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ABSTRACT

Purpose: To determine the feasibility, efficacy, and safety of a mobile uterine artery embolization (UAE) program for patients in
medically underserved, socioeconomically deprived areas.

Materials and Methods: One hundred women with symptomatic uterine leiomyomas were treated with UAE. A small truck
containing a mobile c-arm and all needed supplies visited one hospital per week during a 6-month period. Four public hospitals were
visited in rotation. Pre- and postprocedural magnetic resonance (MR) imaging and validated quality of life (QOL) questionnaires were
obtained, and procedural details and complications were recorded.

Results: Technical success was achieved in 97 of 100 women. Mean procedure time was 41 minutes (range, 15—140 min) and mean
fluoroscopy time was 17 minutes (range, 6—45 min). Mean hospital stay was 1.03 days (range, 1-3 d) and mean time to resumption
of normal activities was 8.2 days (range, 220 d). At 12 weeks, 88% of patients noted symptomatic improvement and 98% stated they
would recommend the procedure to other women. Complete tumor ischemia was seen on postprocedural MR imaging in 92% of
women, with a mean uterine volume reduction of 36.3% (range, —4.3% to 65%) and a mean tumor volume reduction of 57.1% (range,
—23.4% to 95.8%). Health-related QOL scores increased from 41.4 points before UAE to 81.2 points at 12 weeks and 85.3 points at
1 year after UAE. Complications were recorded in seven women (7%): three puncture site hematomas, three readmissions for pain
control, and one case of leiomyoma passage.

Conclusions: A mobile interventional radiology unit is a feasible, efficient, and safe method to provide UAE to an underserved
patient community. Outcomes and complications are similar to published results from centers with conventional angiographic

facilities.

ABBREVIATIONS

QOL = quality of life, UAE = uterine artery embolization

Since the first article describing uterine artery embolization
(UAE) for symptomatic leiomyomas was published in 1995
(1), there has been much learned about this innovative
treatment. Scientific articles published in the past 15 years
led the American College of Obstetricians and Gynecolo-
gists to acknowledge uterine embolization as a safe and
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effective alternative to hysterectomy based on level A
(“good and consistent”) evidence (2).

In Brazil, UAE for leiomyomas has been offered for
nearly a decade, with support of health insurers (3). As UAE
requires skilled interventional radiologists and appropriate
technology and resources, it is not widely available to Brazil-
ian women of lower socioeconomic status. They receive their
health care through public hospitals. Even in more developed
regions of Brazil, such as the Sdo Paulo metropolitan area,
with an estimated population of 20 million, the public health
care system is still responsible for providing services to almost
half the inhabitants. Most of these people live below the
poverty level, which prevents them from affording private
health insurance or purchasing health care directly. The gov-
ernment has limited resources to invest in the public health
care system and is unable to offer state-of-the-art technologies
widely. Therefore, interventional radiology is less developed
in the public system, with very few UAE programs available.
Hysterectomy is the most common procedure for symptomatic
uterine leiomyomas in the public health care system in Brazil.
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To provide access to medical technology for patients with low
incomes, the development of a mobile interventional radiology
unit was proposed. The unit could be moved to different public
hospitals in the Sao Paulo metropolitan area and provide UAE
treatment for women with symptomatic leiomyomas. As we
were aware of no published literature on such a subject, the
purpose of the present study was to investigate the feasibility
of an itinerant UAE service. Our hypothesis was that UAE can
be provided safely and effectively via a mobile embolization
unit to patients in medically underserved hospitals.

MATERIALS AND METHODS

This prospective longitudinal study was approved by the
research ethics committee of Hospital Israelita Albert Ein-
stein. All patients included in this study signed an informed
consent form. This study was funded by Instituto Israelita
de Responsabilidade Social Albert Einstein (the philan-
thropic arm of Hospital Israelita Albert Einstein), covering
expenses for personnel salaries (eg, nurse, driver, assistant),
truck rental, radiologic table and protection aprons, angio-
graphic and embolic supplies, magnetic resonance (MR)
imaging studies, and logistics management. Half the em-
bolic agents (microspheres) were donated by BioSphere
Medical (Rockland, Massachusetts). All contrast medium
was donated by Bayer-Schering (Berlin, Germany). The
mobile c-arm was borrowed from Philips Medical Systems
(Best, The Netherlands). Interventional radiologists (N.K.
and H.E.) charged no fee.

One hundred patients with symptomatic uterine leio-
myomas were treated by UAE between October 2008 and
May 2009. The procedures were performed in four public
hospitals in the S3o Paulo metropolitan area via the
mobile interventional radiology unit, which was named
ANGIOMOVEL. The unit consisted of a small truck to
transport a mobile c-arm (BV Pulsera; Philips Medical
Systems), a radiologic table, protection aprons, and trol-
leys containing supplies needed for angiographic exam-
inations and embolization procedures. The team for the
ANGIOMOVEL unit consisted of two physicians trained in
interventional radiology (N.K. and H.E.), one nurse, one
driver, and one assistant. Both interventionalists performing
the procedures were very experienced, having performed
600 (N.K.) and 350 (H.E.) UAE procedures, respectively.
Each participating hospital provided an operating suite or
obstetric suite for use by the UAE team. At each session,
the equipment was moved from the truck and a temporary
angiographic suite was set up for the procedures (Fig 1).
Twenty-one hospital visits were completed during the
study, during which an average of 4.8 patients were treated
(range, 3—8 patients per visit).

Patient Selection

Patients were selected by the gynecologic team at each
hospital based on a predefined study protocol (Table 1).
They were not seen by an interventional radiologist before

the day of the procedure, but the interventional radiologists
received clinical data and all MR images for evaluation in
advance. All patients aged 25-50 years with symptomatic
uterine leiomyomas, regardless of size, number, or location,
were considered appropriate for inclusion. Patients were
free of hormonal therapy within at least 6 months before the
procedure. Pedunculated leiomyomas were not considered
to represent a contraindication to UAE. Clinical and labo-
ratory examinations had previously been performed, includ-
ing MR imaging and a validated questionnaire (Uterine
Fibroid Symptom and Quality of Life [QOL]) to determine
the impact of symptoms on QOL (4,5).

The Uterine Fibroid Symptom QOL is a validated
uterine leiomyoma—specific symptom and QOL question-
naire that is in broad use. It yields two scores, a symptom
score and a QOL score; each are on a scale from 0 to 100,
but are inverse. Higher symptom scores indicate worse
symptom severity and higher QOL score indicates better
QOL (4,5).

Embolization Procedure

All procedures were performed under epidural anesthesia.
A single right femoral artery puncture was used for vascular
access through a 5-F sheath in all cases. A 5-F catheter
(Cobra C2) was placed in the internal iliac artery. With the
use of roadmapping for guidance, a microcatheter (Embo-
cath; Biosphere Medical) was directed into the uterine
artery. Tris-acryl gelatin microspheres (500—700-um Em-
bosphere; Biosphere Medical) were used as the embolic
agent and embolization was performed until a “pruned-
tree” appearance was achieved (6—8). Nonionic contrast
agent was used (Iopamiron 300; Bayer-Schering).

Post-UAE Procedures

Patients remained hospitalized under the care of the gyne-
cology team. After discharge, they were directed to the
interventional radiology outpatient office at Hospital Isra-
elita Albert Einstein, where the following variables were
recorded: length of stay, time to resume activities after
treatment, perception of symptoms, and level of satisfac-
tion. Patients were also asked if they would recommend the
procedure to other women.

Follow-up

In accordance with the study protocol, all patients were
asked to have an MR imaging study at 12 weeks after UAE
to assess the degree of tumor necrosis and volume reduction
of the uterus and dominant tumor(s). The QOL question-
naire was repeated and answers were compared with those
obtained before UAE. In addition, outcomes and QOL were
reviewed 1 year after UAE.

Statistical Analysis

All data collected were input in an Excel (Microsoft, Red-
mond, Washington) worksheet for further analysis. Two-
tailed paired Student ¢ tests were performed to access
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Figure 1. Logistics of mobile UAE unit. (a) The ANGIOMOVEL truck arrives at a public hospital in the Sao Paulo metropolitan
area. (b) The truck carries a portable c-arm, a radiologic table, protection aprons, and a trolley containing supplies. Equipment
and supplies are unloaded into the hospital (¢) and placed in the operation theater (d), where a procedure suite is temporarily
prepared for embolization. (e) The procedure is performed with the c-arm in the in the operation theater. (Available in color online
at www.jvir.org.)

changes in uterine and tumor volume before and after UAE RESULTS

and a Fisher test was performed to assess changes in QOL

from baseline to 12 weeks and 1 year after UAE. P values The baseline demographic and clinical data of patients
of less than .01 were considered statistically significant. included in the study are presented in Table 2.
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Table 1. Inclusion/Exclusion Criteria and Endpoints of the Study Protocol

Inclusion criteria
Symptomatic leiomyomas (abnormal bleeding, bulk, urinary frequency, pain, dyspareunia) regardless of size, number, or
location
Age 25-50 y
Regular period and negative pregnancy test 7 d before inclusion

No hormonal therapy = 6 mo before inclusion
Written informed consent
Agreement to meet follow-up agenda (visits and examinations)
Exclusion criteria
Inability to sign informed consent form
Contraindication (eg, allergy, clotting disorder, renal insufficiency) to angiography with contrast medium
Gynecologic symptoms not associated with leiomyomas
Pregnancy
Associated disease (adenomyosis, endometriosis, polyps)
Gynecologic infection of any nature
Pelvic malignancy
Previous pelvic radiation therapy
Concomitant liver failure, thrombophlebitis, or deep vein thrombosis
Hemorrhagic stroke = 6 mo before procedure
Concomitant severe disease with life expectancy < 2y
Sepsis
Vascular lesion that precludes arterial catheterization
Study endpoints
Primary endpoints
Safety —adverse clinical outcome defined as intraoperative or immediate postoperative death (24 h)
Efficacy—leiomyoma Ischemia < 70% assessed on postprocedure MR imaging
Logistic—inviability of transporting and placing the mobile C arm in the hospital
Secondary endpoints
Safety
Absence of major procedural related complications (before hospital discharge) including death, stroke, Q-wave
myocardial infarction, bleeding requiring > 2 U transfusion, or any other device- or procedure-related complication
requiring unanticipated intervention or surgical procedure
Efficacy
Technical success—embolization of both uterine arteries (right and left) regardless of anatomic variations, demonstrated
by the absence of blood flow to leiomyomas in the angiographic study
Anatomic success—100% complete ischemic infarction of all leiomyomas regardless of uterine size, location, and
quantity with the use of any of the four embolic agents used in the study
Outcome success—relief or improvement of symptoms versus baseline on the scale of symptoms and appropriate QOL
questionnaire that makes additional therapy unnecessary
Procedure success—100% complete ischemic infarction of all leiomyomas regardless of size, location, and number and
no significant adverse clinical events with hospitalization, defined as procedure-related death, Q-wave myocardial
infarction, massive pulmonary embolism, sepsis, fatal allergic reaction, vascular dissection or rupture, distal embolism
with tissue necrosis, or loss of the limb that underwent catheterization

Procedure

Technically successful bilateral UAE was achieved in 97
patients (97%). In two patients, only one uterine artery
could be embolized, and in one patient, neither uterine
artery was embolized. The mean procedure time was 40.8
min £ 19.4 (range, 15-140 min) and the mean fluoroscopy
time was 17.5 min = 8.5 (range, 6—45 min). The average
volume of contrast agent used was 136.5 mL (range, 50—
350 mL), and a mean of 3.1 vials = 1.7 (2 mL) of embolic

microspheres was used (range, 0—10 vials). Ninety-eight of
100 patients (98%) were admitted to the hospital for 1 day.
One patient stayed for 2 d and another for 3 d. The mean
length of hospital stay was 1.03 d = 0.22.

Clinical Outcome

The mean time to full resumption of activities after UAE
was 8.2 d = 3.6 (range, 2-20 d). Complications were
recorded in seven patients (7%): three developed puncture
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Table 2. Baseline Characteristics of the Population

Included in the Study (N = 100)

Characteristic Value
Age (y)
Mean 40.2 + 6.7
Range 23-52
Median 41
Race
White 48
Black 23
Mixed 29
Obstetric antecedents
Nulliparas 34
Multiparas 66
Previous treatment
Myomectomy 7
Hormonal therapy 24
Oral contraceptive pill 14
GnRH agonist 6
DMPA 4
Antiinflammatory therapy 52
Tumor-related symptoms
Menstrual heavy bleeding 86
Abdominal distension 72
Pelvic pain 61
Pelvic discomfort 74
Back pain 37
Dyspareunia 68
Urinary problems 49
Number of tumors
Single 24
Multiple 76
Uterine volume (cm?)
Mean *= SD 454.8 + 333.4
Range 128-1,950
Dominant tumor volume (cm?)
Mean = SD 155.3 + 221.7
Range 2.6-1,460

Note.—DMPA = depot medroxyprogesterone acetate; GnRH =
gonadotrophin-releasing hormone.

site hematoma with no need for further therapy and four
required readmission, three for pain control and one for
leiomyoma passage.

At 12-week post-UAE clinical follow-up, 88 patients
reported symptom improvement and 10 reported unchanged
symptoms. Seventy-eight patients were very satisfied, 18
were satisfied, and four were not satisfied with their treat-
ment. Ninety-eight patients (98%) stated they would rec-
ommend the procedure to other women.

On the QOL questionnaires, the mean score record-
ing the severity of symptoms decreased from 62.0 = 20.9
before UAE to 22.5 = 15.9 after UAE (P < .001). The
QOL score increased from 41.4 £ 22.0 before UAE to
81.2 = 16.1 at 12 weeks after UAE (P < .001).
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Figure 2. Changesin QOL scores assessed through a validated
questionnaire in 87 patients.

Eighty-eight patients (88%) were seen at 1-year fol-
low-up. Symptoms had improved in 79 of these patients
(89.8%), were unchanged in six (6.8%), and had worsened
in three (3.4%). Three patients had undergone hysterectomy
as a result of symptom recurrence. One patient had devel-
oped permanent amenorrhea. Of nine patients who at-
tempted conception, one became pregnant, resulting in cae-
sarian delivery at 37 weeks. At 1 year after UAE, the QOL
questionnaire in 87 patients showed a mean symptom se-
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Table 3. Comparison of Uterine and Dominant Leiomyoma Volumes (cm®) before and after UAE (N = 100)

Volume Mean = SD

Uterine volume

Before UAE 454.8 = 333.4

After UAE 281.7 = 211.2
Dominant tumor volume

Before UAE 155.5 = 221.7

After UAE 78.1 = 155.5
Size reduction (%)

Uterus 36.3 +13.8

Tumor 57.1 £ 25

Median Range P Value
325 128-1,950 <.001
209.5 72.3-1,500

66.8 2.2-1,460 <.001
21 1.6-1,257

36.1 —4.3t0 64.9 -
60.2 —23.4t0 100 -

verity score of 17.0 = 26.7 (P < .001 vs before UAE) and
a mean QOL score of 85.3 * 24.9 (P < .001 vs before
UAE; Fig 2).

MR Imaging

All patients underwent an MR imaging study 12 weeks
after UAE. Complete tumor ischemia was demonstrated in
92 patients (92%). The mean uterine volume decreased
from 454.8 cm® (range, 128 1,950 cm>) before treatment to
281.7 ecm® after UAE (range, 72.3-1,500 cm?), a mean
reduction of 36.3%. Mean leiomyoma volume decreased
from 155.5 cm® (range, 2.6—1,460 cm®) before UAE to 78.1
cm® (range, 1.6-1,257 cm’) after UAE, representing a
57.1% reduction (Table 3). Additional MR images demon-
strated total elimination of submucosal leiomyomas in five
patients.

DISCUSSION

Uterine embolization has gained wide acceptance as a first-
line therapy for uterine leiomyomas (5-10). The objective
of the present study was to present the concept of a mobile
UAE service and demonstrate that similar outcomes to
those described in the literature can be achieved with this
service.

Very few public hospitals in the Sdo Paulo metropol-
itan area provide interventional radiology services, and
even fewer routinely offer uterine embolization. According
to the Brazilian Institute of Statistics and Geography, there
are almost 5 million women 20—49 years of age old living
in the Sdo Paulo metropolitan area (11). Many of these
women already have or will develop symptomatic uterine
tumors, and half of them depend exclusively on health care
programs offered by the public system, in which hysterec-
tomy is the most disseminated therapy. Our hypothesis was
that we could help to modify this current scenario by
introducing UAE technology into those underserved com-
munities. The concept of a mobile health unit is not new
and has been reported in diverse fields of medicine (12—14).
However, to the authors’ knowledge, a portable interven-
tional radiology service had not previously been described.

The intent was to establish the safety and efficacy of
performing the procedure on patients on an itinerant basis
and where aftercare is monitored remotely. Objective mea-
surement of UAE, complete tumor ischemia as assessed on
MR imaging, and subjective measurement of symptom
improvement via validated questionnaires were used to
assess clinical efficacy. The results obtained are consistent
with those reported in the literature: the symptom and QOL
scores 1 year after therapy in the FIBROID Registry (15)
were 19.2 = 17.9 and 86.6 = 18.1, respectively, which are
similar to those obtained in our experience.

The guidelines prepared and published by the Society
of Interventional Radiology recommend a technical success
threshold of 96% for UAE when the procedures are per-
formed in a conventional angiographic room with fixed
digital angiography equipment (16). We were able to meet
this recommendation while working with portable equip-
ment. An important factor to consider in UAE is pelvic
radiation exposure, with its potential for negative impact on
ovarian function. This is directly related to fluoroscopy
time. Previously published studies indicate a mean safe
radiation time of approximately 20 minutes, which may be
similar to those used in hysterosalpingography or fallopian
tube recanalization (17,18). With the portable unit, we were
able to achieve fluoroscopic times within an acceptable
range.

Postembolization complications are well described and
are generally infrequent and not severe (19). The compli-
cation profile described in our patient group was similar to
published results.

Finally, we believe this endeavor has added to the
broad concept of interventional radiologists as health care
professionals. In the authors’ opinion, it is socially respon-
sible to direct our expertise and a portion of our working
time to benefit those who have no access to advanced
medical procedures. This can only serve to reinforce the
identity and profile of interventional radiology.

The itinerant UAE program with a mobile unit de-
scribed here is a feasible, efficient, and safe means of
providing treatment in institutions that would not normally
have this technology. It is a socially responsible alternative
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method to provide access to state-of-the-art technology to
socioeconomically deprived patients.
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