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Vascular anomalies are disorders of the endothelium and surrounding cells that can affect the
vasculature and involve any anatomical structure. The most common problem associated with
vascular anomalies is psychological distress related to disfigurement as well as functional de-
fects, as many lesions affect the head and neck. This article provides an overview of the current
clinical features that distinguish the major types of vascular anomalies that affect the head and
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INTRODUCTION

Vascular anomalies are disorders of the endothelium and sur-
rounding cells that can affect the vasculature and involve any
anatomical structure. The estimated prevalence is 4.5%, and the
anomalies are usually diagnosed during infancy or childhood
[1]. The most common problem associated with vascular
anomalies is psychological distress related to the distigurement
as well as functional defects because many lesions affect the
head and neck. Vascular anomalies lead to local complications
(including bleeding, infection, obstruction, pain, thrombosis,
ulceration, and destroyed anatomic structures) and can also
cause general complications such as congestive heart failure,
disseminated intravascular coagulation, pulmonary embolism,
thrombocytopenia, and sepsis [2].

Vascular anomalies were once limited owing to their nomen-
clature by the 19th century, but a schema proposed in 1982 has
helped to clear the terminological confusion [3]. Accurate his-
topathological description is important for diagnosis and treat-
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ment of vascular anomalies, in correlation with clinical and ra-
diological evaluation. Nevertheless, traditional nomenclature
continues to be responsible for mistaken diagnosis, treatment,
and research. The International Society for the Study of Vascu-
lar Anomalies (ISSVA) recognized this persistent problem and
developed a classification system for vascular anomalies, de-
rived in part from the system proposed by Mulliken and
Glowacki [3], in which vascular anomalies were divided into
tumors and malformations according to the presence or ab-
sence of endothelial mitotic activity. Accumulated evidence has
shown that endothelial mitotic activity alone is not sufficient to
classify vascular anomalies because mitotic activity stimulated
as a secondary effect of ischemia and turbulence. The ISSVA
classification has expanded over the years and is now widely
adopted (Table 1) [4]. This article provides an overview of the
current clinical features that distinguish the major types of vas-
cular anomalies that affect the head and neck.

VASCULAR TUMORS

Vascular tumors of childhood are usually benign. The common
types of vascular tumor are infantile hemangioma (IH), con-
genital hemangioma, kaposiform hemangioendothelioma, pyo-
genic granuloma, and others [5].
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Table 1. Overview of the ISSVA classification of vascular anomalies
(approved at the 20th ISSVA Workshop, Melbourne, April 2014, last
revision May 2018)

Vascular anomaly

Vascular tumor
Benign
« Infantile hemangioma
« Congenital hemangioma
Rapidly involuting (RICH)
Non-involuting (NICH)
Partially involuting (PICH)
« Tufted angioma
« Spindle-cell hemangioma
« Epithelioid hemangioma
« Pyogenic granuloma
« Others
Locally aggressive or borderline
« Kaposiform hemangioendothelioma
« Retiform hemangioendothelioma
« Papillary intralymphatic angioendothelioma (PILA), Dabska tumor
« Composite hemangioendothelioma
« Pseudomyogenic hemangioendothelioma
« Polymorphous hemangioendothelioma
« Hemangioendothelioma not otherwise specified
« Kaposi sarcoma
« Others
Malignant
« Angiosarcoma
« Epithelioid hemangioendothelioma
« Others

Vascular malformation
Simple
« Capillary malformations (CM)
« Lymphatic malformations (LM)
« Venous malformations (VM)
« Arteriovenous malformations (AVM)?
« Arteriovenous fistula (AVF)?
Combined”
« CVM (CM+VM), CLM (CM+LM)
o LVM (LM+VM), CLVM (CM+LM+VM)
« CAVM (CM+AVM)?
o CLAVM (CM+LM+AVM)?
« Others
Of major named vessels
« See details on ISSVA website (http://www.issva.org/classification)
Associated with other anomalies
« See list and known genetic associations on ISSVA website (http://www.issva.
org/classification)

The International Society for the Study of Vascular Anomalies (ISSAVA) classification
for vascular anomalies. The updated classification was approved at the May, 2018
General Assembly in Amsterdam, the Netherlands.

IHigh-flow lesions; ®Defined as two or more vascular malformations found in one
lesion.

Adapted from International Society for the Study of Vascular Anomalies [4].

Infantile hemangioma

IH is benign and the most common tumor in infancy [3]. IH
affects approximately 4%—5% of Caucasian infants and is rare
in other populations [6]. It is more frequent in premature (23%
of infants < 1,200 g) and female (3:1 to 5:1) [7]. It usually oc-
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curs singly (80%) and involves the head and neck (60%), fol-
lowed by the trunk (25%) and extremities (15%) [8]. Of all IH
cases, 30%—-50% are found at birth as a telangiectatic stain or
ecchymotic lesion; however, the mean age at appearance is 2
weeks [9]. During the first 9 months after birth, TH grows faster
than the growth rate of the child (proliferating phase). IH may
appear red and involves the superficial dermis, whereas the
overlying skin may appear bluish when IH is located beneath
the skin. Until 9 to 12 months after birth, the growth of IH pla-
teaus. After 12 months of age, IH begins to shrink, its color
fades, and the lesion flattens (involuting phase). By 5 to 7 years
of age, involution stops in most patients (involuted phase).
Thereafter, local complications are observed in one-half of pa-
tients, including residual telangiectasias, loss of elastic fibers,
scarring, redundant skin, or destroyed anatomic structures
[10,11]. The immunostaining for an erythrocyte-type glucose
transporter (GLUT1), which is specifically expressed in TH, can
differentiate IH from other tumors and malformations [12].
Propranolol, a nonselective adrenergic blocker, is the first-line
treatment of complicated IH. Most IH are managed by observa-
tion because 90% are small, localized, and involute without se-
quelae. But some patients may require operative treatment be-
cause of residual fibrofatty tissue, redundant skin, or damaged
structures after involution [9].

VASCULAR MALFORMATIONS

Vascular malformations, as congenital abnormalities, result
from abnormal vessel development and morphogenesis. In
general, they are present at birth (but may be hidden in a deep
location) and grow in proportion to the childs growth, persist-
ing throughout the lifetime.

Capillary malformations

Capillary malformations (CMs), also known as port-wine
stains or nevus flammeus, are the most common type of con-
genital vascular malformations [13]. These lesions are initially
flat and bright pink, red, or violaceous and typically affect the
tace (90%), followed by the neck, trunk, leg, arm, and hand [14-
16]. They often seem to lighten significantly over the first few
months of life. This is not indicative of spontaneous resolution
but is probably due to a decrease in circulating blood hemoglo-
bin concentration [17]. In contrast to other similar birthmarks,
most CMs become darker, thicker, and more nodular over time.
This is particularly true of facial lesions [18]. The incidence rate
is reported as 0.3% in newborns, with an equal sex distribution,
occurring spontaneously within the population [6]. In most af-
fected individuals, CMs occur as a sporadic unifocal lesion and
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are not associated with any underlying abnormalities. However,
CMs are sometimes associated with other underlying syn-
dromes such as Sturge-Weber syndrome, macrocephaly-capil-
lary malformation syndrome, capillary malformation-arterio-
venous malformation syndrome, and overgrowth syndromes
such as Klippel-Trenaunay syndrome [19,20]. The pathogenic
mechanism of CM is still unknown. Shirley et al. [21] identified
a somatic mutation in GNAQ with isolated CMs, disrupting
vascular development. Facial CMs initially appear as a faint
pink macule; however, some patients may develop soft tissue
hypertrophy, bony hypertrophy, and/or nodule formation dur-
ing adulthood. Depending on the size and location, these
changes can cause functional deficits in vision, speaking, or eat-
ing, and significant psychological distress related to the result-
ing stigmatization or disfigurement. The gold standard therapy
for facial or aesthetically sensitive CM is still the pulsed dye la-
ser treatment. In patients with associated soft tissue or bony hy-
pertrophy, surgical management can be helpful in restoring the
normal anatomy and in re-establishing a symmetric contour
[15,16,22-24].

Lymphatic malformations

Lymphatic malformation (LM) results from errors in the devel-
opment of the lymphatic system; lymphatic tissue may form in
an abnormal location [25]. LM is divided into three types ac-
cording to the size of the malformed channels, namely, micro-
cystic, macrocystic, or combined (microcystic/macrocystic)
[3,8]. LM is a soft and compressible lesion that usually appears
at birth; however, a small or deep lesion may not become evi-
dent until the lesion has grown large enough to cause deformity
or symptoms. LM is most commonly located on the head and
neck, causing a deformity and psychosocial morbidity. The
overlying skin appears in various shapes, which may be normal,
have a bluish hue, or have pink vesicles similar to CM. LM is
problematic because of its progression, its slow expansion over
time, and its recurrence. The common complications are bleed-
ing and infection. Intralesional bleeding occurs in up to 35% of
LM, causing pain or swelling [26]. LM is vulnerable to infection
because the malformed lymphatics contribute less to antibody
production and protein-rich fluid provides a good environment
for bacterial growth. Somatic PIK3CA mutations were found in
several malformative or overgrowth syndromes, including LMs
as a component. Small or asymptomatic lesions may be ob-
served. Symptomatic lesions causing pain, deformity, or threat-
ening vital structures necessitate operative treatment [27].

Venous malformations

Venous malformation (VM) results from errors in vascular
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morphogenesis. Thin-walled veins with abnormal smooth
muscle are dilated, and then the VM expands and the flow stag-
nates with clotting. VM is present at birth but may not become
evident until it has grown large enough to cause a deformity or
symptoms. VMs are blue, soft, and compressible; sometimes
phleboliths may be palpable. VMs may appear from localized
skin lesions to diffuse malformations involving multiple tissue
and structures [28]. VMs are sporadic and solitary in 90% of
patients; 50% of patients have a somatic mutation in the endo-
thelial receptor TIE2, which is involved in angiogenesis [29,30].
VMs are usually larger than 5 cm (56%) and involve the skin,
mucosa, or subcutaneous tissue; 50% of VMs also involve mus-
cle, bone, and viscera; appear singly (99%); and are located on
the head/neck (47%), followed by the extremities (40%) and
trunk (13%) [31]. Complications related to VMs depend on the
extent and location and cause psychosocial morbidity because
of their appearance. Common complications are ulceration,
bleeding, compression of adjacent structures, and chronic low-
grade consumptive coagulopathy in large and extensive lesions.
Pain and swelling are dependent on position or are secondary
to thrombosis and phlebolith formation. In the head and neck,
VMs may severely affect compression of adjacent structures.
Although nonproblematic lesions can be observed, symptom-
atic lesions causing pain, deformity, or threatening vital struc-
tures necessitate sclerotherapy or operative treatment [28].

Arteriovenous malformations

Arteriovenous malformation (AVM) results from errors in vas-
cular development during embryogenesis; absent capillary beds
lead to shunting directly from the arterial to venous circulation
through a fistula or nidus (abnormal channels between feeding
arteries and draining veins) [32]. The most common site of ex-
tracranial AVM is the head and neck, followed by the limbs,
trunk, and viscera [9]. AVM is present at birth but may not be-
come evident until childhood. AVM has a pink-red cutaneous
stain with a palpable thrill or bruit, and it is important to distin-
guish AVM from a CM or hemangioma. Arteriovenous shunt-
ing reduces capillary oxygen delivery, causing ischemia. Com-
mon complications are pain, ulceration, bleeding, and conges-
tive heart failure. AVM can cause disfigurement, compression,
or destruction of adjacent tissues. Although AVM is considered
a quiescent lesion, angiogenesis (growth of new blood vessels
from preexisting vasculature) and/or vasculogenesis (de novo
formation of new vasculature) may be involved in AVM expan-
sion [33]. AVM is not a static malformation, progresses over
time, and recurs. Genetic abnormalities cause certain types of
familial AVMs. Capillary malformation-arteriovenous malfor-
mation (CM-AVM) results from a mutation in RASA1 [34].
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The goal of treatment usually is to control AVM. For superficial
AVMs, patients should prevent desiccation and subsequent ul-
ceration, and compression garments for extremity lesions may
reduce pain and swelling. Intervention including embolization,
resection, or a combination is focused on reducing symptoms,
preserving vital functions, and improving deformities [3,35].

CONCLUSION

The number of physicians interested in the treatment of vascu-
lar anomalies has grown over the last several decades. Hun-
dreds of articles about vascular anomalies are published every
year, and criteria for classification, diagnosis, and treatment are
also changing rapidly. The common vascular anomalies of the
head and neck region are summarized, and the authors hope
that this article will be helpful in the research and treatment of
patients.

CONEFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

ORCID

Jeong Woo Lee
Ho Yun Chung

https://orcid.org/0000-0003-4903-6066
https://orcid.org/0000-0001-7359-3044

REFERENCES

1. Greene AK, Kim S, Rogers GE Fishman SJ, Olsen BR, Mullik-
en JB. Risk of vascular anomalies with Down syndrome. Pedi-
atrics 2008;121:e135-40.

2. Greene AK. Vascular anomalies: current overview of the field.
Clin Plast Surg 2011;38:1-5.

3. Mulliken JB, Glowacki J. Hemangiomas and vascular malfor-
mations in infants and children: a classification based on endo-
thelial characteristics. Plast Reconstr Surg 1982;69:412-22.

4. ISSVA. ISSVA classification for vascular anomalies [Internet].
Amsterdam: International Society for the Study of Vascular
Anomalies [cited 2018 Dec 20]. Available from: http://www.
issva.org/classification.

5. Greene AK. Management of hemangiomas and other vascular
tumors. Clin Plast Surg 2011;38:45-63.

6. Jacobs AH, Walton RG. The incidence of birthmarks in the ne-
onate. Pediatrics 1976;58:218-22.

7. Drolet BA, Swanson EA, Frieden IJ; Hemangioma Investigator

Group. Infantile hemangiomas: an emerging health issue

246

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Archives of Craniofacial Surgery

linked to an increased rate of low birth weight infants. ] Pediatr
2008;153:712-5.el.

. Finn MC, Glowacki J, Mulliken JB. Congenital vascular lesions:

clinical application of a new classification. J Pediatr Surg 1983;
18:894-900.

. Mulliken JB, Fishman SJ, Burrows PE. Vascular anomalies.

Curr Probl Surg 2000;37:517-84.

Chang LC, Haggstrom AN, Drolet BA, Baselga E, Chamlin SL,
Garzon MG, et al. Growth characteristics of infantile hemangi-
omas: implications for management. Pediatrics 2008;122:360-
7.

Bowers RE, Graham EA, Tomlinson KM. The natural history
of the strawberry nevus. Arch Dermatol 1960;82:667-80.
North PE, Waner M, Mizeracki A, Mihm MC Jr. GLUT1I: a
newly discovered immunohistochemical marker for juvenile
hemangiomas. Hum Pathol 2000;31:11-22.

Johnson WC. Pathology of cutaneous vascular tumors. Int J
Dermatol 1976;15:239-70.

Mills CM, Lanigan SW, Hughes ], Anstey AV. Demographic
study of port wine stain patients attending a laser clinic: family
history, prevalence of naevus anaemicus and results of prior
treatment. Clin Exp Dermatol 1997;22:166-8.

Renfro L, Geronemus RG. Anatomical differences of port-
wine stains in response to treatment with the pulsed dye laser.
Arch Dermatol 1993;129:182-8.

Orten SS, Waner M, Flock S, Roberson PK, Kincannon J. Port-
wine stains: an assessment of 5 years of treatment. Arch Oto-
laryngol Head Neck Surg 1996;122:1174-9.

Cordoro KM, Speetzen LS, Koerper MA, Frieden IJ. Physio-
logic changes in vascular birthmarks during early infancy:
mechanisms and clinical implications. ] Am Acad Dermatol
2009;60:669-75.

Brouillard P, Vikkula M. Genetic causes of vascular malforma-
tions. Hum Mol Genet 2007;16:R140-9.

Wright DR, Frieden IJ, Orlow SJ, Shin HT, Chamlin S, Schaffer
JV, et al. The misnomer “macrocephaly-cutis marmorata telan-
giectatica congenita syndrome”™: report of 12 new cases and
support for revising the name to macrocephaly-capillary mal-
formations. Arch Dermatol 2009;145:287-93.

Gonzalez ME, Burk CJ, Barbouth DS, Connelly EA. Macro-
cephaly-capillary malformation: a report of three cases and re-
view of the literature. Pediatr Dermatol 2009;26:342-6.

Shirley MD, Tang H, Gallione CJ, Baugher JD, Frelin LP, Cohen
B, et al. Sturge-Weber syndrome and port-wine stains caused
by somatic mutation in GNAQ. N Engl ] Med 2013;368:1971-9.
Lee JW, Chung HY, Cerrati EW, O TM, Waner M. The natural
history of soft tissue hypertrophy, bony hypertrophy, and nod-

ule formation in patients with untreated head and neck capil-


http://www.issva.org/classification
http://www.issva.org/classification

https://doi.org/10.7181/acfs.2018.02383

23.

24,

25.

26.

27.

28.

29.

lary malformations. Dermatol Surg 2015;41:1241-5.

Koster PH, Bossuyt PM, van der Horst CM, Gijsbers GH, van
Gemert MJ. Characterization of portwine stain disfigurement.
Plast Reconstr Surg 1998;102:1210-6.

Lee JW, Chung HY. Capillary malformations (portwine stains)
of the head and neck: natural history, investigations, laser, and
surgical management. Otolaryngol Clin North Am 2018;51:
197-211.

Young AE. Pathogenesis of vascular malformations. In: Mullik-
en JB, Young AE, editors. Vascular birthmarks: hemangiomas
and malformations. Philadelphia: Saunders; 1988. p. 107-13.
Padwa BL, Hayward PG, Ferraro NE, Mulliken JB. Cervicofa-
cial lymphatic malformation: clinical course, surgical interven-
tion, and pathogenesis of skeletal hypertrophy. Plast Reconstr
Surg 1995;95:951-60.

Greene AK, Perlyn CA, Alomari AL. Management of lymphatic
malformations. Clin Plast Surg 2011;38:75-82.

Greene AK, Alomari AI. Management of venous malforma-
tions. Clin Plast Surg 2011;38:83-93.

Limaye N, Wouters V, Uebelhoer M, Tuominen M, Wirkkala R,
Mulliken JB, et al. Somatic mutations in angiopoietin receptor
gene TEK cause solitary and multiple sporadic venous malfor-
mations. Nat Genet 2009;41:118-24.

30.

31

32.

33.

34.

35.

Archives of Craniofacial Surgery

Vikkula M, Boon LM, Carraway KL 3rd, Calvert JT, Diamonti
AJ, Goumnerov B, et al. Vascular dysmorphogenesis caused by
an activating mutation in the receptor tyrosine kinase TIE2.
Cell 1996;87:1181-90.

Boon LM, Mulliken JB, Enjolras O, Vikkula M. Glomuvenous
malformation (glomangioma) and venous malformation: dis-
tinct clinicopathologic and genetic entities. Arch Dermatol
2004;140:971-6.

Young AE, Mulliken JB. Arteriovenous malformations. In:
Mulliken JB, Young AE, editors. Vascular birthmarks: heman-
giomas and malformations. Philadelphia: Saunders; 1988. p.
228-45.

Liu AS, Mulliken JB, Zurakowski D, Fishman SJ, Greene AK.
Extracranial arteriovenous malformations: natural progression
and recurrence after treatment. Plast Reconstr Surg 2010;125:
1185-94.

Eerola I, Boon LM, Mulliken JB, Burrows PE, Dompmartin A,
Watanabe S, et al. Capillary malformation-arteriovenous mal-
formation, a new clinical and genetic disorder caused by
RASA1 mutations. Am ] Hum Genet 2003;73:1240-9.

Greene AK, Orbach DB. Management of arteriovenous mal-
formations. Clin Plast Surg 2011;38:95-106.

247



