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Vascular anomalies are the most common congenital 
deformities observed in infants and children. They frequen
tly involve the head, neck and oral cavity.1 However, vas
cular anomalies are rarely seen in the maxilla and mandi
ble.2 The first use of the term “aneurysm by anastomosis” 
to describe a congenital arteriovenous malformation (AVM) 
is attributed to the father of vascular surgery, John Bell, 
in 1815.1 The differences between true hemangiomas and 
vascular malformations were correctly recognized in 1818 
by a London surgeon, James Wardrop.1 Throughout the 
years, various classifications have continued to evolve for 
vascular anomalies, including the classification by Mul
liken and Glowacki,3 which proved to be a breakthrough. 
However, according to these classifications, only the invol
uting vascular lesions were classified into hemangiomas, 

and all the noninvoluting ones were considered vascular 
malformations, which occasionally created a dilemma 
during diagnosis.

Recently, a newer classification has been proposed by 
the International Society for the Study of Vascular Anom
alies (ISSVA, 2014).4 In this classification, within the 
category of vascular tumours, involuting hemangiomas of 
previous classifications1,3 have been categorised as rap
idly involuting congenital hemangioma (RICH). Mean
while, new subcategories of noninvoluting congenital 
hemangioma (NICH) and partially involuting congenital 
hemangioma (PICH) have been added. This classification 
has enabled the classification of a number of lesions that 
were not classifiable as either an involuting hemangioma 
or vascular malformation in the previous classification 
systems. Such a situation is encountered when a lesion 
has clinical and imaging characteristics suggestive of he
mangioma, but does not involute, as we noted in one of 
our cases. In this case, the lesion persisted until adulthood 
in a nonprogressive state, with engulfment of the adja
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AbsTrAcT
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cent bone. Doppler ultrasonography (USG) had shown 
slow vascular flow. However, other imaging characteris
tics seen with computed tomography (CT) and magnetic 
resonance imaging (MRI) were suggestive of a heman
gioma and were similar to those of a highflow lesion; 
they were not those characteristic of a lowflow vascular 
malformation. Hence, according to the ISSVA (2014) 
classification, such lesions can be characterised as either 
NICH or PICH.4 It is important to distinguish between 
a hemangioma and vascular malformation, as treatment 
differs markedly for these lesions,5,6 and lifethreatening 
complications could occur during treatment procedures.3 
Hemangiomas, being the result of abnormal cellular pro
liferation, often respond to treatment with corticosteroids6 
and irradiation (although the latter is not recommended),7 
while vascular malformations have stable cellularity and 
thus may require embolization and surgical resection.2,8

The aim of this pictorial essay is to describe the difficul
ties encountered by the diagnostician during diagnosis of 
vascular lesions with older classification systems and to 
illustrate the importance of a newer classification system 

(ISSVA 2014) in addressing these difficulties. We present 
here five cases of vascular anomaly of the head and neck  
and discuss the diagnosis of each lesion in accordance 
with the ISSVA (2014) classification.

cases

Case 1

A 49yearold female reported with a swelling of the 
lower lip, present since birth. The lesion was excised at 
the age of 3 years, but had progressed gradually to the 
present size over the years. On clinical examination, the 
lower lip was swollen and firm, febrile with no pulsations 
felt on palpation (Fig. 1A). Doppler USG revealed heter
ogeneously echogenic soft tissue with a plexus of multi
ple tortuous and prominent vascular channels displaying 
systolic pulsatile blood flow suggestive of arteriovenous 
malformation (Figs. 1BD). MRI revealed an isointense 
lesion on the T1weighted image (Fig. 1E) and a hyperin
tense lesion with flow voids within the lesion voids due to 
high blood flow in the T2weighted image (Fig. 1C). An
giographic study showed a lesion composed of multiple 
small tortuous vessels, suggestive of nidus; with arterial  
feeders arising from the right and left facial arteries and 
dilated draining veins (Fig. 1G). On the basis of these 
findings, a diagnosis of highflow AVM was made.

Case 2

An 18yearold girl presented with painless hard swell
ing in the left maxillary buccal alveolus region that had 
been present for the past 3 years. It had initially increased 
in size progressively; however, it had remained constant 
in size for the past 2 years. On examination, the swelling 
was poorly localized, extending from the left first molar 
region to the midline, about 4 cm × 2 cm in size, and was 
raised 1 cm above the surface, with the adjacent teeth in
feriorly displaced (Fig. 2A). Swelling was bony hard and 
nontender, with an irregular surface on palpation. A pan
oramic radiograph revealed an illdefined radiolucency 
with a sparse trabecular pattern in the left maxillary alve
olus region (Fig. 2B). The CT image revealed an expan
sile lesion with coarse, sparse trabeculae, extending from 
the left first molar region to the midline (Fig. 2C). Based 
on these clinical and radiographic findings, a provision
al diagnosis of fibrous dysplasia was made. However, a 
contrastenhanced CT (CECT) scan of the area revealed 
an illdefined enhancing soft tissue mass lesion with 
involvement of the left maxillary alveolar arch with its 
expansion and rarefaction. In the arterial phase of CECT 
scan, enhancing vascular channels were seen with feeder 
vessels from the left facial artery, without any dilatation 
of the supplying vessel (Fig. 2D). In the delayed phase, 
homogeneous enhancement of the lesion was seen (Fig. 
2E). Thus these findings were suggestive of slowflow 
venous malformation.

Case 3

A 26yearold female reported with a soft painful swell
ing in the left submandibular region (Fig. 3A). The patient 
noticed the swelling at the age of 12 years when it was  
pea sized, and it progressively increased to a size of app
roximately 2.5 cm × 3 cm until the age of 18 years; there
after, the swelling had remained constant in size. There 
was a history of frequent bleeding from the gums in the  
same region. The patient was in the first trimester (40 days) 
of pregnancy when she reported to us. However, during 
followup visits there was no increase in the size of the le
sion, irrespective of the hormonal changes of pregnancy.

A panoramic radiograph revealed a welldefined radiol  
ucency in the left mandibular angle region with a scooped
out appearance and smooth margins, with a sharp spicule 
projecting inferiorly from the inferior margin. There was 
effacement of the posterior aspect of the inferior cortical 
wall of the inferior alveolar canal (Fig. 3B). Delayed 
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Fig. 1. High-flow vascular malformation of the lower lip in a 49-year-old female. A. Swelling of the lower lip with a reddish tinge and 
bluish mucosal junction. B and C. Doppler ultrasonography images show heterogeneously echogenic soft tissue with a plexus of multiple 
tortuous and prominent vascular channels. D. A Doppler ultrasonography image displays systolic pulsatile blood flow suggestive of arte
riovenous malformation. E. A T1-weighted axial magnetic resonance image shows an ill-defined, iso-intense lesion in the lower lip. F. A 
T2-weighted, fat-saturated sagittal magnetic resonance image shows a hyper-intense lesion with flow voids within the lower lip. G. A mag
netic resonance angiographic image reveals tortuous vessels (short arrow) within the lesion deriving their supply from a branch of the left 
facial artery with an early draining vein (long arrow).
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phase CECT scan revealed dilated serpentine venous chan
nels (Figs. 3C and D). A T2weighted MR image revealed 
a diffuse heterogeneous hyperintense lesion without any 
mass formation, abutting the ramusangle region, extend
ing anteriorly into the left pterygomandibular space, with 
infiltration into the left medial pterygoid and masseter 
muscles and subcutaneous thickening. No abnormal sig
nal flow voids typical of the highflow lesions were seen 

(Figs. 3E and F). Doppler USG revealed a venous pattern 
with slow flow (Fig. 3G). No systemic skeletal osteolytic 
lesions could be seen in the other skeletal radiographs. 
Based on these findings, the lesion was diagnosed as non 
involuting congenital hemangioma (NICH).

Case 4

A 35yearold female patient reported with painful dif
fuse swelling in the left temporomandibular joint (TMJ) 
and ramus region (Fig. 4A) that had been present for the 
previous 1820 years. There was a history of chronic mod  

erate dull continuous pain. The left masseter muscle was 
tender on palpation. Based on the clinical findings, it was 
provisionally diagnosed as chronic centrally mediated 
myalgia. However, a panoramic radiograph revealed mul
tiple spherical radiopaque structures in the area posterior 
to the left maxillary molar region (Fig. 4B) suggestive of  
phleboliths associated with a vascular lesion. A venous 
pattern of flow was seen on Doppler USG imaging. The 
findings were confirmed with CECT images, which reveal
ed heterogeneous enhancement of the left parotid with 
involvement of the intermuscular planes between the 
medial pterygoid, lateral pterygoid, and temporalis mus
cles: Superficially, it involved the left masseter with few 
tubular structures extending into the overlying subcutane
ous tissue (Fig. 4C). Based on the above findings, the case 
was diagnosed as slowflow venous malformation.

Case 5

A 35yearold male patient reported with a swelling in 

Fig. 2. Venous malformation of the left maxilla in an 18yearold female. A. A photograph shows swelling of the left maxillary alveolus 
region with ill-defined margins, an irregular surface and displacement of teeth inferiorly with step formation. B. A panoramic radiograph 
shows an ill-defined radiolucent lesion in the left maxillary incisor canine region with sparse trabeculae. C. An axial non-contrast computed 
tomographic image shows an expansile lesion of the left maxillary region with coarse thickened trabeculae. D. The dynamic axial arterial 
phasecontrast computed tomographic image shows a soft tissue mass (long thin arrow) with a feeder vessel from the left facial artery (short 
thick arrow). E. The delayedphase axial contrastenhanced computed tomography image shows homogeneous enhancement of the lesion.
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the left submandibular and parotid region that had been 
present since birth and was firm on palpation with a high

er surface temperature than the surrounding region. CECT 
images revealed multiple serpentine dilated channels in 

Fig. 3. Noninvoluting congenital hemangioma in a 26yearold female. A. A photograph shows facial asymmetry due to swelling in the 
left side of the mandible. B. A panoramic radiograph shows bone remodelling and resorption with scalloped margins in the left mandibular 
angle region with an overlying soft tissue component. C. A coronal contrastenhanced computed tomographic image reveals multiple dilat
ed vascular channels in the left mandibular angle region. D. An axial contrast-enhanced computed tomographic image reveals an ill-defined 
enhancing lesion infiltrating the left masseter and left pterygoid muscles with serpentine vascular channels within. E. A coronal T2-weight
ed magnetic resonance image reveals bulky deep and superficial lobes of the left parotid gland, with heterogeneous hyper-intensity supe
riorly and loss of fat planes with the adjacent muscles. No abnormal signal flow voids are evident. F. An axial T2-weighted magnetic reso
nance image reveals bulky deep and superficial lobes of the left parotid gland, with heterogeneous hyper-intensity involving the overlying 
fat planes. G. A Doppler ultrasonography image is suggestive of slow venous flow
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the left submandibular and parotid regions with extension 
into the postauricular region suggestive of the unusual 
presence of two separate vascular lesions (Figs. 5AC). 
Doppler USG was suggestive of highflow arteriovenous 
malformation (Figs. 5DF).

discussion

Vascular malformations are the result of errors of vascu
lar development between the 4th and 6th weeks of gesta
tion and are clearly distinct from hemangiomas, which are 
benign tumours with endothelial proliferation rather than 
the abnormal vascular morphogenesis seen in vascular 
malformations.9 Recently, the ISSVA has considered the 
inclusion of partially involuting (PICH) or noninvoluting  

(NICH) hemangiomas, along with the rapidly involuting 
hemangioma (RICH), in its classification system.4

RICH may or may not be present at birth. It enlarges 
rapidly during the first weeks of life, but its size then 
remains unchanged until the age of 1218 months. After 
that, up to the age of 5 years, they tend to diminish in 
size and spontaneous involution is usually complete,3,4,10 
while PICH and NICH persist into adulthood.4 PICHs are 
congenital hemangiomas with a distinct behaviour, evolv
ing from RICH to persistent NICHlike lesions.11 Heman
giomas may be located superficially or deeply. If they are  
deep, only slight discoloration of the overlying skin may 
be evident. On palpation, hemangiomas have a firm, rub
bery consistency in the proliferation phase in contrast to 
vascular malformations, which usually feel soft and are 
easily compressible.12

In Case 3, the lesion was neither an involuting heman
gioma, as it had persisted into adulthood, nor was it classi  

fiable as a vascular malformation; thus a diagnosis of 
NICH was made. The lesion was not classifiable as vas
cular malformation because there was slow venous flow 
seen with Doppler USG but no mass lesion characteristic 
of venous malformation13 was seen on CECT scan or T2 
weighted MRI. Furthermore, there was engulfment of the 
adjacent bone with a margin of regular resorbed bone with 
a spicule over it. Although venous malformations can be 
associated with bone distortion, engulfment of bone is 
found in association with hemangiomas, as reported by 
Donnelly et al.13 Case 3 showed no increase in the lesion 
size during pregnancy, while vascular malformations in
crease in size with hormonal changes.8 Thus, our finding 
of this rare lesion, being classified as NICH, is in accor
dance with the newer ISSVA classification.4 On MRI, the 
solid component of the hemangioma demonstrates a sig
nal intensity that is isointense or slightly hyperintense 
to muscle on T1weighted and hyperintense to muscle on 
T2weighted images.14

With Doppler US, AVM appears as a heterogeneous 
lesion with multiple hypoechoic channels, high flow, low  
resistance and arterialization of the draining veins.15 CT  
and MRI demonstrate enlarged vascular channels without  
an associated softtissue mass, but there may be illdefined 
perilesional T2weighted hyperintensity and contrast en
hancement due to oedema and venous congestion.14 This 
feature can be confused with hemangioma,14 as in Case 3 

(NICH), where the CT and T2weighted MR appearance 
was similar to AVM; however, Doppler US findings and 
an absence of multiple arterial feeder vessels excluded the  
AVM. Angiography demonstrates dilated vessels with mul
tiple feeders from the external carotid artery in AVM.16,17

Most venous malformations are superficial, cold, soft, 

Fig. 4. A. A photograph shows slight facial asymmetry due to swelling in the left temporomandibular joint region. B. A panoramic radio
graph reveals phleboliths posterior to the left maxillary tuberosity region (arrows). C. An axial delayedphase contrastenhanced computed 
tomographic image reveals heterogeneous contrast enhancement of the posterior lobe of left parotid gland with superficial extensions and 
phleboliths in the infratemporal fossa.
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compressible, bluish masses, usually diagnosed clinical
ly.5 Adjacent bony structures are often deformed, and in
vasion of adjacent muscles is common. Thrombosis may  
be evident with larger lesions, apparent as phleboliths  
with imaging (Case 4),18,19 which is unique to venous mal
formations.20,21 MRI demonstrates an intermediate T1 
weighted signal, and markedly hyperintense T2weighted  
and STIR signals. A “bunchofgrapes” configuration with  
septations is characteristic, as in Case 2 and Case 4. Occa
sional dysplastic draining veins and flow voids corres
ponding to phleboliths are additional features.14,22,23 These 

lesions are inconspicuous or show late enhancement with 
timeresolved MR angiography.24 Angiography is rarely 
necessary unless large vascular connections are suspect
ed, and pure VMs are usually angiographically occult.25

Vascular malformations do not have a characteristic 
pattern on plain radiographs and produce a poorly de
fined, radiolucent image, often having honeycomb radio
lucencies as in Case 2 of intraosseous venous malforma
tion or as illdefined lesions.26,27 These appearances make 
intraosseous vascular malformations easier to confuse 
with other pathologies including osteosarcoma, fibrous 

Fig. 5. A. A frontal contrastenhanced computed tomographic (CECT) image of high-flow vascular malformation shows unusual presence 
of two separate lesions on the same side of the face. A tangle of serpiginous vessels are present in relation to the anterior belly of the digas
tric muscle and submandibular space on the left side. B. A coronal CECT image shows the lesion in the relation to the left sternocleidomas
toid muscle. C. An axial CECT image shows the lesion in the relation to the posterior aspect of the superficial lobe of the left parotid gland. 
D and E. Doppler ultrasonography images show tortuous dilated vessels in the substance of the anterior belly of the digastric muscle with 
color flow within showing the arterial pattern. F. A Doppler ultrasonography image shows tortuous vessels in relation to the parotid gland, 
showing color flow within and the arterial pattern of flow.
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dysplasia and central giant cell granuloma;28 this is sim
ilar to our Case 2, where the initial provisional diagnosis 
was fibrous dysplasia, but the lesion was sharply confined 
to the midline which was different from fibrous dysplasia. 
Panoramic radiograph showed phleboliths in Case 4 with 
soft tissue involvement. Both of these cases were diag
nosed as venous malformations after advanced imaging 
modalities.

After conventional radiography, CT is usually the initial 
imaging examination and can easily reveal the calcified 
and hyperattenuating structures representing draining 
veins and components of the nidus, suggesting a diag
nosis of venous vascular malformation.29 CT and MRI 
clearly delineate the anatomic extent of a mass. USG with 
Doppler can distinguish venous from arterial flow and 
offer a graphic visual demonstration of vascularity.30 Di
agnostically, angiography is most useful for investigating 
extensive complex vascular lesions with major “feeding” 
vessels derived from the ipsilateral and/or contralateral 
circulation.30 Venous malformations demonstrate dilated 
vascular spaces that fill in the venous phase. The feeding 
arteries are normal in diameter and do not increase in 
number;31 this is exemplified by our Case 2. On the other 
hand, AVMs demonstrate marked enlargement and an in
creased number of arteries, small vessels and veins.31

Vascular malformations arise during fetal development  
as a result of failure of regression of arteriovenous chan
nels in the primitive retiform plexus.32 These primal arte
riovenous communications persist and may expand later  
on as a result of an increase in blood flow and dilatation 
of the adjacent arteries and veins,9 as in pregnancy and 
puberty, supported by the fact that some patients first no
tice the malformation at puberty; in others, deterioration  
occurs during pregnancy.8 Likewise, in our cases of ve
nous malformation, the lesions were first reported by the 
patients during puberty only. Steal phenomena in vascular 
malformations due to shunting of blood may result in lo
calised ischemia, resultant pain and ulceration.8 This oc
curred in Case 4, where the patient reported with pain in 
the TMJ and ramus region. Swelling was apparently not 
extensive enough to cause disfigurement to the patient, 
although the lesion was large in size as seen on the imag
ing findings with masseteric space involvement and loss 
of fat planes.

Management of the vascular lesions varies depending 
upon the individual case.33 Treatment options for malfor
mations include embolization, radiotherapy, sclerothera
py, bone wax packing of bone cavities, and curettage or 

surgical resection; with periodic observation. For heman
gioma, observation, compression, sclerotherapy, corti
costeroids, interferon-α, vincristine, or excision are the 
recommended treatment modalities.6,1517,3335

Thus, it could be stated that a noninvoluting lesion 
should not always be diagnosed as a vascular malfor
mation, unlike in the previous classifications. A nonin
voluting lesion can be either hemangioma or a vascular 
malformation depending upon the clinicopathologic and 
imaging characteristics.
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