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PURPOSE: To evaluate the feasibility of three-dimensional (3D) reconstructed contrast-enhanced (CE) magnetic
resonance (MR) angiography in mapping the pelvic arteries in women before uterine artery embolization (UAE).

MATERIALS AND METHODS: CE MR angiography studies before UAE in 49 women (age range, 38–57 years; mean,
47.04 y � 4.7 [SD]) who underwent UAE for uterine leiomyomas between February 2005 and February 2007 were
retrospectively evaluated by two radiologists in consensus. Studies were performed on a 1.5-T MR unit with a 3D fast
low-angle shot sequence in the coronal direction. Reconstruction was performed with 3D computed tomographic
angiography reconstruction software.

RESULTS: In the current study, 98 internal iliac arteries (IIAs) from 49 women were studied. The superior and inferior
gluteal arteries were visualized in all cases (N � 98; 100%), the lateral sacral artery in 86 cases (88%), the iliolumbar
artery in 84 (86%), the obturator artery in 81 (83%), the internal pudendal artery in 96 (98%), and the uterine artery in
95 (97%). The superior vesical and middle rectal arteries were seen in 21 (21%) and 11 (11%) cases, respectively. The
mean length of the uterine artery was 12.56 cm (range, 4.6–22.2 cm), and it showed the longest traceable length among
all branches. The uterine artery showed five patterns of origin. The superior gluteal artery showed constant origin
from the posterior division of the IIA, whereas the iliolumbar and obturator arteries showed the most variations in
origin.

CONCLUSIONS: Three-dimensional reconstructed CE MR angiography can detect most branches of the IIA in
addition to their point of origin. Therefore, it can be used as a mapping tool of the pelvic arterial tree before UAE.
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Abbreviations: CE � contrast-enhanced, IIA � internal iliac artery, 3D � three-dimensional, UAE � uterine artery embolization
THE internal iliac artery (IIA) can be
regarded as a silent artery in women. In
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male subjects, it gains its importance
from the possibility of being a cause of
vasculogenic impotence (1). Apart from
this, its disease entities usually—but not
always (2)—remain asymptomatic ex-
cept when the IIA is acutely occluded or
an aneurysm develops (which might
present with pelvic mass, pain, and/or
sudden rupture). This probably results
from the presence of an excellent net-
work of collateral vessels in the pelvis
that can be used in case of stenosis or
obstruction. Even IIA occlusion can be
used as a treatment for some gyneco-
logic conditions (3,4) or as a part of en-
dovascular repair of abdominal aortic

aneurysms (5–7).
Uterine leiomyomas (or fibroid tu-
mors) are the most common pelvic tu-
mors, with an overall incidence of
35%–50% among all women (8). Uter-
ine artery embolization (UAE) is a
minimally invasive therapy for uterine
leiomyomas that represents an alter-
native to hysterectomy and myomec-
tomy (9), or it can be performed before
myomectomy as a part of combined
therapy aimed at reducing the bleed-
ing during multiple myomectomy op-
eration. During the past decade, UAE
has been established as a safe and ef-
fective first-line therapy for the treat-
ment of symptomatic leiomyomas in

premenopausal women (10). How-
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ever, the pelvic arterial anatomy is
among the most complex in the body.
Identifying and catheterizing the cor-
rect artery for UAE can be extraordi-
narily difficult, even for a physician
who routinely does so (11). Magnetic
resonance (MR) imaging is increas-
ingly being used to evaluate patients
before UAE because of its precision in
helping determine the size and loca-
tion of uterine leiomyomas and help-
ing exclude other diseases (12,13).

Because of the increased popularity
of pelvic interventional procedures—
with UAE currently being the most
common—and because of the lack of
sufficient data in the medical literature
regarding the study of the IIA with
MR angiography, even routine angio-
graphic studies are seen as insuffi-
cient. The present study was con-
ducted with the aim of evaluating the
feasibility of 3D reconstructed con-
trast-enhanced (CE) MR angiography
in visualizing the different branches of
the IIA and to study the anatomic vari-
ations in origin of the different branches
of the IIA in women, with special em-
phasis on the uterine artery as the target
artery in UAE.

MATERIALS AND METHODS

The study was approved by the in-
stitutional review board. Informed
consent was obtained from all patients
included in the study after a full ex-
planation of the procedure. Preembo-
lization CE MR angiographic studies
from 49 women who underwent UAE
for uterine leiomyomas during the
time period from February 2005 until
February 2007 (age range, 38–57 years;
mean, 47.04 y � 4.7 [SD]) were retro-
spectively evaluated by two radiolo-
gists. All patients underwent MR im-
aging, including CE MR angiography,
as a part of the preinterventional
workup.

Patient Selection

All patients self-reported symptom-
atic uterine leiomyomas. Symptoms
were mainly in the form of abnormal
uterine bleeding, bulk-related symp-
toms, pain, or a combination of symp-
toms. The leiomyomas were deter-
mined to be the cause of symptoms in
all patients. All patients had previ-
ously undergone gynecologic exami-

nation, routine examination of clinical
history, and physical examination. All
patients expressed a desire to avoid
surgical treatments and were exten-
sively counseled as to the known risks
and benefits of UAE and alternative
treatments.

MR Imaging and Image
Reconstruction Technique

CE MR angiography was per-
formed with a 1.5-T MR imaging sys-
tem (Magnetom Symphony; Siemens,
Erlangen, Germany). A body-array
coil was used to cover the volume of
interest. First, gradient-echo magneti-
zation-transfer scout images (echo/
repetition times, 5/15 msec; 40° flip an-
gle; slice thickness, 10 mm; matrix, 128
� 256, 40-cm field of view) were ob-
tained in three planes. Second, T2-
weighted single-shot turbo spin-echo
MR images (echo/repetition times, 95/
4,000 msec; 150° flip angle, slice thick-
ness, 6 mm; matrix, 128 � 256; 35-cm
field of view) were obtained in the sag-
ittal direction. Before application of the
contrast agent, an unenhanced 3D fast
low-angle shot sequence (echo/repeti-
tion times, 1.28/3.66 msec; 25° flip an-
gle, slice thickness, 1.2 mm; matrix, 128
� 512, 40-cm field of view) in a coronal
slice orientation was performed during
the end-inspiratory phase. The study
should extend anteriorly to include the
external iliac artery and its inferior epi-
gastric branch and should extend poste-
riorly to include the inferior gluteal and
internal pudendal arteries at the point
where they escape from the pelvis be-
tween the piriforms and coccygeus
muscles (this is the most posterior point
along their course). For the determina-
tion of the travel time for contrast mate-
rial from the injection site to the pelvic
vessels, a test bolus technique was used.
Two milliliters of gadopentetate dime-
glumine (Magnevist; Schering, Berlin,
Germany) were used for this purpose.
Patients’ renal function was checked
before contrast agent administration.
Based on the circulation time, contrast
agent was intravenously injected (0.1
mmol/kg body weight followed by 20
mL normal saline solution) with an
MR-compatible power injector (Spec-
tris; Medrad, Pittsburgh, Pennsylva-
nia) at a flow rate of 3 mL/sec. The CE
MR angiography was performed with
3D fast low-angle shot acquisition,
with identical imaging parameters as

the unenhanced acquisition, in the ar-
terial and venous phases. The unen-
hanced examination was performed to
permit image subtraction of the unen-
hanced images from the CE images
after the examination. The subtracted
images obtained in the arterial phase
were loaded into the multislice CT
console (Somatom Sensation; Sie-
mens), and a 3D reconstructed view of
the pelvic arterial tree was obtained
with use of the same software used for
3D reconstruction of the CT angiogra-
phy images (Syngo Vessel View Ap-
plication; Siemens). This allowed the
free rotation of the 3D model in all
directions to aid correct judgment of
the course of the vessels in all direc-
tions.

Image Evaluations

All MR images were assessed in
consensus by two senior radiologists
with more than 5 and 15 years, respec-
tively, of experience in the field of pel-
vic MR imaging, who were blinded to
the conventional angiographic images
of the patients at the time of evalua-
tion. For each study, nine branches of
the IIA (superior and inferior gluteal,
internal pudendal, iliolumbar, lateral
sacral, obturator, uterine, superior
vesical, and middle rectal arteries)
were evaluated on each side. Branches
were identified based on their course,
with continual rotation of the 3D re-
constructed model of the pelvic arte-
rial tree in all directions. Each branch
was evaluated for its visualization,
length, and site of origin. For visual-
ization, a three-grade scoring system
was adopted: a score of 0 indicated
that the artery was not seen, inter-
rupted, or its origin could not be iden-
tified; a score of 1 indicated that the
artery was faintly seen but could be
traced and had no missing segments
until its first branch arose; and a score
of 2 indicated that the artery was
clearly seen. Regarding the lengths of
the branches, measurement started
from their point of origin until their
first branch arose or they were no
more visualized.

Data Collection and Statistical
Analysis

Results of image evaluations were
tabulated to facilitate their analysis
and were gathered together in a single

table. Regarding the degree of visual-
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ization, the sensitivity of 3D recon-
structed CE MR angiography in de-
tecting the different branches was
calculated based on the assumption
that all branches anatomically exist in
all patients. Regarding the measured
lengths of the different branches, for
each branch, the mean length and SD
were calculated. Finally, the exact ori-
gin of each branch was reported, with
calculation of the percentage for each
point of origin. All statistical evalua-
tions were performed using BiAS soft-
ware (Epsilon-Verlag, Darmstadt, Ger-
many).

RESULTS

Arterial Visualization

The study included CE MR angiog-
raphy studies from 49 patients (98 IIAs)
before UAE. Table 1 summarizes the
scores of the studied branches. Among
the 98 arteries studied, the uterine artery
was clearly detected (ie, score of 2) in 87
and faintly seen (ie, score of 1) in eight.
The uterine artery was given a score of 0
in three arteries. The IIA gives off six
parietal branches and three visceral
branches. For the parietal branches, the
superior and inferior gluteal arteries
were visualized in all arteries studied,
with an overall sensitivity of 1 for each
of them. Regarding the other four pari-
etal branches—namely the lateral sacral
artery, iliolumbar artery, internal pu-
dendal artery, and obturator artery—3D
reconstructed CE MR angiography
showed them with overall sensitivities
of 0.88, 0.86, 0.98, and 0.83, respectively.
Three-dimensional reconstructed CE

Table 1
Score for Visualization of Each of the
Studied Branches of the IIA

Score

Branch (Artery) 2 1 0

Superior gluteal 98 0 0
Inferior gluteal 97 1 0
Lateral sacral 58 28 12
Iliolumbar 63 21 14
Obturator 42 39 17
Internal pudendal 90 6 2
Uterine 87 8 3
Superior vesical 10 11 77
Middle rectal 8 3 87
MR angiography showed the visceral
branches—namely the uterine artery,
superior vesical artery, and middle
rectal artery (Fig 1)—with overall sen-
sitivities of 0.97, 0.21, and 0.11, respec-
tively.

Detectable Lengths

Table 2 summarizes the lengths
(range, mean, and SD) of the studied
branches of the IIA. The uterine artery
showed the maximum traceable length,
reaching 22.2 cm; this was followed by
the internal pudendal and obturator
arteries with maximum lengths of 15.3
cm and 11.2 cm, respectively. The least
detectable lengths were visualized in
the lateral sacral and iliolumbar arter-
ies and were 0.5 cm and 0.4 cm, re-
spectively.

Branch Origin

The detectable uterine arteries
showed an origin from the anterior
division in 86 cases (90%), from the
main stem in two (2%), from the point
of bifurcation of the IIA in one (1%),
from the posterior division in one (1%;
Fig 2a), and indirectly from the ante-

Figure 1. Three-dimensional reconstructed
bolization study of a 47-year-old woman. Th
side for better visualization of the arteries
artery (1), IIA (2) with its anterior (arrowh
iliac artery (3), lateral sacral artery (4), sup
characteristic tortuous course originating d
rectal artery (7), inferior gluteal artery (8), 
rior division through a short common
stem with other arteries in five (6%);
four of these stems were shared with
the obturator artery and one with the
internal pudendal artery (Fig 3). The
superior gluteal artery (Fig 4a) showed
a constant origin from the posterior di-
vision of the IIA in all studied arteries,
and the inferior gluteal artery originated
from the anterior division in 83 of the
studied arteries (85%) and from the pos-
terior division in 15 (15%). The detected
lateral sacral arteries showed an origin
from the posterior division in 78 cases
(91%), from the main stem of the IIA in
six (7%), from the anterior division in
one (1%), and from the inferior gluteal
artery originating from the posterior di-
vision in one (1%). The detectable iliolum-
bar arteries originated from the main
stem of the IIA in 42 cases (50%), from
the posterior division in 37 (44%), and
from the point of IIA bifurcation in five
(6%). The detectable superior vesical ar-
tery (Fig 4b) and middle rectal artery
showed a constant origin from the ante-
rior division (100%). The detectable in-
ternal pudendal arteries showed origins
from the anterior division in 91 cases
(95%), indirect origin from the anterior
division in three (3%), from the main

E MR angiography image from the preem-
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division in one (1%). Last, the detectable
obturator arteries showed origin from
the anterior division in 53 cases (65%),
from the inferior epigastric artery in 21
(26%; Fig 5a), from the posterior divi-
sion in three (4%), and indirectly from
the anterior division (with a common
segment with the uterine artery) in four
(5%; Fig 5b).

DISCUSSION

The increased popularity of inter-
ventional procedures, many of which
are based on the arterial system, and
the introduction of high-technology
noninvasive imaging techniques such
as CT angiography and MR angiogra-
phy, have allowed radiologists to
study the arterial system in more de-
tail with the aim of planning interven-
tional procedures, providing the clini-
cian or surgeon with details about
vascular disease conditions or data
that are considered crucial before sur-
gical procedures. One of the most
widely performed interventional pro-
cedures is UAE, which has emerged as
a strong alternative to surgical op-
tions.

UAE has been widely recognized as
a safe and effective treatment for
symptomatic uterine leiomyomas (14–
16) and an alternative to major sur-
gery, including hysterectomy and
myomectomy, because this minimally
invasive treatment can contribute to
improved symptoms with few major
complications (17). It leads to impres-

Table 2
Detectable Lengths of the Studied
Branches of the IIA

Length (cm)

Branch (Artery) Range Mean � SD

Superior
gluteal

1.4–6.9 3.96 � 1.03

Inferior gluteal 1.3–13 5.96 � 2.56
Lateral sacral 0.5–5.6 2.84 � 1.17
Iliolumbar 0.4–6 1.47 � 0.85
Obturator 3.6–11.2 7.18 � 1.62
Internal

pudendal
1.2–15.3 7.9 � 2.7

Uterine 4.6–22.2 12.56 � 3.78
Superior

vesical
3.2–9 6.12 � 1.72

Middle rectal 0.8–7.8 3.52 � 2.15
sive midterm and long-term improve-
ment of all investigated physical and
psychologic leiomyoma-related and
-associated symptoms and signifi-
cantly improves women’s health-re-
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lated quality of life (18). In addition,
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tive procedure to reduce the bleeding
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Figure 5. (a) Three-dimensional reconstructed CE MR angiography image from the preembolization study of a 38-year-old woman.
The 3D model was rotated toward the left side for better visualization of the arteries on the left side, namely the IIA (1), external iliac
artery (2), uterine artery (3), and obturator artery (4), which originates from the inferior epigastric branch (5) of the external iliac artery.
(b) Another view from the same patient with masking of the IIA and external iliac artery on the left side and rotation of the 3D model
toward the left side for better visualization of the arteries on the right side, namely the IIA (1), external iliac artery (2) with its inferior
epigastric branch (3), iliolumbar artery (4), lateral sacral artery (5), superior gluteal artery (6), inferior gluteal artery (7), internal
pudendal artery (8), middle rectal artery (9), and uterine artery (10), which originates indirectly from the anterior division by a common
Figure 4. (a) Three-dimensional reconstructed CE MR angiography image from the preembolization study of a 51-year-old woman.
Direct posterior view with masking of the internal and external iliac arteries on the left side for better visualization of the branches of
the posterior division of the IIA on the right side. This view shows the IIA (1), external iliac artery (2), iliolumbar artery (3), lateral sacral
artery (4) before it divides into a superior and inferior divisions, and superior gluteal artery (5). (b) Another view from the same patient
with masking of the IIA and external iliac artery on the left side and rotation of the 3D model toward the right side for better
visualization of the branches of the anterior division of the right IIA. This view shows the uterine artery (1) with its characteristic
segment with the obturator artery (11).



1574 • Three-dimensional Reconstructed MR Angiography before UAE November 2008 JVIR
asses the ability of 3D reconstructed
CE MR angiography in mapping the
pelvic arterial tree in patients who un-
derwent UAE.

CE MR angiography is a versatile
technique that combines speed, su-
perb contrast, and relative simplicity.
It has a wide range of applications,
particularly in the abdomen and pelvis
(19). First, we tried to use the maxi-
mum-intensity projection images for
the current study, and, despite the fact
that it is the most common means of
displaying the data from MR angiog-
raphy studies, it did not supply us
with full details regarding the IIA
branches. This is probably because of
the special nature of the IIA and its
branches, with their long courses and
obliquities necessitating visualization
of the whole artery to allow correct
identification, especially in the ab-
sence of bony landmarks. During rou-
tine angiographic procedures, identifi-
cation of the IIA branches is facilitated
if bony landmarks are established (20).
As a result, the subtracted CE MR an-
giography images obtained were re-
constructed with use of the Syngo Ves-
sel-View application (the application
used for 3D reconstruction of CT an-
giographic images), which provided a
3D model of the pelvic arterial tree
that can be freely rotated and exam-
ined in all planes and directions, en-
abling the reader to completely trace
the visualized arteries with a consid-
erable degree of confidence and clar-
ity.

After evaluation, an attempt was
made to correlate the 3D reconstructed
CE MR angiography images with the
angiographic images (the gold stan-
dard for arterial visualization), but the
main problem was that the 3D model
can be freely rotated in any direction
to see each branch and trace it sepa-
rately, whereas angiography was per-
formed with the aim of visualizing the
origin of the uterine artery to enter it
with the catheter. Because the study
was done in a retrospective manner, it
was very difficult to find the projec-
tion among a patient’s angiographic
images that coincided with the rotated
3D reconstructed model, except in
some rare circumstances (Fig 2).

It was observed that 3D recon-
structed CE MR angiography was sen-
sitive in detecting the major parietal
branches, namely the superior and infe-

rior gluteal and internal pudendal arter-
ies, probably because their relatively
large diameter and parietal course away
from the pelvic viscera allows improved
enhancement and clear visualization.
Regarding the other parietal branches—
namely the lateral sacral, iliolumbar,
and obturator arteries—CE MR angiog-
raphy showed them with relatively
high sensitivity. Regarding the vis-
ceral branches, the uterine artery was
the only artery detected in a high per-
centage of cases, which is probably re-
lated to its characteristic tortuous course
and large diameter in patients with uter-
ine leiomyomas, in whom it is enlarged
to supply the tumors. The other two
included visceral branches, namely the
superior vesical and middle rectal arter-
ies, were detected in a relatively small
number of patients, most likely because
of their small diameter and course
within the pelvic cavity.

Regarding the lengths of the detect-
able branches of the IIA, the uterine
artery showed the longest detectable
lengths, probably because of its inher-
ent tortuosity and enlargement in pa-
tient with uterine leiomyomas; this
was followed by the internal pudendal
and obturator arteries, likely attrib-
uted to the fact that these two arteries
travel for a long distance before giving
off their first branch. Conversely,
some other arteries known to divide
immediately after their origin—such
as the lateral sacral artery dividing
immediately into superior and infe-
rior branches or the iliolumbar artery
dividing into ilial and lumbar
branches—showed the least detect-
able lengths.

Previously, several studies have
tried to classify the pattern of branch-
ing of the IIA and the modes of origin
of its different branches (21,22). In fact,
the pattern of division of the IIA is
beyond the scope of our study, as we
tried to focus mainly on the uterine
artery, the target artery in uterine
leiomyoma treatment. In addition,
special attention was given to the ob-
turator artery because of its surgical
importance.

The current study identified five
points of origins of the uterine artery.
The most common was a direct origin
from the anterior division seen in 90%
of cases, followed by an indirect origin
from the anterior division with a short
trunk with other arteries seen in five
arteries, four with the obturator and

one with the internal pudendal artery.
We identified another two patterns of
origin, one from the main stem of the
IIA and the other from the point of its
bifurcation. The latter was grouped
alone because we thought it would
have an impact on the embolization
procedure, in which a relatively small
artery is selected at the point of bifur-
cation of a major artery, which consti-
tutes a challenge to the interventionist.
Another single rare incidence was an
origin from the posterior division; this
constitutes a critical condition because
the posterior division, according to
Greenwood et al (23), must be pre-
served during the embolization proce-
dure. These results partially agree
with those of Pelage et al (20), who
identified a single origin of the uterine
artery from the anterior division of the
IIA; we believe this origin is the most
common, but not the sole pattern of
origin.

The second artery of special con-
cern to us was the obturator artery.
Despite the fact that it is unrelated to
the UAE procedure, it has a special
surgical importance and the tradi-
tional surgical teaching warns of the
danger of dissecting blindly along the
iliopectineal line for fear of lacerating
the “Crown of Death” (this refers to an
aberrantly originating obturator artery
taking origin from the inferior epigas-
tric artery and crossing over the pelvic
rim). In the current study, the obtura-
tor artery showed four patterns of or-
igin, the most common of which was a
direct origin from the anterior divi-
sion. Other origins include an indirect
origin from the anterior division with
a common trunk with other arteries
(the uterine artery), the posterior divi-
sion, and finally the inferior epigastric
artery, which was seen in 26% of ex-
amined arteries. According to Gilory
et al (24), the incidences of a sole ob-
turator artery in the variant position
(originating from the inferior epigas-
tric/external iliac artery) were 22% in
specimens in the United States and
10% in specimens in China.

Limitations of the current study in-
clude the performance of the study in
one group of women (those with uterine
leiomyomas), which has an impact on
the size and consequently the visualiza-
tion of the uterine artery. A second
limitation is the lack of comparison be-
tween the 3D rotational MR angio-

graphic reconstructions and digital sub-
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traction angiography or 3D rotational
digital subtraction angiography.

We regard the present study as a
step on a long road of usage of 3D
imaging in diagnostic and interven-
tional procedures, especially in the
presence of newly introduced technol-
ogies such as C-arm CT (25), 3D rota-
tional angiography (26), and 3D road
mapping (27), all of which hold prom-
ise for the future.

We conclude that 3D reconstructed
CE MR angiography can detect most
branches of the IIA in women, in ad-
dition to the branches’ points of origin.
Such information might be of help be-
fore pelvic interventional procedures,
especially UAE, which requires a good
knowledge of the anatomy to ensure
the delivery of a safe procedure and
avoid nontarget embolization. Still, a
similar study, conducted in a prospec-
tive manner, is required to evaluate
the real impact of such findings on the
interventional procedure itself.
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