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Introduction:-

Hemangiomas are considered to be benign tumors of infancy which
show a rapid growth phase marked by endothelial cell proliferation,
followed by gradual involution. On the other hand, vascular
malformations are structural anomalies of blood vessels without
endothelial cell proliferation. The pathophysiology of these lesions is
still shroud in mystery. One etiologic hypothesis speculates that cells
are “embolized” from the placenta. Another suggests that hemangiomas
result from somatic mutations in a gene mediating endothelial cell
proliferation. Recent data suggest an endothelial progenitor cell as the
source of origin of the tumors. It has been speculated that hypoxia,
either systemically (e.g., due to placental insufficiency) or in a specific
“niche” area of poorly perfused tissue stimulates endothelial progenitor
cells to proliferate inappropriately. The fetal endothelial cell precursor
cells, possess specific histochemical markers (GLUT-1, Lewis Y
Antigen, merosin), similar to those on placental blood vessels.
Abnormal levels of matrix metalloproteinases (MMP-9) and
proangiogenic factors (VEGF, b-FGF, and TGF-beta 1) play a crucial
role. Genetic errors in growth factor receptors have also been shown to
affect development of hemangiomas. Recent discoveries concerning
hemangioma pathogenesis provide both an improved understanding and
more optimal approach to workup and management like corticosteroid
or propranolol therapy. Important detrimental associations can be seen
with hemangioma, such as significant structural anomalies. Standards
of care have dramatically changed evaluation and management of
hemangiomas.Herein, we have briefly discussed the factors that
contribute to the formation of hemangiomas and vascular
malformations in general along with their management.
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Vascular anomalies are congenital lesions of abnormal vascular development. Previously referred to as vascular
birthmarks, vascular anomalies are now classified based on a system developed in 1982 by Mulliken and Glowacki
that considers histology, biological behavior, and clinical presentation of these entities. ® A primary distinction is
made between a vascular tumor, which grows by cellular hyperplasia, and a vascular malformation, which

represents a localized defect in vascular morphogenesis.
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Both vascular tumors and malformations may occur anywhere on the body. In brief, hemangiomas are vascular
tumors that are rarely apparent at birth, grow rapidly during the first 6 months of life, involute with time and do not
necessarily infiltrate but can sometimes be destructive. Vascular malformations are irregular vascular networks
defined by their particular blood vessel type. In contrast to hemangiomas, they are present at birth, slow growing,
infiltrative, and destructive. ©

Hemangiomas are categorized into two types: “infantile” or “congenital.” The rare “congenital” hemangioma is less
understood and present at birth. Congenital hemangiomas either rapidly involute (rapidly involuting congenital
hemangioma (RICH)) over a very brief period in infancy or never involutes (noninvoluting congenital hemangioma-
NICH). @

The pathogenesis of hemangioma-one of the key and fascinating aspects; is still not properly understood. Although
growth factors and hormonal and mechanical influences have been postulated to affect the abnormal proliferation of
endothelial cells in hemangioma, the primary, causative defect in hemangiogenesis remains unknown and no genetic
alteration has been implicated.

The dearth of molecular details is striking, considering the growing list of germline mutations in genes causing
specific inherited syndromes involving vascular malformations, including hereditary hemorrhagic telangiectasia
,cutaneous venous malformations, cerebral cavernous malformations, and hyperkeratotic cutaneous Capillary-
venous malformation.

Although many of these lesions resolve spontaneously without concern, a significant proportion leads to function
threatening and cosmetically disfiguring consequences. For functionally significant or potentially deforming lesions,
timely intervention is important to minimize the possibility of a poor outcome and permanent scarring. Many
important and management-altering discoveries have occurred regarding hemangiomas in the past decade. ©®

The goal of timely recognition and therapy is to minimize or eliminate long-term sequelae.Standards of care have
dramatically changed evaluation and management of hemangiomas. New modalities, such as oral propranolol,
provide the caregiver with better therapeutic options, which can prevent or minimize medical risk or scarring. ©

Here, we are presenting the various theories involving the pathogenesis of hemangiomas with a view to enrich its
treatment and management modalities.

Overview of Hemangioma:-

Vascular tumors and malformations may occur anywhere on the body. In brief, hemangiomas are vascular tumors
that are rarely apparent at birth, grow rapidly during the first 6 months of life, involute with time and do not
necessarily infiltrate but can sometimes be destructive. Vascular malformations are irregular vascular networks
defined by their particular blood vessel type. In contrast to hemangiomas, they are present at birth, slow growing,
infiltrative, and destructive and persist throughout the life of the patient. Due to their complexity, a multidisciplinary
approach is frequently necessary in managing these lesions and includes a team of specialists in pediatric
otolaryngology, dermatology, hematology, interventional radiology, surgery, orthopedics, and sometimes
psychology.

Pathophysiology:-
The pathophysiology associated with the unique natural history of these lesions, with initial rapid proliferation
followed by gradual involution and regression, has not been completely elucidated.

One theory suggests that hemangioma endothelial cells arise from disrupted placental tissue imbedded in fetal soft
tissues during gestation or birth. Histochemical markers of hemangiomas, such as GLUT-1, Lewis Y antigen,
FcyRII, and merosin have been shown to coincide with those found in placental tissue. This is further supported by
the fact that they are found more commonly in infants following chorionic villus sampling, placenta previa, and
preeclampsia. ® A different theory arose from the discovery of endothelial progenitor and stem cells in the
circulation of patients with hemangiomas. © The development of hemangiomas in animals from stem cells isolated
from human specimens supports this theory. However, infantile hemangiomas most likely arise from hematopoietic
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progenitor cells (from placenta or stem cell) in the appropriate milieu of genetic alterations and cytokines.
Abnormal levels of matrix metalloproteinases (MMP-9) and proangiogenic factors (VEGF, b-FGF, and TGF-beta 1)
play a role in hemangioma pathogenesis. Y Genetic errors in growth factor receptors have also been shown to affect
development of hemangiomas. ™ It has been speculated that hypoxia, either systemically (e.g., due to placental
insufficiency) or in a specific “niche” area of poorly perfused tissue stimulates endothelial progenitor cells to
proliferate inappropriately. *?

IHs are vascular tumors that involve the proliferation of benign endothelial like cells that possess
histochemical markers sGLUT-l, Lewis Y antigen, FcyRII, and merosin); these markers are also present on
placental blood vessels *®The immunohistochemical profile differentiates infantile hemangiomas (IH) from other
vascular birthmarks or tumors. Hemangiomas display high levels of immunostaining for the GLUT1 glucose
transporter ) a surface protein that is highly expressed in most embryonic and fetal endothelial cells but is lost in
most tissues except at the blood-tissue barriers, including micro vessels in the central nervous system and the
placenta.

Various theories regrarding pathogenesis of hemangioma:-

The placental theory is attractive because it would explain the programmed life cycle of infantile hemangioma
(IH). Subsequent to North’s discoveries regarding the histochemical similarities of IH and placenta, ) Barnes et al
noted that placenta and hemangioma have high levels of genetic similarity when compared with other vascular
tumors and normal structures. Waner et al noted that IH tend to develop along embryonic fusion lines of the facial
placodes."®Piecing these 2 seemingly disparate facts together, Mihm et al suggested that hemangioma might
represent “benign metastases” originating from the placenta or other cells that proliferate in areas of low oxygen
tension, such as the “end artery, vascular dead end” sites occurring in embryonic fusion planes.®) Pittman et al were
unable to detect the presence of maternal-fetal chimerism in lesional tissue, but this does not rule out the possibility
of the placental origin of hemangioma tissue because the placenta is predominantly fetal in origin.“® Embolic
placental endothelial cells could reach fetal tissues from chorionic villi through right-to-left shunts characteristic of
the normal fetal circulation. The embolus might possess a single endothelial cell or only a small number of
endothelial cells. *"

It has also been hypothesized that immature endothelial cells and pericytes, which coexist in the late stages of
fetal development, perhaps maintain persistent proliferative properties for a period of time postnatally, leading to the
development of I1H. ® However, Boye et al demonstrated the clonality of IH cells, making it less likely that a
disparate group of cells serve as the source of this tumor. ¢”

Hypoxia has been proposed as a driving factor for the pathogenesis of vascular proliferation in general. Vascular
proliferation may be a homeostatic attempt to normalize hypoxic tissue. Epidemiologic findings support this
hypothesis, given that factors that are thought to be linked to hypoxia, such as low birth weight and advanced
maternal age, are overrepresented in hemangioma populations.*? Another supportive finding is the association of IH
with retinopathy of prematurity, a condition known to be linked to ischemia. ®® GLUT-1, present on IH tissue, is a
facilitative glucose transporter that is an important sensor for hypoxia. @

The growth of IH likely involves angiogenic peptides, such as vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor, which induce proliferation of blood vessels. Receptors for these growth factors are also
crucial in endothelial cell regulation, and a misbalance of VEGF receptor- 1 expression with consequent
hyperactivity of VEGF-receptor-2 function has been noted in IH tissue. ®® The suppressive effect of glucocorticoids
may be mediated through VEGF-A. Additionally, insulin like growth factor-2, which stimulates angiogenesis, is
upregulated in proliferating but not involuting blood vessels. ¢?

Endothelial progenitor cells (EPCs) are vascular stem cells with the capacity to contribute to postnatal vascular
development. There is now compelling evidence that these EPCs play an etiologic role in the development of IH. A
subset of progenitor cells isolated from IH tissues, which possess the surface markers CD34+ CD133+, are of
particular interest. These EPCs have been shown to differentiate into endothelial cells in vitro22 and are increased
15- fold in IH compared with controls.7 Cultured EPCs from patients with IH stain positively for known
hemangioma markers GLUT1, CD32, and merosin. ¢*
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Boye and colleagues show how the Cell autonomous defects in hemangioma take place- In an experiment,
endothelial cells they isolated from hemangiomas exhibit enhanced proliferation and migration, in keeping with the
rapid growth of the vascular lesion in the neonate. However, there was one surprise: In the presence of the
angiogenic inhibitor endostatin, migration of these cells was not inhibited but rather stimulated, suggesting a
radically altered cellular phenotype. One possible explanation, favored by the authors, is that a precursor endothelial
cell had undergone a mutation in a gene regulating angiogenesis, resulting in clonal expansion. "

Several mediators of EPC trafficking and vasculogenesis, such as VEGF-A and hypoxia inducible factor-1 alpha
(a transcription factor that regulates the formation of new blood vessels by EPCs), were found to be elevated in
blood and IH specimens taken from children with proliferating IH.?¥

A major breakthrough occurred when Khan et al were able to successfully inject CD133+ EPCs from human
hemangioma tissue into immunodeficient mice. These mice then developed GLUT1 vascular tumors, which
recapitulated the development of human IH, providing investigators with the first viable IH animal model. These
studies highlight the importance of CD133+ EPCs in the pathophysiology of IH and provide a means of testing
putative therapies in this animal model. ®

The pathogenesis of Arterio venous hemangiomas originates with fetal endothelial cell precursors. During
development, one or few of these cells lose their ability to produce or secrete platelet derived growth factor(PDGF)
and transforming growth factor beta 1 (TGF B1) , which are required to recruit adventitial cells around developing
vessels. Consequently, the daughter cells and eventually the vessels that arise from these original cells develop as
single cell lined vessels (arteriole, venule, vein etc). During pre-puberty there is usually insufficient pressure to
cause these structurally unsupported vessels to expand and produce symptoms. However, beginning at 10 years age,
the maturity of the cardiovascular system and the increased systemic pressure causes these single cell lined vessels
to expand. As the vessel expands, it creates turbulence and a negative pressure that alters the localized
hemodynamics of the blood flow to feed blood into the expanded lumen and can recruit new feeder vessels. This
process is known as Black-hole phenomenon. The earlier in fetal development, that the loss of growth factors such
as PDGF and TGFP1 occur, the larger the vascular territory that will be involved. ©¢®

Hemangiomas pose other perplexing questions that will only be answered as the events that initiate hemangiogenesis
are elucidated. For example, the strong gender predilection of hemangioma toward female over male infants (3:1 or
more) suggests hormonal effects in hemangiogenesis. In addition, the anatomical predilection for the head and neck
region of juvenile hemangioma must be explained. Perhaps most intriguing from a therapeutic stand point is the
spontaneous involution of the lesion. This distinguishing characteristic has been shown to be due in part to
apoptosis of the endothelial cells, but the trigger for this process remains unknown. @

Management:-

Although most hemangioma proliferates and involute without functional impairment, a significant minority requires
some form of intervention. It is important to consider the psychological as well as medical impact of hemangioma,
particularly when located on the face. Many central facial lesions leave residual scars or structural deformities,
which may have lifelong effects. In the past, treatment options for hemangioma were limited and their potential side
effects considerable. Although most hemangioma do not pose significant risks, and careful observation is still the
appropriate management option for many lesions, the introduction of relatively safer topical and systemic agents
now allows earlier and easier intervention in appropriate cases.

Until recently, intralesional and systemic corticosteroids, which were the mainstay of treatment in cancer
chemotherapy, has been proven efficacious for life-threatening hemangioma but also has limited use due to the
strong vesicant qualities of the drug, with need for central line access for chronic administration as well as potential
peripheral mixed sensory-motor neurotoxicity.?”® In recent years, propranolol therapy has become increasingly
more useful in the management of hemangioma that require intervention. Leaute-Labreze et al first fortuitously
discovered the efficacy of b-blockers for the treatment of hemangioma in 2008. ¥

Theories regarding propranolol’s mechanism of action include an initial capillary vasoconstrictive
effect,suppression/blockade of growth factors with induction of apoptosis of endothelial cells and blockade of
GLUT1 receptors.CD34+ endothelial progenitor cells in hemangioma express factors influencing the renin-
angiotensin system.®? Because the renin-angiotensin system can stimulate angiogenesis, Itinteang et al suggested
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that propranol’s inhibitory effect on the renin-angiotensin system might account for propranolol induced
involution.®?

Angiogenesis inhibitors are theoretically a natural choice for the treatment of hemangiomas.Sirolimus (also known
as rapamycin), an inhibitor of mTOR, negatively affects cell proliferation and metabolism as well as angiogenesis.
Lasers such flashlamp pulsed dye lasers have also been used. ¢

Occasionally, selective embolization techniques followed by surgical excision is the optimal therapeutic
intervention. The goal is to obstruct or reduce the blood flow to the lesion-so that it can be excised with minimal
blood loss. For this, various embolization techniques, such as 100% alcohol, polyvinyl alcohol beads or sodium
morhhuate can be used.

Summary and Conclusion:-

Recent discoveries have led to an improved understanding of the pathogenesis and clinical behavior of IH. The best
scientific evidence to date supports the hypothesis that IHs originate from a subset of endothelial progenitor cells
(CD133+) that are stimulated and proliferate under hypoxic conditions. These cells theoretically “hone “to areas of
relative hypoxia, such as embryonic fusion planes. ¢

Whatever mechanisms are identified in hemangiogenesis, we have come a long way from the descriptive phase of
hemangioma research. The intriguing data of Boye and colleagues suggest one mechanism for hemangioma
formation and bring the field a step closer to understanding the molecular etiology of this common tumor.®”" €7

Newer treatment options for hemangioma may well pose less risk for the patient, allowing the practitioner to
intervene in a relatively safe, and more timely manner. Propranolol is now first-line therapy for many practitioners,
and it is hoped that future studies will confirm its efficacy and safety. Pulsed dye and other laser modalities may be
useful as adjunctive or “mopup”therapy. Other antiangiogenic agents may prove to be more effective in the future.
The risk-benefit ratio of any therapy must be scrutinized, keeping in mind that “watchful waiting” may often be
appropriate, but timely intervention is sometimes crucial in minimizing long-term sequelae such as functional
deformity or permanent scars. ©®

Treatment of vascular anomalies is complex and often involves multiple disciplines and therapeutic options. Referral
to a vascular anomalies team is recommended when considering therapy for “problematic’hemangiomas and
vascular malformations.

Thus, the entire gamut of pathogenesis of hemangioma with a view to enrich its treatment modalities is discussed
herewith.
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