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Abstract
Purpose of Review The purpose of this review is to describe up-
to-date diagnosis and management of vascular malformations.
Recent Findings Traditional treatment modalities include
surgery, sclerotherapy, and laser therapy. Landmark research
suggests that lymphatic malformations and other vascular
malformations are caused by somatic mutations such as
PIK3CA, and may be treated successfully medically.
Summary Therapy targeting the phosphatidylinositide-3-
kinase/protein kinase B/mechanistic target of rapamycin
signaling pathway (mTOR) may be helpful in treating
some vascular anomalies. Multimodal therapy such as
intralesional injection of n-butyl cyanoacrylate followed by
surgical resection may be successful in treating other lesions.
In carefully selected cases in which fetal imaging detects vas-
cular anomalies, an ex utero intrapartum treatment (EXIT)

may be beneficial. Multidisciplinary collaboration is key to
the successful management of patients with vascular
malformations.
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Introduction

Vascular malformations are a spectrum of head and neck
lesions within the broader category of vascular anomalies
which also includes vascular tumors with the most common
of those being infantile hemangioma (Table 1 [1•). Vascular
malformations occur in 4.5% of children and have an equal
gender distribution [2]. The most common vascular
malformations are venous malformations (40%), followed
by capillary malformations (32%), combined low-flow
malformations (15%), lymphatic malformations (12%), and
arteriovenous malformations (3%) [4]. Accurate diagnosis
helps guide caregiver education and treatment and depends
on clinical presentation, lesion growth rate, radiologic char-
acteristics, and pathophysiology. The optimal treatment of
patients with vascular malformations requires multidisci-
plinary collaboration among specialists in otolaryngology,
interventional radiology, hematology oncology, dermatolo-
gy, pediatrics, and plastic surgery.

Presentation

Clinical history and physical exam are the most important
components in determining the type of vascular malformation.
Imaging can also be helpful with magnetic resonance imaging
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with gadolinium as the study of choice, but the benefits must
be balanced with the risks of sedation. Biopsy is less com-
monly needed for accurate diagnosis. Accurate diagnosis de-
pends on the context of presentation and growth pattern. Was
the lesion present at birth or did it present in infancy? Did the
lesion manifest in the setting of an acute infection or trauma?
Did the lesion rapidly child and slowly stop growing or did it
grow with the child? Did the lesion change in color or have
associated ulceration or bleeding?

Vascular malformations are disorders of abnormal vascular
morphogenesis. They may fail to regress, may grow with the
child, and have normal endothelial mitotic activity [5].
Vascular malformations may have components from the cap-
illary, venous, arterial, or lymphatic systems. In contrast, be-
nign vascular tumors such as infantile hemangiomas exhibit
cellular proliferation and typically rapidly enlarge and then
slowly regress. Unlike infantile hemangiomas, vascular
malformations are not positive for GLUT-1 on immunohisto-
chemistry. Vascular malformations are further categorized into
low-flow and high-flow lesions based on blood vessel type
and radiographic appearance. Low-flow lesions are capillary,
venular, venous, or lymphatic malformations while high-flow
lesions are arteriovenous malformations or fistulae [6].

Capillary Malformations

Capillary malformations occur in 0.3% of children. These skin
lesions are often red or purple and are made up of dilated
channels of abnormal capillaries. They are present at birth.
Although a genetic cause of isolated capillary malformations
is not clear, RASA1 mutations have been linked to capillary
malformation-arteriovenous malformation [7].

Sturge-Weber syndrome (SWS) is associated with cap-
illary malformations or port wine stains in the distribution
of the ophthalmic (V1) and maxillary (V2) divisions of
the trigeminal nerve, leptomeningeal angiomatosis, and

choroid angioma. SWS is the most common syndrome
associated with capillary malformations (CMs) [8]. A so-
matic mutation in the GNAQ gene is likely the cause of
SWS [9]. Patients with signs of SWS should undergo
MRI of the brain and consultation with ophthalmology
and neurology as they may present with seizures, mental
retardation, and glaucoma [8].

While surgery is reserved for lesions that are more ad-
vanced, flash pulse dye laser (FPDL) and potassium-titanyl-
phosphate (KTP) lasers are typically used to treat flat capillary
malformations [8].

Venous Malformations

Venous malformations are the most common vascular malfor-
mation and are generally present at birth and grow proportion-
ally with the child. Deep lesions may not be diagnosed until
rapid expansion due to triggers such as infection, trauma, or
hormonal changes of puberty and pregnancy. Lesions overly-
ing the skin or mucosa often appear blue or purple. Vascular
malformations (VMs) are compressible and can develop ten-
der phleboliths. These lesions can fluctuate in size with blood
pressure changes, dependent positioning, or with a Valsalva
maneuver.

Plain X-rays can be useful to diagnose phleboliths. MRI
with gadolinium is the imaging study of choice. Abnormal
venous morphogenesis creates a low-flow venous malforma-
tion system that can lead to thrombosis or local intravascular
coagulopathy (LIC).

VMs are more commonly sporadic and unifocal. They are
also associated with autosomal dominant genetic anomalies
such as glomuvenous malformations (GVM) and multiple cu-
taneous and mucosal venous malformations (VMCM) GVM
is associated with loss-of-function mutations in glomulin
while VMCM is associated with mutations in the receptor
tyrosine kinase TIE2 (or TEK) [10]. Blue rubber bleb nevus
syndrome (BRBNS) or “Bean syndrome” is associated with
rubbery, compressible mucocutaneous blue blebs as well as
visceral and gastrointestinal tract VMs. BRBNS or “Bean
syndrome” is associated with a somatic mutation in the TEK
gene [11]. VMs are also seen in Klippel-Trenaunay syndrome
(KTS). KTS consists of a combination of multiple lymphatic,
venous, and capillary malformations as well as soft tissue or
skeletal hypertrophy of the affected site [12]. The categories of
venous malformations are summarized with causal genes in
Table 2.

Patients withmultiple venousmalformations, large-volume
(> 10cm2) VMs, phleboliths, or KTS need an extensive pre-
operative work-up as they can develop severe coagulopathies
[13]. Testing for LIC with pro-thrombin time, activated partial
thromboplastin time, fibrinogen levels, D-dimer, and com-
plete blood count should be performed in patients with these

Table 1 Modified International Society for the Study of Vascular
Anomalies (ISSVA) classification system [1•], [2], [3]

Vascular malformations Vascular tumors

Simple Benign

Capillary (CM) Locally aggressive/borderline

Venous (VM) Malignant

Lymphatic malformations (LM)

Arteriovenous malformations (AVM)

Arteriovenous fistulae (AVF)

Combined

Of named vessels

Associated with other anomalies
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risk factors. Elevated D-dimer levels are highly specific for
LIC [14, 15].

Multiple modalities are used to treat venous malformations
(Table 3). Small, asymptomatic VMs can be observed while
superficial, well-circumscribed, symptomatic lesions can be
treated surgically or with Nd:YAG laser therapy [10]. A com-
bination of glue (n-butyl cyanoacrylate) embolization imme-
diately followed by surgical resection has shown promising
results in appropriately selected cases [16]. More extensive
lesions can be reduced with sclerotherapy using agents such
as ethanol, bleomycin, doxycycline, and picinabil (OK-432)
or a combined approach with sclerotherapy and surgery.
Patients with VMs and elevated D-dimers (≥ 5 times normal
levels) may benefit from low-dose aspirin or low molecular
weight heparin (LMWH) to prevent further formation of
phleboliths [15]. Systemic treatment options such as
rapamycin are currently under investigation.

Lymphatic Malformations

Lymphatic malformations are an abnormal collection of low-
flow lymphatic channels occurring in 1 out of 500 to 4000 live
births. Microcystic components and the presence of mucosal
disease are associated with worse prognosis. Lymphatic
malformations (LMs) can be associated with syndromes
such as Noonan’s and Klippel-Trenaunay [3, 17]. MRI is
often useful to evaluate the extent of the lesion and to dis-
tinguish between LMs and VMs with VMs demonstrating
hyperintensity on T2 sequences or greater enhancement
with gadolinium than LMs.

Lesions are classified as microcystic if they are less than
2 cm in diameter, macrocystic if they are greater than 2 cm in
diameter, or mixed if components of both exist [3]. The de
Serres proposal for staging lymphatic malformations divides
LMs into 5 stages to help determine prognosis and response to
treatment: stage 1, lesions that are unilateral infrahyoid; stage
2, unilateral suprahyoid; stage 3, unilateral suprahyoid and
infrahyoid; stage 4, bilateral suprahyoid; and stage 5, bilateral
suprahyoid and infrahyoid [18•].

In addition to improving symptoms such as pain and swell-
ing, treatment objectives include restoring or maintaining
functional and aesthetic appearance. Conservative therapy in-
cludes treating superimposed infections with antibiotics and
steroids, therapies to address lymphatic blebs which may be
associated with intermittent bleeding and decreased quality of
life, and optimizing function including breathing and
swallowing. Sclerotherapy has been used to treat macrocystic
LMs with small risks of cranial nerve injury, skin necrosis,
skin discoloration, chronic pain, and edema as well as agent-
specific complications. Doxycycline can cause electrolyte ab-
normalities and discolored teeth in young patients. OK-432 is
a sclerosant mixture of group A Streptococcus pyogenes and
benzylpenicillin, which is currently not FDA approved in the
USA. It has the potential for shock-like symptoms in those
with penicillin allergies. Bleomycin use can cause pulmonary
fibrosis and interstitial pneumonia and it has dose limitations.
The use of absolute ethanol is falling out of favor as it can
cause respiratory depression, arrhythmias, seizures, and rhab-
domyolysis [17].

Treatment with sirolimus to block the PIK3CA pathway
has emerged as a promising medical therapy especially for

Table 3 Venous malformation
treatment options Medical management (systemic) Sirolimus (rapamycin), aspirin, heparin (perioperatively),

or other anticoagulation therapy

Compression therapy, lifestyle management

Laser therapy A variety of laser modalities (PDL, CO2, KTP, Nd:YAG)
to treat both superficial and deep malformations

Surgical excision

Intravascular injection/percutaneous injection Sclerotherapy (variety of medications), embolization
with multiple agents (n-BCA, Onyx, etc.)

Table 2 Venous malformation
subcategories and causal genes as
determined by ISSVA

Type Potential causal gene

Common venous malformation TEK/TIE2 somatic, RASA1, PIK3CA

Familial venous malformation cutaneo-mucosal (VMCM) TIE2

Blue rubber bleb nevus (Bean) syndrome venous malformation TEK/TIE2

Glomuvenous malformation (GVM) Glomulin, GLMN

Cerebral cavernous malformation (CCM)

CCM1 KRIT1

CCM2 Malcavernin

CCM3 PDCD10
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microcystic disease traditionally more resistant to therapies.
There are ongoing clinical trials and further investigation is
necessary to determine optimal treatment duration. Sirolimus
therapy also requires ongoing laboratory surveillance of
liver function.

Arteriovenous Malformations

Arteriovenous malformations have anomalous connections
between the venous and arterial system. In contrast, arteriove-
nous fistulas (AVFs) cause direct shunting of blood. AVMs
can have a quiescent stage but they can also undergo expan-
sion due to a variety of triggers such has puberty.
Arteriovenous malformations (AVMs) can be diffusely infil-
trative and destructive, and have a high recurrence rate, espe-
cially when there are multiple arterial feeders involved [2].The
skin overlying an AVM can be pulsatile and warm with a
palpable thrill and a slight blush. Skin changes of infiltrative
lesions include ulceration and bleeding. AVMs can also show
rapid growth with hormonal changes such as puberty [2].

MRI can be helpful to evaluate the extent of the lesion and
demonstrates characteristic arterial flow voids. Angiography
can determine the feeding vessels and also help guide treat-
ment [2]. AVM treatment consists of embolization and/or sur-
gical resection. Embolization with agents such as ethanol,
polyvinyl alcohol, coils, and Onyx can lead to complications

such as ulceration, soft tissue necrosis, and nerve injury.
Often, preoperative embolization is done 24 to 48 h prior to
surgical resection to help prevent blood loss [2, 8]. Diffuse
AVMs have a high recurrence rate and are unfortunately
often debilitating.

Current Research

Recent research suggests that LMs and other vascular
malformations are caused by somatic mutations such as
PIK3CA. PIK3CA encodes the catalytic subunit of phos-
phatidylinositol 3-kinase which can enhance tumor growth in
association with other mutations. Five different Pik3CA muta-
tions (p.C420R, p.E542K, p.E545K, p.H1047R, and p.H1047L)
were found to commonly occur in patients with isolated LMs as
well as LM as part of a syndrome, such as Klippel-Trenaunay
syndrome (KTS), fibro-adipose vascular anomaly (FAVA), con-
genital lipomatous overgrowth with vascular, epidermal, and
skeletal anomalies syndrome (CLOVES) [19•].

The PIK3CA signaling pathway (PI3K/AKT/mTOR) or the
phosphatidylinositide-3-kinase/protein kinase B/mechanistic
target of rapamycin signaling pathway plays a role in cell pro-
liferation and growth [20]. In theory, therapy targeting the
PI3K/AKT/mTOR may reduce complications from vascular
malformations with somatic activating mutations in that path-
way. For instance, COX-2 inhibitors such as aspirin are

Fig. 1 A patient with a lymphatic malformation diagnosed on fetal
imaging. a MRI imaging of the infiltrative hyperintense T2/hypointense
T1, heterogeneously enhancing mass involving the dorsal paraspinal soft
tissues, the right posterior cervical space, carotid space, parotid space,
supratemporal and infratemporal masticator space, and parapharyngeal
and retropharyngeal spaces with associated mass effect on the

oropharyngeal airway. b An ultrasound probe being used to confirm the
location of the endotracheal tube during the EXIT procedure. c A
laryngoscopy showing involvement of the hypopharyngeal wall and
aryepiglottic fold with LM. d The patient at 6 weeks of age. The
lymphatic malformation got smaller in subsequent visits
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thought to inhibit AKT and inhibitors of mTOR including
sirolimus (rapamycin) and everolimus are available and have
an established safety profile [20]. Several case reports have
suggested that sirolimus has been safe and effective in treating
patients with vascular anomalies but larger controlled studies
are needed [21, 22] as the natural course of some of these
lesions may be to get smaller with time.

While exclusive medical therapy may be the future, cur-
rent treatment options often involve multimodal therapy.
For instance, intralesional injection of n-butyl cyanoacry-
late (n-BCA) followed by surgical resection may be used
as a single-stage modality to treat venous malformations.
Direct fluoroscopic guidance of n-BCA for percutaneous
embolization into the venous channels results in an acute
inflammatory reaction and a demarcation line between the
VM and healthy tissue. In a case series, this technique,
with selective motor nerve monitoring, has facilitated the
safe and complete removal of venous malformations with
limited nerve dissection, and maximal tissue and functional
preservation [16].

Finally, recent advances in prenatal MRI and fetal ultra-
sound have allowed EXITof patients who are found to have
vascular malformations involving the airway detected on fe-
tal imaging. In select cases, theEXITprocedure can allow for
a controlled, partial fetal delivery to allocate time to establish
the fetal airway, while fetal oxygenation is maintained
through utero-placental circulation [23, 24]. Figure 1 shows
intrapartum and postpartum images of a patient with a large
lymphatic malformation that was delivered via the EXIT
procedure.

Conclusions

The diagnosis and treatment of patients with vascular
malformations requires multidisciplinary collaboration.
Diagnosis can often be made clinically with MRI with
gadolinium as the radiologic study of choice. Treatment
involves education of the natural history of the lesion and
often “active observation” may be the best initial treat-
ment if a child has minimal functional or cosmetic impair-
ment. New knowledge on the genetics of these conditions
suggests promise for medical therapies for lesions resis-
tant to more traditional therapies.
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