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ABSTRACT

Vascular malformations (VM) are classified by flow characteristics and channel

content. They can involve any organ and tissue plane, and occur in focal and diffuse forms.
Slow-flow vascular malformations (venous and lymphatic malformations) are typically

treated by sclerotherapy, whereas fast-flow lesions (arteriovenous malformations) are

managed with embolizations. Some VMs, such as VMs of the rectum or uterus, are best

dealt with surgically. This review will present a summary of the conditions, their imaging
features, and some useful endovascular therapeutic techniques.
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Objectives: Upon completion of this article, the reader will be able to (1) name the different types of vascular malformation that affect
the female pelvis, (2) prescribe the appropriate diagnostic procedures to determine the nature and extent of the vascular malformation,
and (3) recommend the appropriate treatment for a patient with a vascular malformation of the pelvis.
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to provide continuing medical education for physicians.

Credit: TUSM designates this educational activity for a maximum of 1 AMA PRA Category 1 Credit™. Physicians should only claim
credit commensurate with the extent of their participation in the activity.

Vascular malformations occur everywhere in the
body, including the female pelvis. They are best catego-
rized according to the biological classification proposed
by Mulliken and Glowacki in 1982.1 This classification
describes the entities according to their flow character-
istics (fast flow or slow flow), and their vascular channel
components (capillary, venous, lymphatic, arterial, and
combined). Each type of malformation is distinguished
by its own clinical and imaging features. In general,
vascular malformations can be diagnosed by physical
examination when the skin is involved, or when in-
creased pulsatility, bruit, or thrill can be detected.?
Ultrasonography with color Doppler interrogation is
useful to detect vascular malformations of the pelvis,

but determination of the nature and extent of a deep
vascular malformation is best made using magnetic
resonance imaging (MRI).>™® In centers specializing in
the care of patients with vascular malformations, endo-
vascular therapeutic techniques are often the primary
treatment modality.

VENOUS MIALFORMATIONS

Venous malformation (VM) is the most common symp-
tomatic vascular malformation. Typically, these anomalies
are caused by germline or somatic mutations in the TIE2
gene, which is involved in signaling between the endo-
thelial and the mesenchymal cells during vasculogenesis
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Figure 1 Diffuse venous malformation (VM) of the right lower extremity and perineum. This young girl became symptomatic
before one year of age and has undergone numerous therapeutic procedures including sclerotherapy, resection of intraarticular
VM of the right knee, and contour resection of the right labia majora. (A) Clinical photograph demonstrates enlargement of the
right labia majora and adjacent buttock with purplish discoloration. Note the prominent varicosities in the adjacent thigh and
pelvic wall. (B) T2-weighted axial magnetic resonance image (MRI) of the perineum shows diffuse involvement of the perineum
with serpiginous, T2-hyperintense venous channels. (C) T2-weighted axial MRI of the perineum one year later, after several
sessions of sclerotherapy and contour resection. Although the contour is improved, there is still VM throughout the labium and
buttock. (D) Coronal T2-weighted MRI, 5 years after (B), and following contour resection of the right labium majorum shows a
more symmetrical perineum. Note the involvement of the wall of the right pelvis, which has also been treated. (E) Sagittal T2-
weighted MRI of the right knee, prior to treatment, showing a massive VM filling the joint and surrounding tissues. (F) Coronal
T2-weighted MRI of the lower extremities after sclerotherapy and excision of the intraarticular VM. Note the severe swelling of
the right lower extremity compared with the left.
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(Continued) (G) Ultrasonographic image of the labium majorum in another patient with a focal VM of the perineum.

The lesion is composed of tubular spaces that are compressible. Note the echogenic contents of the abnormal venous spaces
and the fluid levels. (H) Color Doppler ultrasonogram shows blood flow or movement with release of compression by the
ultrasound probe. (I) Ultrasonographic image demonstrating placement of a 16-gauge angiocatheter into the abnormal venous
spaces. The metal stylette has been removed and a bare laser fiber inserted through the cannula. (J) Sonographic image during
endovenous laser treatment. The steam generated by the laser energy causes echogenicity within the VM.

and angiogenesis.g’10 These anomalous veins have endo-
thelial cellular abnormalities and severe deficiencies of the
smooth muscle layer, resulting in gradual stretching and
expansion of the lumen over time. The malformed veins
become distended with dependency or increased venous
pressure. VM can affect all tissue layers and can be focal,
multifocal, or diffuse. The most common site involved in
the female pelvis is the perineum, especially the labia
majora.'’ Symptoms include swelling and pain, especially
during prolonged standing, walking, or exercising, and
often worsen during menses or pregnancy. The skin, when
involved, has a bluish-tinged color, and subcutaneous or
cutaneous varices may also be evident. Although this
anomaly may be limited to the labia majora, often it is
part of a diffuse VM of the lower extremity, perineum,
and buttock (Fig. 1).1213

Less commonly, the rectal wall, vagina, uterus, or
bladder may be affected. Venous malformations of the
rectum are frequently associated with varicosities and
insufficiency of the hemorrhoidal, mesenteric, and portal
veins (Fig. 2).171¢ Tn addition to the presence of rectal
bleeding, which may be severe, affected patients may

develop thrombosis of the hemorrhoidal veins with
resultant portal vein thromboembolism and hepatic in-
farction. Venous malformations of the uterus and ovaries
are typically associated with insufficiency of the ovarian
vein and probably form a subtype of “pelvic congestion
syndrome” (Fig. 3).1 Pure VM of the uterus is rare
(Fig. 4). Venous malformations involving the urinary
system can lead to severe problems with hematuria.'>1¢
Diffuse VMs of the lower extremities in conjunction
with the perineum and buttock are typically associated
with painful swelling, hemarthrosis, and occasionally
pulmonary thromboembolism (Fig. 1). Patients with
extensive VIMs may develop localized intralesional coa-
gulopathy resulting in a systemic disseminated intra-
vascular coagulopathy, especially in association with
surgery.13

Venous malformations are readily diagnosed by
MRI. These lesions are highly hyperintense on T2-
weighted images, often contain thrombi or phleboliths
and enhance inhomogeneously.4 Therapeutic options
include graded elastic compression garments (for the
lower extremities), endovascular ablation, and resection.
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Figure 2 Venous malformation (VM) involving the colon. This young girl presented with hematochezia. Imaging showed
massive enlargement of the inferior mesenteric and hemorrhoidal veins. The inferior mesenteric vein was embolized through a
transhepatic portal vein approach to decrease venous reflux into the malformation. Her bleeding diminished. However, 6 years
later the patient developed acute portal vein thrombosis and required urgent endovascular recanalization. She remains
anticoagulated. (A) Axial computed tomography (CT) image of the pelvis following intravenous and oral contrast administration
demonstrates dilated venous channels arranged circumferentially around the rectum. Note, the phlebolith on the right anterior
wall. (B,C) Axial CT images in the mid pelvis and abdomen show marked enlargement of the inferior mesenteric and portal
veins. (D) Axial CT image of the pelvis 4 years after embolization shows some improvement in the venous engorgement around
the rectum. (E,F) Inferior mesenteric arteriography 6 years after embolization shows a diffuse VM of the colon. Note the
absence of filling of the inferior mesenteric vein.
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Figure 3 Venous malformation (VM) of the uterus and ovaries in a 6-year-old girl, presenting with urinary frequency and pelvic
discomfort with activities or prolonged walking. The patient’s symptoms were improved after transvenous embolization of the
left gonadal vein and sclerotherapy of the pelvic network. (A) Axial computed tomography (CT) image after intravenous contrast
medium shows a network of venous channels in the adnexal region. (B) Left renal venogram shows insufficiency of the left
gonadal vein. (C) Selective venography after placement of a microcatheter into the gonadal venous plexus. This was sclerosed
with sodium tetradecy! sulfate; the gonadal vein was then embolized with coils and additional sclerosant. (D) Left renal
venogram postembolization shows no further reflux.
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Figure 4 Venous malformation (VM) of the uterus and
vagina in a teenage girl with severe menorrhagia, partly
controlled by taking Lupron (TAP Pharmaceutical Products,
Inc. Lake Forest, IL). This coronal T2-weighted magnetic
resonance image (MRI) of the pelvis shows diffuse enlarge-
ment of the uterus with abnormal T2 hyperintense thickening
of the myometrium. Note, the continuation of the VM in the
wall of the vagina and surrounding pelvic tissues. A hyster-
ectomy was advised because it was felt that an adequate
result could not be achieved by endovenous treatment.

Patients prone to thromboembolism often require life-
long anticoagulation. Inferior vena caval filters may also
be necessary, although in some patients, the presence of
collateral venous channels or severe dilatation of the
inferior vena cava make this difficult.

ENDOVASCULAR TREATMENT

OF VENOUS MALFORMATIONS

OF THE PERINEUM

Direct cannulation and sclerosant injection, typically
using either absolute ethanol or 3% sodium tetradecyl
foam, constitutes the main endovascular approach to
treatment of VMs.'""'® These sclerosing agents typically
cause significant swelling; skin breakdown with subse-
quent infection is a risk. Endovenous laser therapy,
performed by inserting a bare laser fiber directly through
an intralesional cannula, can be combined with sclero-
sant injection. Because less sclerosant is needed, this
technique results in less swelling than sclerotherapy
alone. Contour resection of a grossly enlarged labium
majorum is often an efficient way of reducing the bulk.
All of these procedures result in good palliation, but
recurrence is common (Fig. 1).

Some rectal VMs can be treated endoscopically or
percutaneously by sclerotherapy (Fig. 2).Y Those that
involve the rectum in a circumferential fashion are
usually dealt with surgically. Resection or pull-through
procedure may be needed to control bleeding.***!

LYMPHATIC MALFORMATIONS

Lymphatic malformations (LMs) can also occur as a
tocal or diffuse anomaly. Pelvic LMs are composed of
macrocysts (fluid collections >2 cm diameter), micro-
cysts (<2 cm diameter) or a combination of both
(Figs. 5 and 6). Some diffuse LMs actually consist of
enlarged, incompetent lymphatic channels rather than
cysts, the so-called lymphangiectatic pattern. Cutaneous
involvement by these LMs consists of vesicles with or
without a capillary stain. Whereas the cystic malforma-
tions cause pain and swelling, which can be intermittent
in nature, the cutaneous vesicles are secondarily compli-
cated by leakage of lymphatic fluid, blood, or chyle.
Cystic lymphatic malformations are often associated
with localized enlargement of the adjacent conducting
veins or with persistent embryonic veins (lymphaticove-
nous [LVM]) (Fig. 6) or capillary-lymphaticovenous
malformation (CLVM). The latter term, when it in-
volves the adjacent limb with overgrowth, is often
referred to as Klippel-Trenaunay syndrome.

MRI of an LM typically shows a focal or septated
fluid collection in the case of macrocystic LM, or a
diffuse T2 hyperintense area of tissue enlargement in a
microcystic lesion.* Unlike VM, the fluid collection does
not enhance. Typically, there is rim or septal enhance-
ment in cystic LIM.

Macrocystic LMs can be treated by aspiration or
drainage with injection of sclerosant, such as ethanol,
doxycycline, OK-432 (picibanil), or bleomycin. Seventy-
five to ninety percent of patients with a simple macro-
cystic LM have an excellent response to sclerotherapy,
with a very low rate of recurrence, and a reduced morbid-
ity compared with resection.'®?223 However, microcystic
or combined macrocystic-microcystic LIMs demonstrate
a less predictable response to treatment. Sclerotherapy or
superficial laser treatment of the cutaneous vesicles can be
helpful in decreasing the leakage of fluid and subsequent
infection, but the results are not permanent and treat-
ment often needs to be repeated frequently. Patients with
diffuse tubular lymphatic anomalies, especially those with
bone involvement (Gorham’s disease) or chylous leakage
fare least well in general, although some patients stop
leaking, at least temporalrily.2

FAST-FLOW VASCULAR
MALFORMATIONS
Arteriovenous malformations (AVMs) and arteriove-

nous fistuli (AVF) can affect the pelvic wall and/or
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Figure 5 Predominantly microcystic lymphatic malformation (LM) of the right buttock in an 18-year-old woman with recent
onset of severe pain and leakage of bloody fluid from cutaneous vesicles. Resection of intraperitoneal cysts had been
performed in the neonatal period. (A) The photograph demonstrates a capillary stain on the surface of the skin and an enlarged
cluster of friable vesicles responsible for the leakage of serosanguineous fluid. (B) T2-weighted axial magnetic resonance image
(MRI) shows increased thickness of the subcutaneous fat of the right buttock, with diffuse increased signal representing
microcystic lymphatic malformation. Note the focal fluid collections that represent lymphatic cysts or spaces. The LM extends
through the ischiorectal space into the retroperitoneum. (C) Ultrasonographic image during sclerotherapy shows microbubbles
in one of the focal lymphatic spaces. This patient experienced dramatic improvement in pain and drainage following

sclerotherapy.

viscera (Fig. 7).252% Arteriovenous malformations typi-
cally evolve over time, changing from an asymptomatic
lesion with minimal shunting to one with active shunt-
ing, venous engorgement, and venous hypertension.
This evolution is often stimulated by trauma or hormo-
nal change, such as that occurring in puberty or with
pregnancy. It is fairly common for AVMs to become
symptomatic during or after pregnancy. Symptoms range
from mild discomfort and a feeling of pressure to
significant vaginal or rectal bleeding to cardiac volume
overload and congestive cardiac failure. Although most
AVMs are sporadic, several mutations have been iden-

tified. These include ALK-1 and endoglin in hereditary
hemorrhagic telangiectasia, RASA-1 in familial capillary
malformation-AVM, and phosphatase and tensin
(PTEN) in patients with Bannayan—Riley—Ruvalcaba
syndrome or Cowden synd1rome.27_32 Typically, an
AVM consists of supplying arteries, a vascular network
or “nidus” bypassing the capillary bed, and draining
veins.

Intrauterine AVMs

ically arise after pregnancy
or other uterine trauma.’>>"

®In many cases, hysterec-
tomy or dilatation and curettage reveal retained products
of conception, so these lesions are probably not true



354 SEMINARS IN INTERVENTIONAL RADIOLOGY/VOLUME 25, NUMBER 4 2008

D : L E
Figure 6 Lymphaticovenous malformation (LVM) of the left pelvis in a 40-year-old woman with increasing pelvic fullness and
discomfort. The symptoms improved after sclerotherapy of the lymphatic macrocysts. (A) T2-weighted axial magnetic
resonance image (MRI) of the pelvis without fat suppression shows a large focal macrocyst to the left of the bladder and
infiltration of the soft tissues around the iliac vessels with microcystic lymphatic malformation (LM). (B) Axial T1-weighted MRI
after intravenous gadolinium and fat suppression shows enhancement of the rim of the macrocyst. (C) Gradient recalled echo
image of the pelvis shows a large left iliac vein. (D) Left femoral venogram confirms the presence of dilatation of the left external
iliac vein as well as the more proximal iliac veins and inferior vena cava. Dilatation of adjacent conducting veins is often seen in
patients with macrocystic lymphatic malformations. (E) After placement of a pigtail catheter into the macrocyst, injection of
contrast medium confirms the cystic nature of the malformation. Fluid was drained and the cyst was injected with sclerosant.
Two procedures using ethanol as a sclerosant were ineffective. One treatment with OK-432 (picibanil) resulted in complete
disappearance of the macrocyst.
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Figure 7 Massive arteriovenous malformation (AVM) of the pelvis in a 46-year-old woman with vaginal bleeding following a
cervical biopsy. The AVM was diagnosed after a pregnancy and had been embolized 6 times previously using NBCA through the
arterial route. (A) Scout radiograph from an arteriogram shows radiopaque embolic material from previous arterial embolizations.
(B) The abdominal aortogram shows massive flow through a right pelvic AVM. There is enlargement of all of the adjacent
branches of the internal iliac arteries as well as the median sacral and superior hemorrhoidal arteries. (C) Venous drainage,
however is solely into a large varix of the internal iliac vein, internal obturator vein.

AVMs. Among asymptomatic women diagnosed by
ultrasonography, the AVM resolves spontaneously in a
high percentage, so conservative management is recom-
mended.” Women presenting with hemorrhage should

undergo embolization. Embolization of uterine AVMs,
usually through standard arterial microcatheter techni-
ques, is usually effective in eliminating the lesion, with a
very low recurrence rate. 333436739 Syccessful pregnancy
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Figure 7 (Continued) (D) Selective angiogram in the distal anterior division of the right internal iliac artery shows shunting
through a myriad of tiny arterial branches in the wall of the varix. (E) Transvenous (via a right internal jugular vein) catheterization
and venography of the draining varix shows marked dilatation and tortuosity of the right internal iliac vein. (F) Road map image of
the varix obtained by injecting contrast medium through a catheter inserted percutaneously through the anterior pelvic wall into
the varix. Note, the transvenous catheter is placed from above, as well as the radiopagque anchors of a bird's nest filter placed
from the right internal jugular venous approach, to contain the embolic devices and prevent pulmonary embolism. (G) Road map
image obtained during injection of n-butyl-2-cyanoacrylate (NBCA), after placement of numerous large Nester platinum fiber
coils within the varix. (H) Right internal iliac arteriogram following transvenous embolizations. The shunt is dramatically reduced,
but there is still opacification of small arteries and veins and part of the varix.
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Figure 7 (Continued) (1,J,K) Aortography 2 months after transvenous embolization shows regression of most of the feeding
arteries with a smaller residual shunt into the varix, now draining through the left obturator internal vein. (L) Percutaneous
venogram after cannulation of the draining varix through the anterior pelvic wall confirms placement of the catheter within the
residual draining varix. Hydrocoils (0.035 inch) were placed in the varix and after confirming slowing of the flow, 10 mL of
absolute ethanol was injected. (M) Oblique radiograph of the pelvis at the end of the second transvenous embolization shows
extensive packing of the varix with coils and NBCA.
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Figure 7

(Continued) (N,O,P) Postembolization aortogram shows no further arteriovenous shunting. Late images demon-

strated normal opacification of the iliofemoral veins and inferior vena cava.

has been reported after embolization of uterine AVMs.
Uterine AVM can also be seen in hereditary hemorrha-
gic telangiectasia.40

Many fast-flow vascular malformations are diag-
nosed by pelvic ul'fralsonography.5’33”35’36 Doppler inter-
rogation of dilated vascular channels typically shows
high velocity, low resistance flow in the feeding arteries
and draining veins. MRI findings include presence of
vascular flow voids within the effected tissues.® MR
angiography (MRA), best performed as a time-resolved
contrast-enhanced three-dimensional acquisition can be
very useful in demonstrating the extent and vascular
anatomy of these anomalies.

AVMs of the pelvic wall and viscera can attain
massive size and flow characteristics. Typically, they are
supplied by all arteries in the pelvis including the anterior
branches of the internal iliac arteries as well as the
median sacral and inferior mesenteric arteries.?>2%%!
This extensive arterial supply, and a tendency to recruit
new supply through angiogenesis, results in a poor
response to traditional arterial embolization as well as
to surgical ligations. Fortunately, many of these AVMs
represent arteriolovenous fistula in which many feeding
arteries drain into a single draining vein, often a puden-
dal or obturator vein.** Endovascular occlusion or abla-
tion of the single draining vein can lead to complete
obliteration of the arteriovenous shunts with long-term
follow-up showing minimal, if any recurrence (Fig. 7).

COMBINED VASCULAR MALFORMATIONS
Klippel-Trenaunay syndrome (CLVM) and Parkes—
Weber syndrome (CAVM or CLAVM) are, respectively,

slow-flow and fast-flow combined vascular overgrowth
malformations that typically affect a lower extremity and
the adjacent pelvis.2

Individuals with Klippel-Trenaunay syndrome
have a large capillary malformation or port wine stain as
well as lymphatic and venous anomalies of variable
severity.**’ The venous component typically consists
of persistent embryonic veins (marginal vein or vein of
Servelle) that courses in the lateral subcutaneous tissue
of the calf and thigh. Most of these represent a form of
persistent sciatic vein. ¥’ They communicate with the
central circulation in a variety of ways, often coursing
through the pelvis. The deep veins of the leg can be
hypoplastic or interrupted, and even when they are
intact, they demonstrate abnormal function on non-
invasive imaging.so Lymphatic involvement may be as
minor as the presence of small vesicles in the capillary
stain, or severe, with combined microcystic and macro-
cystic components in the limb and pelvis. Patients with
predominately venous anomalies typically suffer from
painful swelling and a risk of pulmonary thromboemb-
olism, as well as bleeding from the vagina or rectum.”!
These symptoms worsen during pregnancy, so many
affected women are counseled against having children.
Those who do become pregnant must be vigilant in
wearing graded elastic stockings and may require anti-
coagulation. Patients with Klippel-Trenaunay syn-
drome who have severe lymphatic anomalies develop
intermittent swelling and pain due to infection
or intralesional bleeding. Many have lymphatic vesicles
in the perianal region, which cause chronic leakage of
serosanguinous fluid and can serve as a portal of
infection.
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Endovascular treatment of patients with Klippel—
Trenaunay syndrome must be planned cal1refully.18’44
Ablation of anomalous veins in the lower extremities is
feasible, using a combination of endovenous laser, mi-
crocatheter embolization, and sclerotherapy, but may not
result in clinical improvement, particularly if the deep
veins are inadequate. Macrocystic and some microcystic
LM:s in the limb or pelvis are amenable to sclerotherapy.
Extremely bulky subcutaneous LMs can be managed by
contour resection. However, partial resection of LMs
may be associated with worsening of the residual lesion,
leading to severe bleeding a few years later. Sclerotherapy
is often helpful in managing such recurrences. In general,
these complex patients should be managed in a center
with an organized multidisciplinary vascular anomalies
center.

Parkes—Weber syndrome typically consists of ex-
tensive cutaneous capillary malformation with diffuse
small-vessel AVM and overgrowth of the limb and
buttock.'??”*7 These patients develop leg length dis-
crepancy and cardiac overload. Skin breakdown and
bleeding can occur. A small percentage of these patients
have a lymphatic component that can cause cellulitis or
fluid leakage. Severe chylorrhea has been seen in a small
group. These complications are difficult to manage. If
the LM is large enough to cannulate, sclerotherapy may
be helpful in decreasing the frequency of infection or
fluid drainage.

SUMMARY

Pelvic vascular malformations can occur as focal, isolated
lesions, but more commonly are part of a diffuse vascular
malformation of the adjacent extremity and pelvic wall.
Each type of vascular malformation has characteristic
clinical and imaging findings. Endovascular treatment,
combined with resection in some situations, can provide
effective treatment or palliation in many cases.
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