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The purpose of this review is to become familiar with the terminology 
and typical presentation of vascular anomalies in children and to pres-
ent the imaging approach to these anomalies. Vascular anomalies are 
the most common cause of soft-tissue masses in children. Many physi-
cians are not familiar with the correct terminology for vascular anoma-
lies which results in errors in diagnosis, prognosis, and treatment. The 
updated International Society for the Study of Vascular Anomalies clas-
sification, based on the original Hamburg classification, divides vascu-
lar anomalies into two types: vascular tumours (haemangiomas) and 
vascular malformations (venous, lymphatic, arteriovenous). Grey-scale 
and Doppler ultrasound (US) are the initial imaging modalities in sus-
pected vascular anomalies. Grey-scale US is highly nonspecific. There-
fore, a diagnostic algorithm based on grey-scale and Doppler signs is 
proposed. Spectral Doppler analysis reveals the type of vascular flow 
present within the lesion: high-flow is typical for infantile haeman-
giomas and arteriovenous malformations, low-flow for venous and no-
flow for lymphatic malformations. Magnetic resonance imaging with 
angiography is indicated only when US has not been diagnostic, when 
the lesion is too big or lies too deeply, and when information about 
the accurate anatomic location and possible infiltration of surrounding 
structures is necessary. Digital subtraction angiography is performed 
when interventional treatment is considered.  Conclusion − The new 
terminology of vascular anomalies should be used in everyday clinical 
practice to avoid misunderstandings. Grey-scale and Doppler US are 
the most important imaging modalities for the accurate diagnosis and 
follow-up of vascular anomalies in children. 

Introduction

Vascular anomalies are the most common 
cause of soft-tissue masses in children. Mac-
Fie et al. found that misdiagnosis of vascular 
anomalies is high: the initial diagnosis given 
to parents was inaccurate in 69% of patients 
and 53% of parents were given an incor-
rect account of what to expect with regard 
to the progression of the anomaly and the 
prospects for future treatment (1). Therefore, 
it is important to educate different profiles 

of medical doctors who work with children 
so they are familiar with the updated Inter-
national Society for the Study of Vascular 
Anomalies (ISSVA) classification (2-4) based 
on the original Hamburg classification from 
1988 (5). The latter divides vascular anoma-
lies into two types: vascular tumours (hae-
mangiomas), which are neoplastic lesions 
characterized by proliferation of endothelial 
cells, and vascular malformations, where an 
error in vascular morphogenesis occurs (5). 
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The type of vascular malformation depends 
on the type of vessel affected. The most com-
mon are venous malformations (VM) (38%), 
followed by lymphatic malformations (LM) 
(33%), arteriovenous malformations (AVM) 
(12%), combined malformations (9%), and 
unclassified malformations (8%) (6). 

Prior to imaging investigation, it is nec-
essary to obtain relevant clinical informa-
tion and perform a clinical examination 
of the soft-tissue lump in order to narrow 
down the diagnostic possibilities. The his-
tory must contain information about the 
age of the child, the duration of the pres-
ence of the mass (was it present at birth?), 
its pattern of growth, changes in its appear-
ance and the painfulness of the mass. It is 
also important to ask whether there are any 
associated systemic symptoms and whether 
any pre-existing conditions that may be as-
sociated with specific tumours are present, or 
whether there is a family history of similar 
lesions. During the clinical examination it is 
important to note the location of the mass, 
observe whether there are any overlying skin 
abnormalities, assess the consistency of the 
soft-tissue mass, its relation to surrounding 
tissues, and look for the presence of pulsa-
tions. Ultrasound (US) of a soft-tissue lump 
is the imaging modality of choice.

The purpose of this review is to become fa-
miliar with the new terminology and imaging 
approach in children with suspected vascular 
anomalies, and to be able to recognise typi-
cal vascular anomalies presenting in children 
based on grey-scale and Doppler imaging.

Imaging Approach in Children with 
Suspected Vascular Anomalies
In most cases, the diagnosis of a vascular 
anomaly is made on the basis of history, clini-
cal examination, and grey-scale and Doppler 
US. These two techniques are the first imag-
ing modalities of choice in suspected vascu-
lar anomalies. US examination is performed 

with a linear-array transducer of the highest 
frequency available (14-22 MHz) for more 
superficial lesions, and a convex-array lower-
frequency transducer (5-9 MHz) for larger 
and deeper lesions. 

If the history and clinical examination 
are typical for haemangioma, imaging is not 
required (2). Imaging is indicated only in 
clinically atypical haemangiomas, when the 
size, depth, or vascularity of the haemangi-
oma has to be determined, and to evaluate 
the treatment effect. Grey-scale US provides 
information about the location of the lesion 
(confined to the subcutaneous tissue or in-
filtrating underlying muscles), its structure 
(solid, cystic), size, and borders (well or ill-
defined). Because grey-scale US can be highly 
nonspecific, spectral and colour Doppler US 
must also be performed. Information about 
intralesional flow, vessel location (central, pe-
ripheral, or both), and the degree of vascu-
larisation (vessel density ‒ the number of co-
lour flow signals per square centimetre within 
an area of greatest intralesional vascularity) is 
obtained by colour Doppler US. On spectral 
Doppler US, the peak velocity of arterial and 
venous flow, resistive index (RI), the pulsatil-
ity of venous flow, and arteriovenous shunts 
are determined. Doppler US helps classify 
vascular anomalies into high-flow (haeman-
giomas, AVM, arteriovenous fistulas) and 
low- or no-flow vascular lesions (capillary 
malformations, VM, LM) based on the type 
of flow present within the lesion (Fig. 1) (7). 

Magnetic resonance (MR) imaging is the 
diagnostic modality of choice when US has 
not been diagnostic, when the lesion is too 
big or lies too deeply, and when the infor-
mation about the accurate anatomic loca-
tion and possible infiltration of surround-
ing structures (muscle, tendons, nerves, and 
even bones) is necessary. A combination of 
T1-weighted and T2-weighted images with 
fat suppression added to a T2-weighed pulse 
sequence and sometimes a gradient-echo se-
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quence (for the detection of hemosiderin and 
high-flow vessels) are the basis of MR imag-
ing of vascular anomalies. To differentiate be-
tween venous and lymphatic malformations, 
the administration of intravenous gadolini-
um chelates is frequently used. When AVM 
is suspected, MR angiography is performed 
in order to detect the feeding artery and ve-
nous outflow. MR and US are complementa-
ry methods. The advantage of MR is the high 
level of intrinsic contrast, and its capacity for 
multiplanar imaging. However, MR imaging 

does not offer the same capability of real time 
imaging that US does. Digital subtraction 
angiography (DSA), which allows optimal 
visualisation of vessel anatomy, is usually per-
formed when interventional treatment, such 
as embolisation, is considered. In challenging 
cases, particularly when a well-vascularized 
soft-tissue mass with moderate flow is detect-
ed, a biopsy should be performed to exclude 
a soft tissue tumour (Fig. 2). However, some 
vascular lesions still remain unclassified de-
spite all imaging and histology.

Fig. 1. Diagnostic Algorithm of Vascular Anomalies, Adapted from Hemangioma vs Vascular Malformation by 
Dubois and Garel (7). *The Diagnosis of Typical Haemangioma Is Based on History and Clinical Examination. 

Fig. 2. Embryonal Rhabdomyosarcoma in a 2.5-Month-Old-Boy with a Palpable, Non-Tender Soft Tissue 
Mass in the Gluteal Region. A: Well-Defined, Slightly Hypoechoic Heterogeneous Mass Is Seen on Gray-Scale 
Ultrasound. B: Color Doppler Reveals High Vascular Density of the Mass. C: Spectral Doppler Analysis Shows 
Chaotic Waveform Patterns with High Velocities, Arteriovenous Shunts and an Irregular Curve.

a b c
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Clinical and Us Imaging 
Characteristics of Vascular Anomalies 

Vascular Tumours

Vascular tumours are high-flow vascular, neo-
plastic lesions, characterized by proliferation 
of endothelial cells that have a high turnover 
with great potential for growth. 

Infantile Haemangioma is the most 
common vascular tumour in infants, occur-
ring in up to 10% of all infants by 1 year of 
age. It is not present at birth, but a flat, pink, 
prodromal lesion might be seen, which then 
progresses into a bright red mass a couple of 
weeks after birth. Infantile haemangioma ex-
hibits a characteristic two phase natural his-
tory. Rapid growth of haemangiomas occurs 
during the first months (proliferation phase) 
(Fig. 3), then slows down and stabilizes. At 
approximately 1 to 2 years of age the invo-
lution phase begins, which is much slower 
than the proliferation phase (Fig. 4). 90% of 
infantile haemangiomas reach maximal in-
volution by the age of 9 years (8). They are 
usually solitary and most frequently found 
in the face and neck area (60%). Imaging is 
usually required in only 10% of cases, when 
we encounter atypical or deep lesions. The 

most common complications of haemangio-
mas are cutaneous bleeding and ulceration. 
Infantile haemangiomas may be associated 
with various congenital syndromes (PHACE 
or LUMBAR), which warrants further inves-
tigation, so it is important to note any under-
lying developmental disorder the child might 
also have (Table 1). 

On US we see a well-defined hypoechoic 
solid lesion, although hyperechoic and het-
erogeneous appearances have also been de-
scribed (9-11). Intralesional vessels are rarely 
seen on grey-scale US. In the proliferative 
phase, there is high vascular density (more 
than 5 vessels per square centimetre in the 
area of greatest vascularisation). Both arterial 
and venous flow is usually present on Dop-
pler imaging, but arteriovenous shunting is 
rare (Fig. 3) (7).

In the involutive phase, there is a decrease 
in size and vascular density and an increase in 
echogenicity due to fibro-fatty replacement 
(Fig. 4) (12). Possible complications are in-
fection, cutaneous bleeding, and ulceration, 
which occur in 5 to 15% of focal lesions (13-
15).

Congenital Haemangiomas are already 
fully grown at birth, because their prolifera-

Table 1. Explanation of the Syndrome Acronyms

Syndrome Explanation of the acronym

PHACE Posterior fossa brain malformations, Haemangiomas of the face, neck or scalp, 
Arterial anomalies,
Coarctation of the aorta or Cardiac defects,
Eye abnormalities

LUMBAR Lower body infantile haemangiomas,
Urogenital anomalies, Ulceration,
Myelopathy,
Bony deformities,
Anorectal malformations, Arterial anomalies,
Renal anomalies

CLOVES Congenital lipomatous overgrowth,
Vascular malformations,
Epidermal naevi,
Skeletal anomalies

FAVA Fibro-adipose vascular anomaly
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tive phase started in utero. Three subtypes 
exist: rapidly involuting congenital haeman-
gioma (RICH), non-involuting congenital 
haemangioma (NICH) (16, 17) and partially 
involuting congenital haemangioma (PICH) 
(18). As the name suggests NICH does not 
exhibit involution, which occurs with RICH 
by 14 months of age. In contrast to haeman-
giomas of infancy, they are more often het-
erogeneous on US and calcifications are more 
frequently seen. The heterogeneous echo-

genicity is mostly due to the intralesional 
vessels (usually veins) that are visible on grey-
scale US. The presence of venous clots, which 
are never found in infantile haemangiomas, 
has also been reported (19).

Pyogenic Granuloma is a lobular cap-
illary haemangioma, which presents as a 
quickly growing, bleeding vascular skin le-
sion in children older than 6 months of age 
on the head, neck, or upper extremities. Most 
diagnoses are made clinically. Well-defined, 

Fig. 3. Infantile Haemangioma in the Proliferative Phase in a 4-Month-Old Boy. Colour Doppler Imaging 
Reveals the High Vascular Density of the Mass. 

Fig. 4. Infantile Haemangioma in the Involutive Phase in an 1-Year-Old Girl. A: A Hyperechoic Mass with 
Tiny Hypoechoic Areas Is Seen on Grey-Scale Ultrasound. B: Colour Doppler Shows the Low Vascular Density 
of the Mass.

a b
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small, hypoechoic lesions with high vascular 
density can be seen on US (20).

Kaposiform Haemangioendotheliomas 
usually present in the first year of life and are 
sometimes congenital. Their site of predilec-
tion is an extremity. Clinically they present 
with differing cutaneous appearance and 
discoloration. They can be tender, locally ag-
gressive and can even involve adjacent bones. 
An associated hypertrichosis, if present, can 
be suggestive of the diagnosis. They may be 
associated with the Kasabach-Merritt’s phe-
nomenon, which is a systemic complication 
characterized by thrombocytopenia, micro-
angiopathic haemolytic anaemia and sec-
ondary consumption of coagulation factors 
(21, 22). Its presence is indicative of either 
Kaposiform haemangioendothelioma or tuft-
ed angioma, which is a similar tumour. On 
US, Kaposiform haemangioendothelioma 
has variable echogenicity with poorly defined 
margins, and it is often difficult to detect and 
accurately evaluate the infiltration of sur-
rounding tissues. MR imaging is necessary 
in most cases. It may contain calcifications. 
It may be focal or diffuse and may involve all 
soft-tissue planes, including underlying bone. 
Doppler analysis reveals a moderate degree of 
vascularisation. However, there are reports 
of tumours having high vascular density and 
vessels, visible on grey-scale US (23, 24).

Tufted Angiomas are similar to Kaposi-
form haemangioendotheliomas, only more 
superficial and thinner, not exceeding 1 cm 
in thickness, and are surrounded by hyper-
echoic subcutaneous fat (25). 

Red Flags for a Possibly Malignant Le-
sion, such as sarcoma or haemangioendo-
thelioma, include a painful mass in an older 
child, rapid growth of the lesion after 12 
months of age (26), a history of concomitant 
lung, bone or liver lesions, and lymphade-
nopathy adjacent to the lesion. On imaging 
there might be soft-tissue or bone destruction 
and calcifications, haemorrhage or necrosis 

in a non-congenital lesion. These findings 
warrant further diagnostic imaging (MR), 
possibly coupled with biopsy.

Vascular Malformations

Vascular malformations are abnormal chan-
nels lined by normal endothelium because 
an error in vascular morphogenesis has oc-
curred. The type of vascular malformation 
is dependent on the type of vascular endo-
thelium. They are always present at birth, al-
though many are not detected until later due 
to their slow growth (usually they grow with 
the child). They have a low turnover. More 
rapid growth may be caused by trauma, clot-
ting and hormonal influence during puberty 
or pregnancy. Vascular malformations do not 
involute. 

Venous Malformations are low-flow le-
sions composed of ectatic venous channels, 
and are the most common vascular malfor-
mation with a prevalence of 1% in the gen-
eral population. The common misnomer 
for VM is cavernous haemangioma, which 
should not be used as they are non-neoplastic 
lesions. When VMs lie superficially, they ap-
pear as a soft-tissue mass with a bluish discol-
oration of the overlying skin, and are soft and 
compressible on palpation. Deeper lesions 
often lack cutaneous changes and are thus 
more difficult to diagnose. Their size is gravi-
ty-dependent and also increases with exertion 
or crying. They can be episodically tender, 
when a thrombosis is present, which is more 
common during puberty or pregnancy. Most 
commonly they are found in the head and 
neck region (40%) and extremities (40%). 
On US they appear as relatively well-de-
fined, heterogeneous and mostly hypoechoic 
sponge-like masses, although isoechoic and 
hyperechoic appearances have also been de-
scribed (Fig. 5A) (27). Demonstration of 
phlebolits, which are the foci of calcification, 
is almost pathognomonic for a VM, because 
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they rarely occur in other vascular anomalies. 
Phlebolits, however, are rarely seen in chil-
dren (27, 28). An intralesional thrombus is 
seen as a hyperechoic mass within the vein 
(Fig. 5C). Doppler interrogation shows low 
vascular density with low-level venous flow 
(Fig. 5B). It is not uncommon for no flow 
to be detected at all due to the very slow 
flow that is not detectable with conventional 
equipment. In that case, applying compres-
sion or performing the Valsalva manoeuvre 
might help enhance the detection of flow 
(19). Sometimes arterial flow can be detected 
within the lesion, which represents either the 
presence of a capillary malformation (com-
bined vascular malformation) or normal ar-
teries coursing through the lesion (26, 29). 

Lymphatic Malformations are low-flow 
lesions, which can be microcystic, macrocys-
tic or combined. Two misnomers for lym-
phatic malformations have previously been 
used in the literature: lymphangiomas and 
cystic hygromas. These terms should not be 
used as they imply that lymphatic malforma-
tions are neoplastic lesions, which is not the 
case. Although they may appear anywhere on 
the body, they tend to be slightly more com-
mon in the head and neck region. Microcys-
tic LM consists of multiple microscopic cavi-
ties. Clinically they appear as grouped, clear 
or sometimes haemorrhagic vesicles, often 
with a deep component. On US they tend 
to be echogenic masses, measuring less than 
1 cm (Fig. 6B, 6C). Sometimes they are so 
small that the cystic spaces are not seen, but 

Fig. 5. Venous Malformation in A 14-Year-Old Boy with a Lesion in the Subcutaneous Tissue of The Medial 
Part of the Shank. A: An Irregular, Heterogeneous and Mostly Hypoechoic Mass Is Seen on Gray-Scale Ultra-
sound. B: Color and Spectral Doppler Analysis Shows Low Vascular Density within the Lesion with Low-Level 
Venous Flow. C: Gray-Scale Ultrasound Shows the Presence of an Intralesional Thrombus in a Venous Malfor-
mation.

a b

c
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the multiple interfaces caused by tiny cysts 
result in an ill-defined area of thickening and 
increased echogenicity. Macrocystic lesions 
display cystic spaces, with or without fluid-
fluid levels (Fig. 6A, 6D, 6E). Clinically they 
present as soft, smooth, translucent masses 
without abnormality or with bluish discol-
oration of the skin. On US they appear as 
large, septated anechoic cavities (Fig. 6). In 
most cases there are no vascular signals in the 
septa, although arterial and /or venous flow 

may be detected. However, no flow is dem-
onstrated within the cystic spaces. 

A large LM located in the neck that ex-
tends into the thoracic cavity requires MR 
imaging to evaluate the full size of the mal-
formation and its relationship with the sur-
rounding tissues (Fig. 6F). When a compli-
cation occurs, such as an infection or haem-
orrhage, they may contain echoes or fluid-
debris levels due to the presence of protein-
aceous material (Fig. 7). Compression with 
the transducer may deform the cystic spaces, 

Fig. 6. A: Combined Macrocystic and Microcystic Lymphatic Malformation (LM) in the Neck and Thorax Re-
gion in a 7-Month-Old Girl. A−E: Multiple Anechoic Cystic Spaces Separated by Thin Septa Are Seen on Grey-
Scale Ultrasound (US). A, D and E: Show the Macrocystic Component (White Arrowhead, White Star), and 
B and C: Show The Microcystic Component (Black Arrow, White Arrow) of the LM. F: Magnetic Resonance 
Imaging, Coronal T2-Weighted TSE Sequence. the White Arrowhead and Black and White Arrows Represent 
the Corresponding Cystic Spaces Seen on the US Image (A, B, C). The Black Star Represents the Cystic Space, 
Designated with a White Star on US Image (E).

a

b c

d e
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but they do not collapse, which differentiates 
them from venous malformations (30).

Arteriovenous Malformations are high-
flow lesions with direct shunting between 
arteries and veins, without intervening arteri-
oles or a capillary bed (31). Most are asymp-
tomatic during childhood (Schobinger classi-

fication stage I – dormancy) (32). In puberty 
or pregnancy, they begin to grow (stage II 
– expansion), which is thought to be caused 
by hormonal influences. Skin changes tend 
to occur, the local temperature increases, and 
thrill or pulsations might be present. Progres-
sion to stages III and IV is rare and usually 

Fig. 7. A Macrocystic Lymphatic Malformation (LM) on the Neck of an 8-Year-Old Boy. A: Haemorrhage into 
the Macrocystic LM With Fluid-Fluid Levels (Arrows) Is Seen on Grey-Scale Ultrasound. B: The Compressed 
Left Jugular Vein (Arrowheads) Due To the Pressure of an Enlarged LM Is Seen on Colour Doppler Ultrasound.

Fig. 8. Arteriovenous Malformation in a 9-Month-Old Girl Who Presented with a Compressible, Pulsatile 
Mass on the Palm. A: Hypoechoic Tortuous Vessels With No Discrete Solid Mass Are Seen On Grey-Scale Ul-
trasound. B, C: Colour Doppler Shows the High Vascular Density of the Mass. D: Spectral Doppler Analysis 
Reveals High-Flow Arterial Signals (Curve Below the Central Line) with Venous Flow and Shunt Signals 
(Above the Line).

a b

c d

a b
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seen only in untreated cases. In stage III (de-
struction), skin necrosis, ulceration or haem-
orrhage and lytic bone lesions may appear. 
Stage IV begins when congestive heart failure 
develops in a stage III patient. Although an 
AVM is present at birth, it becomes clinically 
apparent usually after trauma or hormonal 
disturbances when rapid growth begins (4). 
In contrast to haemangioma of infancy, there 
is usually an absence of a solid mass on grey-
scale US. On Doppler US they exhibit high 
vascular density, high vascular arterial flow, 
pulsatile venous flow, signs of arteriovenous 
shunting, and low resistive index (RI <0.5) 
(Fig. 8).

Capillary Malformations usually do 
not require additional imaging, because of 
the obvious clinical diagnosis. A port wine 
stain, or nevus flameus, is the most common 
in the category and occurs in approximately 
0.3% of newborns (8). It presents as a red or 
pink macule, usually in the head and neck 
region. Most commonly they are only of cos-
metic concern, but may be associated with 
Sturge-Weber, Klippel-Trénaunay or Proteus 
syndrome. They are often not apparent on 
imaging. Sometimes a focal thickening of the 
skin and subcutaneous tissue is seen. With 
a specialized 20-24 MHz transducer, capil-
lary malformations may sometimes appear 
as superficial hypoechoic areas with a mean 
depth of 1 mm (4). On colour Doppler US a 
slightly increased vascular density compared 
to the adjacent dermis might be seen.

Various Complex Combined Vascular 
Anomalies, such as lympho-venous malfor-
mations, may be diagnosed in almost 10% 
of cases (6). Some vascular anomalies cannot 
be classified despite all imaging. Vascular 
Malformation Syndromes usually require 
MR imaging due to associated changes in the 
adjacent soft tissues and skeleton, including 
limb overgrowth, and the extensive involve-
ment of the extremities, sometimes with ex-
tension into the trunk. Some vascular anom-

alies cannot be classified despite all imaging. 
In this case a biopsy of the vascular anomaly 
can give more information. Of the syndromes 
affecting the extremities, some include high-
flow lesions: Parkes-Weber, Bannayan-Riley-
Ruvalcaba and Cowden syndromes, rarely 
also CLOVES syndrome (33-35). The others 
(FAVA, CLOVES, Klippel-Trénaunay, Pro-
teus and Maffucci syndromes) include low-
flow lesions (36-38) (Table 1).

Conclusion

A multidisciplinary approach regarding the 
diagnosis and treatment of vascular lesions in 
children is mandatory. Physicians who deal 
with children should be familiar with the ter-
minology of vascular lesions to avoid confu-
sion and misunderstandings. Grey-scale and 
Doppler US are the first imaging modali-
ties in children with a soft-tissue mass, and 
in suspected vascular anomalies in children. 
When the diagnosis cannot be reliably made 
on US, MR imaging is the next modality of 
choice. In challenging cases and when the 
MR investigation is inconclusive, a biopsy is 
the next diagnostic tool.
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