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Abstract 

 

Purpose  

To evaluate long-term outcomes and factors associated with treatment failure after 

uterine artery embolization (UAE) in women with symptomatic uterine leiomyomas. 

 

Materials and Methods 

One hundred consecutive women treated with UAE for symptomatic uterine 

leiomyomas participated. Clinical outcome data (i.e. changes in symptoms, menstrual 

status, and subsequent therapies) and satisfaction data were collected. Treatment 

failure was defined by subsequent major surgery (i.e. hysterectomy or myomectomy), a 

second embolization, or a lack of symptom improvement at the patient’s final follow-up 

interval. Possible predictors of failure were age, clinical baseline characteristics (i.e. 

bleeding, pain, and bulk), and imaging results (i.e. percent volume reduction of the 

dominant tumor). Cox proportional-hazards analysis was used to determine factors 

associated with failure. 

 

Results 

Follow-up was available in 93 women (median follow-up, 54 months; range, 45-87 y). 

Continued symptom relief was observed in 72% of patients (n=67). Among the 26 

women with treatment failure (28%), 11 (42%) underwent hysterectomy, 4 (15%) 

myomectomy, and 8 (31%) repeat embolization. Three (12%) reported no 

improvement. In women without any additional surgery (n=70), heavy menstrual 

bleeding, pain, and bulk-related symptoms improved in 97%, 93%, and 92%. Ninety 

percent of all women (n=93) were satisfied or very satisfied at final follow-up. Predictors 

of failure were a lack of improvement in bleeding (hazard ratio (HR), 9.0; 95% CI, 3.1-

26.3; P<0.001) or pain (HR, 7.4; 95% CI, 2.2-24.4; P< 0.001) at 1 year after UAE and 

the percent reduction in dominant tumor volume (HR, 0.97; 95% CI, 0.95-0.99; 

P=0.007). 

 

Conclusion 

UAE in women with symptomatic leiomyomas leads to long-term symptom 

improvement. Predictors of failure were a lack of improvement in bleeding or pain at 1 

year and the percent reduction in dominant tumor volume. 



 81 

Introduction 

 

Uterine leiomyomas are common benign tumors in women of childbearing age. 

Symptomatic uterine leiomyomas can be treated by medical treatment or surgery (1). 

For several reasons (2), an increasing number of women want to preserve their uterus, 

leading to the development of uterus sparing therapies such as uterine artery 

embolization (UAE), myomectomy, and high-intensity focused ultrasound treatment. 

UAE was introduced as an alternative treatment to surgery for women with 

symptomatic leiomyomas (3). The employment of this treatment has increased rapidly. 

UAE has been recognized as an effective alternative to hysterectomy and 

myomectomy (4). Several published studies showed favorable clinical outcomes and 

satisfaction at as long as 1 year after embolization (5–10). However, these results do 

not guarantee similar results later on, and little has been reported regarding long-term 

outcomes after UAE (11-13). The aim of the present study was to investigate long-term 

clinical results (mean follow-up, 54 months; median, 54 months; range, 42-87 months), 

the incidence of additional therapies, and long-term patient satisfaction. An additional 

aim was to assess factors influencing the clinical outcome and patient satisfaction after 

UAE. 

 

Materials and Methods 

 

Women participating in this study were the first 100 consecutive patients treated 

between August 1998 and July 2002 with UAE for symptomatic leiomyomas at a single 

institution. This study was approved by the local medical ethical committee as required 

by law. Informed consent was obtained from all participants.  

 

Inclusion and Exclusion Criteria  

The study included women with symptomatic uterine leiomyomas, an indication for 

hysterectomy, and a minimum follow-up period of 3.5 years. This included women who, 

for personal reasons such as a possible desire to conceive in the future, did not want to 

undergo hysterectomy. The symptoms were divided into three groups: bleeding 

problems (i.e. menorrhagia with or without anemia or metrorrhagia), pain (i.e. 

dysmenorrhoea, dyspareunia, and pelvic pain), and bulk-related problems (i.e. 

subjective size of an enlarged abdomen, pressure on bladder or rectum with symptoms 
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of urinary frequency and constipation). All women underwent one or more of the 

following treatments without sufficient clinical results: iron supplementation, various 

hormonal treatments (54%), gonadotropin-releasing hormone analogue treatment, 

levonorgestrel-containing intra uterine device use, use of hemostatic agent (i.e. 

tranexamic acid), analgesic agent use, myomectomy, or myolysis (i.e. coagulation of 

blood supply to the uterine tumor). Postmenopausal or pregnant women were 

excluded, as were women with suspected or confirmed gynecologic malignancy, 

avascular calcified leiomyomas, any gynecologic infection, pure adenomyosis (without 

any leiomyomas), or thin-stemmed pedunculated leiomyomas with a stalk diameter 

smaller than one third of the tumor diameter. Tumor or uterus size (or volume) was not 

a factor in any exclusion criterion. Before UAE, standard gynecologic assessment 

(including diagnostic hysteroscopy to exclude intracavitary pathologic processes) was 

performed. In addition, pelvic magnetic resonance (MR) imaging was done at baseline 

and at 3-, 6-, and 12-month follow-up. MR imaging was performed to confirm the 

diagnosis of uterine leiomyomas, measure the size of the uterus, and determine the 

size and location of the dominant leiomyoma. Adenomyosis was identified if present. 

The number of leiomyomas was estimated and divided into 4 categories: 1, 2, 3 or at 

least 4 tumors. Tumor and uterine volumes were calculated according to the formula for 

a prolate ellipse (length x width x diameter x 0.5233) as described by Orsini et al (14). 

In December 2005, all women were asked to complete the same questionnaire as in 

previous stages of the study. Patients were asked to indicate whether they were 

experiencing bleeding, pain, or bulk-related symptoms. In comparing answers to the 

questionnaire between time points, we noted whether symptoms changed, and this was 

scored as improved or not improved. Adverse events such as vaginal infections and/or 

dryness, leiomyoma expulsion, and menopausal symptoms were recorded. At each 

time point, patient satisfaction results were classified as very satisfied, satisfied, or not 

satisfied. Women with a potential desire to conceive in the future were asked if they 

had become pregnant or tried to become pregnant after UAE. An inventory was made 

of all subsequent gynecologic therapies after UAE: any medical therapies, surgical 

interventions (i.e. hysterectomy, myomectomy, hysteroscopic resection of leiomyomas, 

or diagnostic hysteroscopy and curettage) or additional UAE procedure; and the exact 

moment of their occurrence. Major interventions were defined as hysterectomy, 

myomectomy, or repeat embolization according to the classification by Spies et al (11). 
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Cases were considered failures when an additional major intervention was needed or 

no improvement was seen at final follow-up. 

 

Embolization Procedure 

Embolization was started after selective catheterization of the left uterine artery, guiding 

of the catheter into the right uterine artery by means of the Waltman loop manoeuvre 

(15), and embolization of the right side. The intention was to carry out bilateral 

embolization in all women. When spasm in the uterine artery occurred, it was treated 

medically with tolazoline or nitroglycerin. In women who wanted to become pregnant, 

both femoral arteries were punctured and embolization was performed by two 

radiologists simultaneously to limit radiation exposure of the ovaries. The embolization 

material consisted of nonspherical polyvinyl alcohol (PVA) particles (Contour; Boston 

Scientific/Target Therapeutics, Fremont, California) 355-710 µm in size or calibrated 

tris-acryl gelatin microspheres (CTGM’s; Embosphere and Embogold, Biosphere 

Medical, Roissy, France) 500-900 µm in size. We switched completely from PVA 

particles to CTGM’s after the first 45 treatments because CTGM’s were easier to use in 

targeted embolization of the peritumoral plexus with no intracatheter aggregation and 

blockage. With PVA particles, the aim was to achieve a proper angiographic 

embolization endpoint, i.e. proximal total occlusion of both uterine arteries. When using 

CTGM’s, the angiographic embolization endpoint was defined as complete occlusion of 

branches to the peritumoral plexus and sluggish flow in the ascending  segment of the 

uterine artery, leaving the main uterine artery, cervicovaginal branches, and utero-

ovarian anastomoses patent. The choice of embolic agent used was influenced by 

factors such as operator preference of a new technique selected at the time and was 

independent of patient or tumor characteristics. Women stayed hospitalized for one 

night for clinical observation. Before the procedure, antibiotics (2 g cefazolin) were 

administered intravenously. Pain was controlled by administering 10 mg morphine 

intramuscularly and a 100 mg suppository of a nonsteroidal anti-inflammatory drug or a 

patient-controlled analgesia pump. Nausea was treated with 4 mg ondansetron.  
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Statistical Methods 

Univariate analyses were used to determine the distribution of each baseline and 

outcome measure. Patients were stratified into clusters according to all possible 

combinations of symptoms (i.e. bleeding, pain, and bulk). Subsequently, analyses of 

variance were performed to examine the relationship between (i) these clusters and the 

number of additional therapies and (ii) the clusters and clinical improvement. We 

considered patients to have shown clinical improvement when all leiomyoma-related 

symptoms within the cluster had improved after UAE. To determine the relationship 

between major interventions (i.e. hysterectomy, myomectomy, or repeat embolization) 

and baseline characteristics, clinical results, and imaging results during the first year 

after UAE, Cox proportional-hazards regression analysis was used. The variables 

included were age, indication for UAE (i.e. bleeding symptoms, pain, or bulk-related 

symptoms), therapies before UAE, number and localization of leiomyomas, presence of 

apparent adenomyosis, embolization material used (i.e. nonspherical or spherical 

particles), uni- or bilateral procedure, baseline volumes of the uterus and dominant 

leiomyoma, percent reduction in volume at 3 and 6 months after UAE, symptoms at 3 

and 6 month follow-up, and hormonal therapies started after UAE. Survival time was 

defined in months from UAE until censorship. Cox proportional-hazards regression 

analysis was also employed to determine the relationship between long-term failure 

(i.e. major intervention or no improvement at final follow-up) and baseline 

characteristics and imaging results. In addition to the variables mentioned earlier, 

percentage volume reduction and symptoms at 12 months after UAE were included. 

Women who had a major intervention in the first 12 months after UAE were excluded 

from this analysis. Cox proportional-hazards regression was performed for all cases of 

treatment failure (i.e. major intervention or no improvement at final follow-up) during the 

whole follow-up period. The same covariates as mentioned earlier were used in this 

analysis. In addition, Cox proportional-hazards regression was used to examine the 

association between dissatisfaction with UAE over the whole follow-up period and 

covariates. Covariates were baseline characteristics; clinical and imaging results at 3, 

6, and 12 months; and any subsequent interventions. Data are presented as medians 

with ranges or means with SD’s, and Cox proportional-hazards regression results are 

presented as hazard ratios (HR’s), 95% CI’s, and P-values. P-values less than .05 were 

considered statistically significant. Data were analyzed with SPSS software (version 

12.0; SPSS, Chicago, IL). 
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Results 

 

Of the 100 women enrolled in the study, follow-up data were obtained at 3 and 6 

months in 92 women, at 12 months in 89 women, and at final follow-up in 93 women. 

The median final follow-up time after UAE was 54 months (range 42-87 months). Two 

patients died during follow-up: one of pulmonary carcinoma and one of pre-existing 

chronic obstructive pulmonary disease. Five women could not be traced. The mean 

age of the women at the time of UAE was 43 years (range 25-53 y). Forty percent of 

women (n=40) did not have children and 19% had never been pregnant. Ninety-four 

women were white, five were black, and one was Asian. Additional general 

characteristics are listed in Table 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. General Patient Characteristics (n=100) 

Characteristic   Incidence (%) 

 
Indication for UAE 

 

 Menorrhagia/anemia 94 

 Pain 57 

 Bulk-related symptoms 54 

  

Number of leiomyomas  

 1 33 

 2 12 

 3 5 

 ≥4 50 

  

Location of dominant leiomyoma  

 Intramural 78 

 Submucosal 22 

 Subserosal 10 

 Pedunculated 4 
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Results 3 Months 6 Months 12 Months Median 54 Months 

     

Missing data 8 8 11 (1†) 7 (2†) 

     

Major intervention 3/92 (3) 7/92 (8) 10/89 (11) 23/93 (25) 

Hysterectomy 3/92 (3) 3/92 (3) 4/89 (4) 11/93 (12) 

Myomectomy   0/92 (0) 2/92 (2) 3/89 (3) 4/93 (4) 

Repeat UAE 0/92 (0) 2/92 (2) 3/89 (3) 8/93 (9) 

     

Bleeding‡     

Improved 72/83 (87) 72/80 (90) 62/73 (85) 64/66 (97) 

Not improved 11/83 (13) 8/80 (10) 11/73 (15) 2/66 (3) 

     

Pain‡     

Improved 46/50 (92) 46/48 (96) 40/45 (89) 38/41 (93) 

Not improved 4/50 (8) 2/48 (4) 5/45 (11) 3/41 (7) 

     

Bulk‡     

Improved 46/50 (92) 46/51 (90) 38/45 (84) 35/38 (92) 

Not improved 4/50 (8) 5/51 (10) 7/45 (16) 3/38 (8) 

     

Satisfaction‡     

Very satisfied 24/89 (27) 39/86 (45) 45/79 (57) 51/70 (73) 

Satisfied 55/89 (62) 36/86 (42) 27/79 (34) 18/70 (26) 

Not satisfied 10/89 (11) 11/86 (13) 7/79 (9) 1/70 (1) 

 

 
Table 2.  Clinical Results and Major Interventions  

 

Values in parentheses are percentages unless otherwise specified. 

* Cumulative major interventions comprising the three rows below. 

† Number of patients who died before the follow-up interval. 

‡ Changes in symptoms and satisfaction are displayed for women who were not missing at that 

interval and did not undergo a major intervention until then. 
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The mean baseline uterine volume obtained by MR imaging was 510 ml (median, 403 

ml; range 54-1.750 ml). The mean dominant leiomyoma volume was 170 ml (median 

130 ml; range 2-1.123 ml). Five women had apparent adenomyosis accompanying the 

leiomyomas. With regard to unsuccessful types of treatment before UAE, hormones 

were the most frequent form of treatment (54%), of which 42% constituted oral 

contraceptives, 5% hormone replacement therapy, 13% progestativa, and 1% danazol. 

In addition, gonadotropin releasing hormone analogues were used by 14% of women 

and a levonorgestrel-containing intra uterine device was used by 4%. Iron supplements 

were used by 44% of the women, analgesics by 6%, and laparoscopic myomectomy, 

hysteroscopic myomectomy, and myolysis were performed in 3%, 8%, and 1% of 

women, respectively. UAE was performed bilaterally in 97 women and unilaterally in 3 

women as a result of spasm (n=2) or aplasia (n=1) of 1 uterine artery. After the first 

year, 11% of women (10 of 89) needed a major intervention and data from 11 women 

were missing (Table 2). Of the remaining 79 women, bleeding improved in 85% (62 of 

73), pain in 89% (40 of 45), and bulk-related symptoms in 84% (38 of 45). Regarding 

satisfaction, 91% of women (72 of 79) were very satisfied or satisfied. At the final 

follow-up, the incidence of major interventions increased to 25% (23 of 93) and data 

from seven women were missing. Of these remaining 70 women, bleeding improved in 

97% (64 of 66), pain in 93% (38 of 41), and bulk-related symptoms in 92% (35 of 38). 

Three women reported no improvement at all. The satisfaction score was 99% (69 of 

70  very satisfied or satisfied). With all women included (n=93), the satisfaction was 

90% (84 of 93) after a median of 54 months of follow-up. Subsequently, women were 

stratified into all possible combinations of the 3 symptoms before UAE. This resulted in 

7 clusters, of which 3 were very small. No woman reported pain only, one woman had 

pain and bulk-related symptoms, and 5 women had only bulk-related symptoms (Table 

3). There were no differences among symptom clusters with regard to the number of 

additional therapies or improvement of symptoms after UAE (P=0.71; Table 3).  

 

Of the 23 women with a major intervention, 11 underwent hysterectomy, 4 

myomectomy, and 8 repeat UAE. Of these 23 women, 19 exhibited insufficient tumor 

infarction on contrast agent-enhanced MR imaging at 3 months. Insufficient infarction 

was a result of unilateral embolization in 1 woman, spasm in 5 women, and insufficient 

embolization (i.e. no proper angiographic embolization endpoint) in the 
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Symptom No. of 

pts 

Lost to 

follow-up 

Pts with  

clinical 

improvement* 

Hysterec-

tomy 

Myomec-

tomy 

Repeat 

UAE 

Median 

(range)  

Follow-up 

months 

bleeding 32 3 21/22(95) 3 1 3 48.3 (41.8-80.0) 

pain 0 - - - - - - 

bulk 5 0 3/3(100) 2 0 0 56.1 (42.7-87.1) 

Bleeding and pain 19 1 12/13(93) 2 1 2 58.1 (42.5-80.0) 

Pain and bulk 1 0 1/1(100) 0 0 0 52.0 (52.0-52.0) 

Bleeding and bulk 12 1 6/9(67) 1 1 0 56.5 (44.4-66.5) 

Bleeding, pain & bulk 31 2 20/22(90) 3 1 3 48.3 (41.8-80.0) 

 

Table 3. Symptom Clusters before UAE and Clinical Improvement 
A patient is improved when all symptoms in a particular cluster have improved. Values in 
parentheses are percentages 

 

 

Symptom Early failure 

0-12 months after UAE 

Late failure 

12 months after UAE 

Through final follow-up 

Overall failure 

UAE through final 

follow-up 

After 3 months    

Bleeding 8.2(2.0-33.6) P=.003 5.5(1.2-25.5) P=.030 7.6(2.8-2.5) P<.001 

Pain NS NS 3.5(1.2-10.6) P=.025 

Bulk NS 7.5(1.6-34.1) P=.010 NS 

After 6 months    

Bleeding 25.6(4.9-133) P<.001 NS 7.2(2.7-19.3) p<.001 

Pain NS 7.3(1.6-34.1) P=.010 5.6(1.6-1.5) P=.007 

Bulk NS NS NS 

After 12 months    

Bleeding  11.4(3.5-37.4) P<.001 9.0(3.1-26.3) P<.001 

Pain  12.6(3.5-45.7) P<.001 7.4(2.2-24.4) P<.001 

Bulk  4.2(1.2-15.3) P=.029 NS 

 
Table 4. Symptoms after UAE as Predictors for Future Failure 
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remaining 13 women. Of the 8 women who underwent a second embolization, none 

exhibited vasospasm during the first UAE procedure. In addition, 2 cases of necrotic 

leiomyoma (with fever) and new symptoms resulting from new leiomyomas in 2 women 

necessitated major intervention. The median time between UAE and major intervention 

was 18 months (range 2-49 months). Eight women underwent repeat UAE: 7 had 

complete symptom relief after the second procedure and 1 had complete symptom 

relief after the third procedure. To determine a UAE learning curve, outcomes in the 

first 50 women were compared with the second 50 women. No difference was found 

between the groups. Thirty-four of 93 women (37%) started using hormonal therapy. 

Indications were contraception (n=14), menopausal or postmenopausal symptoms 

(n=7), endometriosis (n=3), and menstrual discomfort (n=3). In 7 women, recurrent 

symptoms were the reason to start hormonal therapy. Five needed subsequent major 

intervention.   

 

The median uterine and dominant leiomyoma volumes measured at 3, 6 and 12-month 

follow-up are displayed in the Figure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. Median volumes measured at 0, 3, 6 and 12 months after UAE. 
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Median volume reductions of the dominant leiomyomas were 44%, 53%, and 61%, 

whereas uterine volume reductions were 31%, 40%, and 44%, respectively at 3, 6 and 

12 months. Transient amenorrhea after UAE was observed in 17% of women (16 of 

93). Leiomyoma expulsion was reported in 12% (n=11). Twenty-nine women (33%) had 

become postmenopausal. The mean ages of this group of women were 48 years (SD, 

3.0 y) at the time of embolization and 50 years (SD, 3.3 y) at their first report of 

permanent amenorrhea. The mean interval from UAE until permanent amenorrhea was 

23 months (median 24 months; range 0- 46 months). Transient vaginal discharge was 

reported in 17% of women (n=16). Eight percent of women reported vaginal infections, 

mainly during the first months after UAE. Vaginal dryness was noted in 15% (n=14). 

However, this started mostly after the onset of permanent amenorrhea and not directly 

after UAE.  Before embolization, 16% of women (n=16; mean age 37.6 years) had a 

possible desire to conceive after UAE and 10% (n=10) were actively seeking to 

become pregnant (mean age 36.5 years). However, after UAE only 4 women actually 

attempted to become pregnant. One woman became pregnant twice and delivered 2 

full-term children. No peripartum complications were noted. One woman was 9 weeks 

pregnant at the last follow-up. The other 2 women did not become pregnant. A lack of 

improvement in bleeding symptoms at 3 and 6 month follow-up was a significant 

predictor of a major intervention during the first year (Table 4). None of the other 

covariates assessed was of significant influence on early failure.  

 

Sixteen of 89 women (18%) had late failure, i.e. a major intervention after the first year 

after UAE or a lack of improvement at final follow-up. Bleeding symptoms and bulk-

related symptoms that not improved at 3 months were significant predictors of failure in 

the future, as was a lack of improvement of pain at 6 months (Table 4). A lack of 

improvement in bleeding, pain or bulk-related symptoms at 12-month follow-up were all 

predictors of future failure. The percent reduction of dominant leiomyoma volume at 12 

months was related to long-term failure. For each percent increase in volume reduction, 

the chance for future failure decreased by a factor of 0.97 (i.e. HR of 0.97; 95% CI 

0.95-0.99; P=0.007). In addition, the percent reduction of uterine volume was 

significantly associated with failure (HR of 0.98; 95% CI 0.96-1.0; P=0.049), but after 

adjusting for percent reduction of dominant leiomyoma volume, this association was no 

longer significant (P=0.54). All other covariates assessed were of no significant 

influence. 
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Subsequently, predictors of overall failure (i.e. major interventions or lack of 

improvement at final follow-up) over the total follow-up period were examined. Twenty-

six cases met the criteria for treatment failure. No improvement in bleeding symptoms 

and pain were significant predictors of future failure at 3, 6, and 12 months after UAE 

(Table 4). The percentage volume reduction of the dominant leiomyoma at 12 months 

was significantly associated with future failure (HR 0.97; 95% CI 0.95-0.99; P=0.008). 

Less volume reduction of the leiomyoma was associated with an increased chance of 

failure. We did not find age at the time of UAE to be related to future failure (P=0.56). 

No significant relation was found between the baseline volumes of the uterus and 

dominant tumor and future failure (P=0.70 and P=0.86, respectively). All other 

covariates assessed were not of significant influence. All women were included in the 

analysis of satisfaction with UAE. At the final follow-up, 9 of 93 women (10%) were not 

satisfied. The association between dissatisfaction and baseline characteristics, clinical 

outcome, and imaging results were determined. A subserosal localization of the 

dominant leiomyoma was significantly associated with dissatisfaction at final follow-up 

(HR 5.5; 95% CI 1.4-21.5; P=0.013). A lack of improvement of bulk-related symptoms 

at 3 and 12 months after UAE was also significantly associated with dissatisfaction (HR 

12.0; 95% CI 1.2-118.1; P=0.033; respectively; HR 14.4; 95% CI, 2.0-103.5; P=0.008) 

at the final follow-up. Women who had a major intervention were almost 21 times more 

likely to be dissatisfied at final follow-up than women who did not have a major 

intervention (HR 20.6; 95% CI 2.6-165; P=0.004). Regarding major interventions, 

hysterectomy was significantly associated with dissatisfaction at the final follow-up (HR 

41.8; 95% CI 5.2-338.4; P< 0.001). For myomectomy and repeat UAE, no significant 

relationship was found. When a case was defined as a failure at the final follow-up, this 

was also associated with patient dissatisfaction with treatment (HR 15.6; 95% CI 1.9-

126.1; P=0.010). No other characteristics predicted dissatisfaction at final follow-up.  
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Discussion 

 

The aim of the present study was to investigate long-term clinical results, rate of 

additional therapies, and long-term patient satisfaction, and to assess factors 

influencing clinical outcomes and patient satisfaction after UAE. We found continued 

symptom relief in 72% of the women treated with UAE, and 90% reported to be 

satisfied or very satisfied after a median follow-up of 54 months. Although 25% of the 

women underwent a major intervention, only 12% needed a hysterectomy. Our findings 

are comparable to the results of Spies et al (11), who found continued symptom relief in 

73%, a major intervention rate of 20%, and a hysterectomy rate of 14%. Katsumori et al 

(13) reported a symptom control rate of 89.5% at 5 years after UAE with gelatin sponge 

particles. Walker and Barton-Smith (12) reported high symptom control rates and a 

16% incidence of subsequent interventions after UAE. In contrast to existing studies, 

we looked at seven symptom clusters, i.e. possible combinations of symptoms 

presented by the women before UAE. We showed that 3 symptom clusters are 

uncommon: pain only, bulk only, and the combination of the two. The majority of 

patients reported more than one symptom, mostly in combination with bleeding. With 

regard to long-term outcomes in the different clusters, we found no significant 

difference in improvement. Moreover, in our study, the symptom clusters did not result 

in differences concerning additional therapies. In our study, the number of women who 

started to use hormonal therapy (for various reasons) after UAE was high. The 

literature about the effects of hormonal therapy in women with leiomyomas is not 

conclusive (16,17). 

 

In our analysis, no significant relation was found between the use of hormones after 

UAE and the risk of subsequent major interventions. Several factors associated with 

major intervention or failure after UAE were identified in this study, i.e. menorrhagia or 

pain after 12 months. After a mean observation period of 13 months after UAE, Huang 

et al (18) found persistent menorrhagia and persistent abdominal pain to be present in 

59% and 23% of women who required additional surgery, respectively. Spies et al (11) 

showed that long-term failure was more likely in women who had not experienced an 

improvement at 1-year follow-up; however, they did not stratify this for different 

symptomatologies. The percentage volume reduction of the dominant leiomyoma at 12 

months after UAE was a predictor for long-term failure and failure in the total follow-up 
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period. Spies et al (11) reported also that decrease in volume reduction of the dominant 

tumor was associated with failure. Investigators have been concerned about the effect 

of uterine volumes on clinical outcome. Some reports failed to show any correlation 

(19,20), whereas others demonstrated favorable outcomes after UAE in large uterine 

volumes (21,22).  Kido et al (21) reported remarkable symptom improvement in women 

with large uterine volumes of diffuse leiomyomatosis. Prollius et al (22) described that 

large uterine volumes did not decrease the efficacy of UAE, but concluded that, in 

women with a very large uterus and predominant bulk-related symptoms, alternative 

treatment options should be explored because, after UAE, these women are still left 

with a large mass. Marret et al (23) defined two predictive factors for leiomyoma 

recurrence after UAE at a median of 30 months of follow-up: the number of tumors and 

the size of the dominant tumor. Spies et al (11) also reported long-term failure to be 

more likely in those with baseline dominant tumor volumes greater than the median 

measurement. 

 

In our study, we did not find any baseline characteristic of significant influence. Size 

and number of leiomyomas are of lesser importance to clinical outcome. Because no  

baseline predictors or conditions associated with failure were found in this study, it 

remains difficult to select women with the best chances for a successful outcome 

beforehand. However, we did find more dissatisfaction in women with a subserosal 

localization of the dominant tumor. Although not statistically significant, women with 

bleeding and bulk-related symptoms had less improvement after UAE compared with 

the other clusters in our study. It might be that, when the group of women in this 

symptom cluster increases, the difference will be statistically significant. Therefore, 

gynecologists have an important role in pre- and postprocedural counseling and 

instituting additional treatment when necessary. Interventional radiologists are 

necessary in counseling about and performing this specialized procedure. It is of 

paramount importance to provide women information about the limitations of UAE to 

avoid unrealistic expectations. 

 

We hypothesize that the infarction percentage of the leiomyoma is the most important 

factor for a successful clinical outcome of UAE. Pelage et al (24) investigated the 

clinical differences between women with and without complete infarction of the 

dominant leiomyoma. Incomplete tumor infarction did not affect outcome immediately, 
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but the recurrent growth of uninfarcted tissue could lead to symptom recurrence. In our 

study, the type of embolic agent (nonspherical or spherical particles) did not affect the 

long-term results, which implies that infarction, rather than the embolic agent used, is of 

importance. This is in accordance with the results demonstrated by Spies et al (24), 

who, in a randomized comparative study, reported no substantive differences between 

outcomes of embolization with PVA particles and CTGM’s (25). Comparable with other 

studies, the patient satisfaction after UAE was high at final follow-up (9,12,26). 

However, among women who scored their satisfaction as satisfied or very satisfied, 

some had undergone a major intervention. This was also found by Smith et al (9). An 

explanation for this contradictory finding could be that women who underwent UAE are 

a selected  population (2,12). Partially as a result of the extensive counselling by the 

gynecologist and the radiologist in our institution, these women are very motivated to 

undergo the procedure and are often reluctant to undergo surgery. 

 

A second reason for the high satisfaction rate might be the extra attention during 

clinical (and scientific) follow-up given to these women who participated in this study. 

Our current study has some limitations. First, the population of women treated with 

UAE changed over time. Initially, only small numbers of women were treated with UAE. 

When more information became available, we started offering UAE to younger women, 

those who wished to conceive in the future, and those with very large leiomyomas. With 

regard to UAE in women with symptomatic leiomyomas who wish to conceive, 

physicians should proceed with caution. Although uncomplicated pregnancies and 

normal deliveries have been reported after UAE, there is insufficient evidence 

regarding the safety of the procedure in women seeking to give birth. To date, 

pregnancy-related outcomes remain understudied (27,28). The current consensus 

opinion is that myomectomy is the preferred therapy in this subgroup of women with 

symptomatic uterine leiomyomas who wish to conceive. These women may be offered 

UAE after failed myomectomy, in cases in which myomectomy may be difficult, or when 

a surgical option is rejected by the patient (12). The second limitation of our study is 

that the embolization procedure and its postprocedural management were changed. 

We switched from nonspherical PVA to spherical CTGM’s with a different angiographic 

embolization endpoint because spherical CTGM’s were considered easier to work with, 

i.e. no occlusion of microcatheters and a more targeted embolization of the uterine 

leiomyomas. Postprocedural pain management was changed to the  primary use of a 
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patient-controlled analgesia pump. Also, the attitude of the gynecologist toward 

postprocedural complications became different. Nowadays, we have more knowledge 

to distinguish symptoms of uterine infection from the more common post embolization 

syndrome (29). Before performing a hysterectomy, these 2 conditions need to be 

carefully distinguished because, in the latter, it is justified to remain expectative. These 

changes of attitude might have had an impact on the clinical outcomes and satisfaction 

in our study. In the present study, we evaluated the results of 100 women. For some 

analyses, these women were divided into different groups, with some being small. This 

leads to very large confidence intervals, as can be seen in the data for predictors of 

dissatisfaction. Studies with larger numbers of patients are required to allow more 

definitive conclusions to be drawn. In conclusion, our data show that UAE as treatment 

for symptomatic uterine leiomyomas leads to long-term improvement of symptoms in 

the majority of women. Women’s satisfaction is high, even when an additional major 

intervention is needed. We found no baseline predictors or conditions associated with 

treatment failure. 
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