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“Nomenclature has been the major obstacle to our understanding and management of vascular anomalies.” These
words were written by John Mulliken over 30 years after
publishing his seminal paper on the biologic basis of vascular anomalies in 1982. The intervening decades have brought
tremendous progress in classification, diagnosis and therapy
of this diverse group of lesions. Still, much confusion exists
in the medical community, in no small part because of inaccurate and inconsistent use of nomenclature both in the literature and in clinical practice.
The multidisciplinary International Society for the Study
of Vascular Anomalies (ISSVA) was formed in 1992 to promote research in the field of vascular anomalies and to create
a uniform nomenclature that would facilitate research and
clinical practice. ISSVA created a comprehensive classification scheme based on Mulliken’s work on the biologic
basis of disease, updated most recently in 2014 and available
at issva.org/classification. The ISSVA classification and its
associated nomenclature are widely accepted as the gold
standard by the numerous medical specialties involved in
clinical care and research related to vascular anomalies.
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Vascular Anomalies: Description,
Classification and Nomenclature
Deborah R. Shatzkes, MD

“N

omenclature has been the
major obstacle to our understanding and management of vascular anomalies.”1 These
words were written by John Mulliken
over 30 years after publishing his seminal paper on the biologic basis of vascular anomalies in 1982. The intervening
decades have brought tremendous progress in classification, diagnosis and
therapy of this diverse group of lesions.
Still, much confusion exists in the medical community, in no small part because
of inaccurate and inconsistent use of nomenclature both in the literature and in
clinical practice.2
A prime example is the widespread
continued use of the term “hemangioma” to refer to any vascular lesion,
with little regard to actual histologic
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composition. Lesions inaccurately
called “hemangioma” occur throughout
the head and neck, including “cavernous hemangioma” described in the orbit
and parapharyngeal space, and “ossifying hemangioma” of the facial nerve
and facial skeleton (Figure 1). The
majority of lesions incorrectly termed
“hemangioma” represent venous malformations, including those listed
above. 3 Unfortunately, any attempt
to interrogate the literature regarding
these entities will yield a mixed bag of
terminology that limits our ability to effectively utilize the body of published
data on the topic. Following a PubMed
search, Hassanein and colleagues reviewed the literature where the word
“hemangioma” appeared in the title or
abstract, and found it incorrectly used
about 70% of the time. Most concerning
was the fact that patients whose lesions
were mislabeled were considerably
more likely to receive inappropriate
treatment (20%) than those in whom the
lesion was correctly classified (0%).2
www.appliedradiology.com

The multidisciplinary International
Society for the Study of Vascular
Anomalies (ISSVA) was formed in
1992 to promote research in the field of
vascular anomalies and to create a uniform nomenclature that would facilitate
research and clinical practice. ISSVA
created a comprehensive classification
scheme based on Mulliken’s work on
the biologic basis of disease, updated
most recently in 2014 and available at
issva.org/classification. The ISSVA
classification and its associated nomenclature are widely accepted as the gold
standard by the numerous medical specialties involved in clinical care and
research related to vascular anomalies.
Table 1 presents an abbreviated and
simplified version of the 2014 ISSVA
classification that includes the most
common lesions encountered in the
head and neck.

Biologic basis of disease

Based on cellular analysis, Mulliken
and Glowacki demonstrated that the
September 2018

VASCULAR ANOMALIES: DESCRIPTION, CLASSIFICATION AND NOMENCLATURE

SA-CME
DETAILS ON PAGE 7

A

B

C

D

FIGURE 1. Lesions incorrectly termed “hemangioma.” (A) Orbital venous malformation, commonly called “cavernous hemangioma;” (B) Intraosseous venous malformation, commonly
called “ossifying hemangioma;” (C) Facial nerve venous malformation, commonly called
“facial nerve ossifying hemangioma;” and (D) Cavernous sinus venous malformation, commonly called “cavernous sinus hemangioma.”

Table 1. Abbreviated 2014 ISSVA Classification
of Vascular Anomalies, with examples
Vascular Tumors

Benign
Hemangioma
(infantile)			

Vascular Malformations
Simple Combined Of major
named
vessels
CM

VM + LM

Hemangioma
(congenital)			

VM

CM + AVM

Pyogenic
granuloma				

LM

CM + VM		

Borderline
Kaposiform
hemangioendothelioma				
Kaposi sarcoma				

AVM
AVF

CM + LM		

Persistent
stapedial
artery
PHACEassociated
carotid
anomalies

Associated with
other anomalies
Sturge-Weber
syndrome
Maffucci
syndrome
Klippel-Trenaunay
syndrome

ISSVA classification

The formation of ISSVA in 1992 formalized a biennial international workshop on vascular anomalies started by

Malignant
Angiosarcoma				
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broad spectrum of vascular anomalies
consisted of two major categories: vascular tumors and vascular malformations.4 The infantile hemangioma is by
far the most common vascular tumor,
with an incidence estimated at 4-10%
of all infants and children.5 Vascular
tumors are true proliferative neoplasms
and demonstrate growth by endothelial hyperplasia with elevated serum
markers of cellular proliferation such as
VEGF and cell nuclear antigen, as well
as the immunohistochemical marker
glucose transporter protein-1(GLUT1).
These markers are absent in vascular
malformations, which are considered
localized static defects of vascular morphogenesis that demonstrate a quiescent endothelium. Mulliken observed
that the literal translation of “vascular
malformation” is “badly formed vessels”, and that is a very apt and useful
description.6 Vascular malformations
are a more heterogeneous group of lesions that consist of capillary, venous,
arterial and lymphatic elements that
may also occur in combination.
Though clinical presentations necessarily differ based on the specific type
of vascular anomaly and anatomic site
of disease, there are broad clinical features that distinguish the two groups.
Vascular malformations are present and
fully formed at birth, and grow proportionately with the somatic growth of
the child. Hemangiomas, however, are
classically not present at birth but rather
appear weeks to several months later.
Additionally, hemangiomas demonstrate a characteristic triphasic growth
pattern, with initial rapid enlargement
(Phase 1 or Proliferating Phase), followed by stabilization and regression
(Phase 2 or Involuting Phase), ending
with complete involution (Phase 3 or
Involuted Phase). The basic histologic
and clinical differences between vascular tumors and malformations are summarized in Table 2.
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Table 2. Summary of basic differences between hemangiomas and vascular malformations
		
Common Lesions
Vascular Tumor
Hemangioma
			

Histopathology
Proliferative endothelial neoplasm;
GLUT1 +

Clinical Course
Absent at birth; triphasic growth

Vascular Malformation CM, VM, LM, AVM
			

Defect in vascular morphogenesis
(“badly formed vessels”); GLUT1 -

Present at birth; linear growth

Abbreviations: CM capillary malformation, VM venous malformation, LM lymphatic malformation, AVM arteriovenous malformation

A

B

FIGURE 2. Hemangioma (Phase I). (A) Axial enhanced T1-weighted image shows an intensely enhancing lobular mass with internal flow voids
in the medial extraconal space of the right orbit. (B) Axial fat-suppressed T2-weighted image demonstrates moderate T2 signal, similar to cerebral white matter, in this highly cellular proliferating hemangioma.

Drs. Mulliken and Andrew Young in
1976. This multidisciplinary team of
international experts has continued to
expand our understanding of vascular
anomalies and to refine their classification. The most recent classification
scheme of 2014 continues to divide vascular anomalies into vascular tumors
and vascular malformations.
Vascular tumors are further classified
as benign, locally aggressive or malignant. Benign infantile hemangiomas
represent the vast majority of vascular
tumors and occur most commonly in
their sporadic form. They typically involve ectodermal structures such as the
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skin, subcutaneous soft tissues and parotid gland, but may also occur within
deep tissues7 (Figure 2). Most hemangiomas do not require intervention,
with the exception of lesions in which
there is substantial functional or cosmetic disturbance. For example: In the
head and neck, orbital involvement may
necessitate therapy because of visual
disturbance and the potential for the development of amblyopia.8 When a facial
hemangioma occurs in a segmental distribution (typically within the midline
frontonasal region or the dermatome of
a trigeminal nerve branch), work-up to
assess for potential underlying PHACE
www.appliedradiology.com

(posterior fossa malformations, hemangiomas, arterial anomalies, cardiovascular anomalies, eye anomalies) syndrome
should be undertaken.9
Congenital hemangiomas are rare
benign vascular tumors with clinical
and histologic features that differ from
infantile hemangiomas; they are present at birth, do not manifest the classic
triphasic growth pattern associated with
infantile hemangiomas and are GLUT1
negative.10 Congenital hemangiomas
occur in rapidly involuting (RICH), partially involuting (PICH) or non-involuting (NICH) variants. Other rare benign
vascular tumors include the pyogenic
September 2018
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FIGURE 3. Lymphatic malformations (2 patients). (A) Axial T2-weighted image shows a
well-demarcated mass with fluid-signal surrounding the anterior margin of the right sternocleidomastoid muscle. Macrocystic LMs are soft, easily deformed lesions with cyst-like imaging
features. (B) Sagittal fat-suppressed T2-weighted image in another patient with a microcystic
LM of the tongue demonstrates innumerable small cystic spaces that do not contain enough
fluid to result in the high T2 signal intensity characteristic of macrocystic LMs.

A

B

FIGURE 4. Venous malformation. (A) Axial fat-suppressed T2-weighted image demonstrates
a transspatial markedly T2-hyperintense lesion with involvement of the right masseter and
pterygoid musculature. Note rounded area of signal void representing phlebolith (arrow). (B)
Coronal fat-suppressed contrast-enhanced T1-weighted image shows intense, heterogeneous enhancement in the right masticator space, with additional involvement of the temporalis muscle (arrow).

A

B

FIGURE 5. Arteriovenous malformation. (A) Coronal fat-suppressed T2-weighted image shows
numerous vascular flow voids in the left oral cavity and paramandibular soft tissues, as well as
within the mildly expanded left mandibular body. (B) Coronal CT bone image confirms mandibular expansion and also demonstrates areas of bony lysis. Small metallic densities in the adjacent
oral cavity represent embolic material from prior unsuccessful endovascular therapy.
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granuloma (also called lobular capillary hemangioma), which is one of the
reactive vascular proliferative lesions
grouped with vascular tumors.
In the borderline category, kaposiform hemangioendothelioma is a childhood tumor that may be associated with
thrombocytopenia and consumptive
coagulopathy, whereas Kaposi sarcoma
is most commonly encountered in the
immunocompromised adult. Angiosarcoma is a rare malignant vascular tumor
of older adults that most often involves
the scalp and skin and is associated with
high rates of local recurrence and distant metastases.11
Vascular malformations are classified
by vessel of origin, with further refinement based on whether they represent
a malformation of a single vessel type
(“simple”) or reflect a combination of
vessel types (“combined”). Vascular
malformations are additionally categorized by whether they involve a major
named vessel or are part of a syndrome
with other associated anomalies. Those
lesions with arterial components are
qualified as “high flow.” There are 5
types of simple vascular malformations:
•C
 apillary malformations (CMs):
Commonly encountered capillary
malformations include the cutaneous or mucosal CMs, widely termed
“port-wine stains”. These may occur
as part of the Sturge-Weber syndrome, where they are accompanied
by ocular and intracranial vascular
abnormalities.12 Unlike most vascular malformations, the nevus simplex, commonly known as “stork
bite” or “angel’s kiss,” will often
lighten with time and disappear
during early childhood. Imaging
is not typically performed for primary assessment of CMs, but rather
to look for associated syndromic
anomalies.
•  L y m p h a t i c m a l f o r m a t i o n s
(LMs): These lesions are composed of dilated lymphatic channels and cysts and are further
categorized as macrocystic, microcystic or mixed (Figure 3). The
archaic term “cystic hygroma”
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Table 3. Imaging Characteristics of Common Vascular Anomalies
Lesion
Hemangioma
(Phase I)

Morphology
Lobular,
hypervascular

Enhancement
++

T2 signal
+

VM
Trans-spatial,
++
++
		
common phleboliths
LM
Large cystic spaces
++
(macrocystic)				
LM
(microcystic)
AVM
		

Comments
Only moderately increased T2 signal
reflects hypercellularity
High T2 signal reflects low cellularity
Image like cysts; hemorrhagic fluid levels
common

Multiseptated; very
small cystic spaces

+/-

+

Low fluid content; may appear solid

Vascular flow voids
without discrete mass

+

+

Hyperperfusion results in tissue edema

Table 4. Old versus new terminology for common vascular anomalies
Old
Capillary hemangioma

New
Hemangioma

Port wine stain
Capillary hemangioma
Strawberry hemangioma

Capillary malformation

Cavernous hemangioma
Ossifying hemangioma

Venous malformation

Lymphangioma
Cystic hygroma

Lymphatic malformation

generally referred to the macrocystic variety, which appears as a
fluid-filled thin-walled structure
with no more than a few compartments. The microcystic variety is
composed of innumerable small
components with thick intervening
septations. Microcystic LMs infiltrate tissues diffusely and typically
cannot be successfully treated with
sclerotherapy.
•V
 enous malformations (VMs):
These compressible lesions are composed of malformed venous channels with sluggish internal blood
flow and are often associated with
focal areas of thrombosis that result in the characteristic phleboliths.
Head and neck VMs involve both
superficial and deep tissues and are
often trans-spatial, with a predilection for the muscles of mastication
(Figure 4). In blue rubber bleb syn12
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drome, multiple cutaneous VMs are
present in association with soft tissue and gastrointestinal lesions, the
latter responsible for chronic anemia.13 The orbital VM incorrectly
termed “cavernous hemangioma”
is the most common orbital mass in
adults.14
•A
 rteriovenous malformations
(AVMs): Though these are composed of arteries, veins and intervening capillaries they are
considered a single disease entity
and are classified as simple malformations. These lesions may be
very aggressive, with a tendency
to infiltrate tissues diffusely and
to involve the underlying bone,
resulting in both lysis and overgrowth (Figure 5).
• A
 rteriovenous fistulas (AVFs):
AVFs, with direct fistulous communication between arteries and
www.appliedradiology.com

veins, are much more commonly
acquired and related to trauma.
Congenital AVFs, like AVMs,
are typically sporadic but may
also occur as part of a syndrome,
such as hereditary hemorrhagic
telangiectasia (HHT or Osler-Weber-Rendu) syndrome.15
•C
 ombined malformations are
composed of two or more types of
vascular malformations (CM, LM,
VM, AVM) found within one lesion. A common combined malformation is the LM + VM (also called
LVM or “venolymphatic malformation”). In addition, cutaneous
CMs may be present overlying a
one or more deeper simple vascular malformation (e.g. CM + AVM,
CM + LM + VM).
Vascular malformations of major
named vessels include anomalies affecting the origin, course, number,
length or diameter of larger lymphatic,
venous or arterial vessels, as well as
persistent embryonal vessels. The carotid artery anomalies associated with
PHACE syndrome (including aplasia/
hypoplasia, stenosis and redundancy)
as well as persistent stapedial arteries
encountered in the temporal bone are
included within this category.16
Finally, there is a long and growing
list of vascular malformations associated with other anomalies. In addition
to Sturge-Weber syndrome, this category includes such rare entities as
September 2018
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Klippel-Trenaunay syndrome (CM +
VM +/- LM + limb overgrowth), Proteus syndrome (CM, VM and/or LM +
asymmetric somatic overgrowth) and
Maffucci syndrome (VM +/- spindle
cell hemangioma + enchondroma).5

Imaging of vascular anomalies

The imaging features of vascular lesions generally reflect their underlying
histologic composition.6 Specifically,
the MRI signal characteristics suggest
both the cellular nature of hemangiomas and the vessels of origin of vascular
malformations. Imaging characteristics
of commonly encountered lesions are
summarized in Table 3.

Old and new nomenclature

It is hoped that the utilization of archaic and inaccurate terminology will
decline with improved understanding
of the fundamental differences between
the various vascular anomalies and with
more widespread familiarity with the
ISSVA classification scheme. In addition to the stubborn persistence of the
term “cavernous hemangioma” throughout the literature and within everyday
practice, other terms such as “port wine
stain” and “lymphangioma” remain pervasive. The suffix “oma” is typically
associated with tumors, and is appropriately reserved for the vascular tumors
such as hemangioma and hemangioendothelioma. A summary of the modifications in terminology for some of the most
common lesions is presented in Table 4.
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Conclusion

The umbrella term “vascular anomalies” describes a highly diverse group
of diseases ranging from the commonly
encountered to the exotic that are nonetheless unified by common underlying
histologic patterns. The classification
scheme in widespread use today was
updated in 2014 by ISSVA, and is
based on John Mulliken’s critical work
clarifying the biologic basis of these
diseases and broadly dividing them into
vascular tumors and vascular malformations. Consistent utilization of the
ISSVA classification and associated
terminology will help improve clinical
care as well as the quality of the literature on this topic. Importantly, the term
“hemangioma” should be reserved for
the common benign vascular tumors of
infancy. The frequently utilized term
“cavernous hemangioma” is a misnomer referring to a venous malformation.
The full ISSVA classification is available at issva.org/classification.
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