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Summary

Objectives: This study aimed to compare the feasibility and advantages of a three-dimensional rotational angiography (3DRA) road
map for individualized guidance of uterine artery (UA) catheterization with those of a conventional two-dimensional (2D) road map.
Materials and Methods: Twenty patients were randomly assigned to the 3DRA and 2D groups for UA catheterization and embolization
for symptomatic uterine fibroid, postpartum haemorrhage, incision pregnancy, adenomyosis, and cervical cancer in the past 2 years at our
hospital. Demographic data such as patient age, abdominal perimeter, and uterine diseases were recorded. Procedure time, fluoroscopy
time, contrast medium volume, and patient radiation dose were also recorded. There was no difference between the two groups in terms of
demographic data. Results: All 20 patients were successfully catheterized with the guidance of the 3DRA or 2D road map. Patients with
the 3DRA road map had shorter total procedure time, catheterization time, fluoroscopy time, and smaller contrast medium volume and
irradiation. Conclusions: the 3DRA road map is feasible and useful for the individualized guidance of UA catheterization and preferable

to the conventional 2D road map.
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Impact Statement

» What is already known on this subject? Uterine artery
(UA) embolization is an effective, minimally invasive,
interventional procedure for treating gynaecological and
obstetric diseases, such as symptomatic leiomyomas
and postpartum haemorrhage. However, the process of
catheterization is time-consuming because, sometimes,
it is difficult to visualize UA origins under a conven-
tional two-dimensional road map owing to vessels over-
lapping or foreshortening.

» What the results of this study add? Selection of opti-
mal working projections from three-dimensional rota-
tional angiography (3DRA) for identifying a UA ori-
gin and guiding catheterization individually can lead to
radiation-dose and procedure-time reduction for cases
requiring multiple oblique two-dimensional runs.

» What are the implications of these findings for clinical
practice and/or further research? A 3DRA road map
is feasible in pelvic region arterial interventions for gy-
naecological and obstetric diseases and also in cases of
artery embolization for benign prostatic hyperplasia in
males.

Introduction

Uterine artery (UA) embolization (UAE) is an effec-
tive, minimally invasive, interventional procedure for the
treatment of symptomatic leiomyomas, postpartum haem-
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orrhage (PPH), uterine vascular malformations, pregnancy
incisions, adenomyosis, and cervical cancer with bleeding.
Sometimes, UAE can be considered as an alternative to my-
omectomy or hysterectomy [1, 2].

Catheterization of the UA is a prerequisite for a sub-
sequent embolization treatment. This process is time-
consuming because, sometimes, it is difficult to visualize
UA origins under conventional two-dimensional (2D) an-
giography owing to unappreciated vessels overlapping or
foreshortening, resulting in an increase in the procedure
time, contrast agent dose, and radiation dose. However, the
procedure must be finished quickly and accurately during
acute PPH; moreover, it is very important to keep the ex-
posure as low as possible for patients who are young and
willing to remain fertile.

Three-dimensional (3D) road maps and navigation tech-
niques have shown their usefulness and potential capac-
ity for time and dose reduction in interventional catheter-
directed procedures for intracranial arteries [3, 4]. How-
ever, there are insufficient available clinical or radiation
data regarding their use in UAE. Thus, we attempted to
adopt this technique to guide the catheterization of the UA
and compare its feasibility and advantages to those of con-
ventional 2D road maps.

(https://creativecommons.org/licenses/by/4.0/).
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Table 1. — Demographic data and uterine diseases.

Characteristics 2D (n; =10) 3D (n2 =10)

Age (years) 43.7+3.6 453+4.2 P>0.05u=034)
Abdominal perimeter 88.5+7.6 832+9.1 P>0.05(u=141)
Symptomatic uterine fibroid 4 4

Postpartum hemorrhage (PPH) 2 3

Incision pregnancy 2 1

Adenomyosis 1 0

Cervical cancer 1 2

Table 2. — Procedure time, UA catheterization time, fluoroscopy time, contrast volume, radiation dose.

Characteristics 2D (n; =10) 3D (nz =10) P value

Procedure time (min) 62.8+16.9 45.0+14.8 P <0.05 (u=2.50)
UA catheterization time (min) 13.7+54 82+6.1 P<0.05(u=2.13)
Fluoroscopy time (min) 21.4+£82 13.5+7.6 P <0.05 (u=2.23)
Total contrast volume (mL) 98.4+18.5 70.7+15.9 P <0.05(u=3.58)
Radiation dose (DAP) (Gy.cm?) 199.3+42.7 1604+352 P <0.05(u=222)

DAP: dose area product.

(a)

(b)

(©)

Figure 1. — A 38-year-old woman with postpartum hemorrhage was selected for uterine artery embolization. (a) The origin of left UA

could not be visualized at posteroanterior for pressed displacement. (b) 3DRA showed the best view of the proximal left UA (arrows) was

RAO 60°. (c) The selected projection angles was projected on the fluoroscopy screen as roadmap and the microcatheter was cannulated

into the distal left UA accurately and quickly.

Materials and Methods

Study design and patient population

This prospective, randomized trial was conducted at our
hospital by the Departments of Radiology and Gynecol-
ogy. Ethical committee ([2018.08]NO.24) approval was
provided for the Departments participating in this trial.
Written informed consent was obtained from all patients af-
ter extensive counselling, by both the attending gynaecol-
ogist and interventionist. Twenty patients were randomly
assigned to undergo UAE using a three-dimensional rota-
tional angiography (3DRA) or conventional 2D road map
in a ratio of 1 : 1, with 10 cases in each group. Patient
demographic data were analysed, including age, abdominal
perimeter, and diseases. Group means of data were com-

pared using unpaired U-tests. Demographic data are sum-
marized in Table 1.

Equipment and puncture procedure

The following were used: GE Innova 3100 flat panel
C-arm machine (Boston, Massachusetts, USA); amorphous
flat panel detector and 3D reconstruction system; 3D
workstation of Advantage Workstation 4.5 system; con-
trast medium (iopamidol, 300 mgl/mL, Bayer HealthCare,
Berlin, Germany); 5-French (F) vascular sheath, 5-F pigtail
catheter, and 5-F Cobra catheter (Cook, USA); and a 2.7-F
microcatheter (Terumo Europe, Leuven, Belgium).

The use of fluoroscopy (15 pulses/s) was minimized
where possible, and the field of view was collimated to the
central pelvis. All procedures were performed in a dedi-
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Figure 2. — A 45-year-old woman with symptomatic uterine fibroids was selected for uterine artery embolization. (a) 3DRA showed
RAO 22° was the optimal angiographic projection angle for identifying both sides of the UA origins. (b), (¢) The C-arm was automatically

steered to the corresponding angle, then catheterization of the two UAs were finished exactly and successfully guided by the roadmap.

cated angiosuite with a flat panel detector-equipped C-arm
by the same interventional radiologist and technologist who
both had > 10 years of experience in UAE, with access to
the right or left common femoral artery (single femoral ap-
proach).

Acquisition of a 3DRA road map

After obtaining access to the right common femoral
artery using the 5-F vascular sheath, a 5-F pigtail catheter
was placed in the distal abdominal aorta. Fluoroscopy was
performed in the posterior-anterior, and lateral views, with
the central pelvis as the area of interest. The TEST key
was pressed. Then, the C-arm automatically set the starting
position at left anterior oblique (LAO) 102° and the end
position at right anterior oblique (RAO) 102° with running
a 204° rotation to test. Then, a non-ionic iodinated con-
trast material (iopamidol, 300 mgl/mL) was injected into
the aorta and pelvic arteries through the pigtail catheter by
an automatic pumping high-pressure syringe at a rate of 10
mL/s, volume of 50 mL, and pressure of 300 psi during the
204° rotation of the C-arm with a speed of 40°/s and a total
duration of 5.1 s. The contrast injection began 2 s before 3D
road map acquisition. A total of 90 images were acquired.

Imaging data from the rotation were then automatically
transferred to Workstation 4.5 (GE, Boston, Massachusetts,
USA). A 3D angiogram was reconstructed within seconds
after acquisition. Working projections were expressed as
degrees of angulation (caudal-cranial movement of the C-
arm) and rotation (LAO and RAO views). Using 3D visual-
ization tools, the interventional radiologist could select the
best view for catheterization of the UA (Figure 1 and Figure
2). The C-arm was then automatically adjusted to the se-
lected position, and the selected image was overlaid on the
reference screen. After placing the 5-F Cobra catheter in the
internal iliac artery and performing angiography again, the
road map navigation for UA catheterization was obtained.
Further, super-selective UA catheterization was performed

using a coaxial microguidewire and microcatheter (Terumo
Europe, Leuven, Belgium). Catheterization of the ipsilat-
eral UA required forming a Waltman loop with the Cobra
catheter.

Acquisition of a 2D road map

After obtaining access to the right common femoral
artery, the 5-F Cobra catheter was placed in the internal iliac
artery. Through the Cobra catheter, “standard” 25° ipsilat-
eral or contralateral oblique angiography (3 frames/s) of the
internal iliac artery and terminal branches was performed
using 10 mL of a non-ionic iodinated contrast medium
(iopamidol, 300 mgl/mL) at an injection rate of 4 mL/s.
When the origin of the UA was not clearly shown owing
to the overlap of other vascular structures, an additional
run was performed, with the obliquity adjusted at the op-
erator’s discretion and using the same frame and injection
rates. Once the optimal angiographic view was obtained,
an angiographic image was selected for projection overlay
on the reference screen or to serve as a road map. Fur-
ther, super-selective UA catheterization was performed us-
ing a coaxial microcatheter (Terumo Europe, Leuven, Bel-
gium). Catheterization of the ipsilateral UA required form-
ing a Waltman loop with the Cobra catheter.

Embolization procedure

Embolization was performed through a microcatheter af-
ter confirmatory Digital Substraction Angiography (DSA)
by an automated pump injector (3 mL/s, total of 8§ mL).
All embolization procedures were performed under fluo-
roscopic guidance through a microcatheter in the postero-
anterior view using 500-700-pym and 700-900-pm micro-
spheres (Embosphere, Biosphere Medical, USA) mixed
with iopamidol, until stasis was achieved.

All procedures were performed bilaterally. Angiogra-
phy of the internal iliac artery was performed through the
5-F Cobra catheter (4 mL/s, total of 10 mL) after complet-
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ing each side UAE procedure. After bilateral embolization,
a DSA aortogram (20-mL contrast medium) was obtained
to exclude ovarian artery supply to the fibroid tumours or
haemorrhage.

Statistical analysis

Several parameters were recorded sequentially, includ-
ing procedure time, UA catheterization time, fluoroscopy
time, total contrast agent volume, and radiation dose. Pro-
cedure time was defined as the time from femoral access to
vascular closure. Catheterization time of the left UA was
defined as the time from right femoral puncture to catheter-
izing a microcatheter into the left UA and catheterization
time of the right UA was defined as the time from comple-
tion of left UAE to catheterizing a microcatheter into the
right UA

Fluoroscopy time, total contrast agent volume, and radi-
ation dose were cumulatively recorded at various stages of
the procedure from femoral access to completion of bilat-
eral embolization.

Numeric variables were presented as mean + standard
deviation and 95% confidence interval. The date between
3DRA and 2D groups were compared using the unpaired
Mann-Whitney U-test. One-sided P values were considered
significant if < 0.05.

Results

All 20 patients (40 UAs) successfully underwent UA
catheterization and embolization in the two groups. No
ovarian artery was catheterized and embolized. There was
no statistical difference in the demographic characteristics
between the two groups (Table 1).

For all 10 patients in the 3DRA group, it was technically
feasible to perform 3D rotational angiography of both inter-
nal iliac arteries and select one optimal obliquity to perform
super-selective catheterization of the UA. In the 2D group,
a mean of 2.8 (range from 2 to 4) exposures was performed
to obtain the best view of the origin of the UA for the sub-
sequent super-selective catheterization.

Procedural parameters were summarized in Table 2.
These data clearly demonstrated that compared with pa-
tients in the 2D group, patients in the 3D group had shorter
total procedure time, catheterization time, and fluoroscopy
time, as well as smaller contrast medium volume and irradi-
ation (P < 0.05 for all). There were significant differences
between the two groups.

Discussion

Since UAE was first described by Ravina ef al. in 1995,
it has been shown to be a safe, effective, and cost-effective
alternative to traditional surgical options, with data from
long-term studies currently available [5]. It is widely ac-
cepted that UAE is an effective therapeutic strategy for
symptomatic uterine fibroids and PPH of various causes
along with conventional surgical treatment of hysterectomy
and myomectomy. It has the advantage of being fast and

repeatable and can be performed without general or lumbar
anaesthesia. Moreover, it preserves the uterus and makes
future menstruation and fertility possible [6-8].

Accurate and rapid catheterization of the UA is the key to
the procedure and a prerequisite for subsequent emboliza-
tion. However, catheterization of the UA often takes most
of the procedure time because of a significant anatomic
variability in the origins of the UAs and vessels overlap-
ping. Other factors include the diameter of the UA, pressed
displacement, the use of haemostasis drugs, the age of pa-
tients, and the interventionist’s experience. Thus, visualiz-
ing the UA origin clearly and inserting a microcatheter in
the UA within a short time without complications, such as
arterial spasm, dissection, or perforation, are very impor-
tant. Accurate and rapid catheterization of the UA is not
just for as low as possible exposure for patients who are
young and potentially willing to remain fertile, but also for
the condition of acute PPH.

The current and established technique (2D) of UA
catheterization relies on the interventionist choosing a
somewhat arbitrary starting projection or angle, with sub-
sequent pelvic DSA. The initially selected projection an-
gles may not be optimal. The interventionist could spend
a significant amount of time searching for the origin of
the UA and using several different obliquity angles before
catheterizing successfully in the conventional 2D technique
[9]. This would result in an increase in procedure time, con-
trast agent dose, radiation dose, and risk of vascular injury,
spasm, and haemorrhage [10].

3DRA is a procedure in which the C-arm rotates auto-
matically at a constant speed during angiography when a
catheter placed in the artery of the interest. Then, the 3D
reconstruction image of the pelvic arterial tree can be ob-
tained. The selected image and angle of the C-arm can
serve as a road map for the navigation of UA catheteriza-
tion, overcoming the limitations of 2D imaging, owing to
overlying vessels. 3DRA has been popularly used in cere-
bral angiography to identify subtle lesions and guide the
embolization treatment of cerebral aneurysm under the road
map generated from 3DRA scans [11-13]. Studies in neu-
roradiology have shown that the pretreatment selection of
optimal working projections from 3DRA can lead to radia-
tion dose reduction for cases requiring multiple oblique 2D
runs [14-16].

Thus, we theorized that 3DRA seemed to be feasible in
pelvic region arterial interventions such as in the intracra-
nial arteries without cardiac and respiratory movements in
the upper abdomen and thorax. There had been a few stud-
ies about 3DRA being used in UA angiography, but the
main goals of the procedures were limited to exploring and
summarizing a standard projection angle or a range of an-
gles, which could identify the UA origin and consistently
be utilized for UA catheterization in 2D angiography [17].
The conclusions were widespread different from each other.
Some authors have reported that angiography performed at
the contralateral oblique angle of 31°-45° was sufficient to
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visualize the origin of the UA, but some reported LAO an-
gles of 20°-50° or RAO angles of 20°-50° and others re-
ported homolateral oblique angles of 31°-45° [18-20]. The
caudal-cranial range was smaller with angulations, between
Cranl10° and Caud10°. In fact, there are no standard pro-
jection angles or fixed range recommended to clearly visu-
alize all UA origins for individual variations. Relying on
a projection of an LAO angle of 45° or RAO angle of 45°
appears to clearly identify the UA origin only 50% of the
time, which is inadequate for accurate and rapid catheteri-
zation [21].

In this study, the total procedure time and fluoroscopy
time in the 3DRA group were shorter than those in the 2D
group because the cannulation time was significantly short-
ened and 3DRA acquisition time was very short (5.1 s). The
total procedure time and fluoroscopy time were also prefer-
able to other recent reports, in which they were 63-96 min-
utes and 16.6-29.5 minutes. Enhanced techniques described
to reduce the procedure time include preselecting projection
angles from preprocedure Computed Tomography Angiog-
raphy (CTA) or Magnetic Resonance Angiography (MRA)
(51.9 minutes) or bilateral femoral artery punctures and si-
multaneous bilateral embolization (54.9 minutes) [22, 23].
A live MRA road map overlay (45.3 minutes) was even
faster than above enhanced techniques in guidance of UA
catheterization [24], but it needed time to acquire an MRA
or a CTA before the procedure, which increased the total
procedure time. Moreover, the learning curve for both the
interventionist and technologist performing the overlay was
long. The total procedure time of using 3DRA was shorter
than that of MRA and live MRA road map owing to no need
of preprocedur MR. Additionally, 3DRA was a very helpful
technique for acute PPH.

We performed 3DRA and acquired images of both sides
of the internal iliac arteries and UA origins together by plac-
ing a 5-F pigtail catheter in the distal abdominal aorta, in-
stead of performing rotational angiography for each inter-
nal iliac artery. The total procedure time, radiation dose,
and contrast agent dose were further reduced compared to
those in the study by Geert et al. [25].

Our study demonstrated that 3DRA and 3D road map-
ping were feasible and accurate for individualized catheter
guidance during UAE. Interventionists with less experience
in performing the treatment were also able to find a suitable
viewing angle of the UAs from 3DRA and successfully per-
form catheterization. No additional complications of UAE
had been found when using a 3D road map compared with
using a 2D road map, although complications were not in
the scope of this discussion. The main goal of our study
was not to evaluate the whole UA but to localize the proxi-
mal part of the UA and select optimal projection angles for
further individualized cannulation.

A limitation of this study was the low number of cases
and different diseases involved, but our preliminary expe-
rience showed that the efficiency of the procedure had im-
proved greatly without increasing the cost and risk. There-

fore, we considered that 3DRA was a good selection for in-
dividualized guidance catheterization of UAs owing to its
characteristics of fast pace, excellent effect. It can be pop-
ularized in clinics in the future.
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