
phologic changes with positioning.

AVMs commonly present in varying manifestations, and
as with the other vascular malformation types, often
depends on the anatomic location, size, and age of the
patient. Clinical and angiographic classification schemes
have been proposed, the most often cited based on nidal
morphology [53]. Clinical findings in AVM include
ischemia, pain, growth disturbances, bleeding, and rarely,
high-output cardiac failure.

Treatment of high-flow vascular malformations is diffi-
cult. With modern catheters and embolic therapies, many
of which were initially developed for the management of
intracranial AVM, endovascular embolization is often the
treatment option most likely to succeed. The principle goal
of therapy for AVMs is to obliterate the nidus, which can



Curr Otorhinolaryngol Rep (2014) 2:273-284

281

be identified angiographically as the physical site where
shunting occurs [54]. From an endovascular approach, this
requires delivering an embolic agent within the nidus; this
can be performed using a transarterial approach, direct
percutaneous puncture of the nidus, or a retrograde trans-
venous approach, all of which have been described [55—
57]. The consequences of ill-planned or improper treat-
ment, such as misidentification or incomplete obliteration
of the nidus, have been shown to stimulate the AVM lesion
into a proliferative state. Many recent series call into
question the long term efficacy of AVM treatment, both
surgical and endovascular. In a large retrospective series
looking at AVM treatment outcomes reported a high rate of
recurrence after embolization or resection, with most
recurrences occurring within the first year after interven-
tion (98 % with embolization alone, 87 % surgery with or
without embolization); it was reported that after 5 years
without recurrence, long term control was more likely [58].
Therefore, during treatment planning for AVMs it is
important to recognize that in all but the most isolated
lesions, complete cure is often not possible, and the com-
plication risks can be severe. This reality, in light of the
often young age at presentation, reinforces that the risks of
intervention and the clinical problem at hand must be
strongly considered and discussed at length with patients.

In our practices, we use general anesthesia for virtually
every AVM embolization procedure; the importance of
optimized imaging, physiologic monitoring, and overall
comfort for what often tends to be a long case more than
justify any additional risks, time, and expense. The treat-
ment approaches for AVMs vary widely, but most often
begin with careful review of contrast-enhanced cross-sec-
tional imaging, preferably MRI/MRA. During the initial
endovascular procedure, arteriograms are performed in
multiple projections to confirm anatomy, establish flow
rates, and identify the nidus (the point at which arterial
structures first opacify the venous drainage). Transarterial
embolization is performed via a coaxial 2.8 F microcath-
eter which is guided fluoroscopically immediately adjacent
to the nidus where embolization is performed (Fig. 5).
Staged targeting of the AVM is performed in sequential
fashion, such that over several treatments the entire nidus
can be obliterated.

There are a variety of embolic agents available for use,
many of which are relatively new, however, ethanol has been
most extensively studied; even in experienced hands, the use
of transarterial ethanol embolization for AVM demonstrates
high rates of complications. For example, in one of the largest
series, initial successful response rates were reported near
70 %, however, complications occurred in slightly more than
half [59] Complications are common due to the rapid shunting
characteristic of these lesions, which can result in pulmonary
vasospasm, cardiac arrhythmia, and electromechanical

Fig. 5 High-flow AVM arising in the upper lip (*). Right external
carotid arteriogram (a) demonstrates a large AVM in the superficial
soft tissues of the upper lip with a tangled nidus (*) and superficial
draining veins leading toward the ipsilateral ophthalmic vein
(arrows). (b) Repeat external carotid arteriogram after transarterial
Onyx embolotherapy with nonvisualization of the nidus and draining
vein

disassociation. Due to the poor safety profile, and the limita-
tions for weight based dosing in our pediatric populations, we
do not use ethanol in our practices for transcatheter emboli-
zation of AVM. Rather, we preferentially use n-BCA and
ethylene—vinyl alcohol (Onyx, Liquid embolic system; Micro
Therapeutics, Inc, Irvine, CA). While the literature on these
agents is principally described for intracranial lesions, many
centers have reported excellent results in peripheral and cra-
niofacial lesions [60-63]. For most craniofacial AVMs,
transcatheter Onyx embolization is an excellent agent, dem-
onstrating permanent obliteration of the nidus via a mechan-
ical obstruction rather than an inflammatory reaction as is the
case with n-BCA. Although limited to a few small series, the
efficacy is reported as high as 70 % with very few compli-
cations, on the order of 5 % or less [64—66].

Although the transarterial approach is the most widely
used during embolization of high-flow AVM lesions, there
are other approaches that have demonstrated excellent effi-
cacy. One example is the use of balloon-occluded retrograde
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transvenous embolization, which is most effective in the
cases of AVM that has a single draining vein. In the head and
deck, a limitation of this procedure is its dependence on the
venous drainage; this procedure would not be possible to
treat AVMs with multiple or complex venous drainage [67].

Conclusion

Although vascular malformations are benign lesions,
patients with craniofacial lesions often suffer from signif-
icant morbidity. The propensity of the lesions to infiltrate
surrounding structures as well as the difficulty in distin-
guishing involved vital structures of head and neck from
adjacent normal tissues makes successful surgical resection
extremely difficult; the likelihood of postsurgical recur-
rence and complications is thus higher than other vascular
lesions. Although various treatment options have their
advantages and disadvantages, endovascular management
of vascular malformations in the head and neck is safe and
effective treatment modalities and should be considered an
integral component of the management armamentarium
based on the patient’s individual status, available technol-
ogy, and expertise. Wide range embolosclerotherapy
agents have been described, but large studies comparing
therapeutic efficacy remain to be seen. We believe that all
centers treating vascular malformations should aim to
provide an individualized, comprehensive multidiscipline
approach in order to achieve the best treatment outcome.
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