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Abstract
Objectives: The aim of this study was to determine if a long 
versus short interval between preoperative uterine artery 
embolization (PUAE) and subsequent myomectomy impact 
perioperative blood loss and the complication rate in cases 
of enlarged multi-fibroid uterus. Design: In cases of an en-
larged multi-fibroid uterus, operative myomectomy can lead 
to heavy blood loss and consequently increases the risk for 
transfusion and hysterectomy. PUAE can possibly contribute 
to a reduction of these risks. Our study was designed to de-
termine if a long versus short interval between PUAE and 
subsequent surgery impacts perioperative blood loss and 
complication rate. Participants and Methods: PUAE was 
performed 24 h before the planned myoma enucleation in 
21 patients between January 2011 and March 2016 (group 
1) or 19 days before the operation in 23 patients from March 
2016 to May 2018 (group 2). A comparison was made to a 
historical sample of 57 patients with large myomas (>10 cm) 

without PUAE (group 3). Perioperative blood loss, need for 
postoperative blood transfusion, and postoperative compli-
cations were recorded. Subjective improvement of myoma-
related symptoms was assessed for each group by a ques-
tionnaire. Results: PUAE was carried out successfully with-
out complications in all patients. Conversion to hysterectomy 
was not needed in any of the PUAE patients but was neces-
sary in one of the control patients. In the three groups’ com-
parison, there was a significant lower risk for high blood loss 
(≥500 mL) in group 1 and a lower but not significant lower 
risk in group 2 compared to group 3 without an emboliza-
tion preoperatively. Also, a significant lower risk for postop-
erative blood transfusion for group 1 (OR 0.02; 0.001–0.328; 
p = 0.01) and 2 (OR 0.02; 0.001–0.277; p = 0.01) compared to 
group 3 was observed. The postoperative complication risk 
was lower in group 2 (model 1: OR 0.12; 0.016–0.848; p = 0.03; 
model 2 OR 0.07; 0.009–0.588; p = 0.01) compared to group 
3. In the context of the postoperative questionnaire, 10 of 11 
patients in group 1, 12 of 12 patients in group 2, and 31 of 36 
patients from the control group reported an improvement 
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of their complaints. Conclusion: PUAE is beneficial for uter-
us-preserving removal of myomas from patients with a sub-
stantially enlarged uterus. There is a significant reduction of 
high blood loss (≥500 mL), need for postoperative blood 
transfusion, and postoperative complications in patients 
with extensive fibroid disease after PUAE compared to no 
intervention before myoma enucleation.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Uterine fibroids are the most common benign solid 
pelvic tumors in women. In addition to physical com-
plaints (such as hypermenorrhea, dysmenorrhea, and 
menorrhagia), myomas represent a source of psychologi-
cal stress for many women [1]. The treatment of symp-
tomatic myomas is pharmacological, through focused ul-
trasound, by embolization of uterine vessels or by surgical 
operation [2].

Among uterus-preserving therapeutic options, opera-
tive myoma resection (enucleation) is the most widely 
performed intervention. Yet, for patients with myomas 
that are large, numerous, or unfavorably located, opera-
tive myoma enucleation is associated with an elevated 
risk for bleeding and hysterectomy [3]. This is especially 
important to consider for women who wish to keep their 
uterus for personal or fertility-maintaining reasons. Enu-
cleation of a leiomyoma in an enlarged polyfibroid uterus 
is challenging for the surgeon too, not least of all because 
in this case, there is often only a limited possibility for 
laparoscopic removal [3].

Spraying the myoma with vasoconstrictive substances 
or temporarily compressing the A. uterina is an intraop-
erative variation to keep blood loss low during removal of 
myomas [4]. A third established method is preoperative 
uterine artery embolization (PUAE). In recent years, it 
has been reported that PUAE enables enucleation of large 
myomas with only minimal blood loss [5]. For this, UAE 
is carried out by an interventional radiologist hours to 
days before the planned myoma enucleation, thereby de-
vascularizing the leiomyoma and allowing for bloodless 
dissection [6, 7]. This combination of two established 
procedures is intended to preserve the uterus in women 
with large and multiple fibroids who are at risk for blood 
loss including subsequent transfusions as well as conver-
sion to hysterectomy.

Besides a few case reports [8–10], several small case 
series (sample sizes of 5–33) have been published from 
2000 to 2018 [5–8, 11–21]. It remains unclear though 

what the optimal interval is between PUAE and the op-
eration and whether the advantages of a PUAE reported 
by surgeons can be objectively demonstrated in a com-
parison against a sample of women without PUAE.

Materials and Methods

Subjects
After detailed consultation about the benefits and risks, pre-

menopausal patients of a university myoma referral unit were of-
fered the option of a combined treatment of PUAE and operation, 
if the following criteria were fulfilled: (1) explicit wish to preserve 
the uterus, independent of a (current) desire to achieve pregnancy 
and also either (2A) at least one myoma with a largest diameter >10 
cm (according to ultrasound) or (2B) a uterus that was substan-
tially enlarged by several myomas (according to palpation at the 
level of the navel). Exclusion criteria were as follows: overt renal 
failure, overt hyperthyroidism, pregnancy, and noncorrectable hy-
percoagulability.

Between January 2011 and March 2016, 21 patients elected for 
this combined procedure. The myomas were measured during 
consultation before any therapy was applied. There was no mea-
surement of the myomas after embolization.

PUAE was performed at a median of 24 h before the planned 
myoma enucleation (group 1). From March 2016 onward, the pro-
cess had to be changed for administrative/organizational reasons. 
For the patients thereafter, who between March 2016 and May 
2018 fulfilled the inclusion criteria (n = 23), there was a time inter-
val of 2–3 weeks between PUAE and the operation (group 2). If 
pain occurred, the patients received pain medication according to 
the standard analgesic plan for UAE of our clinic.

The clinical course after PUAE and surgery including intraop-
erative blood loss, myoma size, and weight according to the pathol-
ogy report, preoperative and postoperative laboratory parameters, 
and postoperative complications according to patient records were 
recorded for all patients. Possible postoperative complications in-
cluded wound healing disorders, fever, cystitis, suture dehiscence, 
postoperative bleeding, anemia, transfusion, or relaparotomy. The 
classification of the complications was based on the Clavien-Dindo 
classification of surgical complications [22]. This classification of 
surgical complications categorizes the postoperative complica-
tions and makes them comparable with other centers. Addition-
ally, a short questionnaire for the evaluation of the late postopera-
tive status was sent postoperatively.

These data were also available for the patients of a comparison 
sample (group 3) (n = 57). They were patients with a dominant 
myoma >10 cm according to the pathology report, who underwent 
myoma enucleation between July 2003 and December 2009 with-
out PUAE.

This retrospective study was approved by our institutional re-
view board. General written informed consent was obtained from 
all patients preinterventionally and additionally from all patients 
who were evaluated by questionnaire postoperatively.

Treatment Protocol
PUAE was carried out by two experienced interventional radi-

ologists (T.K. and D.S.) under local anesthesia; the open-abdomi-
nal myoma enucleation for all patients was carried out by an expe-
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rienced surgeon (M.D.). Myomectomy was carried out as an intra-
capsular myomectomy with preservation of the pseudocapsule. 
For most patients undergoing PUAE, a unilateral femoral access 
was chosen, and both uterine arteries were probed under fluoros-
copy using coaxially placed microcatheters. For the flow-directed 
bilateral embolization of the myomas, particles were used as the 
embolic agent. Microspheres 500–700 μm or 700–900 μm in diam-
eter (Embosphere®; Merit Medical/Biosphere, Roissy, France) or 
500–710 μm nonspherical particles (Contour®; Boston Scientific, 
Natick, MA, USA) were used. In a few cases, at the explicit request 
of the patient, manually cut gelatin sponge particles (Gelastypt®; 
Sanofi, Frankfurt, Germany) were used as a resorbable embolic 
agent. The standard analgesic plan for UAE of our clinic was ap-
plied to the patients during and after the procedure according to 
their pain level. The radiation exposure arising during the proce-
dure was documented by means of DoseWatch (GE Health Care; 
Chalfont St. Giles, UK). The effective dose was calculated by means 
of XL Dose, version 2.12 (Stamm et al. Hannover, Germany).

Outcome Measures
Based on Sanders et al. [23], we defined the primary outcome 

parameters as the blood loss caused by the operation on the basis 
of three outcome parameters: (1) estimated intraoperative blood 
loss (EBL), (2) intraoperative and postoperative rate of transfu-
sion, and (3) preoperative/postoperative change of hemoglobin. 
The secondary outcome parameters were (1) short-term out-
comes: the operating time, the occurrence of intraoperative and 
postoperative complications, the frequency of postoperative bleed-
ing, and unplanned hysterectomies and (2) long-term outcomes: 
the duration of the official sickness excuse note, the postoperative 
restriction of daily life, the satisfaction with the surgical scar, and 
the improvement of complaints.

Statistical Analysis
IBM SPSS was used for the statistical evaluation. Continuous 

variables are reported as the median and 25th and 75th percentiles. 
Categorical variables are reported as absolute numbers or percent-

ages. The change of hemoglobin value was calculated as the differ-
ence of the preoperative and postoperative value. The χ2 test was 
used to compare categorical variables, and the Kruskal-Wallis test 
was used to compare continuous variables. Cutoffs for potential 
risk factors of high blood loss, complications, or erythrocyte con-
centrates (ECs) transfusion were obtained by receiver operating 
characteristics analyses. Multivariate stepwise logistic regression 
analysis with pin = 0.05 and pout = 0.10 was used to adjust the effects 
of PUAE for potential confounders.

Results

Patient Sample and Intraoperative Complications
The study patients were premenopausal women be-

tween 37 and 47 years old, having a body mass index be-
tween 21 and 28 (Table 1). Further essential information 
about patient characteristics and the corresponding myo-
ma findings can be found in Table 1. The localization of the 
removed myomas was mainly intramural. Some leiomyo-
ma additionally showed a prominent intracavitary part.

The PUAE was carried out without complication in all 
44 patients of group 1 and 2. In group 1, the calculated 
median whole-body dose was 3.49 mSv, and the median 
uterus dose was 6.02 mSv. In group 2, the calculated me-
dian whole-body dose was 2.20 mSv, and the median 
uterus dose was 3.76 mSv. The PUAE took place at a me-
dian of 24 h before the planned myoma enucleation in 
group 1 and 19 days before the operation in group 2.

Preservation of the uterus was possible for all 44 myo-
ma patients of both of the PUAE groups. One patient in 
group 1 had a hysterectomy, 14 days postoperatively, in 

Table 1. Information on the patients, the myoma findings, and the myoma operation, as well as results of the pairwise comparison of some 
parameters between the three study groups

Variable Group 1 
(n = 21)

Group 2 
(n = 23)

Group 3
(n = 57)

poverall Pairwise comparison p values

1 vs. 2 1 vs. 3 2 vs. 3

Median interval between UAE and OP, days 1 19 (No PUAE) – – – –
Age, years 43 (37.5–47.5) 36 (30–39) 37 (33–42) 0.005 0.002 0.006 0.396
BMI, kg/m2 24.2 (21.7–28.4) 22.7 (20.0–28.5) 23 (20.9–25.8) 0.353 – – –
Size of the dominant myoma, cm 12.7 (11.0–14.2) 11.5 (9.3–13.0) 12.0 (10.7–13.0) 0.295 – – –
Total weight of the myomas removed, g 1,098 (682.8–1,343.8) 850 (558–1,442) 672.5 (512.8–888.8) 0.012 0.330 0.004 0.114
Operating time, min 87 (68.5–101.0) 84 (72–99) 59.5 (49.3–73.5) <0.001 0.804 <0.001 <0.001
EBL, mL 475 (225–687.5) 350 (200–500) 425 (250–687.5) 0.679 – – –
Hb, g/dL

Preoperatively 12.9 (11.7–13.2) 12.4 (11.0–13.5) 12.7 (11.7–13.8) 0.482 – – –
Postoperatively* 9.5 (9.2–10.7) 9.4 (8.5–10.8) 9.8 (7.9–11.0) 0.818 – – –

Change of Hb value – – – 0.400 – – –

Bold values are significant. EBL, estimated blood loss intraoperatively; BMI, body mass index. * Measured between the 1st and 3rd day postoperatively.
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another hospital, due to uncontrollable vaginal bleeding. 
In the control group, 1 of 57 patients had an intraopera-
tive hysterectomy. The preoperatively given diagnosis of 
a benign leiomyoma was confirmed histologically for all 
patients of all three groups.

Primary Outcome of “Blood Loss”
Intraoperative blood loss was not significantly different 

in the three groups (Table 1). Using multivariate analysis 
and adjusting for risk factors like age ≥45 years, total weight 
>1,200 g, ≥20 myomas removed, or conglomerate forma-
tion, there is a significant lower risk for high blood loss 
(≥500 mL) in group 1 and a lower but not significant risk in 
group 2 compared to group 3 without an embolization pre-
operatively (Table 2). When adjusting additionally for sur-
gery duration >70 min, both embolization groups, 1 and 2, 
show a significant lower risk for high blood loss.

Intraoperative administration of EC was not neces-
sary in any case for all myoma enucleations after PUAE, 
but EC was administered in 1 patient in the control 
group. Postoperatively, 1 patient in each group 1 (4.5%) 
and 2 (4.4%) received two ECs. In group 3, 9 patients 
(15.8%) received postoperative transfusions (p = 0.107). 
Table  3 shows a significant lower risk for the need of 
postoperative blood transfusion for group 1 (OR 0.02; 
0.001–0.328; p = 0.01) and 2 (OR 0.02; 0.001–0.277; p = 

0.01) compared to group 3, when adjusted for myomas 
removed >10.

The results of pairwise comparisons of essential pa-
rameters between the groups 1, 2, and 3 are displayed in 
Table 1. There was no statistically significant difference 
for the EBL and the Hb value difference. The operating 
time was significantly shorter in the control group than 
in the PUAE groups (Table 1).

Short-Term Outcomes
Postoperative complications occurred in 6 patients 

(28.6%) in group 1, 2 patients (8.7%) in group 2, and 12 

Table 3. Blood transfusion postoperatively, multivariate analysis

Predictor Univariate Multivariate model 1
OR; 95% CI; sig. (p value) OR; 95% CI; sig. (p value)

Embolization group
Group 1 (surgery within 24 h) 0.27; 0.032–2.246; p = 0.22 0.02; 0.001–0.328; p = 0.01
Group 2 (surgery after 19 days) 0.24; 0.029–2.033; p = 0.19 0.02; 0.001–0.277; p = 0.01

Model 1 adjusted for myomas removed ≥10.

Table 4. Compilation of complications during the primary inpatient 
hospitalization

Postoperative complications 
(Clavien-Dindo grade)

Group 1 
(n = 21)

Group 2 
(n = 23)

Group 3 
(n = 57)

Grade I 2 0 3
Grade II 3 2 7
Grade III a b 0

1
0
0

0
2

Grade IV 0 0 0
Grade V 0 0 0

Table 2. Blood loss ≥500 mL, multivariate analysis

Predictor Univariate Multivariate model 1 Multivariate model 2
OR; 95% CI; sig. (p value) OR; 95% CI; sig. (p value) OR; 95% CI; sig. (p value)

Embolization group
Group 1 (surgery within 24 h) 1.12; 0.31–4.074; p = 0.87 0.04; 0.003–0.625; p = 0.02 0.005; 0.000–0.220; p = 0.01
Group 2 (surgery after 19 days) 0.72; 0.163–3.189; p = 0.67 0.1; 0.003–1.314; p = 0.08 0.01; 0.000–0.351; p = 0.01

Model 1 adjusted for age ≥45 years, total weight >1,200 g, myomas removed ≥20, or conglomerate formation. Model 2 adjusted 
additionally for duration of surgery >70 m.
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patients (21.1%) in group 3 (Table 4). There was no sta-
tistically significant difference between the three groups 
(p = 0.727). However, when controlling for risk factors 
like >7 myomas removed and even more for surgery du-
ration >70 min, there is a significant lower risk for post-
operative complications in group 2 (model 1: OR 0.12; 
0.016–0.848; p = 0.03; model 2: OR 0.07; 0.009–0.588; p = 
0.01) compared to group 3 (Table  5). The multivariate 
analysis was adjusted in model 1 for >7 myomas removed 
and model 2 additionally for diameter >11 cm and dura-
tion of surgery >70 min (see Table 5).

Long-Term Outcomes
The median interval between the operation and the fol-

low-up survey of the patients was 28 months. The return 
rate for the questionnaires sent to the patients was differ-
ent: 52.3% in group 1 (11/21), 52.2% in group 2 (12/23), 
and 63.2% in the control group (36/57). The information 
reported by the patients is presented in Table 6. Significant 
differences were found only for the length of the scar. One 
patient in each group, 1 and 2, reported scarring problems 
as a complication after discharge. The rate of late postop-
erative complications reported in the control group was 

higher (27.8% vs. 9.1% in group 1 and 8.3% in group 2). 
Three patients of this group reported scarring problems. 
Two patients in the control group said they had another 
operation and wound healing problems.

Discussion

Since it was first described by Ravina et al. [24], emboli-
zation has established itself as a safe procedure for the treat-
ment of myomas [25]. In recent years, some research groups 
have been able to show that patients with large, numerous, 
or difficult to reach myomas undergoing surgical myoma 
enucleation benefit from PUAE and that the perioperative 
course is positively influenced, especially blood loss, rates 
of transfusion, and rates of complications [6, 7, 12].

PUAE reduces the blood flow in the uterus and subse-
quently reduces blood loss when scarring the uterus dur-
ing myomectomy which is an advantage to a temporary 
uterine ligation during myomectomy. An additional ef-
fect for long-term reduced blood flow is the atrophy of 
small possible left myomas after UAE.

Table 5. Complications, multivariate analysis

Predictor Univariate Multivariate model 1 Multivariate model 2
OR; 95% CI; sig. (p value) OR; 95% CI; sig. (p value) OR; 95% CI; sig. (p value)

Embolization group
Group 1 (surgery within 24 h) 1.46; 0.433–4.926; p = 0.54 0.43; 0.083–2.197; p = 0.31 0.27; 0.052–1.447; p = 0.13
Group 2 (surgery after 19 days) 0.48; 0.097–2.400; p = 0.37 0.12; 0.016–0.848; p = 0.03 0.07; 0.009–0.588; p = 0.01

Model 1 adjusted for myomas removed >7. Model 2 adjusted additionally for diameter >11 cm and duration of surgery >70 min.

Table 6. Results of the patient questionnaire on late postoperative outcomes

Parameter Group 1 
(n = 11/21)

Group 2 
(n = 12/23)

Group 3 
(n = 36/57)

p value

Duration of official sick leave,* days 30.5 (24–46.5) 30 (14.8–39) 28 (14–42) 0.70
Postoperative impairment of daily life,* days 42 (20.8–98.0) 28 (28–42) 28 (14–56) 0.62
Patient-measured scar length,* cm 12 (10–15) 13 (11–15) 10 (9.5–12) 0.045
Would recommend the procedure to a friend, n 9/11

1× not sure
10/12
1× not sure

28/36
6× not sure

0.80

Satisfied with the surgical scar, n 10/11 11/12 29/36 0.48
Improvement of complaints 10/11 12/12 31/36 0.50
Late postoperative complications, n 1/11 1/12 10/36 0.21

* Median and 25th–75th percentile.
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In our study, the EBL was significantly different be-
tween the groups if controlled for size and number of leio-
myomas removed. It has been reported that intraopera-
tive blood loss is lower after PUAE than after myoma enu-
cleation only, which for us was and is a reason to offer this 
combination. Ngeh et al. [5] reported a significantly low-
er intraoperative blood loss in 5 patients after emboliza-
tion (100 mL) versus 14 patients without embolization 
(400 mL; p = 0.026). In the work of Üstünsöz et al. [15] 
and Tixier et al. [7], there was also a significantly lower 
intraoperative blood loss for patients with versus without 
PUAE, whereas Goldman et al. [13] did not find a statisti-
cally significant difference.

Perioperatively, the need for ECs in our study was sig-
nificantly lower in groups 1 and 2, if more than 10 myomas 
had to be removed. Ngeh et al. [5] have reported that no 
patients in their PUAE groups needed EC transfusions, 
while the administration of ECs took place in 3 of 14 pa-
tients without PUAE. None of the patients with PUAE were 
transfused by McLucas et al. [6] (n = 20) nor Üstünsöz et al. 
[15] (n = 15), whereas, this was necessary in 12% and 13%, 
respectively, of their control groups. These results have 
been confirmed by various authors, who likewise did not 
need any transfusions after PUAE [11, 12, 14, 18].

The change of Hb value was not significantly different 
in our three groups. Goldman et al. [13] also reported no 
significant difference between the preoperative and post-
operative Hb values for patients receiving laparoscopic 
myoma enucleation without versus with PUAE (p = 0.8). 
Tixier et al. [7] by contrast were able to show in their 
study that the mean drop of Hb was significantly lower 
after UAE than without previous embolization.

The operating time was significantly longer in the 
PUAE groups than in the control group. Only patients 
who suffer from extensive fibroid disease are offered and 
finally undergo PUAE. In consequence, the longer oper-
ating time could result from the more extended fibroid 
disease that groups 1 and 2 suffered from compared to 
group 3. Myomectomy was carried out as an intracapsu-
lar myomectomy with preservation of the pseudocapsule 
if possible. After PUAE, degeneration of the myomas lead 
to a hindered myomectomy possibly because of a disrupt-
ed pseudocapsule; thus, it can be an additional explana-
tion for the prolonged operating time in groups 1 and 2 
compared to group 3. Tixier et al. [7] have likewise re-
ported a longer operating time after PUAE in comparison 
to the control group, although not significantly (p = 0.08). 
But there are also indications of a shortened or compa-
rable operating time after embolization in comparison to 
myoma enucleation without PUAE [5, 15].

The median radiation exposure from PUAE had whole-
body effective doses of 3.49 and 2.2 mSV and uterus doses 
of 6.02 and 3.76 mSv. Given the natural background ra-
diation dose of 2.1 mSv per year, we believe that the ra-
diation exposure from PUAE is acceptable [26]. Compli-
cations during the hospital stay arose above all for patients 
in group 1 (28.6%) and the control group (21.1%) (Ta-
ble 2). Comparing the groups, we see a significant lower 
risk for complications for patients with large uterus myo-
matosus in group 2 compared to group 3 without emboli-
zation (OR 0.07; 0.009–0.588; p = 0.01). For Malartic et al. 
[12], there were neither relevant complications nor fever 
after PUAE. In the PUAE sample from Butori et al. [11], 
4 of 33 patients (12.1%) had postoperative complications. 
McLucas et al. [6] and Üstünsöz et al. [15] reported no 
postoperative complications in their PUAE groups, while 
there was a complication rate of 25% or 20%, respectively, 
in their control groups. Ngeh et al. [5] reported that one 
of 5 patients had fever after PUAE (20%), while 57% from 
the control group developed fever. The most frequent co-
morbidity after PUAE is postoperative fever, which none-
theless after UAE is often observed in the context of a so-
called postembolization syndrome [27].

The parameters on long-term outcomes showed that 
patients both after PUAE and also without it reported a 
clear improvement of complaints after the procedure, 
whereby the rate after PUAE was a bit higher. A clear im-
provement of complaints is also described in the litera-
ture [12, 17].

In the literature, a technically easier intraoperative re-
moval of myomas after PUAE has been described [11, 14, 
28]. In the present work, the surgeon reports that myoma 
removal was easier after UAE, even more clearly for pa-
tients with UAE 19 days than 24 h preoperatively. The 
cause for this could be the hyalinization after PUAE-in-
duced infarction of leiomyoma has already set in after a 
longer interval between PUAE and the operation as well 
as the wearing off of the inflammatory reaction after in-
farction of the myoma.

The intervals between the UAE and the operation are 
different in the literature and span from a few hours [7, 
13] over 1 to 2 days [11, 12, 14, 15] to 1 week preopera-
tively [6], without differences in the results being appar-
ent. Studies that investigate different intervals between 
UAE and the operation have been absent from the litera-
ture so far.

Among the limitations of the present work are the sin-
gle-center study design, the retrospective collection of 
data, and the small case series. Survey questionnaire was 
self-developed and unvalidated. Long-term outcomes are 
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based on patient self-report, thus subject to bias and 
memory problems, and we have a low rate of return of 
questionnaires.

In conclusion, in the comparison of 2 case series with 
a historical control group, we see significant advantage 
after PUAE for patients undergoing myomectomy for 
large myoma and a high fibroid burden regarding blood 
loss, risk for EC transfusion and complications. Between 
the two different PUAE/operation intervals, no statisti-
cally significant difference was found. Prospective con-
trolled multicenter studies should be carried out to em-
phasize the advantages of a PUAE for women with large 
uterus myomatosus.
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