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Abstract

Resumo

Imaging findings and therapeutic alternatives
for peripheral vascular malformations™

Achados de imagem e alternativas terapéuticas das malformacées vasculares periféricas

Lucas Moretti Monsignore', Guilherme Seizem Nakiri', Daniela dos Santos’, Thiago
Giansante Abud?, Daniel Giansante Abud?®

Peripheral vascular malformations represent a spectrum of lesions that appear through the lifetime and can
be found in the whole body. Such lesions are uncommon and are frequently confounded with infantile
hemangioma, a common benign neoplastic lesion. In the presence of such lesions, the correlation between
the clinical and radiological findings is extremely important to achieve a correct diagnosis, which will guide
the best therapeutic approach. The most recent classifications for peripheral vascular malformations are based
on the blood flow (low or high) and on the main vascular components (arterial, capillary, lymphatic or venous).
Peripheral vascular malformations represent a diagnostic and therapeutic challenge, and complementary
methods such as computed tomography, Doppler ultrasonography and magnetic resonance imaging, in
association with clinical findings can provide information regarding blood flow characteristics and lesions
extent. Arteriography and venography confirm the diagnosis, evaluate the lesions extent and guide the
therapeutic decision making. Generally, low flow vascular malformations are percutaneously treated with
sclerosing agents injection, while in high flow lesions the approach is endovascular, with permanent liquid
or solid embolization agents.
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As malformacoes vasculares periféricas compreendem um espectro de lesdes que se tornam aparentes no
decorrer da vida e podem ser encontradas em praticamente todo o corpo. Sdo pouco comuns e frequente-
mente confundidas com o hemangioma infantil. Estas doencas sdao completamente distintas tanto em rela-
céo a histéria clinica como ao prognéstico e as formas de tratamento. Nestas lesées, a histéria evolutiva e
as caracteristicas do exame fisico sdo de extrema importancia para o adequado diagnéstico clinicorradiol6-
gico, que guiara a melhor alternativa terapéutica. As classificacdes mais recentes dividem as malformacdes
vasculares periféricas levando em consideracdo o fluxo sanguineo (alto e baixo) e os componentes vasculares
envolvidos (arteriais, capilares, linfaticos e venosos). As malformacées vasculares periféricas representam
um desafio diagnodstico e terapéutico, e exames complementares como tomografia computadorizada, ultrasso-
nografia com Doppler e ressonancia magnética, em conjunto com a histéria clinica, podem trazer informacdes
quanto as caracteristicas de fluxo e a extenséo das lesdes. Arteriografia e flebografia confirmam o diagnés-
tico, avaliam a sua extensdo e orientam a decisdo terapéutica. Malformacées de baixo fluxo geralmente sédo
tratadas por abordagem percutanea e injecdo de agente esclerosante, enquanto para as malformacdes de
alto fluxo o acesso é endovascular com uso de agentes embolizantes permanentes liquidos ou sdlidos.
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INTRODUCTION

Peripheral vascular malformations
(PVMs) are characterized by abnormal
development of vascular structures (arte-
rial, capillary, venous and lymphatic) in
different proportions. Of congenital etiol-
ogy, they may present along the life course
and in approximately 90% of cases these
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abnormalitiesarevisibleat birth®. In most
of cases, thediagnosiscan be achieved with
the clinica history and physical examina-
tion, and imaging methods such as Doppler
ultrasonography, computed tomography
and magnetic resonance imaging are use-
ful in dubious cases, besides being impor-
tant for an appropriate therapy planning.
The correct classification of PVMs,
with the use of updated terminology, guides
the treatment and avoids semantic confu-
sion which may result in wrong therapeu-
tic indications. Some types of PVMs are
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erroneously denominated “hemangiomas’
and are frequently confounded with infan-
tile hemangioma, a benign neoplasia char-
acteristically found in newborns, usually
self-limited and with spontaneous regres-
sion in most cases.

The PYMs' treatment with the support
of different imaging methods has been
highlighted over the last years, mainly due
to excellent outcomes, low risk for the pa-
tient, and development of materials and
techniques involved. In some situations,
the endovascular treatment may be associ-
ated with surgical approach.

CLASSIFICATION

From the diagnostic and therapeutic
points of view, aswell asin relation to fol -
low-up type and requirements, PVMs and
vascular tumors are completely different
diseases, but both can be denominated vas-
cular anomalies. One of the reasons for
confusion is the terminology utilized for
describing vascular anomalies by the dif-
ferent practitioners involved in the treat-
ment of patients'?.

Radiologists, pathologists, pediatri-
cians, dermatologists, vascular surgeons,
plastic surgeons, head & neck surgeons,
otolaryngologists and ophthalmologists
represent some of the specialists involved
in the primary assistance, diagnosis, treat-
ment and follow-up of such patients, in
general children, teenagers and young
adults. Dubious terminology for different
diseases frequently leadsto iatrogenic dis-
orders, sometimes with a catastrophic out-
come for the patient®. Treating an infan-
tile hemangioma (a benign infantile tumor
with spontaneousinvolution in most cases)
asif it were alow-flow venous malforma-
tion (many times denominated “ cavernous
hemangioma’) may lead to unnecessary
mutilation. On the other hand, treating a
venous malformation asif it wereaninfan-
tile hemangioma also leads to therapeutic
failure, with unnecessary expenses, with-
out resolution of the patient’s problem.

In order to solve this problem, in 1992,
after many international meetings to dis-
cuss this subject over several years, the
International Society for the Study of Vas-
cular Anomalies (ISSVA) was created. In
1996, during one of its meetings, the cur-
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rent classification of disorderswas created
(Table 1).

Such classification breaks down the
vascular abnormalitiesinto vascular tumors
(which include the infantile hemangiomas
and other rare vascular tumors that may
occur both in children and in adults) and
vascular malformations (sub-classified ac-
cording to the characteristics of blood flow
characteristics — high- and low-flow —and
according to histological componentscom-
prising the lesion — arterial, capillary,
venous and lymphatic). The classification
was based on pathological findings re-
ported by Mulliken & Glowacki in astudy
published in 1982“. Vascular tumors are
differentiated from vascular malformations
with basis on their clinical and radiologi-
cal appearance, histopathological findings
and biological behavior. The “oma’ suffix
means neoplastic proliferation, therefore
terms such as “angioma’, “hemangioma’
and “lymphangioma’ are erroneous when
attributed to vascular malformations, and
s0 have been abolished®.

Vascular anomalies are noninvasively
classified, with basis on clinica findings,
developmental history and findings at dif-

ferent imaging studies®®: color and spec-
tral Doppler ultrasonography, plain radiog-
raphy, computed tomography angiography,
magnetic resonance angiography”, phle-
bography, and catheter angiography, each
one of these methods with a different im-
portance in the several sub-types of the
disorder (Table 2).

CLINICAL CONDITION AND
DIFFERENT IMAGING FINDINGS

Theclinical conditionisextremely vari-
able and may present as. asymptomatic;
small maculae at birth; expansile lesions
with variable colors, associated or not with
pain, and functional limitation; extensive
deformities with aesthetic impact; and
high-output heart failure. These findings
may present isolatedly or as part of a ge-
netic syndrome® and may be distributed
throughout the body. Male/female pre-
dominance is not observed.

Thesemalformationsare always present
at birth, although not always visible, pre-
senting aprogressive growth that occurs at
different phases of life depending on the
lesion components. Spontaneous involu-

Table 1 Classification of vascular abnormalities considering their vascular components (ISSVA / Mulliken,

1996). Adapted from Enjolras et al.®.

Vascular tumors

Vascular malformations

Infantile hemangioma

Congenital hemangioma (rapidly involut-
ing and non-involuting congenital heman-
giomas)

Tufted angioms

Kaposiform hemangioendothelioma
Hemangiopericytoma

Pyogenic granuloma

Spindle cell Hemangioendothelioma
Others

Low-flow vascular malformations
Capillary malformations (CM)
Port-wine stain
Telangiectasia
Angiokeratoma
Venous malformation (VM)
Sporadic common VM
Bean syndrome
Familial cutaneous/mucosal VM
Glomuvenous malformation (“glomangioma”)
Marfucci syndrome
Lymphatic malformation(LM)
High-flow vascular malformations
Arterial malformation (AM)
Arteriovenous fistula (AVF)
Arteriovenous malformation (AVM)
Complex combined vascular malformations
Capillary-venous malformation
Capillary-lymphatic-venous malformation
Lymphatic-venous malformation
Capillary-arteriovenous malformation
Capillary-lymphatic-arteriovenous malformation
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Table 2 Relevant of the different imaging methods in the diagnosis of some vascular abnormalities.

(Adapted from Enjolras et al.®).

Infantile
hemangioma CM VM LM AVM
US-Doppler +++ ++ ++ ++ 4+
Radiography - - ++ + /- +
(phlebolith/bone) (bone) (bone)
CT angiography + - +++ +++ ++
MR angjography ++ - + - 4+
Catheter angiography - - + - R

CM, capillary malformation; VM, venous malformation; LM, lymphatic malformation; AVM, arteriovenous malfor-

mation.

tionisnever observed (acharacteristic that
is present in most infantile hemangiomas).

Capillary malformations (CMs)

Capillary malformations are the most
commonly diagnosed vascular malforma
tions and include telangiectasias and Port-
wine stains®. CMs are low-flow lesions
usually visible at birth and present as red-
dish patches of variable dimensions (small
maculae to large lesions that may cover an
entire limb)“?. These abnormalities are
most frequently found in the head and
neck. In general, changes in color are not
observed along life and may be confused
with precursors to venous malformations,
and sometimes areevaluation of the lesion
may be necessary monthsafter birth to con-
firm the diagnosis.

Doppler ultrasonography is the method
of choicefor evauating such lesionswhen-
ever thereis a suspicion for other type of
vascular lesion, generally deep, mimicking
CM. In the case of CM, Doppler ultra-
sonography will not present aspecific find-
ing, while in the case of other deep vascu-
lar lesonsmimicking CM, thefindingswill
be specific for the disorder®.

Venous malformations (VMs)

Venous malformations are present at
birth and may develop at any period of the
childhood and adolescence. Usually, VMs
present as compressible bluish masses,
sometimes associated with small hard nod-
ules, which correspond to phleboliths.
Thereisno ateration in temperature of the
lesion or presence of fremitus at pal pation.
Dimensions may vary depending upon
position or Valsalva maneuver®.

M agnetic resonance imaging is the im-
aging method that provides moreinforma
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tion regarding the actual lesion extent and
its relation with adjacent structures (Fig-
ures 1 and 2). These lesions are iso- or
hypointense at T 1-weighted sequences, and
may be subtly hyperintensein case of pres-
ence of fat insidethe lesion. Small areas of
signal absenceon all sequences correspond
to dystrophic calcifications or phleboliths.
Classically, hyper intensity is observed on
T2-weighted sequences, the most sensitive
ones for demonstrating the actual lesion
extent. After contrast injection, the lesion

will be homogeneous or heterogeneously
enhanced, allowing accurate differentiation
of thelesion in relation to perilesional tis-
sue. It isthe method of choice for follow-
up of results following sclerotherapy™
(Figure 2). Such areasare shown as hetero-
geneous both on T1- and T2-weighted se-
quences, presenting lower enhancement in
relation to non treated areas of thelesion(”.

Spectral and color Doppler US evalua-
tion demonstrates monophasic or biphasic
flow in about 80% of lesions. Arteriogra-
phy does not play a relevant role in the
evaluation of VMs, considering that the
greatest majority of them will not present
any specific finding, or only a subtle late
venous or capillary blush. The arteriesthat
supply the malformation may be normal or
present a subtle ectasia, and the draining
veins may be dilated.

Ultrasonography isthefirst method uti-
lized for the eval uation of VM, because of
its noninvasiveness and wide availability.
At ultrasonography VMs are characterized
by the presence of heterogeneous, predomi-

Figure 1. Venous malformation. A male, 36-year-old patient with a bluish-purple, compressible lesion
on the palmar aspect of his left hand, present from birth and growth during adolescence. Magnetic reso-
nance imaging, (a) T2-weighted sequence with fat saturation, (b) T1-weighted sequence with fat satura-
tion and (c¢) T1-weighted sequence with fat saturation after contrast agent injection, demonstrating a
well-defined lesion with hyper signal on T2-weighted, isosignal of the musculature on T1-weighted and
homogeneous enhancement after contrast administration on the palmar aspect of the hand, involving
the fingers flexor tendons. Plain radiography (d) demonstrates small phleboliths in the lesion topography
(arrows). Direct puncture phlebography (e,f) performed previously to sclerotherapy with absolute alcohol
demonstrating dysmorphic lesion with normal venous return.
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Figure 2. Venous malformation. A male, 55-year-old patient with facial deformity associated with a blu-
ish-purple skin lesion present from birth. Magnetic resonance imaging, (a) T1-weighted sequence ac-
quired at the beginning of the percutaneous treatment demonstrates facial asymmetry, larger at right,
caused by an expansile, irregular mass with well-defined limits covering the subcutaneous tissue and
musculature of the malar region, with isosignal on the musculature on the T1-weighted sequence. Mag-
netic resonance imaging, (b) T1-weighted sequence, (¢) T2-weighted sequence and (d) T1-weighted
sequence with fat saturation after contrast agent injection, performed four years after the beginning of
the treatment, demonstrating improvement in the facial asymmetry, with decrease of the previously de-
scribed lesion, demonstrating hyper signal on the T2-weighted sequence and homogeneous enhance-
ment after contrast agent injection. Direct puncture phlebography (e,f) preceding one of the sessions of
sclerotherapy with absolute alcohol demonstrating a multicavitary lesion on the right hemiface.

nantly hypoechogenic masses, with
hypoechoic tubular structuresinside corre-
sponding to the vascular channels of the
lesion. When detected, the phleboliths are
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shown as hyperechogenic structures with
posterior acoustic shadowing.

Computed tomography, even with the
use of contrast agents, provides limited

information on thelesion, usually underes-
timating its dimensions, besides exposing
the patient to ionizing radiation. In this
method, aswell asin conventional radiog-
raphy, afrequent finding isthe presence of
phleboliths (Figure 1), and thickening of
bone cortex, in cases where an intimate
relation is observed between the bone and
the lesion.

Direct puncture phlebography isconsid-
ered the gold standard and is indicated in
situations where a diagnosis confirmation
or therapeutic planning isrequired. Differ-
ent phlebographic patterns have been de-
scribed, considering morphology (spongi-
form, cavitary and dysmorphic) and the
venous return (type I: isolated from the
normal venous drainage; type I1: normal
venous drainage, with competent valves;
typelll: ectatic drainage veinswith incom-
petent valves; type IV: completely com-
posed of ectatic and dysplastic veins)®.
Thisclassificationisuseful inthe therapeu-
tic planning and suggests the prognosis.
Cavitary and dysmorphic lesions are tech-
nicaly easier to be treated, in spite of
dysmorphic lesions presenting higher re-
currence rates. Spongiform lesionsrequire
multiple sclerotherapy sessions and mul-
tiple punctures at each session.

Lymphatic malformations (LMs)

Approximately 80% of LMsarevisible
before one year of age, predominantly in
the region of the head, neck and axillas
(95%), and present as masses, without skin
color alteration, when superficial, and (dif-
ferently from VMs) not compressible at
maneuvers. These lesions are classified as
follows: macrocystic, when presenting
with cystic areas of variable dimensions;
microcystic, when presenting with areas
< 2 mm in asolid matrix; or mixed, when
presenting with findings of the two previ-
ous sub-types®. The lesions may have di-
mensions that vary in accordance with re-
gional or systemicinflammatory processes.
Magnetic resonance imaging is the best
imaging method to determine the lesion
extent and therapy follow-up (Figure 3).
They arecharacterized by lobulated masses,
with iso- or hyposignal on T1-weighted
sequences, and hypersignal on T2-weighted
sequences. After contrast administration, a
subtle halo may be observed around the
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Figure 3. Macrocystic-type lym-
phatic malformation. A female, six-
year-old patient with a painless
bulging without skin lesion at the
right axillary region observed at her
six months of age. Magnetic reso-
nance imaging, (a) T2-weighted,
(b) T1-weighted and (c) T1-
weighted sequence with fat satu-
ration after contrast agent injec-
tion, demonstrating a well-delim-
ited lesion with some thin septa
inside, at the right axillary region,
presenting hyper signal on the T2-
weighted, hypo signal on the T1-
weighted sequence and subtle
enhancement of some septa after
contrast agent injection.

septa of macrocystic lesions, and absence
or minimum enhancement of microcystic
lesions. Perilesional lymphedema may be
observed?. Asin the case of other vascu-
lar maformations, ultrasonography is the
method utilized for initial evaluation. The
macrocystic sub-typeis characterized by a
multiloculated cystic mass without flow at
the Doppler study, while the microcystic
sub-type is hyperechogenic*?. Computed
tomography demonstrates low attenuation
masses, occasionally presenting with fluid
level, with minimum septal and peripheral
enhancement. Angiography is of no diag-
nostic value for this type of vascular mal-
formation (Figure 4).

Arteriovenous malformations (AVM )

Arteriovenous malformations are char-
acterized by abnormal communication be-
tween arteriesand veins, with interposition
of malformed tissue denominated nidus.
These lesions are characterized by a mass
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covered by normal color or angiomatous
skin, generally smooth and shinny®?, with
increased local temperature and may
present fremitusand murmur. Thedrainage
veins may become evident and tortuous,
and local traumas may lead to substantial,
life threatening bleeding. Ultrasonography
is the method of choice for initial evalua-
tion and demonstrates anechoic tubular
structures, without well-defined soft tissues
mass. At Doppler ultrasonography, the le-
sion presents with areas of arteriovenous
shunt with increased peak systolic veloc-
ity and ectatic veins with arterialized flow.
Magnetic resonance imaging (Figure 5)
demonstrates several areas with signal ab-
sence (flow-void) on T1- and T2-weighted
sequences, corresponding to the supplying
arteries and to the malformation nidus.
Generally no massis observed adjacent to
the pathological vessels, which facilitates
the differentiation between AVMs and
hypervascular tumors®”. At computed to-
mography the aspect of multiple ectatic
supplying arteries is also observed, with
early contrast-enhancement of thedrainage
veins, with no significant interposed mass.
Arteriography (Figures5 and 6) isthegold
standard for the diagnosis of AVMs, char-
acterized by early contrast-enhancement of

Figure 4. Macrocystic-type lymphatic malformation. A female, 25-year-old patient presenting a painless
bulging on her right forearm with no associated lesion from her infancy. (a) Selective catheter angjiogra-
phy of right upper limb did not present any lesion. (b,c) Percutaneous punctures preceding sclerotherapy,
with injection of iodinated solution after aspiration of yellow citrine liquid content, demonstrates multiple
cavities with varied sizes communicating with each other. (d) Fluoroscopic appearance immediately after
percutaneous injection of absolute alcohol solution and iodinated contrast agent.
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Figure 5. Arteriovenous malformation. A male, 25-year-old patient with progressive tetraplegia for two years. Magnetic resonance imaging of the cervicothoracic
spine, sagittal (a) T2-weighted and (b) T1-weighted sequences, axial (¢) T1l-weighted and (d) T2-weighted sequences demonstrating a right paravertebral
cervicothoracic serpiginous structure with absence of signal, and a venous component in the medullary canal, causing compression of the spinal medulla. (e)
Magnetic resonance angiography demonstrating communication of branches of the left subclavian artery with early contrast-enhancement of the ipsilateral
subclavian vein, interposed by enhancing amorphous tissue (nidus). (f,g,h) Angiography demonstrates arteriovenous malformation supplied by subclavian artery
branches. (i,j,l) Angiography after four sessions of microcatheterization embolization with NBCA, demonstrating a remarkable decrease in the circulation within
the nidus. (m) Aspect of the NBCA occupying the pathological vessels lumen upon completion of the last session of embolization. The patient progressed with

complete recovery of motor functions.

venous structures and by the presence of
malformative nidus.

Arteriovenous fistulas (AVFSs)

Arteriovenous fistulas, on their turn,
differentiate from AVMs for presenting
with a direct communication between the
artery andthevein. Differently fromintrac-
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ranial AVFs, peripheral AVFsaregenerally
secondary to post-traumatic or post-infec-
tious processes™, The skin on the affected
region generaly presents with normal
color. It may present with fremitus and
murmur at physical examination. Doppler
ultrasonography demonstrates increased
peak systolic velocity inthe arterial system

which may be ectatic, with also ectatic
drainage veins with arterialized flow. The
magnetic resonance imaging findings of
arteriovenous fistulas are similar to those
of AVMs, except for the absence of mal-
formative nidus. Arteriography is also of
diagnostic value and is the gold standard
for the diagnosis of AVFs, with the differ-
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Figure 6. Arteriovenous malformation. A female, six-year-old patient with painful bulging on the right calf, with increased local temperature and fremitus. (a,b)
Selective catheter angiography demonstrating arteriovenous in the posterior region of the right thigh. (c) Selective microcatheterization performed during a
session of embolization with Onyx. (d) Fluoroscopic aspect of the Onyx occupying the nidus and supplying arteries upon the session completion. (e) Selective
catheter angiography following the procedure completion demonstrates resolution of the arteriovenous malformation.

Figure 7. Arteriovenous fistula. A male, 31-year-old patient, victim of automobile accident. Increase in volume of the left thigh after femur fracture fixation.
(a,b) Selective catheter angiography of left lower limb demonstrated arteriovenous fistula between the ipsilateral branch of the deep femoral artery and the
superficial femoral vein. (¢) The fistula was percutaneously treated with selective microcatheterization and NBCA injection. (d) Fluoroscopic aspect of the NBCA
occupying the arteriovenous fistula following the procedure completion. (e) Selective catheter angiography performed upon the procedure completion demon-

strates resolution of the fistula.

entiation from AV Ms being the absence of
malformative nidus (Figure 7).

Arterial malformations (AMs)

Arterial maformations with relevant
clinical symptoms affect mainly the aorta,
its branches and limbs arteries, comprising
aneurysms, coarctationsand vascular hypo-
plasias. The clinica status is variable and
depends on the location and type of the
abnormality. Aortic coarctation is the most
frequent and most known AM. It may be
associated with heart malformationsin 5%
to 8% of cases, and present with hyperten-
sion, heart failure, low perfusion of the
lower extremities and head ache. Although

Radiol Bras. 2010 Mai/Jun;43(3):185-194

in most cases the treatment is surgical, it
may be also performed by means of
interventional radiology, with balloon or
stent angioplasty. Other AMs include per-
sistence of fetal internal iliac artery and
persistence of the sciatic artery, which pre-
sents with claudication and lower limbs
ischemia. Aberrant right subclavian artery
may present with dilation or aneurysmat its
origin (Kommerell’s diverticulum) and
may present with dysphagia lusoria® or
asymptomatic dysphagia. These malforma-
tions may be easily diagnosed by means of
computed tomography angiography, mag-
netic resonance angiography and catheter
angiography.

Complex malfor mations

These malformations present with two
or more different histological types (capil-
lary-venous, capillary-lymphatic-venous,
lymphatic-venous, capillary-arterial-ve-
nous and capillary-lymphatic-arterial-
venous).

Syndromes associated with vascular
malformations

Many syndromes present in association
with vascular malformations. Some ex-
amples are Sturge-Weber syndrome, Klip-
pel-Trenaunay syndrome, cutis marmorata
teleangiectatica congenita, Parkes-Weber
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syndrome, Proteus syndrome, Maffucci
syndrome, among others®.

THERAPEUTIC ALTERNATIVES
AND INDICATIONS

The treatment of vascular malforma-
tionsis extremely varied®® and comprises
surgical resection, laser therapy™, direct
puncture sclerotherapy®1) and arterial
embolization®19 with specific indica-
tions for each lesion subgroup, according
to location, extent and classification. The
correct classification isimperativeto deter-
mine the therapeutic choice for each case,
and awrong choice of embolization mate-
rialscan be disastrous. Generally, low-flow
malformations are percutaneously treated
with sclerosing agent injection, while for
high-flow malformations the approach is
endovascular with the use of solid or lig-
uid permanent embolizing agents.

Currently, the method indicated for the
treatment of capillary malformations is
pulsed dye |l aser with aspecific wavelength
for oxyhemogl obin, which promotes blood
coagulationinsidethelesion, with clearing
along the treatment®. When the wave-
length is determined for oxyhemoglobin,
the destruction occursalmost selectively in
the pathological vessels, with preservation
of adjacent tissues, and absence of scarring
with excellent aesthetic results. Occasion-
ally, thelaser energy absorption by the epi-
dermal melanin may cause thermal injury,
and the associ ation with cutaneous cooling
is necessary during laser application.

It is recommended that outpatient fol-
low-up and therapeutic decisions should be
multidisciplinary with a team including
pediatricians, pediatric surgeons, derma-
tologists, radiologists, interventional radi-
ologists, vascular or plastic surgeons,
otolaryngologists, ophthalmologists, head
and neck surgeons, oncologic orthopedists,
anesthetists, psychologists, physical thera-
pists and occupational therapists®.

At the moment of the therapeutic deci-
sion making, therisksof the proposed treat-
ment in relation to the psychological im-
pact and morbidities associated with the
natural course of the disease should be
taken in consideration. Absolute indica-
tionsfor treatment are the following: hem-
orrhage, high-output heart failure, compli-
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cations secondary to venous hypertension,
and presence of life threatening lesions,
such asthose located in the airways. Rela-
tiveindicationsinclude progressive pain or
discomfort, functional aterations impair-
ing daily activities or the quality of life,
severe deformity, vascular bone syndrome
(extremity length discrepancy), lesion lo-
cation with high risk for complicationsand
infection or recurrent sepsis®.
Thedecision between surgical approach
and interventional radiology isbased onthe
experience of involved professionals, tak-
ing into consideration the patients or
caregivers option. Under certain condi-
tions, both methods can be associated.

Image-guided percutaneous treatment

The percutaneous treatment can be per-
formed by different access pathways, uti-
lizing a range of embolizing agents. The
determining characteristic for the choice of
the most appropriate method is the classi-
fication of lesions based on blood flow
velocity. Transarterial or transvenous em-
bolization is preferred for treatment of
high-flow malformations, and can be per-
formed by means of solid embolizing
agents, such as platinum metal coils with
controlled detachment, eventually with
polyvinyl alcohol (PVA) microparticles,
Gelfoam, and others*®29, or adhesive lig-
uid agents, such as cyanoacrylate, and non-
adhesive liquid agents such as Onyx (ev3
Neurovascular, Inc.; Irvine, CA, USA)@,
For the treatment of low-flow lesions, the
choice is percutaneous sclerotherapy.

Sclerotherapy involves direct percuta-
neous puncture of the lesion with a fine
needle attached to a small extension tube,
through which different substances are in-
jected, promoting blood coagulation, pro-
tein denaturation and a severe inflamma-
tory process that will lead to the oblitera-
tion of the malformed cavities. Most of
times, the sclerosing agent injection is per-
formed under fluoroscopic guidance. Punc-
ture of deep lesions can be performed un-
der ultrasonography or computed tomogra-
phy guidance. Several sclerosing agents
have been utilized®>?¥, however the most
widely used and | owest-cost agent is abso-
lute alcohol in association with other sub-

stances to make it radiopaque and less
flui d(5,6,9,12,17,25) .

In the transarterial embolization, the
lesion is accessed by means of remote ar-
terial puncture, with the use of catheters,
guide catheters and microcatheters, with
theapplication of liquid or solid permanent
material, with the purpose of filling the
malformed vessels for resolution of the
abnormal  communications. Eventually,
depending on thelocation of thelesion, the
approach can be made by direct percutane-
ous aCcess(18,21,26,27)_

The procedures are performed under
general anesthesiaor sedation followed by
regional anesthetic blockade, depending on
thelesion|ocation. Some preoperative pre-
cautions, such as evaluation of renal func-
tion, blood coagulability, and platelet
count, must be adopted, and identified al-
terations must be corrected.

Absolute alcohol

Absolute acohol is the most widely
utilized agent for percutaneous, intrave-
nousor intra-arteria sclerotherapy, depend-
ing on the hemodynamic characteristics of
thelesion. Itisindicated for low-flow mal-
formations (Figures 1, 2, and 4). It can be
utilized mixed with iodinated or poppy oil-
based contrast medium—Lipiodol or Ethio-
dol (Savage; Melville, NY, USA). Itsaction
occurs by injury of the vessel epithelium,
blood coagulation, thrombosis and occlu-
sion, with therapeutic response around 64%
to 96%517?8), The rate of complications
originating from the use of absolute alco-
hol rangefrom 7.5%to 27.95% and include
cutaneous necrosis, transitory pain, muscu-
lar contraction, neurologiclesion (generaly
transitory), cellulites, deep venousthrombo-
sis, pulmonary embolism, and even circula
tory shock®. The maximum safe dose is
1 mL/kg of weight per session™®; depend-
ing on the extent and location of thelesion,
multiple sessions may be required. Anin-
tense local inflammatory reaction is ex-
pected following the procedure and anal-
gesic and anti-inflammatory drugs may be
utilized as necessary. Anti-inflammatory
drugs should be avoided as much as pos-
sible, since the inflammatory activity is as-
sociated with better therapeutic responses.

Bleomycin

Bleomycin is an antitumor cytotoxic
antibiotic that, in contact with the vascu-
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lar epithelium, presentsasclerosing action,
acollateral effect that wasfirst utilized for
therapeutic purposes in 1977 in the treat-
ment of LMs of macrocystic type. Its utili-
zation in cases of PVMs is more frequent
for LMs, but other reports on its use for
VMs and AMs are found in the litera-
ture®. It should be diluted at a concentra-
tion of 1 mg/mL, and is applied by direct
punctureinto thelesion. The most common
complications are cellulitis, ulcerations,
hair loss and cold-like symptoms.

OK-432 (Picibanil) (Chugai
Pharmaceutical Co.; Tokyo, Japan)

This drug is a solution prepared with
lyophilized Sreptococcus pyogenes cells,
treated with benzylpenicillin. It is utilized
for the treatment of LMs, with good results
in the macrocystic sub-type. It is injected
by direct puncture into the lesion, after as-
piration of the serous or whitish contents,
usually without any image-guidance. Low
complication rates are observed.

Ethanolamine oleate

Thisis an agent that is not frequently
utilized for treatment of PVMs. It is more
commonly employed for esophageal va-
rices. It must be mixed with non-ionic io-
dinated contrast agent to maintain its sur-
factant effect and to be visualized at fluo-
roscopy®. Few reports on complications
are found in the literature, but ethanola-
mine oleate presents the lowest therapeu-
tic responses.

Polidocanol

Polidocanol is most frequently used for
sclerotherapy of esophageal and lower limb
varices. Because of the anesthetic action of
polidocanol, no analgesia is required dur-
ing procedure.

N-butyl-cyanoacrylate (NBCA)

A liquid adhesive embolizing agent that
it is utilized for treatment of high-flow
vascular malformations, particularly AMs,
by meansof direct or transarterial puncture,
with injection directly into the malfor-
mativenidus® (Figures5and 7). Itisused
in solution with lipiodol, in concentrations
that vary according to the blood flow ve-
locity. Lipiodol retards the polymerization
of NBCA and makes it visible at fluoros-
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copy. NBCA actsby polymerizingwhenin
contact with blood, permanently occupying
thevascular space, sinceit isnot an absorb-
able agent. Experienceisrequired fromthe
practitioner in the handling of this sub-
stance to reduce procedural risks and side
effects.

Ethylene vinyl alcohol copolymer (Onyx)

This is a non-adhesive biocompatible
polymer, soluble in dimethyl sulfoxide
(DM SO), with apermanent action that does
not act by polymerization, but by precipi-
tation, causing the occlusion of the vessel
into which it is injected. It is a solution
comprising ethylene vinyl alcohol copoly-
mer, DMSO and tantalum salts, which
makesthe solution radiopague. It should be
kept on a shaker for at least 20 minutes
before use, so that the components are ho-
mogeneously distributed in the solution at
the moment of injection. It was primarily
utilized in embolization of intracranial
AVMS®2 and intracranial dural AVFs®?),

Because of its non-adhesive nature, its
procedural timeislong, with better results
by session as compared with NBCA. It can
be used for the treatment of high- and low-
flow malformations, generally by intra-ar-
terial or intravenous approach®. This sub-
stance plays an increasing role in the treat-
ment of high-flow malformations due to
better control during administration, with
lower rates of distant complications, par-
ticularly in the case of AVMSs (Figure 6).

Platinum metal coils

Platinum metal coilswere primarily uti-
lizedinthetreatment of cerebral aneurysms
early inthe nineties®. Platinum coilswith
controlled detachment have beenin usefor
the treatment of other cerebral vascular le-
sions such asdural and pial AVFs, aswell
asin peripheral AVFs, aswell asinvisceral
aneurysms and high-flow vascular malfor-
mations®,

These coilsarefrequently utilized inthe
treatment of AVFs by means of endovas-
cular access with arterial approach. They
may also be utilized in cases of other vas-
cular malformations reduce the blood flow
velocity, alowing asafer utilization of scle-
rosing agents.

Indications for AVMs are very limited,
asthey usually cause proximal occlusion of

the pedicles, leading to a recruitment of
collateral vessels for the malformative ni-
dus, which makes a later approach more
difficult, and does not result in any clini-
cal improvement.

Polyvinyl alcohol (PVA) particles

The PVA particles used to be the mate-
rial of choice both for treatment of periph-
eral and cerebral AVMs. They are easy to
handle, and are availablein different sizes,
being applied by means of selective or
supersel ective catheterization into the sup-
plying vessels of the malformation. They
cause apalliative blood flow reduction, but
promote proximal and temporary occlusion
of the vessels, with very frequent symp-
toms recurrence. The utilization of PVA
particlesal so presents considerabl e rates of
complications by embolization of healthy
territories and migration into the venous
system, with possibility of development of
pulmonary thromboembolism, thus their
use in the treatment of VMsiis currently
very restricted.

CONCLUSION

Thediagnosisof vascular abnormalities
is based on the clinical history and physi-
cal examination of the patient. Data such
as the presence of the lesion at birth, pro-
portional growth, involution period, alter-
ations in skin pigmentation, mass effect,
presence of murmur and associ ated genetic
syndromes are of extreme significance.
Imaging studies, particularly Doppler ultra-
sonography and magnetic resonanceimag-
ing are important to evaluate the flow ve-
locity in the lesion, its actual extent and
involvement of adjacent structures. High-
flow vascular malformations must always
be evaluated by means of angiography as
an aid in the selection of the appropriate
therapy. For the appropriate follow-up of
patients, it isof paramount importance that
correct terminology for the different sub-
typesof vascular malformationsisutilized,
in order to avoid iatrogenic disorders. The
percutaneous treatment, either by direct
puncture or by endovascular approach, re-
quires specific training for the assisting
team and deep knowledge of the tech-
niques to be utilized.
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