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Vascular malformations (ll). Diagnosis, Pathology, and Treatment

P Redondo
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Abstract. Diagnosis of vascular malformations is essentially clinical, based on the evolution and morphology
of lesions. A biopsy is rarely needed to evaluate the nature of the vessels. Imaging examinations are necessary
to assess the extension of malformations as well as the osteomuscular and visceral compromise. New
techniques such as 3D angio-CT scan and angio-MRI improve the diagnosis of some vascular
malformations, especially the large combined ones such as Klippel-Trénaunay syndrome, thus limiting the
need for invasive procedures. On the other hand, the advances in laser technology, particularly pulsed dye
laser for port-wine stains and Nd:YAG laser for superficial venous malformations constitute new alternatives
for the management of these patients. Other emergent treatments include microfoam sclerotherapy for
venous and combined, slow-flow malformations, and new embolizing materials associated to surgery for
arteriovenous malformations. The second part of this review is focused on the complementary diagnosis
(imaging exams, pathology and accessory tests) and multidisciplinary and specific treatment based on the
different groups.
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MALFORMACIONES VASCULARES (ll). DIAGNOSTICO, HISTOPATOLOGIA

Y TRATAMIENTO

Resumen. El diagnéstico de las malformaciones vasculares es fundamentalmente clinico, y estd basado en la
evolucién y morfologia de las lesiones, siendo necesaria en muy raras ocasiones la realizacién de una biopsia para
valorar histolégicamente la naturaleza de los vasos. Para delimitar la extension de las malformaciones, asi
como el compromiso musculo-esquelético y visceral, son necesarias las pruebas de imagen. La incorporacién de
nuevas técnicas como la angio-tomografia computarizada (T'C) o la angio-resonancia magnética (RM) en 3D
agilizan el diagndstico de algunas malformaciones vasculares, especialmente las combinadas extensas tipo sin-
drome de Klippel-Trenaunay, limitando la necesidad de procedimientos invasivos. Por otra parte, los avances en
tecnologia ldser, concretamente el ldser de colorante pulsado para la mancha en vino de Oporto y el ldser de
Nd:YAG para las malformaciones venosas superficiales, la escleroterapia con microespuma en las malforma-
ciones venosas y combinadas de bajo flujo, y los nuevos materiales embolizantes asociados con la cirugfa en mal-
formaciones arteriovenosas, son terapias emergentes para el seguimiento de los pacientes. La segunda parte de
esta revision estd enfocada al diagnéstico complementario (pruebas de imagen, histologia y pruebas accesorias)
y al tratamiento multidisciplinar y especifico segin los diferentes grupos.

Palabras clave: angio-T'C, angio-RM, ldser de colorante pulsado, esclerosante en microespuma, emboliza-
cién, cirugia.

Diagnostic Imaging

The diagnosis of cutaneous vascular malformations is based
on the patient’s medical history and a physical examination.!*
Imaging studies are used when there is doubt about the
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nature of the lesion and serve as a complementary tool used
to clarify and confirm diagnosis. They also facilitate analysis
of the extent of lesions and assessment of the nonvisible
component. In certain situations, imaging techniques not
only determine the optimum therapeutic approach but also
form an integral part of treatment when this involves the
application of embolic or sclerosing agents.

Plain radiography has today clearly been surpassed by
other imaging techniques and is of only limited value even
in demonstrating the degree of bone involvement and the
presence of calcifications. Computed tomography (CT) is
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a much more sensitive tool for these purposes and provides
much more precise anatomic information.

Conventional radiography can be used to reveal the
presence of phleboliths in venous malformations and to
detect the rare calcifications that occasionally occur in some
lymphatic malformations.>® While venous and arteriovenous
malformations are not visible as such on a plain radiograph,
their repercussions on adjacent bone structures are visible
(for example, asymmetric hypertrophy or atrophy,
osteoporosis, or lytic lesions).””

In addition to anatomic information, Doppler
ultrasound also provides hemodynamic data, such as the
velocity and direction of flow, a contribution of
considerable value in both high flow (arteriovenous) and
low flow (venous) malformations.’?2 Ultrasound is a
harmless noninvasive technique that does not involve
exposure to ionizing radiation. Moreover it is very
accessible, economical, and particularly effective in
children because it does not require a great deal of
cooperation on the part of the patient.

The principal limitation of ultrasound is that it is an
operator-dependent technique, making good reproducibility
difficult to achieve. Venous malformations are hypoechoic
and their appearance is similar to that of cysts, although a
Doppler system, unlike the techniques discussed above,
will demonstrate venous flow, particularly when compression
maneuvers have been carried out. Lymphatic macrocystic
malformations appear as hypoechoic or anechoic
multiloculated masses with septa of varying thickness. In
the case of arteriovenous malformations, the role of Doppler
ultrasound is restricted to confirming the vascular nature
of the lesion, which will present both arterial and venous
waves.

The definition of soft tissues obtained with CT is better
than that of conventional plain radiography but far inferior
to that obtained with magnetic resonance imaging (MRI).
The great advantage of MR1 is its excellent demonstration
of bone structures and calcifications, while one of the
disadvantages of this technique is that it is based on the
use of ionizing radiation and that a contrast media is nearly
always necessary. These media are associated with risks
because of their nephrotoxicity and the adverse reactions
they may cause. In addition, sedation is necessary in
pediatric patients because image quality is impaired by
movement.!3-16

MRI provides excellent tissue differentiation and this,
together with its capacity to acquire images in multiple
spatial planes, makes it the best radiologic technique for
demonstrating anatomic relationships and studying the
tissue adjacent to the vascular malformation. MRI provides
both anatomic and hemodynamic data. The presence of a
fast or turbulent flow decreases the intensity of the signal,
and when the flow is slow or thrombosis is present, the
intensity of the signal increases.’”" Like ultrasound, MRI

does not use ionizing radiation, so that it is of great use not
only in diagnosis but also for monitoring disease progression
and for post-treatment follow-up. The gadolinium used as
a contrast media is extremely safe and does not in general
provoke any clinically significant side effects, although in
patients with nephropathy a possible pathogenic relationship
has been shown with fibrosing dermopathy.

The chief limitation of MRI is that it requires cooperation
on the part of the patient and sedation is necessary in
claustrophobic patients and children. The use of scanners
with open architecture can reduce this problem, although
these devices usually have a lower magnetic field strength,
a characteristic that affects the quality of the image and the
scan duration when multiple sequences are required.

MRI is the technique of choice for initial assessment of
venous malformations because it is noninvasive and can
define the complete extension of the lesion on various
anatomic planes.?*?! These malformations produce a lower
signal intensity than adjacent fatty tissue in T1-weighted
sequences and a higher signal intensity in T2-weighted
images.

In the case of lymphatic malformations, MRI can enhance
the contrast between the lesion and adjacent tissue and
delineate this border anatomically.?*?! In T1-weighted
sequences, the intensity of the signal is similar or slightly
lower than that produced by muscle, while in T2-weighted
sequences there is a marked increase in the signal, which
is of even higher intensity than that of adjacent fat and
muscle.

Phlebography is indicated in the case of low-flow or
venous malformations.?? Phlebography by direct puncture
of the malformation complemented by the use of tourniquets
to redirect blood flow facilitates anatomical delimitation of
the extension and components of the malformation as well
as assessment of the volume of the venous compartments.
Traditionally, phlebography has been the procedure of choice
for studying the deep venous system and its patency in the
limbs of patients with large venous malformations or the
combined malformations of the Klippel-Trenaunay
syndrome.

As mentioned earlier, in the study of arteriovenous
malformations MRI images do not define afferent and
efferent vessels, the nidus, patterns, or flow velocities with
sufficient precision. Consequently, despite advances in 3-
dimensional MRI technology, angiography remains the
procedure of choice for evaluating the angioarchitecture of
these lesions. It s, therefore, an indispensable prior requisite
for embolization treatment and, in this context, can play a
therapeutic as well as a diagnostic role.

Today, new MRI and multi-ring CT scanners can acquire
images with great speed and produce high quality multiplanar
reconstructions and noninvasive angiographic studies.?323
We recently studied 16 patients with Klippel-Trenaunay
syndrome using multidetector CT venography and 3-
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dimensional MRI venography by way of conventional axial
images, multiplanar reconstructions, maximum intensity
projections, and 3-dimensional images (Figures 1-3). The
conventional axial images were useful for assessing bone and
soft tissues and allowed us to locate both the deep venous
system and anomalous superficial vessels and determine
their relationship to adjacent structures. The axial images,
multiplanar reconstructions, and maximum intensity
projections were used to define the origin, trajectory, and
extension of the venous malformations. Skin surface images
were useful for assessing the location and extension of the
port-wine stain and for demonstrating limb hypertrophy.
The 3-dimensional reconstructions demonstrated varicose
veins and the origin and trajectory of the anomalous vessels
(Figures 4 and 5). No complementary invasive technique
(conventional phlebography) was required to confirm
diagnosis or facilitate therapeutic planning in any of these
patients.?

Thus, we can conclude that CT venography—or a 3-
dimensional MRI venograph in children and pregnant
women to limit radiation—can be the procedure of choice
for a comprehensive study of a large vascular malformation
located on a limb. These techniques can pinpoint the exact
location of the lesion on a 3-dimensional plane, detect
muscular skeletal infiltration and thoracic or abdominopelvic
involvement, characterize bone density changes
(osteoporosis) and asymmetries, and verify the existence of
a deep venous system while assessing its patency (Figures
6-9). They are also useful for detecting abnormalities in
the superficial venous system, demonstrating the presence
of sciatic or abnormal veins, and determining the extension
and drainage of the malformation. Although these
procedures are still not as good as conventional angiography
and venography in that they do not provide as much
information concerning the hemodynamics of the
malformation, they nonetheless represent a very significant
advance. In our experience, invasive complementary
procedures are only necessary in patients with vascular
hypoplasia when the hemodynamic function of the vessel
is unclear.?*?

Specifically, an MRI of the spine should be performed
in the case of vascular malformations located along the
midline of the back, particularly the lumbar sacral region,
in order to detect defects in neural tube closure at various
levels. Likewise, in the case of facial port-wine stains
and suspected Sturge-Weber syndrome, a brain MRI
scan is required to assess possible neurological
involvement.?®

Pathological Study

The diagnosis of a vascular malformation is primarily clinical,
and histopathologic examination of the lesion is rarely

Figure 1. Sixteen-year-old girl with large, predominantly distal,
venous malformation in the left arm.

Figure 2. Computed
tomography angiography shows
the correlation between the
superficial veins and the clinical
situation.

Figure 3. A detailed view of the
computed tomography
angiogram shows the
relationship between the veins
and internal structures.
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Figure 4. Agenesis of the
popliteal vein in a patient with
Klippel-Trénaunay syndrome.

Figure 6. Dilation of varicose veins, particularly visible in the
ankle, associated with ulcer-related pigmentary changes and
hypertrophy of the limb in a patient with Klippel-Trénaunay
syndrome.

Figure 5. Musculoskeletal hypertrophy and hypoplasia of the
superficial femoral vein in a patient with Klippel-Trénaunay
syndrome.

needed. As mentioned above, there may be diagnostic doubt
in the case of vascular tumors, such as noninvoluting
congenital hemangiomas. Although extremely rare, these
tumors can be confused with certain types of vascular
malformations because they evolve along similar lines.
Where such doubt exists, a pathological examination should
be performed.

Histologically, a port-wine stain is characterized by the
presence of dilated thin-walled capillaries and venules,
usually located in the superficial reticular dermis although
subcutaneous cellular tissue may occasionally be affected.
In venular malformations, as in other vascular proliferations,
high densities of mast cells have been observed,?” but the
significance of this finding is poorly understood.

Venous malformations are composed of ectatic vessels
of varying sizes located in the deep dermis and
subcutaneous cellular tissue. While some of these vessels
are thin walled, others have a thick muscular layer.

Figure 7. Computed
tomography angiography
provides a 3-dimensional view of
the relationship between veins
and muscle tissue.
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After soft tissue is
removed from the computed
tomography angiogram,
anomalous veins in the calf and
ankle area stand out on the
osseous plane (side view).

Detail of the previous
figure (back view).

Thrombosis and phleboliths are common, as are areas of
hemorrhage with hemosiderin deposits and extravascular
calcifications (Figure 10).

Glomuvenous malformations are composed of irregular
vascular channels covered by layers of endothelial cells
and filled with red blood cells. The thick walls of these
vascular structures contain glomus cells, which may clump
together and form rows in the stroma of the lesion (Figure
11). A contiguous pattern of dermal nodules resembling
an hourglass often appears. These glomus cells were
initially thought to be pericytes, but were later found to

Thin-walled ectatic vessels of a venous malformation
in the deep dermis. Hematoxylin-eosin, x100.

AR

Glomuvenous malformation. Vascular lesion
characterized by venous channels connected by rows of glomus
cells. Hematoxylin-eosin, x200.

be modified smooth muscle cells that express the markers
vimentin, muscle-specific actin, and o-smooth-muscle
actin.?8

In young patients, arteriovenous malformations
demonstrate only elevated numbers of capillaries, venules,
and arterioles arranged loosely on fibromyxomatous tissue
devoid of any large caliber vessels. However, enlarged
veins and tortuous arteries develop over time. Veins
become arterialized as a result of the increased pressure
caused by arterial shunting. Although they occur millions
of times in large lesions, these arteriovenous shunts are
difficult to detect in a pathological study (Figure 12),
unlike the single arteriovenous fistula caused by surgery
or injury.?
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Y

Figure 12. Thick-walled vessel in an arteriovenous
malformation. It can be difficult to differentiate between arteries
and “arterialized” veins. Hematoxylin-eosin, x40.

From a pathological standpoint, cystic lymphatic
malformations are composed of irregular and
interconnected dilated vessels in the subcutaneous cell
tissue. Cystic hygromas are composed of large unilocular
or multilocular cavities surrounded by loose connective
tissue. Finally, areas of lymphangiomatosis comprise wide,
dilated and interconnected lymphatic channels lined by a
row of flattened endothelial cells. Lesions usually affect
the dermis and subcutaneous cell tissue, and can invade
adjacent bone.>°

Further Testing

As has been previously documented in the literature, in
cases of large venous or combined vascular malformations,
a basic battery of coagulation tests should be carried out
including, among others, the following measurements:
prothrombin time, fibrinogen and D-dimer levels, platelet
counts, and assays for soluble fibrin complexes. The presence
of a procoagulant profile predisposes these patients to
recurrent venous thrombosis and the risk of pulmonary
embolism. These risks may be increased by sclerotherapy,
surgery, bone fracture, prolonged bed rest, or pregnancy, in
which cases prophylactic treatment with low-molecular-
weight heparin may be required.3%

In addition, bone density of the affected limb should
always be assessed, by at least conventional radiography, to
ensure early detection of demineralization and to forestall,
as far as possible, pathological fracture.® A first-line
treatment for localized osteoporosis in these patients is a
bisphosphate such as alendronate or, in the case of severe
osteoporosis and a history of stress fracture, an anabolic
therapy such as teriparatide (recombinant human parathyroid
hormone).34%

Figure 13. Patient with a linear hypertrophic port-wine stain on
the forehead.

Serum markers of angiogenesis can be detected in patients
with active and growing vascular, and in particular
arteriovenous, malformations. In the not too distant future
these markers may become the therapeutic target of specific
antiangiogenic therapy although such therapy is still under
development and more research needs to be done.3

Treatment

Vascular malformations are ailments characterized by both
the anatomic abnormality and the hemodynamic peculiarities
of the affected vessels, which are theoretically similar but
nonetheless different in every patient. The clinical
presentation of the lesions varies enormously, ranging from
asymptomatic stains with purely aesthetic repercussions to
high-flow lesions or lesions in specific sites that may have
an impact similar to that of a tumor and even be life
threatening. At the same time, these anomalies are relatively
rare making it difficult to acquire sufficient experience in
their management and to compile evidence-based treatment
guidelines.

Unlike hemangiomas, vascular malformations are
radioresistant, nor do they respond to systemic or
intralesional corticosteroids, interferon, or cytostatic drugs,
and cryotherapy is of scant use. Surgery is indicated in
clearly defined malformations of moderate size, when the
possibilities of anatomic and functional restoration are
excellent (Figures 13-16). The most difficult cases to treat
are large diffuse malformations, intracavitary lesions, and
infiltrating lesions with muscle involvement. Because venous
malformations tend to invade adjacent structures, their
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Figure 14. Side view of the patient shown in the previous
figure.

morphology is usually complex and they are often associated
with anomalies of the deep venous system in the extremities,
a circumstance that limits the possibility of complete surgical
excision.’” In some cases, lesions recur even after numerous
surgical interventions leaving patients in a situation very
similar to where they started but with the additional burden
of the negative repercussion on their emotional state.
Embolization, a useful although delicate procedure for the
treatment of malformations with an arteriovenous
component, is of little use in the treatment of large and
purely venous malformations.

Symptomatic treatment is crucial in these patients.
Some of the key components in the struggle to improve
quality of life in these patients are analgesic therapy for
painful lesions, strong tailor-made compression stockings
or garments in the case of venous malformations, and
the prevention of secondary infections or appropriate
antibiotic treatment of infection in lymphatic
malformations.

Possibly one of the most important advances in modern
medicine has been the incorporation of the
multidisciplinary approach into the diagnosis, treatment,
and follow-up of patients. This is an approach that favors
team work in that patients and their disease are seen in
broader terms going beyond the individual specialty. The
concept of a multidisciplinary approach to the treatment
of vascular malformations was discussed and introduced
for the first time at the first Samsung International
Symposium for Congenital Vascular Malformations in

Figure 15. Excision of the hypertrophic port-wine stain and
creation of 2 A-T advancement skin flaps.

Figure 16. Result immediately after closure.

December 1996 in Seoul, South Korea.?* At this
conference, it was concluded that vascular malformations
should be studied and treated by multidisciplinary teams
bringing together the efforts of all the specialists involved
in the management of these patients. This is an essential
approach to the problem because the treatment of most
vascular malformations requires an appropriate
combination of procedures since the application of a single
treatment is generally insufficient.

Surgical Treatment

The aim of surgery should, whenever possible, be complete
resection because the presence of any residual tissue will
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invariably give rise to recurrence of the lesion. Purely surgical
treatment of vascular malformations is only possible in the
case of very localized and accessible lesions,*>* such as
venous aneurysms, some small infiltrating lesions, and rare
monopedicular arteriovenous lesions of limited size that
are easily accessible and can be treated by ligation and total
extirpation.

The resectability of the lesion should be rigorously assessed
before the patient is proposed as a candidate for surgery.
The malformation ideally suited for treatment exclusively
with surgery is the isolated and superficial lesion that has
not spread into deep planes or infiltrated adjacent structures.
Subfascial extension with involvement of the muscles,
tendons or bones or invasion of structures such as the pelvis
or the gluteal region are contraindications for treatment
with surgery alone since, in the best of cases notwithstanding
good therapeutic planning and meticulous surgery, this
option represents a temporary palliative treatment*? and
involves a high risk of thromboembolic events.* The use
of bipolar electrocautery is advised when surgery is carried
out in the vicinity of neural structures. Special attention
should be paid to hemostasis of the surgical field given that
uncontrolled bleeding makes dissection much more difficult
and increases the risk of damage to adjacent structures.

In the case of lymphatic malformations, treatment is
usually conservative because these anomalies rarely affect
the function of the limb or organ involved and the presenting
complaint is usually an aesthetic one. The exception,
although quite a common one, corresponds to lesions that
can be dangerous and obstruct the airway owing to their
cervical location.*

In practice, it is difficult in the case of arteriovenous and
lymphatic malformations, particularly diffuse ones, to
identify a dissection plane during excision because the
margins of the lesion are almost impossible to delimit.
Consequently, the resection margins should be as broad as
possible. Any residual lesion, for example a residual cutaneous
macular stain resembling a port-wine stain, will give rise
to recurrence in the short term and this is the reason why
reoperations are common. Preoperative MRI and digital
angiography, particularly dynamic evaluations, are especially
useful for establishing these macroscopic margins.

The aim of surgery in the case of an arteriovenous
malformation is to eradicate the nidus of the malformation.
In such cases, surgery is often very hemorrhagic and
ineffective due to the rapid recruitment of collateral vessels
to supply the nidus. Prior embolization facilitates surgery
and reduces bleeding. Resection should be performed as
soon as and in the most complete way possible, with excision
of broad margins around the nidus.

Laser Therapy

Pulsed dye laser treatment targeting intravascular
hemoglobin with selective photothermolysis is currently
the first-line treatment for port-wine stains.* Laser light
absorbed by oxyhemoglobin generates heat and damages
the vascular endothelium giving rise to thrombosis and
destruction of the vessel. The most commonly reported
adverse effects after pulsed dye laser treatment are the
appearance of blisters, scabs, hyperpigmentation,
hypopigmentation, hypertrophic or atrophic scarring,
and infections. Blisters and scabs appear a few hours after
treatment and rarely leave scars after healing. The most
common adverse effect is hyperpigmentation, which
usually resolves spontaneously within 6 to 12 months,*
although photoprotective measures should be taken to
minimize this effect. The appearance of atrophic or
hypertrophic scars varies between the different case series
in the literature and has been reported in up to 5% of
patients.*

Within the large range of pulsed dye laser systems on
the market, each more versatile than the last, we must limit
ourselves to the following parameters and oscillation values:
laser beam diameter (5-10 mm), wavelength (585-600 nm),
energy or fluence density (7-15 J/cm?), and pulse duration
(450 ps-1500 ms). A recent study reported good results in
63% of patients with a greater than 75% clearance of the
lesion after 4 sessions using the following protocol: a dynamic
skin cooling system, a wavelength of 595 nm, pulses of 1.5 ms,
and energy fluences between 11-12 J/cm?.# In the same
study, 75% improvement was achieved in only 40% of a
second group of patients treated with 585 nm. Some of the
parameters that appear to improve the final outcome are
the use of longer pulse durations (1.5 ms),* longer
wavelengths (600 nm),* and higher energy fluences.*’ In
infants and children, treatment should be started with low
fluences, which can then be increased by 0.5-1 J/cm? at
each session depending on the positive response and adverse
effects.

Traditionally, the standard interval between sessions has
been at least 6 weeks, although a recent study produced
better results with sessions at 2-week intervals.”®

While there is still debate about the most appropriate
timing for starting laser treatment, it is generally accepted
that such treatment should be started as early as possible.”!
Fewer sessions are required to treat children because the
response is more rapid®; moreover, the rate of recurrence
is lower in the group treated for the first time under 10
years of age.”? In most cases, between 4 and 8 sessions are
required to obtain a satisfactory response, and complete
clearance is achieved in only 10% of patients. In
approximately half of the patients, at least 75% clearance
is achieved, and in one third the result is considered poor
(improvement under 50%).
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The chief drawback of early treatment is the need for
sedation (general anesthesia) because the procedure is
painful and provokes uncontrollable distress and anxiety
in children. The anesthetist must use low oxygen
concentrations because of the potential danger of ignition
caused, for example, by the combustion of a hair shaft
spreading through the air.’® This protocol has been
confirmed by our experience because it facilitates longer
sessions with better long term results. It also favors a perfect
balance between the physician, the patient, and the family,
a difficult outcome to achieve with invasive procedures in
children in real life situations. The use of various systems
for cooling the skin surface before irradiation with the laser
beam, such as dynamic cryogen spray cooling or continuous
cold air cooling,** can obviate the need for anesthesia in
some prepubescent children and allow the use of higher
energy fluences while minimizing the risk of damage to
the epidermis.*

In venular malformations, 3 models of ectasia can be
distinguished in the papillary plexus using videomicroscopy
depending on whether the lesion affects the vertical vessels,
the deep horizontal vessels, or both.*® It is important to
differentiate between these 3 patterns when evaluating
probable response to laser therapy because the first model
responds better to such treatment than the other 2.57 As
mentioned earlier, venular malformations are classified
according to the degree of ectasia present, with grade I
corresponding to those with the smallest vessels and grade
IV to those with the largest. The deepest vessels persist
after treatment, as they can dilate and even proliferate
through angiogenesis and spread once again towards more
superficial areas.’® The location and color of a lesion also
predicts the level of response to laser treatment. Lesions
situated in V2 respond less well than those affecting V1 or
V3; lesions on the face and neck respond much better than
those located on the trunk and extremities.”

In one third of patients, lesions fail to improve even
after numerous sessions partly because the limited depth
of laser penetration into the tissue (1 to 1.5 mm) makes it
impossible to treat vessels situated at greater depth,® and
partly because of the presence of other, nonvascular,
elements of the hamartomatous type not targeted by this
technique.®* Adult patients with deep purple port-wine
stains, tuberous lesions, or hypertrophy of the affected side
of the face require surgical treatment. The options are
curettage and electrocoagulation, simple excision, or surgical
reduction by wedge resection and vermilionectomy of lip
hypertrophy. In such cases, carbon dioxide (CO;) and
neodymium:yttrium-aluminum-garnet (Nd:YAG) laser
systems are also effective.®? In resistant cases and areas, the
administration of 2 passes per session with the pulsed dye
laser improves response.®3 Overlapping of pulses is another
technique shown to favor penetration without any adverse
effect on the epidermis.*

Patients whose condition does not respond to pulsed dye
laser can be treated with intense pulsed light, Nd:YAG laser
light (1064 nm),% or potassium-titanyl-phosphate (KTP)
laser light (532 nm). In a case series of patients with
malformations resistant to pulsed dye laser, satisfactory
results (improvement of more than 50%) were obtained in
17% of the patients treated with KTP laser light.® The best
results were obtained with fluences in the 18 to 24 J/cm?
range and pulse durations of between 9 and 14 ms. These
laser systems deliver high energy fluences and afford the
possibility of adjusting the pulse duration to match the
thermal relaxation time of the target structure. However,
although tolerance is better, when no purpura is present,
they may produce a higher incidence of scars or pigmentary
changes (Figures 17 and 18).% Although there are fewer
studies in the literature on the use of intense pulsed light
than on the laser systems described above, improvements
of between 70% and 100% have been achieved in 70% of
patients with such treatment.®%

Laser treatment of venous malformations is limited to
very superficial lesions, the superficial component of deeper
lesions as an adjuvant to treatment with other procedures
(for example sclerotherapy), or mucosal lesions. The laser
system most often used is a continuous Nd:YAG laser,

Figure 17. Woman with diffuse venular malformation on thigh
with no other features of Klippel-Trénaunay syndrome, before
treatment with neodymium:yttrium-aluminum-garnet laser.
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Figure 18. After 3 sessions of neodymium:yttrium-aluminum-

garnet laser treatment an almost complete response can be
seen.

which delivers infrared light at 1064 nm and has a skin
penetration depth of between 5 and 7 mm. This device can
deliver intralesional therapy through a catheter inserted
into the lesion in a procedure controlled visually by
ultrasound.®7

A Nd:YAG laser system with a constant power output
of 30 W, a 600 pm fiber diameter, and variable pulse duration
is very useful in the treatment of mucosal lesions.”? This
procedure, which is usually performed under general
anesthesia, is safe, no simultaneous surface cooling system
is necessary, and the risk of fibrosis or residual scarring is
negligible. When the laser beam impinges on the mucosa,
the targeted spot immediately retracts and whitish spots
appear in the area treated, providing a guide that helps the
operator to avoid overlapping impacts. In the case of large
venous malformations of the mucosa, laser treatment prior
to surgery can eliminate the superficial component of the
malformation and create a band of fibrosis that facilitates
better excision of the lesion and reduces bleeding during
the intervention. If large areas of the oral cavity are treated,

especially at the back of the mouth, systemic corticosteroids
should be administered to reduce inflammation and prevent
airway compromise.

Ablation with CO, laser is particularly indicated in
superficial lymphatic malformations of mucosal membranes,
characterized clinically by the presence of multiple vesicles.
These are usually diffuse lesions that reach deep planes and
can permeate underlying muscle.” Although this treatment
is not curative, it helps to control the disease and has a
clearly beneficial effect on the patients’ quality of life.
Nonetheless, recurrence is the norm and periodic treatment
is necessary. As infection can stimulate the growth of a
lymphatic malformation, patients undergoing this procedure
should receive appropriate prophylactic antibiotic treatment
and an anti-inflammatory regimen of oral corticosteroids.

Embolization

Embolization is a treatment particularly useful in
arteriovenous malformations, and it can be used in the
management of such lesions as a complete or adjuvant
therapy. Despite advances in recent years, particularly in
the new materials used (coils, different particles, polymers,
and glues),”>7 this technique is still a temporary solution
since the blood supply in any specific anatomic area is not
static and the development of collateral circulation is
inevitable.”

As an adjuvant therapy prior to surgery, embolization is
usually the most appropriate procedure for use in the case
of arteriovenous malformations. Once the lesion has been
mapped by angiography and the nidus and its afferents have
been delineated, the lesion is embolized from distal to
proximal. This reduces the vascularization of the lesion
thereby minimizing the potential risk of bleeding during
surgery. Because a new collateral circulation will be
established very quickly, surgery should not be delayed more
than 48 hours after embolization has been performed.”

Embolization can be use curatively or as a palliative
treatment to prevent bleeding from large nonresectable
lesions. The use of embolization to achieve a cure is not,
however, a very realistic aim and it is preferable to envisage
management of the lesion rather than a cure. In such cases,
a gradual staged procedure is required, proceeding through
the nidus from proximal to distal including both active and
any potential arterial supply. The treatment must be repeated
regularly because of revascularization of the lesion. This
procedure is not risk free and should be carried out by an
interventional radiologist familiar with the technique because
one of the possible adverse events is the inadvertent release
of embolic material leading to distant occlusion, distal
necrosis, and neurological damage. Moreover, all of the
embolic material used must be applied under fluoroscopic
guidance.
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Sclerotherapy

Sclerotherapy is a procedure used to eliminate varicose
veins through the injection of a sclerosing substance into
the vein. The inflammation resulting from contact between
the sclerosing agents and the endothelial cells on the inner
surface of the vein leads to chemical irritation.” This process
gives rise to the formation of a thrombus that blocks blood
flow through the vein. Targeted veins gradually become
fibrous sclerosed cords and are eventually reabsorbed by
the body. Sclerosing agents can be classified as high potency
(alcohol, iodine, and sodium tetradecyl sulfate), intermediate
potency (sodium salicylate and polidocanol), or low potency
(chromated glycerin). Polidocanol (acthoxysclerol), like
sodium tetradecyl sulfate, is a detergent with a hydrophilic
and a hydrophobic pole that acts by changing the surface
tension of endothelial cells. The hydrophobic pole attaches
to the cell surface while the hydrophilic portion attracts the
water contained in the cell, thereby causing rapid and intense
endothelial hydratation.” Local and general tolerance of
polidocanol is excellent,*® and this agent has been marketed
in Europe for over 20 years for sclerosing varicose veins
although it has not yet been approved by the American
Food and Drug Administration. Its advantages contrast
with the drawbacks associated with ethanol sclerotherapy,
which has an aggressive impact on both the malformation
and adjacent tissue. Injection of ethanol is painful and can
only be carried out in hospitalized patients under general
anesthesia. The use of ethanol as a sclerosing agent is not
indicated in children and it can produce necrosis of the skin
and mucous membranes, thrombosis of the deep venous
system in the extremities, pulmonary embolism, and
cardiorespiratory collapse due to pulmonary spasm.
Moreover, repeated administration of ethanol is not easy,
and repetition is essential in sclerotherapy because partial
recanalization after initial intravascular thrombosis is
common.8!

Conventional sclerotherapy using liquid sclerosing agents,
which is a palliative treatment in most types of vascular
anomalies, produces good outcomes in smaller lesions.®2 In
the context of surgery it is indicated as a preoperative
intervention undertaken to reduce the size of the lesion, or
as a postoperative complement.®* However, conventional
sclerotherapy is ineffective in the treatment of large venous
malformations. This is due to a number of factors: the
intrinsic limitations of the injected liquids, which are subject
to dilution and progressive inactivation in large volumes of
blood; the irregular distribution of the sclerosing agent on
the endothelial cells of the target area; the difficulty of
manipulating and controlling the sclerosing agent after
injection; and the fact that the liquid agent cannot be
visualized inside the blood vessels on Doppler ultrasound.

These problems have been addressed by the
development of a pharmaceutical microfoam that serves

as a vehicle for administering the sclerosing agent.® The
modern use of foams in sclerotherapy started in 1944
with the work of Orbach, who used an air block technique
to introduce air into the vein before injection of the
sclerosing liquid. His aim was to potentiate the action of
the agent by emptying the target vessel of blood.®* Orbach
later used large bubbles of sclerosant (obtained by shaking
the ampule containing the liquid sclerosant) and
demonstrated that the action of this foam was greater
than that of the liquid form. This procedure was only
shown to be of use in small veins, and the initial interest
faded over the decades. In 1993, Juan Cabrera, a Spanish
vascular surgeon, created a pharmaceutical form of
injectable microfoam by creating microbubbles of
surfactant sclerosing solutions using physiological gases
that are highly soluble in body liquids.®*5” Other authors
have produced foams with such solutions using specific
techniques commonly designated by the names of the
researchers who have described them: Monfreux, Tessari,
Frullini, etc.’® Currently, one of the most popular
techniques is the method described by Tessari in which
the foam is obtained using 2 connected syringes and a 3-
way stopcock. These “homemade” foams made with
ambient air rich in nitrogen—a gas with low solubility
in body fluids—have irregular bubble size and highly
variable internal cohesion. The techniques used to apply
the foams also vary,®® although the statement issued after
a consensus meeting in Tegernsee, Germany, recommended
—for reasons of safety—the injection of no more than
5 mL of foam in any one treatment session.”

The pharmaceutical sclerosing microfoam, on the other
hand, is made with physiologic gases, such as oxygen and
CO,, and is composed of tiny microbubbles with sufficient
stability and internal cohesion to withstand injection into
the vessels. The contact surface between the sclerosing
agent and the vessel wall increases enormously in inverse
proportion to the diameter of the bubble. Polidocanol
microfoam displaces blood, thereby promoting homogeneous
contact between the sclerosant and the endothelium,
facilitating endothelial destruction.®®” Moreover, the
procedure is visible in real time on ultrasound. Owing to
the high solubility and lack of toxicity of CO,, large amounts
of the microfoam can be injected in a single session, which
is not the case with foams made from ambient air.?%-% It is
sometimes necessary to inject between 20 and 100 mL of
microfoam to treat large venous malformations. By contrast,
the volume of “homemade” foam that can be injected in a
single session cannot exceed the recommended 5 mL because
of the low solubility of nitrogen, and only the concentration
can be modified.

To date, we have treated congenital vascular
malformations (mainly venous) in over 120 patients with
sclerotherapy using polidocanol microfoam. In an initial
published series, 50 patients (18 males and 32 females
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Figure 19. Sixteen-year-old boy with Klippel-Trénaunay
syndrome. The diffuse port wine stain and lateral embryonic vein
can be seen.

Figure 20. Persistent
sciatic vein in a patient with
Klippel-Trénaunay
syndrome.

aged between 8 and 62 years) were divided into 3 groups
according to the Hamburg classification: Group 1 (n=16)
had infiltrating venous malformations; Group 2 (n=19)
had limited venous malformations; and Group 3 (n=15)
had combined vascular malformations of the Klippel-
Trénaunay syndrome.” In some cases, besides ultrasound,
other complementary imaging techniques were used. All
the patients were treated with polidocanol microfoam
administered by injection under Doppler ultrasound
guidance. Between 20 and 80 mL of microfoam was
administered in each session, which corresponds to 3 to
6 mL of 2% polidocanol. The polidocanol concentration
injected varied from 0.25% to 3% depending on the size
of the malformation and the hemodynamic characteristics
of the area being treated. Infiltrating malformations required
higher concentrations (2%-3%), while the anomalous lateral
veins of the patients with Klippel-Trénaunay syndrome
were treated with lower concentrations (0.25%-0.5%). The
procedure was performed without anesthesia and the
number of sessions varied between 1 and 46 (mean=12).
Only 21 patients required more than 10 sessions. Sessions
were repeated every 2 to 4 weeks. In 46 patients (92%),
there was clinical and radiographic improvement, and only
4 patients did not respond to treatment. Of the 46 who
responded to treatment, in 18 cases (39%) the malformation
treated disappeared completely, in 15 (33%) a reduction
of 50% or more was achieved, and in 13 (28%) the reduction
of the malformation was less than 50%. Of the 39 patients
who presented with pain, this disappeared in 25 and was
reduced in the other 14. The 5 patients who presented
with chronic ulcers reported complete healing, and in all
9 patients who had a history of episodes of hemorrhage
these were reduced or disappeared completely. With respect
to adverse effects, 4 patients developed skin pigmentation
that resolved spontaneously, and 2 developed a small area
of skin necrosis after superficial sclerosis with 0.5%
polidocanol microfoam. One patient developed a larger
area of skin necrosis caused by inadvertent injection of a
distal artery. There were no cases of deep vein thrombosis,
pulmonary embolism, or neurological lesions. The patients
with Klippel-Trénaunay syndrome had the best response
to the sclerotherapy, with total elimination of the
pathological areas in 80% of the patients and recurrence
of small varicosities (less than 20% of the original lesion)
in only 10 of these (Figures 19-21).%

Vascular malformations of the head should be treated
with restraint since veins in the head and neck region have
no valves and those situated in the upper two-thirds of the
facial region are directly connected to the cavernous sinus
through the upper and lower ophthalmic veins.

The therapeutic efficacy of polidocanol microfoam
depends on its mechanical action—the displacement of
blood from the treated veins. In the presence of increased
blood flow, the injected microfoam is diluted and the effect
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Figure 21. Patient shown in Figure 19 after 7 sessions of
sclerotherapy with polidocanol microfoam. Note the absence of
lateral veins and the persistence of the port-wine stain.

reduced. In routine practice, small arteriovenous fistulas
are commonly found in some venous malformations. These
tend to reduce the effectiveness of sclerotherapy as they
reduce the area initially thrombosed after injection and
favor early partial recanalization.

Sclerotherapy with polidocanol microfoam is well
tolerated and produces no important adverse effects. The
treatment is safe, simple, reproducible, inexpensive, and
can be administered to outpatients, making it the procedure
of choice for the functional and anatomical elimination of
a pathologic venous region (Figures 22 and 23).%

Sclerotherapy of Lymphatic Malformations

Lymphatic malformations can be sclerosed with dextrose,
tetracyclines, bleomycin, and OK-432. The mechanism
of action of all these substances is the same: their diffusion
into the stroma causes irritation and inflammation that
leads to shrinkage and scar contracture of the lesion.
Before injection of the sclerosant, as much lymph as
possible should be aspirated thereby “emptying” the
malformation.

Figure 22. Prominent venous dilatations with exophytic
elements on the upper thigh during a sclerotherapy session with
polidocanol microfoam.

Figure 23. Patient shown in previous figure. Result at 3 months
after 3 treatment sessions.

OK-432 (picibanil; Chugai Pharmaceutical Co. Ltd.,
Tokyo, Japan) is a preparation of dead bacteria produced
by incubating the culture of Streprococcus pyogenes (group
A, type III) isolated from human samples with penicillin
G benzathine. The preparation is not infectious and has
no systemic repercussions.

In addition to being a sclerosing agent, OK-432 has also
been reported to have various immunopharmacological
properties in that it promotes an increase in the cytotoxicity
of natural killer cells, cytotoxic T-cells, lymphokine-activated
killer cells, and macrophages, and stimulates the synthesis
of cytokines such as tumor necrosis factor and interferons,
thereby increasing endothelial permeability and accelerating
lymph drainage, which in turn promotes shrinkage of the
cystic cavity.” The first clinical application of this substance
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was reported in 1987 when 9 patients with cystic hygroma
were treated, and the outcome was complete regression in
8 cases.” In later publications on series of 23 and 64 patients,
the same team demonstrated excellent or good results in
93% of cystic lymphangiomas and 47% of cavernous
lymphangiomas.®”'% Over the years, the published results
of various studies by other authors have confirmed the
efficacy of this procedure and proposed sclerotherapy with
OK-432 as the first-line treatment for lymphatic
malformations, and in particular for macrocystic lesions. 10102
Although most of the malformations treated have been
located in the head and neck region because this is the most
common site for these lesions, the response to treatment
has been satisfactory in all sites, including large
retroperitoneal lesions'® and lesions in complex sites, such
as the periorbital region.’®* There is no limitation on the
age of the patient. The only contraindication for this therapy
is allergy to penicillin.

The maximum recommended dose is 0.3 mg of OK-432
per session.?””1% In general, the lesion shrinks without
scarring or alteration of the local anatomy and no recurrence
has been reported after follow-up over a number of years
in the published series.
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