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compared to single surgical
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Aim: To determine the e�cacy of preoperative uterine artery embolization (uterine

artery embolization; UAE) prior to elective laparoscopic fibroid removal compared

to single laparoscopic fibroid removal in women with large uterine fibroids and

women with uterus myomatosus.

Material and methods: A total of 202 women with symptomatic uterine

fibroids who were scheduled for elective fibroid enucleation were included in

this retrospective, monocentric, non-randomized study. Two procedures were

compared: women who received percutaneous UAE 24h prior to elective

laparoscopic fibroid eviction for large uterine fibroids (>6cm) and uterus

myomatosus. And women who received laparoscopic fibroid enucleation alone

for large uterine fibroids and uterus myomatosus. Outcome parameters for

e�ectiveness were the hospital stay, the operating time and the intraoperative

blood loss.

Results: Women who underwent preoperative percutaneous embolization of the

uterine arteries, both for large fibroids and uterus myomatosus, had significantly

less blood loss, shorter hospital stays, and shorter operating times.

Conclusions: Especially womenwith large uterine fibroids andwomenwith uterus

myomatosus after having children can benefit from the combination therapy of

preoperative percutaneous uterine embolization with subsequent laparoscopic

myoma enucleation.

KEYWORDS

uterus, uterus myomatosus, big uterine fibroids, uterine embolization, laparoscopic

myoma enucleation

Introduction

“The only definitive therapy for symptomatic uterine myomatosus is hysterectomy” (1).

This statement no longer corresponds to current treatment recommendations and

surgical practice in surgical gynecology. More and more patients explicitly want the uterus

to be preserved. Several national and international studies reflect this trend (2, 3). Uterine

transplants are among themodern surgical procedures. The first living donation wasmade in
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2013. Until a few years ago, such an operation was unthinkable.

Only a very limited number of successful uterine transplants can

be found in the literature. This shows how important it is to

establish modern surgical procedures and how important uterine-

preserving surgical measures are (4). From a health economic

point, fibroids cause high treatment costs. A study from the USA

estimates health costs in the amount of several billions of US

dollars per year and, together with absenteeism and obstetric

complications, the costs add up to several tens of billions per year

in women’s health (5). Therefore, the development of effective

treatment options for the most common benign disease in women

over 35 years of age (6) is important. The combination of

uterine artery embolization (UAE) and conservative myomectomy

is an established treatment option in the surgical treatment of

fibroids. By reducing intraoperative blood loss, UAE facilitates

surgery and improves the chances of surgical myoma enucleation.

This provides a better starting point for performing a uterine-

preserving surgical myomectomy. Reconstruction of the uterus is

simplified (7). In large or multiple uterine fibroids, this treatment

strategy is rarely used, especially in women who want to undergo

uterine-preserving surgery (8). UAE can be a useful addition

to surgery in women with massive fibroids (9). There are no

studies on the use of preoperative UAE in combination with

laparoscopic myoma enucleation in uterus myomatosus. The aim

of the study was therefore to investigate the influence of the

use of UAE before surgical laparoscopic myomectomy on the

diagnosis of the uterus myomatosus and whether this combination

therapy can meet the patient’s desire for a uterine-preserving

myomectomy.

Materials and methods

Data collection

The study is a retrospective, non-randomized, comparable

clinical monocentric study with two comparison groups. A

total of 202 patients were included. Of these, 101 patients

who underwent surgery between February 1st, 2014 and March

31st, 2019 in the Clinic and Polyclinic for Gynecology and

Reproductive Medicine at Jena University Hospital with the

ICD-10 diagnosis of uterus myomatosus after preoperative uterine

artery embolization (UAE) (first group). The comparison group

also consists of 101 patients who underwent surgery between

2018 and 2020 in the Clinic and Polyclinic for Gynecology

and Reproductive Medicine at Jena University Hospital with the

ICD-10 diagnosis of uterus myomatosus without UAE (second

group/control group). Local Ethics Committee approval is available

(Reg. No.: 2021-2096 dates).

Data management

All patient-related data was recorded in an anonymous form

using assigned patient identification numbers. The study data was

protected from unauthorized access and only employees of the

study were allowed to access it.

Statistical evaluation

The data were recorded in an Excel spreadsheet (Excel Version

2020. Microsoft, Redmod, USA). Then transferred to the statistical

evaluation software SPSS (IBM SPSS Statistics Version 26, Chicago,

Illinois, USA). Test-independent samples were used and p-values

< 0.05 were considered statistically significant. The Welch t-test

was used.

Study hypotheses

The hypotheses of this study are: In the case of operative

laparoscopic myomectomy in the uterus myomatosus, PUAE can

shorten the duration of the operation, the hospital stay and the

transfusion of blood supplies, increase the postoperative outcome

and the overall satisfaction of the treated patients.

Inclusion and exclusion criteria

Inclusion criteria
Age between 21 and 50, diagnosis of uterus myomatosus

confirmed clinically, sonographically and with MRI. Symptomatic

(bleeding disorders, pain symptoms) and asymptomatic fibroids

in sterile patients for whom laparoscopic myomectomy has been

indicated. As well as non-pedunculated submucosal, intramural,

transmural, subserosal fibroids.

Exclusion criteria
Age below 20 and above 50 years, coagulation disorders,

coagulopathies and vascular diseases, psychiatric illness

that make study participation and follow-up questionable.

Taking blood thinners, suspected sarcoma or malignancy,

pedunculated subserous fibroids, pedunculated submucosal

fibroids, intraligamentous fibroids. Localization outside the uterus,

current pregnancy, myoma larger than 15 cm, infections in the

urogenital tract, contrast medium allergy, hyperthyroidism.

All patients in the PUAE group received the followingmeasures

in addition to the normal course of inpatient admission: a

preoperative 3 Tesla MRI of the pelvis in the radiology department

of the University Hospital Jena (MAGNETOM Sola device

from Siemens Healthineers Germany, Erlangen, Germany 2018),

followed by an epidural anesthesia by the anesthetist, followed

by embolization using Gelaspon under X-ray fluoroscopy with

contrast medium 4 to 6 h before the elective laparoscopic fibroid

enucleation by interventional radiologists from the Institute for

Diagnostic and Interventional Radiology (IDIR).

In addition to epidemiological data, the following parameters

were collected: symptoms (bleeding disorder, pain symptoms,

feeling of pressure, sterility), gravida status, para status, menarche

(year), BMI, secondary diagnoses, cycle length (days), duration

of bleeding (days), bleeding intensity, pill intake, Previous

therapy attempts, previous operations, size of the fibroids per

cm (or the largest fibroid) measured by ultrasound and MRI,

preoperative hemoglobin value (mmol/l), number of fibroids
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removed, location of the fibroids (submucosal, intramural,

transmural, subserous, intraligamentous), operation date,

operation duration (in minutes), postoperative hemoglobin level

(mmol/l), intraoperative complications, postoperative hemoglobin

level (mmol/l), postoperative complications, postoperative length

of stay (days).

Surgical therapy

The surgical therapy was carried out by qualified specialists

in gynecology and obstetrics, certified by specialist societies and

who have many years of experience in laparoscopy. The operative

technique and the operative instruments were identical in both

comparison groups. The patients were clinically examined by a

specialist in a special consultation for fibroids and the indication

for surgery was indicated by a specialist.

Expiry of the UAE

The indication for preoperative myoma embolization took

place in an interdisciplinary manner in cooperation with radiology

and the clinic and polyclinic for gynecology and reproductive

medicine in the myoma center of the University Hospital Jena. An

inserted intrauterine device (IUD) had to be removed prior to UAE.

On the day of admission, blood was taken, a peripheral intravenous

indwelling cannula was installed, a urinary catheter was inserted

and the peridural catheter was explained. The day after admission,

the UAE was performed with PDK in the radiology angiography

department. Under local anesthesia, the interventional radiologist

places a five French catheter (Roberts uterine curve) in the right

femoral artery, probing the left internal iliac artery and then the

uterine artery using a microcatheter directed cranially. Advance

the catheter into the artery supplying the uterus under constant X-

ray control. Performing a selective angiography to illuminate the

anatomy using an iodinated contrast medium. Then “free-flow”

flushing (embolization) using 10–15ml of Gelaspon by Bausch

and Lomb, cut into 1mm pieces, and dissolved in isotonic saline

solution 0.9% Bc and contrast medium until hemostasis of the

blood supply in the ascending responsible (ascending part of the

uterus) segment of the left uterine artery. The catheter is then

removed from the inguinal artery and a pressure bandage is applied

to the patient, which remains in place for up to 6 h after the

intervention. The patient underwent laparoscopic myomectomy 4

to 6 h later.

Results

A total of 89 patients were included in the first group and

77 patients in the second group according to the exclusion

and inclusion criteria listed in the Material and methods

section. In the first group, the following intra- and postoperative

complications were noted: a single intraoperative bowel injury

and a single laparotomy. Here, an intraoperative conversion

from a laparoscopic myomectomy to a laparotomy in suspected

malignancy had to be made. This patient had to be excluded from

the study. Thus, the complication rate in our study group was

1.12 % (1 of 89 patients) and corresponds to current statistical

information on intraoperative complication rates (Danilyants

2020). In the second group, the following intra- and postoperative

complications were noted. UAE-related complications (direct and

indirect) were found in three patients. With the formation of a

spur aneurysm of the femoral artery, one patient developed a post-

puncture syndrome because of the epidural anesthesia and one

patient suffered postoperative deep vein thrombosis. There were

also non-UAE-related complications in the form of general surgical

complications. A postoperative ileus due to an a.e. intraoperatively

caused bowel injury. Thus, the overall surgical complication rate

was 0.77 % (1/77 patients), as in the first group. The UAE-related

complication rate was 3/77 patients, i.e., 2.31 %. No patient in either

group underwent a hysterectomy intraoperatively or during the

hospital stay.

Analysis of the
epidemiological/preoperative data

The mean age of the treated patients from the first group was

38.98± 6.045 years (mean± standard deviation) and in the second

group was 40.56 years ± SD of 6.269. No significant difference was

found here.

The mean age at menarche in the first group was 12.82± SD of

1.395 years and in the second group 12.85 ± SD of 1.306 years. No

significant difference was found here.

Themean number of fibroids in the first groupwas 2.33± SD of

2.194 fibroids and in the second group 2.70± SD of 2.189 fibroids.

No significant difference was found here.

The average myoma size of the largest myoma to be measured

preoperatively in the treated patients from the first group was 6.68

± SD of 2.239 cm and in the second group 6.69 ± SD of 2.499 cm.

No significant difference was found here. No significant differences

were found in the distribution of the clinical symptoms in the two

groups (lower abdominal pain, hypermenorrhea, anemia, feeling of

pressure, height progression and desire to have children).

Pelvic pain
30% in the first group reported this symptom (27 out of 89

patients) and in the second group 40% (31 out of 77 patients). There

were no significant differences at p= 0.181.

Hypermenorrhea
49% of the patients in the first group (44 out of 89 patients) and

in the second group 64.9% (50 out of 77 patients) suffered from this

symptom. There were no significant differences at p= 0.045.

Feeling of pressure
44.9% of the patients in the first group (40 out of 89 patients)

and 36.3% of the patients in the second group (28 out of 77 patients)

reported this symptom. There were no significant differences at

p= 0.262.
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Size progression of the fibroids
19.1% of the patients in the first group (17 of 89 patients)

and 11.6% in the second group 11.6% (9 of 77 patients) reported

a size progression. There were no significant differences at

p= 0.190.

Presence of preoperative anemia

7.8% of the patients in the first group (7 of 89 patients) and

12.9% in the second group (10 of 77 patients) had laboratory

tests for anemia of grade 1 or higher. There were no significant

differences at p= 0.278.

The mean BMI of the first group was 25.00 ± SD 4.858. The

mean BMI of the second group was 24.50 ± SD 4.580. There were

no significant differences.

In the first group, the intramural or transmural location of the

fibroid was found in 57 of 89 patients, and in the second group,

this location was found in 67 of 77 patients. There was no statistical

significance at p= 0.251.

Outcome analyses

The average operating time in minutes for the first group

was 167.11min. The mean operating time in minutes for the

second groupwas 141.23min. Thus, the operation lasted on average

25.88min longer in patients who did not receive UAE prior to

fibroid enucleation than in patients who previously received UAE.

This results in a statistical significance of p = 0.0478 for the

performance of the UAE before myomectomy in relation to the

total duration of the surgery.

The average postoperative Hb value in the first group was

6.1 mmol/l. The average postoperative Hb value in the second

group was 7.8 mmol/l. Thus, the mean postoperative Hb value of

the first groups without a previous UAE intervention was 1.7 Hb

points lower than in the patients who received a previous UAE

intervention. A statistical significance with p = 0.0470 is shown in

relation to the postoperative Hb value in favor of the second group,

which received a UAE intervention.

A significant difference with p = 0.012 was found for the mean

length of stay. On average, the length of stay was 0.5 days longer

for patients in the first group compared to patients in the second

group. The average length of stay of the treated patients in the first

group was 5.21 ± SD of 1.458 days and in the second group 5.7 ±

SD of 0.988 days.

To deepen the analysis, the patients were subgrouped within

both comparison groups.

Fibroid size over 6 cm

On average, 50.57% of patients (45 out of 89) in the first

group had a fibroid size > 6 cm, and in the subgroup of the

second group, 52.95% of patients (40 out of 77) had a fibroid size

> 6 cm.

Surgery time

The average operating time of the patients in the first group

without UAE was 189.99min. The mean operating time of the

patients in the second group was 151.97min. All patients had a

fibroid≥6 cm. On average, the operating time for the patients in the

first group was 38.02min longer than for the patients in the second

group who had previously received a UAE and had a fibroid larger

than or equal to 6 cm. A statistical significance is shown in favor of

the second group with p = 0.0482. Thus, the preceding UAE prior

to fibroid enucleation shows a direct benefit in terms of surgical

time. A preceding UAE significantly reduces the operating time in

the presence of large fibroids.

Blood-loss

The average blood loss of the patients in the first group, who

had no UAE and a fibroid larger than or equal to 6 cm, was 3.21

mmol/l. The average blood loss of the patients in the second group

withUAE and a fibroid≥6 cmwas 0.02mmol/l. Thus, a patient who

did not receive UAE before fibroid nucleation and has a fibroid at

least 6 cm in size has a 3.18 mmol/l higher Hb loss than a patient

in the second group. This results in a statistical significance of

p= 0.0471 in favor of the patients who received a UAE before

fibroid nucleation and have a fibroid at least 6 cm in size.

Discussion

When selecting the patients based on the exclusion and

inclusion criteria, a total of 89 patients in the first group and

77 patients in the second group were included. No technical

failure of the embolism was noted. No patient in either group

underwent a hysterectomy. The following complications were

observed in the patients of the first group. One patient in this

group required a blood transfusion. The following intraoperative

and postoperative complications were observed in the patients in

the second group. In addition, UAE-related complications (direct

and indirect) were found in this group: aneurysm spurium, post-

puncture syndrome because of (PDA) epidural anesthesia. Deep

vein thrombosis. General surgical complications of a postoperative

thin closure due to an intraoperative bowel injury. In both

groups, the surgical techniques and surgical instruments used

were identical. In our study, complications in the overall context

occur more frequently in UAE patients. The embolization-related

complications described above as well as the general surgical

complications. However, the inpatient stay of the UAE group was

not longer than that of the non-UAE group. On the contrary,

the UAE group showed a significantly shorter hospital stay of 0.5

days. So, it can be assumed that the complications that occurred

in connection with UAE are to be rated as moderate and have

no influence on the inpatient course. There were no significant

differences between the two groups in terms of preoperative

hemoglobin level and the number and weight of removed fibroids.

In the study group, there was an average hemoglobin decrease

of 1.4 g/dl postoperatively compared with 1.7 g/dl in the control

group (p = 0.055). Blood transfusions were not performed in
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any case. The average duration of the operation was 136 and

120min in the control group. Pathological changes in the pulsatility

and resistance indices and complications that could clearly be

attributed to the study intervention did not occur. There was a

correlation between the weight and number of removed fibroids

and the intraoperative blood loss. No significant difference in the

hemoglobin drop, the intraoperative blood loss and the transfusion

rate could be detected. This study was necessary to evaluate

whether a significant difference in blood loss could be achieved

in the comparison groups with uterus myomatosus (10). Like our

study, a retrospective American study by Goldman et al. (11) also

concluded that a UAE immediately before a laparoscopic fibroid

eruption facilitates the surgical intervention, especially in the case

of larger fibroids or large uteri. However, this study did not show a

significant reduction in the duration of the procedure and could

not minimize the intraoperative blood loss. The study evaluated

data from 26 laparoscopic fibroid enucleations performed by

the same surgeon between 2004 and 2010. Twelve patients were

treated by UAE followed by laparoscopic myomectomy. The 14

patients in the control group were examined for age, calendar

year, surgeon and number of fibroids removed. Surgical outcomes

included preoperative clinical measurable uterine size, operative

time, operative blood loss, and postoperative fibroid specimen

weight. The data were analyzed using a 2-tailed t-test. The fourteen

control patients underwent laparoscopic myomectomy alone. The

UAE group had a larger mean preoperative clinical uterine size and

a larger mean fibroid specimen weight measured postoperatively

(595.3 vs. 153.6 g, P < 0.05) (11). In a study by David et al. (12), the

use of UAE was presented in a very small number of cases. A total

of three patients with a diagnosis of fibroids and a very large uterus

weighing at least 1,100 g were included. The patient collective

benefited from the combination therapy. A shorter inpatient stay

as well as a shorter operation time and a significant reduction in

intraoperative blood loss compared to the single implementation

of conventional fibroid enucleation could be demonstrated (12).

In 2018, Schnapauff et al. (13) the results of David et al. (12)

with a larger patient collective of 21 patients. Patients who wish

to preserve the uterus and suffer from large fibroids can benefit

from this combination therapy c. The fibroid size of the patients

in the study by Schnapauff et al. (13) was on average 12.7 cm.

In one of the 21 patients, the administration of blood supplies

was necessary. Another patient received a complete removal of the

uterus (hysterectomy) intraoperatively despite the UAE. Eleven of

the 21 patients could be examined postoperatively. Ten patients

reported an improvement in their symptoms. Nine of the eleven

patients would choose the treatment method again (13). Both

studies included patients with a high uterine weight and/or large

fibroids. The clinical picture of the uterus myomatosus was not

included in either study. Current scientific findings on the use of

combination therapy for UAE with conventional myomectomy are

pending. The aim of this work was therefore to close this knowledge

gap and to investigate the use of the combination therapy of UAE

and conventional myomectomy in the ICD diagnosis of uterus

myomatosus using the study designs described in detail in the

Material and Methods chapter. The studies by David et al. (12) and

Schnappauf et al. (30) served as the basis for this study. In contrast

to these two studies mentioned, a higher number of patients were

included in our study and compared with a comparison group with

the same ICD-10 diagnosis using various parameters. In particular,

the questions of intraoperative blood loss, operating times, length

of stay in hospital and the postoperative patient outcome were

examined. The working hypotheses of our study were detailed in

the introductory chapter. In principle, we hypothesize that women

who wish to have a uterus-preserving fibroid enucleation with the

clinical picture of uterus myomatosus benefit from a combination

therapy of UAE and conventional fibroid nucleation in that the

intraoperative blood loss is less, the operation time is shorter, and

the length of hospital stay is shorter compared to patients who

receive a uterus-sparing fibroid enucleation without prior UAE.

To establish a new procedure in everyday clinical practice,

various requirements must be met: the effectiveness and safety of

the new method compared to previous methods, the additional

costs and time required for the new method, as well as the

availability of the experience of the hospital staff and the

Quality of interdisciplinary collaboration between interventional

radiologists and gynecologists (14–18). UAE requires several

additional medical procedures, such as pelvic MRI, placement

of epidurals, and performance of angiography, that are not

performed with conventional laparoscopic fibroid enucleation (19).

The experience of the radiologists and the availability of this

method and the necessary equipment cannot be guaranteed in

every hospital (20–23). The interdisciplinary myoma treatment

in this way is demanding but can offer the option of having

a positive influence on the surgical results if the indication is

precise. Previous study results indicate that the combination

therapy of UAE and myomectomy can be carried out easily in

everyday clinical practice if the human and technical capacities

are already available for this (24–28). In addition, the combination

therapy of UAE and laparoscopic myomectomy represents a

modern gynecological treatment method, which can demonstrably

increase patient satisfaction and the postoperative outcome (29). In

addition, this combined therapy method can in principle expand

the spectrum of minimally invasive therapy in surgical gynecology

for (very) large myomas, a high number of myomas and the clinical

picture of the uterus myomatosus. The current trend toward

minimally invasive and gentle surgical therapy methods, which are

increasingly preferred by patients, can be strengthened with this

combination therapy (30).

Other factors have expanded the established surgical method

for removing fibroids in recent years. Such as the intraoperative

use of tourniquet placing or administering tranexamic acid before

surgery (14–16). What all methods have in common is the goal of

reducing intraoperative blood loss during fibroid removal (17).

In addition to this fundamental trend development, with the

combination therapy, the patient’s desire for a uterus-preserving

procedure in relation to fibroid therapy, even in the presence of

large fibroids and/or many fibroids and the clinical picture of

the uterus myomatosus can be promised and the statement by

Scholz et al. (1) that the only therapy for uterine myomatosus is

hysterectomy must be critically questioned.

Conclusion

In summary, the study showed that the combination therapy

of UAE with subsequent minimally invasive myoma nucleation
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can be a therapeutic option for the treatment of large myoma or

the condition of uterus myomatosus, especially in patients who

wish to have myoma removed after completion of the child wish

due to possible complications in the medium and long term. By

reducing intraoperative blood loss and shortening the surgery time,

the UAE can improve the operating conditions and thus optimize

the reconstructive capacity of the uterus from the surgeon’s point

of view. To date, very few studies have been established with many

enrolled patients and a large number and size of fibroids. This study

provides first findings in the field of minimally invasive myoma

therapy in the treatment of large fibroids as well as in the clinical

picture of the uterus myomatus in organ preservation procedures.

It must be clearly mentioned that enormous costs and structural

prerequisites must be met and that there are already optimized and

common surgical treatment standards.

Data availability statement

The original contributions presented in the study are included

in the article/supplementary material, further inquiries can be

directed to the corresponding author.

Ethics statement

The studies involving human participants were

reviewed and approved by University Jena. Written

informed consent to participate in this study was

provided by the participants’ legal guardian/next

of kin.

Author contributions

SH conceived and planned the experiments and performed the

analysis. IG and ES provided critical feedback and helped to shape

the research, analysis, and manuscript. All authors contributed to

the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

1. Scholz C, Wöckel A, Ebner F, Janni W. Multimodale Behandlung des Uterus
myomatosus. Der Gynäkologe. (2012) 45:801–8. doi: 10.1007/s00129-012-3049-y

2. Peters A, Siripong N, Wang L, Donnellan NM. Enhanced recovery after surgery
outcomes in minimally invasive nonhysterectomy gynecologic procedures.Am J Obstet
Gynecol. (2020) 223:234. doi: 10.1016/j.ajog.2020.02.008

3. Hillman RT, Iniesta MD, Shi Q, Suki T, Chen T, Cain K, et al.
Longitudinal patient-reported outcomes and restrictive opioid prescribing
after minimally invasive gynecologic surgery. Int J Gynecol Cancer. (2021)
31:114–21. doi: 10.1136/ijgc-2020-002103

4. Dion L, Tardieu A, Piver P, Aubard Y, Ayoubi JM, Garbin O, et al. Uterus
transplantation: Where do we stand in 2018? J Gynecol Obstet Hum Reprod. (2019)
48:11–3. doi: 10.1016/j.jogoh.2018.09.008

5. Bortoletto P, Einerson BD, Miller ES, Milad MP. Cost-effectiveness analysis of
morcellation hysterectomy for myomas. J Minim Invasive Gynecol. (2015) 22:820–
6. doi: 10.1016/j.jmig.2015.03.015

6. Cramer SF, Patel A. The frequency of uterine leiomyomas.Am J Clin Pathol. (1990)
94:435–8. doi: 10.1093/ajcp/94.4.435

7. Butori N, Tixier H, Filipuzzi L, Mutamba W, Guiu B, Cercueil J-P, et al.
Interest of uterine artery embolization with gelatin sponge particles prior to
myomectomy for large and/or multiple fibroids. Eur J Radiol. (2011) 79:1–
6. doi: 10.1016/j.ejrad.2009.09.028

8. Ngeh N, Belli AM, Morgan R, Manyonda I. Pre-myomectomy uterine
artery embolisation minimises operative blood loss. Bjog. (2004) 111:1139–
40. doi: 10.1111/j.1471-0528.2004.00239.x

9. Dumousset E, Chabrot P, Rabischong B, Mazet N, Nasser S, Darcha C, et al.
Preoperative uterine artery embolization (PUAE) before uterine fibroid myomectomy.
Cardiovasc Intervent Radiol. (2008) 31:514–20. doi: 10.1007/s00270-005-0342-3

10. Reduktion des intraoperativen Blutverlustes bei derlaparoskopischen
Myomenukleation durch temporäre Abklemmung der Aa. Uterinae. Aus der Klinik
für Gynäkologie der Medizinischen Fakultät Charité – Universitätsmedizin Berlin.
Alexander Hillebrand.

11. Goldman KN, Hirshfeld-Cytron JE, Pavone M-E, Thomas AP, Vogelzang
RL, Milad MP. Uterine artery embolization immediately preceding laparoscopic
myomectomy. Int J Gynaecol Obstet. (2012) 116:105–8. doi: 10.1016/j.ijgo.2011.08.022

12. David M, Kröncke T. Preoperative uterine artery embolisation for large uterine
fibroids with subsequent uterus preservation - three case histories and review of the
literature. Geburtshilfe Frauenheilkd. (2012) 72:539–42. doi: 10.1055/s-0031-1298589

13. Schnapauff D, Russ M, Kröncke T, David M. Analysis of presurgical uterine
artery embolization (PUAE) for very large uterus myomatosus; patient’s desire
to preserve the uterus; case series and literature review. Rofo. (2018) 190:616–
22. doi: 10.1055/s-0044-101555

14. Yuan P, Bai C, Yu F, Ge Z, Wang M, Tan H. Reducing blood loss during
laparoscopic myomectomy using a tourniquet loop around the lower uterine segment.
Fertil Steril. (2023) 119:333–5. doi: 10.1016/j.fertnstert.2022.10.028

15. Kuo HH, Lin WL, Pai AH, Yen CF. Laparoscopic triple-tourniquet constriction:
a convenient way for minimizing blood loss during myomectomy. J Minim Invasive
Gynecol. (2022) 29:1219–20. doi: 10.1016/j.jmig.2022.08.009

16. Kongnyuy EJ, Wiysonge CS. Interventions to reduce haemorrhage
during myomectomy for fibroids. Cochrane Database Syst Rev. (2014)
2014:CD005355. doi: 10.1002/14651858.CD005355.pub5

17. Abu-Zaid A, Alrashidi H, Almouh A, Abualsaud ZM, Saleh AM, Aldawsari
SB, et al. Ascorbic acid for prevention of intraoperative blood loss and related
complications during myomectomy: a systematic review and meta-analysis of
randomized controlled trials. Cureus. (2022) 14:e31571. doi: 10.7759/cureus.31571

18. Lethaby A, Vollenhoven B. Fibroids (uterine myomatosis, leiomyomas). BMJ
Clin Evid. (2015) 2015:0814.

19. Kröncke T, David M. Konsensuspapier und Diskussion zur UAE. Frauenarzt.
(2010) 51:644–8.

20. Köhler G, Vollmer M, Nath N, Hessler PA, Dennis K, Lehr A, et al.
Benign uterine mass-discrimination from leiomyosarcoma by a preoperative
risk score: a multicenter cohort study. Arch Gynecol Obstet. (2019) 300:1719–
27. doi: 10.1007/s00404-019-05344-0

Frontiers inMedicine 06 frontiersin.org

https://doi.org/10.3389/fmed.2023.1145952
https://doi.org/10.1007/s00129-012-3049-y
https://doi.org/10.1016/j.ajog.2020.02.008
https://doi.org/10.1136/ijgc-2020-002103
https://doi.org/10.1016/j.jogoh.2018.09.008
https://doi.org/10.1016/j.jmig.2015.03.015
https://doi.org/10.1093/ajcp/94.4.435
https://doi.org/10.1016/j.ejrad.2009.09.028
https://doi.org/10.1111/j.1471-0528.2004.00239.x
https://doi.org/10.1007/s00270-005-0342-3
https://doi.org/10.1016/j.ijgo.2011.08.022
https://doi.org/10.1055/s-0031-1298589
https://doi.org/10.1055/s-0044-101555
https://doi.org/10.1016/j.fertnstert.2022.10.028
https://doi.org/10.1016/j.jmig.2022.08.009
https://doi.org/10.1002/14651858.CD005355.pub5
https://doi.org/10.7759/cureus.31571
https://doi.org/10.1007/s00404-019-05344-0
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Hertling et al. 10.3389/fmed.2023.1145952

21. Lunde S, Petersen KK, Kugathasan P, Arendt-Nielsen L, Søgaard-Andersen
E. Chronic postoperative pain after robot-assisted laparoscopic hysterectomy for
endometrial cancer. J Gynecol Surg. (2019) 35:140–6. doi: 10.1089/gyn.2018.
0068

22. Kröncke T, David M. Uterine Artery Embolization (UAE) for fibroid treatment
- results of the 7th radiological gynecological expert meeting. Rofo. (2019) 191:630–
4. doi: 10.1055/a-0884-3168

23. Edwards RD, Moss JG, Lumsden MA, Wu O, Murray LS, Twaddle S, et al.
Uterine-artery embolization versus surgery for symptomatic uterine fibroids. N Engl
J Med. (2007) 356:360–70. doi: 10.1056/NEJMoa062003

24. Kröncke T, David M, Matzko MF. Consensus meetings regarding uterine artery
embolization and focused ultrasound in fibroid treatment: an analysis. Rofo. (2017)
189:508–10. doi: 10.1055/s-0043-108824

25. Froeling V, Scheurig-Muenkler C, Steffen IG, Schreiter NF, Kröncke TJ. [Change
in health-related quality of life and change in clinical symptoms after uterine
artery embolization in patients with symptomatic adenomyosis uteri - evaluation

using a standardized questionnaire]. Rofo. (2012) 184:48–52. doi: 10.1055/s-0031-128
1829

26. Walid MS, Heaton RL. Laparoscopic myomectomy: an intent-to-treat study.
Arch Gynecol Obstet. (2009) 281:645–9. doi: 10.1007/s00404-009-1154-5

27. Kröncke T, David M. Uterusarterienembolisation (UAE) zur Myombehandlung:
Ergebnisse des 4. radiologisch-gynäkologischen Expertentreffens [Uterine artery
embolization (UAE) for fibroid treatment: results of the 4th Radiological Gynecological
Expert Meeting]. Rofo. (2013) 185:461–3.

28. Kröncke T, David M. Uterine artery embolization (UAE) for fibroid treatment:
results of the 6th radiological gynecological expert meeting. Rofo. (2017) 189:511–
4. doi: 10.1055/s-0043-108551

29. Aumüller G, Aust G, Conrad A, Engele J, Kirsch J, Maio G, et al. korrigierte
Auflage. Duale Reihe Anatomie. Stuttgart: Thieme (2020). doi: 10.1055/b-007-170976

30. Vilos GA, Allaire C, Laberge PY, Leyland N, Special Contributors. The
management of uterine leiomyomas. J Obstet Gynaecol Can. (2015) 37:157–
78. doi: 10.1016/S1701-2163(15)30338-8

Frontiers inMedicine 07 frontiersin.org

https://doi.org/10.3389/fmed.2023.1145952
https://doi.org/10.1089/gyn.2018.0068
https://doi.org/10.1055/a-0884-3168
https://doi.org/10.1056/NEJMoa062003
https://doi.org/10.1055/s-0043-108824
https://doi.org/10.1055/s-0031-1281829
https://doi.org/10.1007/s00404-009-1154-5
https://doi.org/10.1055/s-0043-108551
https://doi.org/10.1055/b-007-170976
https://doi.org/10.1016/S1701-2163(15)30338-8
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Validation of uterine artery embolization before surgical laparoscopic myomenucleation compared to single surgical laparoscopic myomenucleation for the treatment of large fibroids and uterus myomatosus
	Introduction
	Materials and methods
	Data collection
	Data management
	Statistical evaluation
	Study hypotheses
	Inclusion and exclusion criteria
	Inclusion criteria
	Exclusion criteria

	Surgical therapy
	Expiry of the UAE

	Results
	Analysis of the epidemiological/preoperative data
	Pelvic pain
	Hypermenorrhea
	Feeling of pressure
	Size progression of the fibroids

	Presence of preoperative anemia
	Outcome analyses
	Fibroid size over 6 cm
	Surgery time
	Blood-loss

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


