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ABSTR ACT: Pediatric vascular anomalies are common conditions. These vascular “birthmarks” include hemangiomas and vascular malformations. The 
morbidity is about 2.5%; most of the lesions occur in oral and maxillofacial regions. Medical and surgical modalities of treatment are available for various 
types of vascular anomalies. Accurate and timely diagnosis is important for optimal therapeutic efficacy. Therapeutic indications range from cosmetic and 
patient preference to life-saving interventions. Infantile hemangioma can be treated by beta-blockers, systemic corticosteroids, laser, and surgical excision. 
Vascular malformations are often mislabeled as hemangiomas, which do not usually respond to medical therapy. Physicians caring for children must under-
stand the principles underlying treatment for these anomalies.
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Introduction
Vascular anomalies are abnormal formations or growths within 
the vascular system.1,2 They are heterogeneous childhood con-
ditions associated with confusing terminologies and occasional 
significant morbidity and mortality in infants and children.1–4 
These vascular “birthmarks” are common diseases. The morbid-
ity is about 2.5%; most of the lesions occur in oral and maxil-
lofacial regions, which account for 40–60% of the total lesions.1 
There are many types of vascular anomalies that require differ-
ent treatment approaches. In 1996, the International Society 
for the Study of Vascular Anomalies (ISSVA) approved a clas-
sification system modified from the schema originally proposed 
by Mulliken and Glowacki.1,5–8 The classification was based on 
differences in the cellular kinetics and natural history of these 
lesions.7 Vascular tumors demonstrate endothelial cell hyper-
plasia, which spontaneously involutes. In contrast, the vascular 
malformations have flattened endothelial cells with normal 
endothelial cell turnover and do not involute spontaneously.7,8 
The classification was further amended.1,5–8 This summary out-
lines the classifications, treatments, and complications of these 

lesions. Using keywords search of “vascular anomalies”, “hem-
angioma”, and “vascular malformation” and with limits set to 
exclude animal and bench studies, this overview aims to sum-
marize the therapeutics efficacies of medical and surgical inter-
ventions for these lesions. Case reports are generally excluded 
unless they add unusual information on treatment modalities. 
Many new and exciting areas of discovery occur almost daily 
in the field of vascular anomalies. Owing to the breadth of this 
topic, it is certain that not all articles can be reviewed. Only the 
most recent and clinically relevant breakthroughs in the field 
are presented.2

Classification
Vascular anomalies are defined as localized defects of the 
vasculature in a restricted area of the body.2,5,6 These defects 
are secondary to errors in vascular morphogenesis. Heman-
giomas are vascular tumors characterized by rapid growth, 
increased endothelial turnover, and increased numbers of mast 
cells. Vascular malformations grow commensurately with the 
patient or expand secondary to hemodynamic alteration and 
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phase. 60% of these lesions are superficial, 10% are deep (ie 
subcutaneous), and 30% have components of both. Most are 
distributed in a localized manner, but some may be segmented 
within a single anatomical unit or present with multiple local-
ized lesions. 10% of all children are affected by these benign vas-
cular tumors, majority of which begin to appear in the neonatal 
period, while others present themselves at birth. This condition 
is more common in females, with a female-to-male ratio of 3:1, 
and appears more frequently in the head and neck region. The 
reason for the gender difference in prevalence remains unknown.

At the onset of infantile hemangiomas, faint erythema, 
localized telangiectasia, or blanched macules may be 
observed.15,16 When mature, superficial hemangiomas are 
typically raised, bright red lobulated tumors with clearly 
defined borders. The lesions may develop small capillaries pro-
truding from the surface. While infantile hemangiomas may 
occasionally look similar to capillary malformations, infan-
tile hemangiomas follow the natural history that is typical of 
hemangiomas. Deep hemangiomas can be compressed, but 
feel firm to the touch.16 In terms of appearance, these lesions 
present with nodular swelling that is blue in color, with telan-
giectatic vessels.17 Mixed hemangiomas (both superficial and 
deep) may show characteristic features of both.16

Infantile hemangiomas typically undergo rapid prolifera-
tion in the first 6 months of appearance, reaching the maxi-
mum size between 6 and 8 months for superficial, and 1 and 
2 years for deep hemangiomas.18,19 On average, these lesions 
will resolve spontaneously at a rate of 10% per annum. The 
earlier the resolution phase begins, the more likely the lesion 
will be healed with good cosmetic results.18,19 Lesions situated 
on the face tend to heal less well and may result with redun-
dant skin, telangiectasia, and skin atrophy after regression.17

Non-proliferative hemangiomas. NICH and RICH are 
congenital conditions and are not as common as the infantile 
hemangiomas.9–12,20,21 Lesions are usually around the elbows 
and knees, as well as along the mandibular border. These rare 
hemangiomas have no obvious sex predilection. NICH and 
RICH are pink or violet. NICH have circumscribed edges and 

are characterized by a normal endothelial cell cycle and normal 
numbers of mast cells.7,8 Based on ISSVA, broadly, vascular 
anomalies are divided into two categories, vascular tumors and 
vascular malformations. Each of these can be further divided 
into multiple entities.1,5–8 Vascular tumors can be congenital 
or acquired, and are characterized by a proliferative phase 
of tumor growth, which may occur in utero or postnatally 
(eg strawberry hemangiomas) Vascular malformations are con-
genital, non-proliferative, and static, and composed of dysplas-
tic developmental aberrations of blood or lymphatic vessels.2,5,6

Vascular tumors are divided into hemangiomas and mis-
cellaneous vascular tumors.6,9 The hemangiomas are divided 
into proliferative hemangiomas (infantile hemangioma) and 
non-proliferative hemangiomas (proliferation occurs in utero 
but not postnatally).9–12 Non-proliferative hemangiomas are 
further subdivided into non-involuting congenital hemangio-
mas (NICH) and rapidly involuting congenital hemangiomas 
(RICH).10 NICH and RICH are confusing entities that can 
only be differentiated retrospectively after the proliferation 
stage. Other vascular tumors include spider nevus, pyogenic 
granuloma, glomus tumor, angiosarcoma, myofibromatosis, 
hemangiopericytoma, kaposiform hemangioendothelioma, and 
tufted angioma (Table  1).10 Vascular malformations include 
malformations of the capillary, veins, lymphatic vessels, arter-
ies, and any combination of the above.13 They are classified into 
“low flow,” “high flow,” and “complex combined” (Table 1).5,13

Imaging
The use of imaging could help in the differentiation between 
hemangiomas, vascular malformations, and other soft tissue 
tumors. MRI, MRA, and ultrasound are all useful in provid-
ing information as to the extent of the lesion.5,14 Table 2 sum-
marizes features of MRI imaging in these lesions.

Hemangiomas
Proliferative hemangiomas. Hemangiomas can be pro-

liferative or non-proliferative.1,2,6,10 Infantile hemangiomas are 
characterized by a proliferative phase followed by an involutional 

Table 1. Classification of vascular anomalies.

VASCULAR TUMORS VASCULAR MALFORMATIONS

LOW FLOW HIGH FLOW COMPLEX COMBINED

Hemangiomas (infantile  
hemangioma, NICH, RICH)

Capillary malformation (PWS) Arteriovenous  
malformation

Capillary VM

Kaposiform 
hemangioendothelioma

VM Capillary lymphatic malformation

Tufted angioma Lymphatic malformation Arteriovenous fistula Capillary lymphatic VM

Pyogenic granuloma Capillary arteriovenous malformation

Hemangiopericytoma Capillary arteriovenous lymphatic 
malformation

Myofibromatosis

Angiosarcoma
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however, is only effective during the proliferative stage; hence, 
the treatment must begin early. The normal starting dose is 
between 2 and 5 mg/kg/day, depending on whether it is super-
ficial (lower dose) or deep (higher dose).22–24 It is recommended 
to use a single dose in the morning to avoid adrenal suppres-
sion. Typically, changes can be seen after 7–10 days. The course 
of steroids usually lasts 6 weeks, and an additional few weeks to 
taper off. There are rarely severe long-term complications sus-
tained from systemic steroids, but short-term side effects may 
occur. Regular echocardiograms should be performed to rule 
out myocardial hypertrophy as a result of prolonged use of ste-
roids. A second course of steroids may be required if the hem-
angioma re-proliferates. Lesions on the tip of the nose tend not 
to respond well to steroid treatment. For at least 3 months after 
the treatment, live vaccines should be avoided. Different stud-
ies show that effectiveness can range from 30 to 90%.

An investigation into the use of β-blockers in the treatment 
of infantile hemangiomas was carried out using 8–10 mg/kg/day 
of acebutolol. Acebutolol is a selective β-adrenergic receptor-
blocking agent.25,26 It most likely reduces the blood flow to 
the hemangioma by decreasing the heart rate or by stopping 
the vasodilator response to the β-adrenergic stimulation.27,28 
Patients who had no response to steroids or had serious side-
effects that required a change in the treatment were recruited. 
Rapid improvement was observed immediately after the intro-
duction of acebutolol. The color intensity and size decreased. 
Acebutolol was continued until the hemangioma stabilized. 
Another β-blocker, propranolol, has been observed to cause rapid 
involution in severe infantile hemangiomas at a dose of 1 mg/kg  
three times daily.15,26,29–35 Propranolol is a relatively recent 
therapy of hemangiomas with fewer side effects, a different 
mechanism of action, and greater efficacy than the current first-
line corticosteroid therapy.15,22–24,28,31,36–40 In the recent years, 
propranolol has been proposed as a first-line treatment for all 
problematic proliferative infantile hemangiomas. Many of these 
studies do not have the same patient population or duration/
regimen of treatment for hemangiomas; however, based on the 
available data in the literature, it appears that propranolol could 
be an emerging and effective treatment for infantile hemangio-
mas.15 Further randomized controlled trials are recommended. 
Propranolol is generally less effective in NICH and RICH.

If propranolol or corticosteroids are not effective, treatment 
using interferon alpha-2a should be used for life-threatening 

appear slightly bossed. RICH are firm, raised hemangiomas. 
NICH do not change after birth, and may be excised if the 
patient suffers from psychological problems.9–12,20,21 Con-
versely, RICH will begin shrinking rapidly after birth and will 
typically disappear by 6–14 months of age. The obvious differ-
ences in behavior served to differentiate RICH, NICH, and 
common infantile hemangioma.9 NICH and RICH also have 
distinctive histopathologic and ultrasonographic features.9,14

Associations and complications of hemangiomas. Hem-
angiomas can be associated with conditions involving inter-
nal organs such as heart or liver failure and spine problems.6 
One  group of abnormalities associated with facial lesions is 
known as the PHACE (posterior fossa malformations, hemangi-
oma, arterial anomalies, cardiovascular defects, eye abnormalities 
and others such as supraumbilical raphe) syndrome. Hence, it is 
worthwhile to include imaging in the investigation of hemangio-
mas, which can be helpful in delineating the extent of the lesion 
as well as in differentiating the different classes of vascular anom-
alies. Ultrasound, MRI, and MRA can be used to show which 
cell types are within the hemangioma (Table 2). If the presence of 
malignant tissue is suspected, biopsies should be taken.

Many complications may arise with hemangiomas.6 
Ulceration can occur during the proliferative phase and may 
cause severe pain, bleeding, and wound infection. Subglottic 
hemangiomas and hemangiomas near the eyes or around the 
ears can cause obstruction of the airway, amblyopia ex anop-
sia, or occasionally impaired hearing. Lesions surrounding the 
eyes may induce pressure on the cornea, causing astigmatism. 
Large systemic hemangiomas can cause death due to high 
cardiac output failure. Hepatic hemangiomas can cause heart 
failure, anemia, and hepatomegaly in only a few months of 
age. Hemorrhage, functional impairments (eg of the hands), 
digital gangrene, spinal dysraphism, and permanent scarring 
or disfigurement are possible, albeit rare complications. The 
patient may also suffer from psychological problems.

Treatment of hemangiomas. Most hemangiomas do not  
require any treatment, and only need close observation to 
ensure that complications do not arise.6 For small, simple hem-
angiomas, pressure occlusion, pulsed-dye laser, cryosurgery, 
and surgical excision may be considered to help reduce the 
appearance of the lesion.

The medical treatment for higher-risk hemangiomas 
includes systemic steroids. The use of systemic steroids, 

Table 2. MRI imaging features between some vascular anomalies.

DISCRETE  
PARENCHYMAL MASS

CONTRAST  
ENHANCEMENT

HIGH FLOW VESSELS  
(FEEDING ARTERIES)

ADDITIONAL FEATURES

Hemangioma Present Present Present

Arteriovenous malformation Absent Present Present

VM Absent Present Absent Phleboliths present, venous 
spaces differ in size

Lymphatic malformation Absent Absent Absent
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They are usually present at birth and grow proportionately as 
the child grows. As the child ages, the lesions thicken and 
darken. They are distinct from hemangiomas in that they are 
non-proliferative, have ecstatic vessels in the dermis, and have 
normal endothelial cell turnover.

PWSs are treated using pulsed-dye laser. Immediately 
after the treatment, the area has a characteristic blue/gray color 
and then purpuric within a few hours. The discoloration takes 
1–2 weeks to resolve, after which the area lightens over the 
following weeks. This treatment produces a better response in 
younger children with thinner skin and fewer ectatic vessels.5

Arteriovenous malformations. Arteriovenous malfor-
mations are localized, extensive high-flow malformations.5,6 
They are high flow congenital vascular malformations that 
may occur in any part of the body.29 The clinical presentation 
depends on the extent and size of the lesion and can range from 
an asymptomatic birthmark to congestive heart failure.29,30 At 
birth, these lesions appear very similar to hemangiomas and 
PWSs. Hormonal changes (for example during puberty) cause 
enlargement and thickening of the lesions. Multiple ulcerations 
and skin atrophy usually follow as a result of arterial steal. 
Ultrasound scans may reveal multiple arteriovenous shunts 
(which are absent in hemangiomas), while MRIs can differen-
tiate arteriovenous from VMs and hemangiomas. These lesions 
are often painful due to the presence of phleboliths and ulcer-
ation. Local bleeding and ischemia are possible complications.

The treatment for arteriovenous malformations is primar-
ily supportive, including analgesics for painful episodes, phys-
iotherapy, and elastic stockings for malformations on the limbs. 
Surgical resection may be performed to prevent re-expansion. 
To prevent tissue ischemia and collateral perfusion, ligation or 
embolization of the feeding arteries must be avoided. Antico-
agulants may be required during pregnancy to prevent clotting 
in the arteriovenous malformation. Superficial malformed ves-
sels can be treated using foam sclerotherapy, whereas ethanol 
sclerotherapy can improve deep arteriovenous malformations.5 
Detailed investigations including duplex ultrasound, MRI/
MRA, and CT/CTA are required to develop an appropriate 
treatment plan (Table 2). Appropriate management is best 
achieved via a multi-disciplinary approach, and interventions 
should be undertaken by appropriately trained physicians.29,30

VMs. VMs are congenital lesions that can cause pain, 
decreased range of movement, compression on adjacent struc-
tures, bleeding, consumptive coagulopathy, and cosmetic defor-
mity.48 They are slow-flow lesions that are usually present at 
birth but may occasionally only be visible later in life.5,6,45,47,49,50 
They can be localized to skin, subcutaneous tissues, muscle, 
mucosa, or a combination, on any part of the body. They may 
appear as discolored, prominent veins or blue colored swelling 
of the soft tissue. If muscles or joints are involved, bleeding or 
pain may occur.

Extensive VM of limbs may cause severe functional 
impairment, with characteristic blue skin. The limb may 
be shortened, and pathological fractures may occur during 

hemangiomas.41 This involves a subcutaneous injection of 
3 million IU/m2/day for approximately 8 months. Neurotox-
icity including spastic diplegia occurred in 20% of patients 
treated with interferon alpha-2a.

Treatments by pulsed-dye laser with 585–595  nm wave-
lengths are helpful in the reduction of superficial hemangiomas.27 
Early initiation of treatment is associated with better cosmetic 
results, lowering the chance of developing rough skin and scar. 
Pulsed-dye laser treatment is safe even for ulcerated hemangio-
mas and has very low risk of complications, but will only affect 
the superficial component, while deep lesions may continue to 
proliferate.27 Pulsed-dye laser has not been very effective for 
facial lesions. However, resolved hemangiomas with residual 
telangiectasia can be improved by pulsed-dye laser.42

For ulcerated hemangiomas, the wounds can be managed 
using local wound care, vaseline gauze, systemic corticoste-
roids, intralesional or potent local corticosteroids, analgesics 
such as topical lidocaine or oral paracetamol, polyurethane 
film to improve pain control and re-epithelialization, and top-
ical or systemic prophylactic antibiotics to prevent infection.43

Other forms of treatment include surgical excision for 
hemangiomas on the tip of the nose or eyelids, ulcerated 
hemangiomas, pedunculated hemangiomas, and NICH.42,44 
Hepatic hemangiomas can be treated with vascular emboliza-
tion. A multidisciplinary approach is often required for com-
plex vascular tumor cases, particularly by ophthalmologists, 
psychologists, and vascular and plastic surgeons.45,46

Prognosis of hemangiomas. For infantile hemangiomas, 
50% of the lesions are completely involuted without treatment 
by age 5, 75% by age 7, and 90% by age 9.6,45 It is extremely 
difficult to predict the size of the hemangioma during the pro-
liferative stage. Half of these involuted lesions cause perma-
nent skin changes such as hypopigmentation, atrophic scars, 
and redundant skin. After resolution, superficial hemangio-
mas may give rise to residual telangiectasia and epidermal 
atrophy, while deep hemangiomas are replaced by fibro-fatty 
tissues. Most of the lesions that are not involuted by age 6 will 
have an extremely poor cosmetic result. NICH do not recur 
after surgical excision. There may be dermal and subcutaneous 
atrophy after involution of RICH.

Vascular Malformations
Vascular malformations are dysplastic changes that occur 
during the formation of blood or lymphatic vessel formation, 
which range from flat lesions to substantial, protruding growths. 
They are non-proliferative.2,3,5,6 Symptomatic slow-flow vascu-
lar malformations include venous malformations (VMs) and 
lymphatic malformations, as well as combined anomalies.47 An 
accurate diagnosis and multidisciplinary treatment strategy for 
management of congenital malformations can improve the 
overall treatment success with a reduced morbidity and recur-
rence compared to the conventional approaches.2,13

Capillary malformations—port wine stain (PWS). 
PWSs are the most common form of vascular malformations.5,6 
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Lymphatic malformation. Lymphatic malformations 
usually affect the axilla or neck regions and are present at 
birth or very soon after.2,15,26 They can be divided into mac-
rocystic and microcystic types; the former is more responsive 
to injectable sclerosants. Imaging studies are mostly useful 
for confirming the clinical diagnosis, estimating the extent of 
the lesion, and determining the feasibility of surgical resec-
tion. These lesions can be treated by sclerotherapy using doxy-
cycline, bleomycin, OK-432, or other sclerosants; CO2 laser 
ablation; or surgical excision.2,15,26

Major Vascular Malformation Syndromes
Sturge–Weber syndrome (encephalotrigeminal angio-

matosis). Vascular malformations on three of the anatomical 
sites of neurectodermal origin (cutaneous PWS on trigeminal 
nerve dermatome, vascular malformation on the ipsilateral pia 
mater, and ipsilateral ocular vascular anomalies) are collectively 
known as Sturge–Weber syndrome. The associations include 
leptomeningeal malformations, causing ischemia and possible 
mental retardation, epilepsy, and glaucoma. MRI scans and sin-
gle photon emission computed tomography (SPECT) may allow 
earlier diagnosis and show the extent of the malformation.2,5,49

A multidisciplinary approach involving neurologists, 
dermatologists, and ophthalmologists is required in the man-
agement of patients with this condition. Pulsed-dye laser may 
be used for cosmetic treatment.27

Klippel–Trénaunay syndrome (KTS). Klippel–Trénau-
nay syndrome is a complex congenital anomaly, characterized 
by VMs of the limbs, port-wine stains, and hypertrophy of 
the soft tissue and bone.5,49,55 Venous drainage is often abnor-
mal because of embryonic veins, agenesis, hypoplasia, valvular 
incompetence, or aneurysms of deep veins.55 This rare syn-
drome appears mostly in the lower limbs. KTS commonly 
presents itself as capillary malformation on the limbs in the 
neonatal period, followed by other features that develop when 
the child becomes ambulatory. For most patients, a non-
operative treatment approach is sufficient. Pulsed-dye laser can 
be used for the capillary malformations, elastic stockings for 
VMs, prophylactic antibiotics for recurrent cellulitis, antico-
agulants for deep-vein thrombosis and intermittent pneumatic 
compression, and aspirin or ibuprofen for recurrent thrombo-
phlebitis. Camouflage and psychological support may be con-
sidered. Surgical procedures may be necessary for severe cases, 
for example, epiphysiodesis for limb length discrepancies, vein 
stripping, or sclerotherapy. Although removal is often incom-
plete, and vascular malformations recur in 50% of patients, 
the patients note an overall improvement after avulsion or 
excision of varicosities and vascular malformations.55 The 
management of patients with KTS is primarily non-operative. 
These patients with patent deep veins can be considered for 
excision of symptomatic varicose veins and VMs. Although 
the recurrence rate is high, clinical improvement is significant, 
and reoperations can be performed if needed. Occasionally, 
deep vein reconstruction, excision of persistent sciatic veins, 

infancy. The involvement of muscles is very common. Local-
ized intravascular coagulation may lead to chronic consump-
tive coagulopathy with a resultant tendency to bleed.

The use of compressive, elastic garments is the main 
treatment.5,50 Aspirin may be taken to reduce thrombosis. 
Superficial lesions are often injected with sclerosant, or the 
veins involved are removed. Deep lesions may require surgical 
intervention as well, depending on the extent of the VM.

Elastic stockings play an extremely important role in 
the treatment of extensive VMs, and it is suggested that they 
be worn from infancy onward.49,50 Other treatment options 
include embolization and sclerotherapy, excision of VM and 
surrounding skin and muscle, and synovectomy (if the knee 
joint is involved). Treatment of congenital VMs poses a major 
clinical challenge. Ethanol sclerotherapy alone or combined 
with surgical excision is the accepted treatment in symptom-
atic malformations after failed treatment attempts with the 
tailored compression garments.48,51 Endovascular therapy, 
mainly consisting of intralesional sclerosant injection, is now 
accepted as the primary treatment for most of these lesions. 
Magnetic resonance imaging and ultrasonography supple-
ment physical examination for diagnosis and assessment of 
the extent of malformation. Although most vascular malfor-
mations are not cured, the majority of patients benefit from 
endovascular treatment.47 Endovascular treatment is usually 
carried out under general anesthesia. Sclerosants for VMs 
include ethanol, 3% sodium tetradecyl sulfate, and bleomy-
cin. Complications of sclerotherapy include tissue necrosis, 
peripheral nerve injury, hemoglobinuria, deep vein thrombo-
sis, and pulmonary embolism. Successes have been achieved 
with ethanol sclerotherapy in most lesions; however, severe 
complications are more likely to occur when more ethanol is 
used. Percutaneous sclerotherapy of VMs using absolute etha-
nol and bleomycin A5 is safe and effective, which may be the 
technique and the choice for treatment of VMs.52

A simple and descriptive classification system for VMs 
may serve as a basis for interventional therapy.53 Puig and col-
leagues developed a classification system as follows: type I, 
isolated malformation without peripheral drainage; type II, 
malformation that drains into normal veins; type III, malfor-
mation that drains into dilated veins; and type IV, malforma-
tion that represents dysplastic venous ectasia. They tested the 
hypothesis if the type of VM would determine whether low-
risk sclerotherapy was indicated, and concluded that sclero-
therapeutic intervention in patients with type-III and type-IV 
VMs must be carefully considered, whereas it can be safely 
performed in low-risk patients with type-I and type-II lesions.

Absolute ethanol sclerotherapy alone can deliver excel-
lent results in complex forms of VMs with considerable but 
acceptable morbidity and may be able to reduce the morbidity 
involved with the conventional surgical therapy alone on com-
plex forms of VM. No recurrence or deterioration in the ther-
apy results was observed during the follow-up period (average, 
10.2 months) after the completion of multi-staged therapy.13,54
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used (3 mU/m2/day).61 This gives a variable response, which 
has mostly been successful. Complications such as fever, neu-
tropenia, spastic diplegia, and deranged liver function are pos-
sible when using interferon 2a.

Osler–Weber–Rendu (hereditary hemorrhagic telan-
giectasia). This is a rare, genetic, progressive cutaneous and 
mucosa telangiectasia of nostrils, digestive tract, and oral 
mucosa.63 It is transmitted in an autosomal dominant fashion, 
and occurs 1 in 5,000 people. Iron replacement, laser, elec-
trodessication, antibiotic prophylaxis, transcatheter emboliza-
tion, and surgical excision are the available treatment options 
for patients with this condition.

Conclusions
Many medical and surgical modalities of treatment are avail-
able for various types of vascular anomalies.2,5 Accurate and 
timely diagnosis is important for optimal therapeutic effi-
cacy.2,6 Therapeutic indications range from cosmetic and 
patient preference to life-saving interventions. Infantile hem-
angioma can be treated by beta-blockers, systemic cortico-
steroids, laser, and surgical excision. Vascular malformations 
are often mislabeled as hemangiomas, which do not usually 
respond to medical therapy.6 Physicians caring for children 
must understand the principles underlying the treatment for 
these anomalies.

Author Contributions
Conceived and designed the experiments: KLH. Analyzed 
the data: KLH, PCS, JJL. Wrote the first draft of the manu-
script: KLH. Agree with manuscript results and conclu-
sions: KLH, PCS, JJL, CMC, DCL. Jointly developed the 
structure and arguments for the paper: KLH, PCS, JJL, 
CMC, DCL. Made critical revisions and approved final ver-
sion: KLH. All authors reviewed and approved of the final 
manuscript.

DISCLOSURES AND ETHICS
As a requirement of publication the authors have provided signed confirmation of their 
compliance with ethical and legal obligations including but not limited to compliance 
with ICMJE authorship and competing interests guidelines, that the article is neither 
under consideration for publication nor published elsewhere, of their compliance with 
legal and ethical guidelines concerning human and animal research participants (if 
applicable), and that permission has been obtained for reproduction of any copy-
righted material. This article was subject to blind, independent, expert peer review. 
The reviewers reported no competing interests. Provenance: the authors were invited 
to submit this paper.

REFERENCES
	 1.	 Zhao FY, Gao Y, Wu MJ, Luo QF, Liu Y, Xu ZQ. [Diagnosis and therapy on 

hemangiomas and vascular malformation in view of the new classification]. 
Beijing Da Xue Xue Bao. 2009;41(1):21–27.

	 2.	 Buckmiller LM. Update on hemangiomas and vascular malformations. Curr 
Opin Otolaryngol Head Neck Surg. 2004;12(6):476–487.

	 3.	 Zwerver J, Rieu PN, Koopman RJ, Spauwen PH, Buskens FG, Boetes C, et al. 
Vascular malformations: a review of 10 years’ management in a university hospi-
tal. Pediatr Surg Int. 1996;11(5–6):296–300.

	 4.	 Hon KL. Skin diseases in Chinese children at a pediatric dermatology center. 
Pediatr Dermatol. 2004;21(2):109–112.

or subfascial endoscopic perforator surgery is indicated. The 
patients should receive multidisciplinary care in qualified vas-
cular centers experienced in managing these rare lesions.55

Angiokeratomas (hyperkeratonic capillary malforma-
tions). Angiokeratomas are benign, mixed anomalies of the 
blood vessels and the epidermis. They appear as asymptomatic 
dark red to black nodules with verrucous surfaces. Angiokera-
tomas may be misdiagnosed due to their rarity. A biopsy of the 
lesion can produce a more accurate diagnosis. Surgical exci-
sion or laser is required to remove the lesions.2,27

Other Vascular Anomalies
Spider nevus (nevus araneus). Spider nevus is a com-

mon childhood angioma that occurs in 15% of children. It 
is characterized by a central vascular punctum with fine ves-
sels that radiate outwards. It can be treated by electrodessica-
tion, cryotherapy, or pulsed-dye laser.27,56 Clinical efficacy and 
safety of potassium titanyl phosphate (KTP) laser treatment 
and electrocoagulation (EC) for the treatment of spider nevi 
is comparable. KTP laser treatment is less painful and more 
favored.56

Pyogenic granuloma. Pyogenic granuloma is a com-
mon vascular tumor that appears either spontaneously or 
after trauma.10,57 It is usually found on exposed skin, but 
may also be found on PWSs or arteriovenous malformations. 
These lesions are red, pedunculated nodules that frequently 
bleed spontaneously. Curettage, cautery, or cryotherapy are 
treatment options.57 Recurrent pyogenic granuloma in a 
patient treated with diode laser without the use of anesthe-
sia, sutures, anti-inflammatory drugs, or analgesics has been 
reported.57

Glomus tumor. An uncommon hamartoma of the glo-
mus body, glomus tumors are painful, tender, and blue- or 
pink-colored nodules that occur mostly on the limbs, face, and 
genitalia.58 They are usually excised.

Angioma serpiginosum. Angioma serpiginosum is a 
rare disorder of superficial blood vessels that is more common 
in females.59,60 They are minute pink or purple angiomatous 
puncta that are grouped together. They may be present with 
a livedoid pattern, and do not completely blanch. Laser treat-
ment may be slightly helpful in reducing the appearance.

Kasabach–Meritt syndrome. Kasabach–Meritt syn-
drome, which is quite rare, is composed of thrombocytopenia, 
microangiopathic hemolytic anemia, and localized consump-
tion coagulopathy.11,61,62 There is no sex predilection. Lesions 
are often rapidly proliferating firm purpuric masses with irreg-
ular borders. The proliferation phase often lasts for 2–5 years. 
This syndrome carries a 20–30% mortality.

The treatment for this syndrome may involve platelet 
transfusion when bleeding occurs, radiation therapy, chemo-
therapy, embolization, and surgical excision. Prednisolone may 
be helpful in supressing coagulopathy and inducing regression 
of the tumor when given in 2–4 mg/kg/day doses. For life-
threatening Kasabach–Meritt syndrome, interferon 2a may be 

http://www.la-press.com


Pediatric vascular anomalies 

7Clinical Medicine Insights: Dermatology 2014:7

	 33.	 Hon KL, Burd A, Chu WC, Lee V, Li CK. Propranolol for infantile hemangio-
mas: strawberry matters? Indian J Pediatr. 2012;79(1):130–131.

	 34.	 Gunturi N, Ramgopal S, Balagopal S, Scott JX. Propranolol therapy for infantile 
hemangioma. Indian Pediatr. 2013;50(3):307–313.

	 35.	 Fuchsmann C, Quintal MC, Giguere C, Ayari-Khalfallah S, Guibaud L, 
Powell J, et al. Propranolol as first-line treatment of head and neck hemangio-
mas. Arch Otolaryngol Head Neck Surg. 2011;137(5):471–478.

	 36.	 Holmes WJ, Mishra A, Gorst C, Liew SH. Propranolol as first-line treatment 
for infantile hemangiomas. Plast Reconstr Surg. 2010;125(1):420–421.

	 37.	 Holmes WJ, Mishra A, Gorst C, Liew SH. Propranolol as first-line treatment for 
rapidly proliferating infantile haemangiomas. J Plast Reconstr Aesthet Surg. 2011; 
64(4):445–451.

	 38.	 Jin YB, Lin XX, Ye XX, Chen H, Ma G, Jiang CH, et al. [A prospective study 
of propranolol as first-line treatment for problematic infantile hemangioma in 
China]. Zhonghua Zheng Xing Wai Ke Za Zhi. 2011;27(3):170–173.

	 39.	 Tan ST, Itinteang T, Leadbitter P. Low-dose propranolol for infantile haeman-
gioma. J Plast Reconstr Aesthet Surg. 2011;64(3):292–299.

	 40.	 Lou Y, Peng WJ, Cao Y, Cao DS, Xie J, Li HH. The effectiveness of propranolol 
in treating infantile hemangiomas: a meta-analysis including 35 studies. Br J Clin 
Pharmacol. 2013:10. doi:10.1111/bcp.12235.

	 41.	 Ezekowitz RA, Mulliken JB, Folkman J. Interferon alfa-2a therapy for life-
threatening hemangiomas of infancy. N Engl J Med. 1992;326(22):1456–1463.

	 42.	 Achauer BM, Vander Kam VM. Vascular lesions. Clin Plast Surg. 1993;20(1): 
43–51.

	 43.	 Kim HJ, Colombo M, Frieden IJ. Ulcerated hemangiomas: clinical characteris-
tics and response to therapy. J Am Acad Dermatol. 2001;44(6):962–972.

	 44.	 Pitanguy I, Machado BH, Radwanski HN, Amorim NF. Surgical treatment of 
hemangiomas of the nose. Ann Plast Surg. 1996;36(6):586–592.

	 45.	 Lee BB. Venous malformation and haemangioma: differential diagnosis, diagno-
sis, natural history and consequences. Phlebology. 2013;28(suppl 1):176–187.

	 46.	 Tanner JL, Dechert MP, Frieden IJ. Growing up with a facial hemangioma: par-
ent and child coping and adaptation. Pediatrics. 1998;101(3 Pt 1):446–452.

	 47.	 Burrows PE. Endovascular treatment of slow-flow vascular malformations. Tech 
Vasc Interv Radiol. 2013;16(1):12–21.

	 48.	 Rimon U, Garniek A, Galili Y, Golan G, Bensaid P, Morag B. Ethanol sclero-
therapy of peripheral venous malformations. Eur J Radiol. 2004;52(3):283–287.

	 49.	 Enjolras O, Ciabrini D, Mazoyer E, Laurian C, Herbreteau D. Extensive pure 
venous malformations in the upper or lower limb: a review of 27 cases. J Am Acad 
Dermatol. 1997;36(2 Pt 1):219–225.

	 50.	 Lee BB, Bergan J, Gloviczki P, Laredo J, Loose DA, Mattassi R, et al. Diagnosis 
and treatment of venous malformations. Consensus document of the Interna-
tional Union of Phlebology (IUP)-2009. Int Angiol. 2009;28(6):434–451.

	 51.	 Ierardi AM, Mangini M, Vaghi M, Cazzulani A, Carrafiello G, Mattassi R. 
Sclerotherapy of peripheral venous malformations: a new technique to prevent 
serious complications. Vasc Endovascular Surg. 2010;44(4):282–288.

	 52.	 Jin Y, Lin X, Li W, Hu X, Ma G, Wang W. Sclerotherapy after embolization 
of draining vein: a safe treatment method for venous malformations. J Vasc Surg. 
2008;47(6):1292–1299.

	 53.	 Puig S, Aref H, Chigot V, Bonin B, Brunelle F. Classification of venous mal-
formations in children and implications for sclerotherapy. Pediatr Radiol. 2003; 
33(2):99–103.

	 54.	 Lee BB, Kim DI, Huh S, Kim HH, Choo IW, Byun HS, et al. New experiences 
with absolute ethanol sclerotherapy in the management of a complex form of 
congenital venous malformation. J Vasc Surg. 2001;33(4):764–772.

	 55.	 Noel AA, Gloviczki P, Cherry KJ Jr, Rooke TW, Stanson AW, Driscoll DJ. 
Surgical treatment of venous malformations in Klippel–Trenaunay syndrome.  
J Vasc Surg. 2000;32(5):840–847.

	 56.	 Erceg A, Greebe RJ, Bovenschen HJ, Seyger MM. A comparative study of 
pulsed 532-nm potassium titanyl phosphate laser and electrocoagulation in the 
treatment of spider nevi. Dermatol Surg. 2010;36(5):630–635.

	 57.	 Rai S, Kaur M, Bhatnagar P. Laser: a powerful tool for treatment of pyogenic 
granuloma. J Cutan Aesthet Surg. 2011;4(2):144–147.

	 58.	 Ham KW, Yun IS, Tark KC. Glomus tumors: symptom variations and magnetic 
resonance imaging for diagnosis. Arch Plast Surg. 2013;40(4):392–396.

	 59.	 Marks V, Tcheung WJ, Burton C III, Selim A, Nelson K. Reflectance confocal 
microscopy features of angioma serpiginosum. Arch Dermatol. 2011;147(7):878.

	 60.	 Madan V, August PJ, Ferguson JE. Pulsed-dye laser treatment of angioma ser-
piginosum. Clin Exp Dermatol. 2009;34(5):e186–e188.

	 61.	 MacArthur CJ, Senders CW, Katz J. The use of interferon alfa-2a for life-
threatening hemangiomas. Arch Otolaryngol Head Neck Surg. 1995;121(6):690–693.

	 62.	 Biban P. Kasabach-Merritt syndrome and interferon alpha: still a controversial 
issue. Arch Dis Child. 2003;88(7):645–646.

	 63.	 Sabba C, Pasculli G, Cirulli A, Gallitelli M, Virgilio G, Resta F, et al. Heredi-
tary hemorrhagic telangiectasia (Rendu-Osler-Weber disease). Minerva Cardio-
angiol. 2002;50(3):221–238.

	 5.	 Cahill AM, Nijs EL. Pediatric vascular malformations: pathophysiology, diag-
nosis, and the role of interventional radiology. Cardiovasc Intervent Radiol. 2011; 
34(4):691–704.

	 6.	 Yang XJ, Zheng JW. [Diagnosis of hemangiomas and vascular malformations: 
an overview]. Shanghai Kou Qiang Yi Xue. 2007;16(5):542–546.

	 7.	 Mulliken JB, Zetter BR, Folkman J. In vitro characteristics of endothelium from 
hemangiomas and vascular malformations. Surgery. 1982;92(2):348–353.

	 8.	 Mulliken JB, Glowacki J. Hemangiomas and vascular malformations in infants 
and children: a classification based on endothelial characteristics. Plast Reconstr 
Surg. 1982;69(3):412–422.

	 9.	 Berenguer B, Mulliken JB, Enjolras O, Boon LM, Wassef M, Josset P, et  al. 
Rapidly involuting congenital hemangioma: clinical and histopathologic fea-
tures. Pediatr Dev Pathol. 2003;6(6):495–510.

	 10.	 Almaraz RL, Gutierrez JC, Bieler CB, Hernandez AH, Gonzalez ME,  
Villar GR. [Infantile vascular tumors]. An Pediatr (Barc). 2010;72(2):143.

	 11.	 Enjolras O, Picard A, Soupre V. [Congenital haemangiomas and other rare 
infantile vascular tumours]. Ann Chir Plast Esthet. 2006;51(4–5):339–346.

	 12.	 Mulliken JB, Enjolras O. Congenital hemangiomas and infantile hemangioma: 
missing links. J Am Acad Dermatol. 2004;50(6):875–882.

	 13.	 Lee BB, Bergan JJ. Advanced management of congenital vascular malforma-
tions: a multidisciplinary approach. Cardiovasc Surg. 2002;10(6):523–533.

	 14.	 Gorincour G, Kokta V, Rypens F, Garel L, Powell J, Dubois J. Imaging charac-
teristics of two subtypes of congenital hemangiomas: rapidly involuting congeni-
tal hemangiomas and non-involuting congenital hemangiomas. Pediatr Radiol. 
2005;35(12):1178–1185.

	 15.	 Izadpanah A, Izadpanah A, Kanevsky J, Belzile E, Schwarz K. Propranolol ver-
sus corticosteroids in the treatment of infantile hemangioma: a systematic review 
and meta-analysis. Plast Reconstr Surg. 2013;131(3):601–613.

	 16.	 Martinez-Perez D, Fein NA, Boon LM, Mulliken JB. Not all hemangiomas 
look like strawberries: uncommon presentations of the most common tumor of 
infancy. Pediatr Dermatol. 1995;12(1):1–6.

	 17.	 Schwager K, Waner M, Hohmann D. Hemangioma: differential diagnosis and 
necessary early laser treatment. Adv Otorhinolaryngol. 1995;49:70–74.

	 18.	 Frieden IJ, Eichenfield LF, Esterly NB, Geronemus R, Mallory SB. Guidelines 
of care for hemangiomas of infancy. American Academy of Dermatology 
Guidelines/Outcomes Committee. J Am Acad Dermatol. 1997;37(4):631–637.

	 19.	 Frieden IJ, Haggstrom AN, Drolet BA, Mancini AJ, Friedlander SF, Boon L, 
et al. Infantile hemangiomas: current knowledge, future directions. Proceedings 
of a research workshop on infantile hemangiomas, April 7–9, 2005, Bethesda, 
Maryland, USA. Pediatr Dermatol. 2005;22(5):383–406.

	 20.	 Nasseri E, Piram M, McCuaig CC, Kokta V, Dubois J, Powell J. Partially invo-
luting congenital hemangiomas: a report of 8 cases and review of the literature. 
J Am Acad Dermatol. 2013;(13):10.

	 21.	 Hoger PH. [Hemangioma. New aspects of pathogenesis, differential diagnosis 
and therapy]. Hautarzt. 2012;63(2):112–120.

	 22.	 Nieuwenhuis K, de Laat PC, Janmohamed SR, Madern GC, Oranje AP. Infan-
tile hemangioma: treatment with short course systemic corticosteroid therapy as 
an alternative for propranolol. Pediatr Dermatol. 2013;30(1):64–70.

	 23.	 Constantinides J, Prowse P, Gorst C, Didi MA, Liew SH. Adrenal suppres-
sion following steroid treatment of infantile hemangiomas: expediting the move 
toward propranolol? Plast Reconstr Surg. 2012;129(2):377e–378e.

	 24.	 Bertrand J, McCuaig C, Dubois J, Hatami A, Ondrejchak S, Powell J. Proprano-
lol versus prednisone in the treatment of infantile hemangiomas: a retrospective 
comparative study. Pediatr Dermatol. 2011;28(6):649–654.

	 25.	 Blanchet C, Nicollas R, Bigorre M, Amedro P, Mondain M. Management of 
infantile subglottic hemangioma: acebutolol or propranolol? Int J Pediatr Otorhi-
nolaryngol. 2010;74(8):959–961.

	 26.	 Leboulanger N, Cox A, Garabedian EN, Denoyelle F. Infantile haemangioma 
and beta-blockers in otolaryngology. Eur Ann Otorhinolaryngol Head Neck Dis. 
2011;128(5):236–240.

	 27.	 Berlien HP, Philipp C, Engel-Murke F, Fuchs B. [Use of laser in vascular 
surgery]. Zentralbl Chir. 1993;118(7):383–389.

	 28.	 Bigorre M, Van Kien AK, Valette H. Beta-blocking agent for treatment of infan-
tile hemangioma. Plast Reconstr Surg. 2009;123(6):195e–196e.

	 29.	 Lee BB, Baumgartner I, Berlien HP, Bianchini G, Burrows P, Do YS, et al. Con-
sensus document of the International Union of Angiology (IUA)-2013. Current 
concept on the management of arterio-venous management. Int Angiol. 2013; 
32(1):9–36.

	 30.	 Loose DA. Combined treatment of congenital vascular defects: indications and 
tactics. Semin Vasc Surg. 1993;6(4):260–265.

	 31.	 Bertrand J, Sammour R, McCuaig C, Dubois J, Hatami A, Ondrejchak S, et al.  
Propranolol in the treatment of problematic infantile hemangioma: review 
of 35 consecutive patients from a vascular anomalies clinic. J Cutan Med Surg. 
2012;16(5):317–323.

	 32.	 Chik KK, Luk CK, Chan HB, Tan HY. Use of propranolol in infantile haeman-
gioma among Chinese children. Hong Kong Med J. 2010;16(5):341–346.

http://www.la-press.com

