VASCULAR ANOMALIES

I. Introduction:

Vascular anomalies are heterogenous group of anomalies seen in pediatric age group involving
abnormal development of blood vessels and lymphatic channels. Most of them are noted at
birth or during infancy. For centuries, they have been referred by various overlapping clinical
and histopathologic terms which led to misdiagnosis and inappropriate management!. In the
nineteenth century, Virchow categorized the vascular anomalies on the basis of histopathologic
features®. The ISSVA classification was first developed by Mulliken and Glowacki about 30
years ago based on clinical behaviour, endothelial characteristics, and natural history and is

now the universally accepted classification for vascular anomalies.>*>

II1. Classification:

The ISSVA Classification broadly divides the vascular anomalies into vascular tumours and
vascular malformations.> Vascular tumours are characterized by endothelial hyperplasia;
vascular malformations arise due to vascular dysmorphogenesis and exhibit normal endothelial
turnover.’ Table 1 depicts the classification in simple tabular form.

Category Subclassification Lesions included
1 | Vascular Benign Infantile Hemangioma
Tumours Congenital hemangioma (RICH, NICH, PICH)

Hepatic Hemangioma

Kaposiform Hemangioendothelioma (KHE)

Pyogenic Granuloma

Rare Benign and Tufted

Intermediate Grade Spindle Cell

Vascular Tumours Epithelioid Haemangioma
Intermediate and Epithelioid haemangioendothelioma

Borderline Malignant
Vascular Tumours

Malignant Vascular Angiosarcoma
Tumours Hepatic Angiosarcoma
Kaposi Sarcoma
2 | Vascular Simple malformations | Slow flow Capillary malformation (port-
Malformations Malformations wine stain)

Venous malformation

Lymphatic malformation
(macro-/microcystic)

High flow Arteriovenous malformation
Malformations (AVM)
Arteriovenous Fistula

Capillary-venous (CV)




Combined Capillary-lymphatic (CL)
malformations Capillary-lymphatic-venous (CLV)
Malformations Klippel-Trénaunay syndrome
associated with Parkes Weber syndrome
syndromes Sturge—Weber syndrome

CLOVES syndrome

Table 1: ISSVA Classification of Vascular Anomalies

Accurate classification of these anomalies helps to guide treatment decisions (observation, oral
medications, sclerotherapy, surgery and/or embolization) in neonatal period itself and identify
lesions associated with life-threatening complications like cardiac failure or Kasabach—Merritt
phenomenon.>¢ This facilitates parental counselling, prognostication, management and follow-

up.
III. Diagnosis:

Radiology plays a central role in diagnosis, classification, treatment planning, monitoring
response to sclerotherapy or embolization, detecting recurrence or progression and assessing
complications (thrombosis or tissue ischemia) and follow-up of vascular malformations.

Ultrasonography (USG) and Doppler: Ultrasound is non-invasive, readily available, and
does not involve ionizing radiation.” It helps to delineate the morphology, echogenicity,
volume, extent, type of the cystic spaces (if present) and the presence of phleboliths.

e Venous malformations can be seen as hypoechoic or heterogeneous compressible
lesions; may contain phleboliths (echogenic foci with shadowing)®

e Lymphatic malformations mostly comprise of multiloculated cystic lesions-
macrocystic, microcystic, or mixed*

e Arteriovenous malformations (AVMs) are ill-defined heterogeneous masses without
discrete cysts’

Doppler ultrasound differentiates low-flow lesions (e.g., capillary, venous, lymphatic) which
show absent or minimal flow and high-flow lesions (e.g., AVMs, AV fistulas) which show
high-velocity arterial flow, low-resistance waveforms, arteriovenous shunting.’

Magnetic Resonance Imaging (MRI): MRI is the gold standard for comprehensive evaluation
of vascular malformations and also for follow-up of lesions.®!? It provides superior soft-tissue
contrast and accurate assessment of the extent of the lesion. The MRI characteristics of the
various vascular malformations are as follow:

e Venous malformations %!°:
o Tl-weighted: Hypointense to isointense
o T2-weighted: Markedly hyperintense
o Phleboliths appear as signal voids.



e Lymphatic malformations!!:
o Multicystic lesions with fluid—fluid levels
o T2 hyperintensity; minimal enhancement
o Arteriovenous malformations!!:
o Flow voids on T1 and T2
o Enlarged feeding arteries and draining veins

Dynamic contrast-enhanced MRI allows differentiation of low-flow vs high-flow lesions,
mapping of feeding arteries and draining veins and pre-interventional planning.'%-11:12

Computed Tomography (CT): CT has a limited role due to ionizing radiation but is useful
in selected situations like detection of phleboliths in venous malformations, evaluation of bony
involvement and emergency assessment of bleeding or airway compromise.!* CT angiography
demonstrates high-flow lesions but is avoided in neonates unless MRI is contraindicated.'?

Conventional Angiography (Digital Subtraction Angiography — DSA): DSA remains the
gold standard for high-flow vascular malformations for planning interventions.!!:'# Indications
include precise delineation of arteriovenous shunts, identification of feeding vessels and
therapeutic embolization during the same session.!!-!4

IV. Vascular Tumours

Vascular tumours are heterogeneous group of lesions ranging from benign, self-limited
proliferations to highly aggressive malignant neoplasms. While infantile haemangioma and
related benign tumours account for the majority of vascular tumours in childhood, a small
subset of rare and malignant vascular tumours is clinically significant because of their
aggressive behaviour, diagnostic difficulty, and therapeutic challenges.

1. Benign Vascular Tumours
A) Infantile Haemangioma

Introduction and Epidemiology: Infantile haemangioma (IH) is the most common benign
vascular tumour of infancy seen in approximately 4-10% of infants.!>!6!7 They are true
vascular neoplasms arising from endothelial cell proliferation and may be absent or only subtly
evident at birth.!>!%!7 There is a marked female predominance, with a female-to-male ratio
ranging from 3:1 to 5:1. Risk factors include multiple gestations, advanced maternal age,
placental abnormalities, Caucasian ethnicity, prematurity and low birth weight. Most lesions
become clinically apparent within the first 2-4 weeks of life.!%!7

Natural History: Infantile haemangiomas follow a predictable natural history - triphasic
course comprising three phases: proliferative phase, plateau phase, and involution phase. Rapid
growth usually occurs during the first 3—5 months, with proliferation occasionally continuing
up to 9—12 months. Involution begins after the first year and progresses gradually over several
years. Approximately 50% involute by 5 years, 70% by 7 years, and up to 90% by 9-10 years.
Residual skin changes may persist despite complete involution.!®!7



Etiopathogenesis: The etiopathogenesis of infantile haemangioma is multifactorial. The
placental origin theory is supported by the expression of glucose transporter protein-1 (GLUT-
1) in infantile haemangiomas.!” Hypoxia-driven angiogenesis represents another mechanism.
Perinatal hypoxic stress leads to upregulation of hypoxia-inducible factor-1a (HIF-1a), which
stimulates angiogenic mediators such as vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor (bFGF). This hypothesis explains the increased incidence of infantile
haemangiomas in premature and low-birth-weight infants.!” The renin—angiotensin system has
also been implicated. Elevated renin levels in early infancy might promote angiogenesis
through angiotensin II-mediated endothelial proliferation, providing an explanation for the
dramatic therapeutic efficacy of beta-adrenergic blockers, particularly propranolol.'>!7

Classification: Infantile haemangiomas can be classified according to depth into superficial,
deep, or mixed; and as per morphology and distribution into focal, segmental, multifocal, or
indeterminate. Segmental haemangiomas are typically larger, plaque-like lesions following
embryological or developmental segments and are associated with a higher risk of
complications and syndromic associations.!”-13

Clinical Features: Clinically, these are soft, compressible lesions that blanch on pressure.
Superficial lesions appear as bright red, well-demarcated plaques, whereas deep lesions present
as bluish subcutaneous swellings beneath normal skin. Most lesions are asymptomatic,
although rapid growth may predispose to complications.!® Head and neck region is most
commonly affected, accounting for nearly 60% of cases, followed by the trunk and extremities
(Figure 1). Visceral haemangiomas are uncommon, with the liver being the most frequently
involved internal organ. The presence of multiple cutaneous haemangiomas should raise
suspicion of visceral involvement.!!7

Figure 1: Cutaneous hemangioma right ear lobe and lateral face and neck .

Complications: Complications occur in approximately 10—15% of cases. Ulceration is the
most common complication and may lead to pain, bleeding, infection, and scarring. Lesions in
critical locations may cause functional impairment, including visual obstruction, airway
compromise, feeding difficulties, or hearing impairment.!®!” Large or multiple haemangiomas
may result in high-output cardiac failure.



Syndromic Associations: Large segmental facial haemangiomas may be associated with
PHACE syndrome, while extensive segmental haemangiomas involving the lower body may
be associated with LUMBAR, PELVIS, or SACRAL syndromes, characterized by spinal,
genitourinary, and anorectal anomalies.!”!8

Investigations: Diagnosis is primarily clinical. Ultrasonography with Doppler is useful for
deep or atypical lesions. Magnetic resonance imaging (MRI) is indicated for large, deep, or
segmental haemangiomas, particularly when syndromic associations are suspected.
Echocardiography and thyroid function tests should be done in infants with extensive or
multiple lesions.!”-!8

Differential Diagnosis: The differential diagnosis includes congenital haemangiomas,
vascular malformations, pyogenic granuloma, Kaposiform Hemangioendothelioma , and other
soft tissue tumours.

Management: Most infantile haemangiomas require observation alone. Treatment is indicated
for lesions that are life-threatening, ulcerated, rapidly proliferating, functionally impairing, or
at risk of permanent disfigurement.'-!?

Medical Therapy: Problematic infantile haemangiomas are managed by oral propranolol
administered at 2-3 mg/kg/day in divided doses with appropriate monitoring. Treatment is
typically continued for 612 months, often until 12—15 months of age.!>!%1%2% Topical Timolol
is effective for small, superficial cutaneous lesions. Systemic corticosteroids are reserved for
rare refractory cases.!”

Surgical and Laser Therapy: Pulsed dye laser therapy is useful for ulcerated lesions and
residual telangiectasia. Surgical intervention is rarely required during infancy but may be
considered for residual deformity or complications unresponsive to medical therapy.!”!

Prognosis: The prognosis of infantile haemangioma is excellent, with most lesions undergoing
spontaneous involution. Early identification and timely intervention in high-risk cases
significantly reduce morbidity and optimize cosmetic and functional outcomes.!”-!8

B) Congenital Haemangioma

Introduction and Epidemiology: Congenital haemangioma is uncommon and accounts for
less than 1% of all vascular tumours in infancy.?!-?2 It does not exhibit the characteristic natural
history seen in infantile haemangiomas; instead follows a distinct biological and clinical
course. The lesions arise from aberrant vascular development during intrauterine life and
demonstrate variable patterns of involution.?*?* They are typically solitary and sporadic, with
no established hereditary pattern. Most lesions are identified antenatally or immediately at
birth.2!?3 There is no gender predilection.

Etiopathogenesis: The exact pathogenesis of congenital haemangioma remains uncertain.
These lesions are believed to result from abnormal vasculogenesis during fetal development
and do not express GLUT-1.212%25 Molecular studies suggest dysregulation of pathways
involved in vascular maturation and stabilization.??

Classification: Congenital haemangiomas are classified according to their postnatal behaviour
into three types:



e Rapidly involuting congenital haemangioma (RICH)
e Non-involuting congenital haemangioma (NICH)
o Partially involuting congenital haemangioma (PICH)

RICH shows substantial regression within the first year of life, often beginning soon after birth.
NICH persists without significant involution, while PICH demonstrates partial regression
followed by stabilization.?!323

Clinical Features: Congenital haemangiomas most commonly involve head and neck, trunk,
or extremities. Lesions are typically well-circumscribed, firm, round or oval masses and may
be warm, or pulsatile because of high blood flow (Figure 2). The overlying skin may be
violaceous or bluish, often with coarse telangiectasia, or a pale peripheral halo, or occasional
central ulceration.?!** In RICH, progressive softening and flattening occur during infancy,
often leaving residual skin atrophy or fibrofatty tissue. NICH lesions remain stable, while PICH
lesions show intermediate behaviour.?!-*> Histologically, these consist of lobules of capillary-
sized vessels separated by fibrous stroma. The endothelial cells are flattened.

Figure 2: Hemangioma tongue.

Complications: Ulceration and bleeding are the most common complications. Rarely, large
high-flow lesions may result in high-output cardiac failure in the neonatal period. Functional
impairment may occur when lesions involve critical anatomical sites.?!-?%2

Investigations: Diagnosis is primarily clinical, supported by Ultrasonography with Doppler
which demonstrates a well-defined high-flow vascular mass. MRI shows a lobulated lesion
with flow voids and intense contrast enhancement, providing excellent anatomical
delineation.?!-*

Differential Diagnosis: The main differential diagnoses include infantile haemangioma,
vascular malformations, Kaposiform Hemangioendothelioma, and arteriovenous
malformations.



Management: Management depends on subtype, symptoms, and associated complications.
RICH is usually managed conservatively with observation due to predictable spontaneous
involution. NICH and PICH may require intervention when associated with functional
impairment, cosmetic concern, ulceration, or bleeding.?!**?°> Medical therapies (beta-blockers
and corticosteroids) is generally ineffective. Surgical excision is the treatment of choice for
symptomatic non-involuting lesions. Embolization may be used as an adjunct in selected high-
flow lesions.?>?

Prognosis: Prognosis varies according to subtype. RICH has an excellent prognosis, though
residual skin changes may persist. NICH and PICH may remain stable or require surgical
management but never undergo malignant transformation.?!-23-23

C) Hepatic Hemangioma

Introduction and Epidemiology: Hepatic hemangioma is rare but represents the most
frequent hepatic vascular tumour in infancy.?%?” It represents a spectrum of vascular neoplasms
arising from endothelial proliferation within the hepatic parenchyma and is commonly
diagnosed in infants with multiple cutaneous hemangiomas.?’?® There is a female
predominance; Prematurity and low birth weight are recognized risk factors.?8

Classification: Hepatic hemangiomas are broadly classified based on number and distribution
of lesions into focal, multifocal, and diffuse types.?’” Focal hepatic hemangioma is usually a
solitary lesion, often present at birth. Multifocal hepatic hemangioma consists of multiple
discrete lesions scattered throughout the liver parenchyma and is typically associated with
cutaneous infantile hemangiomas.?® Diffuse hepatic hemangioma is characterized by near-total
replacement of hepatic parenchyma by innumerable hemangiomatous lesions and represents
the most severe form of the disease.?’

Etiopathogenesis: These arise from dysregulated angiogenesis driven by hypoxia-induced
pathways and overexpression of angiogenic factors such as vascular endothelial growth
factor.?* Endothelial cells in infantile-type hepatic hemangiomas express GLUT-1.% In diffuse
and multifocal forms, extensive arteriovenous shunting within the liver leads to significant
hemodynamic consequences.’® Hepatic hemangiomas also express type 3 iodothyronine
deiodinase, which accelerates degradation of thyroid hormones and may result in consumptive
hypothyroidism.*! Histologically, infantile-type hepatic hemangiomas are composed of
lobules of capillary-sized vessels lined by plump endothelial cells with mitotic activity during
the proliferative phase.?’

Clinical Features: The clinical presentation of hepatic hemangioma varies widely.?”-*° Focal
asymptomatic lesions may be detected incidentally on antenatal or postnatal imaging.
Multifocal lesions may present with hepatomegaly, abdominal distension, or signs related to
associated cutaneous hemangiomas.?® Diffuse hepatic hemangioma presents early in infancy
with massive hepatomegaly, abdominal compartment symptoms, and systemic
complications.

Complications: The most serious complication of hepatic hemangioma is high-output cardiac
failure, particularly in diffuse disease.** Consumptive hypothyroidism is another unique
complication caused by increased inactivation of thyroid hormones within the tumour
tissue.3!*2  Other complications include abdominal compartment syndrome, hepatic



dysfunction due to parenchymal replacement, and, rarely, hemorrhage.?’? Affected infants
may also develop respiratory distress, failure to thrive, and neurodevelopmental
impairment.>!-3?

Investigations: Ultrasonography with Doppler typically demonstrates well-defined, hyper-
vascular lesions with high-flow signals.?’** On MRI, the lesions are typically hypointense on
T1-weighted images and hyperintense on T2-weighted images, with intense, homogeneous
enhancement following contrast administration.’> Laboratory evaluation should include
thyroid function tests in all infants with multifocal or diffuse hepatic hemangiomas.’!-32
Echocardiography is essential to assess cardiac function and detect high-output failure.

Differential Diagnosis: The differential diagnosis includes hepatic arteriovenous
malformations, mesenchymal hamartoma, hepatoblastoma, and metastatic neuroblastoma.?’

Management: The management depends on clinical presentation and extent of disease.?”-°
Asymptomatic focal lesions may be managed conservatively with observation and serial
imaging. Oral propranolol is the first-line therapy for reduction in tumour size, improvement
in cardiac function, and resolution of hypothyroidism when combined with appropriate thyroid
hormone replacement.®3!-** Corticosteroids, interferon-o, and vincristine are reserved for
refractory cases.?’* Interventional radiology procedures such as hepatic artery embolization
may be considered in severe, treatment-resistant cases.’® Surgical resection and liver
transplantation may be required in select infants with uncontrollable heart failure or hepatic
failure.’

Prognosis: The prognosis depends on disease extent and timeliness of treatment.?”3? Focal
lesions have excellent prognosis.’® Multifocal and diffuse hepatic hemangiomas, now have
significantly improved outcomes with early diagnosis and propranolol therapy.®** Long-term
follow-up is essential to monitor for residual hepatic changes and neurodevelopmental
outcomes, particularly in infants with previous hypothyroidism or cardiac failure.?!3?

D) Kaposiform Haemangioendothelioma

Definition and Epidemiology: Kaposiform haemangioendothelioma (KHE) is a rare vascular
neoplasm which arises from endothelial cells, typically presenting in neonatal period or early
infancy.*® It is characterized by infiltrative growth into skin, subcutaneous tissue, muscle, and
occasionally deeper structures such as bone or retroperitoneum.*-¢ Although benign, KHE
behaves in a locally aggressive manner and does not undergo spontaneous involution.® The
majority of lesions are sporadic, with no clear genetic predisposition.*

Etiopathogenesis: The exact pathogenesis of KHE is not fully understood.*®> The tumour is
believed to arise from dysregulated angiogenesis and lymphangiogenesis during
development.* Tt does not express GLUT-1.>” Molecular studies suggest involvement of
signalling pathways related to vascular proliferation and platelet trapping, which underlies its
association with Kasabach—Merritt phenomenon.®

Clinical Features: It presents as an ill-defined, firm, indurated, violaceous or purpuric mass
that infiltrates surrounding tissues, often associated with pain, swelling, and local warmth.®%
Lesions commonly involve the extremities, trunk, retroperitoneum, and cervicofacial region
and show progressive enlargement.®*-¢ Deep lesions may present with nonspecific symptoms



related to mass effect, while cutaneous lesions may show rapid enlargement accompanied by
bruising, suggesting the onset of Kasabach-Merritt phenomenon.3#

Histologically, KHE is characterized by nodules of spindle-shaped endothelial cells forming
slit-like vascular channels, interspersed with areas of lymphatic differentiation, resembling
Kaposi sarcoma but lacking malignant features.?>3¢ Immunohistochemistry typically shows
positivity for CD31 and CD34.%7

Kasabach—Merritt Phenomenon: Kasabach—Merritt phenomenon is a severe consumptive
coagulopathy characterized by thrombocytopenia, elevated fibrin degradation products,
hypofibrinogenemia, and anaemia due to platelet trapping and consumption within a vascular
tumour.>*8 It occurs almost exclusively in association with KHE and tufted angioma.®8 The
pathophysiology of KMP involves sequestration and activation of platelets within the abnormal
vascular channels of the tumour which leads to platelet aggregation, fibrin deposition, and
secondary activation of the coagulation cascade, resulting in consumption of clotting factors.?®
Progressive intratumoral thrombosis causes further tumour enlargement, creating a vicious
cycle of growth and coagulopathy.® Figure 3 shows an infant with KMP.

Clinically, KMP presents with sudden enlargement of the vascular tumour, overlying purpura
or ecchymosis, and systemic signs of bleeding such as petechiae, mucosal haemorrhage, or
gastrointestinal bleeding.’*® Affected infants may appear acutely ill and are at high risk of life-
threatening hemorrhage.>*° Laboratory evaluation reveals severe thrombocytopenia, often with
platelet counts below 20,000/mm?. Fibrinogen levels are markedly reduced, and D-dimer levels
are elevated.*® There is prolongation of prothrombin time and activated partial thromboplastin
time.>’

Figure 3: Infant with KMP.

Investigations: Ultrasonography with Doppler demonstrates a heterogeneous, infiltrative soft-
tissue mass with variable vascularity.” Magnetic resonance imaging is the modality of choice
for defining tumour extent and typically shows a poorly circumscribed lesion with intermediate
to low signal intensity on T1-weighted images and heterogeneous high signal intensity on T2-
weighted images, with infiltrative margins.”?’



Management: The management of KHE complicated by KMP is challenging and requires a
multidisciplinary approach involving haematology, oncology, surgery, radiology and intensive
care.>¥ Supportive care includes careful monitoring, transfusion of blood products for life-
threatening bleeding, and avoidance of platelet transfusions unless there is active haemorrhage,
as transfused platelets may worsen tumour growth.>-8

Medical therapy: Sirolimus, an mTOR inhibitor, has emerged as first-line therapy due to its
efficacy in controlling tumour growth and resolving coagulopathy.*®#!42 Sirolimus inhibits the
PI3BK-AKT-mTOR pathway, reducing endothelial proliferation, platelet trapping, and
angiogenic signaling.*® Corticosteroids and Vincristine may still play a role in combination
therapy or in refractory cases.®3-°

Alpelisib (PI3K-a Inhibitor) is an emerging targeted therapy which has gained attention as a
precision therapy for PI3K-pathway—driven vascular anomalies. It is effective in PIK3CA- or
TEK-mutated vascular malformations resistant to Sirolimus.*#4
It has demonstrated radiologic volume reduction, symptom improvement, and D-dimer
normalization in selected patients. Side effects like hyperglycaemia, gastrointestinal toxicity,
and limited pediatric safety data currently restrict its routine use as first-line therapy.***°

Surgery: Surgical excision may be considered in localized lesions after medical
stabilization.!* Embolization and radiotherapy are reserved for selected refractory cases.®*°

Prognosis: The prognosis of KHE depends largely on the presence and severity of KMP.3-38
With advances in medical therapy, particularly the use of sirolimus, survival has improved
significantly.****2 However, long-term morbidity related to local tissue destruction, functional
impairment, and recurrence may occur, necessitating prolonged follow-up.®3*

E) Pyogenic Granuloma

Introduction and Epidemiology: Pyogenic granuloma, also known as lobular capillary
haemangioma, is a common benign vascular lesion characterized by rapid growth and a marked
tendency to bleed.*® It accounts for a significant proportion of acquired vascular lesions of the
skin and mucous membranes.*’” Despite its name, the lesion is neither pyogenic nor
granulomatous.*®*7 Tt represents a reactive vascular proliferation that occurs in response to
minor trauma, chronic irritation, or hormonal influences.*’*® Pyogenic granuloma can occur at
any age but is particularly common in children, adolescents, and pregnant women.*”* It occurs
equally in males and females in childhood.*> Common sites include the skin of the head and
neck, upper extremities, oral mucosa, gingiva, lips, and nail folds.*’*® Oral lesions are
especially frequent in children and pregnant women.*®

Etiopathogenesis: The pathogenesis of pyogenic granuloma is multifactorial and incompletely
understood.*>*748 The lesion is believed to represent an exaggerated angiogenic response to
local stimuli such as trauma, irritation, or inflammation.*’* Increased expression of angiogenic
factors (vascular endothelial growth factor and basic fibroblast growth factor) has been
demonstrated, leading to rapid capillary proliferation.*®*® They are not true neoplasms and do
not exhibit a proliferative—involutional cycle.*648

Clinical Features: Clinically, pyogenic granuloma appears as a rapidly growing, painless
vascular nodule that develops over weeks.*” The lesion is small, red to violaceous, polypoid or
pedunculated lesion with a smooth or lobulated surface.*®*’ The lesion is friable and bleeds



easily on minimal trauma. Ulceration and crusting are common.*’ The lesion is typically bright
red in early stages and may darken over time.*’ Bleeding is a prominent feature and often the
presenting complaint.*’

Histologically, pyogenic granuloma is characterized by lobules of capillary-sized vessels
arranged in a lobular architecture within an edematous stroma.*®*” The capillaries are lined by
flattened endothelial cells and separated by fibromyxoid tissue.*® A variable inflammatory
infiltrate is present, particularly in ulcerated lesions.*® Immunohistochemical staining is
positive for endothelial markers such as CD31 and CD34.4647

Differential Diagnosis: The differential diagnosis includes infantile haemangioma, congenital
haemangioma, amelanotic melanoma, Kaposi sarcoma, bacillary angiomatosis, and vascular
malformations.****8 The absence of a postnatal proliferative phase and the characteristic
lobular histology aid in diagnosis.*6*’

Investigations: The diagnosis of pyogenic granuloma is primarily clinical.*’*® Imaging is
rarely required unless the lesion is atypical or deep.*® Histopathological examination following
excision is recommended to confirm the diagnosis and exclude malignant mimics.*6+7

Management: Complete surgical excision with cauterization of the base is the treatment of
choice and allows histological confirmation.**#” Other treatment modalities include curettage
with electrocautery, laser therapy, cryotherapy, and topical or intralesional agents such as beta-
blockers or imiquimod in selected cases.*®

Prognosis: The prognosis of pyogenic granuloma is excellent with good cosmetic
outcomes.***’#® The lesion is benign and does not undergo malignant transformation.*®
Recurrence rates range from 5% to 15%, depending on treatment modality and completeness
of excision.’

2) Rare Benign and Intermediate-Grade Vascular Tumours

A Tufted Angioma: Tufted angioma is a rare, benign but locally infiltrative vascular
tumour presenting in infancy or early childhood.*>* Clinically, it appears as a slowly
enlarging erythematous or violaceous plaque or nodule, most commonly involving the
neck, upper trunk, or proximal extremities.’> Histologically, it is characterized by
discrete “tufts” or cannonball-like lobules of capillaries scattered throughout the dermis
and subcutaneous tissue.* Although indolent, tufted angioma is closely related to
Kaposiform Haemangioendothelioma and may be complicated by Kasabach—Merritt
phenomenon'. GLUT-1 expression is absent.*’

B) Spindle Cell Haemangioma: Spindle cell haemangioma is a rare benign vascular
tumour that typically presents as a slow-growing subcutaneous mass in the distal
extremities of young individuals.>>3® It may occur as a solitary lesion or as multiple
nodules, particularly in association with vascular malformation syndromes.?*3
Histologically, the tumour consists of cavernous vascular spaces interspersed with
spindle-shaped endothelial cells.>>** The clinical course is usually benign, although
local recurrence is common after excision.?>-8

C) Epithelioid Haemangioma: Epithelioid haemangioma is a benign vascular neoplasm
characterized by epithelioid endothelial cells and prominent inflammatory infiltrates
rich in eosinophils.?>3® It most commonly affects the skin and subcutaneous tissue of
head and neck but may also involve bone.?>*® Clinically, lesions present as small, firm



nodules that may be painful or pruritic.>>*® Despite its benign nature, epithelioid

haemangioma can mimic malignant vascular tumours histologically, necessitating
careful pathological evaluation.>-8

3) Intermediate And Borderline Malignant Vascular Tumours:

Epithelioid Hemangioendothelioma: Epithelioid haemangioendothelioma is a rare
vascular tumour of intermediate malignancy that can arise in soft tissue, liver, lung, and
bone.?® It affects both children and adults.? Histologically, it is composed of epithelioid
endothelial cells arranged in cords and nests within a myxohyaline stroma.’® The
clinical behaviour is unpredictable, ranging from indolent to aggressive with metastatic
potential.*® Complete surgical excision is the preferred treatment when feasible.*

4) Malignant Vascular Tumours:

A)

B)

)

Angiosarcoma: Angiosarcoma is a highly malignant vascular tumour arising from
endothelial cells and represents the most aggressive neoplasm in this group.’> It is
extremely rare in children but may occur in association with chronic lymphoedema,
prior radiation therapy, or certain genetic syndromes.*>*® It presents as a rapidly
enlarging, bruised or purpuric mass that may ulcerate or bleed.*>>3® Histologically, it is
characterized by atypical endothelial cells forming irregular, anastomosing vascular
channels with marked cellular atypia and high mitotic activity.>>** Prognosis is poor,
with a high rate of local recurrence and distant metastasis.*>3*

Hepatic Angiosarcoma: Hepatic angiosarcoma is an exceptionally rare but highly
aggressive malignant vascular tumour of the liver.>>3® It presents with hepatomegaly,
abdominal pain, jaundice, or hepatic failure.>® Imaging often reveals multifocal
haemorrhagic liver masses.>>=® The prognosis is dismal, with limited treatment options,
typically involving a combination of surgery and chemotherapy; outcomes remain
poor.>>3

Kaposi Sarcoma: Kaposi sarcoma is a malignant vascular neoplasm associated with
human herpesvirus-8 (HHV-8) seen in immunodeficient children.’>-8 It presents as
violaceous patches, plaques, or nodules involving the skin, mucosa, and visceral
organs.*>3® Histologically, it shows spindle cell proliferation with slit-like vascular
spaces.>>* Management focuses on treatment of the underlying immunodeficiency and
systemic therapy for advanced disease.>*8

V. Vascular Malformations

Introduction

Vascular malformations are a heterogeneous group of congenital anomalies resulting from
errors in vascular development during embryogenesis®. Unlike vascular tumours, vascular
malformations are not characterized by endothelial proliferation; instead, they represent



structural abnormalities of blood vessels that are present at birth, although they may not become
clinically apparent until later in life.3*® These lesions grow proportionately with the child, do
not involute spontaneously, and often progress over time, leading to functional impairment,
cosmetic deformity, and potentially life-threatening complications.?%>°

Embryology of the Vascular System
Normal Vascular Development

The vascular system begins to develop during the third week of gestation through the process
of vasculogenesis.**>* Mesodermal cells differentiate into angioblasts, which aggregate to form
primitive vascular channels known as blood islands. These channels subsequently coalesce to
form a primary capillary plexus.*¢

Angiogenesis follows vasculogenesis and involves the sprouting, remodelling, and maturation
of this primitive plexus into a hierarchical system of arteries, capillaries, veins, and lymphatic
vessels.® During normal embryogenesis (weeks 4-8), arteries and veins differentiate from the
primitive capillary plexus under control of molecular pathways including Notch signalling,
VEGF, EphrinB2-EphB4, and TGF-.3**¢ Formation of a functional capillary network is
essential to regulate blood flow and tissue perfusion.?>-*¢

Between the fourth and eighth weeks of gestation, selective regression, differentiation, and
maturation of the primitive vascular channels occur.

Embryologic Basis of Vascular Malformations

Failure or aberration at any stage of embryogenesis of vascular channels results in persistent
embryonic vessels or abnormal vascular connections, resulting in vascular malformations.>3¢
The timing of the developmental error determines the type of malformation. Early embryologic
insults tend to result in complex, combined malformations, whereas later insults produce more
localized and simpler lesions.3¢

Failure of normal capillary differentiation can lead to capillary malformations. Abnormal
maturation of venous channels leads to venous malformations, while disruption of lymphatic
vessel development results in lymphatic malformations.®¢ Somatic activating mutations in the
TEK (TIE2) gene and PIK3CA gene have been identified in many sporadic venous
malformations, linking them to the PIK3CA-related overgrowth spectrum (PROS).336
Persistence of embryonic arteriovenous connections without interposed capillaries results in
arteriovenous malformations. 3°-*¢ The absence of capillaries leads to direct high-pressure
arterial flow into the venous system, causing progressive venous dilation, vessel wall
remodelling, and recruitment of collateral vessels over time. %3¢ Genetic studies have
identified germline and somatic mutations associated with AVMs, including RASA1, ENG,
ACVRLI, and SMAD4, particularly in syndromic forms such as hereditary haemorrhagic
telangiectasia (HHT) and capillary malformation~-AVM (CM-AVM) syndrome, 3--36:3



Normal Development of the Lymphatic System

The lymphatic system develops during the fifth to seventh weeks of gestation.>*¢ Lymphatic
endothelial cells arise from venous endothelial cells, primarily from the cardinal veins, under
the influence of transcription factors such as PROX1, SOX18, and COUP-TFIL*3¢ These cells
bud from the veins to form primary lymph sacs, which subsequently proliferate and remodel
into a complex network of lymphatic vessels 3¢

Embryologic Basis of Lymphatic Malformations

Lymphatic malformations arise due to sequestration or failure of developing lymphatic
channels to establish normal connections with the venous system.>3¢ As a result, isolated
lymphatic sacs persist and progressively dilate.>*¢ The extent and timing of the embryologic
insult determine the size, distribution, and type of lymphatic malformation.’-* Recent studies
have identified somatic activating mutations in the PIK3CA gene in many lymphatic
malformations, linking them to the PIK3CA-related overgrowth spectrum (PROS).33¢

1) Simple Vascular Malformations

Simple vascular malformations involve a single type of vessel and include capillary, venous,
lymphatic, and arteriovenous malformations.>!

A) Capillary Malformations

Introduction: Historically referred to as “port-wine stains,” Capillary Malformations (CMs)
are the most common type of vascular malformation and represent congenital abnormalities of
the capillary network.*3¢ They are characterized by ectatic capillary-sized vessels within the
superficial dermis and are present at birth.>3¢ They are classified as low-flow vascular
malformations and are not associated with endothelial proliferation.>-

Embryology and Pathogenesis: Capillary malformations arise from abnormalities in the
development and maturation of the dermal capillary plexus during early embryogenesis
involving defective neural regulation of cutaneous blood vessels, leading to persistent
vasodilatation and progressive ectasia of capillaries.?

Recent genetic studies have identified somatic activating mutations in the GNAQ and GNA11
resulting in dysregulated intracellular signalling pathways, leading to abnormal vascular tone,
vessel enlargement, and failure of normal capillary regression.’! Histologically, capillary
malformations consist of dilated capillary-sized vessels located predominantly in the
superficial dermis.’*¢ The endothelial lining is flat and mature, without mitotic activity or
multilayering. The basement membrane may be thickened, and perivascular neural elements
are often reduced or absent.3® There is no expression of GLUT-1.%3¢



Clinical Features: Capillary malformations are present at birth as flat, well-demarcated
macular lesions that range in colour from pale pink to deep red or violaceous.>*¢ They typically
grow proportionately with the child and do not regress spontaneously.>3¢ Over time, lesions
may darken, thicken, and develop nodularity due to progressive vascular ectasia and associated
soft tissue or bony hypertrophy.>*¢ Lesions most commonly involve the head and neck
region.>3® Functional impairment may occur depending on the anatomical site, particularly
when involving the eyelids, oral cavity, or extremities.>®

Types of Capillary Malformations:

1. Nevus Simplex (Salmon Patch): Nevus simplex is the most common and benign form of
capillary malformation.>3¢ It presents as faint pink macules typically located on the glabella,
eyelids (“angel’s kiss”), nape of the neck (“stork bite™), or sacral region.>*¢ These lesions are
caused by transient capillary dilatation and often fade or disappear within the first few years of
life, particularly those on the face.>® Nuchal lesions may persist into adulthood.>¢

2. Port-Wine Stain (Nevus Flammeus): Port-wine stain is the classic and most clinically
significant type of capillary malformation.>° It presents at birth as a unilateral or segmental
flat red patch that darkens to a deep purple colour over time.*® These port-wine stains persist
throughout life and may thicken, develop nodules, and bleed in adulthood.*® Facial port-wine
stains, particularly those involving the ophthalmic division of the trigeminal nerve, are
associated with Sturge-Weber syndrome, which includes leptomeningeal vascular
malformations and ocular complications such as glaucoma.’!

3. Capillary Malformation with Soft Tissue and Bony Hypertrophy: These capillary
malformations are associated with underlying soft tissue and skeletal overgrowth which reflect
more extensive embryologic involvement.>¢ These are often part of complex vascular
syndromes like Klippel-Trénaunay syndrome, which is characterized by capillary
malformation, venous malformation, and limb overgrowth.>*¢ The capillary component
typically manifests as a geographic port-wine stain over the affected limb.3¢

4. Capillary Malformation—Arteriovenous Malformation (CM-AVM): Capillary
malformation—arteriovenous malformation is a distinct entity associated with germline
mutations in the RASA1 or EPHB4 genes and presents with multiple small, round or oval
capillary malformations, often with a pale halo.>* These patients are at risk of developing fast-
flow lesions, including arteriovenous malformations and arteriovenous fistulas in the skin,
brain, or other organs.’® These may lead to serious complications such as haemorrhage or high-
output cardiac failure.>

5. Telangiectatic Capillary Malformations: They consist of fine, dilated superficial vessels
and may be isolated or part of systemic disorders.>>® They are seen in conditions such as
hereditary haemorrhagic telangiectasia, where capillary and post-capillary venules are
abnormal.’® They are prone to bleeding and may involve mucosal surfaces, necessitating
careful evaluation for systemic involvement.



Differential Diagnosis: Capillary malformations are similar to infantile haemangiomas, and
typically appear after birth, proliferate rapidly, and later involute.’>*¢ Other differential
diagnoses include erythema simplex, cutis marmorata telangiectatica congenita, and early-
stage arteriovenous malformations.*¢

Imaging and Diagnostic Evaluation: Diagnosis is primarily clinical.?-*¢ Imaging is indicated
when there is suspicion of deeper involvement or associated anomalies.?® Magnetic resonance
imaging is useful for assessing soft tissue and central nervous system involvement, particularly
in facial capillary malformations.>*¢ Doppler ultrasonography helps confirm the low-flow
nature of the lesion.?

Management: Treatment is primarily aimed at cosmetic improvement and prevention of
complications.>® Pulsed dye laser therapy is the treatment of choice and is most effective when
initiated early in childhood.>*¢ Surgical intervention is rarely required except for nodular or
hypertrophic lesions.>® Management of syndromic capillary malformations requires a
multidisciplinary approach.’-¢

Prognosis: Capillary malformations are lifelong conditions.’*¢ While many remain stable,
others progress with age. Early diagnosis and intervention can significantly improve cosmetic
outcomes and reduce long-term morbidity, particularly in lesions associated with systemic

involvement.>-3

B) Lymphatic Malformations

Introduction: Historically termed lymphangiomas, lymphatic malformations (LMs) are
congenital, low-flow vascular malformations resulting from abnormal development of the
lymphatic system.**" They are characterized by dilated lymphatic channels or cystic spaces
lined by mature endothelial cells and filled with protein-rich lymphatic fluid.**° Lymphatic
malformations are present since birth, although they may not become clinically evident until
infancy or early childhood.** Figures 4, 5, 6 and 7 show lymphangioma. They neither exhibit
endothelial proliferation nor regress spontaneously.*4°

Clinical Features: Lesions are typically soft, compressible, and have transillumination.**
Clinical presentation varies depending on lesion size, depth, and anatomical location'?.
Complications include infection, haemorrhage, rapid enlargement, airway compromise, and
cosmetic deformity.*** Histologically, lymphatic malformations are composed of thin-walled,
endothelium-lined cystic spaces of varying size, separated by fibrous septa.**’ The endothelial
cells are flat and lack mitotic activity.**® The cysts contain clear or straw-coloured
proteinaceous fluid and may show haemorrhage or inflammation.**’ Immunohistochemical
staining demonstrates positivity for lymphatic markers such as D2-40 (podoplanin), LYVE-1,
and PROX1, confirming lymphatic lineage.**



Figure 4: Patient with lymphangioma right side neck after two intra-lesional bleomycin
injections and starting Sirolimus.

Figure 5: Patient with lymphangioma left side neck improving after starting oral
Sirolimus.



Figure 7: An infant with bilateral cervical lymphangioma: pre- and post-surgery.

Types of Lymphatic Malformations:

1. Macrocystic Lymphatic Malformation: Classically referred to as cystic hygromas, these
consist of cysts larger than 2 cm in diameter.** Clinically present as soft, fluctuant, painless
swellings that transilluminate brightly; commonly involve the posterior triangle of the neck
and axilla.** Ultrasonography demonstrates multiloculated cystic masses; MRI shows well-
defined, fluid-filled cysts with septations, hyperintense on T2-weighted images.**



2. Microcystic Lymphatic Malformation: Microcystic lymphatic malformations consist of
cysts smaller than 2 cm and are often diffuse and infiltrative.**° They frequently involve the
tongue, lips, floor of the mouth, and skin and present as clusters of small vesicles on skin or
mucosa (“frog-spawn” appearance). They are more likely to cause functional impairment such
as speech difficulty, feeding problems, and recurrent infections.*** Their diffuse nature and
infiltrative growth make treatment challenging.**°

3. Mixed (Macro- and Microcystic) Lymphatic Malformation: Mixed lesions contain both
macro- and microcystic components, reflecting earlier and more extensive embryologic
involvement.**! Combined treatment modalities are often required.**°

4. Generalized Lymphatic Anomaly: A rare, severe form characterized by multifocal or
diffuse involvement of bones, lungs, spleen, and soft tissues.**’ Patients may present with
skeletal destruction, chylous effusions, and respiratory compromise, with significant morbidity
and mortality.**

5. Gorham-Stout Disease: Also known as vanishing bone disease, it is characterized by
progressive osteolysis associated with lymphatic proliferation within bone.**° Clinical features
include bone pain, pathological fractures, and skeletal deformity.**° It is considered part of the
spectrum of complex lymphatic anomalies.**°

Differential Diagnosis: Differential diagnoses include venous malformations, hemangiomas,
branchial cleft cysts, thyroglossal duct cysts, and soft tissue tumours.** The absence of
postnatal proliferation and low-flow characteristics help distinguish lymphatic malformations
from vascular tumours.**

Diagnostic Evaluation: Diagnosis is based on clinical findings and imaging studies.**
Ultrasonography is useful for initial assessment, while MRI is the imaging modality of choice
for delineating lesion extent and involvement of adjacent structures.**° Lymphangiography and
nuclear medicine studies may be needed in complex cases.**°

Management: Management is individualized and multidisciplinary.** Treatment options
include observation, sclerotherapy, surgical excision, laser therapy, and pharmacologic
therapy.*#0

Sclerotherapy: It is the first-line management for macrocystic lesions using bleomycin,
doxycycline, or OK-432. 440 Microcystic lesions may benefit from systemic agents such as
sirolimus or laser therapy in refractory cases.**

Prognosis: Lymphatic malformations are chronic conditions with variable course.**’ Many
lesions remain stable, while others progress or recur despite treatment.**° Early diagnosis and

appropriate management improve functional and cosmetic outcomes.**°

C) Venous Malformations



Introduction: Venous malformations (VMs) represent congenital abnormalities of venous
development. They are composed of dysplastic, ectatic venous channels with deficient smooth
muscle in the vessel wall.>*¢ They are present since birth, although they may not be clinically
evident until later in childhood or adolescence.?*® They do not show endothelial proliferation,
do not undergo spontaneous involution, and tend to enlarge progressively with age.**¢ Venous
malformations may occur as isolated lesions or as part of complex combined vascular
malformations and syndromes.>-*¢

Clinical Features: Venous malformations present as soft, compressible, bluish lesions that
enlarge with dependency, crying, or Valsalva maneuver.>3” Pain is a common, often due to
venous congestion, thrombosis, or localized intravascular coagulopathy.’3¢ Lesions may
involve skin, subcutaneous tissue, muscle, bone, or visceral organs.>3¢ Growth is proportional
to somatic growth, but lesions may enlarge rapidly during puberty, pregnancy, trauma, or
infection.>3¢

Histologically, venous malformations consist of dilated, irregular venous channels lined by
flattened, mature endothelial cells.>37%The vessel walls are thin and characteristically deficient
in smooth muscle’. Phleboliths, representing organized thrombi, are commonly present.>3¢
Immunohistochemistry shows positivity for endothelial markers such as CD31, CD34, and
ERG, and negative GLUT-1.3-3

Types of Venous Malformations

1. Simple (Isolated) Venous Malformations: Simple venous malformations involve a single
anatomical region and consist exclusively of abnormal venous channels.>3¢ They are localized,
low-flow, bluish, compressible masses causing pain, swelling, or cosmetic deformity.>*¢
Common Sites involved are head and neck, extremities, trunk, oral cavity.>¢ (Figure 7)

2. Infiltrating (Diffuse) Venous Malformations: They extend deeply into muscles, fascia,
and bones.>*¢ There present with chronic pain, functional impairment, recurrent thrombosis;
are poorly circumscribed and difficult to excise.**¢ Complications are Localized intravascular
coagulopathy, phlebolith formation, limb dysfunction.?3¢

3. Venous Malformations with Phleboliths are commonly seen in long-standing lesions and
aid in differentiation on imaging.>-*¢

4. Glomuvenous Malformations: Glomuvenous malformations (GVMs) are caused by
mutations in the GLMN gene.**¢ They present as multiple blue-purple nodules, painful on
palpation, less compressible than typical VMs, frequently involve skin.*3¢ Histologically, they
are composed of venous channels surrounded by glomus cells (modified smooth muscle
cells).>36

5. Familial Cutaneous Venous Malformations: They present as multiple small venous
malformations involving skin and mucosa and are inherited in an autosomal dominant pattern,
associated with TEK mutations. >3



Figure 7: Venous malformation Left Hand

6. Venous Malformations in Syndromic Conditions:

* Blue rubber bleb nevus syndrome: Characterized by multiple VMs of skin and GI tract,

chronic bleeding, anaemia. 3,36
* Klippel-Trénaunay syndrome: Characterized by capillary malformation, venous
malformation, limb overgrowth. 3,36

* Proteus syndrome: Characterized by asymmetric overgrowth with complex vascular
anomalies. 3¢

Differential Diagnosis: Differentiation from infantile haemangiomas, lymphatic
malformations, arteriovenous malformations, and soft tissue tumours relies on congenital
onset, low-flow nature, absence of proliferation, and lack of spontaneous regression.*3¢

Diagnostic Evaluation: Ultrasonography with Doppler demonstrates compressible, low-flow
venous channels.?*% MRI is preferred for assessing lesion extent, tissue involvement, and
phleboliths.?*¢ Conventional angiography is reserved for therapeutic planning.’-¢ Laboratory
evaluation may reveal elevated D-dimer in extensive lesions due to localized intravascular
coagulopathy.>3¢

Management: Management is individualized and multidisciplinary.>*® Options include
observation, compression therapy, sclerotherapy, surgical excision, and pharmacologic
therapy.3-3




Sclerotherapy: The mainstay of management is intralesional sclerotherapy using
bleomycin.3-¢

Surgery: Surgery is reserved for localized, well-defined lesions or post-sclerotherapy
residuals.?

Sirolimus: It is an effective systemic therapy for extensive or refractory lesions.>3-3
Prognosis: Venous malformations are chronic and progressive.’3® Complete cure is
uncommon, and recurrence is frequent. With appropriate management, most patients achieve
good functional and cosmetic outcomes.>-*¢

D) Arteriovenous Malformations

Introduction: Arteriovenous malformations (AVMs) are high-flow vascular malformations
characterized by direct connections between arteries and veins without an intervening capillary
bed.?33¢ This abnormal shunting results in altered hemodynamics, progressive vascular
dilation, tissue ischemia, and potential systemic effects such as high-output cardiac failure.>3¢
AVMs are congenital lesions arising from errors in vascular morphogenesis and are present
since birth, although they may remain clinically silent until childhood or adulthood.?*-*¢ They
do not exhibit endothelial proliferation, do not involute, and demonstrate progressive
enlargement over time.>*% These are high-flow lesions characterized by low-resistance
shunting, increased arterial inflow, arterialization of draining veins, progressive enlargement
of the nidus, risk of rupture, ischemia, and cardiac overload.?>- These features account for the
progressive and destructive nature of AVMs.

Histologically, AVMs consist of dysplastic arteries and veins connected through a complex
nidus.?>3¢ Vessel walls show abnormal smooth muscle organization, fibrosis, and elastic tissue
disruption. There is no endothelial hyperplasia or mitotic activity.>>3¢ Immunohistochemistry
confirms endothelial differentiation with positivity for CD31, CD34, ERG, and absence of
GLUT-1.3%3

Clinical Features: AVMs may present at any age, often manifesting during hormonal changes,
trauma, or infection with features like warm, pulsatile mass, overlying skin erythema, presence
of palpable thrill and audible bruit.>>*¢ Complications occur in the form of pain, ulceration, or
bleeding, limb overgrowth or ischemia and even high-output cardiac failure in extensive lesions
(Figure 8).



Figure 8: AVM left upper limb.

Classification and Types

1. Localized (Focal) AVMs: They are confined to a single anatomical region with a discrete
nidus and are amenable to targeted embolization or surgery. 3¢

2. Diffuse AVMs: They are extensive, infiltrative lesions involving multiple tissue planes.
They cause progressive tissue destruction, ulceration, bleeding, severe pain, and difficult
eradication.>>-3

3. Arteriovenous Fistulas (AVFs): They are characterised by single direct connection
between artery and vein without a nidus; and may be congenital or acquired
(trauma/iatrogenic).>>3¢ High-flow AVFs risk cardiac overload; congenital forms may be part
of Parkes Weber syndrome.3->-*¢

4. Syndromic AVMs:

a) CM-AVM syndrome:; They are multiple small capillary malformations and fast-flow
lesions affecting skin, brain, lungs, or spine and are associated with RASA1 or EPHB4
mutations.>-3¢



b) Hereditary haemorrhagic telangiectasia (HHT): It is an autosomal dominant disorder
with mucocutaneous telangiectasias and AVMs in lungs, brain, liver, GI tract.>>3

S. Visceral AVMs:

o Cerebral AVMs: Seizures, headaches, intracranial hemorrhage™>-3¢
e Pulmonary AVMs: Right-to-left shunt, hypoxemia, paradoxical emboli*>3¢
o Hepatic AVMs: High-output cardiac failure, portal hypertension®>3¢

Schobinger Clinical Staging’--7: AVMs typically progress as follows:

e Stage I (Quiescent): Warmth, blush

e Stage II (Expansion): Pulsation, bruit, pain

o Stage III (Destruction): Ulceration, bleeding, necrosis

e Stage IV (Decompensation): High-output cardiac failure

Differential Diagnosis: AVMs must be distinguished from hemangiomas, venous
malformations, lymphatic malformations, and hyper-vascular tumours. Presence of thrill, bruit,
and high-flow signals on Doppler strongly favours AVMs.>36

Diagnostic Evaluation: Ultrasonography with doppler confirms high-flow characteristics.?>-3¢
MRI helps to define extent and soft tissue involvement.>>-¢ Digital Subtraction Angiography
is the gold standard for arterial feeders, nidus, venous drainage, and therapeutic planning.->-3
Management: Multidisciplinary approach is required; treatment aims to control symptoms and
prevent progression rather than cure.>>3 The available options include endovascular
embolization, surgical resection, combined embolization and surgery and medical therapy for
heart failure in extensive disease. Incomplete treatment may worsen lesion progression due to
angiogenic stimulation.>-3

Prognosis: AVMs are progressive with high recurrence risk.>>**Early diagnosis and staged
treatment improve outcomes. Extensive or syndromic AVMs carry significant morbidity and
mortality .3

2) Complex (Combined) Vascular Malformations

Embryology and Pathogenesis: Complex or combined vascular malformations are congenital
anomalies composed of two or more morphologically distinct vascular components within a
single lesion.’>% They arise from early embryologic errors during vasculogenesis and
angiogenesis (weeks 4—6), when the primitive vascular plexus has not differentiated into
distinct arterial, venous, capillary, and lymphatic channels.>-¢ Molecular genetic studies have
identified somatic and germline mutations involving the PI3K—AKT-mTOR pathway
(PIK3CA), RASA1, EPHB4, and AKTI, contributing to abnormal vessel morphogenesis and
tissue overgrowth.>>-¢ They may be sporadic or syndromic and often coexist with soft tissue



and skeletal overgrowth.>>3¢ Clinical behaviour ranges from indolent lesions to progressive,
life-threatening conditions. 3¢

Histopathology: Histologically, complex malformations show features of each involved
vascular component: dilated capillaries, dysplastic veins, malformed lymphatic spaces, and
sometimes arterialized vessels.>>-3

Classification of Complex Vascular Malformations (ISSVA) 336
A. Combined Low-Flow Malformations:

e Capillary—Venous Malformation (CVM) (Figure 9)

e Capillary—Lymphatic Malformation (CLM)

e Venous—Lymphatic Malformation (VLM)

e Capillary—Venous—Lymphatic Malformation (CVLM)

Figure 9: Low-flow capillary-venous malformation

B. Combined Malformations with High-Flow Components:

e Capillary—Arteriovenous Malformation (CM-AVM)
e Capillary—Venous—Arteriovenous Malformation
e Lymphatic—Venous—Arteriovenous Malformation

Syndromic Complex Vascular Malformations:

Klippel-Trénaunay Syndrome (KTS)*°: This syndrome is characterized by triad of
capillary malformation, venous malformation, limb overgrowth. PIK3CA mutations are



implicated in its pathogenesis and clinical features include limb hypertrophy, varicosities, pain,
thrombosis, bleeding.

Parkes Weber Syndrome’>-%; It is a combined vascular malformation with high-flow AV
shunts caused by RASA1 mutations. Clinically, it presents as capillary malformation, AVFs,
limb overgrowth, high-output cardiac failure.

CLOVES Syndrome*~>-¢: It is characterized by Ccongenital lipomatous overgrowth, vascular
malformations (CVLM), epidermal nevi, skeletal anomalies, caused be somatic PIK3CA
mutations.

Proteus Syndrome>>3¢; It presents as sporadic overgrowth with mosaic distribution and the
vascular features include capillary, venous, lymphatic malformations. Activating AKT]1
mutation has been implicated as its cause.

MCAP Syndrome (Megalencephaly—Capillary Malformation)>>3: It’s features include
diffuse capillary malformations, brain overgrowth, developmental delay, caused be PIK3CA
mutations.

Diagnostic Evaluation: Diagnosis relies on clinical examination and imaging®>3¢: MRI is

preferred to delineate extent and identify individual components. Doppler ultrasound

differentiates low- and high-flow elements. Genetic testing is valuable in syndromic cases.>>3¢

Management Principles: Management involves multidisciplines tailored to lesion type and
severity and may include Sclerotherapy, Embolization, Surgical debulking, Laser therapy and
Targeted medical therapy (sirolimus, PI3K inhibitors in select cases).>-¢

Prognosis: Prognosis varies widely depending on lesion extent and syndromic
involvement.>>3¢ Some patients have stable disease, while others experience progressive
complications requiring long-term care.>>3¢
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