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Background: Sclerotherapy with polidocanol microfoam injection under duplex guidance is a new treatment for venous malformations associated with KlippelTrenaunay syndrome. Multidetector-row computed
tomography (MDCT) venography is extremely helpful
in the assessment of disease extension and the planning
of therapy.

tion performed because of isolated migraine episodes related to the sclerotherapy session revealed that the patient
had a patent foramen ovale. A transcranial Doppler examination during the procedure showed middle cerebral
artery bubbles, which indicated right-to-left shunt. No cerebral damage was observed in a subsequent diffusionweighted magnetic resonance examination.

Observation: In this particular case, MDCT venography demonstrated the origin, course, and relationship to
adjacent anatomical structures of aberrant vessels that configure the superficial venous system with an anatomically normal and patent deep venous system. At the end
of the treatment, which consisted of 8 sessions of microfoam sclerotherapy within 12 months, a considerable reduction in the number and size of the percutaneously
treated aberrant veins was observed. The obvious clinical
improvement was objectively demonstrated with MDCT
venography, which showed clear reduction in the number and size of treated veins. Further clinical investiga-

Conclusions: Microfoam sclerotherapy is an effective
treatment option in patients with Klippel-Trenaunay syndrome. MDCT venography allows diagnosis of the disease, planning of therapy, and assessment of response to
treatment. Although foam-induced microembolism is a
common phenomenon during sclerotherapy, in this report we demonstrate that polidocanol microfoam prepared with a low-nitrogen gas mixture is safe in a patient with a patent foramen ovale.
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LIPPEL -T RENAUNAY SYN drome (KTS) 1 is a rare
congenital anomaly defined by a triad of signs
that consists of vascular
stain, soft tissue and/or bony hypertrophy, and venous varicosities. Among available imaging strategies, multidetectorrow computed tomography (MDCT)
venography has been shown to enable
overall evaluation of patients with this syndrome, not only for diagnostic purposes
but also to plan adequate therapy.2 In this
sense, sclerotherapy with polidocanol microfoam injection under duplex guidance is considered the treatment of choice
for venous malformations associated with
KTS.3-6 However, recent controversies with
regard to the safety of sclerotherapy by
means of microfoam, particularly in patients with a patent foramen ovale, have
invigorated concerns about the broadening of possible applications of this mini-
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mally invasive treatment option. This contribution reflects for the first time, to our
knowledge, objective clinical and morphologic evidence (by means of MDCT)
of the safety and effectiveness of sclerotherapy by means of microfoam in a patient with a patent foramen ovale treated
with a significantly larger amount of polidocanol microfoam than otherwise required to treat conventional varicose veins.
REPORT OF A CASE

A 25-year-old woman was admitted to our
hospital with signs suggestive of KTS manifest as widespread venous varicosities and
a segmental port wine stain, both of which
affected her left leg. She reported intralesional pain. After giving written informed consent, she underwent direct
MDCT venography with injection of a diluted (1:6) contrast agent via a peripheral lower-extremity vein to evaluate the
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Figure. Clinical and multidetector-row computed tomography venography images from a 25-year-old woman with Klippel-Trenaunay syndrome. Upper row, Initial
images; lower row, follow-up images. A and D, Anterior views (left); B and E, Lateral views; and C and F, Posterior views. At admission she presented with
abundant phlebectasias in her right lower extremities. The follow-up examination performed 12 months after 8 sessions of polidocanol microfoam sclerotherapy
demonstrated disappearance of most of the abnormal venous vessels.

origin and extent of venous malformations and assess patency of the deep venous system (DVS) before therapy.
The examination revealed that aberrant vessels originated from the superficial venous system, whereas the
DVS appeared morphologically healthy and patent. There
was an absence of intramuscular venous malformations. By means of ultrasonography, we demonstrated the
presence of venous reflux in the superficial venous system. On the basis of her clinical symptoms and MDCT
findings, treatment with percutaneous polidocanol microfoam sclerotherapy was initiated.
This procedure was performed without administration of anesthesia to the patient. The method of preparation of polidocanol microfoam itself is based on the procedure described in granted European and US patents EP
656 203 and US 5 676 962, respectively.7,8 At each session, 20 to 80 mL of polidocanol microfoam at concentrations of 0.25% to 2% (which corresponds to a moderate dose of 3-6 mL of the original liquid solution) was
directly injected in marginal, great saphenous, and peripheral small veins via 20G and 23-25G needles, respectively. The injection was performed via ultrasonographic guidance. This approach allowed correct location
of the needle at the insertion site and visualization of the

initial effects of microfoam injection, such as spread of
the sclerosing agent, displacement of blood, and vasospasm, detection of the arrival of the injected microfoam to the saphenous-femoral confluence, and avoidance of the entrance of the sclerosing solution into the
DVS by compression of the site. To further protect the
DVS from drainage of microfoam, the sclerosing solution was injected by means of 2 additional “closeddoor” procedures (ie, with the affected limb raised [safety
angle] and the foot dorsally flexed by sustained contraction of the medial gastrocnemius muscle). Limb elevation creates a gradient whereby the DVS has a higher blood
pressure, whereas foot dorsal flexion blocks the intramuscular veins by calf muscle contraction. Even with these
maneuvers, the passage of small quantities of foam into
the DVS cannot be totally prevented. Once injected, compression was applied to avoid dislocation of the microfoam column. The patient remained in the supine position for 15 to 20 minutes. Percutaneous treatment was
complemented by the placement of a compression stocking on the patient (Struva 23-mm Hg stocking; MediBayreuth, Bayreuth, Germany), which is worn for 7 to
15 days after injection. The first session was accomplished with significant symptom relief. The patient was
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subsequently treated for 12 months with 8 microfoam
sclerotherapy sessions.
Interestingly, shortly after the sclerotherapy session
the patient experienced an isolated migraine episode that
lasted for 10 minutes without any associated neurologic
deficit. After further investigation the diagnosis of patent
foramen ovale was made. In fact, a transcranial Doppler
examination performed during the second sclerotherapy procedure revealed bubbles in the middle cerebral artery, a finding consistent with right-to-left shunt.
As a consequence, the patient underwent extensive clinical and imaging monitoring, with the inclusion of diffusion-weighted magnetic resonance imaging at 24 hours,
which showed no evidence of cerebral damage.
Six months after the final sclerotherapy session, the
patient was reevaluated with further iconography and indirect MDCT venography. At this point, examinations
revealed significant clinical improvement and considerable reduction in the number and size of the percutaneously treated aberrant veins (Figure).
COMMENT

Venous malformation is the main cause of morbidity in
patients with KTS. In current clinical practice a constellation of diagnostic techniques, with the inclusion of color
Doppler ultrasonography, computed tomography, magnetic resonance imaging, and intravenous digital subtraction angiography, is available to image vascular structures. Limited ability to display the full extent of large
lesions and operator dependence are major drawbacks
of ultrasonography.9 Being considered the standard of reference for the evaluation of vascular structures and the
accurate separation of high-flow and low-flow vascular
malformations,10 digital subtraction angiography remains, however, invasive and, thus, may not be the most
appropriate tool for the initial evaluation of patients without overt clinical signs of arteriovenous shunting. Magnetic resonance imaging is an emerging technique that
has repeatedly shown its ability to noninvasively evaluate vascular structures, but its cost is too high and its availability too low. Recently, although it is of limited value
to assess venous hemodynamics, MDCT has been proven
to be an excellent diagnostic tool for the assessment of
individuals with KTS; the evaluation of the characteristic morphologic features that compound KTS; the depiction of the anatomical origin, course, and relationships of varicose veins and venous malformations; and
help with therapy decision making.2
Chronic venous insufficiency is the most frequent cause
of pain in patients with KTS.11 In these patients, the classic surgical approach of staged ligation can serve as a palliative treatment. Aggressive excision of venous malformations often involves excessive bleeding and loss of
function, and debulking leads to further lymphedema and
nonhealing wounds.12 The association between extensive venous malformations and hypercoagulability is well
established.13 The magnitude of the coagulopathy correlated with the severity of the malformation. Patients
with KTS are at higher risk for thrombosis and recurrent pulmonary embolism than are those with less ex-

tensive, isolated venous malformations. This potential
complication increases in some situations, such as surgery and prolonged immobility.14 Thus, a less invasive
and more effective approach may be desirable for the treatment of patients with complex venous malformations.
Conventional sclerotherapy with liquid sclerosants,
which is a palliative treatment in most vascular anomaly
cases, offers good outcomes in patients with small malformations. This technique is indicated as preoperative support to reduce the size of the lesion before surgery or as a
postoperative complement.15 In contrast, in the clinical scenario of large vascular malformations, conventional sclerotherapy has been demonstrated to be ineffective. Sclerotherapy with ethanol, the most widely used agent in the
treatment of this type of lesions, is highly aggressive and
associated with major complications attributable to lack of
control over the injected liquid. Moreover, treatment with
ethanol is not readily repeatable, and repeatability is essential for sclerotherapy because partial recanalization after the intravascular thrombosis is frequent.16
Foam sclerotherapy is more effective than liquid sclerotherapy in the treatment of symptomatic venous malformations.17 Sclerosing foam is generally defined as a mixture of gas and liquid sclerosing solution (detergent type)
with tension-active properties.18 The foam physically displaces the blood contained in the vessels, which facilitates a more homogeneous distribution of sclerosant on
the endothelial surface and prolongs sclerosantendothelium contact time. Therefore, microfoam enables the intravascular administration of a more precise
dose of sclerosant.19,20
Foam can be produced with a variety of agitation techniques that result in differences in bubble size and rate
of reabsorption.21 Sclerosant microfoam offers the best
results when it is made with carbon dioxide. This physiologic gas is nontoxic and highly soluble; thus, large
amounts can potentially be administered. When carbon
dioxide is mixed into the surfactant liquid sclerosant, microbubbles of reduced diameter of sufficient stability can
easily be obtained.22,23
Large case series demonstrate the efficacy and safety
of the treatment of varicose veins with foam sclerotherapy.24,25 The incidence of adverse events is low and
may be related to the method of foam production. In a
recent study, Frullini and Cavezzi26 documented only 7
events among the 453 treated patients. We observed scotoma with or without migraine (which, in each instance, mimics the previous migraine aura of the patient) in 1% of cases without any other associated
neurologic deficit. Recent literature reflects that the occurrence of distal embolism most likely relies on the size
of bubbles and the solubility of the gas used.27 On the
basis of this assumption, BTG International, Ltd, is developing polidocanol-based sclerosant microfoam technology (Varisolve) into a pharmaceutical product. In an
experimental in vivo model that uses the cremaster muscle
of the rat, it has been shown that 2 types of the patented
polidocanol microfoam (one of which is Varisolve; Provensis, Inc, West Conshohocken, Pennsylvania) perfuse
through the arteriolar system without the circulation being
affected, whereas another sclerosing microfoam obtained by means of the double syringe method with room
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air occludes the arteriolar system and holds up the circulation, which produces massive gas embolisms.21
Several authors applied the double syringe technique,
which led to larger bubbles than our technique of dispensement of foam, which produces a highly controlled bubblesize distribution. In these homemade foams, the volume
of gas that can be injected is limited by the low solubility
of nitrogen, and only the concentration can be modified.
A recent European consensus statement recommended 6
to 8 mL per session, but different published reports have
used 3 mL up to 30 mL.28 For polidocanol microfoam preparation, we used a very low nitrogen gas mixture, whereas
other investigators used room air, which is associated with
increases in bubble number and size.29 In large vascular malformations, our group has used up to 100 mL of sclerosing microfoam without respiratory or neurologic complications. The ability to use such large volumes may rely on
the use of carbon dioxide instead of room air.30
A major concern of percutaneous injection of polidocanol microfoam is the presence of bubbles in cardiac cavities. In cases of patent foramen ovale or other anatomical entities that cause right-to-left shunt, sclerosing
bubbles may pass from the venous system to arterial circulation. This fact should not be ignored because the
prevalence of patent foramen ovale is approximately 26%
in the general population,31 and foam-induced bubbles
in the cerebral circulation are not an uncommon phenomenon during percutaneous foam sclerotherapy.32 Although there is an ongoing debate with regard to the possibility of neurologic complications associated with the
use of foam, even in the presence of a patent foramen ovale
the flow from right to left appears only during increased
pressure in the right side, such as during the Valsalva
manuever.33,34 A recent report35 describes a case of a paradoxical cerebral air embolism caused by a patent foramen ovale. In the patient discussed in this report, clear
evidence of right-to-left shunt via a patent foramen ovale
was demonstrated. A transcranial Doppler examination
performed during the procedure demonstrated the presence of bubbles in the middle cerebral artery, which indicates right-to-left shunt. However, shunting of the sclerosing agent did not cause brain damage detectable by
diffusion-weighted magnetic resonance imaging.36
In conclusion, microfoam sclerotherapy is a promising
treatment for venous malformations associated with KTS.
This simple procedure is capable of causing the elimination or reduction of clinical symptoms from the first session onward, is easy to repeat should recurrences occur, and,
because it is minimally iatrogenic, does not involve the risk
of adverse effects. In these patients MDCT venography could
be a highly sensitive technique of great help to map venous
anatomy during preinterventional planning and to assess
the response to treatment. Finally, in concordance with the
results of ongoing studies,37 we described a patient with a
patent foramen ovale treated safely with larger volumes of
polidocanol microfoam sclerotherapy than those otherwise
required for varicose vein treatment.
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