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Preface

This book is motivated by the desire we and others have had to improve our
understanding of vascular anomalies or the developmental defects of the blood vessels
in children. Any deviation from normal vasculature in the body is known as vascular
anomaly, involving capillaries, veins, arteries or lymphatic vessels of any organs. We
hope that this book will serve a number of goals. The first goal is to provide the
physicians including pediatricians, surgeons, radiologists, pathologists, and the
medical students a solid foundation to understand the pathogenesis, clinical signs and
symptoms, diagnostic procedures, treatment and overall management of vascular
anomalies. For easy understanding of the medical professionals and interested medical
students, we have described each disease under the sub-headings of clinical
presentation, diagnosis and management, with a preceding section devoted to shed
some lights on our current understanding about the pathogenesis of each disorder. The
second goal is to educate the concerned parents who would like to know more about
the so-called ‘birthmarks’ and ‘hemangiomas’ of their children; they will find this
book helpful to understand the disease processes, available treatment options, and
prognosis. The third goal is to establish a consensus about the importance of the
definitive diagnosis for each disease condition before initiating any treatment. What is
now categorized under the common umbrella of “hemangiomas” is grossly a
misnomer. These are, in fact, a diverse arrays of totally different diseases that have
only one thing in common that they have arisen from the defects that occurred during
the formation of the blood vessels in the fetus. These developmental defects of blood
vessels or vascular anomalies usually have two distinct manifestations in the newborn
and infants: (1) tumors of blood vessel that include hemangioma,
hemangioendothelioma and angiosarcoma, and (2) malformation of blood vessels that
involve capillaries, veins, arteries and lymphatic vessels. Fourth is a more pervasive
goal to establish an agreement between the clinicians, pathologists and radiologists
about the terminology used to describe different vascular anomalies. Since the
management of vascular anomalies strictly requires a multidisciplinary approach
involving physicians, surgeons, radiologists and pathologists, current lack of an
agreement is an obstacle to the advancement of the field. Finally and most
importantly, this book attests that the first option for the management of most of these
anomalies is not surgery or operation, rather it ranges from careful observation and
follow-up to pharmacotherapy, sclerotherapy, and surgical intervention/resection.
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Forward

As | began my plastic surgical practice in the 1970s, my chief, Dr. Joseph
Murray, suggested | focus on a basic clinical problem, such as “hemangiomas.”
In reading the standard texts on this subject, it was painfully obvious that the
words used to describe vascular anomalies were unhelpful in caring for my
young patients. Every lesion was called “hemangioma.” With the
encouragement of Dr. Judah Folkman, Dr. Julie Glowacki and | examined
surgical specimens and correlated our findings with clinical behavior. Thus, we
wrenched from Mother Nature’s binary classification of vascular anomalies.

At this same period, Mr. Anthony Young from London was a vascular fellow at
the Peter Bent Brigham Hospital. We initiated a small “International Workshop
for the Study of Vascular Anomalies,” and over the ensuing years, the

organization expanded to become the “International Society for the Study of
Vascular Anomalies” (ISSVA).

Vascular anomalies insinuate most surgical specialties and many medical
specialties as well. The field has grown beyond my imagination. Vascular
anomalies centers have formed in many of large academic centers. No longer do
these patients wander from physician-to-physician, looking for someone who
understands their condition.

| am pleased that such a center has arisen in Dhaka, Bangladesh under the
leadership of Dr. Hoque and Dr. Das. This monograph was written by these two
pediatric surgeons and their colleague, Dr. Abid, a vascular biologist working at
Harvard Medical School. | am privileged to have been of assistance in
establishing their unit and reviewing this handbook. 1 attest that this short text is
a distillate of our current knowledge in the emerging field of vascular anomalies.
It will serve to educate their colleagues as well as Bangladeshi families. Our
team looks forward to helping this first vascular anomalies center in South Asia.

John B. Mulliken, M.D
Co-Director,

Vascular Anomalies Center (VAC)
Children’s Hospital Boston
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Vascular Anomalies —
General Consideration
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IA. Nomenclature and historical preview:

Any deviation from normal vasculature in the body is known as vascular
anomaly, involving capillaries, veins, arteries or lymphatic vessels of any
organs. Skin, the largest organ of the body, is usually the most common
location of vascular anomalies. The traditional classification/nosology of
vascular anomalies, which has its roots in the late 18" and early 19"
century, is very confusing due to its dependence on appearance likened to
fruits (e.g. strawberry hemangioma), fish (e.g. salmon patch), or insects
(e.g. spider angioma). All congenital vascular anomalies were previously
misnamed “hemangioma”, “birthmarks”, and also by non-specific terms
such as “neonatal staining”. Another reason for these prevailing misnomers
was a clear lack of understanding of the pathogenesis of vascular
anomalies. For example, published literature on hemangiomas during the
early 19" century included “maternal impression” as a mechanism for the
development of vascular anomalies. This ‘theory’ stated that the objects or
incidence that affected a woman’s mental state during her pregnancy had
left an impression on the fetus as a skin blemish®. It also suggested that
these anomalies resembled the objects or circumstances that influenced the
mothers’ emotional state, e.g. strawberry, raspberry or cherries. The
traditional nosology still includes these old terms, e.g. strawberry
hemangioma, cherry angioma, port-wine stain, salmon patch. The major
obstacle has been a lack of agreement between the clinicians, pathologists
and radiologists about the terminology used to describe different vascular
anomalies.

Rudolf Ludwig Karl Virchow, known as the father of cellular (and
surgical) pathology, designated all vascular anomalies as “Angioma” and
was the first to categorize them on the basis of their microscopic channel
architecture — as angioma simplex, angioma cavernosum and angioma
racemosum. Virchow’s assertion prevailed almost throughout the last
century with little modifications. Virchow’s angioma simplex became
synonymous with “strawberry marks” or “capillary hemangioma”, the
latter term was subsequently misapplied to port-wine stain with its
capillary sized channels which is now labeled simply as “hemangioma”.
Similarly angioma cavernosum or cavernous hemangioma were those that
never involute”, which are now labeled as “venous malformation”.
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The conceptual confusion was further aggravated by the introduction of a
new word “hamartoma” to designate developmental anomaly that has the
capacity for benign cellular proliferation. Hamartoma is a Greek term that
implies bodily defect and was first coined by Albrecht in 1904 who defined
them as tumor-like malformations in which there was abnormal blending
of the normal components of an organ®. The term hamartoma is still
indiscriminately applied to diverse soft tissue lesions such as
neurofibroma, lymphatic malformation, port-wine stain and the common
hemangioma of infancy. Usually hamartoma grows at the same rate as the
surrounding tissues. Hamartoma is not a vascular malformation.

Another important terminologic question in the field is — should the
vascular anomalies be called congenital vascular anomaly or
developmental vascular anomalies? We favor the simple term vascular
anomalies as these malformations can be congenital or developmental.

IB. Classification:

There are various types of classification for vascular anomalies. This was,
understandably, almost an insurmountable task because of the wide
diversity of presentation of vascular lesions. Confusion arose because of an
array of admixed histologic and descriptive terms used by different
authorities.

In Rome, a consensus on the classification of vascular anomalies was
reached by the International Society for the Study of Vascular Anomalies
in 1996. This was based on the biological classification originally proposed
by Mulliken and Glowacki®, and is known as the Expanded ISSVA
Classification. In order to increase consensus in the field and to provide
guidance for the most appropriate treatment, the ISSVA classification
categorizes all vascular anomalies in two major groups: (1) vascular
tumors, and (2) vascular malformations.

In this binary classification, vascular malformations are structural
anomalies (e.g. arterial, capillaries, venous malformation, lymphatic
malformation) that are distinguishable from the vascular tumors, which are
proliferative (e.g. hemangioma, hemangioendothelioma).



12

International Society for the Study of Vascular Anomalies (ISSVA)
classification :
1. Vascular Tumors :
a. Hemangioma
I. Infantile hemangioma
1i. Congenital hemangioma:
(@) RICH (rapidly involuting congenital hemangioma)
(b) NICH (non-involuting congenital hemangioma)
b. Hemangioendotheliomas
c. Angiosarcoma
2. Vascular malformations :
a. Slow-flow vascular malformations:
I. Capillary malformations
1. Port-wine stain
2. Sturge-Weber syndrome
3. Hyperkeratotic vascular stains
4. Cutis marmorata talengiectatica congenita
5. Macrocephaly-cutis marmorata
6. Capillary malformation-arteriovenous malformations
Ii. Telangiactasias
1. Hereditary hemorrhagic telangiactasia (HHT), etc.
iii. Lymphatic malformations
1. Macrocystic (old term: “Cystic Hygroma”)
2. Microcystic (old term: “Lymphangioma”)
3. Combined
iv. Venous malformations
1. Sporadic
2. Cerebral-cavernous
3. Glomuvenous (GVM)
4. Cutaneous-mucosal (CMVM)
5. Blue rubber bleb nevus syndrome
b. Fast-flow vascular malformations:
I. Arterial
1. Aneurysm
2. Coarctation
3. Ectasia
4. Stenosis
Ii. Arteriovenous Fistula (AVF)
Iii. Arteriovenous Malformations (AVM)
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Cc. Combined vascular malformations:

Slow-flow : Klippel-Trenaunay syndrome (capillaro-
lymphatico-venous malformtaion with limb
hypertrophy), Proteus syndrome, CLOVES
syndrome (congenital lipomatous overgrowth
with vascular malformation, epidermal nevi, and

skeletal/spinal abnormalities), Maffucci
Syndrome .
Fast-flow : Parkes Weber syndrome (multiple

subcutaneous, muscular AVFs/AVMs with
overgrowth of the affected extremeity)

On the basis of histological and clinical implication, the above classification
adopted by ISSVA is practical for the purpose of both diagnosis and treatment.

IC. Pathogenesis of vascular anomalies:

The precise mechanism of vascular anomalies (vascular tumors including
infantile hemangioma, and vascular malformation), or exactly at what stage of
the vascular development the anomalies occur is not known. However, recent
findings by several groups have led to a better understanding of the molecular-
genetic basis of the pathogenesis of vascular anomalies.

Blood vessel formation in the fetus begins as vasculogenesis, which includes
differentiation of endothelial cells (ECs) from hemangioblasts and gradual
formation of tube-like structures within the pool of ECs. Formation of this
tubular network or plexus of ECs is then followed by recruitment of pericytes
and smooth muscle cells (SMCs) from the mesenchymal progenitor and neural
crest cells”®. ECs play the initiator’s role in the formation of blood vessels both
in fetal (vasculogenesis) and adult life (angiogenesis). Mesenchymal cells and
extracellular matrix also play important roles in this process by regulating
differentiation of hemangioblast-derived cells into ECs. In addition, several
cytokines and growth factors including vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGF), transforming growth factor (3
(TGFpB) and angiopoietin have been shown to exert crucial regulatory roles in
the formation and maintenance of blood vessels.
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Vascular anomalies are usually localized defects of vascular development,
often present sporadically in the population with no familial history of
lesions. There have always been a number of examples with history of
inheritance. These familial forms are often characterized by multifocal
small lesions that increase in number with patients' age. Although the
inheritance patterns are both autosomal dominant and autosomal recessive,
a vast majority of cases demonstrate incomplete penetrance and large
clinical variation in inherited vascular anomalies.

The most common vascular anomaly is infantile hemangioma (IH),
which is a benign vascular tumor that appears soon after birth®™* and
usually involutes spontaneously within 6 years of age. A small number of
IH can grow very large with destruction of surrounding tissues and organ
and may become even life-treatening. Endothelial cells of the hemangioma
differ from normal endothelial cells (ECs) in their rates of proliferation and
migration. Histologically, during the proliferating phase, infantile
hemangioma is highly cellular with clusters of cells expressing endothelial
markers including PECAM/CD31, VEGF receptor 1 (VEGFR-1), VEGFR-
2, TIE-2 and angiopoietin-2. There are different hypotheses about the
pathogenesis of IH, such as local hypoxia (by increasing VEGF
production), human papillomavirus-8 infection, and chorionic villus
sampling during pregnancy™® *°, Recently, the human stem/progenitor cell
marker CD133 has been detected in a subset of cells in proliferating IH**
' These findings suggest involvement of the undifferentiated and/or stem
cells in the pathogenesis of these infantile vascular tumors. Isolation of a
multipotent progenitor cell from IH capable of de novo blood vessel
formation represents a vascular perturbation during a critical period of
post-natal growth. Another interesting hypothesis suggested maternal
placental endothelial cell as a source of the endothelium lining the vascular
channels of IH"™, suggesting that IH arises from displacement of
placental cells during fetal development. Recent molecular genetic studies
have demonstrated that hemangioma-derived cells originate from the child
and not the mother™, thus supporting a non-placental source for the ECs of
these vascular tumors. There are several recent studies that suggest that
somatic mutations in a single  Endothelial ~ Progenitor  Cell (EPC)
results
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in clonal expansion of EPC which in turn gives rise to hemangiomas®.
More recently, molecular-genetic similarities between the hemangioma-
derived ECs and the multipotent EPCs have led to another hypothesis that
hemangioma may be caused by an aberrant or delayed differentiation of
mesodermal progenitor cells into a disorganized mass of blood vessels®.

The most common vascular malformation in human is venous
malformations (VM). VMs are present usually at birth or may become
visible later in life. They can arise in the skin and mucosal vasculatures and
affect any organ in the body **'. VMs present with a variable thickness of
the tunica media of the veins resulted from a relative lack of vascular
SMCs (VSMCs) and pericytes in the venous walls. The three major types
of VM, sporadic (non-inherited) VM, autosomal dominant cutaneomucosal
VM (CMVM), and dominantly inherited (familial) glomuvenous VM
(GVM) account for 94%, 1%, and 5% of total VMs, respectively.
Mutations in the angiopoietin receptor tyrosine kinase TIE2, which plays
crucial role in vascular development and angiogenesis, have been shown to
be associated with most venous malformations. Somatic hyperactivating
mutations in TIE2 are present in 50% of sporadic VM lesions; L914F
mutation in TIE2 being present in 85% of the non-inherited sporadic VM
lesions® #. Hyperactivation of TIE2 is believed to cause uncoupling
between proliferation of ECs and local recruitment of VSMCs to the
endothelial tube-like structures (veins) resulting in VM?. In 1996, Vikkula
et al. demonstrated that an arginine-to-tryptophan substitution (R849W) in
the kinase domain of the angiopoietin receptor TIE2 resulted in the
hyperactivity of the receptor tyrosine kinase in two unrelated rare familial
CMVMSs?**. Recently, ECs expressing this mutant Tie2 have been shown to
recruit and activate Shc, and thus resisting apoptosis (cell death) in the ECs
of these vascular lesions®. This rare autosomal dominant familial form of
venous malformation, mucocutaneous venous malformation (VMCM) or
cutaneomucosal VM (CMVM), is characterized by multifocal small bluish
cutaneous and mucosal lesions, commonly localized on the tongue and
lips. A recent study demonstrated that eight somatic TIE2 mutations were
present in the lesions in 28 out of 57
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patients (49.1%) with sporadic VM, however these mutations were not
detected in these patients’ blood or in control tissues suggesting absence of
the same mutations in the germline®. These findings suggest that a somatic
2" hit (two-hit hypothesis of Knudson, i.e. 1 hit or mutation in one allele
and a 2" hit or mutation in the other allele)® was responsible for the
development of CMVM by eliminating the protective effects of the wild-
type TIE2 allele in these patients. The germline hyperactivation mutation
in 60% of CMVM patients was identified as R849W in TIE2 receptor (1%
hit), and the most frequent somatic mutation in TIE2 was L914F (2" hit)*.

The most common familial form of venous malformation is glomuvenous
malformation (GVM), which mostly affects cutaneous veins, has been
shown to be caused by inactivating mutations in a gene named glomulin
(FAP68). 70% GVMs are inherited in autosomal dominant manner®” %.
GVM lesions are small, multifocal or single, hyperkeratotic, and more
bluish purple compared to CMVMs. The lesions involve epidermis and
subcutaneous layers of the extremities, and usually do not involve mucosa.
GVMs are characterized by the presence of smooth-muscle—like glomus
cells in the tunica media of the vessels. Glomus cells appear to be
incompletely differentiated vascular smooth muscle cells (VSMC) that are
positive for SMC markers like a-actin and vimentin but negative for
desmin® *. 75% of GVM patients have 1 of the 8 common glomulin
mutations that seem to alter VSMC phenotype through TGFp or
hepatocyte growth factor (HGF) signaling pathways*"*?. Thus, glomulin is
believed to play crucial role in the differentiation of the mesenchymal
progenitor cells into VSMCs by modulating these growth factor signaling
pathways. One noteworthy observation in all the familial forms of VM is
that the inheritance occurs in a paradominant fashion in families, e.g.
patients have homozygous loss of function only in the cells of local
lesions, whereas the cells of the other organs (i.e. non-affected body parts)
of the patients are heterozygous for the mutation and thus remain
phenotypically normal.

Flat, reddish lesions, traditionally called port-wine stains, are most
common capillary malformation (CM) (0.3% of live-births), usually
affectin head and neck regions, and unlike the common fading birthmarks
(salmon patch, angel’s kiss), they darken with age. CMs are
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usually sporadic and non-familial, however, a new subgroup of CM known
as CM-AVM (as part of arteriovenous malformations) has been linked to
the mutations in the gene RASAL that encodes pl20-RasGAP (pl20-
RasGTPase activating enzyme). These activating mutations in RASA1
result in increased EC growth, proliferation and altered differentiation®.

Hereditary hemorrhagic telangiectasia (HHT)/Rendu-Osler-Weber
syndrome, is characterized by fragile telangiectatic vessels and
arteriovenous malformations. It is an autosomal dominant trait that affects
1 in 8000 people. Cutaneous and mucosal telangientasias are common
presentation along with AVM in the lungs (50% patients), the liver (40%),
the gastrointestinal tract (GIT, 25%) and the brain (15%). Epistaxis due to
nasal telangiectasias is not uncommon. Common mutations in HHT
involve Endoglin (ENG, HHT1) and activin receptor-like kinase (ALK1,
HHT?2) genes that encode proteins which are important for TGF-£3
signaling in vascular ECs* *. Recently, mutations in SMAD4 have also
been shown to be associated with HHT®. In HHT, there occurs a gradual
but sustained alteration in the capillary bed between venules and arterioles
resulting in localized dilatation in the capillaries which in turn cause
shunting of arteriolar blood directly to the postcapillary venules. In
response to the altered flow and pressure, these venules recruit increased
number of VSMCs and thus become ‘arterialized’ and convoluted. HHT1
is usually associated with pulmonary AVMs, whereas HHT2 is more
commonly associated with hepatic AVMs. Paradominant inheritance is
more common in localized, multifocal lesions wherein the patient inherits a
germline mutation from a parent and a 2" hit/mutation affects the other
allele of somatic HHT1 or HHT2,

Cerebral cavernous malformations (CCMs) involve the vessels of the
central nervous system, e.g. the brain, the spinal cord, and the eyes. The
lesions are characterized by capillary-like vessels and large sac-like vessels
with fibrous walls *"*. 80% of CCMs are sporadic, non-familial, however
20% demonstrate autosomal dominant inheritance trait with the following
mutations: CCM1- mutations in KRIT-1, CCM2- mutations in malcavernin,
and CCM3 — mutations in PDCD10**'. Most of the CCM mutations result
in the loss of protein function. CCM proteins are believed to act as scaffold
proteins. CCM is expressed in
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astrocytes, neurons, epithelial, and endothelial cells, whereas CCM2 is
expressed in mesenchymal and parenchymal vessels. KRIT1 interacts with
ICAP-1a (B1 integrin associated protein 1), which regulates cell migration
and adhesion®, whereas lack of CCM2 results in hyperactivation of Rho
and dilated leaky Dblood vessels. A recent report proposed that since
simvastatin inhibits Rho activity, this cholesterol lowering drug may
potentially be used for CCMs®. Cutaneous vascular malformations
including CMs and VVMs are present in 9% of CCM patients (usually with
CCM1 and CCM3), and may thus offer as a clue for the diagnosis of the
underlying CCMs using appropriate molecular approach; e.g. screening for
mutations in the suspected cutaneous lesions. Like GVM and CMVM,
CCMs can also be inherited in a paradominant fashion.

Lymphatic malformations (LMs) are sporadic lesions without any
evidence for familial inheritance suggesting that potential defects or
mutations may be somatic events. On the contrary, primary lymphedema,
which is characterized by lymphatic accumulation in the tissues due to
defect in the lymphatic drainage is usually inherited. Genetic studies of
primary lymphedema have revealed molecular signaling pathways in
lymphangiogenesis® ?’. One variant, familial congenital lymphedema or
Nonne-Milroy syndrome, is caused by missense mutations in VEGF
receptor 3 (VEGFR3/FIt4) and is inherited in an autosomal dominant
pattern** *°. 80% of primary lymphedema become evident during puberty
and is known as Meige disease. One-third of Meige patients have
mutataions in the FOXC2 gene, which regulates angiogenesis by
modulating the expression of Ang-2, PDGFf, and the interaction with
VEGF-Notch signaling pathways in ECs*®. PDGF is overproduced by the
lymphatic collecting ducts of Meige patients, which results in increased
VSMC recruitment, altered mural tone and dysfunction of the lymphatic
vessels’. Other forms of primary lymphedema include hypotrichosis-
lymphedema-telangientasia (HLT), which is associated with mutations in
the SOX18 gene and characterized by lymphedema, cutaneous
telangiectasia and lack of hair*. Another rare form is Hennekam syndrome,
which manifests peripheral and visceral lymphedema, mental retardation
and unusual flat face. These patients have mutations in CCBE1l gene
(collagen and calcium-binding EGF domain 1)**°.
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Ataxia-telangiectasia (AT) or Louis-Bar Syndrome is a rare autosomal
recessive disorder that results from faulty repair of breakages in double-stranded
DNA caused by mutations in the ATM gene. Clinical presentation of AT is
complex and characterized by neurologic abnormalities, immunodeficiency,
susceptibility to malignancies, recurrent sinopulmonary infections, and
oculocutaneous telangiectasias. Mutation in ATM is believed to increase HIF-1
levels, a transcription factor that induces expression of genes involved in growth
and proliferation of endothelial cells (e.g., Vascular Endothelial Growth Factor,
VEGF) and cellular metabolism (e.g., GLUT-1). Thus, it is plausible that ATM
deficiency results in aberrant growth of vascular endothelial cells leading to
telangiectasia®™ °2. Angiokeratoma corporis diffusum universale or Fabry
disease is a rare X-linked recessive disorder of sphingolipid metabolism which
occurs due to deficiency of the lysosomal enzyme alpha-galactosidase (GLA).
Deposits in the lysosomes of endothelial cells (ECs) result in swelling of ECs
into the lumen of the blood vessel. Initially, the vessels become narrowed
followed by reactive expansion of the blood vessels resulting in cutaeneous
vascular papules and progressive fatal cardiorenal failure®.

It is obvious that many of the vascular anomalies are inherited as an autosomal
dominant trait. However, pedigree analysis of these patients can reveal
incomplete penetrance resulting in paradominance manifestation. The molecular
mechanisms behind this paradominance have been proposed as follows. The
germline or inherited mutation (from a parent) in one allele of a given gene may
be accompanied by secondary mutations on the other allele of the same gene in
the dividing cells during development of the fetus and/or after birth®. These
somatic mutations, in addition to the original inherited germline mutation, may
explain the reasons behind localized lesions and apparently nonhereditary
pattern of inherited vascular anomalies. These may also explain why there is
large clinical variation in signs and symptoms for the same inherited vascular
malformation in the members of a given family or in different families. This
requires careful examination of family history and clinical examination of the
patients, their parents and siblings. In addition, proper identification of the
genetic mutations is also of utmost importance to enable accurate diagnosis,
treatment and prognosis.
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The Greek nominative suffix -oma means swelling or tumor; however, in
modern usage, it denotes a lesion characterized by hyperplasia. This semantic
refinement was the key to a binary classification that defines vascular anomalies
as hemangiomas and vascular malformations. The first biological classification
based on the cellular features of vascular anomalies correlated the clinical
characteristics and natural history was proposed by Mulliken and Glowacki in
1982'. In 1996, the Mulliken and Glowacki classification was adopted by the
International Society for the Study of Vascular Anomalies (ISSVA) after a
minor revision to include all vascular anomalies. This classification is easy to
understand and internationally accepted.

Hemangiomas are vascular tumors that grow rapidly during the first year of life
and usually they regress spontaneously over the first one to eight years of life.
In contrast, vascular malformations are developmental defects resulted from the
failure of the proper formation of the vascular tree. Although vascular
malformaitons are present since birth, they enlarge very slowly commensurately
with the growth of the child and never regress. Histologically, infantile
hemangiomas consist of tightly packed sinusoidal channels, lined by abnormal
plump hyperproliferative endothelial cells, whereas vascular malformations are
compglsed of abnormal channels with a normal-looking quiescent endothelial
lining“".

Il A. Hemangioma

Hemangiomas are endothelial vascular tumor with a biological behavior that is
unigue in the realm of neoplasm, that is they grow rapidly, regress slowly and
never recur.

Infantile Hemangioma: Infantile hemangioma (IH) is a common vascular
tumor that occurs in 3-5% of infants and is usually pinkish or reddish in color,
present with a well defined mass, doughy in consistency, and partially or not
compressible. Histopathologically, IH is characterized by endothelial cell (EC)-
like masses without a defined vascular architecture and disorganized blood
vessel-like structures containing red blood cells. Microscopic examination of the
hemangioma reveals lobular proliferation of the capillaries surrounded by
pericytes and stroma. Endothelial hyperplasia and multilaminated basement
membranes in the blood vessels are commonly found in these lesions.
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80% infantile hemangiomas (IH) are solitary and 20% are multifocal. There are 3
distinct phases in the life cycle of an IH These stages are clinically apparent and can be
documented by light microscopy and immunohistochemistry. These stages may
overlap.

The 3 phases of infantile hemangioma are:

1. Proliferating Phase: (Newborn to 12 months with an average of 8 months.)
Rapid growth during first 6 to 12 months of life. As the tumor permeate through
superficial dermis, the skin becomes raised, bosselated (small raised projection,
protuberant surface), with a vivid crimson color (Fig. 1a). If the tumor proliferates
deeper into the dermis, the overlying skin may become slightly raised with a bluish
hue. Often the tumor is superficial with deeper extension. Histologically, this phase
Is characterized by endothelial cell masses without a formed vascular structure with
occasional disorganized vessel-like structures containing RBCs.
Box -1: Three phases in the life cycle of infantile hemangioma

1. Proliferating phase
2. Involuting phase
3. Involuted Phase

2. Involuting Phase: (up to 1-5 years)
Hemangioma reaches its peak by the end of first year of life. The first signs of the
involuting phase include alteration in crimson

a. Proliferating phase. b. Involuting Phase. c. Involuted phase

Fig 1: Hemangioma at Different stages
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color to a dull purplish hue, pale coloration in the surrounding skin with the formation
of a patchy grey mantle, and changes in the consistency of the tumor. It feels softer
upon touch at this stage (Fig -1b). Histologically, the architecture of the blood vessels
becomes obvious and enlarged at this stage.
3. Involuted Phase: ( after age 5 years)

Regression is completed in 50% of children by the age 5 years and in 70% by
the age 7 years, with continued improvement until age 10 to 12 years (Fig. 1c).
Nearly normal skin is restored in 50% cases. Extensive and bulky cutaneous
hemangioma can regress totally, conversely whereas a flat, superficial dermal
hemangioma can permanently alter skin texture. At this phase of IH, blood
vessels are replaced with a fibrofatty tissues and capillary-sized channels.

The rapid growth and subsequent involution of infantile hemangioma is
surprisingly different from other vascular tumors. Vascular malformations do
not regress and can occur at any time during childhood or adult life®.

Congenital Hemangioma (CH) is rare. They present as fully grown lesions at
birth, and either rapidly regress after birth (usually within first few weeks) or
persist. This is a major difference between IH and CH as IH always progress
during the neonatal period. Congenital hemangiomas are 2 types — a. Rapidly
Involuting Congenital Hemangioma (RICH), and b. Non-involuting Congenital
Hemangioma (NICH)>®".

(a) RICH: This tumor presents as a solitary raised, grey or violaceous lesion
with ectasia, radial veins, and central telangiectasias with a surrounding pale
halo. If the lesion is large enough, there can be sufficient shunting to cause high
output congestive cardiac failure. RICH’s defining feature is accelerated
regression, usually obvious within a few weeks after birth and completed by 6 -
14 months of age.

(b) NICH: Well-circumscribed, plaque-like tumor with a pink, blue, or purple
rim. NICH grows proportionately with child’s growth without regression. There
Is persistent fast-flow by Doppler or ultrasonic examination. On rare occasions,
RICH and NICH may coexist.

Cutaneous- Visceral Hemangiomatosis:
If a child present with multiple cutaneous hemangiomas (more than 5), there is a
risk of accompanying visceral hemangioma, particularly in
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liver, central nervous system, and gastrointestinal tract. These infants can
also present with a triad of congestive heart failure (CHF), hepatomegaly
and anemia from birth to 16 weeks of age. Multiple cutaneous
hemangiomas are typically small (<3-5 mm in diameter), dark red in color
and dome shaped. Visceral hemangiomas are associated with much higher
morbidity and mortality rates (40 to 80 percent), because of the lesions
with fast-flow, such as those in the liver resulting in high-output cardiac
failure®® *°. If the liver is diffusely involved, Thyroid Stimulating Hormone
(TSH) should be monitored, because severe hypothyroidism may be caused
by production of Tri-iodothyronine deiodinase by the tumor®.

Anatomically Critical or Regionally Important Lesions

Anatomical location plays a crucial role in determining the seriousness of
hemangioma. Small, slowly proliferating lesions may be problematic or
even life threatening if they compromise the function of a vital structure.
Hemangiomas of the periorbital region pose considerable risk to vision and
should be carefully monitored. Amblyopia (visual loss) may result from
obstruction of the visual axis. The most common complication,
astigmatism, is caused by insidious compression of the cornea, or extension
of the tumor into the retrobulbar space. All patients with periocular
hemangiomas should be evaluated by an ophthalmologist. Hemangiomas
involving the ear may obstruct the external auditory canal, resulting in
otitis or a decrease in auditory conduction, which in turn may delay speech
development.

Histopathology:

Microscopic examination of the infantile hemangioma reveals lobular
proliferation of the capillaries surrounded by pericytes and stroma.
Endothelial hyperplasia and multilaminated basement membrane are
commonly found in these lesions. Diagnosis of a hemangioma rarely
requires histopathologic evaluation unless a definitive diagnosis is not
possible from the history, physical examination, and imaging.
Histopathology of a proliferating infantile hemangioma usually
demonstrates pools of mitotically active, plump ECs that are positive for
the glucose transporter GLUT 1°% %2,
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Clinical Features (Fig. 2; Box -2):

Infantile hemangioma is the most common tumor of infancy - the
frequency in the first few days of life is 1.1 to 2.6% and at the age of 1 year
IS 10-12% in Caucasian children. Male-to-female ratio is 1:3-5 . It is
uncommon in blacks. The hallmark of hemangioma is rapid growth during
the neonatal period. They usually appear in the early neonatal period,
usually within the first 2 weeks of life as a pink or reddish spot. They may
occasionally be seen as nascent lesions at birth, reaching their plateau by
the age of 1 year and then regressing by 6 to 10 years of life. Deep
subcutaneous tumors or visceral hemangioma(s) may not manifest until 2
to 3 months of life.

Box — 2: Clinical Features of Infantile Hemangioma

Bosselated (protuberant, raised) crimson colored (deep purplish red) strawberry like mass
Mostly appears within 1% two weeks of life as a pink or red color spot

May be nascent at birth

May be multiple

Grows rapidly during neonatal period

Grows less rapidly up to the age of 10-12 months

Regression starts usually after 12 months age and completes by 6-12 years of age
Male & Female ratio is 1: 3-5

Uncommon in Blacks

Skin becomes raised

Non-compressible

May have bluish hue around the mass deep to the skin

80% are single lesion, 20% are multiple lesions

The skin overlying a deep hemangioma may be only slightly raised with a
bluish hue. If the lesion involves both superficial and deep skin layers, the
color of skin may become reddish. Dilated local draining veins are often
present in these lesions. Deep lesions are occasionally mislabeled as
‘cavernous hemangioma’, and mixed superficial and deep lesions are
mislabeled as ‘mixed capillary-cavernous hemangioma’. These adjectives,
‘cavernous’ and ‘mixed capillary cavernous,’ are clinically confusing as
they may indicate vascular malformations instead of hemangiomas, and
thus should never be used here. Instead, infantile hemangiomas may be
categorized as (i) superficial, (ii) deep, and (iii) combined.
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a. Single lesion b. Multiple lesion
Fig. 2: Infantile Hemangioma
Skeletal Alterations:
Unlike vascular malformations, infantile hemangiomas do not cause bony
distortion or hypertrophy. On the other hand, vascular malformation may
cause indentation on the closely associated bone and may cause distortion,
hypertrophy, and osteolysis if develops within the bone.
Associated anomalies may be seen with hemangiomas:
e PHACES includes
o P- Dandy-Waker and other cystic malformations in the
Posterior cranial fossa.
o H- large often plaque like facial Hemangioma
o C- Cardiac defects
o E- Eye anomalies
o S - Sternal cleft
e LUMBAR anomalies (affect lower half of the body)®
= Lipomeningocele
= Lower body infantile hemangioma
= Tethered cord
= Urogenital anomalies
= Myelopathy
= Arterial anomalies
= Bony deformities
e With perineal and Lower limb hemangioma
o Urogenital anomaly
o Anorectal Anomaly
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Complications of Hemangioma:
Ulceration
Bleeding
Destruction, distortion or loss of local tissue structure
Obstruction of a vital structure
High output cardiac failure due to diversion of large amount of blood
Management (Box -3): Most hemangiomas do not necessitate
intervention. Only the deforming, destructive, or obstructing lesions are
treated with pharmacotherapy or resection. The clinician should always be
careful to include other rare possibilities in the differential diagnosis when
the history, clinical examination and imaging are not clear; e.g. a
rare, malignant or metastatic tumor may occasionally be mistaken for an
infantile hemangioma®.
e Observation
Small harmless vascular tumors, i.e. infantile hemangioma in a non-vital
area can be allowed to proliferate and involute, because they will leave
normal or slightly blemished skin. Parents deserve a thorough explanation
of the hemangioma’s natural history; serial photographs should be used to
illustrate this evolution. Scheduled follow-up visits are essential. More
frequent visits are necessary whenever a hemangioma is large, ulcerated,
multiple, or located in anatomical critical area, e.g. nasal tip hemangioma.
Local treatment for ulceration and bleeding:
About 5% of cutaneous hemangioma, more commonly in the lip and
anogenital area causes spontaneous epithelial breakdown, ulceration and
bleeding. Pressure, topical antibiotic, hydrocolloid dressings are the
treatment of choice.
e Box - 3: Management of Hemangioma

e Observation (Expected Treatment)
e Local treatment for ulceration and bleeding
e Pharmacological therapy:

a. Corticosteroids

b. Propanolol

c. Chemotherapy:

1. Vincristine
2. Cyclophosphamide

e Surgical Management

e LASER therapy- usually after involution
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e Pharmacological Therapy:
Needed for complicated, endangering, life-thretening hemangiomas.

Corticosteroids:

Mode of action of corticosteroids- Corticosteroids are usually given
orally or by injection into the lesions of the complicated and/or life-
threatening hemangioma. Corticosteroids are more effective in the early
stage of the proliferating phase of infantile hemangioma than in the late
stages of the proliferating phase and involuting phase®. A recent study
demonstrated that corticosteroids, including prednisone, prednisolone and
methylprednisolone inhibit expression of VEGF-A, a major vasculo- and
angiogenic factor, at the mMRNA and protein levels in infantile
hemangioma-derived stem cells in in vitro tissue culture, and also
suppressed vasculogenic potential of hemangioma-derived stem cells in a
murine model®. Direct inhibition of VEGF-A expression by short hairpin
RNA (shRNA) in hemangioma-derived stem cells, but not in
hemangioma-derived ECs, resulted in similar suppression of
hemangioma. Together, these findings suggest that corticosteroid therapy
suppresses infantile hemangioma by inhibiting VEGF-A during the early
proliferating phase.

Local: For well localized (<2.5 cm diameter) cutaneous hemangioma.
Triamcinolone (2-3 mg/kg) is injected slowly at a low pressure, ( 3-mL
syringe, 30-gauge needle), placing no more than 3 to 5 mg/kg per
procedure. Usually 3 to 5 injections are needed, at an interval of 6 to 8
weeks.

Systemic: Oral prednisolone 2-3 mg/kg/day is given as a single morning
dose for 4-6 weeks; thereafter the dose is tapered slowly over several
months and discontinued by the 10 to 11 months of age. Corticosteroid
therapy is often accompanied with H, receptor antagonist to reduce gastric
irritation caused by the systemic steroids. Side effects of corticosteroids
are- diminished growth, cushingoid facies, myopathy, cardiomyopathy,
thelarche (breast development), hirsutism, etc. Overall response rate is
approximately 85%. In proliferating phase, prednisolone inhibits
proliferation and induces regression. Live vaccines are withheld during
steroid therapy. Diminished growth always returns to normal curves after
cessation of steroid therapy.
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Fig. 3 : Before and after systemic steroid ( Oral Prednisolone)

Result of oral prednisolone therapy: A prospective case study of 55
hemangioma patients were carried out. Of 55 cases, 20 were in
proliferating phage, 17 were in the early involuting phase and 18 were in
the late involuting phase phase. All the patients were treated with oral
prednisolone (3mg/kg/day as a single morning dose). In 2 patients, after
initial regression of 2-4 weeks, there was no further regression. All other
53 patients demonstrated excellent response irrespective of the phases of
the lesions, patients’ age and sex (Fig. 3).

e Propranolol

The non-selective p-blocker propranolol is also used to treat
complicated infantile hemangioma. The precise mechanism of action of
propranolol is not known. Current notion offers vasoconstrictitive
effects of propranolol on the blood vessels as a mechanism to suppress
hemangioma; however, there is no conclusive evidence for this
hypothesis. Upon treatment with propranolol, an immediate change in
the color of the hemangioma may ensue along with softening of the
lesion on palpation. Although there are reports of safe use of
propranolol in hemangioma®®, several studies demonstrated risk of
serious hypoglycemia, seizures, asthma, and hyperkalemia’®".
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Therefore, patients should be closely monitored during propranolol therapy.

There is no uniform / universally recognized clinical protocol. Usually,
propranolol is used alone 2-3 mg/kg/day in three divided doses till
hemangioma subsides. Use of propranolol in hemangioma needs further
research. Propranolol can also be used in conjunction with prednisolone in
complicated cases. The combined therapy is usually given as follow: 4 weeks
before treatment with propranolol, oral prednisolone 2-3 mg/kg/day for 2
weeks is given followed by 5mg/kg/day for further 2 weeks. Once the steroid
Is tapered, propranolol can be given 2 mg/kg/day in three divided doses until
hemangioma subsides. Propranolol can be stopped without tapering once the
hemangioma is involuted.

e Interferon a

Recombinant interferon (IFN) is rarely used now except in older patients.
Previously, IFN o-2a or 2b used to be reserved for the treatment of critical,
resistant and life threatening hemangioma. Dosage was 2-3 mU/Sq.m,
injected subcutaneously daily for 6-10 months. Patient may develop fever
during the first 1-2 weeks. Treatment with acetaminophen 1-2 hours prior to
injection dampens the febrile response. Corticosteroids and IFN should never
be co-administered in therapeutic doses. Corticosteroids should be tapered
quickly after IFN administration. IFN is no longer used in infantile
hemangioma, however, there are occasional reports of its use in kaposiform
hemangioendothelioma (KHE) with Kasabach-Merritt Phenomenon.

Side effects of IFN:
1. Spastic diplegia (reversible upon withdrawl of IFN in
50% cases)
2. Reversible toxicoses
3. Transient neutropenia
4. Anemia
e Chemotherapy:
Chemotherapeutic agents-
1. Vincristine
2. Cyclophosphamide (rarely given)
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Indications for chemotherapy:
Failure to respond to corticosteroids or propranolol
Complications from other therapies

Side effects of chemotherapy:
Peripheral neuropathy
Minor loss of hair (reversible)
Constipation
Infection/sepsis
Anemia
e Surgical Management:
(a) Early resection prevents complications and disfigurement.
(b) Aim of resection of an involuted hemangioma- Reconstruction of
(i) damaged skin, (ii) abnormal contour, (iii) distorted or deformed
anatomical structure.

(c) Indication of operation-

1. Distorted or deformed anatomical structure

2. Rapidly growing large lesions obstructing vital structure/function
3. Reconstruction of disfigured skin after resolution.

4. Freshly appearing lesion in a vital area

5. Frequently bleeding lesion.

If a hemangioma is located in a vital area like lips, nose, eye lids, or
near the orifices, early intervention is necessary before it becomes
untreatable by pharmacotherapy or resection. If resection does not cause
gross disfiguration, it is the 2" best choice of treatment after
pharmacotherapy. If there is a risk of disfigurement or functional
impairment without surgical intervention, operations are preferred.

e LASER therapy:

Tiny telangiectasias and small hemangioma of superficial dermis can be
treated effectively by pulsed dye laser (PDL). It is also used to stop
bleeding in hemorrhagic hemangiomas and to accelerate healing of
ulcerated hemangiomas™. PDL is not effective in most other cases
including deep or large hemangiomas.
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e Role of Homeopath, Alternative Medicine and Folk (Grameen)
Treatment:

Homeopaths claim that they can treat hemangiomas and vascular malformations.
The mechanism of action offered by them as follow: the Homeopathic drug will
help the lesion grow rapidly in early phase followed by gradual regression. It is
interesting to note here that the natural course of infantile hemangiomas, i.e. the
ones that need “observation by a trained physician”, are ‘“Spontaneous
Regression” without any intervention. Thus, the ‘credit’ of involution of
majority hemangiomas does not go to anyone but the Mother Nature. However,
regression process usually begins after the age of one year when some of these
lesions may become sufficiently large to cause damage or distortion to
surrounding tissues. If these lesions are in anatomically critical region of the
body, they may even become life threatening without timely intervention. Thus,
leaving a large involuting hemangioma situated in a critical region of the body
to Homeopathic or folk medicine, or without any medical intervention may
result in severe morbidity or even mortality. In this regard, we should not forget
the time-tested phrase- a stitch in time saves nine, which may become literally
true if we leave even a small lesion without proper observation. Therefore, all
the hemangiomas must be seen by a trained medical professional who should
decide the course of treatment: (a) observation, or (b) intervention — (i)
pharmacological, (i) surgical, or (iii) LASER.

Other Vascular Tumors:

Other vascular tumors (e.g. hemangioendotheliomas, angiosarcoma) are often
confused with benign infantile hemangioma or with vascular malformations,
however, the etiology, histology, and clinical behavior of these tumors are very
different than that of apparently benign IH. If there is any suspicion of
malignancy, vascular lesions must be biopsied.

¢ Hemangioendothelioma (HE):

Hemangioendothelioma (HE) is a tumor of the endothelial tissues (endothelium
Is the innermost single-cell lining of the blood and lymphatic vessels) with low-
grade to intermediate malignant potential, i.e. HE ranges between benign
hemangiomas and aggressive angiosarcomas. HE can also involve and
damage surrounding soft tissues, bone, skin, liver, lymph node and/or
lungs.
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There are several types of hemangioendothelioma depending on their
locations and the structures involved, such as Intravascular
Bronchioalveolar Tumor (Epithelioid Angioendothelioma), Angioglomoid
Tumor (Epithelioid Angioendothelioma), Myxoid Angioblastomatosis
(Epithelioid  Angioendothelioma),  Dabska's  Tumor  (Malignant
Endovascular Papillary Angioendothelioma), Papillary Intralymphatic
Angioendothelioma or PILA (Malignant Endovascular Papillary
Angioendothelioma).

Indolent (lazy, inconsistent) slow growing tumor is common in HE. Some
cases have been known to go into spontaneous remission, however, some
tumors can recur locally and demonstrate invasive properties.

e Kaposiform hemangioendothelioma (KHE):

Kaposiform hemangioendothelioma (KHE) is a rare, non-metastasizing but
locally aggressive vascular tumor. Preveiously, KHE was often confused
with infantile hemangioma. Unlike infantile hemangioma, KHE rarely
regresses spontaneously or completely”™. Usually, more than 90% KHE
present during infancy and early or late childhood, however, there are
reports of adult onset” ™ and posttraumatic KHE™. 50% of all KHE
lesions are present at birth™. Clinical presentations of KHE inlcude solitary
infiltrative ecchymotic induration of the skin and underlying soft tissues
along with cutaneous purpura and edema, usually in the trunk, extremeties,
head and neck”. It may also be present retroperitoneally. Coagulopathy
and complications from the local invasion of KHE contribute to its high
mortality rate of approximately 24%". KHE and tufted angioma, are often
associated with thrombocytopenia and coagulopathy (Kasabach-Merritt
phenomenon, a platelet-trapping syndrome) and less responsive to
pharmacological therapy®. Over 50% of KHE patients present with
Kasabach-Merritt phenomenon (KMP) as defined by the presence of
platelet count less than 25,000/mL and a vascular tumor. The histological
features of KHE are characterized by a predominant Kaposi sarcoma-like
epithelial cell growth with occasional nodular infiltration
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containing poorly canalized vessel-like structures. Characteristic features
of KHE include spindle-shaped endothelial cells, diminished pericytes and
mast cells, microthrombi, and hemosiderin deposits on light micrcoscopy.
Magnetic resonance imaging often demonstrates cutaneous thickening with
ill-defined margins, stranding of subcutaneous fat, hemosiderin deposits,
and small feeding and draining vessels. Electron microscopy may reveal
large gaps between endothelial junctions accompanied with incomplete
basement membranes™. In patients with hemangioendotheliomas, findings
of elevated oy-fetoprotein levels may suggest associated hepatoblastoma.

Kasabach-Merritt Phenomenon:

A Dbleeding disorder consisting of hemolytic anemia and severe
thrombocytopenia casued by coagulopathy associated with a rapidly
growing vascular tumor (Fig. 3) is known as Kassabach-Merritt
Phenomenon (KMP). It occurs in invasive vascular tumors, particularly in
Kaposiform hemangioendothelioma and less frequently in tufted angioma.
Thrombocytopenia can be profound (<10,000/mL), however, the
prothrombin time (PT) and activated partial thromboplastin time (aPTT)
are usually normal or slightly elevated. Hypofibrinogenemia and
fibrinolysis are secondary. Patient is at risk for intracranial, pleural-
pulmonic, gastrointestinal and intraperitoneal hemorrhage. Biopsy is not
indicated. Clinical, hematological, and radiological (MRI) findings of KHE
suffice to confirm the diagnosis. One study found that KHE lesion with
less than 8 cm in diameter is less likely to cause KMP®. In contrast, slow-
flow vascular anomalies including venous or large lymphatic
malformations may also result in consumptive coagulopathy or
disseminated intravascular coagulaopathy (DIC)*>. In case of VM,
localized intravascular coagulopathy (LIC) is often associated with
elevated D-dimer level, low fibrinogen and normal to mildly decreased
platelet count®. LIC in VM patients usually correlate with the size of the
VM, intramuscular involvement, and presence of phleboliths®.

e Management of KHE:

Infants who have severe anemia and/or thrombocytopenia can be given
blood products. Corticosteroid is the first line of treatment for KHE with
KMP. Vincristine and interferon alfa-2a or -2b have also been shown to
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be effective in steroid-resistant cases. No single therapy has been shown to
result in reproducible shrinkage of the tumor and reversal of KMP®.
Corticosteroid therapy followed by vincristine has also been reported.
Surgical resection is sometimes possible in rare instances where the tumor
Is very small.

Fig 4: Rapidly growing KHE

Patient died due to coagulopathy
(Kasabach-Merritt Phenomenon).

e Vascular Cancers:
Vascular cancers (e.g. angiosarcoma) are very rare in children, accounting
for only a fraction of 1% of all cancers. Surgical resection, radiotherapy,
and chemotherapy have all been used to treat these masses. Although it can
occur in all ages, vascular cancer is mostly an adult disease and beyond the
scope of this book.

Il B. Vascular Malformations
Vascular malformations are almost always present at birth but may not be
evident until several weeks after birth. They grow in proportion with body
growth. There is no sex or race preponderance or bias. The incidence of
venous malformation is about 1.5% in all children. Structural abnormality
is often found in the muscular wall (tunica media) of the blood vessels.
Spontaneous enlargement or arteriovenous shunting may occur in
arteriovenous malformation (AVM) secondary to trauma, thrombosis,
hormonal changes in puberty, during pregnancy, and after anti-ovulation
therapy.


http://en.wikipedia.org/wiki/Resection
http://en.wikipedia.org/wiki/Radiotherapy
http://en.wikipedia.org/wiki/Chemotherapy
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We will describe vascular malformations under three major sub-
categories: (a) Slow-flow vascular malformation, and (b) Fast-flow
vascular malformation, (c) Combined Vascular Malformations.

(a) Slow-flow VVascular Malformation:

(i) Capillary Malformations (CMs)

(a) Port-wine stains (Naevus Flammeus):

Port-wine stains are present at birth and usually persist throughout life. The
incidence of port-wine stain is 0.3%°°. They are macular, red vascular stain
that usually involves wide areas (Fig. 5). The pink flush, characteristic
facial port-wine stains of infancy, gradually darkens to a deep red shade
during adulthood, which may become purple later in life. With aging it
may become hypertrophic and nodular with a cobblestone surface.
Eruptive fibrovascular lesions are frequent complication of CMs in the
fifth decade of life. In addition, underlying soft tissue and skeletal
hypertrophy may become conspicuous with time. These transformed
lesions are resistant to pulsed dye laser (PDL) therapy.

Box 4: Clinical features of Port-wine stains

Macular, red vascular stains, usually in the facial region

Pink flush on facial port-wine stains of infancy

Darker red during adult hood

Purple color during middle age

Hypertrophic, nodular and cobble stone appearance in late life

Soft tissue and skeletal hypertrophy becomes more apparent with age

Port-wine stains must be differentiated from the common fading macular
strains (naevus flammeus neonatorum) that occur in 40% of neonates,
which are typically located on the glabella (between the eyebrows),
eyelids, nose, upper lip (“angel kiss”), and nuchal area/back of the neck
(“stork bite”).
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Before treatment After treatment
(surgery with the support of tissue expander)

Fig. 5: Capillary Malformations ( Port-wine stain)

(b) Sturge-Weber syndrome (SWS):

Association of facial port-wine staining with glaucoma, ipsilateral
leptomeningeal vascular anomalies, and facial overgrowth is known as
Sturge-Weber syndrome (SWS)*". Clinical presentation includes possible
seizures at birth accompanied by capillary malformation (CM) on the
forehead, upper eyelid, and soft tissue overgrowth of the lip and boney
overgrowth of maxilla. It results from an overabundance of capillaries in
the ophthalmic division (VI) of the trigeminal nerve and capillary
malformations in the pia arachnoid overlying the brain tissue on the same
side of the face as the stain. Leptomeningeal vascular anomaly can result in
contralateral convulsions/seizures, glaucoma on the same side as the lesion
(50% cases), and variable developmental delay of motor function and
cognitive skills. Patients with CM and involvement of maxillary (V2) and
mandibular (\V3) divisions of the trigeminal dermatome are at low risk for
developing this syndrome. It should be noted that many patients with SWS
have CMs scattered over trunk and limbs.


http://en.wikipedia.org/wiki/Seizure
http://en.wikipedia.org/wiki/Capillary
http://en.wikipedia.org/wiki/Trigeminal_nerve
http://en.wikipedia.org/wiki/Pia_mater

39

History and clinical feature are diagnostic. MRI of the brain and orbit with
contrast are better diagnostic tool for this syndrome than CT.

Cephalic midline capillary malformations may indicate an associated underlying
occipital encephalocele, whereas a dorsal capillary malformation can be
suggestive of the presence of cervical or lumbosacral spinal dysraphism (spinal
malformation).

Treatment: During infancy and early childhood, Flashlamp pulsed-dye LASER
therapy is the treatment of choice for CMs. For the long-standing port-wine
stains which are resistant to laser therapy, surgical resection followed by
reconstruction/skin grafting procedures are performed®. For SWS, surgical
excision and primary closure is useful for small lesions with fibromuscular
overgrowth. In older patients with osteogenic overgrowth, skin grafting or
rotation flap with or without tissue expander or free flap are performed in SWS.

(i1) Telangiectasias:

These are tiny anomalies of superficial blood vessels usually involving
capillaries, but may also be composed of abnormal aggregation of arterioles or
venules. Although they can develop any where in the body, these lesions are
more commonly found on the face, upper chest, and neck. Telangiectatic veins
found on the legs are called “spider veins”. A bedside test for telangiectasia is
blanching by diascopy (application of pressure by a glass slide to see color
changes). Female to male ratio is 4:1. Telangiestasias can be congenital or
acquired. Precipitating factors for the acquired telangiectasias include age,
occupation, and hormonal changes including pregnancy. Telangiactasias may
occur in a number of other diseases, e.g. Hereditary Hemorrhagic Telangiectasia
(HHT or Rendu-Osler-Weber Syndrome), CREST Syndrome (a variant of
scleroderma), Ataxia telangiectasia (AT), Carcinoid Syndrome, Acne Rosacea,
etc. The congenital telangiectasias are discussed below.

Rendu -Osler-Weber Syndrome (hereditary hemorrhagic telangiectasia or
HHT ): This autosomal dominant disease was first distinguished from
hemophilia by Rendu in 1896. In 1901, Osler described its clinical manifestation
and established it as an inherited disease, which was subequently confirmed by
Weber® . Histopathology of the disease was first described by Hanes in 1909.
He renamed the disease ‘Hereditary Hemorrhagic Telangiectasia’ (HHT)™.
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HHT is characterized by fragile telangiectatic vessels and arteriovenous
malformations (AVM), which affects 1 in 8000 people. Cutaneous and
mucosal telangientasias are common presentation along with AVM in the
lungs (50% patients), the liver (40%), the gastrointestinal tract (GIT, 25%)
and the brain (15%)°* ®. Epistaxis due to nasal telangientasias is the most
common presentation due to easy accessibility to minor trauma®. Gl tract
bleeding being the next common presentation followed by hemoptysis®.
Discrete spider-like, bright red mucopapules, usually 1 to 4 mm in
diamete,r appear on the skin. They are typically located on the face, lips,
tongue, nasal and oral mucous membrane, conjunctiva, palmer aspect of
the fingers, and nail beds. Lesions can occur on any mucosal surfaces like
vagina, Gl tract, and also in lung, liver, spleen, kidney, and brain®. The
lesions usually arise during early childhood; however, in some cases, they
may not become apparent until after puberty. The number of the lesions
increases with age. These lesions are prone to ulceration and bleeding, and
may thus present with hematemesis, epistaxis, melena, or hematuria.
Bleeding in the brain or spinal cord may present with neurological
symptoms.

The telangiectatic vessels are dilated and tortuous. Usually small arteries,
capillaries, venules, and arteriolar precapillary sphincters that lack elastic
fibers are affected. Intact endothelium, continuous basal lamina, inadequate
smooth muscle or pericyte on the middle/outer surface of the vessels are
characteristic histological features. On ultrastructural studies, conspicuous
absence of elastic lamina can be seen in the dilated blood vessels™.

Treatment of telangiectasia:

Treatment is complicated. If asymptomatic, telangiectasias can be covered
with makeup, otherwise they can be removed by surgery, or treated using
sclerotherapy, laser, or PhotoDerm. In case of bleeding from HHT in
surgically accessible area, pressure, packing, or microfibrillar collagen can
be applied. If needed, skin grafting can also be considered. Telangiectasias
can be recurrent. For the treatment of associated pulmonary AVM in HHT
patients, therapeutic embolization of arteriovenous pulmonary fistula by
catheter technique has been described as the treatment of choice since
1977%% %, Successful embolization improves oxygenation by reducing the
AVM shunt in the lungs®”®.
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(iti) Lymphatic Malformations

The old term “lymphangioma” is a misnomer because the suffix ‘-oma’
implies a potential for growth by cellular mitosis and invasion. These
lesions are abnormalities of lymphatic development, yet there is a long
standing debate about whether these deformed Ilymphatics posses
proliferative capacity. It is likely that lymphatic malformation expands
secondary to fluid accumulation, cellulitis, and/or inadequate drainage of
the anomalous lymphatic channels'®. Anomalous lymphatic channels,
vesicles, or pouches filled with Ilymphs comprise Lymphatic
Malformations (LMs). Extravasation of lymph is known as lymphedema,
which is also a form of LM. Histologically, LMs are multiple dilated
locules of proteinecious fluid-filled sacs that are lined with single layer of
normal looking lymphatic endothelium surrounded connective tissue®.

Classification:

Microcystic (old term: “ly m?hangloma )
b Macracystic (old term: “Cystic ygroma
c¢) Combined ( Micro- Macrocystlc

Most LMs are evident at birth or detected before 2 years of age'®™
Although they can suddenly manifest in an older child, they rarely appear
in adolescent and adult. Lymphatic malformations never regress
spontaneously. They usually expand or contract depending on the ebb,
direction and amount of flow of the lymphatic fluid, presence of
inflammation and/or hemorrhages in the lesions'® '®. As with all
malformations, the lymphatic endothelial and smooth muscle cells of the
LMs are non-proliferative/quiescent. Nodular collection of lymphocytes
and few germinal centers containing lymphatic follicles are occasionally
found in the surrounding connective tissue of the lymphatic malformation.

Microcystic LMs (old name: “lymphangioma”):

These microcystic lesions usually present as diffuse swelling with bluish
discoloration/hue of skin (Fig 6a). These lesions contain small thin-
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walled cysts, which may be lobulated or bosselated, soft to rubbery in
consistency, not compressible, and usually fixed to skin. They have a
honeycombed appearance on cut section. In the head and neck region, the

microcystic LMs are usually present above the mylohyoid muscle'®.

Management of microcystic LMs: Percutaneous intralesional
sclerotherapy is the treatment of choice for microcystic LM; however,
surgical resection of the tissue affected may also be required. For mucosal
microcystic LMs, the treatment of choice is radiofrequency (RF) ablation,
also called coblation; in this procedure, microcystic LMs are destroyed at

low temperatures (40°C-70°C) with minimal damage to adjacent tissues'®.

Macrocystic LMs (old name: “Cystic Hygroma”):

Macrocystic LMs are benign, but can be disfiguring and large. These are
congenital multiloculated lymphatic lesions that can arise any where in the
body, however, they are usually found in the anterior/posterior triangle of
the neck, axilla, and groin. Macrocystic LMs can also be associated with
posterior nuchal (back of the neck, nape) translucency, fetal hydrops
(fluids in fetal compartments), or Turner syndrome (absence of one X

chromosome)'®.

Differential Diagnosis of macrocystic LMs: Depends upon sites

(i) Branchial cleft cyst, (ii) Ranula, (iii) Thyroglossal duct cyst

a. MicroCystic b. Macrocystic

Fig. 6: Lymphatic Malformations
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Diagnosis:

Like other vascular malformations, most LMs can be diagnosed clinically®.
Ultrasonography may be used to confirm the diagnosis. If extension of the lesion
into the deeper structure of the body is suspected, CT scan with intravenous
contrast enhancement can accurately show the full extension of the lesion. The
gold standard is MRI with gadolinium contrast, which is especially helpful for
the evaluation of the lesions involving neck, thorax, retro-peritonium, and the
extremities'®*% The cysts have low signal intensity on T1-weighted MRI and
marked hyperintensity on T2-weighted MRI. Fluid levels within the cysts are
common. This is in sharp contrast with the venous malformation, where fluid
levels are usually absent but phleboliths (small calculi resulted from venous
thrombus) are present.

Management: Macrocystic lymphatic malformations can be treated
with sclerotherapy. Large cysts are treated with aspiration of lymphatics and
instillation of sclerotheraputic agents (e.g. doxycycline). Several applications
may be needed at an interval of 3-4 weeks. Some LMs require surgical removal.
Cutaneous LM (lymphangioma circumsriptum) requires resection, including the
deep fascia, linear closure of the defect, and if necessary, closure with a split
thickness skin graft. Sometimes more than one session of resection is required.
Osteotomy/ostectomy may be necessary in case of bony involvement.

Sclerotherapeutic agents:

e Bleomycin®®
OK-432"
Absolute Ethanol'*?
Doxycycline™
Sodium Tetradecyl Sulfate
Acetic Acid™®

114

(iv) Venous Malformations (VMs)

Venous Malformations (Box — 5) are soft, spongy, compressible, and non-
pulsatile lesions. They feel like a “bag of worms” and expand with gravitational
dependency (Fig. 7). In cases of craniofacial venous anomaly, Valsalva
maneuver or jugular vein compression are used to examine


http://birthmarks.us/sclerotherapy.htm
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volumetric expansion. In case of limbs, torniquets are used for clinical
diagnosis. Sometimes VMs may present localized varicosities, ectasias,
localized spongy masses, or complex lesions. These lesions can be single or
multiple, and may involve any tissues, e.g. skin, muscles, viscera and bones.

Box — 5: Clinical features of Venous Malformations

I1l defined mass

Soft, Spongy / Cystic consistency, feels like a bag of worms

Usually completely compressible

Nodular due to occasional phleboliths

Bluish or normal skin color

Present at birth, but may not be evident.

Commensurate with growth, but may expand rapidly due to intervention
Female to male ratio 1:1

Normal endothelium, abnormal tunica media

Phlebothrombosis is a common occurrence in VMs. Recurrent localized pain
and tenderness are the frequent presenting complaints. Skin overlying the VM
may be normal, however, there may be a bluish hue or dark blue color if the
dermis is involved. Combined cutaneous capillary-venous malformations
(CVM) have a dark red to purple color. Phleboliths (calculi) can be palpated or
seen on radiographic examination, when present. X-rays can also help detect
skeletal involvement and overgrowth.

Deep or large VMs with or without phleboliths may present localized
intravascular coagulopathy (LIC)®, elevated D-dimer levels, and local pain due
to thrombosis™® ", Patients with severe DIC may also have low fibrinogen
levels (but normal or slightly low platelet count) and a high risk for hemorrhage.
Blood stagnation followed by activation of coagulation cascade within the
distorted slow-flow channels results in thrombin production, conversion of
fibrinogen to fibrin (hence low fibrinogen), and subsequent fibrinolysis.
Fibrinolysis gives rise to increased levels of D-dimer, a fibrin degradation
product. Palpable phleboliths are usually associated with increased D-dimer
levels in VM patients®. There are confusions in the literature- LIC in VMs are
often incorrectly called ‘Kasabach-Merritt phenomenon’ (KMP), a bleeding
disorder predominantly resulted from platelet consumption associated
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with kaposiform hemangioendothelioma (vascular tumor). Contrary to KMP,
platelets are not involved in LIC or DIC™ 2.

Multiple venous malformations may suggest inherited disorders, such as
glomuvenous malformation (GVM; defective glomulin), cutaneomucosal VM
(CMVM; defective TIE2) and cerebral cavernous/capillary malformation (CCM;
defective KRIT1).

Doppler ultrasonography (DU) is a useful tool to diagnose VMs by
differentiating between slow- and fast-flow lesions. MRI can be used to
determine the extent of the vascular lesion.

VMs in liver are erroneously called “cavernous hemangiomas”; the term
“cavernous” should be only used to describe CCM to reduce confusion in the
field. Another rare condition, known as Blue rubber bleb nevus syndrome
(BRBNS), consists of multiple VMs involving many organs. The most common
sites for this disorder are skin and the GI tract. The lesions are small VMs
ranging from 1-3 cm underneath the skin with hard or rubbery consistency.
Although the lesions may be present anywhere in the body, they are commonly
found on the limbs, trunk, sole of the feet and perineum, and are painful. They
blanch upon pressure. Histochemical studies show dysplastic venous channels
with flat endothelium and deficient smooth muscle layer'®. Small intestine is
the most common site affected in BRBNS. Barium studies of Gl tract is not
conclusive for diagnosis of the disorder, however, labeled RBC nuclear scan is
helpful in detecting the bleeding site in the Gl tract'®. BRBNS is usually
sporadic, but can also be inherited in an autosomal dominant fashion.

: o |
Fig. 7 : Venous Malformations (an untreated case)
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The distinguishing features of coagulopathies in Kaposiform
Hemangioendothelioma and Venous Malformation are given in Table I *.

Table I: Coagulopathic differencese between KMP with KHE and LIC
with VMs *#*

Features Kaposiform Venous or
Hemangioendothelioma Lymphaticovenous
with KMP Malformation with LIC

or DIC

Hematologic

Findings:

Platelet Extremely decreased Mildly decreased

Fibrinogen Moderately decreased Moderately decreased

PT or PTT Normal or mildly increased Moderately increased

D-dimer Mildly increased Moderately increased

Pathogenesis | Platelet trapping (primary), Stasis and activation of
consumption of fibrinogen thrombin on abnormal
(secondary) vasculature

Management | Pharmacologic therapy, avoid | Sclerotherapy, resection,
platelets, heparin anticoagulation therapy
contraindicated

Associated Anomalies: Venous malformations are associated with:

(i) Maffucci Syndrome

(i1) Klippel-Trenaunay syndrome

(iii) Bean Syndrome (Blue rubber bleb nevus syndrome)

(iv) Turner Syndrome
Diagnosis:
In more than 90% of patients, the type of vascular anomaly can be
correctly diagnosed by correlating history and findings on clinical
examination'®. Deep subcutaneous, intramuscular, or visceral lesions can
be ambiguous, where radiologic evaluation is indicated. Ultrasonography
helps to determine whether a vascular malformation is slow-flow or fast-
flow, and MRI with contrast agent documents the extent of anatomical
involvement of the lesions. Biopsy of a vascular
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lesion is only necessary when there is a suspicion of malignancy. Venous
malformations are usually present as a swelling since birth and grow in
proportion with child’s age; they never regress.

Patients usually present with visible swelling(s), and overlying normal or
bluish hue or dark blue skin. Upon examination, VM feels soft, spongy,
usually non-tender, compressible, non-pulsatile, and non transilluminating.
VMs are usually ill defined mass. Nodules or bead-like matters may be
palpated within the swelling suggesting thrombosis and/or phleboliths.

Elevated D-dimer level indicates sporadic VM. In contrast, VMs with
normal level of D-dimer is suggestive of inherited VMs, e.g., CMVM or
GVM, or LMs. Low fibrinogen levels suggest ongoing LIC in VM
patients, whereas normal platelet count excludes KMP associated with
KHE.

Complications of venous malformation:

Ulceration

Bleeding

Phleboliths

Phlebothrombosis

DIC

Low grade consumption coagulopathy.
Skeletal hypertrophy, distortion or elongation.

NogokowbdE

Management:

Sclerotherapy is the treatment of choice for VMs. If fibrinogen level is
normal in VM patients, LIC does not need to be treated. If the lesion is
painful, surgical management may be necessary. Elastic compression is
effective in minimizing blood stagnation. Special care should be taken
during surgical procedures in VM patients with associated LIC; systemic
activation of coagulation cascades resulting in DIC (disseminated
intravascular coagulopathy) may in turn cause consumption of platelet,
fibrinogen and coagulation factors. VM patients with painful lesions due to
thrombosis are treated with low molecular weight heparin (LMWH).
Response to LMWH is measured
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by determining corresponding decrease in D-dimer level and increase in
fibrinogen level. In preventing progression of LIC to DIC during an operation,
pre- and post-operative use of LMWH has been very effective in patients with
an extensive VM®.

Sclerotherapeutic agents:
1. 5% Ethanolamine Oleate
2. Absolute Ethanol (100% Ethanol)
3. Ethibloc
4. 1% and 3% sodium tetradecyle sulfate
5. Polidocanol

Other options of management:
e Combined sclerotherapy and resection — for excision of residual fibrosis,
phleboliths, and deformed skin.
o Laser therapy for tiny cutaneous VMSs (controversial)

Results of sclerotherapy treatement on venous malformation with injection
Ethanolamine oleate (Fig. 8): In a prospective case study, 41 patients with
venous malformations in the craniofacial area (irrespective of symptoms) were
followed clinically for 1 year following treatment. The cases were enrolled
between April 2001 and March 2003 in two large referral teaching hospitals in
Dhaka, the capital city of Bangladesh. Patients’ ages ranged from 3 months to
16 years (mean age 4.3 years). 17 patients were male and 24 were female. The
amount of Ethanolamine Oleate per treatment session ranged from 0.50 ml to 5
ml with a maximum dose of 0.40 ml (20 mg) per kg body weight. A 23G/25G
butterfly needle was introduced subcutaneously 2-3 mm away from the margin
of the lesion before entering the vascular or intravascular compartment. The
agent was injected into the vascular compartment. Multiple injections were
given to cover the site during each session. For large lesions, injections were
repeated at an interval of 3 weeks as a single session could not cover the whole
lesion. In one patient, who was having extensive lesions within the oral cavity,
oro-pharynx and neck, it took almost 3 years to cover all the lesions by
sclerotherapy. At one stage, tracheostomy was needed prior to sclerotherapy on
an oro-pharyngeal lesion.
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All the treatment sessions were performed as a day surgery/outdoor
patient, except in one case where General Anesthesia was employed to
treat large lesions within the oral cavity. Patients were evaluated 8 weeks
after the last session of sclerotherapeutic injections.

a. Before b. After
Fig. 8: Sclerotherapy with Ethanolanolamine Oleate of Venous
Malformations in the tongue and lower lip.

42 lesions have undergone 89 sclerotherapy sessions with 19 requiring one,
16 requiring two, and 7 lesions requiring more than two sessions.
Sclerotherapy with Ethanolamine Oleate provided complete resolution of
symptoms in 41 (97.62%) lesions and significant improvement in 1 lesion.
There was no recurrence. All patients experienced pain and swelling to a
variable degree for short duration. Skin sloughed out in two patients. No
other complications were observed in our study.

(b) Fast-flow Vascular Malformations:

Arterial, Arteriovenous Malformations
Arterial Malformations (AMSs) are — aneurysm, coarctation, ectasias. They
can occur as isolated lesions or in conjunction with arteriovenous
malformations (AVMS). Intracranial AVMs are more common than AVMs
in the other parts of the body. These are present at birth but remain
quiescent in infancy and childhood. Puberty and trauma appear to trigger
expansion of AVM(Fig. 9). Although AVMs are congenital lesions, only
20% of cerebral AVMs are diagnosed during infancy and
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early childhood. Cerebrovascular hemorrhage is usually the main clinical
presentation in more than 70% pediatric AVM patients resulting in high

morbidity and mortality. AVMs within the brain tissue are usually
122,123

diagnosed in adults

0"

)

Fig. 9: Arteriovenous Malformations on the lip [Stage — 1]

Cutaneous AVMs may present as red or violaceous induration with a mass
beneath the skin. Usually, local rise of temperature, thrill and bruit are
present. Skeletal involvement including maxilla, mandible, and cranium
are often recorded; therefore a loose tooth in a bleeding socket of maxilla
or mandible should be treated with extreme caution whenever an
associated AVM is suspected™®”.

The natural history of AVMs is documented by clinical staging system of
124,

Schobinger—":

Stage —I (Quiescence) : Pink-blush stain, warmth, and AV shunting
by continuous Doppler or 20-MHz color Doppler.

Stage — Il (Expansion): Same as stage |, plus enlargement,
pulsations, thrill, bruit, and tortuous/tense veins. (Fig. 9)

Stage — 111 (Destruction): Same as above plus dystrophic changes,
ulceration, bleeding, persistent pain, and expansion/destruction. (Fig.
10)

Stage — IV (Decompensation): Same as stage — I, plus cardiac

failure.
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Pulsed Doppler USG and MRI are diagnostic. Super selective angiography
IS unnecessary until intervention is considered. CT scan and MRI are the
best available tools to detect AVMs in brain or other parts of the nervous
system. A recently developed MRI-based technique called
magnetic resonance angiography (MRA) can record both the pattern and
velocity of blood flow through vascular lesions and the flow of
cerebrospinal fluid (CSF) throughout the brain and spinal cord. MRA
provides excellent 3-dimensional representations of the AVMs and their
impact on the surrounding neurological tissues.

Fig. 10: Untreated case of AVM with pseudokaposiform changes [Stage —
1]

Untreated cases may become complicated with ulceration and bleeding
(Fig.10).

Management of AVM:

Cure of AVM is usually not possible; the main aim is to control AVM.
Medications are often prescribed to alleviate the symptoms of AVMs
including headache, seizures, and pain. Depending on the location and size
of the lesions, sclerotherapy, embolization, or resection can be performed.
The patient must then be followed up clinically and using ultrasonography
and/or MRI for several years. Decision to operate should be carefully
considered weighing benefits vs possible risks, and
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would require a team consists of neuroradiologist and surgeons familiar with
these anomalies. Depending on the size and location of the AVMs, there are 3
major options for the treatment of AVMs:

(1) Surgical resection/removal: Extracranial AVM can be ligated or sealed off
using laser and then removed using cauterization. For intracranial AVM, “awake
brain surgery” (without general anesthesia) is sometimes performed to avoid
Injury to the brain tissue, e.g. Broca’s speech area.

(2) Endovascular embolization: In this process, a catheter is inserted through a
leg artery and is placed in the feeding (proximal) artery of the AVM under
imaging guidance. An embolizing agent, ethylene-vinyl alcohol copolymer
(Onyx), is then injected through the catheter'?*?®, Sometimes proximal reflux of
Onyx is prevented by inserting a 4 X 4 mm HyperForm balloon beside the
microcatheter. This balloon is then intermittently inflated distal to the Onyx
delivery site to prevent proximal reflux*?®. Endovascular embolization (EE) is
occasionally performed prior to radiosurgery or resection as EE helps reduce the
size of the lesion and makes the AVM amenable to surgical removal*®®. Other
embolic agents like n-butyl cyanoacrylate (NBCA) glue, bioactive coils have
also been used in EE™".

(3) Stereotactic radiosurgery (staged or single fraction): This procedure
utilizes computer-guided focused radiotherapy to slowly obliterate small AVMs
over a period of 1 to 3 years after the exposure. It is non-invasive, usually done
in a single session, and does not require general anesthesia. However, it requires
a specialized team of neurosurgeon, radiation oncologist and diagnostic
radiologist.

(c) Combined Vascular Malformations:

(i) Slow-flow:

Klippel-Trenaunay syndrome (KTS): Klippel-Trenaunay syndrome is a
combined vascular malformation characterized by a triad of capillary
malformation, varicose veins with or without venous malformations, and
lymphatic malformations with bony and soft tissue hypertrophy. KTS is called
capillary-lymphaticovenous malformation (CLVM). There is no gender or
ethnic predilection. KTS is usually diagnosed by
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clinical examination. Work-up of the lesion may involve noninvasive
imaging: Doppler ultrasound, standard radiography, or magnetic resonance
imaging (MRI). Compression garments, sclerotherapy, surgical excision or
debulking can be used to contain/control.

CLOVES syndrome: CLOVES is abbreviation for congenital lipomatous
overgrowth, vascular malformations (CM, LM, VM, AVM), epidermal
nevi, and skeletal/scoliosis and spinal abnormalities’®**®*. Acral
deformities include wide feet and hands, macrodactyly, and sandal gap**.
Many patients once called “Proteus” are now categorized as COLVES
syndrome that includes CM, LM and VM™*. The homogeneous features of
the lipomatous truncal mass associated with vascular and acral deformities
are diagnostic for CLOVES syndrome. MRI may be done to confirm and
determine the extent of the involvement of the truncal growth. CLOVES
syndrome is a very disabling disorder and thus requires speedy diagnosis
and multidisciplinary therapeutic approach. These patients have high risk
of pulmonary embolism due to severe, complex vascular anomalies'®,
Association of phlebectasia (dilatation of central or cervical vein) and
thromboembolism in these patients should be treated aggressively with
anticoagulant therapy including caval filtration (e.g. SVC). Special
anticoagulation care should be taken before any surgical procedure in these

patients.

Proteus syndrome: Proteus Syndrome is a condition that involves atypical
growth of the bones, skin, head, with a variety of other symptoms. This
condition was first identified by Michael Cohen Jr., DMD, PhD in 1979. In
1983, a German Pediatrician Hans-Rudolf Wiedemann, named it Proteus
syndrome, for the Greek God Proteus “the polymorphous”, presumably
because of the variable manifestation in the four unrelated boys first
identified with the syndrome. At this time there are over 120 documented
cases worldwide. Although vascular malformations are listed in the
literature, most proven cases of Proteus do not have vascular lesions.
Clinical feature of proteus syndrome:

Partial enlargement of the hands and/or feet, usually asymmetric
(Hemihypertrophy)
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Pigmented nevi

Tumors — Lipoma, Lymphatic malformation
Cranial anomaly — Macrocephaly

Planter Hyperplasia

Management is symptomatic.

Maffucci Syndrome: Enchondroma with multiple “angiomas” (Maffucci
syndrome) — a genetic disorder, was first reported by Maffucci in 1881. There is
no gender bias and lesions are usually asymmetrically distributed. The disease
appears to develop in 25% of the cases from the time of birth or during the first
year of life, in 45% cases symptoms start before the age of 6, and in 78% cases
symptoms develop before puberty™” *** Lewis et al reviewed 98 cases and
found that fibula was the most frequently affected bone by enchondromas*®*
The disease appears to develop from mesodermal dysplasia early in life. Patients
apparently are of normal intelligence, and no associated mental or psychiatric
abnormalities seem to be present.

Clinical Features:

« Soft, blue-colored growths on the distal aspects of the extremities.

« Short stature; may have unequal arm or leg lengths due to the bony
abnormalities.

. Capillary and venous malformations have been reported in various areas
of the body, including the leptomeninges, the eyes, the pharynx, the
tongue, the trachea, and the intestines.

« Enchondromas are usually found in the hands (89%), but they can also be
found on, although not limited to, the foot, the tibia, the fibula, the femur,
the humerus, the ribs, and the skull.

« The tumors (spindle-cell hemangioendothelioma) appear as nodular
outgrowths and can cause fracture of the bones, leading to further
complications, such as shortened or unequal length of the limbs. Patients
who are severely affected can have difficulty walking and manually
carrying objects.

Investigations:

o Radiologic evaluation of suspicious areas should be conducted.
Evidence of malignant transformation includes cortical destruction,
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endosteal cortical erosion, and zones of lucency within a previously
mineralized area.

o CT and/or MRI can help in the evaluation of the lesions and its
surrounding soft tissues.

o A biopsy should be performed if there are suspicious radiologic
areas. Needle biopsy should provide a diagnosis. Histologically,
vascular malformations can be of the capillary (CM) or venous
(VM) subtype. Spindle cell hemangioendothelioma commonly
occurs in Maffucci syndrome™®® 10
Treatment is symptomatic.

(i)  Fast-flow:

Capillary malformation with Arterio-venous malformation (CM-AVM):
Randomly distributed multifocal cutaneous CMs may occasionally be
accompanied by AVM. Many of these patients have family histories of vascular
anomalies with a mutation in the gene RASAl (p120-RasGTPase-activating
protein)**'. RASAL is essential for the organization of ECs into highly organized
tubular networks. The inheritance pattern of multifocal pink/red/dark CMs with
RASA1 mutation is autosomal dominant. Nearly 50% of CMs present with a pale
halo around them and have increased flow (by Doppler) suggestive of possible
transformation to AVM. Like other AVMs (e.g. HHT and PTEN1 hamartoma),
these patients are at high risk for intra- and extracranial AVMs. Unlike CM-
AVM, CMs of PTEN1 hamartoma patients are usually deep and intramuscular
often associated with lipomatous overgrowth. As mentioned earlier, AVMS in
HHT patients are also found in the liver and lungs, whereas CM-AVM affects
mostly the face and the limbs. Few patients with RASA1 mutation also have vein
of Galen aneurismal deformities, which is another differentiating feature from
other familial AVM cases like HHT and PTEN1 hamartoma tumor syndrome.
Thus, use of cerebral MRI is important for children with multifocal CMs.

Parkes Weber syndrome (PWS): PWS is a fast-flow vascular malformation
with or without multifocal CMs that are present at birth and worsen with age.
Patients with multifocal CMs have germline mutations in RASA1. No RASA1
mutation has been found in PWS with
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non-multifocal CM'. The patients also have bony and soft tissue hypertrophy
with the affected limb being longer than the healthy one. Some patients may
show reduced hair density.

In general, patients with RASA1 mutations are usually at high risk for neurologic
tumors.
MRI/MRA is diagnostic.

Management is essentially conservative. Staged contour resection or selective
amputation may be necessary in some cases.
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