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Objective: To evaluate the effectiveness of uterine artery embolization
(UAE) with gelatin sponge particles for symptomatic focal and diffuse
adenomyosis. Materials and Methods: This was a retrospective study
conducted between January 2014 and December 2019. All women
underwent UAE for symptomatic adenomyosis without leiomyomas.
Gelatin sponge particles were used in all cases. Patients were as-
sessed for effectiveness of symptom control, changes in uterine vol-
ume, and degree of tumor necrosis on magnetic resonance (MR)
imaging. Results: One hundred and sixty-three patients underwent
UAE. There were statistically significant differences in bleeding score,
pain score, and uterine volume at three months after UAE (P < 0.001,
P < 0.001, and P < 0.0071, respectively). Complete tumor necrosis
occurred in 66.9% of cases after UAE. Proportion of complete necro-
sis were significantly different in cases with focal adenomyosis com-
pared with diffuse adenomyosis (P=0.023). Symptom recurrence oc-
curred in 20.6% of cases at 12-month follow-up. Focal adenomyosis
patients with complete necrosis had no recurrent menorrhagia and
dysmenorrhea. No major complications were observed. Conclusions:
UAE using gelatin sponge patrticles is an effective and safe treatment
for symptomatic adenomyosis. Patients with focal adenomyosis with
complete necrosis after UAE had no symptom recurrence at midterm
follow-up.
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1. Introduction

Adenomyosis is described as the ectopic growth of en-
dometrial tissues into the myometrium with adjacent smooth
muscle hyperplasia [1]. The prevalence of adenomyosis is
20.9% [2], and the two most common presenting symptoms
are menorrhagia and dysmenorrhea [3]. Surgical hysterec-
tomy is considered to be the only definitive treatment for
patients with symptomatic adenomyosis [4]. Although con-
servative therapies such as hormone therapy (oral contracep-
tive pills, selective estrogen/progesterone receptor modula-
tors, a levonorgestrel releasing intrauterine device, danazol,
aromatase inhibitors) and minimally invasive therapy are also
widely used in treating adenomyosis, hormone therapies are
unable to achieve mass resorption, and symptom recurrence
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will occur when therapy is discontinued [5]. Other meth-
ods such as high intensity focused ultrasound (HIFU) have
limited availability, relative high cost, unknown fertility out-
comes, and strict indications [6].

Uterine artery embolization (UAE) on the other hand is
minimally invasive, relatively low cost, allows preservation
of uterus, and has fewer complications a low complication
rate [7]. Therefore, UAE is more favourable compared with
many hormone therapies and HIFU. Therefore, UAE is con-
sidered an alternative therapeutic method compared to many
hormone therapies and HIFU.

UAE has emerged as a possible treatment option for pa-
tients with symptomatic adenomyosis [8-10]. Tradition-
ally, UAE studies have used non spherical polyvinyl alco-
hol particles, with subsequent introduction of other embolic
agents. These include tris-acryl gelatin microspheres (Em-
bosphereR), acrylamido polyvinyl alcohol microsphere, Bead
Block, and spherical PVA microspheres (PVA; Contour SE)
for symptomatic adenomyosis [8-12]. The disadvantages of
non-spherical PVA particles were variation in the size of the
particles and the tendency for them to aggregate resulting
in obstruction of microcatheter and proximal vessel occlu-
sion or unpredictable level of occlusion [13, 14]. Gelatin
sponge particles have been used since 2001 as the primary
embolic material in intervention radiology, and blood vessels
occluded by gelatin sponge can be recanalized within several
weeks [15]. Therefore, gelatin sponge particles are advan-
tageous in that they are low-cost, temporary embolic agents
that enable reintervention [15, 16].

There are few reports of UAE using gelatin sponge parti-
cles in the treatment of symptomatic adenomyosis [17].

Therefore, we aimed to investigate the effectiveness and
safety of UAE with gelatin sponge particles for patients with
symptomatic adenomyosis.
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Fig. 1. MR images from a 30-year-old woman with focal adenomyosis. (1A) T2-weighted sagittal image shows asymmetrical thickening of uterine

posterior wall (white arrow) with multifocal high signal spots. (1B) Gadolinium-enhanced T1-weighted sagittal image corresponding to (1A). (2A) T2-

weighted sagittal image 3 months after embolization shows area of very low SI (white arrow). (2B) Gadolinium-enhanced T1-weighted sagittal image 3

months after embolization show no enhancement at the adenomyotic region (white arrow) suggesting complete necrosis.

2. Materials and methods
2.1 Patients

This retrospective study was approved by our Institutional
Review Board (approval number 2020-SCMC-02-012) and
informed consent was waived. We reviewed the medical
records of patients who underwent UAE for symptomatic
uterine adenomyosis between January 2014 and December
2019. Their ages ranged from 30 to 53 years (median age,
42 years). Their body mass index ranged from 19 to 32.8
kg/m? (mean, 23.7 kg/m?) and their parity ranged from 0 to
3 (mean, 1). All women were premenopausal and had clini-
cal symptoms including menorrhagia, pelvic pain, and bulk-
related symptoms associated with uterine adenomyosis.

Exclusion criteria were acute pelvic infection, pregnancy,
gynecologic malignancy, endometriosis and contraindica-
tions or allergy to iodinated contrast medium. There were
no cases of concomitant leiomyomas. Patients desiring fu-
ture pregnancy were not excluded, and they were provided
with information regarding potential benefits and risks asso-
ciated with UAE. The follow-up period ranged from eight to
15 months (mean, 12. 3 months).
2.2 Imaging

All patients underwent unenhanced and enhanced pelvic
MR imaging with a 3.0-T Ingenia unit (Philips Healthcare,
Eindhoven, the Netherlands). Axial and sagittal MR imag-
ing were obtained before the procedure and at the 3-month
follow-up. The T1-weighted images were obtained using the
following parameters: repetition time (TR) msec/echo time
(TE) msec, 570/10; field of view, 23 cm; matrix, 400 x 240;
thickness, 4 mm; gap, 0.4 mm. Breath-hold T2-weighted
images were obtained using the following parameters: TR
msec/TE msec, 4200/80; echo train, 18; field of view, 23 cm;
matrix, 430 X 275; thickness, 4 mm; gap, 0.4 mm. For this
study, MR imaging images were evaluated by two radiologists
with 15 years and four years of experience, who were blinded
to patient data and each other’s readings. Disagreements in
interpretation were resolved by consensus.

Adenomyosis was considered when diffuse (> 12 mm) or
focal thickening of the junctional zone was present. The pres-
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ence of myometrial punctate high-signal foci was considered
ancillary evidence of adenomyosis [18]. Adenomyosis was
subdivided into two types by MR imaging: focal and dif-
fuse. Focal adenomyosis was defined as an actual circum-
scribed mass within the myometrium. Diffuse adenomyosis
was defined as diffuse ectopic growth of the endometrium
with widening of junctional zone. Uterine volumes were cal-
culated according to the equation of a prolate ellipse (length
x depth X width X 0.5233), and the length of the uterus
means only the uterus corpus, not including the cervix [19].
Necrosis was defined as the absence of contrast enhance-
ment on T1-weighted imaging and was classified into three
categories: complete, partial, and none. Complete necro-
sis was defined as well-defined necrosis that almost com-
pletely replaced adenomyosis high signal intensity on T1-
weighted image, low signal intensity on T2-weighted image,
and no contrast enhancement on enhanced T1-weighted im-
ages and represented over 90% of the non-perfusion area of
adenomyosis (Fig. 1). Incomplete necrosis was defined as ill-
defined necrosis that did not totally cover the adenomyosis
considered to have occurred when some adenomyotic tissue
remained though necrosis was clearly present in other areas
and represented less than 90% of the non-perfusion area of
adenomyosis (Fig. 2). No necrosis was defined as absence
of necrosis in adenomyosis and represented 0% of the non-
perfusion area of adenomyosis [20]. Complete necrosis be-
tween focal adenomyosis and diffuse adenomyosis was as-
sessed by the procedure and at the 3-month follow-up MR
imaging.

2.3 Angiography and embolization procedure

A unilateral femoral artery approach was performed in all
cases under local anesthesia. A 5.0-F RUC catheter (Cook,
Bloomington, IN, USA) was placed in the internal iliac artery
and a coaxial 3-F microcatheter (Stride Hi-flow; Asahi In-
tecc, Osaka, Japan) was advanced distally into the uterine
artery. Because of the possible need for reintervention, em-
bolization was performed only using gelatin sponge parti-
cles (SPONGOSTAN; Johnson & Johnson, Skipton, UK) for
symptomaticadenomyosis. Before the embolization proce-
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Fig. 2. MR images from a 44-year-old woman with diffuse adenomyosis. (1A) T2-weighted sagittal image shows diffuse enlargement of uterus with

multifocal bright spots. (1B) Gadolinium-enhanced T1-weighted sagittal image shows diffuse enhancement of adenomyosis. (2A) T2-weighted sagittal image

3 months after embolization shows area of very low SI (white arrow) and marked decrease in uterine size. (2B) On gadolinium-enhanced T1-weighted image

3 months after embolization, non-enhancing portions (white arrow) are seen in uterus, suggesting partial necrosis.

dure, the gelatin sponge particles were mixed with 40 mL
of 1 : 1 saline solution-contrast agent mixture (lomeron
{lomeperol}; Bracco, Milano, Italy). A 40-mL mixture with
150-350 pm gelatin sponge particles was injected at the be-
ginning of embolization into each uterine artery. If the flow
rate of the mixture decreased in the intramural uterine artery,
a mixture with 350-560 pm particles was injected. When
near obstruction of the intra-uterine vessel was achieved, a
mixture with 560-710 pm particles was injected into each
uterine artery. The embolization continued until complete
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cessation of blood flow was achieved in the proximal ascend-
ing uterine artery during ten cardiac beats. Preparation of
gelatin sponge particles and embolization procedures were
the same as previously described [21].

2.4 Pain control

Pain within 24 hours of the procedure was primarily
managed through an intravenous patient-controlled analge-
sia pump containing 1,500 mg fentanyl sulfate and 150 mg
ketorolac tromethamine. Use of patient-controlled analge-
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Table 1. Baseline characteristics and outcomes.

Pre procedure 3-month follow-up

12-month follow-up

(n=163) (n=163) (n=102)
P value P value
Age (years) 42 (30-53)
Body mass index (kg/m?)  23.71 (18.97-32.77)
Parity (no.) 1(0-3)
Hb (g/dL) 8.25 (3.80-10.00) 12.7 (9.20-14.70) < 0.001 12.1(10.7-14.2)
WBC (103/uL) 5.37 (2.12-9.75) 5.48 (2.93-11.52)% 0.425
74.56 45.87 30.25
CA125 (U/mL) < 0.001 < 0.001
(6.37-653.00) (6.21-450.10) (6.01-78.39)
Bleeding score
Focal type (n = 46) 7 (6-9) 2(2-6) 0.004 2(2-5) 0.004
Diffuse type (n = 56) 8(6-9) 2(1-6) 0.007 2(1-6) 0.007
Overall (102) 8(6-9) 2(1-6) < 0.001 2 (1-6) < 0.001
Pain score
Focal type (n = 45) 7 (5-9) 2(1-6) 0.007 2(1-5) 0.006
Diffuse type (n = 50) 7 (5-9) 2 (1-6) 0.026 2 (1-6) 0.02
Overall (n = 95) 7 (5-9) 2(1-6) < 0.001 2(1-6) < 0.001
Uterine volume (cm®)
Focal type (n = 78) 242.8 (100.3-610) 130.6 (58.9-460) 0.001
Diffuse type (n = 85) 310.4 (180.8-688.8)  173.3 (100-652.1) 0.012
274.9 138.05
Overall (n = 163) < 0.001
(100.3-688.8) (58.9-652.1)

“Blood data at 1-week follow-up.

sia pump was started after the procedure in the angiography
suite. Nonsteroidal anti-inflammatory drugs were addition-
ally administered by intravenous injection if needed and oral
analgesic agents were prescribed simultaneously.

2.5 Clinical follow-up

Clinical response was assessed by questionnaire including
symptomatic changes in menorrhagia and dysmenorrhea be-
fore UAE, and at the 3-month and 12-month follow-up visits.
Number of used pads was used to quantify bleeding. Points
were assigned for bleeding based on the number of pads used
and were categorized into: 0 points (no pad was used), one
point (1-3 pads), two points (4-6 pads), three points (7-9
pads), four points (10-12 pads), five points (13-15 pads), six
points (16-18 pads), seven points (19-21 pads), eight points
(22-24 pads), nine points (25-27 pads), 10 points (> 28 pads).
A visual analog scale (VAS) was used to describe pain, ranging
from O (no pain) to 10 (extreme pain). Patients were asked to
report improvement in symptoms on a scale of O (little bleed-
ing, no pain) to 10 (severe menorrhagia, severe pain) accord-
ing to the number of pads used, analgesics, and individual ex-
periences.

2.6 Statistical analysis

Statistical analysis was performed with SPSS version 21.0
software (IBM Institute, Chicago, IL, USA). Continuous vari-
ables were expressed as mean and SD. Analyses were per-
formed with Wilcoxon signed rank test for continuous vari-
ables and Pearson’s chi-square tests or Fisher’s exact test for
categorical variables. A P-value < 0.05 was considered sta-

62

tistically significant.

3. Results

UAE was successfully performed in all 163 patients. The
symptom outcomes and changes in uterine volume are shown
in Table 1. The median scores of menorrhagia and pelvic pain
at 12 months were reduced from 8 (6-9) to 2 (1-6) and from
7 (5-9) to 2 (1-6), respectively (P < 0.01). Mean uterine vol-
ume reduction from 297.68 &+ 159.77 to 178.38 & 130.71 (P
< 0.01) was observed in 41% of patients at three months.

Of the 163 patients, 78 patients had focal adenomyosis and
85 had diffuse adenomyosis. Complete necrosis of adeno-
myosis after UAE was seen in 109 patients (66.9%), partial
necrosis was seen in 45 patients (27.6%), and no necrosis was
seen in nine patients (5.5%) (Table 2). Statistically significant
differences were found in the occurrence of complete necro-
sis between focal adenomyosis and diffuse adenomyosis (P =
0.023).

Symptom recurrence occurred in 20.6% of patients at 12
months’ follow-up after UAE (Table 2). Three patients had
a hysterectomy. Patients who had focal adenomyosis with
complete necrosis had no recurrent menorrhagia and dys-
menorrhea. Of the nine patients with no necrosis after UAE,
three patients exhibited no improvement in clinical symp-
toms after UAE and four patients had recurrent symptoms.

Ten patients with complete and partial necrosis of ade-
nomyosis experienced transient amenorrhea. However,
most patients resumed menstruation within seven months.
Two patients aged 47 years and 50 years did not resume

Volume 48, Number1, 2021



Table 2. Symptom recurrence after 12-month according to
adenomyosis type and degree of necrosis.

Necrosis
n Complete Partial None
Focal adenomyosis 74
Recurrent dysmenorrhea 4 0/74 (0%) 2/74(2.7%) 2/74 (2.7%)
Recurrent menorrhagia 2 0/74 (0%) 1/74 (1.4%) 1/74 (1.4%)

Diffuse adenomyosis 81
Recurrent dysmenorrhea 8 2/81(2.5%) 3/81(3.7%) 3/81(3.7%)

Recurrent menorrhagia 7  0/81(0%) 3/81(3.7%) 4/81(4.9%)

menstruation until 12 months after UAE. There were 98
women of childbearing age before the procedure, and twelve
of them Twelve women attempted natural pregnancy and
three women attempted artificial reproduction after proce-
dure. Three women succeeded in becoming pregnant, one of
whom underwent a natural pregnancy and the other two un-
derwent artificial reproduction. One woman who conceived
naturally, delivered a full-term baby. Two women who be-
came pregnant with artificial reproduction had one miscar-
riage and the other had follow-up loss. Three women suc-
ceeded in becoming pregnant. One woman conceived nat-
urally and delivered a full-term baby. Two women became
pregnant after artificial reproduction, one had a miscarriage
at 6 weeks, the other was lost to follow up.

There was no procedure related complications. Four pa-
tients complained of allergic reaction or rash, a minor com-
plication, and they recovered with appropriate medications.
Three other patients who reported symptoms of urinary tract
infection after discharge were also recovered with medica-
tion. Two patients complained of urinary retention, and they
recovered with conservative managements. There were no
major complications that required readmissions.

4. Discussion

Gelatin sponge is inexpensive and has been used as a safe
and effective embolic agent for more than 30 years in UAE
for some uterine disorders [22, 23]. Despite their merits,
gelatin sponge particles have recently become available as an
approved embolic agent in Korea.

It has been reported that UAE offers significant short- and
long-term improvements in symptoms for both pure or com-
bined adenomyosis [11]. In our study, there were significant
symptom improvements or uterine volume reduction, (P <
0.01), at three months after UAE. These results are similar to
those reported by Kim et al. [24] in UAE using nonspherical
polyvinyl alcohol particles.

While we found complete necrosis of adenomyosis in
66.9% of patients in the current study, the corresponding esti-
mates reported by Kim et al. [24] with nonspherical polyvinyl
alcohol particles and Lohle etal. [25] with calibrated tris-acryl
gelatin microspheres were 82.5% and 44.1%, respectively.
Our findings of statistically significant differences in com-
plete necrosis between focal adenomyosis and diffuse adeno-
myosis (P = 0.023) is inconsistent with estimates reported by
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Kim et al. [24] who found no significant differences in the
occurrence of complete necrosis between focal adenomyosis
and diffuse adenomyosis. We believe that these differences
may be related to differences in embolic material characteris-
tics, sample size, and utero-ovarian anastomoses [26]. Unlike
leiomyomas, previous studies with pathologic examination of
specimens showed that embolic materials are randomly dis-
tributed in the myometrium in adenomyosis, and blood ves-
sels feeding adenomyosis are not clearly defined [27, 28].

Pelage et al. [29] performed embolization with PV A parti-
cles or tris-acryl gelatin microspheres and reported that eight
(53%) of 15 women had complete resolution at 1-year follow-
up. In our study, 20.6% of patients had symptom recurrence
at 12 months’ follow-up. We assume that the discrepancy be-
tween these studies may be related to differences in embolic
material used. Pelage et al. [29] and Kim et al. [24] used per-
manent embolic materials, such as PVA particles or tris-acryl
gelatin microspheres, with variable diameters of 150-250 ym
to 500-900 pum. However, in the present study, we used 150-
250 pm gelatin sponge particles at the beginning of emboliza-
tion and later used predominantly 250-350 pm particles.

Occurrence of complete necrosis of adenomyosis is
thought to be positively associated with embolization [30,
31]. When adenomyosis had complete necrosis after UAE,
there was no recurrence of menorrhagia. Only two out of 38
patients (5.7%) with diffuse type adenomyosis had recurrent
dysmenorrhea in our study. This result was consistent with
those reported by Kim et al. [24]. Therefore, we believe that
achievement of complete necrosis of adenomyosis is the tar-
get in UAE for symptomatic adenomyosis.

A previous study by Kim et al. [32] using gelatin sponge
particles, which assessed ovarian reserve using AMH after
UAE for symptomatic uterine fibroids, also reported that
UAE influenced ovarian function, but younger ovaries had
greater capacity for recovery after ovarian damage. There-
fore, we speculate that a variety of factors, including utero-
ovarian anastomosis, embolic agent size, embolic agent type,
extent of embolization, and the endpoint of embolization,
may be associated with ovarian damage [12, 33].

In our study, one patient with complete necrosis of fo-
cal adenomyosis, a 30-year-old woman who desired future
pregnancy, succeeded in becoming pregnant. Twenty-four
months after UAE, this woman delivered a full-term baby.
However, Liang et al. [34] reported pregnancy following
UAE for adenomyosis is likely to be complicated and cannot
be recommended at this time. So, larger studies should be
performed for more conclusive results for patients wishing
to preserve fertility.

In the present study, eight patients developed transient
amenorrhea. Two patients over 47 years of age did not
resume menstruation until 12 months after UAE. The fre-
quency of minor complications was comparable with that of
other studies. There were no major complications after UAE
with gelatin sponge particles.
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Our study has some limitations. Firstly, a significant num-
ber of patients were lost to follow up. This may have in-
duced a potential bias. Secondly, we only included patients
with adenomyosis without myoma. However, adenomyosis
and myoma often coexist. Therefore, the results are not nec-
essarily valid for all women with adenomyosis. Thirdly, the
current study was conducted at a single institution with a rel-
atively short follow-up period. So, multicenter study should
be conducted to confirm these findings. Finally, this study
was not a comparison study, therefore, further randomized
controlled trials to compare the effects of UAE with non-
spherical polyvinyl alcohol particles on imaging and clinical
outcomes with those of UAE with gelatin sponge particles
among patients with symptomatic adenomyosis are needed.

5. Conclusions

Despite its limitations, UAE using gelatin sponge parti-
cles is an effective and safe treatment for symptomatic ade-
nomyosis without leilomyomas. Patients with focal adeno-
myosis with complete necrosis after UAE had no symptom
recurrence at midterm follow-up.
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