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P
elvic and uterine arteriovenous malformations 
(AVMs) can cause abnormal and potentially life-
threatening vaginal bleeding. Although they are 
considered relatively rare, with fewer than 150 cases 

reported in the literature, the true incidence of uterine 
AVMs may be higher. A prospective study of 959 patients 
found sonographically evident uterine AVMs in 5.2% of 
women after dilatation and curettage and in 0.22% of 
women after delivery; however, only one (0.1%) AVM in 
the study population was deemed clinically significant.1 
Pelvic AVMs and uterine AVMs are distinct entities with 
different etiologies, presentation, and management.

ETIOLOGY
Both pelvic and uterine AVMs result from one or 

more sites of abnormal direct communication between 
an artery and a vein without an intervening capillary bed. 
The subsequent diversion of blood flow along the pres-
sure gradient into the venous system results in increased 
pressure and high-velocity flow, as well as marked vascu-
lar enlargement, in the venous system. Pelvic AVMs are 
usually sporadic congenital abnormalities. As in AVMs 
occurring elsewhere in the body, the arteriovenous 
communications in pelvic AVMs can vary widely in size, 
number, and location. These developmental anomalies 
are thought to result from abnormal endothelial cell pro-
liferation and delayed vascular remodeling during fetal 
angiogenesis.2 Acquired pelvic arteriovenous communi-
cations may also arise from trauma or surgery, although 

these are typically referred to as fistulas and are often 
simpler, with fewer arteriovenous communications than 
in congenital malformations.

Although pelvic AVMs may extend to involve the 
uterus, they should be distinguished from uterine AVMs, 
in which the arteriovenous communications exist 
entirely within the uterus. The majority of uterine AVMs 
are thought to be acquired and could more accurately 
be termed fistulas rather than true malformations. These 
acquired uterine AVMs often demonstrate more com-
plex and numerous arteriovenous communications than 
typical arteriovenous fistulas and are more analogous to 
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Figure 1.  Sagittal color Doppler ultrasound of the uterus 

demonstrating markedly increased flow with aliasing, primarily 

within the myometrium. 
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congenital AVMs, which may be due to the rich vascularity 
and dense network of anastomoses within the uterus. 

Risk factors for acquired uterine AVMs are myriad, 
encompassing nearly the entirety of uterine pathophysiology 
as well as the normal physiologic changes of pregnancy. 
Uterine AVMs have been described following normal 
pregnancy, uterine instrumentation (dilatation and curet-
tage, other surgeries), gestational trophoblastic disease, 
and uterine and cervical cancers. Maternal diethylstilbes-
trol exposure has been associated with development of 
cervical AVMs in exposed progeny.3

CLINICAL PRESENTATION
Most symptomatic pelvic and uterine AVMs present 

with abnormal vaginal bleeding ranging from frequent 
spotting to catastrophic hemorrhage; menorrhagia, 
metrorrhagia, menometrorrhagia, and postcoital bleed-
ing have all been described as presenting symptoms. 
Pelvic pain or pressure, including neuropathic pain such 
as sciatica, can also be a presenting symptom. Pelvic 
AVMs may present with other evidence of increased 
venous pressure such as vulvar varices or, in severe cases, 
lower extremity venous congestion. Hematuria, urinary 
difficulties, and hemospermia have been reported as pre-
senting symptoms in male patients with pelvic AVMs.4 
High-flow left-to-right shunts are also a known cause of 
high-output cardiac failure.

An increasing number of asymptomatic uterine and 
pelvic AVMs are diagnosed incidentally as the use of 
imaging grows.

IMAGING
Pelvic sonography is often the initial screening study 

performed in the setting of suspected pelvic or uterine 
AVM and should include the use of color Doppler with 
flow velocity measurements. Grayscale sonographic find-
ings can be nonspecific and may include myometrial thick-
ening and inhomogeneity, an intramural or endometrial 
mass, tubular spaces within the uterine wall, and enlarged 
parametrial vessels. Color Doppler evaluation should be 
used to document the presence of multiple enlarged uter-
ine and/or pelvic vessels with intense signal, aliasing, and 
apparent flow reversal indicative of turbulent high-velocity 
flow (Figure 1). Spectral Doppler demonstrating elevated 
flow velocities within low-resistance vessels indicates the 
presence of an arteriovenous communication. Resistive 
indices will often be between 0.25 and 0.55.5 

Peak systolic velocity (PSV) within the AVM can 
help predict its natural history and thus guide manage-
ment. A PSV ≤ 40 cm/s identifies AVMs that are likely 
to regress without intervention and may be managed 
expectantly with periodic sonographic follow-up in 

patients with stable hemoglobin. A PSV > 60 cm/s indi-
cates a more concerning AVM with a low likelihood of 
spontaneous regression and potential risk of significant 
bleeding even in a currently stable patient; these high-
velocity AVMs should be treated expeditiously. AVMs 
with PSV between 40 and 60 cm/s may be managed with 
close interval sonographic follow-up in patients without 
excessive bleeding, as they may regress or persist.6

Either CT or MRI can be used to better delineate the 
anatomy of a pelvic or uterine AVM, help identify involved 
organs and structures, and aid in preprocedural planning. 
Typical findings include uterine enlargement with or with-
out a focal mass, disruption of the uterine junctional zones 
on MRI, and numerous enlarged myometrial and parame-
trial vessels. Early filling of these dilated venous structures 
via brisk arterial shunting is the characteristic feature of 
AVMs. Although these abnormal flow dynamics can be 
identified on CTA with optimal bolus and scan timing, 
they can be more consistently captured on dynamic con-
trast-enhanced MRA (Figure 2). Other advantages of MRI 
include better characterization of the pelvic organs and 
the lack of ionizing radiation; the latter may be of particular 

Figure 2.  Coronal maximum-intensity projection image 

from contrast-enhanced dynamic MRA demonstrating early 

filling of numerous enlarged veins in the uterus and pelvis 

with primary drainage via an enlarged left ovarian vein to 

the left renal vein. 
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interest in reproductive-age women. For these reasons, 
dynamic contrast-enhanced MRA may be the preferred 
imaging modality for cross-sectional imaging of pelvic and 
uterine AVMs. The better spatial resolution of CT can aid 
in localizing and characterizing the arteriovenous commu-
nications if not adequately characterized by MRI.

Digital subtraction angiography (DSA) remains the 
gold standard for diagnosis of uterine and pelvic AVMs. 
Diagnostic DSA is essential to treatment planning and pro-
vides an unmatched level of detail in identifying and local-
izing arteriovenous communications. The defining feature 
of AVMs on DSA is brisk early filling of numerous enlarged 
veins emerging from a nidus, or nest, of abnormal vessels 
after arterial contrast injection (Figures 3 and 4). Due to 
advances in noninvasive imaging, many interventionalists 
use these imaging studies for the majority of preprocedural 
planning and perform initial diagnostic DSA to confirm and 
refine the treatment plan within the same procedure as the 
planned endovascular therapy. Nonetheless, noninvasive 
imaging does not always provide adequate information for 
planning of these complex treatments; in these cases, diag-
nostic DSA can be performed prior to the day of treatment.

TREATMENT OPTIONS AND OUTCOMES
Endovascular Treatment

Although now more commonly used to treat symptom-
atic uterine fibroids, uterine embolization was first described 
as a treatment for uterine AVMs.7 Forssman et al described 
the introduction of Gelfoam (Pfizer, Inc.) into the uter-

ine artery via laparotomy, and the 
treated patient subsequently became 
pregnant and successfully delivered a 
healthy child.7 The literature suggests 
that transcatheter embolization has 
high rates of success in treating pel-
vic and uterine AVMs. One series of 
42 patients who underwent Gelfoam 
embolization for postobstetric uter-
ine AVMs demonstrated successful 
definitive endovascular treatment in 
88% of patients, with the remaining 
12% requiring hysterectomy; 13 of 
these patients became pregnant, 
culminating in an 80% successful 
delivery rate with eight term deliv-
eries, two spontaneous abortions, 
and three elective terminations.8 
Another study of 15 patients with 
uterine AVMs demonstrated an 
endovascular therapy success rate of 
93%, with only one patient requir-
ing hysterectomy. Embolization was 

undertaken using Gelfoam, glue, polyvinyl alcohol (PVA), 
coils, and a combination of these embolic agents, and 
six patients required more than one embolization pro-
cedure.9 A systematic review of 40 studies that included 
54 patients with acquired uterine AVMs who underwent 
transcatheter embolization found a primary success rate 
of 61% and secondary success rate of 91%.10 

Given these high clinical success rates, endovascular 
therapy is often the recommended initial therapy for 
uterine and pelvic AVMs requiring treatment. Various 
embolic agents have been successfully used, including 
PVA and other particulate embolic agents, liquid embolic 
agents including n-butyl-cyanoacrylate glue and Onyx 
(Medtronic), Gelfoam, and coils, and they are often used 
in combination. The successful use of ethanol, either 
alone or in combination with embolic agents, has also 
been described; however, this is more precisely termed a 
sclerosant than an embolic agent. The goal of emboliza-
tion is typically to eradicate the abnormal arteriovenous 
communications while maintaining perfusion to the uter-
us (Figure 5). As noted previously, successful pregnancies 
have been reported in many patients after endovascular 
treatment of uterine and pelvic AVMs.

Treatment technique.  Initial endovascular treatment 
of uterine AVMs is most commonly performed via a tran-
sarterial approach, typically by embolizing the branches 
of one or both uterine arteries. Transarterial embolization 
alone may be sufficient for definitive treatment of the 
AVM and can be undertaken more than once to target 

Figure 3.  Pelvic arteriogram demonstrating an enlarged right uterine artery with 

right-sided uterine nidus, suggesting early venous filling. Arterial enlargement is 

attributable to increased flow through this vessel to the low-pressure sump of the 

arteriovenous communication (A). Slightly delayed image from same pelvic arterio-

gram confirming early venous drainage from the right aspect of the uterus via right 

internal iliac and right ovarian veins (B).

A B



W O M E N ’ S 
H E A LT H

76 ENDOVASCULAR TODAY JANUARY 2018 VOL. 17, NO. 1

additional arterial branches if necessary. However, the 
arteriovenous communications cannot be  adequately 
sealed via a transarterial approach in some cases. 
Although the immediate postembolization angiogram 
may appear to demonstrate successful treatment of the 
AVM, it will persist or appear to recur if one or more arte-
riovenous communications remain patent. The persistent 
pressure gradient will result in diversion of arterial flow to 
the low-pressure venous sump through even the tiniest 
collateral vessel. In this situation, a different approach or 
access may be required. 

Transvenous embolization or sclerotherapy may be 
performed via a femoral or jugular access. The retrograde 
transvenous approach can pose challenges in the treat-
ment of a persistently high-flow AVM. Risks include 
nontarget delivery of embolic material to the pulmonary 
arteries and embedding the delivery catheter in liquid 
embolic agents. The nidus or proximal venous outflow 
of the AVM can also be directly punctured under ultra-
sound guidance, either percutaneously or transvaginally, 
with subsequent embolization or sclerotherapy. Thus, this 
approach requires cautious incremental treatment, par-
ticularly during sclerotherapy, to avert tissue damage due 
to reflux into the capillary bed. Arterial access for angiog-
raphy is recommended even in transvenous and direct 
puncture procedures to facilitate assessment of anatomy, 
monitor treatment progress, and determine the treat-
ment endpoint. Initial transarterial embolization, most 
commonly achieved in a preceding treatment rather 
than concurrently, confers the advantage of slowing flow 
through and decreasing the size of the residual arteriove-

nous communications. This reduces the risk of complica-
tions related to high flow (eg, nontarget pulmonary embo-
lization, embedding the catheter in liquid embolic agent) 
but increases the risk of tissue damage due to retrograde 
flow of the treatment agent. As a result, transarterial 
embolization remains the mainstay of first-line endovascu-
lar treatment of uterine AVMs, whereas the transvenous 
and direct puncture approaches serve as adjunctive mea-
sures for refractory arteriovenous communications.

Surgical Treatment
Hysterectomy is the definitive surgical therapy for 

uterine AVMs and may be performed either first-line 
or after failure of embolotherapy; however, it may not 
always be desirable as a first-line treatment due to not 
only the expected disadvantages of a more invasive 
procedure and many patients’ desire to retain fertil-
ity. In one large series, mean hospital stay after hys-
terectomy ranged from 5.5 to 7 days for laparoscopic 
and open abdominal hysterectomy, respectively.11 
Complications after hysterectomy include infection in 
up to 13% of patients, venous thromboembolism in 
1% to 12% of patients, genitourinary system injuries in 
0.75% to 1.5% of patients, and more rarely, gastrointes-
tinal tract injuries, bleeding complications, neuropathy, 
and vaginal cuff dehiscence.12

Surgical therapy for congenital pelvic AVMs is often 
more complicated due to the typically complex network 

Figure 4.  Angiogram after right internal iliac artery injection 

demonstrates simultaneous contrast opacification of distal 

intrauterine arterial branches and dilated draining veins,  

indicating brisk arteriovenous shunting.
Figure 5.  Postembolization pelvic arteriogram demonstrates 

no residual arteriovenous shunting or right uterine hypervas-

cularity with n-butyl-cyanoacrylate glue casting right uterine 

artery branches and persistent flow to the uterus via other 

right uterine artery branches and the left uterine artery.
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of arteriovenous communications and intimate associa-
tion of the abnormal vessels to critical structures within 
the pelvis. For these reasons, surgery is not performed as 
frequently for pelvic AVMs as for uterine AVMs.

Conservative Treatment
Case reports have described the use of gonadotropin-

releasing hormone (GnRH) agonists to treat uterine AVMs 
in stable patients. In one case, the AVM completely resolved 
after 6 months of GnRH agonist therapy (with subsequent 
successful pregnancy),13 and in another case, 6 months of 
GnRH therapy decreased the size of the AVM, which was 
subsequently embolized for definitive therapy.14

Ultrasound-guided high-intensity focused ultrasound 
was used in one case to treat an acquired uterine AVM 
in a stable patient; two treatments were required.15 

Many uterine AVMs will spontaneously resolve and 
may not require treatment if the patient remains stable. 
As the increased use of imaging leads to more frequent 
detection of mild or asymptomatic uterine AVMs, the 
proportion of diagnosed uterine AVMs that can be 
safely managed with observation and follow-up imaging 
alone will likely grow. In two small series of seven and 12 
patients with asymptomatic or mildly symptomatic uter-
ine AVMs, the vascular abnormality completely resolved 
in all patients without intervention.16,17 

A recent prospective study of 75 patients sought to 
identify factors predictive of pregnancy-related uterine 
AVMs that could be safely managed conservatively. 
Lower-velocity flow within the AVM (PSV < 52 cm/s) 
and normal initial hemoglobin were among the factors 
associated with patients who did not require interven-
tion. In the study, 60% of the patients were successfully 
managed conservatively.18

CONCLUSION
Uterine and pelvic AVMs are a rare cause of excessive 

and potentially catastrophic vaginal bleeding; however, 
asymptomatic or mildly symptomatic uterine AVMs 
may be more common than previously thought as detec-
tion increases with the use of routine imaging. Uterine 
AVMs are more typically acquired, whereas pelvic AVMs 
are classically congenital, with posttraumatic pelvic arte-
riovenous communications more commonly termed 
fistulas. Although DSA is the gold standard for diagnosis, 
ultrasound with color and spectral Doppler, CTA, and 
MRA can aid in characterizing these lesions as well as in 
management planning. Endovascular management with 
transcatheter embolization is the mainstay of therapy for 
both uterine and pelvic AVMs. Uterine AVMs refractory 
to endovascular interventions can be treated definitively 
with hysterectomy, while surgical management for pelvic 

AVMs poses a greater challenge. Growing evidence sug-
gests that conservative management may be appropriate 
for many patients with uterine AVMs, particularly those 
with asymptomatic and/or lower-flow lesions. Close 
clinical follow-up and imaging are still recommended, as 
the factors that predict spontaneous resolution of these 
AVMs need to be better elucidated. n
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