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Abstract: The majority of vascular anomalies can be catego-  Accurate nomenclature for vascular anomalies is central
rized as either hemangiomas or vascular malformations. Heman-iq understanding the etiology of these lesions and to devel-

giomas are the most common benign soft tissue tumors of child- __ . : _
hood, occurring in 4%—-10% of children [16]. Vascular malforma- oping an appropriate treatment plan [7,14-16,18], however,

tions represent a separate group of congenital vascular anomaliesmuch of the current terminology used to categorize vascular
Both hemangiomas and vascular malformations are often locatedanomalies is inconsistent. The biological classification sys-
deep to the deep fascia in the trunk and extremities of children andtem, which was developed by Mulliken and Glowacki in

can present with signs and symptoms similar to that of malignant 1982, offers a clear, effective method of describing these

soft tissue tumors such as rabdomyosarcomas. Given the hig : . . .
prevalence of vascular anomalies in the pediatric population, andlegOnS [17]. Children with hemangiomas, are usually re

the need to distinguish them quickly and accurately from other soft ferred to a plastic surgeon for observation or treatment is
tissue tumors, any orthopaedic surgeon treating children must haveusually the best option. Children with vascular malforma-
a solid understanding of the presentation, diagnosis, and prognosigions of the trunk or extremities may require more definitive
of hemangiomas and vascular malformations. Confusion still ex- surgical procedures requiring the skills of a team, including

ists in the literature and among clinicians about classification and : . I . .
treatment of these vascular anomalies. The biological classification an orthopaedic surgeon that is familiar with these lesions.

system proposed by Mulliken and Glowacki [17] offers a simple
and effective means of evaluating and diagnosing children with Nomenclature
\r:qaesr(]:tuLa;;ggomalies and aids in the formulation of appropriate treat- In 1982 Mulliken and Glowacki proposed the biological
' classification system [17]. This system divides vascular
anomalies into hemangiomas, which are neoplastic lesions
Introduction with endothelial hyperplasia, and vascular malformations,
which are congenital lesions with normal endothelial turn-
over [18]. Vascular malformations can then be further sub-
classified by the predominant type of vessels found within
the lesion (i.e., venous, arterial, lymphatic, capillary, or
mixed) and upon blood flow within the lesion (i.e., high
Bow vs. low flow) (Table 1). It should be noted, however,
‘that histologic and radiologic subclassification can be dif-
'ficult because of overlapping characteristics (Fig. 1).
The biological classification system has proven very use-

Vascular anomalies may be the result of neoplastic en-
dothelial hyperplasia or the result of a congenital malfor-
mation. These lesions often occur on the extremities or
trunk, where they may present as an enlarging soft tissue
mass in the subcutaneous tissues, or may be located deep
the deep fascia, and involve the musculoskeletal system
Despite the relatively benign nature of vascular anomalies
the differential diagnosis at first presentation may include

Sgﬁ t:;f.l;i tgmgrtso ?Qg ﬁ?rﬁorpeasaltgﬁésgiura'ncﬂr:r F;i%ﬁ;‘gcful clinically in establishing a clear diagnosis and prognosis
popufation. Du 'gh prev vascu ~for vascular lesions, and has been shown to correlate well

lies in ch_lldren, orthopaedic surgeons must have a fl_rm COM- jith angiographic [15], ultrasound, and magnetic resonance
prehension of ya_sculgr malformations and hemanglomas So|maging (MRI) findings [5,7]. The increasingly wide-spread
that t_hgy can distinguish them from other soft tissue tumors, use of the biological classification system not only simpli-
and initiate a proper treatment plan. fies the diagnosis of these lesions, but facilitates precise
communication between physicians, which is necessary for
a multiple-subspecialty team approach to patient treatment
(Table 2) [6,7].
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Table 1.Biological classification system of vascular anomalies

Etiology Blood flow Vessel type

venous malformation
lymphatic malformation
capillary malformation
mixed-type malformation
veno-lymphatic
capillary-veno-
lymphatic
arterio-venous
malformation
mixed-type malformation
arterio-veno-lymphatic
capillary-arterio-veno-
lymphatic
Infantile hemangioma
Kaposiform
hemangioendothelioma
Hemangiopericytoma
Epithelioid
hemangioendothelioma
Endovascular papillary
angioendothelioma
Angiosarcoma

Vascular Slow flow

malformations

Fast flow

Slow/fast
flow

Hemangioma

Data from references [16] and [18].

ET AL.

proportion to the patient. Unlike hemangiomas, they do not
extend their boundaries or further invade adjacent struc-
tures, nor will they involute or regress over time [14].

Males and females are equally affected by vascular mal-
formations, which are usually sporadic. However, germ-line
or somatic mutations, and genetic disorders such as Sturge-
Weber syndrome may also be associated with these lesions.

Venous malformations (VM)

Epidemiology

Twenty percent of venous malformations are located on
the trunk, 40% on the extremities, and 40% on the head and
neck [7]. The majority of these lesions involve the skin and
subcutaneous tissues, but extensive involvement of struc-
tures such as muscle, joint, bone, abdominal viscera, and
CNS structures is not uncommon [16].

Natural history

Venous malformations do not possess the potential for
independent growth, but over time, progressive vascular di-
lation usually occurs [7,14,16,18]. Many venous malforma-
tions remain asymptomatic. However, complications arising
from these lesions include pain secondary to vessel dilation,
bleeding, and hematoma formation, in addition to intra-
articular involvement, hemarthrosis, and pathologic frac-
tures of bone [7]. Venous malformations can also lead to

organize to form primitive blood vessels that will eventually skeletal and soft tissue under or over-growth in an affected
give rise to a mature vascular system [22]. Molecular re- limb [16]. Thrombosis and thrombophlebitis may also oc-

search supports theories that the lymphatic system then de<ur, and clotting studies can indicate a chronic, low-grade
velops by a process of budding off the primitive venous disseminated intravascular coagulation [7].

vessels (centrifugal theory) [16].

At birth, vascular malformations are fully formed (al- ? . .
Diagnosis of a venous malformation can often be made

though the lesion may not be clinically apparent) and their . - .
cells possess no propensity for independent neoplastic '[ranspased on physical exam findings and history of growth pro-

formation or proliferation [22]. Vessel dilatation or hema- portional to that of the patient [14,16,18]. Superficial ve-

. . n malformations presen mpressible, non-
toma formation may cause rapid enlargement or the appear- ous malformations present as a soft, compressible, no

ance of a previously undocumented vascular malformation. pulsatile mass with a bluish discoloration. However, these

Itis important to recognize, however, that although swelling f.nd|£g§| are ]!tef_s apparent and mayt be I|m;ted_to arr]w untrlf X
and dilation may occur, vascular malformations grow in markable Soft issue mass or symptoms of pain when the

lesion is intramuscular or located deep to the deep fascial
layer. Plain X-ray films are of limited use except in identi-
fying phleboliths, which are pathognomonic for this type of
malformation [8]. Doppler ultrasound can be used to con-
firm that a lesion is low-flow in nature, thereby ruling out
the arterial involvement that is characteristic of arteriove-
nous malformations [7]. MRI is an excellent imaging mo-
dality for confirming the nature of the lesion and defining its
relationship to adjacent structures (Table 2) (Fig. 2) [7,16].

Histologically, venous malformations are characterized
by dilated, thin walled, channels with flattened, normochro-
mic endothelial cells surrounded by smooth muscle fibers
arranged in abnormal clumps [16]. Pathognomonic phlebo-
liths may be seen [16], and because of the propensity for
¥ thrombophlebitis, the normally thin-walled vessels may dis-
tissue Play adventitial fibrosis and inflammatory cells [6].

Diagnosis

-

and fibrous
is dissected by abnormal and disorganized vascular structures. Th

vessels are heterogeneous, with some having thick muscular walls, ) . . .
some having a capillary or cavernous appearance, and many being Compression stockings to prevent progressive venous di-

Fig. 1. Vascular malformation of skeletal muscle
eI'reatment

intermediate in appearance. (x100) lation, pain, ulceration, and bleeding are the mainstay of
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Table 2.Clinical characteristics and diagnostic features of vascular anomalies

Anomaly type

Natural history/clinical
presentation

Histologic features

MRI features

Venous grows proportionately with dilated, thin-walled channels T1—low intensity
malformation child with smooth muscle fibers T2—high intensity
may present with thrombosis, in clumps may have variable intensity
thrombophlebitis, or flattened endothelial cells due to hemorrhage or
low-grade disseminated thrombosis
intravascular coagulation slow flow lesions
Arteriovenous noticeable at birth because of heterogeneous lesion with T1—low intensity
malformation cutaneous blushing and large vessels T2—low intensity
localized warmth intimal thickening of veins flow voids caused by rapid,
4 stages (some never pass first tortuosity of vessels turbulent blood flow
stage: Quiescence, Expansion, increased fibrin deposition
Destruction, Decompensation (stage 3)
Lymphatic mild to massive lymphedema hypoplastic: hypoplastic T1—low intensity
malformation OR lymphatic channels and (occasionally variable)
multicystic masses with small fibrotic lymph nodes T2—high intensity
viral/bacterial infection hyperplastic: enlarged (occasionally variable)
localized multicystic lesions lymphatic channels lacking Slow flow lesion
will present with vesicle valves, small and sparse Septa may enhance
rupture, weeping of lymphatic lymph nodes following gadolinium
fluid multicystic: numerous
frequently seen with capillary, lymphatic sacs with
venous, or AV malformation normal lymph channels
most commonly hypoplastic,
but can be hyperplastic, or
multicystic
Capillary noticeable at birth Dilated capillary network of Not applicable
malformation grows proportionately with variable density, located in
child with some dilation and the dermis
darkening with age Paucity of intradermal nerve
macular at birth and raised in fibers in area of capillary
adulthood dilation
intermittent break-down and
bleeding
may be mixed type containing
venous, AV, or lymphatic
components
Mixed-type can have overlapping can have overlapping Variable. Consistent with
malformation characteristics depending characteristics depending findings of individual

Hemangioma

upon composition
rarely involve bone/muscle
hypertrophy

majority noticeable during first
month of life

initially presents as cutaneous
blanching, telangiectasia, or
small red pupule

3 phases:

Proliferative (1-8 mo of age),
Involution (8 mo—2 yr of
age), Involuted

upon composition
plump, rapidly-dividing
endothelial cells
increased number of mast
cells
multilaminated basement
membrane

components
T1l—intermediate intensity
T2—high intensity
Lobulated soft tissue mass
with well defined borders
Flow voids may be present
Equitorally located feeding
the draining vessels

Data from references [14], [16], [7], [18], and [6].

treatment, and low dose aspirin may also be used to mini- with 100% ethanol, surgical resection, or often a combina-
mize thrombophlebitis [14]. For those patients who do not tion of the two may be used to achieve palliation or to
receive adequate benefit from compression stockings, lasemdecrease symptoms in the case of selected deeper venous
surgery, sclerotherapy, and/or surgical resection are all malformations [16]. Epiphysiodesis may be required for pa-
widely accepted treatment methods [14,16]. Sclerotherapytients with extensive venous malformations that have re-
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sulted in skeletal overgrowth. Additionally, surgical inter- vascular malformations, the incidence of AVMs between
vention by an orthopedists may need to treat deep venousmales and females is equal.

malformations involving muscle or bone, which have led to
pain, functional impairment or pathologic fracture. In su-
perficial venous malformations, laser therapy with Neo-
dymium: Yttrium Aluminum Garnet (Nd:YAG) laser can be

used to cause non-specific deep coagulation [14].

Natural history

AVMs are usually noticeable at birth because even the
deeper lesions cause cutaneous blushing and localized
warmth. The natural history for these lesions follows four
stages described by Schobinger as quiescence, expansion,
destruction, and decompensation (Table 3) [13,16]. Progres-
Arteriovenous malformations sion through these stages may be partial or complete. Like

i i VMs, AVMs may also cause skeletal overgrowth.
Epidemiology

Most commonly, arteriovenous malformations (AVMs) Diagnosis
involve the head and neck, followed by the lower extremi-  Clinical exam and patient history are usually adequate for
ties and trunk [8]. The lesions may be located superficially accurate diagnosis of these lesions. The initial cutaneous
with only minimal arterio-venous shunting or more deeply blushing may mislead the clinician to diagnose a capillary
with significant, high flow, AV shunting. As is true for all hemangioma, however, the absence of a rapid growth phase

Fig. 2. A15-year-old boy with venous malformation of left thigih)(Axial T1 weighted fat saturated image shows subtle signal abnormality

in left vastus lateralis muscleB) Axial fast spin echo T2 weighted fat saturated image shows obvious high signal abnormality in same
region. C) Axial T1 weighted fat saturated image obtained after intravenous injection of gadolinium-DTPA shows dense enhancement of
lesion. D) Venous phase of arteriogram shows pooling of contrast and confirms vascular nature of lesion.
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during the first month of life suggests that the lesion is a treatment is preferred in the absence of significant symp-
vascular malformation since true hemangiomas display atoms [14,16]. Deep AVMs that have progressed to the de-
proliferative phase during the first weeks after birth. Physi- structive phase may cause significant muscle or bone
cal exam is usually adequate to separate arteriovenous malehanges and will necessitate surgical debulking or epiphy-
formations from venous malformations as the presence of asiodesis by an orthopaedic surgeon. When surgery is re-
thrill, bruit, or pulsation indicates the presence of an arterial quired, angiographic studies followed by selective emboli-
component to the lesion [16]. Larger AVMs causing an zation is usually done 24 to 72 hours before resection [16].
increased cardiac output may demonstrate reflex bradycar-It should be emphasized that embolization or ligation of
dia after compression of the lesion (Branham’s Sign) which feeding arteries without surgical resection is strongly con-
is another finding that is not associated with a purely venous traindicated because occlusion of the major feeding arteries
malformation [8]. Ultrasound or color doppler is effective in  usually results in rapid recruitment and dilation of previ-
evaluating these malformations, which appear as heteroge-ously microscopic colateral blood flow [14,18]. Super-
neous lesions with large vessels and multiple sites of pul- selective embolization followed by sclerotherapy represents
satile AV shunting [7]. MRI/MRA is an excellent modality a non-surgical option; however, the risk of complications
for evaluating the local extent of arteriovenous malforma- with this procedure is high [16].

tions and for separating them from venous malformations

based on the MRI differences listed in Table 2. Neverthe-

less, angiography is still helpful for those patients requiring Lymphatic malformations

surgical interventions or preoperative embolization (e.g., re-
section of intramuscular lesions) [7,14,16].

Insults such as trauma have been known trigger expan-
sion of previously quiescent AVMs, so biopsy should be
performed only if necessary. Histology results from surgical
specimgns yviII demonstratg thickening of the venous intima Syndrome, Trisomy 13, 18, and 21 [16].

(arterialization) and tortuosity of the ves;els. In AVMs that " The incidence of LMs is similar in males and females.
have progressed to s_tgge.three (destructive), increased P€he head and neck are the most common anatomic loca-
vascular fibrin deposition is often present secondary Vascu'tions, followed by the axilla and lower extremities. Many

lar engorgement and chronic venous stasis. lesions are noticed at birth and the majority present before
age two. It is possible, however, for these lesions to first
present later in life [4,16].

Etiology/Epidemiology

Lymphatic malformations (LMs) may occur as a solitary
lesion but often they are seen in association with capillary,
venous, or arteriovenous malformations and are also asso-
ciated with a number of genetic syndromes including Turner

Treatment
AVMs can prove deceptively problematic and even dan-

gerous to treat. Thus, most authors agree that conservative )
Natural history

Patients may have lymphedema (usually mild), or mas-
sive edema with associated skeletal and soft tissue over-
growth. Conversely, multiple cystic masses that may rapidly

Table 3.Schobinger’s natural history of
arterio-venous malformations

Stage of increase in size, usually due to viral or bacterial illness or
natural history Characteristic findings intra-lesional hemorrhage, may be seen with or without
Quiescence Cutaneous blush and increased warmth Iymphedema. vesicle r“ptuf?" v.\”th weeping of lymphatic
of skin fqu and subsequent cel.lul!tls is common'for cutaneous
(Many AVMs never progress past the Ie5|ons.' Althoggh the majority of LMs 'per5|st throughout
Quiescent stage) the patient’s lifetime, complete or partial spontaneous re-
Expansion Darkening cutaneous blush, enlarging ~gression during the first two decades of life has been docu-
soft tissue mass and increased mented [4].
cardiac output s AV fistula enlarges Histologically, LMs may present as hypoplastic or atretic
(Expansion starts in childhood or early  lymphatic channels with small fibrotic lymph nodes, or as
adolescence often in response to enlarged lymphatic channels lacking valves. Localized mul-
. puberty or trauma) o ticystic LMs consist of numerous subcutaneous lymphatic
Destruction Arterial steal worsens, causing distal  g40ks that do not connect with the normal lymphatic chan-
ischemia, pain, and necrosis nels, forcing accumulated lymph fluid to erupt onto the skin
Increased total blood flow causes as vesicles.

edema, dystrophic skin changes,
ulceration, bleeding
Soft tissue and bone hypertrophy may  Diagnosis
occur Diagnosis is based on clinical findings of extremity
Decompensation High output cardiac failure edema, cutaneous lymph-filled vesicles or subcutaneous
(Only the largest AVMs reach this cystic mass(es). When imaging of the lesions is desired,
stage) MRI best defines the nature of the lesion and its local extent
Data from reference [13]. (Table 2) [16]. Ultrasound is also appropriate for evaluating
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lymphatic malformations when the cystic component is The more important distinction to make is between the cap-
larger [7]. illary malformation and the capillary hemangioma. These
two entities may be clinically indistinguishable until the
capillary hemangioma enters a phase of rapid proliferation
0and expansion during the first six months of life [14].

A CM may be the first indication of more significant

edema, skin breakdown, and skeletal and soft tissue over_develop_mental defects such as \{ertebral and spinal cord
anomalies or the presence of ipsilateral ocular and lepto-

growth. When compression garments fail, surgical debulk- . . . . .

; . . . . meningeal vascular malformations in association with a CM

ing procedures or epiphysiodesis may be required. Due to. . ; o
. . . in the trigeminal nerve distribution (Sturge-Weber Syn-

the diffuse nature of these lesions, surgery is most often

aimed at palliative debulking of soft tissues, and at epiph- drome) [16]. CMs may also be associated with venous, ar-

) . - teriovenous or lymphatic components. For this reason, clini-
ysiodesis, when indicated, as opposed to an attempted cure ymp P

_ 0 ¢al exam and imaging studies such as MRI should be used
Sclerotherapy with 100% ethanol can also be used to treatto determine whether the CM has an associated underlying
cystic lymphatic malformations.

) . ) . . abnormality that may significantly alter the patient’s prog-
For patients with localized multicystic LMs, surgery or - y y sig y P prog

_ nosis.
laser therapy are the usual treatment options, although, both

are associated with significant recurrence rates. For super-

ficial lesions surgery often involves resection down to the Treatment _ _
deep fascia and subsequent split thickness skin grafting [N the absence of venous, arteriovenous, or lymphatic
[16]. Deep lesions, if accessible, can be surgically treated INvolvement, CMs are best treated with pulsed yellow-dye
with marginal resection and, if they involve multiple tissue 'aser therapy under the care of a plastic surgeon or derma-
planes or types, stepwise debulking is preferred [16], CO tologist. Ip rare mstapces of soft tissue or skeletal hypertro-
laser to induce dermal scarring may also be used to treatPy surgical dubulking may be appropriate. Nodular cap-
these lesions. Cellulitis and lymphangitis are also common fllary ectasia and hyperkeratosis can be treated with local
complications for any patient with lymphatic malformations €Xcision; however, recurrence is still a possibility [14].

and these require prompt diagnosis and IV antibiotics [16].

Treatment
Compression garments are the mainstay of treatment an
can be used to diminish the accompanying chronic lymph-

Mixed-type malformations
Capillary malformations Veno-lymphatic, capi'lIary—veno—lymphatic,' and the less
ol . - common capillary-arterio-venous malformations all follow
Etiology/Epidemiology a clinical history similar to their single vessel counter parts,

Cap'lllary malfor?anons I(CMS)' r?ore Icommonllly called but in addition, they are associated with skeletal and/or soft
port wine stains, affect males and females equally and are;oq o overgrowth.

usually visible at birth, occurring in 3/1000 newborns [14].
CMs may occur anywhere on the body and often follow a

cutaneous sensory nerve distribution. Slow-flow malformations _
Veno-lymphatic and capillary-veno-lymphatic malforma-

tions are both slow-flow anomalies that usually involve the

. , ) lower extremities and may involve the trunk. Localized
As with most vascular malformations, CMs will grow g\ eljing or gross lymphedema of the entire extremity oc-

proportionately with the patient over their lifetime, with curs, leading to skeletal and soft tissue hypertrophy and

some dilation of the capillary bed and darkening of the |\, ength discrepancies. Klippel-Trenaunay Syndrome is
lesion as the patient gets older [14,16]. CMs are cutaneous, -5 mmon complication of mixed-type malformations and

lesions, but they may cause soft t!ssue and skeletal hyper-iS defined as limb hypertrophy in the presence of a capil-
trc_)phy [16,]' Although macular ‘f"t birth, most CMS become lary-veno-lymphatic malformation (Fig. 3) [14,16,18]. The
slightly ra|seq and nodular dur|r]g adulthood, W'_th varying deep venous structures that drain the extremity are fre-
degrees of brovasculr ecisia (14,161 and et ety snomalous, hypoplast o absen, as ae e -
g. phatic structures in 50% of patients with Klippel-Trenaunay

involved, patients may develop hyperkeratosis or acanthosisgy 4yome [16]. There may be associated persistence of fetal
of the overlying skin [8]. Aside from issues of COSMESIS, gqgels that typically regress during embryological devel-
these lesions rarely pose a significant threat to a person’s, et These altered deep venous structures and dilated
health, but it must be stressed that they can signal an un-g e ficial veins predispose to thrombophlebitis and pulmo-
derlying structural abnormality [16]. nary embolisms, observed in as many as 25% of patients
[16]. The capillary component of these lesions usually be-

Diagnosis comes raised and nodular, and vesicles containing lym-

At birth, CMs may be confused with nevus flammeus phatic fluid and blood are common. Although skeletal hy-
neonatorum (stork bite), a lesion seen in 50% of newborns, pertrophy is more common, hypotrophy of the involved
which spontaneously disappears during the neonatal periodlimb can also be seen [16].

Natural history
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Treatment tions is rarely possible given their extensive anatomic in-
Treatment of slow-flow mixed-type malformations volvement [14,16].
should emphasize compression garments to decrease the
chronic lymphedema and venous engorgement since controlFast-flow malformations
of these symptoms may prevent or slow the skeletal hyper- Capillary-arterio-venous malformations are essentially
trophy seen in Klippel-Trenaunay syndrome [4,14,16,18]. identical to the capillary-veno-lymphatic malformations of
Sclerotherapy, vein stripping, or debulking procedures can Klippel-Trenaunay Syndrome with the addition of AV fis-
be done in selected instances, but evaluation with MRI or tulas (these are numerous, unlike traumatic AV fistulas).
venographic studies is necessary beforehand to insure thatast-flow mixed-type malformations in association with
anomalous superficial veins essential to extremity drainage limb length discrepancies are known as Parkes-Weber Syn-
are not removed [6]. Laser therapy is used for control of drome. The presence of a bruit, thrill, or pulsation in the
superficial vesicle formation. Sclerotherapy and staged de-extremity often indicates the presence of AV fistulas. These
bulking procedures are occasionally used for palliative lesions are also associated with increased likelihood of skel-
treatment, however, complete excision of mixed malforma- etal and muscular hypertrophy, as well. Prognosis for these
patients is worse than for the Klippel-Trenaunay patients
because the AV fistulas can lead to high-output cardiac
failure [14]. In these cases, embolization of the AV fistulas
is the most common intervention for control of the shunt.

Hemangiomas

Epidemiology

In contrast to vascular malformations, hemangiomas are
true neoplastic lesions. The overwhelming majority of all
hemangiomas are benign infantile hemangiomas, which
have no potential for malignant transformation. Epithelioid
hemangiomas, hemangiopericytomas, endovascular papil-
lary angioendotheliomas, and angiosarcomas represent spe-
cific types of hemangioma with the potential for malignant
transformation [4,9] (Table 1). Given the low incidence of
these potentially malignant lesions in the general popula-
tion, and their virtual non-existence in patients prior to the
adolescent years [4], these will only be mentioned here.
This discussion focuses on the infantile hemangioma, which
represents the majority of all hemangiomas that will be
encountered by the orthopaedic surgeon. After the early
childhood years, however, any differential diagnosis of a
vascular anomaly that does not present in a manner typical
of an infantile hemangioma or vascular malformation
should include these rare but potentially malignant heman-
giomas.

Infantile hemangiomas are the most common benign soft
tissue tumor of infancy, presenting in 4%-10% of all chil-
dren and 30% of premature infants with a birth weight of
1,000 gm or less [14,18]. These lesions may be located in
the superficial or deep dermis, subcutaneous tissue, muscu-
lature, bone, or viscera. As opposed to vascular malforma-
tions which affect males and females equally, hemangiomas
occur more commonly in females, with a male:female ratio
of 1:3 to 1:5, depending on the literature cited [14,16,18].
Sixty percent of all hemangiomas involve the head and
neck, 25% involve the trunk, and 15% involve the extremi-
ties [14,18]. Twenty percent of patients with hemangiomas
present with more than one lesion [16].

Etiology

Fig. 3. Klippel-Trenaunay Syndrome involving the right lower Hemangiomas are benign, neoplastic endothelial cell tu-
extremity. mors. They arise as newly formed vessels developing from
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hyperplastic endothelial cells through the process of angio- Histologically, a proliferating hemangioma demonstrates

genesis. plump, rapidly dividing endothelial cells with hyperchro-
matic nuclei and abundant cytoplasm, but lacking atypical
Natural history mitoses. The involution phase is characterized by dilation of

Less than 50% of hemangiomas are visible at birth, but the vascular lumen and flattened endothelial cells with de-
the majority present during the first month of life [14,16]. creased mitotic activity. By the time a lesion has reached the
Although rare cases of facial hypertrophy have been docu-involuted phase, mature endothelial cells line the remaining
mented with hemangiomas, hypertrophy of the trunk and capillary sized vessels which sit interspersed in a dense
extremities does not occur even in the case of extensivecollagen and fibrofatty mass [16].
involvement. Usually the first indications of a hemangioma
are a small red papule, telangiectasia, or an area of cutaneComplications
ous blanching. Rarely, hemangiomas may be extensive and Common complications associated with hemangiomas in-
well formed at birth (congenital hemangioma), having un- clude bleeding, ulceration, and intractable pain or severe
dergone the initial proliferative phase in utero. The natural cosmetic disfigurement. Intramuscular hemangiomas, those
history of hemangiomas is pathognomonic and has threeinvolving bone, or other structures deep to the deep fascial
distinct phases referred to as proliferation, involution, and layer may cause pain, hematoma formation, or other com-

involuted (Table 4). plications, which can be best treated orthopaedic surgeon,
however, limb length discrepancies and soft tissue hyper-
Diagnosis trophy do not occur. During the proliferative phase, obstruc-

Diagnoses of hemangiomas can be made by carefultion of a vital structure such as the airway, Gl tract, or the
physical exam and observation of the natural history of the Visual axis may pose a significant threat to the patient's
lesion 90% of the time (Table 2). Superficial hemangiomas Well-being. Hemodynamic complications rarely occur, but
will present as bright red lesions that can be macular (like a &€ more common in deeper intramuscular, osseous, or vis-
port wine stain) or raised and bossilated, while more deeply cera_ll lesions and will require .thelsurglcal s.k|lls of an ortho-
located hemangiomas appear purple or blue [18]. Dilated pedist to treat. These compllcatlons.may include high out-
draining veins are often visible radiating from their center. Put-cardiac failure or a platelet-trapping thrombocytopenia.
Unlike vascular malformations, hemangiomas feel firm or When this thrombocytopenia is associated with a histologic
rubbery to palpation during their proliferative stage, and Subtype of hemangioma known as Kaposiform hemangio-
compression will not cause complete extravasation of blood €ndothelioma or tufted hemangioma, it is referred to as
from the lesion [18]. Hemangiomas that are located deep to Kasabach-Merritt Syndrome, which is associated with a
the deep fascia of the extremities and trunk may appear as#0% to 60% mortality rate [14,16].
only a soft tissue mass. Although hemangiomas may re-
semble a malformation, the distinct, disproportionate Tréatment . _ . _
growth pattern indicates the diagnosis most of the time. In the absence of intervention, partial or complete invo-
When physical exam and natural history are not enough, lution of hemangiomas usually occurs, and correction of

for assessment of these lesions. rapidly expanding hemangioma is necessary, the first line of

treatment is intralesional or systemic corticosteroids. For
the 30% that fail steroid treatment, interfer@+?a treatment

Table 4.Hemangioma natural history has shown to be effective as the next line of therapy, but
has recently been associated with potentially reversible

spastic diplegia in young patients, limiting its use to life-
Proliferation begins during weeks 1-4 of life threatening cases [2,10]. Occasionally, when surgical resec-
rapid growth disproportionate to patient tion is indicated for larger, deeper lesions that threaten nor-
may cause local anatomy distortion/mass  mga| function, staged excisions may be considered. How-
effect ever, in general, a team approach with a plastic surgeon is

abs_ence of osteolysis or skeletal/soft best for follow-up and treatment of patients with hemangi-
tissue overgrowth

Stage Clinical features

Involution begins 6-18 months of age omas.
color fades from bright red to dark
purple/gray ) _ Associated Syndromes
lesion more flaccid; wrinkled atrophic
skin Angiomatosis
changes begin centrally and spread Angiomatosis is a vascular syndrome that involves mul-
radially tiple tissue types (subcutis, muscle, or bone) or similar tis-
Involuted occurs by 7 years of age in 70% of sue types (multiple muscles) [19]. These lesions have also

patients and by 13 years of age in 90%

_ ’ _ been called congenital arteriovenous fistula; diffuse, exten-
50% of patients retain cosmetic defects

sive, multifocal, or systemic angioma or hemangioma; in-
Data from references [14], [18], and [4]. filtrating angiolipoma; or arteriovenous malformation [4].
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Differentiating between the variants of angiomatomas is dif- interferon «-2a [10,11], and improved methods of drug-
ficult because of the spectrum of terminology and diagnos- delivery to designated vascular sites [1,12,20].

tic parameters used. Generally, angiomatomas grow com-

mensurately with the child and can be traced to an error in

the development of the primitive vascular system [4]. The Summary

characteristics of angiomatosis are haphazard proliferation
of small- or medium-sized blood vessels that diffusely in-

filtrate the skin, muscle, or bone. A large amount of adipose
tissue usually accompanies the nests of capillaries and
larger blood vessels. Treatment options include compres-
sion stockings, laser ablation, embolization, electrocautery,

iradiation, local or systemic steroids, antiangiogenic thera- mors on initial presentation. Use of the biological classifi-

pies, and surgery. Because of the multivaniate nature of thecation system aids in this differentiation and allows an

syndrome, angiomatosis may resemble or present with Othereasier understanding of the diagnosis and prognosis for the
syndromes and malformations.

patient. The overwhelming majority of all hemangiomas are
benign infantile hemangiomas that will eventually regress.
Maffucci syndrome Conversely, with vascular malformations regression of this

A Maffucci lesion is a premalignant condition in which lesion will not occur, and intramuscular, articular, and bone

there coexist exophytic vascular anomalies with bony exto- involvement may require intervention by an orthopaedic
ses and enchondromas. This disorder is largely undetectabléurgeon. A team approach to the treatment of vascular
at birth and is thought to be sporadic. The osseus lesions@nomalies involving orthopaedic, plastic, dermatological,
appear in childhood, whereas the vascular lesions appeainterventional radiological, and pathologic specialties rep-
later. The syndrome often occurs in the subcutaneous tissudesents the most effective method of diagnosis and treat-
and bone of the limbs, occurring both unilaterally and bi- ment for these patients.
laterally. Maffucci lesions can also appear as lymphatico-
venous malformations of the fingers and toes or as vascular
proliferations within pre-existing vascular malformations
[14]. Patients typically develop hemangioendothelioma. o _
The occurrence of 20%-30% malignant transformation sug- 1. Ara}p W, Pasqualini R, Ruoslghn E. Cancer trea}tment b)‘/ targeted drug

. delivery to tumor vasculature in a mouse modalience279:377-380,
gests the involvement of a tumor suppressor gene [16]. 1998

2. Boon LM, Brouillard P, Irrthum A, Karttunen L, Warman ML, Ru-

. . . . dolph R, Mulliken JB, Olsen BR, Vikkula M. A gene for inherited
Future Directions of Diagnosis and Treatment cutaneous venous anomalies localizes to chromosome 1p2Ar22.

. . ) Hum Genet65:125-133, 1999.
The past decade has seen many advances in the diagnosis;. coffin CM: Vascular tumors. In: Coffin CM, O'Shea PA, editors.

and treatment of vascular anomalies, ranging from the es-  Pediatric soft tissue tumors: a clinical, pathological, and therapeutic
tablishment of a comprehensive nomenclature system to the approach.Baltimore: Williams and Wilkins; p 40-79, 1997.
discovery of genetic markers associated with the processes 4. Cohen JM, Weinreb JC, Redman HC. Arteriovenous malformations of

of andiogenesis and vasculogenesis [3 22] the extremities: MR imagingRadiology158:475-479, 1986.
giog 9 ’ ’ 5. Damron TA, Rock MG: Diagnostic strategies and biopsy. In: Simon

Most importantly, the future O_f improved diagn_OSiS and MA, editor. Surgery for bone and soft tissue tumoRhiladelphia:
treatment of vascular malformations and hemangiomas de-  Lippencott-Raven Publishers; p 509-523, 1998.
pends upon the combination and cooperation of multiple 6. Dubois J, Garel L. Imaging and therapeutic approach of hemangiomas
specialties. The collaboration of orthopedic surgeons with ?21398‘7’33‘;32' Tg"ggormat'ons in the pediatric age grétgdiatr Radiol
plastic and general surgeons, hematologists, dermatologists, IR : . . .

di . | radioloqi m ide th 7. Enzinger FM, Weiss SW: Benign tumors and tumorlike lesions of
a_n mtt_arventlpna radiologists wi : provide the qut expe_— blood vessels. In: Enzinger FM, edit@oft Tissue Tumorst. Louis,
dient diagnosis and comprehensive care for patients with  Mo: The C.v. Mosby Company; p 489-532, 1988..
vascular anomalies. 8. Enzinger FM, Weiss SW: Hemangioendothelioma: vascular tumors of

Although the imaging techniques of today are adequate to interme‘diate malignancy. In: Enzinger FM, editBoft tissue tumors.
visualize the nature, extent, and flow of vascular anomalies, ?- Lkou'étv '\g& :AhTI_E-V-JZIoEbﬁ( Comsalni/, ;:; 533_?;14,2 153:8. f

. . . . _ 9. Ezekowitz RA, Mulliken JB, Folkman J. Interferon alfa-2a therapy for
n_eW ImmunOhls,tOChem,K_:al ass_ays, alt_)elt less cpmprehen life-threatening hemangiomas of infandy. Engl J Med326:1456—
sive, may provide additional diagnostic alternatives [21]. 1463, 1992.

Further research into the genetic characteristics of vasculario. Kaban LB, Mulliken JB, Ezekowitz RA, Ebb D, Smith PS, Folkman J.
anomalies may aid in the diagnosis of various vascular  Antiangiogenic therapy of a recurrent giant cell tumor of the mandible
anomalies, allowing earlier intervention and eliminating the ~ With interferon alfa-2aPediatrics103:1145-1149, 1999. _
need for an observation period to differentiate a hemangi- 11. Keshet E, Ben-Sasson SA. Anticancer drug targets: approaching an-

f | If fi giogenesisJ Clin Invest104:1497-1501, 1999.
oma from a vascuiar ma_ ormation. ) 12. Kohout MP, Hansen M, Pribaz JJ, Mulliken JB. Arteriovenous mal-
Treatment of hemangiomas should continue to advance  formations of the head and neck: natural history and management.

with the introduction of new antiangiogenic agents, such as  Plast Reconstr Sur¢02:643-654, 1998.

Vascular malformations and hemangiomas are commonly
encountered lesions in the pediatric population that may
involve the musculoskeletal system. Orthopaedic surgeons
must be familiar with the clinical and radiographic charac-
teristics of vascular anomalies because they may appear
similar to other potentially malignant musculoskeletal tu-
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