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ABSTRACT

The term vascular anomaly represents a broad spectrum of vascular pathology, including proliferating vascular tumours

and vascular malformations. While the treatment of most vascular anomalies is multifactorial, interventional radiology

procedures, including embolic therapy, sclerotherapy and laser coagulation among others, are playing an increasingly

important role in vascular anomaly management. This review discusses the diagnosis and treatment of common vascular

malformations, with emphasis on the technique, efficacy and complications of different interventional radiology

procedures.

Traditionally, vascular anomalies have been referred to by
vernacular names1 and diagnosed on descriptive observations,
including clinical appearance, location and fluid contents.
This has caused misdiagnosis and improper management of
vascular anomalies, leading to unsatisfactory treatment out-
comes.2 However, vascular anomalies can cause functional
complications, pain and disfigurement, necessitating accurate
diagnosis and effective treatment.

In recent decades, there has been an effort to categorize vas-
cular anomalies on their underlying histopathology3 and
blood flow patterns. In 1996, the International Society for the
Study of Vascular Anomalies (ISSVA) developed a classifica-
tion system based on histopathological and blood flow char-
acteristics, in addition to the clinical appearance and disease
course.4 According to this classification system, vascular
anomalies are divided into two main groups: proliferating
vascular tumours (haemangiomas) and vascular malforma-
tions. Vascular malformations are further subdivided into low
and high blood flow groups and complex combined groups
(Table 1). These classification systems have helped clarify the
distinctions between different vascular anomalies, leading to
improved management and better treatment options.5

Advancements in imaging technology have brought radi-
ology to the forefront of vascular anomaly management, as
imaging is vital to accurate diagnosis and treatment plan-
ning. In addition, interventional radiology continues to

play an increasingly important role in the treatment of
vascular anomalies. Sclerotherapy and other percutaneous
treatments are now first-line treatments for many vascular
anomalies, and their prominence continues to grow as new
therapeutic agents and techniques emerge.

Despite these advances, the management of vascular
anomalies is complex and reliant on multiple specialties,
including surgery, radiology, interventional radiology and
the primary care physician. In this article, we discuss the
diagnosis and treatment of common vascular anomalies
with emphasis on the techniques and advancements of
percutaneous and image-guided therapy.

PROLIFERATING VASCULAR TUMOURS
Haemangiomas are the most common tumour in infancy
with an incidence of 2–3%,6 and represent the majority of
proliferating vascular tumours. According to the ISSVA
classification system, haemangiomas are vascular tumours
divided into infantile and congenital types, with further
subdivision of congenital haemangiomas into non-involuting
congenital haemangiomas (NICHs) and rapidly involuting
congenital haemangiomas (RICHs).

Infantile haemangiomas (IHs) present post-natally and
represent 70% of all haemangiomas. They are found on the
head and neck in 60% of cases, while 25% are found on the
trunk and 15% on the extremities.7 They almost always
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appear within the first 6 weeks of life and follow a triphasic
pattern of evolution: proliferation, plateau and involution.
Proliferation occurs in the first few months of life, with most
IHs reaching a maximum size by 3–5 months of age.8 Most IHs
begin involution by 1 year old, with complete involution in 50%
of cases by the age of 5 years, 70% by the age of 7 years and
nearly all by the age of 8–12 years.9 Complete involution,
however, does not imply complete resolution. Up to 40% of IHs
will have residual skin changes and scarring characterized by
fibrofatty residuum.10

Congenital haemangiomas represent the remaining 30% of be-
nign vascular tumours, and, unlike IH, are present at birth. The
primary distinction between RICHs and NICHs is that RICHs
reach maximum size by birth and involute within 12–18
months, whereas NICHs continue to grow in size in proportion
with the patient and do not involute. RICH lesions can typically
be followed using conservative management and only require
treatment when adjacent to vital structures such as the orbits.
Both RICHs and NICHs typically present as solitary lesions,
most commonly on the head and neck or the extremities.11,12

Most haemangiomas are diagnosed clinically based on the lesion
appearance. IHs often begin as skin blanching followed by tel-
angiectasia and an erythematous macule. As proliferation con-
tinues, it often becomes a raised bright red/strawberry-coloured
lesion with a plaque-like morphology, sometimes with central
ulceration. NICHs and RICHs have similar clinical lesion
morphology that is distinct from IHs. NICHs are usually pink-
to-purple raised lesions with prominent telangiectasia and blue
pallor either peripherally or centrally.11 RICH lesions usually
present as raised grey-blue lesions with prominent telangiectasia
and central depression, ulceration or scar.13

When a diagnosis of IH is confirmed, the primary treatment is
observation, as .90% will involute regardless of the initial size.

In general, work-up and treatment of haemangioma is required
if ulceration or other factors are likely to cause scarring, when it
is invading important structures and when other diagnoses such
as malignancy cannot be ruled out. Another situation that
requires treatment is the development of Kasabach–Merritt
phenomenon. In these cases, children present with an enlarging
infantile haemangioma-like lesion, profound thrombocytopenia,
consumptive coagulopathy and microangiopathic haemolytic
anaemia. This presentation points to tufted angiomas and more
aggressive kaposiform haemangioendothelioma.

When IH cannot be confirmed clinically, imaging with MRI and
ultrasound can differentiate IHs from malignant pathologies.
Ultrasound is useful during the proliferative phase in showing
a well-circumscribed mass with variable echogenicity (Figure 1a).
Doppler ultrasound typically demonstrates high-flow vessels in
and adjacent to the mass, with the arterial feeder recognized by
increased colour flow, high Doppler shift and low resistance
(Figure 1b). MRI can also help confirm IHs and is particularly
valuable for pre-operative planning in head and neck cases. IHs
are best appreciated on fat-saturated T1 weighted images with
contrast, showing intense contrast enhancement within the mass
and adjacent serpiginous flow voids (Figure 2a,b). T2 weighted
imaging of the mass typically appears mildly hyperintense relative
to surrounding muscles (Figure 2c,d). MR angiography (MRA)
also serves as an important diagnostic modality in posterior
fossa malformations–haemangiomas–arterial anomalies–cardiac
defects–eye abnormalities–sternal cleft and supraumbilical raphe
syndrome in which haemangiomas present in concert with cere-
bral vascular anomalies and other abnormalities. Specifically,
MRA is indicated to visualize arterial stenosis, agenesis and
aneurysms (Figure 2e).

When treatment is required for IHs, propranolol is the first-line
therapy. Response is usually seen within several days of starting
treatment, as propranolol reduces the expression of vascular

Table 1. International Society for the Study of Vascular Anomalies classification of vascular anomalies

Vascular tumours Vascular malformations

Infantile haemangioma
Low-flow vascular malformations

Capillary malformation

Congenital haemangioma (rapidly involuting congenital haemangiomas
and non-involuting congenital haemangiomas)

Venous malformation

Lymphatic malformation

Tufted angioma
High-flow vascular malformations

Arterial malformation

Kaposiform haemangioendothelioma
Arteriovenous malformation

Arteriovenous fistula

Spindle cell haemangioendothelioma
Complex combined vascular malformations

Capillary–venous malformation

Pyogenic granuloma
Capillary–lymphatic malformation

Lymphatic–venous malformation

Haemangiopericytoma
Capillary–arteriovenous malformation

Capillary–lymphatic–arteriovenous malformation
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endothelial growth factor and other proangiogenic factors,14

while also inducing apoptosis of vascular endothelial cells.15

Before the advent of propranolol for IH, corticosteroids were the
mainstay of treatment. In cases where propranolol may be
contraindicated as with bradycardia or hypotension, oral pred-
nisolone treatment provides complete involution in approxi-
mately 30% of cases and halts progression in 40% of cases.16

Surgical intervention is generally reserved for IHs at increased
risk for large scarring or located near the orbit. Scarring is
a major concern when haemangiomas demonstrate ulceration or
bleeding. In these cases, surgical resection should be performed
during the proliferative phase, as the scar from excision is likely
to be smaller than if left to grow untreated. In addition, IHs near
the eye, particularly the upper eyelid, should be removed as soon
as possible to prevent invasion into the orbit and possible loss of
vision. In these cases, a trial of medical therapy can be attempted
first, but surgery should not be delayed if the haemangioma
proves unresponsive.

CAPILLARY MALFORMATIONS
Capillary malformations (CMs), also known as port wine stains,
have an incidence of 3 per 1000 newborns.17 They are typically
isolated findings, although they can be linked with more serious

disease (Table 2).18 Sturge–Weber syndrome is the most well-
known associated disease and presents with ipsilateral angioma
formation, glaucoma, seizures, mental retardation and arterio-
venous malformation (AVM). Thus, any new diagnosis of CM
should include a work-up for more serious underlying disease.

CMs are diagnosed clinically, with the identification of a flat, pink,
blanching lesion. However, further work-up with MRI is required
when CM occurs on the face, as this increases the risk of having
Sturge–Weber syndrome (Figure 3a,b). In a recent study of 289
patients with facial CM, 15 (5%) were diagnosed with Sturge–
Weber sydrome.19 Furthermore, patients with CMs appearing
within the V1 (first branch of the fifth cranial nerve) distribution
of the trigeminal nerve (forehead and area adjacent to the orbit)
have increased risk of Sturge–Weber syndrome ranging from 7%
to 28%.20,21 In these cases, imaging is required to assess for
neurological involvement. Contrast-enhanced T1 weighted MRI
classically shows leptomeningeal vascular malformation (Figure 3c),
while dilation and enhancement of the ipsilateral choroid plexus is
often seen in older children and adults.22

CMs are treated in early childhood to prevent inevitable thick-
ening and hypertrophy leading to disfigurement. The gold
standard treatment is pulsed dye laser therapy, whereby hae-
moglobin absorbs laser light and converts it to heat causing
blood vessel coagulation. Through a process called selective
photothermolysis, which determines proper laser wavelength,
duration, fluency and spot size, photodynamic therapy selec-
tively treats the lesion while sparing the surrounding tissue.23

While pulsed dye laser is still the preferred initial treatment for
CM, the results are often suboptimal. Multiple laser therapy
sessions are required and only 10% of patients experience
complete resolution,24 while 20–30% of CMs are completely
resistant.25 Treatment failures result from increased epidermal
melanin concentration, increased vascular density within the
lesion and increased vessel depth. These variables reduce op-
tical penetration depth and fluency, thereby reducing energy
transfer to levels below those needed for coagulation.26 To
mitigate these factors, new techniques, including vacuum-
assisted laser therapy27 and epidermal cooling,28,29 have been
developed. Although these techniques utilize different mecha-
nisms, all serve to improve light delivery to the CM, thus
increasing the temperature within the vessels to augment co-
agulation. Several alternative modalities, including intense
pulse light and photodynamic therapy, have proven beneficial
for treatment-resistant CMs, although a significant response
or complete resolution is only seen in approximately 50% of
patients for both modalities.30–33

VENOUS MALFORMATIONS
Venous malformations (VMs) are the most common vascular
malformation, accounting for 44–64% of all vascular malfor-
mations.34 They are classified according to the Hamburg clas-
sification35 as truncular or extratruncular, with 40% of lesions
localized to the extremities, 20% on the trunk and 40% on the
head and neck.34 VMs consist of small or large dysplastic venous
channels with minimal connection to adjacent veins. These
slow-flow lesions usually occur sporadically and are focal in 99%

Figure 1. (a) Ultrasound of an anterior abdominal wall infantile

haemangioma shows a mixed echogenic well-defined mass.

(b) Colour Doppler ultrasound of the same mass demonstrates

increased flow within the lesion.
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of cases.36 Clinically, they present as bluish lesions that expand
with valsalva manoeuvre and following compression. In addi-
tion, they often cause bleeding and adjacent skin colour changes,
and they lead to pain when there is congestion or clot within the
VM.

VMs are classified into focal and diffuse lesions to aid treatment
planning and determine prognosis. Focal VMs reside within one
layer of tissue: muscle, skin or mucosa. Typically, these lesions
are sequestered and drain into normal adjacent conducting veins
through small channels. By contrast, diffuse malformations

involve multiple tissue layers and usually include muscle, sub-
cutaneous fat and skin. Unlike focal VMs, diffuse VMs com-
municate with main conducting veins, increasing the risk of
systemic toxicity following treatment. While focal VMs are ef-
fectively treated with sclerotherapy, diffuse VMs require multiple
treatment sessions and are more likely to recur.

VMs are typically benign and are managed conservatively with
compression devices to prevent thrombosis and pain. Only
when VMs lead to pain or swelling, involve the joints or cause
disfigurement do they require further diagnostic work-up for

Figure 2. MRI of a right parotid gland infantile haemangioma. (a) Pre-contrast T1 weighted image shows a lobulated well-defined

hypointense mass, which demonstrates intense enhancement on post-contrast image (b). (c, d) MRI of a right parotid gland infantile

haemangioma. T2 weighted short tau inversion–recovery images show a lobulated well-defined isointense to mildly hyperintense

mass within the right parotid gland. (e) MR angiography of the neck demonstrates ectatic arterial branches of the right facial artery

supplying to the right parotid haemangioma.

Table 2. Clinical syndromes associated with vascular malformations

Clinical syndrome Vascular malformation Location

Sturge–Weber Capillary malformation
Trigeminal distribution, leptomeninges, choroid,
oral mucosa

Klippel–Trenaunay
Capillary malformation, venous malformation,
lymphatic malformation, arteriovenous
malformation

Extremities, pelvis, trunk

Parkes Weber
Arteriovenous malformation, capillary
malformation

Extremities, trunk

Hereditary haemorrhagic telangiectasia
Telangiectasia, visceral arteriovenous
malformation, angioma

Skin, mucous membranes, brain, spinal cord,
visceral organs

Von Hippel–Lindau Haemangioma Retina, cerebellum

Blue rubber bleb naevus Cavernous venous malformation Skin, GI tract, spleen, liver, CNS

Kasabach–Merritt Cavernous venous malformation Trunk, extremities

Maffucci’s
Arteriovenous malformation, cavernous
lymphangioma

Fingers, toes, extremities, viscera

CNS, central nervous system; GI, gastrointestinal.
Data taken from Gloviczki et al.18
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Figure 3. MRI of brain. (a) T2 weighted axial image demonstrates atrophy of the right parietal and occipital lobes with gyriform

hypointensity indicative of calcification in a known case of Sturge–Weber syndrome. (b) T1 weighted post-contrast axial image

demonstrates thick enhancement of the right retinal region, suggestive of retinal angiomatosis (arrow) in a known case of

Sturge–Weber syndrome. (c) T1 weighted post-contrast axial image demonstrates atrophy of the right parietal and occipital lobes

with leptomeningeal enhancement suggestive of pial capillary malformation (arrow), with dilation and enhancement of the

ipsilateral choroid plexus.
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definitive treatment. Pre-treatment analysis of VMs deter-
mines the size of the lesion, its involvement with adjacent tissue
and the vessel diameter and flow rate, as each has prognostic
implications for treatment efficacy and complication risks.
Specifically, diffuse VMs with high-flow communication to
conducting veins or adjacent arteries correlate with increased
risk of systemic toxicity and lesion recurrence.

MRI is the primary imaging modality for assessing VMs. T2
weighted short tau inversion–recovery (STIR) imaging provides
the best sequence for assessing the extent of the VM and the
vascular flow rate and will demonstrate a soft tissue with phle-
boliths (Figure 4a). Additionally, lesions with large vascular
channels appear cyst-like, hyperintense and septated, whereas
lesions with smaller vascular channels are more solid with in-
termediate signal intensity (Figure 4b). On T1 weighted imaging,
the lobulated area has variable signal intensity with regional fat
hypertrophy. Following contrast injection, T1 weighted imaging
demonstrates homogeneous or heterogeneous enhancement
within the lesion (Figure 4c).37 MRI is also useful in determining
adjacent tissue involvement, as vascular malformations can be
circumscribed or trans-spatial with infiltrates into adjacent soft
tissue or the lymphatic system.

CT and Doppler ultrasound also provide useful adjuncts for VM
evaluation. CT is the modality of choice to identify phleboliths
and when there is concern of bony invasion, although it lacks the
soft-tissue resolution to serve as an adequate primary imaging
modality. Doppler ultrasound in conjunction with MRI enhances
characterization of vascular anatomy and venous flow. Lesions

with small vascular channels are more echogenic and less com-
pressible than lesions with large vascular channels (Figure 5). In
addition, phleboliths will appear as hyperechoic foci with acoustic
shadowing.38 Rarely, magnetic resonance venography imaging can
also be useful if there is suspicion of associated intracranial venous
anomalies.

Sclerotherapy is the first-line treatment for VMs and functions
by destroying vascular endothelial cells within the lesion (Figures
4d and 5g). The goal of sclerotherapy is to maximize both the
agent concentration and duration within the endothelial vessel
lumen. The low flow rate of VMs makes sclerotherapy an ef-
fective treatment, allowing effective concentrations of sclerosing
agents to remain nearly constant when delivered directly to
a VM.

Concentrated ethanol is one of the most common and well-
studied sclerosing agents for VMs. Composed of 98% ethanol, it
is the most aggressive sclerosing agent and works by inducing
protein precipitation within vascular endothelial cells leading to
cell dehydration and instant thrombosis.39 This approach has
proved to be an effective treatment for VMs, with one large
study reporting a 95% success rate after 2 years of follow-up.40

Although ethanol is the most potent sclerosing agent and
probably the most effective, it is associated with the highest
complication rates.41 Skin complications, including necrosis,
pain and blistering, are the most common side effects occurring
in 8% of patients.40,42 Local ethanol toxicity can also cause pe-
ripheral nerve injury in 2–10% of patients.40,43 In addition,

Figure 4. (a) Radiograph of the right forearm, lateral view, shows several calcified foci suggestive of phleboliths. (b) MRI of the right

forearm. T2 weighted coronal and sagittal short tau inversion–recovery images show multifocal well-defined multilobulated

hyperintense soft-tissue lesions in the right forearm, which show robust enhancement on the fat-saturated T1 post-contrast sagittal

image (c) suggestive of venous malformation. (d) Injection of foamed 3% sodium tetradecyl sulfate with contrast into a right

forearm venous malformation under fluoroscopic guidance.
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systemic side effects can occur when concentrated ethanol
makes its way into the systemic circulation. Compartment
syndrome,44 arrhythmia,45 pulmonary embolism,46 pulmonary
hypertension with right heart failure47 and haemoglobinuria48

after ethanol sclerotherapy have all been reported in the
literature.

To reduce complication rates, care should be taken to minimize
ethanol introduction into the systemic circulation by reducing
venous outflow from the lesion and limiting the ethanol dose.
Proximal tourniquets, compression stockings and balloon oc-
clusion are all acceptable methods of reducing outflow in lesions
with significant draining veins.49 Research on ethanol dosing
schemes is focused primarily on AVMs, but a generally accept-
able ethanol dose is 1ml kg21 body weight and limits infusion
rates to 0.1ml kg21 per 10min.39 More recent studies of AVM
patients have shown bolus ethanol injections of .0.14ml kg21

body weight can significantly increase pulmonary artery pres-
sure, with the most prominent rise occurring both immediately
after the first bolus and again during post-procedure re-
covery.50,51 Therefore, care should be taken in determining the
total dose and the bolus dose of ethanol given during treatment,
particularly when VMs have prominent draining veins. In ad-
dition, pulmonary artery pressure monitoring and nitroglycerin
infusion are recommended during post-procedure recovery.51

Furthermore, adequate hydration before therapy helps manage
haemoglobinuria, and sodium bicarbonate fluid in 5% dextrose
solution should be run at twice the maintenance rate following
the procedure until the urine is clear. Despite these protective
measures, ethanol sclerotherapy should not be the first-line
therapy for cutaneous lesions when there are major nerves ad-
jacent to the lesion or when there is high-flow communication
between the VM and the systemic circulation.

Common alternatives to concentrated ethanol are sodium tetra-
decyl sulfate (STS) and polidocanol. Like ethanol, these agents
damage vascular endothelial cells causing fibrosis, thrombosis and
collapse of the vessel.52,53 The major benefit of STS and polido-
canol is that they are safer than ethanol. However, the improved
safety profile of these agents comes at the cost of lower potency
than ethanol. In previous studies, STS has been associated with
success rates of 43–84%,52,54–56 whereas polidocanol has similarly
reported ranges of 45–84%.57,58 Importantly, the definition of an
adequate response as well as the lesion size, anatomical location
and patient population is highly variable among previous studies,
and, thus, it is difficult to ascertain the true efficacy of STS and
polidocanol for VM treatment.

The main safety benefit of STS and polidocanol is that they are
not considered neurolytic agents and do not place patients at

Figure 5. (a) Ultrasound of a right knee venous malformation: transverse image shows a mixed echogenic soft-tissue lesion which

shows intrinsic colour flow (b) and low spectral waveforms within it (c). On MRI T2 short tau inversion–recovery coronal and sagittal

images, this lesion is multifocal, well-defined T2 hyperintense involving subcutaneous and intramuscular soft tissue (d, e) and shows

robust enhancement on post-contrast imaging (f). (g) Injection of 98% concentrated ethanol into a right knee venous malformation

under fluoroscopic guidance.
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risk for pulmonary hypertension.52,59 The risk of major com-
plications is difficult to ascertain given a paucity of literature
focused directly on STS and polidocanol treatment of VMs, al-
though rare occurrences of anaphylaxis60 and cardiovascular
deterioration61,62 have occurred with both. However, the ma-
jority of complications with both STS and polidocanol are mi-
nor, with pain at the injection site and local skin necrosis being
the most common53,63,64 and likely related to tissue extravasa-
tion with damage of adjacent vessels at the injection site.64,65 A
recent study has shown greater efficacy with foamed vs liquid
injection of polidocanol,57 and new guidelines suggest both
polidocanol and STS should be administered in foam form.66

The use of foam instead of liquid allows greater volume coverage
and increased surface area contact with the vessel endothelium,
while also slowing flow through the lesion to maximize contact
with the vessel.67 Together, this permits lower doses of STS and
polidocanol to be used, thus lowering the complication rate. The
agents are typically foamed using the Tessari technique before
administration. In this technique, a three-way stopcock adjoins
two plastic syringes and the sclerosing agent plus 4–5 parts air
are vigorously mixed between the two syringes to produce
a microfoam.68 Although the application of foam STS and
polidocanol improves therapeutic response, they remain less
effective than ethanol sclerotherapy. However, they may be
a better initial therapy than ethanol because of the lower risk of
major complications, with ethanol reserved for larger less
superficial VMs,52,69 and those resistant to STS and polidocanol.

When sclerotherapy is indicated, the initial work-up should begin
with a thorough discussion with the patient regarding the goals of
treatment and side effects. Regardless of the agent used, the pa-
tient should be aware that the initial goal is not total cure but
a reduction in lesion size and associated symptoms. Patients
should also be aware that multiple therapy sessions are likely to be
required70 and may require treatment with multiple types of
sclerosing agents.

Depending on the sclerosant used and the age of the patient,
sclerotherapy of VMs may be performed under general anaes-
thesia or conscious sedation. Ethanol and STS generally require
general anaesthesia because of immediate pain and swelling
associated with their use; weaker agents such as bleomycin,
morrhuate-sodium and hypertonic saline can usually be toler-
ated under conscious sedation by adult patients. Under sterile
conditions, a needle or cannula such as an angiocath (usually
20–25 gauge) is inserted into the VM under direct vision or
ultrasound guidance. If the malformation is close to the skin
surface, the needle or cannula should be tracked through at least
1–2 cm of normal tissue before entering the lesion to reduce the
likelihood of skin blistering and leakage around the puncture
site. When blood return is noted, iodinated contrast is injected
under fluoroscopy to confirm that the needle is in the malfor-
mation, to ensure there is no extravasation into normal tissues
and to look for communication between the malformation and
normal veins. If such a communication occurs, it can often be
prevented by manual compression of the communicating nor-
mal vein; rarely, it may be necessary to place a platinum or fibre
coil to block the venous communication. Once a proper needle
location is confirmed, the sclerosing agent is injected under

fluoroscopic observation. Since these agents are not radio-
opaque, they need to be mixed with a substance such as ethio-
dized oil, room air or carbon dioxide. Opacification of the
sclerosant using iodinated contrast is usually avoided because it
dilutes and weakens the agent; exceptions are doxycycline and
bleomycin, which are packaged as a powder. Thrombosis and
vascular occlusion will occur shortly after the sclerosant is
injected, preventing aspiration of blood from the needle. The
ability to aspirate blood indicates that the treatment is in-
complete and that more agent should be given within that
vascular territory.71 An alternative method is to insert one or
more additional needles or cannulae into targeted areas of the
malformation after it has been opacified by the initial injection
of iodinated contrast. The injection of the foamed or non-
foamed sclerosant is then monitored by direct fluoroscopy or
digital fluoroscopic angiographic angiography until it exits
through the added needle or cannula confirming that treatment
of the malformation is complete.72,73 For palpable lesions, at-
tention should be paid to the amount of induration of the VM
during sclerotherapy,74 and the cessation of treatment should
occur when lesions become firm, as this suggests complete
closure of the vascular channels. Finally, the physician should
always look for signs of local extravasation or systemic circula-
tion of the sclerosing agents. Common clues include adjacent
skin erythema and blanching or significant changes in patient
haemodynamics, including hypertension and arrhythmias.

The most common post-procedure side effects of sclerotherapy
are pain and inflammation. The degree and duration of pain vary
depending on the size and location of the lesion and sclerosing
agent used, although paracetamol is usually adequate for pain
control.75 Inflammation is greatest within the first 24h, and non-
steroidal anti-inflammatory drugs are usually adequate anti-
inflammatory medications. Dexamethasone at a rate of 0.1mg kg21

every 8 h is sometimes required for larger lesions or after ethanol
sclerosis, as this can cause greater swelling.76 Despite these side
effects, most patients are able to return home the same evening as
the procedure.

The follow-up management of sclerotherapy patients should be
tailored to the specific patient and varies depending on the size,
characteristics and location of their VM, as well as the sclerosing
agent used. Fibrosis of the VM typically continues for 1–2
months following treatment. Thus, to maximize each treatment,
follow-up visits should be scheduled every 2–3 months to assess
results and determine future treatment options. Repeat MRI and
ultrasound should be employed to assess interval changes in
lesion size and blood flow.77,78 However, the ultimate de-
termining factor of treatment success and future therapy should
be based on patient satisfaction and symptomatic improvement
and not imaging findings.

LYMPHATIC MALFORMATIONS
Lymphatic malformations (LMs) account for approximately 2.8/
100 000 hospital admissions79,80 and present before the age of 2
years in 90% of cases.81 They are low-flow vascular malforma-
tions consisting of malformed lymphatic channels within the
lymphatic system and are cystic in nature. LMs can be divided by
size into macrocystic (.1 cm) and microcystic (, 1 cm) groups.
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Typically, microcystic LMs are more common and present later
than macrocystic LMs, which are usually present at birth.

The appearance of LMs depends on their location. Superficial
LMs are typically skin-coloured masses and ballotable on palpa-
tion, whereas they appear as red or yellow blisters when involving
mucous membranes.82 LMs have a predilection for the head and
neck with 70–80% of cases in this location, and an additional 20%
occurring in the axilla and a minority of cases occurring in the
superior mediastinum, mesentery, retroperitoneum, pelvis and
lower limbs.83 They typically grow slowly, although rarely LMs can
rapidly expand in size after intralesion haemorrhage or superin-
fection.80 In these cases, LMs can become life threatening if they
cause adjacent mass effect and compression of vital structures.

The evaluation of LMs is highly reliant on imaging to discern
the size and characteristics of the lesion, as these directly dic-
tate treatment strategies and outcome. As with other vascular
anomalies, MRI is the best imaging modality for diagnosing
and defining LMs because of its superior soft-tissue resolution.
Microcystic and macrocystic LMs have distinct appearances on
MRI owing to the size difference in their cystic component. On
T2 weighted MRI and T2 weighted STIR imaging, LMs are
typically well defined, lobulated and hyperintense (Figure 6a,b).
T1 weighted imaging of macrocystic LMs typically shows a sep-
tated cystic mass that ranges from hypointense37 to isointense84

and that is often heterogeneous owing to proteinaceous fluid85 or
fluid–fluid levels.86 Post-contrast T1 weighted images are also
important tools for differentiating macrocystic LMs from VMs,
as LMs typically do not enhance after contrast injection unlike
VMs (Figures 6c,d and 7).84 By contrast, the small cystic com-
partments of microcystic LMs appear as diffuse hypointensity on

T1 weighted imaging and diffuse hyperintensity on T2 weighted
imaging.37

Rarely, other imaging modalities may be needed to further de-
fine the lesion or differentiate an LM from other vascular
anomalies. Ultrasound is a particularly useful method for dis-
criminating LMs from VMs. Macrocystic LMs typically manifest
as anechoic spaces divided by septa,87 whereas microcystic LMs
appear hyperechoic owing to their small cavity size.88 Ultrasound
is also useful for evaluating prior haemorrhage and demonstrating
fluid–fluid levels. In addition, Doppler examination of LMs
demonstrates no flow through the lesion, which helps distinguish
them from VMs, where flow is seen in 85% of cases.38 Conven-
tional radiology can also be useful in the work-up of large LMs
near bone, as they can cause bony hypertrophy and bone warp-
ing.89 Although usually not necessary for the diagnosis of LMs, CT
imaging demonstrates a fluid-filled low-attenuation mass with
little contrast enhancement.85 In cases of intralesion haemorrhage,
fluid–fluid levels may be visible on CT.

Treatment indications for LMs are similar to those of other
vascular malformations, with lesions located in life-threatening
areas such as retropharyngeal LMs requiring prompt treatment.
Any LM that has experienced a haemorrhagic or infectious event
should also be treated and requires antibiotics and steroids in
addition to definitive treatment of the LM. Relative indications
for treatment include patient discomfort, impaired mobility,
aesthetic dissatisfaction or any other cause that significantly
impairs quality of life. Importantly, lesion size also plays a sig-
nificant role in dictating management. The large cyst compart-
ments within macrocystic LMs provide accessible targets for
percutaneous intervention and are effectively treated by

Figure 6. MRI of neck. (a, b) T2 weighted axial and T2 weighted short tau inversion–recovery coronal images show a well-defined

lobulated and macrocystic T2 hyperintense lesion around the left angle of the mandible. (c, d) There is enhancement only in the

internal septa on T1 fat-saturated post-contrast images, suggestive of a macrocystic lymphatic malformation. (e) Injection of

dehydrated alcohol into a 6-French drain after cystic drainage. The dehydrated alcohol was allowed to dwell for 15min before being

removed and the procedure repeated.
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Figure 7. (a) MRI of neck. T1 weighted axial image shows a well-defined macrocystic lesion anterior to the proximal left internal and

external carotid arteries, with internal fluid–fluid levels, multiple septa and intrinsic T1 hyperintensity. Additionally, there are well-

defined T2 hyperintense multifocal lesions in the left base of the tongue and pre-mandibular soft tissue in the midline, seen on the T2

weighted axial short tau inversion–recovery image suggestive of venous malformation (b). These show peripheral enhancement of

the cystic lesion and intrinsic enhancement of the adjacent abnormal T2 hyperintense soft-tissue lesion on T1 fat-saturated post-

contrast image (c), suggestive of venolymphatic malformation.
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sclerotherapy. By contrast, microcystic LMs are difficult to treat
and are typically managed conservatively.

Sclerotherapy is the most common treatment modality for
macrocystic LMs. Commonly used sclerosing agents are similar
to those used for VMs and include ethanol, STS, bleomycin and
doxycycline. Currently, there is no consensus regarding what
sclerosing agent is most effective in treating macrocystic LMs,
although bleomycin is perhaps the most studied sclerosing agent.
The rate of successful bleomycin treatment, defined as .50%
reduction in lesion size, varies between 80% and 95%.90–93 Yet,
the percentage of patients who experience complete disappear-
ance of their lesion is considerably lower, ranging between 36%
and 53%,90,92,93 although one study reported complete removal
of the lesion in 87% of patients.91 Bleomycin is well tolerated by
most patients with local inflammation as the most common side
effect.94 Furthermore, the risk of pulmonary fibrosis and in-
terstitial pneumonia is negligible because the sclerotherapy dose
of bleomycin is well below the 400-mg cumulative dose associ-
ated with these lung findings.95

Doxycycline has also been shown to be an effective sclerosant
agent with complete lesion resolution seen in 70–83% of patients
with macrocystic LMs.96,97 Doxycycline is associated with tooth
discoloration in young children, acidosis, hypoglycaemia and
prominent local inflammation and pain. However, the compli-
cation rate after sclerotherapy with doxycycline is low97,98 and is
likely to be proportional to the total dose of doxycycline used.98

Ethanol is also an effective therapy, although post-procedural
pain and increased risk of permanent complications should limit
its use as a first-line therapy.99 Finally, OK-432 (pincinabil) is an
emerging sclerosing agent that effectively treats LMs with mini-
mal post-procedure fibrosis.100–102 Currently, OK-432 is not
approved for use within the USA, although there is an ongoing
multicentre trial being conducted.103

Microcystic LMs are much less amenable to therapy because of
their small cyst size and are typically managed conservatively.
However, microcystic LMs that become symptomatic or threaten
vital structures and those that cause significant aesthetic com-
plications should be treated. Surgery is the preferred first-line
management although microcystic LMs recur in 40% of patients
with incomplete excision and in 17% of patients with complete
resection.104 Sclerotherapy is typically ineffective in treating
microcystic LMs, although positive treatment outcomes have
been reported with doxycycline,105 bleomycin91 and OK-432.106

In addition, an intermediate response in 50% of cases has also
been observed.94 Thus, sclerotherapy may provide benefit to
patients with symptomatic and/or large microcystic LMs.

Although the sclerosing agents used for LMs overlap with VMs,
the sclerotherapy technique used differs in several key aspects.
First, individual cysts should be identified with ultrasound guid-
ance, and each cyst cannulated with angiocatheters or pigtail
catheters for larger cysts. Fluid within the cyst should then be
completely aspirated before injecting the sclerosing agent. This
allows analysis of the aspirant to confirm the diagnosis. In addi-
tion, complete removal of the fluid allows an increased volume of
sclerosing agent to be injected while also increasing the surface

area of the cyst wall in contact with the drug. After fluid removal,
the sclerosing agent is administered to the cystic compartment
under fluoroscopy. Sclerosing agents are left within the cyst for
a variable amount of time depending on which agent is used and,
typically, multiple treatments of injection and drainage are re-
quired (Figure 6e).94,105 For large lesions with multiple cysts, the
catheter is often secured in place, injecting and draining cysts
sequentially for several days.

Post-procedural inflammation and oedema are the most com-
mon complications of sclerotherapy and can sometimes be
significant.90 When lesions are near vital structures or may
compromise the airway, bleomycin should be used because it is
associated with lower amounts of inflammation.94 However, the
benefits and risks of treatment should be weighed for LMs lo-
cated near vital structures, as almost all sclerotherapy procedures
will incur some degree of oedema, in addition to the risks of
infection and bleeding.

ARTERIOVENOUS MALFORMATIONS
AVMs are vascular malformations composed of arteries and veins
that directly communicate through a central nidus. Thus, AVMs
bypass the high resistance of capillary beds, leading to a high-flow
lesion that shunts blood from arterial to venous circulation. The
lesions are present at birth in 40% of cases,107 and their clinical
course can be traced according to the Schobinger clinical staging
system (Table 3).108 They typically present as latent lesions during
childhood that evolve into a warm pink-bluish skin lesion with
a pulsatile thrill in adolescence. Over time, the lesion continues to
expand leading to dystrophic skin changes, bleeding, ulceration
and tissue necrosis. If left untreated, high flow into the venous
system eventually leads to volume and pressure overload within
the heart and subsequent heart failure.

Like other vascular malformations, imaging is vital to charac-
terizing AVMs and subsequent treatment planning. However,
high-flow AVMs have a markedly different appearance from low-
flow vascular malformations. On MRI, AVMs appear as a tangled
mesh of dilated arteries and veins connected by linear or focal
shunts. These vessel networks demonstrate flow void on T1 and
T2 weighted spin echo imaging (Figure 8a,b)85 and appear hy-
perintense on T2 weighted gradient echo imaging and angiog-
raphy, indicating rapid flow through the lesion.109 Unlike other
vascular malformations, AVMs lack enhancement of adjacent soft
tissue on T2 weighted imaging except when significant oedema is
present.37,86 T1 weighted post-contrast images are also useful in
defining the AVM morphology, demonstrating contrast en-
hancement of multiple vessels with early venous enhancement.110

MRA has also proved an important asset in the pre-treatment
work-up of AVMs. MRA has high temporal resolution that
demonstrates arterial feeders, shunting volume and the location
and size of the nidus (Figure 8c).111,112 In addition, MRA has
proven invaluable to post-procedural assessment of shunt oc-
clusion by accurately demonstrating venous filling times.111

AVMs also have distinct findings on other imaging modalities.
Ultrasound and Doppler imaging show high systolic and di-
astolic flow, prominent arteriovenous shunting and arterial
waveforms within venous structures suggesting pulsatile flow.85
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Unlike other vascular malformations, CT imaging can also
provide useful information in AVM assessment. Contrast-
enhanced helical CT allows accurate structural assessment of
arteries, veins and the nidus, in addition to providing flow
analysis important for pre-procedural planning.113 Finally,
conventional radiography will sometimes demonstrate erosive
and intraosseous changes to adjacent bones.89,114

High-flow lesions like AVMs are the only vascular malforma-
tions that require diagnostic angiography.6 The classic appear-
ance of AVMs on angiography demonstrates multiple dilated
feeding arteries with early opacification of enlarged draining
veins. Angiography also allows visualization of the nidus, which
defines the point where feeding arteries first opacify outflow
veins.41,115 When embolization is done concurrently with an-
giography, additional feeding arteries often become apparent
after the original vessels are embolized.

Treatment of AVMs depends on the severity of related symptoms
and lesion location. Patients with Schobinger stage I and II AVMs
are typically managed conservatively with initial diagnostic work-
up and subsequent annual follow-up evaluation. Definitive
treatment for AVMs is generally reserved for stage III and IV
lesions, which typically corresponds with the development of
recurrent bleeding, pain, tissue necrosis or high-output cardiac
failure. In a study by Liu et al,116 extracranial AVM progression
requiring treatment was more commonly seen in adolescence
than childhood. The same study also demonstrated an 82.6% risk

of progression before adulthood, reiterating that most patients
will require treatment early in life.

Embolization alone or in conjunction with surgical resection is
the primary treatment option for AVMs. The high-flow nature of
these lesions makes them difficult to treat, as sufficient dosage
and lesion contact time must be maintained in the presence of
collateral flow through high-output vessels. The goal of embo-
lization is to occlude the nidus while preventing the formation of
collateral flow to the AVM. As such, embolization should occur
only within the nidus and very distal segment of feeding arteries,
as proximal embolization may preclude access to more distal
feeding branches that may recanalize from other sources. Angi-
ography should be performed after embolization of every feeding
vessel to identify other feeding vessels and ensure complete dis-
ruption of flow to the nidus. When possible, percutaneous direct
puncture of the nidus should also be performed for direct em-
bolization.110 In cases where embolization of the feeding arteries
and/or direct embolization of the nidus is not feasible or is un-
successful, embolization of the nidus by retrograde injection of
the embolic agent in an occluded dominant draining vein is often
successful. Once complete occlusion of the nidus has occurred,
patients should undergo surgery for complete resection, as this
offers the best chance for preventing recurrence.

Common embolic agents for AVM treatment include ethanol, n-
butyl cyanoacrylate glue (n-BCA), Onyx® (Microtherapeutics,
Inc., Irvine, CA) and coils. However no consensus exists

Table 3. Schobinger clinical staging system of arteriovenous malformations

Stage Description

(I) Quiescence
Pink-bluish stain, warmth and arteriovenous shunting are revealed by Doppler
scanning. The arteriovenous malformation mimics a capillary malformation or
involuting haemangioma

(II) Expansion Same as Stage I plus enlargement, pulsation, thrill, bruit and tortuous/tense veins

(III) Destruction
Same as Stage II plus dystrophic skin changes, ulceration, bleeding, persistent pain or
tissue necrosis. Osteolytic lesions may occur

(IV) Decompensation
Same as Stage III plus high-output congestive heart failure and left ventricular
hypertrophy

Figure 8. MRI of neck. (a) T1 weighted axial image shows a tangle of flow voids in and around the left body of the mandible, which is

also seen on the T2 weighted short tau inversion–recovery axial image (b), suggestive of arteriovenous malformation. On contrast-

enhanced MR angiography of head and neck (c), it shows a feeding artery from the facial artery and drainage into the external

jugular vein.
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regarding the most effective treatment, and each agent has its own
pros and cons. The sclerosing agent ethanol has been reported to
provide complete cure in 40–88% of patients.46,117,118 Yet, ethanol
embolization is associated with high complication rates of
16–52%.46,119 Furthermore, ethanol can cause fatal pulmonary
hypertension, and this risk is likely to be increased in the setting of
high-flow AVMs. n-BCA and Onyx may provide a safer alternative
to ethanol while still providing an effective treatment. The efficacy
of Onyx is well reported for intracranial AVMs, demonstrating
a 63% reduction in AVM volume and .50% reduction in volume
occurring in 96% of patients.120 In addition, Onyx and n-BCA
have demonstrated fewer complications than ethanol therapy,
with morbidity and mortality rates of 4.8–17.0% and 0–2%,
respectively.120–122 Yet, these agents are associated with a re-
vascularization rate ranging from 11.8% to 18.0% in embolized
vessels,123,124 suggesting that these are not effective single agents
for curative treatment.

Coil embolization is an additional option for embolization of
AVMs. The efficacy of coil embolization varies by type of coil
used and the location and morphology of the AVM. However,

the general mechanism of coil embolization involves direct oc-
clusion of arteries and veins leading to thrombosis. This method
has been criticized because it does not cause damage to blood
vessel endothelium, thus allowing a higher rate of re-
canalization.125 For this reason, sclerosing agents such as ethanol
are often combined with coil embolization.126 Complications
associated with coil embolization include coil reflux, AVM
perforation and systemic embolization of a coil, although these
are likely to be rare events.126,127 Yet, regardless of which agent is
used, embolization treatment alone is rarely curative without
subsequent surgery.46

CONCLUSION
The role of imaging and interventional radiology has become
increasingly vital to the management of vascular malformations,
with significant success in improving patient morbidity and
mortality. Despite the advent of improved imaging and treat-
ment modalities, the cure rate remains suboptimal for most
types of vascular malformations. This underscores the need for
further research into new sclerosing and embolic agents to
continue improving care.
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APPENDIX

Vascular anomalies overview

Infantile haemangiomas

Presentation: appear within 6 weeks of life. Begin as telangiectasia that progress to a raised strawberry-coloured plaque

Imaging: Doppler ultrasound: well-circumscribed mass with variable heterogeneity with associated high-flow vessels and an arterial feeder. MRI/MR
angiography: contrast enhancement with adjacent flow voids. Useful in cases requiring surgical management

Treatment: typically resolve spontaneously with minimal residual skin discoloration or scarring. Propranolol is first-line treatment for small lesions not
adjacent to vital structures. Surgery reserved for lesions at risk for significant scarring and those located near the orbit

Prognosis: lesions requiring surgery have good prognosis if treated in proliferative phase before scarring or damage to adjacent tissue occurs

Congenital haemangiomas (rapidly involuting congenital haemangiomas and non-involuting congenital haemangiomas)

Presentation: both present at birth and most commonly found on head, neck and extremities

Rapidly involuting congenital haemangiomas (RICHs)—raised grey-blue lesion with prominent telangiectasia and central depression, ulceration or scar

Non-involuting congenital haemangiomas (NICHs)—pink/purple macule with prominent telangiectasia and central blue pallor

Imaging: similar to infantile haemangioma. Ultrasoundmay show vascular aneurysms and intravascular thrombi, which helps differentiate from infantile haemangioma

Treatment: RICH—observation. NICH—surgical response (limited evidence suggests poor response to embolization)

Proliferating vascular tumors

Capillary malformation

Presentation: “port wine stain”. Flat, pink, blanching lesion

Imaging: only required for facial lesions or other finding suspicious for Sturge–Weber suspected. Head MRI: leptomeningeal vascular malformation,
calcification, retinal angiomatosis

Treatment: First line: pulsed dye laser; typically requires multiple sessions. Alternatives: intense pulse light; photodynamic therapy

Prognosis: highly variable: 10% complete response; 20–30% are completely resistant

Venous malformation

Presentation: blue-tinted lesions that expand with Valsalva and compression. Associated with frequent bleeding, adjacent skin discoloration and pain

Imaging: T2 weighted short tau inversion–recovery: preferred MR sequence to evaluate lesion size and vascular flow rate. Typically demonstrates hyperintense,
septated, cystic lesions, often with phleboliths. T1 weighted MR with contrast demonstrates heterogeneous enhancement

Treatment: First line: compression devices for benign lesions. Sclerotherapy is first line for painful lesions and those causing disfigurement. Common agents
include: concentrated ethanol, foamed sodium tetradecyl sulfate (STS), foamed polidocanol

Prognosis: Sclerotherapy is often curative for focal venous malformations (VMs), whereas diffuse VMs at increased risk of recurrence and require multiple
treatments

Microcystic lymphatic malformations (,1 cm)

Presentation: present at birth, most commonly on the head and neck. Skin-coloured masses ballotable to palpation, with red or yellow blisters when involving
the mucous membrane

Imaging: T1 weighted MRI: diffuse hypointensity. T2 weighted MRI: diffuse hyperintensity

Treatment: surgical resection. Reserved for lesions at risk of significant complication

Prognosis: Curative treatment rare and recurrence common

Macrocystic lymphatic malformations (.1 cm)

Presentation: less common, appear later in life and are more prone to haemorrhage and infection

Imaging: T1 weighted MRI: septated cystic mass with hypo- to isointense heterogeneity that do not enhance with contrast. T2 weighted MRI: well-defined,
lobulated, hyperintense mass

Treatment: Sclerotherapy: bleomycin, ethanol, STS and doxycycline. Reserved for lesions at risk of significant complication

Prognosis: varies with lesion characteristics and sclerosing agent used. Typically good response, but rarely achieve complete resolution
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(Continued)

Arteriovenous malformation

Presentation: warm pink-bluish lesions with a pulsatile thrill, can progress to dystrophic skin changes, bleeding, ulceration and necrosis. Associated heart
failure in severe cases

Imaging: T1 and T2 weighted MRI: mesh of flow voids often with visible shunt. CTangiography and MR angiography: both enable arteriovenous malformation
(AVM) flow analysis by determining the size and location of the AVM nidus, arterial feeders and shunt volume. Angiography: dilated arteries with early filling
of enlarged draining veins beginning at the nidus

Treatment: embolization with or without surgical resection. Embolic agents: ethanol, n-butyl cyanoacrylate glue, onyx, coils. No definitive consensus exists
regarding the most effective embolic agent

Prognosis: dependent on size, location and flow rate of lesion. Embolization followed by surgical resection provides best chance for curative treatment

BJR PR Mulligan et al
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