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Introduction
Uterine fibroids are by far the most common indica-

tion for hysterectomy. Bleeding, pain, pressure effect,
or a combination of these symptoms may force some
women with these benign tumors to have hysterec-
tomy, but most women with these benign tumors may
be monitored without intervention, and some women
may be treated medically. Because many women are
uncomfortable with the idea of hysterectomy, the past
decade has seen increasing interest in alternatives to
hysterectomy as pharmacologic and other less inva-
sive surgical procedures have been developed.

By far, the most promising of these new approaches
is uterine artery embolization (UAE), an interventional
radiologic procedure which is done with the patient
sedated but conscious. In this procedure, a single
femoral artery is first catheterized. Then, under fluo-
roscopic control, the catheter is guided into one, then
into the opposite uterine artery, and fine, nonabsorb-
able particles are injected into each uterine artery.1-3

The benefits of the UAE procedure are striking: the
risks of major abdominal surgery are avoided, recov-
ery usually takes about one week (compared with
six weeks for hysterectomy), and the patient is left
with no scar and no psychological issues related to
loss of an emotionally charged body part.

Development of UAE
Use of UAE for treatment of fibroids was first re-

ported from France by Ravina in 1995.1 In a 1997
meeting of the American Association of Gynecologi-
cal Laparoscopists, two case series with very promising
short-term results were presented.4,5 Also in 1997,
Goodwin3 reported on UAE done in a series of 11
patients at the University of California Los Angeles
(UCLA) Medical Center. In these series, after a follow-
up period ranging from six months to 20 months, UAE
had produced a 40%-80% decrease in mean uterine
volume and a 48%-92% decrease in bleeding.1,3-5

Introduction of UAE at Kaiser Permanente
After hearing these presentations, one of us (MLS),

an obstetrician/gynecologist, came to believe that this
new minimally invasive procedure could become an
accepted treatment for fibroids, that patient demand
for UAE would probably escalate, and that in this era

Uterine Artery Embolization for Treatment of Uterine Fibroids

By Arnold J Klein, MD;
Martin L Schwartz, MD, PhD

of aggressive marketing and the Internet, news of
UAE might be disseminated as rapidly as it was for
laparascopic cholecystectomy more than a decade
earlier. Both of us (MLS and AJK) felt that Kaiser
Permanente (KP) should be a leader in offering this
procedure to its members.

But despite our shared enthusiasm for implement-
ing this procedure, we had entered the era of
evidence-based medicine and therefore wondered
whether it was reasonable to introduce into our clini-
cal practice a new procedure for which the medical
literature did not contain an extensive number of case
reports nor describe any major follow-up beyond two
years. For the following reasons, we concluded that
this introduction would be reasonable:

• More than men, women decide on a health
plan for themselves and their family.

• Having other options than hysterectomy
is extremely important for many women.
If KP did not offer this procedure while
our competitors did, members might
wish to change their health plan, an
event which could cause adverse
publicity in our community.

• Compared with hysterectomy, on the basis
of 1) experience with UAE for treatment of
obstetric hemorrhage, 2) embolization data
from treating other organ systems, and 3)
the limited data available on UAE for
treatment of fibroids, UAE appears to result
in substantially less morbidity.1-8

• Use of interventional radiologists skilled
in UAE for fibroids is advantageous
because these same skills can save lives in
rare cases of obstetric hemorrhage.

• Superficial analysis suggested that UAE
would not increase our costs, at least in
the short term.

• Permanente physicians wish to be viewed
in our community as leaders in implement-
ing minimally invasive surgical procedures.

For these reasons, one of us (AJK)—an
interventional radiologist—became the radiology
department counterpart to Dr Schwartz in develop-
ing UAE within KP. Dr Scott Goodwin (an
interventional radiologist) and Dr Bruce McLucas (a
gynecologist)—both from UCLA and both having
extensive experience with UAE—were willing to share
their expertise and helped us to develop UAE proto-
cols and technical aspects of the UAE procedure. In
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July 1998, Dr Klein performed the first UAE proce-
dure for KP in Portland, Oregon.

Kaiser Permanente Protocols for UAE
We first developed an algorithm of care and patient

inclusion/exclusion criteria. We then developed a de-
tailed document for informed consent, assembled
preoperative and postoperative standing orders for UAE,
and standardized the procedure for using UAE to treat
fibroids in the angiography suite. We then made this
material available on the KP Intranet site, sent material
about the UAE procedure to all members of the obstet-
rics and gynecology department, and worked to gain
their support for implementing the UAE procedure. We
observed healthy skepticism about the wisdom of in-
corporating the UAE procedure into clinical practice.
Initially, consensus did not exist; however, with the
support of the department chiefs and with some trepi-
dation, we proceeded to implement the UAE procedure.

Patient Selection and Care Algorithm

Initially, all patients interested in having the proce-
dure were evaluated by Dr Schwartz; subsequently,
other physicians in the obstetrics and gynecology de-
partment participated in the program. After screening
the patient and reviewing the informed consent docu-
ment with her, physicians contacted Dr Klein, who
reviewed the case, contacted the patient, and sched-
uled and performed the procedure. After Dr Klein
developed sufficient expertise in UAE, he trained our
other interventional radiologists, who then became in-
volved in this program. Initially, the authors tightly
regulated referrals for UAE and the procedure itself;
this precaution was taken for patient safety and be-
cause of our concern that any early, adverse incident
could result in pressure to discontinue UAE.

Women are candidates for UAE if they have not
responded to hormonal treatment (with or without
invasive therapy) of symptoms related to uterine fi-
broids (ie, bleeding, pain, pelvic pressure) and if they
desire an alternative to surgical therapy.

Women are not candidates for UAE if they have any
of the following: 1) desire for future fertility; 2) poorly
controlled diabetes mellitus, vasculitis, or bleeding
diathesis; 3) history of pelvic irradiation; 4) active, re-
cent, or chronic pelvic inflammatory disease; 5) rapidly
enlarging uterus, especially with a single fibroid; 6)
presence of fibroid on a narrow pedicle.

Informed consent is obtained from patients after
we discuss with them the risks of the procedure (Table
1). Although this list of risks is lengthy, its thorough-
ness does not approach that of the well-conducted

preoperative conference associated with hysterec-
tomy. A detailed conference about UAE is conducted
by both the gynecologist and the interventional radi-
ologist with the patient preoperatively. Alternatives
to UAE (Table 2) are also routinely discussed with
patients who are considering having UAE instead of
hysterectomy for treatment of uterine fibroids.

Clinical Details of the UAE Procedure

Interventional radiologists currently do UAE as an out-
patient procedure using conscious sedation, typically with
midazolam and fentanyl. Patients also receive ketorolac
tromethamine intravenously to relieve postoperative pain.
Prophylactic antibiotics, typically cefazolin or doxycy-
cline, are given intravenously before the embolization
procedure. UAE is a sterile procedure done in the an-
giography laboratory by skilled interventional radiologists
using angiographic techniques.

A single groin puncture with catheter placement into
the femoral artery is typically all that is required. A 5-
French angiographic catheter is placed via the groin
and advanced over the aortic bifurcation to the con-
tralateral internal iliac artery, and digital angiography
is done to identify the origin of the uterine artery.
Typically, to avoid spasm, a 3-French microcatheter is
used coaxially to safely catheterize the uterine artery.

Table 1. Partial list of risks and related information reviewed with
patients contemplating UAE instead of hysterectomy

• Because UAE is a new procedure, information about its long-term risks and
failure rates is lacking.

• UAE has been reported to produce 80%-90% improvement in clinical
symptoms (bleeding, pain, pressure) beyond six months.9.10 Thus, women
who demand certainty are better served by having a hysterectomy.

• Except in very unusual circumstances, UAE is inadvisable for women who
wish to preserve fertility.

• Some researchers have reported a small risk that the uterus is not enlarged
by fibroids but instead is enlarged by a malignant tumor (ie, uterine
sarcoma).11 Thus, UAE might delay diagnosis of sarcoma and consequently
jeopardize survival.

• In some women, a high fever develops after UAE is done.9 In most cases,
this fever indicates a noninfectious process and is simply the result of tissue
ischemia; this phenomenon is called the “Post-Embolization Syndrome.”2,3,9

However, in some cases, this fever is secondary to a septic process; rarely,
after UAE is done, a pelvic abscess develops and necessitates hysterectomy.3

As of December 1999, one published case report of UAE described a death
which resulted from postoperative sepsis.12

• Early menopause occurs in as many as five percent of women who have
had UAE.7,13,14

• UAE carries the usual risks associated with use of intravenous radiologic
contrast agents.

• Several months after having UAE, some women spontaneously expel fibroids
through the cervix.15
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After the microcatheter has been placed deeply into
the uterine artery, this vessel is carefully embolized
under fluoroscopic guidance with a solution of poly-
vinyl alcohol particles mixed with sterile saline and
iodinated radiographic contrast medium. We use par-
ticles which range from 350 µm to 500 µm in size. If
necessary after embolization of the artery with par-
ticles, pledgets of an absorbable gelatin sponge may
be placed via catheter to complete the embolization.
The 5-French catheter is then formed into a ”Waltman
loop,” and the catheter is placed into the ipsilateral
internal iliac artery; the embolization procedure is
then repeated in the right uterine artery. All catheters
are then removed.

The patient is then sent to the Ambulatory Care
Unit for postoperative observation and pain control.
Most patients may be discharged home on the same
day; some patients may require admission to the in-
patient obstetrics/gynecology department for
intravenous analgesia and observation. Our algorithm
of care requires follow-up with pelvic examination
and ultrasonography at six to eight weeks and at six
months after the procedure.

Results of UAE at Kaiser Permanente
To date, we have done UAE on 29 patients. Of these

29 patients, 28 had pelvic examination and ultrasound
evaluation within six to eight weeks after the proce-
dure, six patients were evaluated three months after
the procedure, nine patients were evaluated at ≥ 6
months after the procedure, 11 patients were evalu-

ated by phone at ≥ 6months after the procedure; for
six patients, six months had not yet elapsed since the
procedure was done. Mean age of patients was 45.3
years (range, 33 years to 56 years). Mean pre-UAE uter-
ine volume was 788 mL (range, 98 mL to 2366 mL).
Mean pre-UAE dominant fibroid volume was 209 mL
(range, 6 mL to 1021 mL). Of the 29 patients, 28 (97%)
were sent home the same day as the procedure. One
(3%) of the 29 patients was admitted to the hospital on
the day of UAE for pain and nausea. Three (10%) of the
29 patients returned to the hospital within one to three
days after having UAE; reasons for return included 1)
urinary retention; 2) nausea, vomiting, and low-grade
fever; and 3) pelvic pain.

In our series, clinical success—as determined by
clinical follow-up examination, imaging follow-up
examination, or both—was achieved for 27 of 29
patients: in these patients, fibroid-related symptoms
(bleeding, pain, pelvic pressure) improved or re-
solved. Two (7%) of the 29 patients had clinical
failures: one patient had no change in pressure symp-
toms and had persistent bleeding, and the other
patient had temporary decrease in heavy bleeding
and continuous fibroid growth after UAE. Four (13%)
of the 29 patients became postmenopausal within
six months after the UAE procedure.

After having UAE, patients who had follow-up us-
ing ultrasound or magnetic resonance imaging (MRI)
showed a mean 36% decrease in uterine volume
(range, -14% to 80%) at a mean follow-up time of
19.2 weeks (range, seven weeks to 66 weeks). Mean

Table 2. Alternatives to UAE in women considering having UAE instead of hysterectomy for
treatment of uterine fibroids

Alternative Comments

Hysterectomy

Supracervical hysterectomy Remove most of the uterus but leave cervix in
place

Myomectomy Not recommended; instead, recommend
supracervical hysterectomy unless further
childbearing is desired

Treatment with gonadotropin-releasing hormone
agonist drug (eg, leuprolide acetate) and add-back
therapy with norethindrone acetate

Because data on long-term use are lacking,
discourage use of this regimen except in
perimenopausal women

Treatment with a progestational agent to suppress
menstruation

Use if problem is excessive bleeding secondary to
fibroids

Endometrial ablation Use if problem is excessive bleeding and
endometrial cavity is not large

... clinical success ...
was achieved for 27

of 29 patients ...



25The Permanente Journal / Fall 2000 / Volume 4 No. 4

clin
ica

l co
n

trib
u

tio
n

s

decrease in dominant fibroid volume was 50% (range,
-1% to 92%). Our results are comparable with those
reported by Goodwin9 at UCLA: in that series,9 at
follow-up evaluation conducted a mean 10.2 months
after UAE, mean uterine volume had decreased 43%,
and mean fibroid volume had decreased 49%.

Discussion
UAE used for treatment of fibroids has received a

huge amount of media attention. Many medical in-
stitutions have begun practicing UAE and are
marketing their expertise in performing this proce-
dure. Several thousand cases have now been
reported (4165 cases in the United States as of early
October 1999),16 and many Internet sites feature this
subject. Many of these sites are advertisements in
search of patients; some sites, such as the Georgetown
University Web site (www.dml.georgetown.edu/fi-
broids/), are extremely informative sources of data.
A UCLA Web site (www.fibroids.com) and the Web
site of the Society of Cardiovascular and
Interventional Radiology (www.scvir.org) are also
objective and very informative. Increasing numbers
of patients are coming to us requesting UAE on the
basis of what they have been hearing in the media
and reading on the Internet.

Our success rate and our rate of complications with
UAE are comparable with those reported in the medical
literature.3,9 In our series, > 95% of patients were sent
home within eight hours after having the procedure (com-
pared with approximately 67% of patients in other series3).

In our community, the Oregon Health Sciences Uni-
versity and KP have been leaders in implementing and
gaining experience with UAE for the treatment of fibroids.

Does the current standard of care require clinicians
to offer UAE to any woman who otherwise would
have a hysterectomy for uterine fibroids? This is a
difficult question to answer, because the community
standard of care constantly changes. We suspect that
this question may be resolved in the medical-legal
arena. For now, we ask ourselves the following ques-
tion: “Why would a conscientious obstetrician/
gynecologist NOT mention the option of UAE to a
woman before proceeding to hysterectomy?”

Conclusion
In our opinion, on the basis of current published

data, UAE is an effective procedure for treating the
symptoms related to a fibroid uterus, although more
prolonged follow-up is needed before the ultimate
role of this procedure can be established. We be-
lieve that all Permanente Medical Groups should

seriously consider developing expertise in this pro-
cedure and instituting UAE in their hospitals.

We would be happy to share our detailed algorithms
and protocols with our colleagues, and Dr Klein would
welcome visits by any of his radiologist colleagues who
would like to observe the procedure. The authors may
be contacted by e-mail (Martin.L.Schwartz@kp.org and
kleinar@adams.mts.kpnw.org). ❖

References

1. Ravina JH, Bouret JM, Fried D, et al. [Value of preoperative
embolization of uterine fibroma: report of a multicenter series of
31 cases]. [Article in French] Contracept Fertil Sex 1995
Jan;23(1):45-9.
2. Ravina JH, Herbreteau D, Ciraru-Vigneron N, et al. Arterial
embolisation to treat uterine myomata. Lancet 1995 Sept
9;346(8976):671-2.

3. Goodwin SC, Vedantham S, McLucas B, Forno AE, Perrella R.
Preliminary experience with uterine artery embolization for
uterine fibroids [published erratum appears in J Vasc Interv
Radiol 1999 Jul-Aug;10(7):991]. J Vasc Interv Radiol 1997 Jul-
Aug;8(4):517-26.

4. Hutchins FL Jr., Worthington-Kirsch RL. Initial experience with
uterine artery embolization for the management of symptomatic
uterine fibroids. J Am Assoc Gynecol Laparosc Aug
1997;4(4):S27.
5. Vedantham S, Goodwin SG, McLucas B, Forno AE. Uterine
artery embolization for uterine fibroids. J Am Assoc Gynecol
Laparosc 1997 Aug;4(4 Suppl):S39.

6. McLucas B, Goodwin S, Vedantham S. Embolic therapy for
myomata. Minim Invasive Ther Allied Technol 1996;5:336-8.
7. Stancato-Pasik A, Mitty HA, Richard HM 3rd, Eshkar N.
Obstetric embolotherapy: effect on menses and pregnancy.
Radiology 1997 Sep;204(3):791-3.

8. Vedantham S, Goodwin SC, McLucas B, Mohr G. Uterine
artery embolization: an underused method of controlling pelvic
hemorrhage. Am J Obstet Gynecol 1997 Apr;176(4):938-48.

9. Goodwin SC, McLucas B, Lee M, et al. Uterine artery
embolization for the treatment of uterine leiomyomata midterm
results. J Vasc Interv Radiol 1999 Oct;10(9):1159-65.

10. Spies JB, Scialli AR, Jha RC, et al. Initial results from uterine
fibroid embolization for symptomatic leiomyomata. J Vasc Interv
Radiol 1999 Oct;10(9):1149-57.

11. Parker WH, Fu YS, Berek JS. Uterine sarcoma in patients
operated on for presumed leiomyoma and rapidly growing
leiomyoma. Obstet Gynecol 1994 Mar;83(3):414-8.

12. Vashisht A, Studd J, Carey A, Burn P. Fatal septicaemia after
fibroid embolisation [letter]. Lancet 1999 July 24;354(9175):307-8.

13. Downie AC, Bradley E, Vijayanathan S, Forman R, Braude P,
Reidy JF. Bilateral uterine artery embolisation to treat uterine
fibroids: initial experience [abstract no. 287]. Cardiovasc
Intervent Radiol 1998:21(suppl):142.

14. Le Dref O, Pelage JJ, Dahan HJ, Kardache M, Jacob D,
Rymer R. Arterial embolization for uterine leiomyomata: mid-
term results with focus on bleeding [abstract no. 161]. Radiology
1998 Nov;209 Suppl:183.

15. Abbara S, Spies JB, Scialli AR, Jha RC, Lage JM, Nickolic B.
Transcervical expulsion of a fibroid as a result of uterine artery
embolization for leiomyomata. J Vasc Interv Radiol 1999
Apr;10(4):409-11.

16. UAE survey results: Over 4000 procedures performed in US
to date. SCVIR News 1999 Nov-Dec;12(6):7.

UAE is an effective
procedure

Many medical
institutions have
begun practicing

UAE and are
marketing their

expertise in
performing this

procedure.


