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Chapter 1

1UTERINE FIBROIDS

Uterine fibroids or leiomyoma are frequently seen in women between 40 and 50 years of age. 

Fibroids are benign tumors arising from smooth muscle cells of the myometrium 1, 2. Their location 

within the uterus can be described using the classification system of the International federation 

of Gynecology and Obstetrics (FIGO) (Figure 1)3. Fibroids are roughly classified as submucosal 

(FIGO type 0, 1, 2), intramural (FIGO type 3, 4, 5), subserosal (FIGO type 6, 7) and ‘other’ (FIGO type 

8, e.g. cervical). 

Prevalence and symptomatology
Uterine fibroids are the most common pelvic tumors in women 1, 2. Although fibroids can arise 

throughout all smooth muscle cells in the body, they are most commonly present in the uterus. 

They were the primary indication for hysterectomy worldwide 4-6. The majority of the fibroids are 

asymptomatic. It is believed that only 25% cause problems 7, whilst up to 77% of uteri excised 

for hysterectomy show the present of uterine fibroids 4. Several risk factors for the development 

of uterine fibroids are described. Black women have a two- to threefold greater risk for developing 

uterine fibroids 1, 8, 9. Also, nulliparity, early menarche (<10 years of age), a positive family history for 

fibroids and high body mass index are associated with increased risk for uterine fibroids. However, 

smoking and increased parity decrease the incidence of fibroids 4. The prevalence of fibroids and their 

risk and protective factors can be explained by the sensitivity for both estrogen and progesterone.  

Nature and severity of symptoms depend on size of the fibroid and their location in the uterus 4. 

Most common symptoms are heavy menstrual bleeding, prolonged bleedings, abdominal pain, 

bulky symptoms (including pressure on the bladder) and infertility 10. The pathophysiology causing 

bleeding symptoms is still unknown, however several theories have been suggested. 

Figure 1. M.G. Munro et al. 

Fertility and Sterility 2011; 

95(7):2204-8. TREATMENT OF UTERINE FIBROIDS

20 to 50% of women suffering from uterine fibroids require clinical intervention. Treatment options 

depend on severity of symptoms, patient’s age, location of the fibroid(s), the preference of the 

patient and physician’s experience. Treatment options can be divided into medical treatment, 

uterine artery embolization and surgical treatment.

Medical Treatment

First line treatments for patients with uterine fibroids include oral contraceptives, hormone 

releasing intra uterine devices, progestins, coagulation stimulants, GnRHa and non-steroidal anti-

inflammatory drugs. In general, 75% of women get some improvement over one year of therapy, 

but long-term failures are high 16. Trials comparing medical therapy and surgery show that in 60% 

of women assigned to medical therapy underwent surgery within two years 17. Ulipristal acetate, 

a selective progesterone receptor modulator also known as CDB/VA-2914, has recently been 

approved for pretreatment of symptomatic uterine fibroids and for short intermittent courses 

interrupted by menstruation. However, no studies are performed yet comparing intermittent 

courses of ulipristal acetate with standard surgery.

Uterine artery embolization

Uterine artery embolization (UAE) is a minimally invasive option for women who wish to preserve 

their uterus, but do not have a pregnancy wish anymore. It results in a decrease of fibroid size of 30 

to 46 percent 18. Women undergoing UAE have a shorter hospital stay, less pain and quicker return 

to work compared to women who underwent myomectomy or hysterectomy 19. However, they have 

more complications and a higher rate  of reintervention for treatment failure 20.

Surgical treatment

Surgical options can roughly be divided into hysterectomy and myomectomy. Hysterectomy is 

the option of choice for women who do not respond to other therapies and who have completed 

childbearing. Approximately 1/3 of hysterectomies is carried out for uterine fibroids21, 22. 

Fibroids increase the surface area of the endometrium and may thereby increase 

menstrual blood loss 11, 12 

Uterine contractility is disturbed by the presence of uterine fibroids causing bleeding 

problems 11, 13

Dysregulation of several growth factors affects vascular function and angiogenesis 

causing vascular malfunction in the uterus resulting in bleeding symptoms 14

1.

2.

3.

Fibroids can cause significant morbidity and can have major impact on women’s lives. One third of 

women frequently reports sickleave due to fibroid symptoms 15.
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1In the Netherlands, approximately 5000 hysterectomies per year are performed for uterine fibroids.

For women who wish to preserve their uterus for fertility or other reasons, myomectomy is the 

treatment option of choice. The number of fibroids and their location within the uterus determines 

whether surgery is performed hysteroscopic, laparotomic or laparoscopic. Also, expertise of the 

surgeon and his team may play an important role. Hysteroscopic myomectomy is the procedure 

of choice for removing submucosal fibroids smaller than 3 cm. Laparoscopic and laparotomic 

myomectomy is the approach for removing subserosal or intramural fibroids. The uterus is incised 

over the fibroid, the fibroid enucleated and the incised myometrium at the site of enucleation 

restored by suturing.  Laparoscopic myomectomy seems to have several advantages over the 

laparotomic approach. Smaller incisions result in less post-operative pain, shorter hospital stay 

and faster recovery 23-25. General consensus amongst surgeons is that these benefits make the 

laparoscopic approach preferential for myomectomy 26.

MEDICAL PRETREATMENT PRIOR TO SURGERY

Laparoscopic myomectomy can be difficult when fibroids are large and numerous. This may 

result in extensive peri-operative bleeding and the need for a conversion to laparotomy. 

Medical pretreatment prior to surgery might reduce these risks by decreasing fibroid size and 

vascularization of the fibroid. This may consequently result in less peri-operative blood loss, lower 

conversion rates and quicker post-operative recovery. Only two medications are registered for the 

pretreatment of fibroids.

Gonadotropin-releasing hormone agonists (GnRHa) are most commonly used for several 

indications like moderate to severe endometriosis, pretreatment prior to fibroid surgery, adjuvant 

treatment for estrogen sensitive breast cancer, idiopathic pubertas praecox and desensitization 

of the hypophyses during in vitro fertilization 27. It can be prescribed as a monthly, three monthly 

or six monthly depot injection intramuscular or subcutaneous or as a nasal spray. GnRHa initially 

increases the release of gonadotropins, followed by desensitization and downregulation to a 

hypogonadotropic and hypogonadal state that clinically resembles menopause. Pretreatment with 

GnRHa significantly improves pre- and post-operative hemoglobin level and uterine and fibroid 

volume reduce significantly 28. GnRHa should be administered for at least three months in order 

to achieve these effects. Due to estradiol withdrawal, hot flushes are frequently reported side-

effects reported in 80% percent of the patients 29.

Ulipristal acetate has been registered for two clinical indications in Europe and the USA. 

Ulipristal acetate 30mg is used as a single dose emergency contraceptive within 120 hours 

after unprotected intercourse by inhibition or delaying ovulation, opposing proliferation of the 

endometrium and inducing amenorrhea 30, 31. Secondly, in women with symptomatic fibroids it 

reduces fibroid size and reduces bleeding problems 32, 33. Patients taking oral doses of 5 or 10 mg/

day report an amenorrhea in 81% and 90% respectively and in 80% of patients it suppresses 

ovulation 34. Both pre-operative use and intermittent three months courses are registered for 

the treatment of fibroids. The use of ulipristal acetate as a continuous contraception (e.g. 

vaginal ring) is still under evaluation. Ulipristal acetate has a pro-apoptotic and anti-proliferative 

effect on the fibroid and normal myometrial tissue remains unaffected. It exerts tissue selective 

mixed progesterone agonist and antagonist effects in myometrial and endometrial tissue35,  36. 

This progesterone antagonistic action can result in an unopposed estrogen effect and could 

therefore cause hyperplasia and malignant lesions in the endometrium. To date, development of 

atypical hyperplasia or endometrial carcinoma in ulipristal acetate users has not been reported and 

therefore the use of ulipristal acetate is considered safe for several indications37.

The pre-operative effects of GnRHa and ulipristal acetate were compared in a randomized trial38. 

Ulipristal acetate was considered non-inferior to GnRHa with respect to menstrual bleeding control. 

However, ulipristal acetate seems to result in a quicker control of bleeding. Both pretreatments 

reduce fibroid size. Hot flushes are reported less often than with GnRHa38. Concern has been 

raised that myomectomy may be complicated due to changes in fibroid texture and difficulty in 

identification of cleavage planes after pretreatment. These changes have been reported for both 

GnRHa and ulipristal acetate 39-41. No randomized trails are available reporting on surgical outcomes 

using ulipristal acetate as pretreatment. 

AIMS OF THIS THESIS

The aims of this thesis are to evaluate the safety and effectiveness of pretreatment prior 

to fibroid surgery (i.e. myomectomy, hysterectomy) on several pre-, intra- and post-operative 

outcomes. This thesis is divided in three parts: the past, present and future. We aim to answer the 

following questions:

What is reported in the literature on pretreatment with GnRHa or ulipristal acetate prior 

to laparoscopic or laparotomic myomectomy on intra-operative and post-operative 

outcomes?

What is reported in the literature on effects on the endometrium in women using 

ulipristal acetate? Is it safe?

Is ulipristal acetate non-inferior to GnRHa prior to laparoscopic myomectomy in 

terms of blood loss intra-operative and several other pre-, intra- and post-operative 

outcomes?

Is pretreatment with GnRHa prior to laparoscopic myomectomy useful compared to 

no pretreatment?

What are the effects of ulipristal acetate and GnRHa on fibroid vascularity?

How to interpretate our study results and what are the clinical implications and future 

perspectives?

1. 

 

 

2. 

 

3. 

 

 

4. 

 

5. 

6.
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Chapter 1

1OUTLINE OF THE THESIS

PART I: THE PAST
In Chapter 2 we provide an overview of literature in a systematic review and meta-analysis on 

the effectiveness of pretreatment with GnRHa or ulipristal acetate prior to laparotomic and 

laparoscopic myomectomies.

In Chapter 3 we performed a systematic review of literature on endometrial changes in women 

using ulipristal acetate.

PART II: THE PRESENT
In Chapter 4 we present the short term results of pretreatment with GnRHa or ulipristal acetate 

prior to laparoscopic myomectomy (MYOMEX 1.0 trial).

In Chapter 5 we present the long term results of pretreatment with GnRHa or ulipristal acetate 

prior to laparoscopic myomectomy including patient quality of life and cost-effectiveness analysis 

(MYOMEX 1.0 trial).

In Chapter 6 the effect of GnRHa and ulipristal acetate on fibroid vascularity using 3D Power 

Doppler ultrasound is described.

In Chapter 7 we compare pretreatment with GnRHa to no pretreatment before laparoscopic 

myomectomy.

PART III: THE FUTURE
In Chapter 8 the study protocol of a randomized trial on pretreatment with GnRHa compared to 

immediate surgery prior to laparoscopic myomectomy is presented (MYOMEX 3.0 trial).

In Chapter 9, the chapter on pretreatment prior to laparoscopic hysterectomy of the dutch 

guideline on laparoscopic hysterectomy is presented.

In Chapter 10 we provide a summary of the results, a general discussion on this thesis and future 

perspectives will be addressed.

In Chapter 11 provides a summary of the results and a general discussion in dutch.
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ABSTRACT

BACKGROUND
Myomectomy has potential risks of complications. To reduce these risks, medical pretreatment 

can be applied to reduce fibroid size and thereby potentially decrease intra-operative blood loss, 

the need for blood transfusion and emergency hysterectomy. The aim of this systematic review and 

meta-analysis is to study the effectiveness of medical pretreatment with Gonadotropin-releasing 

hormone agonists (GnRHa) or ulipristal acetate prior to laparoscopic or laparotomic myomectomy 

on intra-operative and post-operative outcomes.

METHODS
We performed an extensive search in Embase.com, Wiley/Cochrane Library and PubMed in 

accordance with the Prisma guidelines. All studies published as full papers in peer reviewed journals 

using GnRHa or ulipristal acetate as medical pretreatment independent of route of administration or 

dosage before laparotomic or laparoscopic myomectomy were included. No language restrictions 

were applied. Meta-analysis were performed where possible.

FINDINGS
Twenty-three studies were included. In laparotomic myomectomy, pretreatment with GnRHa 

decreases intra-operative blood loss with 97.39ml (95% CI -111.80 to -82.97) compared to no 

pretreatment or placebo. Pretreatment with GnRHa before laparoscopic myomectomies also 

shows a reduction in intra-operative blood loss by 23.03ml (95% CI -40.79 to -5.27) and in the 

frequency of blood transfusions (OR 0.17, 95% CI 0.05 to 0.55) compared to no pretreatment.  

Only two retrospective cohort studies reported on pretreatment with ulipristal acetate compared 

to no pretreatment before laparoscopic myomectomy showing a statistically significant reduction 

in intra-operative blood loss, duration of surgery and frequency of blood transfusions after 

pretreatment with ulipristal acetate. 

CONCLUSION
Administration of GnRHa prior to laparotomic myomectomy reduces blood loss and might decrease 

uterine adhesion formation. Pretreatment with GnRHa before laparoscopic myomectomy reduces 

blood loss, the frequency of blood transfusions and might increase recurrence rate of fibroids, 

however it should be taken into account that some results are mainly based on cohort studies. 

Other pretreatment agent ulipristal acetate has not been investigated sufficiently for relevant 

surgical outcomes

INTRODUCTION

Myomectomy is the surgical treatment option of choice for women who wish to preserve their 

fertility potential or wish to conserve their uterus for other reasons. A myomectomy can be 

performed by a laparotomy or a laparoscopy. Laparoscopic myomectomy has advantages over the 

laparotomic approach as the incisions are smaller and consequentially there is less post-operative 

pain, shorter hospital stay and faster recovery 1-3. However, larger and numerous fibroids are 

more difficult to be excised by laparoscopy. The choice of surgical approach depends on number, 

size, location and type of fibroids and in particular the expertise of the surgeon and his team. 

Myomectomy may be complicated by extensive peri-operative bleeding and as a consequence the 

need for blood transfusion and in some cases the need for an emergency hysterectomy. In the case 

of a laparoscopy, a conversion to laparotomy may be necessary. To reduce these risks, medical 

pretreatment can help to reduce pre-operative bleeding, to increase pre-operative hemoglobin 

level, to reduce fibroid size and vascularization of the fibroid. Overall, pretreatment can reduce peri-

operative blood loss, the need for blood transfusion, emergency hysterectomy, conversion rates and 

may boost post-operative recovery and enable a quicker return to normal activities including work. 

Gonadotropin-releasing hormone agonists (GnRHa) are the most commonly used treatment that 

are supplied pre-operatively with the goal to reduce bleeding, fibroid size and its vascularity. After an 

initial temporary release of gonadotropins (i.e. flare-up), GnRHa induce a reversible suppression 

of gonadotropins by the desensitization and partly downregulation of pituitary GnRH receptors 4.  

Recently an alternative therapy was launched for the pretreatment of fibroid surgery. Ulipristal 

acetate is a selective progesterone receptor modulator that was recently been approved for pre-

operative treatment of symptomatic fibroids. It reduces fibroid size due to its anti-proliferative, 

anti-fibrotic and pro-apoptotive effects on the fibroid 5. It has similar effects on fibroid size 

reduction as GnRHa 6 and seems to have no effect on normal myometrium. To date, no other 

agents have been registered as pre-operative treatment of symptomatic fibroids prior to surgery. 

The aim of this systematic review is to evaluate the effect of GnRHa or ulipristal acetate 

compared to no pretreatment, placebo or any other medical pretreatment prior to laparoscopic or 

laparotomic myomectomy on intra-operative and post-operative outcomes. 

MATERIAL AND METHODS
We conducted a systematic review in accordance to the Prisma guidelines 7.

 
ELIGIBILITY CRITERIA
Studies fulfilling the following inclusion criteria were included: 

 

Types of studies

We included prospective studies (including randomized controlled trials) and retrospective studies 

on pretreatment prior to laparoscopic or laparotomic myomectomies. No language restrictions 

were applied. 
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Types of participants

Participants were pre-menopausal women of 18 years and older without no other underlying uterine 

pathology scheduled for a myomectomy (by laparoscopy or laparotomy). 

Types of interventions 

Admission of pretreatment using GnRHa or ulipristal acetate versus no pretreatment, placebo 

or any other medical therapy prior to surgery. No exclusion criteria for duration of pretreatment 

were used.

Types of outcome measures

The following primary outcome was included:

                 -       Duration of surgery (min)

Each of the following secondary outcomes were included: 

Intra-operative assessments:
Duration of enucleation (min)

Blood loss intra-operative (ml)

Degree of difficulty of surgery

Identification of cleavage planes

Proportion of vertical incisions (in case of laparotomy)

Conversion rate (in case of laparoscopy)

Post-operative assessments:

1. 

-

-

-

-

-

-

2. 

-

-

-

-

-

-

-

Frequency of blood transfusions

Post-operative complications (e.g. fever, repeat surgery, pelvic hematomas)

Duration of hospital stay (days)

Frequency of recurrence of fibroids

Frequency of uterine adhesions (by second look laparoscopy)

Recovery time (return to normal activities and return to work)

Quality of Life (QoL) including Uterine Fibroid Symptoms and Quality of Life (UFS-QoL)

 
SEARCH METHODS FOR IDENTIFICATION OF STUDIES
Electronic searches 

A review protocol was developed based on the Preferred Reporting Items for Systematic Reviews 

and Meta-Analysis (PRISMA)-statement (www.prisma-statement.org). Embase.com, Wiley/

Cochrane Library and PubMed were searched from inception (by IM and JK) up to 3 April 2017. 

The  following terms were used (including synonyms and closely related words) as index terms 

or  free-text words: ‘myoma’ or ‘myomectomy’ and ‘laparoscopy’ or ‘surgery’ and ‘ulipristal’ or 

‘GNRH’ or ‘LHRH’. The full search strategies for all the databases can be found in the Supporting 

Information. Duplicate articles were excluded. All languages were accepted.

DATA COLLECTION AND ANALYSIS
Study selection

Two authors (IM and MT) independently assessed all potential studies for inclusion. If the title 

or abstract suggested presentation of a case eligible for inclusion, the full article was retrieved 

and reviewed against the inclusion criteria. Any disagreements were resolved by discussion. If no 

consensus was reached, a third author (WH) was asked to evaluate the full text of the study. 

Data collection process
One reviewer (IM) extracted the data using a data extraction form which was developed by the 

authors, based on the Cochrane Consumers and communication Review Group’s data extraction 

template. A second reviewer (MT) checked the extracted data. Disagreements were discussed 

and when necessary a third reviewer (WH) was consulted. Authors were contacted in the case of 

missing data. 

Quality assessment of the individual studies
The quality assessments were performed independently by two reviewers (IM and MT). For the 

included randomized controlled trials, the Cochrane Collaboration’s ‘Risk of Bias’ tool was used 

as described in the Cochrane Handbook 8. Studies were classified as low risk of bias (+), unclear 

risk of bias (?) or high risk of bias (-). For all included non-randomized studies, the ‘Strengthening 

the Reporting of Observational Studies in Epidemiology’ (STROBE) checklist was used to assess 

the risk of bias 9. We selected ten items of the checklist which were considered to be essential 

items for cohort studies. For the ‘methods’ section these items are: setting (item 5), participants 

(item 6), variables (item 7), data sources/ measurements (item 8), bias (item 9), study size/ power 

analysis (item 10) and statistical methods (item 12). For the ‘results’ section the following items 

were selected: participants (item 13), descriptive data (item 14), main results (item 16). Each item 

was scored as low (+), moderate (±) or high (-) risk of bias.

Data analysis
All analyses were performed separately for surgical approach initially chosen (laparoscopic or 

laparotomic) and type of study (randomized trial or cohort study). Mean fibroid volume before and 

after pretreatment was presented descriptively in the study characteristics table. If only data for 

fibroid diameter (D) were available, fibroid volume was calculated applying the formula used for 

the volume of an ellipsoid: D1xD2xD3x0.5233. We performed meta-analysis using the fixed effect 

model if at least two studies reported on the following outcomes: duration of surgery, duration of 

enucleation, blood loss intra-operative, complication rate (including conversion rate, fever, repeat 

surgery), proportion of vertical incisions, frequency of blood transfusion, duration of hospital stay 

and recurrence of fibroids. A sensitivity analysis was performed for the primary outcome showing 

no differences in pooled results. All other outcomes were analyzed descriptively. For the meta-

analysis, Review Manager (RevMan) version 5.3 was used. Where possible, data were pooled 

statistically by using mean and standard deviations (SD) and a forest plot was created. RevMan 

combines outcomes by calculating a weighted mean difference (WMD) and 95% confidence 

http://www.prisma-statement.org
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interval (CI). In case, means and SD were not directly available, these were derived from median 

and range using median as mean and estimating SD by ((range*0.95)/4)), or from mean, sample 

size, and standard error of the mean (SEM) where we computed the SD as SEM*(√n). If there was 

no range, SEM or SD reported, the article was excluded from the meta-analysis. If median and 

range was reported and range was judged too asymmetric around the median (in case of severe 

skewness), the article was also excluded from the meta-analysis. Heterogeneity (I2) of different 

studies was assessed by checking the results of the chi-squared tests. For dichotomous variables 

the pooled odds ratio (OR) with 95% confidence interval (CI) was calculated. No further subgroup 

analyses were performed. Statistical significance was determined at p < 0.05.

RESULTS

The search strategy yielded 2464 articles of which 718 were duplicates (Fig 1). In total 1625 

articles were excluded based on title and abstract reading. A total of 121 references were 

considered potentially relevant and were selected for full-text reading of which 98 were excluded 

for various reasons (Fig 1). The authors of three studies were contacted, because hysterectomy 

and myomectomy data were not split and therefore data could not be used for this review 10-12. 

One author was contacted due to insufficient data on type of surgery 13. No reply was received and 

these four studies were all excluded for further data extraction and analysis. Finally, 23 studies 

met our inclusion criteria and were used for data extraction 14-36. Fourteen of the included studies 

reported on laparotomic myomectomies, eight studies on laparoscopic myomectomies and one 

study reported on both laparotomic and laparoscopic myomectomies 22. Twenty-one studies 

reported on GnRH agonists and two studies on ulipristal acetate. Study characteristics for all 

studies reporting on laparotomic myomectomy can be found in Table 1 and for the studies reporting 

on laparoscopic myomectomy in Table 2. Results will be presented separately for pretreatment and 

surgical approach. 
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RISK OF BIAS IN INCLUDED STUDIES

For the included randomized clinical trials, the overall quality of the included studies was considered 

moderate (Fig 2 and Fig 3). None of the studies reported clearly on allocation concealment which 

increases risk for selection bias. This was marked as an unclear risk. In only four of 15 included 

randomized trials, participants and personnel were blinded for allocation of pretreatment. For this 

reason, possible performance bias cannot be excluded. None of the included studies published 

(a link) to their study protocol. Therefore, the risk for reporting bias is unclear. We added the item 

‘publication bias’ to the quality assessment checklist, since we considered that a power analysis 

and the reporting of in-/exclusion criteria are essential items in a randomized trial. Unfortunately, 

only two studies reported on both items. Especially power analysis were frequently missed in the 

included studies. As a consequence, the findings were indicated as high risk of publication bias. 

The overall quality of the included cohort studies was considered moderate to good (Fig 4). Only one 

study did not score ‘low risk of bias’ on any of the selected items. The overall quality of this paper 

was marked as poor. Two items (bias (9) and study size/power analysis (10)) were reported very 

limited by the included studies. In general, the more recent studies reported a better overall quality.  

Based on a funnel plot prepared for several outcomes (duration of surgery, intra-operative 

blood loss, frequency of blood transfusions and complication rate), there is no indication for 

publication bias.

Fig 1. PRISMA Flow 

diagram. PRISMA 

(Preferred Reporting 

Items for Systematic 

Reviews and Meta-

Analyses) flow diagram 

of study selection.

Fig 2. Overall risk of bias for included randomized 

controlled trials (RCT’s). ‘Risk of bias’ tool was used 

as described in the Cochrane Handbook. Studies were 

classified as low risk of bias (+), unclear risk of bias (?) 

or high risk of bias (-). Quality items: random sequence 

generation (selection bias), allocation concealment 

(selection bias), blinding of participants and personnel 

(performance bias), blinding of outcome assessment 

(detection bias), incomplete outcome data (attrition bias), 

selective reporting (reporting bias) and power analysis 

and/or in-/exclusioncriteria reported (publication bias). 

This figure shows the overall qu ality of included RCT’s 

qualified by low risk of bias (green colored bar), unclear 

risk of bias (yellow colored bar) and high risk of bias (red 

colored bar).

Fig 3. Risk of bias summary randomized controlled 

trials (RCT’s). The Cochrane Collaboration’s ‘Risk of Bias’ 

tool was used as described in the Cochrane Handbook. 

Studies were classified as low risk of bias (green circle 

with ‘plus’ sign), unclear risk of bias (yellow circle with 

‘question mark’ sign) or high risk of bias (red circle with 

‘minus’ sign).
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EFFECT OF GNRHA BEFORE LAPAROTOMIC MYOMECTOMY 
Fifteen studies reported on laparotomic myomectomies. All studies used GnRHa as a pretreatment. 

Twelve studies were randomized controlled trials of which three studies compared GnRHa and 

placebo and nine studies compared GnRHa and immediate surgery. In three studies buserelin 

or nafarelin was administered daily by nasal spray. Other studies used goserelin, leuprorelin or 

triptorelin given by intramuscular or subcutaneous depot injection. Detailed information for each 

included study on the different GnRHa preparations, their routes of administration or duration 

of treatment can be found in Table 1. In two studies in the laparotomic group, comparisons were 

made between leuprolin 3.75mg, leuprolin 7.5mg and no pretreatment 28 and between goserelin 

3.6mg two doses every four weeks, goserelin 3.6mg three doses every four weeks and no 

pretreatment  26. We chose to use the data from the leuprolin 3.75 mg and two doses goserelin 

3.6mg every four weeks, since these are more comparable to the other pretreatment schedules 

in our analysis. In the trials comparing pre-operative treatment with no pretreatment, surgery was 

planned immediately or as soon as possible. For the outcomes recovery time and quality of life, no 

data were provided in the included studies.

INTRA-OPERATIVE ASSESSMENT: DURATION OF SURGERY (FIG 5)
Nine studies (n=489) reported on duration of surgery. For both randomized trials and cohort 

studies there was no difference found between pretreatment or not (WMD 0.37 minutes, 95% CI 

-3.46 to 4.21). Heterogeneity for all studies combined was 29%. 

Fig 4. Risk of bias for included 

cohort studies. The ‘Strengthening 

the Reporting of Observational 

Studies in Epidemiology’ (STROBE) 

checklist was used to assess the risk 

of bias for the included cohort studies. 

The items checked are: setting (item 

5), participants (item 6), variables 

(item 7), data sources/ measurements 

(item 8), bias (item 9), study size/ 

power analysis (item 10) and 

statistical methods (item 12). For the 

‘results’ section the following items 

were selected: participants (item 13), 

descriptive data (item 14), main results 

(item 16). Each item was scored as low 

(+), moderate (±) or high (-) risk of bias.

Fig 5. Effect of GnRHa versus no pretreatment before laparotomic (a) and laparoscopic (b) 

myomectomies. Forest plots for meta-analysis performed for duration of surgery 
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INTRA-OPERATIVE ASSESSMENT: BLOOD LOSS (FIG 7)
Twelve studies reported on intra-operative blood loss. Eleven studies compared GnRHa with no 

pretreatment or placebo (n=536) and were used for meta-analysis. Significantly less blood loss 

was found in both randomized trials and cohort studies in pretreated patients (p<0.00001). 

Overall, a weighted mean difference was found of -97.39 ml (95% CI -111.80 to -82.97). Two of 

these studies, both randomized trials, used vasoconstrictive medication 22 or an elastic tourniquet 

combined with vascular clamps 19 to reduce peri-operative blood loss. When eliminating these 

studies from statistical analysis, difference in blood loss increases slightly to -100.68ml (95% 

CI -115.51 to -85.86; p<0.00001) in favor of the pretreated group. The twelfth study reporting on 

intra-operative blood loss by Jasonni et al. 24, evaluated the effect of six monthly depot injections 

of leuproreline with two monthly depot injections (n=36). The authors did not find a significant 

difference in intra-operative blood loss between these two different dose groups (315±416ml vs. 

336±352ml).

Fig 6. Effect of GnRHa versus no pretreatment before laparotomic myomectomies. 

Forest plot for meta-analysis performed for duration of enucleation

INTRA-OPERATIVE ASSESSMENT: DURATION OF ENUCLEATION (FIG 6)
Only two studies (n=115) registered the duration of enucleation separately from total duration of 

surgery. Both randomized trials reported results tending towards shorter enucleation time when 

no pretreatment was used. However, overall effect was not significant (WMD 6.51 minutes, 95% 

CI -1.99 to 15.00; p=0.13). 

INTRA-OPERATIVE ASSESSMENT: DEGREE OF DIFFICULTY OF SURGERY 
Only two studies reported on difficulty of the surgery (n=147). A cohort study by Bassaw 

et al.26 assessed difficulty in enucleating the fibroids by asking surgeon whether the 

enucleation was considered difficult or not. No definition of ‘difficult’ was given. Surgeons 

were blinded with respect to  treatment group. In 11% of patients (2/18) who received 

GnRHa as a pretreatment the enucleation was marked difficult due to an ill-defined capsule. 

In none of the patients without pretreatment, enucleation was considered  difficult. 

We do not know whether baseline characteristics (before pretreatment) were similar 

in this group or that in particular women with large fibroids received pretreatment. 

In the randomized trial performed by Vercellini et al.25 no differences were found in the difficulty of 

surgery assessed by a three point scale (easier than usual, usual or more difficult than usual). 15% 

of the surgeries (7/48) in the control group and 16% of surgeries (8/49) in the GnRHa group were 

considered more difficult than usual. However, surgeons were not blinded for treatment allocation.

Fig 7. Effect of GnRHa versus no pretreatment before laparotomic (a) and laparoscopic 

(b) myomectomies. Forest plots for meta-analysis performed for intra-operative blood loss 
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INTRA-OPERATIVE ASSESSMENT: IDENTIFICATION OF CLEAVAGE PLANES 
Three studies assessed difficulty of identification of cleavage planes (n=224). A randomized trial 

by De Falco et al. 17 asked surgeons at the end of the intervention to state if they were able to 

promptly identify the cleavage planes between the fibroid and the surrounding myometrium or not. 

Surgeons were blinded to medical pretreatment. They stated that the cleavage plane was clearly 

identifiable in 86.2% (25/29) of the untreated patients and in 42.4% (14/33) of GnRHa treated 

patients (no p-value available). A cohort study by Falsetti et al. 27 noticed that in 40% (12/30) of the 

GnRHa pretreated patients the cleavage plane was more difficult to identify, they considered this 

related to  hyaline degeneration and a smaller development of pseudo-capsula. However, surgeons 

were not blinded with respect to pretreatment group. No information was provided on the method 

of assessment and identification of the cleavage plane in the control group. In  addition, we do 

not know whether in particular large fibroids were pretreated before this surgical procedure. In a 

randomized study performed by Vercellini et al. 25 no differences were reported in the identified 

cleavage planes by surgeons, who were not blinded for treatment allocation. In 10% of both 

treatment groups (GnRHa 5/49, control 5/48) surgeons stated they had difficulties identifying 

cleavage planes. As mentioned above, Bassaw et al. (14) reported that in 11% of the patients 

pretreated with GnRH the enucleation was marked difficult due to an ill-defined capsule.

INTRA-OPERATIVE ASSESSMENT: PROPORTION OF VERTICAL INCISIONS (FIG 8)
Four studies reported on the type of incision (n=128), all were randomized trials. In the study 

performed by Friedman et al. 19, 20, data was not split for GnRHa and control group. For this reason, 

this study could not be used in the meta-analysis. In two studies 16, 17, the proportion of vertical 

incisions was zero in both treatment groups. Therefore, no odds ratio could be calculated. In the 

remaining randomized trial reporting on this subject, the proportion of vertical incisions in the 

GnRHa group was 0/13 and in the control group 5/15 (OR 0.07, 95% CI 0.00 to 1.43; p=0.08)14.

POST-OPERATIVE ASSESSMENTS: FREQUENCY OF BLOOD TRANSFUSIONS (FIG 9)
Five studies (n=205) reported on intra-operative and post-operative blood transfusions. No 

statistical differences were found between both groups (OR 0.84, 95% CI 0.33 to 2.11). It should 

be noted that the randomized trial by Vercellini et al. 25 reported no blood transfusions in both 

GnRHa group or no pretreatment group and therefore no OR could be calculated. However, it is not 

likely that this would have influenced the results of the meta-analysis.

Fig 8. Effect of GnRHa versus no pretreatment before laparotomic myomectomies. 

Forest plot for meta-analysis performed for proportion of vertical incisions 

Fig 9. Effect of GnRHa versus no pretreatment before laparotomic (a) and laparoscopic (b) 

myomectomies. Forest plots for meta-analysis performed for frequency of blood transfusions 
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POST-OPERATIVE ASSESSMENTS: COMPLICATION RATE (FIG 10)
Six studies reported on complication rate post-operatively (n=332). The study performed by 

Hudecek et al. 22 could not be used for meta-analysis, since no complications occurred in both 

treatment groups, so no odds ratio could be calculated. The following complications were reported: 

post-operative fever (GnRHa 19/174; control 22/158), wound infection (GnRHa 1/174; control 

0/158), re-operation due to expanding subfascial hematoma (GnRHa 0/174; control 1/158), wound 

hematoma (GnRHa 0/174; control 2/158) and stress urine incontinence (GnRHa 1/174; control 

0/158). No differences were found in the overall complication rates between both treatment 

groups (OR 0.83, 95% CI 0.41 to 1.67).

Fig 10. Effect of GnRHa versus no pretreatment before laparotomic (a) and laparoscopic 

(b) myomectomies. Forest plots for meta-analysis performed for complication rate 

POST-OPERATIVE ASSESSMENTS: DURATION OF HOSPITAL STAY (FIG 11)
Five studies reported on duration of hospital stay after laparotomic myomectomy. One study 21 

did not report SD, ranges or SEM and was excluded for meta-analysis. The remaining four studies 

(n=287) did not report a difference between both groups (WMD 0.02 days, 95% CI -0.20 to 0.25). 

Fig 11. Effect of GnRHa versus no pretreatment before laparotomic (a) and laparoscopic 

(b) myomectomies. Forest plots for meta-analysis performed for duration of hospital stay

POST-OPERATIVE ASSESSMENTS: FREQUENCY OF RECURRENCE OF FIBROIDS (FIG 12)
Four randomized trials reported on recurrence of fibroids after open myomectomy (n=252). 

The follow-up period varied from 8 weeks to 38 months. Hudecek et al. 22 evaluated the recurrence 

of fibroids by second look laparoscopy 8 to 12 weeks after the first surgery. It is unclear whether 

physicians performing the laparoscopy were blinded. Sizes of the recurrent fibroids were not 

reported. In addition, it was not reported if and how the existence of eventual small intramural 

or submucosal fibroids were evaluated. The other three studies used transvaginal ultrasound to 

evaluate recurrent rate. Fedele et al. 18 reported only small fibroids of <1.5cm at six months follow-

up. The physician performing the ultrasound was unaware of treatment allocation. The double 

blind randomized trial by Friedman et al. 20, performed follow-up ultrasound at 27 and 38 months 
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after surgery and reported recurrent fibroids in 11 of 18 patients (61%) varying from 1 to 5.6cm. 

The unblinded randomized trial by Vercellini et al. 25 did not report on the size of the recurrent fibroids 

at six monthts follow-up. The overall OR for recurrence rate of fibroids for these studies is 0.82 

(95% CI 0.41 to 1.63) which is not statistically significant. Heterogeneity between the studies is 

large (82%). When eliminating the study performed by Hudecek et al. 22, heterogeneity decreases 

to 0%. The risk for recurrence is significant higher after pretreatment with GnRHa compared to no 

pretreatment or placebo (OR 3.98, 95% CI 1.26 to 12.59; p=0.02). 

Fig 12. Effect of GnRHa versus no pretreatment before laparotomic (a) and laparoscopic 

(b) myomectomies. Forest plots for meta-analysis performed for recurrence of fibroids

POST-OPERATIVE ASSESSMENTS: FREQUENCY OF UTERINE ADHESIONS
Two randomized trials reported on prevention of uterine adhesions after pre-operative treatment 

with GnRHa (n=35). In the study performed by Coddington et al. 16, patients underwent an initial 

laparotomic myomectomy followed by second look laparoscopy two to ten weeks later to evaluate 

and measure the adhesions present. Surgeons were blinded for treatment allocation. They found 

no difference in adhesions formation compared with placebo. Patients in the GnRHa treatment 

group of the study by Imai et al. 23 also received GnRHa for four weeks after their initial laparotomic 

myomectomy. Second look laparoscopy was performed 16 months after the initial surgery. 

A statistically significant reduction was seen in adhesion formation after the combined pre- and 

post-operative medical treatment with GnRHa in comparison to no pretreatment (adhesion scores 

(0 to 3): 0.2±0.4 vs. 2.0±1.0; p<0.0001).

EFFECT OF GNRHA BEFORE LAPAROSCOPIC MYOMECTOMY 

Seven studies reported on GnRHa and laparoscopic myomectomies (Table 2). Four randomized 

controlled trials and three cohort studies comparing GnRHa to no pretreatment. No studies 

compared GnRHa to placebo. The used GnRHa preparations included triptorelin, leuprorelin or 

goserelin by intramuscular or subcutaneous depot injection (Table 2). One RCT (three arms) 

also assessed the effect of the combined use of GnRHa with tibolone before laparoscopic 

myomectomy 30 by randomizing patients into either leuproreline 3.75mg plus tibolone, leuproreline 

3.75mg plus placebo or no pretreatment. The group using leuproreline 3.75mg plus placebo was 

used for the statistical analysis in this review, given its similarity to most other studies. In the 

trials comparing pre-operative treatment with no pretreatment, surgery in the no pretreatment 

group was planned immediately or as soon as possible. For the outcomes duration of enucleation, 

degree of difficulty of surgery, identification of cleavage planes, frequency of uterine adhesions, 

recovery time and quality of life, no data were provided in the included studies.

INTRA-OPERATIVE ASSESSMENT: DURATION OF SURGERY (FIG 5)
Five studies (n=349) reported on duration of surgery after pretreatment with GnRHa versus no 

pretreatment. Overall, there is no statistically significant difference in surgery time between 

pretreatment with GnRHa compared to no pretreatment (WMD -5.56 minutes, 95% CI -11.17 to 

0.04; p=0.05). Four studies are randomized trials with a heterogeneity of 94% (WMD -1.71 minutes, 

95% CI -7.90 to 4.49). One prospective cohort study 32 showed a significant reduction in duration 

of surgery of 23 minutes (95% CI -36.17 to -9.83) when pretreated with GnRHa (p=0.0006).

INTRA-OPERATIVE ASSESSMENT: BLOOD LOSS (FIG 7) 
Five studies reported on intra-operative blood loss (n=349). All of these studies used 

vasoconstrictive medication pre-operatively to reduce blood loss in both groups. Blood loss is 

significant reduced when pretreated with GnRHa compared to no pretreatment (WMD -23.03ml, 

95% CI -40.79 to -5.27; p=0.01). It should be noted that heterogeneity between the four 

randomized trials is large (I2=94%) this is mainly due to the study performed by Hudecek et al. 22. 

When excluding this study from analysis, the overall positive effect in the reduction of blood loss 

of GnRHa pretreatment increases from 23.03ml to 65.84ml (95% CI -86.91 to -44.77; p<0.0001) 

and heterogeneity reduces to 0% in the randomized trials and to 55% overall.
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INTRA-OPERATIVE ASSESSMENT: CONVERSION RATE
Only the study of Sangha et al. 36 did not report on conversion rate. In all other studies performing 

laparoscopic myomectomy (n=430), no conversions to open procedures occurred. 

POST-OPERATIVE ASSESSMENTS: FREQUENCY OF BLOOD TRANSFUSIONS (FIG 9)
Only three studies reported on the frequency of post-operative blood transfusions (n=192). 

However, meta-analysis could only be performed on two of three studies, since none of the patients 

in the study performed by Campo et al. 29 required a blood transfusion (n=60). Therefore, the odds 

ratio could not be calculated. 

A reduced rate for blood transfusions was found in patients pretreated with GnRHa compared to 

immediate surgery (OR 0.17, 95% CI 0.05 to 0.55; p=0.004).

POST-OPERATIVE ASSESSMENTS: COMPLICATIONS (FIG 10)
Five studies reported on post-operative complication rate (n=399). However, no odds ration 

could be calculated from the study performed by Hudecek et al. 22 and by Palomba et al. 30 since 

no complications occurred in both treatment groups (n= 90 and n=41 respectively). The following 

complications were reported in the remaining studies: post-operative fever (GnRHa 2/147, control 

0/252), post-operative hematoma (GnRHa 1/147, control 5/252) and re-operation (GnRHa 5/147, 

control 4/252). No statistical difference was found between the two treatment groups (OR 2.18, 

95% CI 0.84 to 5.64). Heterogeneity between studies was large (I2=79%).

POST-OPERATIVE ASSESSMENTS: DURATION OF HOSPITAL STAY (FIG 11)
Three studies reported on the duration of hospital stay (n=140). Overall, no statistical difference 

was found between both treatment groups (WMD 0.16 days, 95% CI -0.10 to 0.41). It should be 

noted that heterogeneity between the studies is large (I2=92%). 

POST-OPERATIVE ASSESSMENTS: FREQUENCY OF RECURRENCE OF FIBROIDS (FIG 12)
Three studies reported on recurrence rate of fibroids (n=285). A significantly higher recurrence 

rate was found in patients who were pretreated with GnRHa (OR 4.10, 95% CI 1.94 to 8.63). 

This  difference was only found in both cohort studies and not in the randomized trial reporting 

on recurrence rate, so we do not know whether selection for pretreatment may have played a roll. 

The follow-up period in this trial was only eight to twelve weeks after primary surgery 22. Rossetti 

et al. 35 and Sangha et al. 36 performed transvaginal ultrasound to assess recurrence rate till 40 

months and 48 months respectively after primary surgery.  

EFFECT OF ULIPRISTAL ACETATE BEFORE LAPAROTOMIC 
MYOMECTOMY
No studies were found using ulipristal acetate as pretreatment before laparotomic myomectomy. 

EFFECT OF ULIPRISTAL ACETATE BEFORE LAPAROSCOPIC 
MYOMECTOMY

Two studies reported on ulipristal acetate before laparoscopic myomectomies 33, 34. Both are 

retrospective cohort studies and compared a daily dose of 5mg of ulipristal acetate for twelve 

consecutive weeks to no pretreatment (Table 2). The study by Ferrero et al. (n=77) reported a 

statistically significant shorter operative time (137.6±26.8 minutes vs. 159.7±26.8 minutes; 

p<0.001) and significantly less post-operative blood transfusions (0/34 vs. 6/43; p=0.031) 

when pretreated with ulipristal acetate. No significant difference was found for complication rate 

(4/34 vs. 4/43; p=0.726) and duration of hospital stay (2.0±1.0 days vs. 2.0±0 days; p=0.053). 

No patients required conversion to laparotomy in both groups. Given the design we do not know 

whether a selected group of patients was pretreated with ulipristal acetate. Both studies reported 

on intra-operative blood loss (n=127) (Fig 13). Blood loss is statistically lower when pretreated 

with ulipristal acetate compared to no pretreatment (WMD -147.51ml, 95% CI -257.52 to -37.49; 

p=0.009).

Fig 13. Effect of ulipristal acetate versus no pretreatment before laparoscopic 

myomectomy. Forest plot for meta-analysis performed on intra-operative blood loss.

The study by Luketic et al. (n=50) also compared surgical experience of laparoscopic and robotic 

myomectomies in women pretreated with ulipristal acetate by assessing surgical videos of 50 

patients by two independent and blinded gynecologists. The non-validated assessment tool 

contained questions on depth of incision in the myometrium, identification of the cleavage plane, 

detachment of fibroid and endometrium, amount of bleeding and consistency of the fibroids.  

Overall, there was no difference in surgical experience for myomectomies of patients pretreated 

with ulipristal acetate versus no pretreatment (global rating score 12.4 vs. 13.4; p=0.23). 

There was also no difference in identification of the cleavage plane between both groups (p=0.68).

None of the included studies reported on duration of enucleation, frequency of recurrence of 

fibroids, frequency of uterine adhesions, recovery time and quality of life.
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DISCUSSION

MAIN FINDINGS
This systematic review evaluated the effectiveness of medical pretreatment with GnRHa or 

ulipristal acetate before laparotomic and laparoscopic myomectomies on various relevant intra-

operative and post-operative outcomes. The overall quality of the included randomized trials 

was considered moderate and for the included cohort studies moderate to good. In laparotomic 

myomectomy, pretreatment with GnRHa decreases intra-operative blood loss with almost 100ml. 

No difference was found in frequency of blood transfusions. Pretreatment with GnRHa might 

also decrease uterine adhesions, however studies show conflicting results. All other outcomes 

regarding pretreatment with GnRHa before laparotomic myomectomies did not show any 

significant results.

Pretreatment with GnRHa before laparoscopic myomectomies reduces intra-operative blood loss 

with 23ml. It also shows significant less frequent blood transfusions and an increased risk for 

fibroid recurrence rate, however it should be noted that these results are mainly based on the 

results of cohort studies. For the other outcomes regarding pretreatment with GnRHa before 

laparoscopic myomectomy, no significant results were found. 

No studies were found reporting on pretreatment with ulipristal acetate before laparotomic 

myomectomy. Only two retrospective cohort studies reported on pretreatment with ulipristal 

acetate before laparoscopic myomectomy. These cohort studies found a significant effect for 

intra-operative blood loss, duration of surgery and frequency of blood transfusions. 

The meta-analysis performed in this review show only marginal benefits of pretreatment before 

both laparotomic and laparoscopic myomectomies on intra-operative and post-operative 

outcomes. For some outcomes cohort studies and randomized trials show conflicting results 

which might result in wrongful conclusions mainly based on results of cohort studies. Possible 

selection bias results in a moderate level of evidence in cohort studies. In theory it could be that 

in particular patients with larger or more fibroids had an indication for pretreatment. Besides, for 

all studies reporting a statistically significant difference in intra-operative outcomes, clinical 

relevance could be discussed. Therefore, pretreatment should not yet be offered routinely prior to 

myomectomy for the purpose of making surgery safer and/or easier. 

STRENGTHS AND LIMITATIONS
To our knowledge, this is the first systematic review and meta-analysis published reporting on both 

GnRHa and ulipristal acetate before laparotomic and laparoscopic myomectomies. A Cochrane 

review by Lethaby at al.4 focused on pretreatment with GnRHa before surgery. They evaluated both 

hysterectomies and myomectomies and evaluated these data separately. However, no distinction 

was made between laparotomic and laparoscopic myomectomies. In our opinion, both surgical 

approaches should be evaluated as two different entities, since an effect for example on the 

texture or vascularity of the fibroids may be of more effect in the laparoscopic approach than in 

the laparotomic approach. 

Another strength of this review is the methodological quality ensured by following the Prisma 

guidelines for systematic reviews and meta-analysis7 and that the outcomes for randomized 

trials and cohort studies were reported separately since confounders may play a larger role in the 

cohort studies. 

A possible limitation of this review is that no distinction was made between different routes of 

administration, different GnRHa preparations (e.g. leuprorelin, goserelin), different dosages of 

GnRHa and the frequency of monthly depot injections. Since these factors are so various in the 

included studies, it was not possible to perform different (sub)analysis. Most studies injected 

GnRHa intramuscularly or subcutaneously. However, in three studies GnRHa was given by nasal 

spray 15, 18, 23. Although differences in pharmacological availability may occur, we did not observe 

clear differences in outcomes. However, this cannot be excluded. Nasal spray is self-administered 

once daily, this could lead to less optimal compliance and as a consequence to underestimation 

of the effect. 

In two studies, two different GnRHa dosages were compared with a control group. Bassaw et 

al. 26 randomized between either two or three doses of goserelin pre-operatively. There were no 

significant differences between these two groups for the outcomes assessed in this review. 

The study by Kiltz et al. 28 compared three monthly intramuscular injections of leuprolin 3.75mg 

and 7.5mg. No differences were found between these groups for the outcomes assessed in 

this review. 

One study compared the effectiveness of short term administration of tibolone in patients treated 

with GnRHa to treatment with GnRHa and placebo or to pretreatment with iron tablets only  30. 

The authors concluded that administration of tibolone in patients treated with GnRHa before 

laparoscopic myomectomy does not change the effectiveness of GnRHa administered alone.

Kamath et al. 37 performed a systematic review and meta-analysis on GnRHa prior to hysteroscopic 

resection of submucous fibroids also evaluating duration of surgery. Two trials (n=86) were 

included showing significant shorter operation time when pretreated with GnRHa (WMD -5.34 

minutes; 95% CI -7.55 to -3.12). No significant effect on duration of surgery was found in our 

meta-analysis. It should be noted that results in the review by Kamath et al. are based on only two 

small trials. Besides, clinical relevance of a shorter duration of surgery of only five minutes could 

also be discussed.  

The results of our meta-analysis indicate that GnRHa may have a negative impact on the recurrence 

rate of fibroids. A possible alternative explanation could be shrinkage of small fibroids during GnRH 

agonist therapy which are not recognized during surgery. After discontinuing pretreatment, these 

small fibroids increase in size and are therefore marked as recurrent fibroids. It should be noted 

that the results of this meta-analysis are mainly based on two cohort studies, so we do not know 

whether selection for pretreatment may have played a role. The randomized trial on this subject 

does not report any significant results.
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IMPLICATIONS FOR FUTURE RESEARCH
Future research should focus on high quality double-blinded randomized trials, evaluating relevant 

outcomes such as change in surgical approach (i.e. pfannenstiel vs. vertical incision), incision size, 

recovery after surgery and quality of life. Specific parameters like fibroid size, type and location 

should be taken into account. 

Results of ulipristal acetate seem to be promising, however evidence is insufficient to support 

standard use in the treatment of women with uterine fibroids. For laparotomic and laparoscopic 

myomectomy ulipristal acetate need to be evaluated in comparison to placebo or GnRHa. 

A prospective pilot study by Bizzarri et al. 38 focused on pretreatment with triptorelin, letrozole and 

ulipristal acetate before hysteroscopic myomectomy (n=38). They concluded that pre-operative 

treatment with triptorelin and letrozole decreases the hysteroscopy time and the volume of 

fluid absorbed during hysteroscopic resection of fibroids. Ulipristal acetate did not show this 

statistically significant effect.

CONCLUSION

There is high evidence from randomized trials and cohort studies that administration of GnRHa 

prior to laparotomic myomectomy reduces blood loss. It may also decrease uterine adhesion 

formation, however quality of evidence is considered moderate. Pretreatment with GnRHa before 

laparoscopic myomectomy reduces blood loss, the frequency of blood transfusions and might 

increase recurrence rate of fibroids, however it should be taken into account that some results 

are mainly based on cohort studies and therefore quality of evidence is considered low. Besides, 

clinical relevance could be discussed for most significant results on intra-operative outcomes. 

Other pretreatment agent ulipristal acetate has not been investigated sufficiently for relevant 

surgical outcomes and should not be prescribed routinely in order to improve surgical outcomes. 

Research on pretreatment before myomectomy should focus on randomized comparisons with 

relevant outcomes.
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SUPPORTING INFORMATION 

Search strategy for PubMed (3 April 2017)

[Mesh] = Medical subject headings (MeSH)

[Mesh:NoExp] = MeSH, without explosion

[Supplementary Concept] = special MeSH-terms for substance names

[tiab] = words in title OR abstract

Search strategy for Embase.com (3 April 2017)

/exp = EMtree keyword with explosion

:ab,ti = words in title or abstract

NEAR/x = words near to each other, x places apart

NEXT/x = words next to each other, x places apart
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Search strategy for Wiley/Cochrane Library (5 April 2017)

ti,ab,kw = words in title, abstract or keyword

Numbers per database: CDSR: 6; DARE: 4; CENTRAL: 135; EED: 1.
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ABSTRACT 

Ulipristal acetate is increasingly used for several clinical indications, like emergency contraception 

and pretreatment of uterine fibroids. It has mixed progesterone agonist and antagonist effects 

in the myometrium and endometrium. Due to its progesterone antagonistic effect, an unopposed 

estrogen effect could occur which could cause (pre-) malignant lesions in the endometrium. 

Several studies have been performed to evaluate this possible increased risk for endometrial 

malignancies when using ulipristal acetate. The specific spectrum of morphological changes due 

to ulipristal acetate, named progesterone receptor modulator associated endometrial changes 

(PAEC), occurs to be reversible after discontinuing ulipristal acetate. In this systematic review we 

provide a detailed overview of the literature on histopathological endometrial changes and imaging 

characteristics of the endometrium in ulipristal acetate users. We performed an extensive search 

in Embase.com, Wiley/Cochrane Library and PubMed in accordance with the prisma guidelines. 

All studies published as full papers in peer reviewed journals using ulipristal acetate reporting on 

endometrial changes were included, independent of clinical indication, dosage taken and duration 

of therapy. No language restrictions were applied. 

Ten studies with a total of 1450 participants were included. Seven were randomized clinical trials 

and three prospective cohort studies. A quality assessment of all included studies was performed. 

In only five of ten studies an endometrial biopsy was performed during treatment. All  of these 

studies described specific histological non-physiological endometrial changes (PAEC) due to 

ulipristal acetate, varying from 41 to 78.8% of all patients. Three of these studies also performed 

follow-up biopsies after discontinuing ulipristal acetate. The percentage of PAEC decreased 

from 62% to 0%, 78.8% to 0% and from 59% to 6-7% after the treatment period. In  six of 

1450 women (0.4%) endometrial hyperplasia was reported during or after ulipristal acetate use.  

Five were simple hyperplasia, one biopsy showed simple atypical endometrial hyperplasia that 

resolved into benign secretory endometrium by the end of the treatment. One case of endometrial 

adenocarcinoma was reported, however this does not seem to be related to ulipristal acetate use, 

since it was already present at the baseline biopsy. In eight of ten studies a transvaginal ultrasound 

or MRI was performed at any moment to assess the endometrial thickness before, during and 

after treatment. Most studies showed a transient increase of endometrial thickness during 

treatment, which returned to normal within a few weeks after discontinuing ulipristal acetate. 

Based on the literature found in this systematic review, follow-up after a maximum of four courses 

of ulipristal acetate did not report any non-reversible (pre-)malignant lesions of the endometrium. 

Most studies focused on short term use of ulipristal acetate and their follow-up period was limited. 

Therefore, we believe more information concerning long term (intermittent) use is needed before it 

can be concluded that its use is completely safe.

INTRODUCTION

Ulipristal acetate, also known as CDB/VA-2914, is a selective progesterone receptor modulator 

(PRM) that exerts tissue selective mixed progesterone agonist and antagonist effects in 

myometrial and endometrial tissue1, 2. This progesterone antagonistic action can result in an 

unopposed estrogen effect and could therefore cause hyperplasia and malignant lesions in 

the endometrium. In Europe and the USA, ulipristal acetate has been registered for two clinical 

indications. Ulipristal acetate 30mg is used as a single dose emergency contraceptive within 120 

hours after unprotected intercourse by inhibition or delaying ovulation, opposing proliferation of the 

endometrium and inducing amenorrhea 3, 4. Secondly, in women with symptomatic fibroids it reduces 

fibroid size due to its  antiproliferative, antifibrotic and proapoptotive effects on the fibroid  5, 6. 

Patients taking oral doses of 5 or 10mg/day report an amenorrhea in 81% and 90% respectively 

and in 80% of patients it suppresses ovulation 7. Both pre-operative use and intermittent three 

months courses  are registered for the treatment of fibroids. The use of ulipristal acetate as a 

continuous contraception (e.g. vaginal ring) is still under evaluation.  

Besides the effect on fibroid growth and ovulation blocking, ulipristal acetate also might induce 

specific endometrial effects inducing amenorrhea. These effects are histologically characterized 

by cystically dilatated glands, epithelial distortion, apoptosis and low mitotic activity in glands and 

stroma8. This specific spectrum of morphological changes has not been reported with any other 

agent and is therefore named PRM associated endometrial changes (PAEC) 5, 8. In 2012, Williams et 

al.9 provided a detailed assessment of these morphological changes. A total of 1638 endometrial 

biopsies of patients using ulipristal acetate or placebo were assessed by 3 gynecologic 

pathologists  blinded to treatment and timing of visit. A detailed overview was provided to 

differentiate between PAEC, unopposed estrogen effects and endometrial hyperplasia. Besides, 

they concluded that the morphological changes due to ulipristal acetate are non-physiological 

and reversible. The changes seem to spontaneously reverse in a few weeks to months after 

discontinuation. 

In this systematic review, we provide a detailed overview of the literature on the endometrial 

effects in patients using ulipristal acetate in various dosages and durations of administration. 

We specifically assess histological changes and imaging characteristics.

MATERIAL AND METHODS

We conducted a systematic review in accordance to the prisma guidelines10. No protocol was 

registered in advance.

 
ELIGIBILITY CRITERIA
Studies fulfilling the following inclusion criteria were included: 
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Types of studies

We included prospective studies, retrospective studies and case control studies on ulipristal 

acetate reporting on endometrial changes published in peer reviewed journals. No language 

restrictions were applied. 

Types of participants

Participants were pre-menopausal women of 18 years and older. 

 
Types of interventions 

Admission of ulipristal acetate, independent of duration of therapy and dosage taken.

Types of outcome measures

Histopathological endometrial changes due to the use of ulipristal acetate. As a secondary 

outcome measurement findings at transvaginal ultrasound (TVUS) or MRI on the endometrium 

were reported.

 
SEARCH METHODS FOR IDENTIFICATION OF STUDIES
Electronic searches 

A review protocol was developed based on the Preferred Reporting Items for Systematic Reviews 

and Meta-Analysis (PRISMA)-statement (www.prisma-statement.org). Embase.com, Wiley/

Cochrane Library and PubMed were searched from inception (by IM and JCFK) up to 25 July 2016. 

The following terms were used (including synonyms and closely related words) as index terms 

or free-text words: ‘endometrium’ and ‘ulipristal’. The full search strategies for all the databases 

can be found in the Supplementary Information. Duplicate articles were excluded. All languages 

were accepted.

DATA COLLECTION AND ANALYSIS
Study selection

Two authors (IM and DH) independently assessed all potential studies for inclusion. If the title 

or abstract suggested presentation of a case eligible for inclusion, the full article was retrieved 

and reviewed against the inclusion and exclusion criteria. Any disagreements were resolved by 

discussion. If no consensus was reached, a third author (WH) was asked to evaluate the full text 

of the study. 

Data collection process
One reviewer (IM) extracted the data using a data extraction form which was developed by the 

authors. A second reviewer (DH) checked the extracted data. Disagreements were discussed. 

Authors were contacted in the case of missing data. 

Quality assessment of individual studies
The quality assessments were performed independently by two reviewers (IM and DH). For the 

included randomized controlled trials, the Cochrane Collaboration’s ‘Risk of Bias’ tool was used as 

described in the Cochrane Handbook 11. Studies were classified as low risk of bias, unclear risk of 

bias or high risk of bias. For all included non-randomized studies, the Quality in Prognostic Studies 

(QUIPS) tool was used to assess the risk of bias 12. Studies were classified as low, moderate or 

high risk of bias.

RESULTS
The search strategy yielded 2699 articles including 924  duplicates (Figure 1). 1742 Articles were 

excluded based on title and abstract reading. A total of 33 references were considered potentially 

relevant and were selected for full-text reading. 23 of these references were excluded for various 

reasons (Figure 1). Finally, ten studies with a total of 1450 participants met our inclusion criteria 

and were used for data extraction. Seven of them were randomized clinical trials (RCT) and 

three were prospective cohort studies. The study characteristics are summarized in table 1. In 

the included studies, the clinical indication for the use of ulipristal acetate can be divided into 

contraception (including emergency contraception), pretreatment of symptomatic uterine fibroids 

before surgery and long term use of intermittent three month courses for symptomatic fibroids. 

The studies will be described on the basis of these three groups. A complete overview of the 

main results on histological findings are summarized in table 2. Supplementary Table 1 gives more 

detailed information on each study. In all included studies, endometrial biopsies and transvaginal 

ultrasound or MRI were performed routinely. In table 3, the main results on changes in endometrial 

thickness (ET) found by transvaginal ultrasound or MRI are provided. These results are discussed 

in a separate paragraph. In Supplementary Table 2 more detailed information on change in ET for 

each study is disclosed.

Figure 1. PRISMA (Preferred 

Reporting Items for Systematic 

Reviews and Meta-Analyses) 

flowdiagram of study selection.
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HISTOLOGICAL FINDINGS

ULIPRISTAL ACETATE AS A CONTRACEPTIVE (TABLE 2)
In four of ten studies13-16 ulipristal acetate was evaluated as a contraceptive method. Stratton 

et al.16 described the effect of a single dose of 10mg, 50mg or 100mg ulipristal acetate orally 

on the endometrium four to six days post treatment in a placebo controlled RCT. In one of the 

56 patients, histology showed endometrial hyperplasia, but a follow up biopsy two months after 

treatment noted only stromal glandular dyssynchrony.

Brache et al. 13 performed a randomized dose-finding parallel group clinical trial and Huang et al.14 

performed a prospective controlled open-labeled multicenter trial, to examine the effectiveness 

and safety of a vaginal ring for 12 week courses containing 600 to 2500µg ulipristal acetate (see 

Table 1). Both studies reported on endometrial changes during and after treatment. None of the 

biopsies showed evidence of hyperplasia or cytological atypia but in both studies benign glandular 

changes described as PAEC were frequently observed (in Huang et al. 64.2% and 78.8% after 

12 and 24 weeks, in Brache et al. 41% after 12 weeks). In the trial performed by Huang et al. the 

endometrial changes all resumed to normal in the luteal phase of the first consecutive menstrual 

cycle. Brache et al. did not describe histology other than directly post treatment.

Jesam et al. 15 performed a prospective open label study to assess the pharmacodynamics and 

safety of repeated use of 30mg ulipristal acetate orally for 8 consecutive weeks. In substudy 

one, patients received ulipristal acetate once every seven days for a consecutive eight weeks. In 

substudy two, patients received the same dose of ulipristal acetate but now every five days for 

eight consecutive weeks.  In the first substudy, the endometrial biopsies were performed in the 

luteal phase of the first menstrual cycle after treatment. All histology was classified as benign 

physiological without hyperplasia. The second substudy performed endometrial biopsies two days 

after the last ulipristal acetate intake. All histology was classified as benign, without hyperplasia, 

but 5 of 11 biopsies showed non-physiological effects and in 1 of 5 (20%) this was specified as 

PAEC. Follow-up was not performed. 

 
ULIPRISTAL ACETATE AS PRETREATMENT OF SYMPTOMATIC FIBROIDS BEFORE 
SURGERY (TABLE 2)
In four of ten studies 5, 6, 17, 18 ulipristal acetate was evaluated as pretreatment of symptomatic 

fibroids before surgery. The RCT performed by Levens at al. 17 did not elaborate on the histological 

effect of 10mg or 20mg ulipristal acetate used orally as a treatment for uterine leiomyomata. 

In  their paper they describe one single case of cystic glandular hyperplasia in a patient who 

received daily 10mg of ulipristal acetate for three consecutive menstrual cycles. Follow-up was 

not described. 

One study was a preliminary study18 with the objective to report on the hysteroscopic 

patterns of 74 women treated for 30-50 days with ulipristal acetate 5mg orally a day. 

Histology showed a combination of secretory and hypotrophic effects, now known as PAEC.  

Donnez et al. 5, 6, 19, 20 described the histological changes more extensively in their RCT’s on ulipristal 

acetate. In the PEARL I study 5, the daily use of ulipristal acetate 5mg, 10mg or placebo orally for 13 

weeks was compared for fibroid treatment before surgery. Directly after treatment, endometrium 

biopsies were taken which showed non–physiological changes in 62%, 57% and 6% for ulipristal 

acetate 5mg, 10mg and placebo respectively. There were no malignant or premalignant lesions 

observed. Patients who did not undergo hysterectomy or endometrial ablation received a follow-

up biopsy after a 6 month treatment free period. In all patients benign endometrium was observed 

except for one patient in de placebo group, her biopsy showed complex atypical hyperplasia. 

In PEARL II 6, ulipristal acetate 5mg or 10mg per os daily for 13 weeks was double-blind compared 

to leuprolide acetate 3.75mg once monthly for 13 weeks in the treatment of uterine fibroids. 

Histology immediately after treatment showed non-physiological endometrial changes in 58%, 

59% and 12% respectively for the three groups. The endometrial biopsy of one patient showed 

simple hyperplasia (5mg group). After a six-months treatment free period, biopsies were repeated 

in women who did not undergo hysterectomy or endometrial ablation. No malignant or pre-

malignant lesions were reported. One woman (Leuprolide acetate group) had simple hyperplasia. 

Non-physiological endometrial changes were described in 6 to 7% in all three groups. 

 
ULIPRISTAL ACETATE AS LONG TERM TREATMENT IN SYMPTOMATIC FIBROIDS 
(TABLE 2)
In two of ten studies 19, 20 ulipristal acetate was evaluated as long term treatment in symptomatic 

fibroids. In PEARL III 19, women were treated for one to four course with ulipristal acetate. A treatment 

course consisted of a three month open-label course of ulipristal acetate 10mg once daily per os 

immediately followed by ten days double-blind oral progestin norethisterone acetate (NETA) 10mg 

once daily or matching placebo. NETA was given to explore any effect on the reversibility of PAEC. 

The end a course was defined as  return of menstrual period.  Endometrium biopsies were taken 

at baseline and two weeks after the first menstrual bleeding day post treatment course I (PEARL 

III). Patients in PEARL III extension had an extra biopsy taken two weeks after their first menstrual 

bleeding day post-treatment course four. In both PEARL III and PEARL III extension, histology 

showed an increase in non-physiological features of the endometrium after treatment compared 

to baseline (PEARL III ulipristal-placebo 28.3% vs 8.2%, ulipristal-NETA 22.6% vs 13.8%, PEARL III 

extension ulipristal-placebo 30.8% vs 7.1, ulipristal-NETA 26.3% vs 14.3%). PEARL III extension 

showed no increase in the percentage of women who had non-physiological histological features 

after course four compared to course one (23.4% vs 30.8% for the ulipristal-placebo group and 

27.5% vs 26.3% for the ulipristal-NETA group). 68% (N=15) of women with PAEC after treatment 

course four were re-biopsied three months later of whom only three (20%) had some non-

physiological features in the histology. No additional follow-up biopsies were performed. In both 

PEARL III as PEARL III extension, no cases of endometrial hyperplasia or adenocarcinoma were 

reported during a total treatment period of up to four courses of each three months using 10mg 

ulipristal acetate daily.
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In PEARL IV 20 the efficacy and safety of repeated use of ulipristal acetate was assessed. Patients 

received daily 5 or 10mg of ulipristal acetate per os for two repeated 12-week treatment courses. 

The second course was commenced with the second off-treatment menstruation. Endometrial 

biopsies were taken at baseline and after the second treatment course (10-18 days after start 

of menses for both treatment courses). Non-physiological changes compatible with PAEC were 

reported at baseline in 7.8% and 8.4% respectively for the UPA 5mg and 10mg group. After 

treatment the percentages increased to 16.3% and 19.2%, respectively (no p-value available). 

At follow-up, endometrial hyperplasia was present in one patient in the 5mg group (0.6%) and in 

two patients in the 10mg group (1.1%). One showed simple atypical endometrial hyperplasia that 

resolved into benign secretory endometrium by the end of the treatment. The biopsy after the 

second course from one patient in the ulipristal acetate 5mg group was reported as endometrial 

adenocarcinoma by one of the three pathologists. However in retrospect, this was already 

present at the initial biopsy.

FINDINGS ON CHANGE IN ENDOMETRIAL THICKNESS (TABLE 3)
Only seven of ten included studies reported on endometrial thickness before, during or after  

treatment with ulipristal acetate. Six of these studies used TVUS and one study used MRI to 

assess ET 5. One study did mention TVUS were performed to assess ET, however no values for ET 

were presented 15.  In two studies a significant increase in ET was found during treatment compared 

to before treatment. In the study by Huang et al.14 , the mean ET at baseline was 8.65±3.02mm 

compared to 13.64±6.74mm at week 24 (p<0.0001). An ET of more than 20mm was reported in 

3 of 54 subjects (5.6%) after first ring use and 15 of 54 subjects (27.8%) after second ring use. 

In the PEARL II study by Donnez et al. 6, mean ET was measured by TVUS at baseline, week 13, 

17, 26 and 38. ET increased significantly from 8.9±4.2mm to 9.4±5.7mm in the ulipristal acetate 

5mg group and from 8.9±4.3 to 10.7±5.9mm in the ulipristal acetate 10mg group, which was also 

significant.

Other studies did not find significant differences in ET before treatment compared to during 

treatment. In all studies reporting on this subject, ET resumed to baseline after discontinuing 

ulipristal acetate.



Endometrial changes during ulipristal acetate use: a systematic review

6968

Chapter 3

3

RISK OF BIAS IN INCLUDED STUDIES
The overall quality of the included randomized clinical trials was considered moderate to good 

(figure 2 and 4). In one RCT personnel was not blinded for the dosage ulipristal acetate patients 

received which could have influenced their measurements during the ultrasound. It also remains 

unclear whether the pathologist who performed the histological examination was blinded. As a 

consequence, the findings were indicated as high risk of performance and detection bias. Four of 

seven included RCT’s had an unclear risk  of reporting bias due to missing (links to) study protocols.

In the included cohort studies the provided information concerning study participation was very 

limited (figure 3 and 5). Therefore all studies were classified as moderate risk of bias. None of the 

cohort studies provided any information on possible study confounders, therefore they were all 

classified as high risk of bias. 

Table 3. Reported mean endometrial thickness by TVUS or MRI before, during and after 

ulipristal acetate use (in mm)

*Statistically significant compared to ‘before treatment’ (p<0.001)

TVUS = Transvaginal ultrasound; UPA = ulipristal acetate; ET= double endometrial thickness; NR = not reported

Figure 2. Overall risk of bias for included RCT’s (Randomized Clinical Trials). The Cochrane 

Collaboration’s ‘Risk of Bias’ tool was used as described in the Cochrane Handbook. 

Studies were classified as low risk of bias, unclear risk of bias or high risk of bias.  Quality items: 

random sequence generation (selection bias), allocation concealment (selection bias), blinding 

of participants and personnel (performance bias), blinding of outcome assessment (detection 

bias), incomplete outcome data (attrition bias) and selective reporting (reporting bias). 

Figure 3. Overall risk of bias for included cohort studies. The Quality in Prognostic Studies 

(QUIPS) tool was used to assess the risk of bias. Studies were classified as low, moderate or high 

risk of bias. Quality items: study participation, study attrition, prognostic factor measurement, 

outcome measurement, study confounding, statistical analysis and reporting.

None of the cohort studies provided any information on possible study confounders, therefore 

they were all classified as high risk of bias. 
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Figure 4. Risk of bias summary for RCT’s 

(Randomized Clinical Trials). The Cochrane 

Collaboration’s ‘Risk of Bias’ tool was used as 

described in the Cochrane Handbook. Studies 

were classified as low risk of bias (green circle with 

‘plus’ sign), unclear risk of bias (yellow circle with 

‘question mark’ sign) or high risk of bias (red circle 

with ‘minus’ sign).

Figure 5. Risk of bias summary for cohort studies. 

The Quality in Prognostic Studies (QUIPS) tool 

was used to assess the risk of bias. Studies were 

classified as low (green circle with ‘plus’ sign), 

moderate (yellow circle with ‘question mark’ sign) or 

high risk of bias (red circle with ‘minus’ sign).

DISCUSSION

MAIN FINDINGS
In this systematic literature review, the intake of ulipristal acetate in several dosages, durations 

and routes of administration was described.  Specific histological nonphysiological endometrial 

changes (PAEC) due to ulipristal acetate use were described in all studies that reported on 

endometrial histology 5, 6, 13, 14, 18. Only three of these studies performed baseline and follow-up 

biopsies to assess reversibility of endometrial histology after discontinuing ulipristal acetate. 

The percentage of PAEC decreased to 0% 5, 14 and to 6-7% 6 after the treatment period which 

is considerably less than in studies that only took endometrial biopsies directly after ulipristal 

acetate treatment. In these studies the percentage of PAEC varied from 16.3% to 28.7% 15, 19, 20. 

There seems to be no relation between duration of treatment, dosage of ulipristal acetate and the 

presence of PAEC.

In six of 1450 women (0.4%)6, 16, 17, 20 endometrial hyperplasia was reported during or after ulipristal 

acetate use.  Five were simple hyperplasia and one biopsy showed simple atypical endometrial 

hyperplasia that resolved into  benign secretory endometrium by the end of the treatment 20. 

One  case of endometrial adenocarcinoma was reported 20, however this does not seem related to 

ulipristal acetate use, since it was already present at the baseline biopsy.

In most studies 5, 6, 15, 16, 18-20 a transient increase in ET on transvaginal ultrasound or MRI has 

been shown, which returned to normal within a few weeks after discontinuing ulipristal acetate. 

One study 14 reported on a significant increase of ET, however no follow-up was described. In two 

studies 13, 17 no transvaginal ultrasound or MRI was performed to assess the ET. 

STRENGTHS AND LIMITATIONS
A strength of this systematic review is the methodological quality. The Prisma guidelines 10 were 

followed to ensure this quality. An extensive literature search was conducted and we carefully 

evaluated on different types of search terms. Restrictions were applied as little as possible to 

reduce the chance to miss eligible papers.  A possible limitation of this review could be the decision 

to exclude case reports, due to their limited level of evidence and high risk of reporting bias. Due to 

major heterogeneity between the included studies in terms of dosage of ulipristal acetate given, 

duration of the treatment and timing and number of the endometrial biopsies, it was not possible 

to perform a meta-analysis or to provide possible strengths of associations.

COMPARISON WITH OTHER LITERATURE
Other reviews focused on endometrial changes due to all progesterone receptor modulators 21, on 

ulipristal acetate in the treatment of uterine fibroids 22 or as an emergency contraceptive23 only, 

while we focused on both histological changes and imaging changes of ulipristal acetate for any 

indication. The results of  the  review on emergency contraception by Gemzell-Danielsson et al. 24 

are in line with our review. The authors concluded that ulipristal acetate has no significant effect 

on the endometrium. Another more recent systematic review focused on the effect of ulipristal 
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acetate  on endometrial receptivity  and embryo attachment 23.  This review reported on emergency 

contraception and our results are in line with theirs.  

A review by Biglia et al. 25 focused on the mechanism of action of ulipristal acetate and its 

therapeutic safety in the treatment of uterine fibroids. The effects on the endometrium are 

discussed comprehensively. The authors state that the typical changes induced by unopposed 

estrogen on the endometrium are not detected with specific PRM’s like ulipristal acetate. 

This conclusion is primarily based  on the article of Williams et al. 9 in which endometrial biopsies of 

a total of 546 patients were examined by three independent pathologists. After this  publication 

in 2012, several other studies reported  endometrial hyperplasia 17, 20 during and after ulipristal 

acetate use which might indicate an unopposed estrogen effect on the endometrium. Reported  

percentages of endometrial hyperplasia vary from 0.4% to 4.5% during the follow-up period. 

CONCLUSION AND CLINICAL RELEVANCE 
Based on the literature found in this systematic review, follow-up after a maximum of four 

courses of ulipristal acetate did not report any non-reversible (pre-)malignant lesions of the 

endometrium, which is reassuring. Our results do not clearly indicate a dose-related induction of 

PEAC during ulipristal acetate use. Most studies focused on short term use of ulipristal acetate 

and their follow-up period was limited. We urge the authors of the included studies to continue 

monitoring the histology of their cohorts. Therefore, we believe more information concerning 

long term (intermittent) use is needed before it can be concluded that its use is completely safe. 

Ulipristal acetate is becoming more popular due to increased evidence on its mechanism of action 

and safety profile and is prescribed more frequently by gynecologists. It has great potential as 

a therapeutic agent for continuous intermittent use in the conservative treatment of uterine 

fibroids and continuous contraception. For the future, we strongly suggest to perform high quality 

randomized trials in which ulipristal acetate will be used as the main therapeutic agent for more 

than 4 courses repeatedly. These studies should include long term follow-up including repeated 

histological assessments.
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Search strategy for PubMed (25 July 2016)

[Mesh] = Medical subject headings (MeSH)

[Mesh:NoExp] = MeSH, without explosion

[Supplementary Concept] = special MeSH-terms for substance names

[tiab] = words in title OR abstract

[ot] = words in other terms field

Search strategy for Embase.com (25 July 2016)

/exp = EMtree keyword with explosion

:ab,ti = words in title or abstract

NEAR/x = words near to each other, x places apart
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Search strategy for Wiley/Cochrane Library (25 July 2016)

ti,ab,kw = words in title, abstract or keyword
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ABSTRACT

INTRODUCTION 
Laparoscopic myomectomy can be difficult when fibroids are large and numerous. This may 

result in extensive intra-operative bleeding and the need for a conversion to a laparotomy. 

Medical  pretreatment prior to surgery might reduce these risks by decreasing fibroid size 

and vascularization of the fibroid. We compared pretreatment with ulipristal acetate (UPA) vs 

Gonadotropin-releasing hormone agonists (GnRHa) prior to laparoscopic myomectomy on several 

intra- and post-operative outcomes. 

 
MATERIAL AND METHODS 
We performed a non-inferiority double-blind randomised controlled trial in nine hospitals in 

the Netherlands. Women were randomised between daily oral UPA for 12 weeks and single 

placebo injection or single intramuscular injection with Leuprolide acetate and daily placebo 

tablets for 12 weeks. The primary outcome was intra-operative blood loss. Secondary 

outcomes were reduction of fibroid volume, suturing time, total surgery time and surgical ease. 

RESULTS 
30 women received UPA and 25 women Leuprolide acetate. Non-inferiority of UPA regarding intra-

operative blood loss was not demonstrated. When pretreated with UPA, median intra-operative 

blood loss was statistically significantly higher (525mL (348-1025) vs. 280mL (100-500); 

P=0.011) and suturing time of the first fibroid was statistically significantly longer (40 minutes 

(28-48) vs. 22 minutes (14-33); P=0.003) compared to GnRHa. Pretreatment with UPA showed 

smaller reduction in fibroid volume pre-operatively compared to GnRHa (-7.2% (-35.5 to 54.1) vs. 

-38.4% (-71.5 to -19.3); P=0.001). Laparoscopic myomectomies in women pretreated with UPA 

were subjectively judged more difficult than in women pretreated with GnRHa. 

CONCLUSIONS
Non-inferiority of UPA in terms of intra-operative blood loss could not be established, possibly due 

to the preliminary termination of the study. Pretreatment with GnRHa was more favorable than UPA 

in terms of: fibroid volume reduction,  intra-operative blood loss, hemoglobin drop directly post-

operatively, suturing time of the first fibroid and several subjective surgical ease parameters.

INTRODUCTION

Laparoscopic myomectomy seems to have several advantages over the laparotomic approach.  

Smaller incisions result in less post-operative pain, shorter hospital stay and faster recovery1-3. 

However, laparoscopic myomectomy can be difficult when fibroids are large and numerous. This may 

result in extensive intra-operative bleeding and the need for a conversion to a laparotomy. Medical 

pretreatment prior to surgery might reduce these risks by decreasing fibroid size and vascularization 

of the fibroid. Only two medications are registered for the pretreatment of fibroids. Gonadotropin-

releasing hormone agonists (GnRHa) are considered as a gold standard. Pretreatment with GnRHa  

improves pre- and post-operative hemoglobin level and reduces uterine and fibroid volume 4. 

Ulipristal acetate (UPA), a selective progesterone receptor modulator, has recently been approved 

for pre-operative treatment of uterine fibroids. UPA has a pro-apoptotive and anti-proliferative 

effects on the fibroid and normal myometrial tissue remains unaffected. 

No randomised trials are available reporting on surgical outcomes comparing pretreatment with 

GnRHa or UPA. In this double blind randomised controlled trial, we evaluate whether pretreatment 

with UPA was non-inferior to pretreatment with GnRHa (11.25mg) on intra-operative and post-

operative outcomes of laparoscopic myomectomy.

MATERIAL AND METHOD

STUDY DESIGN
We performed a double blind randomised controlled trial in nine hospitals in the Netherlands 

comparing UPA and GnRHa prior to laparoscopic myomectomy. Participating hospitals were 

selected on extensive experience (>150 per year) with level 3 and 4 gynecological laparoscopic 

surgery as defined by Royal College of Obstetricians and Gynecologists (RCOG). 

STUDY POPULATION
Pre-menopausal women for a laparoscopic resection of a maximum of two FIGO (PALM-COEIN 

classification) type 3, 4, 5, 6 or 2-5 uterine fibroids with a diameter from 5 to 12 cm were eligible 

for participation in this study. Exclusion criteria were age below 18 years, pregnancy, suspicion 

of malignancy, use of hormonal agents, chronic use of anticoagulants, coagulopathy, contra-

indication to laparoscopic procedures or allergy to leuprolide acetate or UPA. 

RANDOMISATION AND TREATMENT
Eligible women visiting the outpatient clinic of one of the participating centers were informed 

about the study by their gynecologist. After written informed consent was provided, 

participating women were randomly allocated in a one to one ratio to receive either GnRHa or UPA. 

Randomisation was performed using a computer-generated randomisation system and stratified 

by center. Women in the GnRHa group received a single intramuscular injection with Leuprolide 

acetate (11.25mg in 1mL) and daily placebo tablets for 12 consecutive weeks. Participants in 
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the UPA group received daily oral UPA 5mg for 12 consecutive weeks and a one-time placebo 

injection containing one mL saline. Study materials and medication packaging were identical 

for both groups. Treatment was preferably started in the first week of the menstruation period. 

Surgery was performed within a month after the last tablet. Participants and gynecologists were 

blinded for treatment allocation during the entire study period. Statistics were performed by an 

independent statistician blinded for the allocated study groups. 

OUTCOME MEASURES
The primary outcome was intra-operative blood loss. Secondary outcomes were time of surgery, 

time of enucleation, time of suturing, surgical ease and reduction in fibroid volume. For a careful 

explanation of all outcome measures, see Supporting Information File 1. 

LAPAROSCOPIC MYOMECTOMY
Surgery was performed by experienced surgeons. The procedure was performed under general 

anesthesia after the administration of prophylactic broad-spectrum antibiotics. An expert 

meeting of participants was held on June 2nd 2014 to reach consensus on the surgical technique. 

Relevant surgical characteristics were divided in: ‘standard-use’, ‘never-use’ or ‘optional-use’. 

The following was decided: 1) Standard use is the use of barbed sutures; use of (any) uterine 

manipulator; use of blue dye in uterine cavity in order to diagnose whether the cavity was 

opened or not. For fibroids >8 cm it was allowed to apply bulldogs on the uterine artery and 

infundibulopelvic ligament. 2) Never use: vasoconstrictive medication such as glypressin or use 

of bull-dogs for fibroids smaller than 8 cm. 3) Optional use: single administration of 1000mg of 

tranexamic acid or use of hemostatic or anti-adhesive products on uterine incision were allowed 

only after operative blood loss has been calculated.

STATISTICAL ANALYSES
The trial was a non-inferiority trial with the following null-hypothesis: UPA is non-inferior to 

GnRHa in terms of blood loss during surgery with a maximum difference of 150 mL considered 

acceptable based on previous studies on this subject 5. The assumed standard deviation was 

250 mL for intra-operative blood loss based on a survey in three hospitals in the Netherlands. 

Based on a two-group t-test of equivalence in means, using an one-sided significance level of 

2.5% (one-sided), and a Type II error of 20% (80% power) this yields a sample size of 90 women 

(45 in each study arm). 

The analyses of the primary outcome intra-operative blood loss were performed both according 

to the per protocol principle and intention to treat principle. All other analyses were performed 

according to the intention-to-treat principle. Normality of the data was assessed visually by 

means of QQ-plots. Because the primary outcome itself appeared to be not-normally distributed 

but became normally distributed after a log-transformation, we used the following procedure 

for testing non-inferiority. To take into account the non-inferiority margin of 150mL defined 

on the original scale, we added 150mL to the observed blood losses for GnRHa while leaving 

observed blood losses for UPA unchanged. This was done in order to create a setting in which the 

difference of the log-transform of the adapted blood loss was 0 exactly if the blood loss in UPA 

pretreated women is 150 ml higher than pretreatment with GnRHa (the null-hypothesis of the 

non-inferiority test). Non-inferiority was concluded if the confidence interval for the differences 

in means for the log transform of these adapted outcomes lied completely below 0 mL. 

Normally distributed data were summarized as mean ± standard deviation and were compared 

with the independent t-test. For continuous outcomes that were not normally distributed we 

presented median and interquartile range (IQR). Depending on the exact distribution we used 

an independent sample t-test on the log-transformed outcome or the Mann-Whitney U-test 

when comparing the outcomes between the groups. Mann-Whitney test was also used for 

comparison of ordinal variables between the groups. Dichotomous and categorical outcomes 

were summarized by frequencies and percentage. Chi-square test and the Fisher’s exact test 

were used to compare the distribution of these outcomes between groups. 

To assess differences between baseline and after three months within a group, we used the 

paired t-test for normally distributed variables, the Wilcoxon signed rank test for non-normally 

distributed data and the McNemar test for dichotomous variables.

Linear regression analyses was performed to correct the analyses for comparison of mean blood 

loss and total surgery time between pretreatment groups for potential confounders. A variable 

was considered a confounder when the regression coefficient for groups changed by >10% 

when the confounder was added to the model. Potential confounders with a skewed distribution 

were log-transformed to decrease of the impact of outliers.

All analyses were performed using SPSS version 22.0. Non-inferiority of blood-loss was tested 

at a one-sided significance level of 2.5%. A two-sided significance level of 5% was used for all 

other analyses. 

ETHICAL APPROVAL
This study was approved by the National Central Committee on research involving Human 

Subjects (CCMO – NL49916.029.14), by the ethics committee of VU Medical Center Amsterdam 

(Ref. No. 2014/421, date 17-12-2014) and by the boards of all participating hospitals. The trial 

protocol has been registered on ClinicalTrials.gov (NCT02288130).

RESULTS

WOMEN
Women were enrolled between May 2015 and July 2017. Due to disappointing inclusion 

rates in most participating centers and expiration of study medication, the intended number 

of inclusions was not met. Six of nine participating hospitals included women (Supporting 

Information File 2). Of 68 eligible women, 55 were randomised: 30 were allocated UPA and 

25 Leuprolide acetate (Figure 1). One woman randomised to UPA in retrospect did not meet 

the inclusion criteria (fibroid >12 cm) and was excluded from analysis. In the UPA group, 
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two  women dropped-out before the end of pretreatment; one woman withdrew informed 

consent directly after allocation, so no follow-up occurred and one woman underwent abdominal 

hysterectomy six weeks after start of medication due to persistent severe abdominal pains 

and fibroid growth. In the GnRHa group, all women completed pretreatment. A total of three 

women did not undergo a laparoscopic myomectomy. Two women (one in each group) refused 

surgery, because homeopathic therapy had their preference. For one woman allocated 

GnRHa, surgery was cancelled due to major decrease in fibroid volume from 80 cm3 to 1 cm3. 

The two treatment groups were similar in demographic characteristics and hemoglobin level 

before pretreatment (Table 1). However, treatment groups differed in fibroid characteristics, due 

to lack of stratification for fibroid size at baseline. The mean diameter of the largest fibroid was 

significantly higher in women allocated UPA compared to women allocated GnRHa (8.5±1.9cm vs. 

7.4±1.6cm; P=0.035; 95% CI 0.1 to 2.0). Other fibroid characteristics at baseline (i.e. type, uterine 

volume and total fibroid volume planned for resection) did not show any significant difference.  

Compliance to study medication was high in both groups. Only two women (one in each group) 

reported that they forgot taking their oral study medication daily (UPA group 50 tablets remaining; 

GnRHa group 8 tablets remaining). For the per protocol analyses of the primary outcome, the 

woman who did not comply to UPA was excluded from analyses.

Figure 1. CONSORT Flow 

diagram

Table 1. Baseline characteristics of the study population

INTRA-OPERATIVE BLOOD LOSS
As intra-operative blood loss was not normally distributed, non-inferiority could not be assessed 

in the standard manner using the 95% CI for the differences in mean blood loss. The alternative 

approach using a log-transformation of the  adapted outcomes as described in the statistical 

analysis yielded a 95% CI for which the upper bound exceeded 0 (95% CI for difference -0.06 to 

0.30 for both per protocol and intention to treat analyses) and hence this trial does not support 

the alternative hypothesis that UPA is non-inferior to GnRHa. After correction for confounder 

mean diameter of the largest fibroid, the 95% confidence interval for the mean difference of 

the logs still contained 0 (per protocol analyses: 95% CI for difference -0.20 to 0.13; intention 

to treat analyses: 95% CI for difference -0.20 to 0.14) which did not alter the conclusion.  

Pretreatment with UPA results in significant higher median intra-operative blood loss 

†SD= standard deviation

††IQR = interquartile range 

*Patients could have more than one indication for surgery

** e.g. constipation, urinary retention

*** Type of fibroid following the FIGO (PALM-COEIN) classification
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compared to pretreatment with GnRHa (525mL (IQR 348-1025; range 100-2275) vs. 280mL 

(100-500; range 40-2200), P=0.002) (Table 2). Number of fibroids removed, fibroid type 

and mean diameter of largest fibroid at baseline were tested for potential confounding 

using linear regression analysis. Only mean diameter of the largest fibroid at baseline 

appeared to be a confounder. Correction for this confounder resulted in a p-value of 0.011.  

Hemoglobin level within 48 hours of surgery compared to hemoglobin level before surgery was 

statistically significant lower in the UPA group compared to GnRHa (-1.8±1.3 mmol/L vs. -1.0±0.8 

mmol/L; 95% CI for difference 0.2 to 1.4; P=0.012).

Table 2. Results on intra-operative outcomes

SECONDARY OUTCOMES
Differences baseline to 3 months
Table 3 shows changes in fibroid characteristics and hemoglobin levels between baseline and 

after three months of pretreatment. Change in mean diameter of the largest fibroid was found 

to differ between pretreatment with UPA and pretreatment with GnRHa (-3.6% (-15.5 to 10.4) 

vs. -14.6% (-40.7 to -5.6); P=0.003). Total reduction in volume of the fibroids that were planned 

for resection was statistically significant less after UPA than after GnRHa pretreatment (-7.2% 

(-35.5 to 54.1) vs. -38.4% (-71.5 to -19.3); P=0.001). Reduction in uterine volume after three 

months was also statistically significant smaller in the UPA group compared to GnRHa (-6.4% 

†IQR = interquartile range
††SD = standard deviation
aUnpaired t-test performed on log transformed variable intra-operative blood loss and total surgery time
bAfter correction for confounder ‘mean diameter of largest fibroid’: P=0.011
cAfter correction for confounder ‘mean diameter of largest fibroid’: P=0.053
dAll intra-operative complications in both groups were blood loss more than 1 liter  

(-24.3 to 51.0) vs. -26.2% (-63.4 to 4.2); P=0.020). Hemoglobin levels significantly increased in 

both pretreatment groups during pretreatment (Table 2). 

Other intra-operative outcomes

In 81% of women pretreated with UPA only one fibroid was removed, compared to 83% of women 

pretreated with GnRHa (P=0.868). Unadjusted analysis of total surgery time was showed higher 

surgery time in the UPA group compared to GnRHa (188 minutes (132-231) vs. 125 minutes 

(100-175); P=0.023) (Table 2). Potential confounding effect of number of fibroids removed and 

the mean diameter of the largest fibroid at baseline on surgery time were tested. Only mean 

diameter of the largest fibroid at baseline appeared to be a confounder. After correction for this 

confounder, difference in surgery time between both groups did not reach statistical significance 

(p=0.053). No difference in time of enucleation and time of morcellation was found between 

both groups. Suturing time for the largest fibroid was longer in the UPA group (40 minutes (28-

48) vs. 22 minutes (14-33); P=0.003). The weight of the fibroids removed was significantly 

higher in women pretreated with UPA (349 gram (185-561) vs. 140 gram (61-272); P=0.001).  

In women pretreated with UPA, the ovarian vessels were clamped more frequently than in the 

GnRHa group (10 times vs. 3 times; P=0.044). The reason for this is that in 52% of the women 

in the UPA group, the mean diameter of the largest fibroid remained despite pretreatment more 

than 8cm. In the GnRHa group, this was 16% (P=0.004). No difference was found in frequency of 

clamping of the uterine artery, opening of the uterine cavum or conversion rate. Six intra-operative 

complications were reported, four in the UPA group and two in the GnRHa group (all intra-operative 

blood loss of more than one liter).

†SD= standard deviation
††IQR = interquartile range
aStatistically significant compared to baseline (P<0.001)
bStatistically significant compared to baseline (P<0.001)
cStatistically significant compared to baseline (P=0.015)
dStatistically significant compared to baseline (ulipristal acetate P=0.012; GnRHa P=0.013) 

Table 3. Changes in characteristics of fibroids and hemoglobin levels after 3 months pretreatment
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Surgical ease

Most items of the surgical assessment tool show a significant difference between both treatment 

groups (Table 4). Procedures of women pretreated with UPA were found to be more difficult than 

procedures of women pretreated with GnRHa (4 (3.0-5.0) vs. 3 (2.0-4.0); P=0.011). Surgeons in the 

UPA group were less satisfied compared to GnRHa (2 (2.0-3.3) vs. 2 (1.0-2.0); P=0.027). Surgeons 

found it more difficult to identify cleavage planes in women pretreated with UPA than with GnRHa 

(4 (2.7-4.0) vs. 3 (1.0-4.0); P=0.035). They also reported more difficulties with morcellation of 

fibroids pretreated with UPA compared to GnRHa (3 (2.0-3.0) vs. 2 (2.0-3.0); P=0.011). In women 

pretreated with UPA, surgeons reported softer fibroids than in women pretreated with GnRHa 

(2 (1.0-3.0) vs. 3 (2.0-4.0); P=0.017). This resulted in less grip on the fibroid during surgery in the 

UPA group (2 (1.0-3.0) vs. 1 (1.0-2.0); P=0.001). Stitching the myometrium was assessed as more 

difficult in women who received UPA compared to women who received GnRHa (3 (3.0-3.0) vs. 3 

(2.0-3.0); P=0.011). The subjectively evaluated bleeding tendency of the tissue at surgery was 

reported to be higher in the UPA group compared to the GnRHa group (3 (3.0-4.0) vs. 3 (2.0-3.0); 

P=0.004). The grip of barbed sutures in the myometrium and the anatomical result did not differ 

between both treatment groups.

 

Table 4. Results on surgical ease

Side-effects, post-operative complications and serious adverse events
To assess the prevalence of  the most common side-effects, headaches and hot flushes, the 

Menopause questionnaire by Oldenhave et al. 6 was used. The number of women reporting 

moderate to severe headaches after three months was not significantly higher compared to 

baseline in both groups (UPA: 36 vs. 32%; GnRHa: 16 vs. 35%). For moderate to severe hot 

flushes, the number of women was significantly higher after three months for both groups 

(UPA: 7% vs. 43%, P=0.006; GnRHa 12% vs. 65%, p=0.004). The frequency of hot flushes after 

3 months did not differ between both groups (P=0.111).

A total of six post-operative complications were reported, four in the UPA group and two in the 

GnRHa group. For detailed information on these complications see Supporting Information File 3.

DISCUSSION

In this double blinded randomised controlled trial, non-inferiority of UPA compared to GnRHa in 

terms of blood loss intra-operative could not be established (using a pre-defined non-inferiority 

margin of 150mL). This can be explained by the limited sample size, however it can also not be 

excluded that UPA is inferior to GnRHa as a pretreatment for laparoscopic myomectomy. Median 

intra-operative blood loss was 245mL higher in the group pretreated with UPA compared to the 

group pretreated with GnRHa. This was in line with the higher hemoglobin drop post-operatively 

in women pretreated with UPA. Mediation analysis showed that the difference in intra-operative 

blood loss between both groups can partly be explained by less heavier fibroids after pretreatment 

with GnRHa and lower fibroid weight in turn being associated with lower intra-operative blood loss 

(Supporting Information File 4). Suturing time of the first fibroid is significantly longer in women who 

received UPA as pretreatment compared to GnRHa. This could explain higher intra-operative blood 

loss in the UPA group or the bigger fibroid size at the time of surgical removal. Within the confines 

of this trial, pretreatment with UPA results in a significantly smaller decrease in fibroid volume and 

uterine volume compared to GnRHa. Also, laparoscopic myomectomies in women pretreated with 

UPA were subjectively evaluated as more difficult than in women pretreated with GnRHa.

No previous studies have been published comparing UPA with GnRHa prior to laparoscopic 

myomectomy. Previous randomised trials focused on GnRHa compared to placebo or immediate 

surgery before laparoscopic myomectomy 7-9. No randomized trials have been performed comparing 

UPA with placebo before laparoscopic myomectomy. Assumptions on intra-operative blood loss 

made in designing this study are based on a systematic review and meta-analysis by Chen et al.5 

comparing pretreatment with GnRHa to no pretreatment. Mean intra-operative blood loss in the 

included studies (n=3) for women pretreated with GnRHa varied from 172 to 199mL. This is lower 

than the median intra-operative blood loos found in our study of 280mL in women pretreated with 

GnRHa. This can be explained by smaller fibroid diameter or fibroid volume of the previous studies 

(i.e. volume of largest fibroid is ±65cm3 in these studies while median volume of fibroid planned for 

resection in our study is 246cm3). The pre-defined non-inferiority margin of 150mL may have been 

too small considering the larger fibroids included in our study. This could be an explanation for not 

establishing non-inferiority.
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A randomised trial by Donnez et al. 10 comparing UPA with GnRHa, did not show significant 

differences in reduction of fibroid volume after three months of pretreatment between 

both groups. The difference with our study may be explained by the size of the fibroids 

included in these studies. In the study by Donnez et al., the median cumulative volume of 

the three largest fibroids together at baseline is 79.6cm3 in the UPA group and 59.2cm3 in 

the leuprolide acetate group. These fibroids are much smaller than the total fibroid volume 

planned for resection in our study (i.e. 316.3cm3 and 246.0cm3 respectively at baseline).  

Well conducted studies on surgical ease in pretreated women undergoing laparoscopic 

myomectomy are very limited. Only two retrospective studies have been published on this subject 

comparing surgical experience in women pretreated with UPA to no hormonal pretreatment prior to 

myomectomy 11, 12 showing overall no difference in surgical experience.

This is the first randomised controlled trial performed on intra-operative outcomes comparing UPA 

with GnRHa prior to laparoscopic myomectomy. This trial was performed double blind, resulting in 

women and surgeons who were unaware of pretreatment received. This is in particular important 

for subjective outcomes like surgical ease. An important limitation of this study is the fact we 

did not recruit the anticipated 90 women due to expiration of study medication and disappointing 

inclusions rates. These can be explained by physician preferences for one of both treatments, an 

overestimation of most participating centers on the number of laparoscopic myomectomies they 

perform on yearly basis and due to the fact that many eligible women were already (pre-)treated 

with UPA or GnRHa in another hospital before they were referred to one of the participating centers. 

Despite this, several outcomes reached statistical significance. It is not possible to conclude 

whether some of these significant differences are found caused by chance (type I error). Another 

limitation is the fact that we did not stratify for fibroid size at baseline, resulting in an unbalanced 

distribution of the fibroid size in both groups. A regression analysis was performed to correct for 

this confounder, however it cannot be excluded that this difference at baseline had a subsequent 

effect on many of the other endpoints such as blood loss and weight of fibroids. Additionally, we 

present the stratified results of fibroids smaller or equal to 8 cm or larger than 8 cm (Supporting 

Information File 5). The direction and trend of the differences between UPA and GnRHa remain 

the same.

The majority of women was included in one center. Sensitivity analyses does not show differences 

in intra-operative blood loss for this center compared to other centers (Supporting Information 

File 2). An additional limitation of the study may be that the questionnaire to assess surgical ease 

is non-validated due to very limited studies on this subject, so a total score could not be given. 

Surgeons were blinded for pretreatment received in both treatment arms and each question 

should be interpreted as an individual item without calculation of a total score. Also, since the 

majority of women were included in one center, surgical ease was determined by a limited number 

of surgeons and should be interpreted as such.

CONCLUSION

Our study did not demonstrate non-inferiority of UPA as a pretreatment compared to GnRHa. 

We  had an underpowered study with a relatively small number of women. Confirmation of our 

findings is needed to make any final conclusions and based on our data we advise that larger 

studies, potentially of a superiority study design, are carried out. Furthermore, fibroids in our study 

were large and in particular these large fibroids may benefit from volume reduction in order to 

facilitate a successful laparoscopic approach. In that perspective volume reduction is important 

since volume seems to be related to surgical ease an surgery time. Future studies should aim to 

prove this concept.
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REFERENCES Supporting information File 1 – Outcome measures
The primary outcome was intra-operative blood loss measured by using an uniform ‘intra-

operative blood loss measurement’ protocol designed for this study. At the end of the surgery, 

all visible blood and irrigation fluid was removed from the abdominal cavity by applying extensive 

Trendelenburg and anti-Trendelenburg position until all blood and fluid was removed. The intra-

operative blood loss was estimated measuring the quantity of blood in the suction bottle at the 

end of surgery minus the volume of irrigation fluid used during surgery. Time required for various 

steps was carefully measured during the procedure: time of surgery (i.e. start abdominal incision 

until suturing skin of abdomen), time of enucleation (i.e. start enucleation until complete resection 

of the fibroid) and time of suturing (i.e. time of suturing myometrium). Surgeons were asked to 

fill-out a questionnaire immediately after surgery on intra-operative outcomes and surgical ease. 

This questionnaire contained questions on specific details on removed fibroids (e.g. quantity, 

location within the uterus, weight) and on different technical aspect of the procedure (e.g. 

clamping of uterine artery or ovarian vessels, morcellation, opening of uterine cavity, conversion).  

A surgical assessment tool to assess surgical ease was developed by two gynecologists 

(JH, WH) with extensive experience with laparoscopic myomectomy. A total of ten 

questions were developed with questions on specific aspects of the procedure: difficulty 

of entire procedure, satisfaction with entire procedure, difficulty of finding cleavage 

planes, difficulty of morcellation, consistency and grip of the fibroids removed, ease of 

stitching, grip of barbed sutures in the myometrium, bleeding tendency of the tissue and the 

anatomical result. For each answer, a 3- or 5-points scale was used depending on the type 

of question. All surgeons completed the assessment tool immediately after the procedure.  

Transvaginal ultrasounds to assess uterine and fibroid volume were performed at baseline, after 

pretreatment and six weeks post-operatively. Hemoglobin levels were assessed at baseline, after 

pretreatment, within 48 hours after surgery and six weeks post-operatively.

PATIENT QUESTIONNAIRES
Women received digital online secured validated questionnaires at baseline and after pre-

treatment on menstrual blood loss (PBAC) 1, general health (Euro-QoL, Shaw and SF-36) 2-4, sexual 

functioning (FSFI and FSDS) 5, 6, menopausal symptoms 7 and quality of life at baseline (UFS-QOL) 8, 

after pretreatment, six weeks and six months post-operatively.
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#One patient in this group did not undergo laparoscopic myomectomy (see Figure 1)

Sensitivity analyses for intra-operative blood loss (log-transformed) comparing center 1  

to center 2-9:

Ulipristal acetate: 95%CI for difference -0.53 to 0.04, P=0.094 

GnRHa: 95% CI for difference -0.49 to 0.36, P=0.752
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8.
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Supporting information File 2 – Inclusions per participating center

REFERENCES Supporting information File 3 - Post-operative complications and serious adverse events
A total of six post-operative complications were reported, four in the ulipristal acetate group 

and two in the GnRHa group. One patient pretreated with ulipristal acetate developed temporary 

fever of unknown cause and one patient developed an ileus. Both patients recovered quickly 

after adequate treatment. One patient in the ulipristal acetate was admitted to the hospital due 

to severe dyspnea, caused by a pneumothorax caused by endometriosis in the thoracic cavity 

(catamenial pneumothorax). This event was reported as a serious adverse event. One patient 

who received ulipristal acetate was admitted to the hospital due to severe vaginal bleeding three 

weeks after surgery which stopped spontaneously. This resulted in a hemoglobin level of 3.6 

mmol/L for which she received three packed cells. This was also reported as a serious adverse 

event. In patients pretreated with GnRHa, two complications occurred: one wound infection which 

improved spontaneously and one patient received a re-operation one day after surgery due to 

persistent abdominal pains and a drop in hemoglobin level. During second look laparoscopy, it 

became clear that there was no active bleeding in the abdomen and it was concluded that the 

drop in hemoglobin level possibly could be explained by dilution. The patient recovered without 

additional interventions.

Supporting information File 4 – Mediation analyses
METHOD
A post-hoc analyses was performed to assess the role of the weight of fibroids removed as 

a possible mediating variable for the relation between pretreatment to which patient was 

randomized and blood loss. The product of coefficients approach as implemented in M-plus 

version 7 was used to decompose the total effect of pretreatment on blood loss in a direct and 

indirect effect.

RESULT
The geometric mean (GM) of intra-operative blood loss was found to be 2.41 (95% CI 1.18 to 

1.83) times higher after pretreatment with ulipristal acetate when compared to GnRHa. A post-

hoc mediation analysis showed that this effect could be partly explained by an indirect effect 

of pretreatment on blood loss via weight of fibroid (ratio of GM: 1.53, 95% CI 1.07 to 2.17; 

p=0.018). The direct effect that together with this indirect effect makes up the total effect was 

not significant (ratio of GM: 1.58, 95% CI 0.92 to 2.69; p=0.093). Other possible intermediates 

such as vascularity were not recorded in all patients.
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Supporting Information File 5 – 

Subanalysis for fibroids smaller or equal 

to 8 cm and fibroids larger than 8 cm

aUnpaired t-test performed on log 

transformed variable intra-operative blood 

loss and total surgery time
bAfter correction for confounder ‘mean 

diameter of largest fibroid’: P=0.011
cAfter correction for confounder ‘mean 

diameter of largest fibroid’: P=0.053
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ABSTRACT

OBJECTIVE
The aim of this study was to compare the effect of ulipristal acetate (UPA) and gonadotropin-

releasing hormone agonists (GnRHa) before laparoscopic myomectomy on long term secondary 

outcomes of the MYOMEX-trial, regarding quality of life, ultrasound characteristics, hemoglobin 

levels 6 weeks post-operative, sexual function and menstrual bleeding control. A cost-analysis 

was also performed. Short-term primary and secondary outcomes are reported elsewhere.

STUDY DESIGN
A double-blind, randomized, controlled, non-inferiority trial in nine hospitals in the Netherlands. 

Participants were randomized in a 1:1 ratio (block size of four, stratified per hospital) to either UPA 

or GnRHa pre-treatment. Additional placebo injections containing saline, respectively daily placebo 

tablets were given to both groups to ensure double-blinding. Surgery was performed within a month 

after the last tablet. Women were followed up until six months post-surgery.

RESULTS
A total of 55 participants were randomized: 30 to the UPA- and 25 to the GnRHa-group between 

May 2015 and July 2017. Uterine volume at six weeks post-operative did not differ between both 

pre-treatment groups with 170.1 cm3 (106.8 to 243.5; N=29) vs. 152.8 cm3 (92.3 to 205.6; 

N=23) for the UPA- and GnRHa-group respectively (p=0.423). Hemoglobin levels six weeks post-

operatively recovered back to baseline and were not significantly different between groups with 

7.7 mmol/L for the UPA- vs. 8.1 mmol/L for the GnRHa-group (p=0.157; mean difference -0.4 (CI 

-0.4, 0.2). Menstrual bleeding pattern, quality of life, effects on general and sexual health showed 

a significant improvement compared to baseline in both groups without any differences between 

the treatment groups. Symptom severity scores also decreased significantly at 6 weeks post-

operatively compared to baseline, but did not differ between the treatment groups. Fibroid 

characteristics at baseline (e.g. mean diameter of largest fibroid) appeared not to be a confounding 

factor. An exploratory cost analysis showed no significant differences in absenteeism costs, total 

healthcare and societal costs, after adjustment for confounding factors.

CONCLUSION
 Pre-treatment prior to laparoscopic myomectomy with UPA compared to GnRHa has similar effects 

on bleeding pattern, menopausal symptoms, sexual functioning, symptom severity and quality of 

life from baseline up to six months post-operative. Due to the small sample size, these findings 

should be interpreted with caution. Also, no firm conclusions on costs could be made. 

INTRODUCTION

Laparoscopic myomectomy has several advantages over the laparotomic approach. Smaller 

incisions result in less post-operative pain, shorter hospital stay and faster recovery.1-3 However, 

laparoscopic myomectomy can be difficult when fibroids are large and numerous. This may result 

in extensive intra-operative bleeding and the need for conversion to laparotomy. Medical pre-

treatment before surgery might reduce these risks by decreasing fibroid size and vascularization of 

the fibroid.4,5 Fernandez et al. quantified the rate, type and costs of interventions for uterine fibroids 

in three European countries. In Germany, France and the United Kingdom, respectively 1.53, 1.17 

and 0.71 per 1000 women required interventions for uterine fibroids, with annual costs ranging 

from 51 to over 212 million euros in 2005,6 making uterine fibroids a major economic burden. Only 

two medicines are currently registered for fibroid pre-treatment: Gonadotropin-releasing hormone 

agonists (GnRHa) and Ulipristal acetate (UPA), a selective progesterone receptor modulator. Pre-

treatment with GnRHa showed improvement of pre- and post-operative hemoglobin levels and 

reduced uterine and fibroid volumes.7 UPA showed pro-apoptotive and anti-proliferative effect on 

fibroids, resulting in fibroid volume reduction without affecting normal myometrial tissue.8,9 

No randomized controlled trials (RCTs) are currently available reporting on peri- and post-operative 

outcomes of pre-treated fibroids. We therefore performed a non-inferiority, double-blinded RCT 

comparing medical pre-treatment with UPA or GnRHa before laparoscopic myomectomy. Previously 

published short-term results focused on pre- and peri-operative outcomes and showed that 

UPA, in comparison to GnRHa, seemed less effective in decreasing fibroid volume. Also, surgical 

outcomes showed longer suturing time and a negative impact on surgical ease.10 We concluded 

that non-inferiority of UPA in terms of intra-operative blood loss could not be established. This 

study did not achieve its required sample size, therefore it is not possible to conclude whether 

these significant differences were caused by chance (type I error in non-inferiority trial).11 In the 

current paper we perform a cost-analysis and we compare the effect of UPA and GnRHa before 

laparoscopic myomectomy on quality of life, effects on general and sexual health and menstrual 

bleeding control.

METHODS

The details of our study design have been previously described but will be briefly discussed 

in this paper.10 The MYOMEX-trial is a double-blind RCT with nine participating hospitals in 

the Netherlands. Eligible women met the following inclusion criteria: a planned laparoscopic 

myomectomy for a maximum of two FIGO (PALM-COEIN classification) type 3, 4, 5, 6 or 2-5 uterine 

fibroids with a diameter from 5 to 12 cm. Women visiting the outpatient clinic of a participating 

center were informed about the study. After written consent was provided, participating women 

were randomly allocated in a 1:1 ratio to receive either UPA or GnRHa. Randomization was done 

by a computer-generated program and stratified by center (with a block size of four). Participants 

in the UPA group received daily oral UPA 5mg tablets for 12 consecutive weeks and a one-time 



Ulipristal versus gonadotropin-releasing hormone agonists prior to laparoscopic myomectomy 

111110

Chapter 5

5

placebo injection containing saline. Women in the GnRHa group received a single intramuscular 

injection with leuprolide acetate (11.25mg) and daily placebo tablets for 12 consecutive weeks. 

Study materials and medication packaging were identical for both groups. Preferably, treatment 

was started in the first week of menstruation. Surgery was performed within a month after the 

last tablet. Participants and gynecologists were blinded for treatment allocation during the entire 

study period. Statistics and cost-analysis were performed by an independent statistician and 

methodologist respectively, both blinded for the allocated study groups. 

Transvaginal ultrasounds to measure uterine and fibroid size in three dimensions were performed 

at baseline, after pre-treatment and six weeks post-operative. Uterine and fibroid volume were 

calculated using the formula for ellipsoid: D1xD2xD3x0.5233. Hemoglobin levels were measured 

at baseline, after pre-treatment, within 48 hours post-operative and 6 weeks post-operative. 

Surgery was performed within a month after the last tablet. Participants and gynecologists were 

blinded for treatment allocation during the entire study period. 

OUTCOMES
Previously published short-term primary and secondary outcomes reported on intra-operative 

blood loss, ultrasound measurements and hemoglobin levels 1 day post-surgery.10

Secondary outcomes

Patient questionnaires

Women received digital online secured questionnaires at baseline, after pre-treatment, six weeks 

and six months post-operative on general health, sexual functioning, menopausal symptoms and 

quality of life.

Uterine bleeding was assessed using the pictorial blood loss assessment chart (PBAC) for the 

month previous to starting medication, during the whole study period and up to three months 

post-operative. Women were asked to complete the PBAC daily in a specially designed secured 

app or on paper. According to this scale, the number of tampons or pads used and their subsequent 

saturation results in a monthly score ranging from 0 (amenorrhea) to over 500. Higher numbers 

indicate more bleeding.12 In the Netherlands, the cut-off point for heavy menstrual bleeding 

(HMB) is 150. 

The Female Sexual Functioning Index (FSFI) describes sexual functioning in six domains (i.e. 

desire, arousal, lubrication, orgasm, satisfaction and pain). Each individual domain has a score 

range from 0 to 5 or 1 to 5. Each domain score is multiplied by a specific domain factor, resulting 

in a score ranging from 2.0 to 36.0 (36.0 being the optimal score).13 The Female Sexual Distress 

Scale (FSDS) contains 12 questions on sexual distress. Each question results in a score from 0 

to 4 (0=never; 4=always). The individual scores are added up and result in a total score from 0 to 

48 (0 being the optimal score).14

Menopausal symptoms were assessed using a score developed by Oldenhave et al.15 yielding 

three dimensions: vasomotor complaints, atypical symptoms and vaginal dryness. The total 

score ranges from 0 to 72, where a higher score represents more menopausal symptoms.

The Shaw-questionnaire evaluates six components of health (practical difficulties, social life, 

psychological health, physical health and wellbeing, work/daily routine, family life/relationships) 

in women with HMB.16 Each domain results in a score (the maximum score for each domain 

depends on its importance). The sum of these scores forms the total score varying from 0 to 

100 (100 indicating optimal score). 

The Uterine Fibroid Symptom and Quality of Life (UFS-QoL) questionnaire is especially designed 

to assess symptom severity and symptom impact on health related quality of life (HRQL) for 

women with leiomyomata.17 The questionnaire consists of eight symptom questions and 29 HRQL 

questions within six subscales (i.e. concern, activities, energy/mood, control, self-conscious, 

sexual function). Scores on symptom severity range from 0 to 100, where higher scores indicate 

greater symptom severity. Scores from each of the HRQL subscales also range from 0 to 100, 

where higher scores are indicative of better HRQL. 

The EQ-5D describes health status in terms of five dimensions (i.e. mobility, self-care, usual 

activities, pain/discomfort and anxiety/depression). Each dimension is described using three 

functional levels (1=no problems, 2=moderate problems, 3=severe problems). These functional 

levels are transformed into a score ranging from 0.0 to 1.0 (1.0 being the optimal score) by an 

algorithm that adjusts for age.18, 19

Cost

Using the results from the trial, we performed an exploratory cost analysis that focused on the 

most important cost drivers. Healthcare utilization (hospital admissions, outpatient visits and 

general practitioner (GP) care), absenteeism days from paid work and costs made by women 

themselves were measured using retrospective patient questionnaires filled out six months post-

operatively. Cost analysis was performed with only complete cases (UPA = 22 women; GnRHa = 

18 women), who filled in all the cost-questionnaires. Dutch standard costs were used to value 

healthcare utilization and absenteeism (Table 1).20

Table 1. Standard healthcare costs

Standard costs used in this cost calculation, based on the Dutch Manual for Costing studies in health care20



Ulipristal versus gonadotropin-releasing hormone agonists prior to laparoscopic myomectomy 

113112

Chapter 5

5

STATISTICAL ANALYSIS
The MYOMEX-trial was a non-inferiority trial with the following null-hypothesis: UPA is non-inferior 

to GnRHa in terms of blood loss during surgery with a maximum difference of 150 mL considered 

acceptable based on previous studies on this subject.21 The assumed standard deviation was 

250 mL for intra-operative blood loss based on a survey in three hospitals in the Netherlands. 

Based  on a two-group t-test of equivalence in means, using a one-sided significance level of 

2.5%, and a Type II error of 20% (80% power) this yielded a sample size of 90 women (45 in each 

study arm).

Study outcomes were analyzed using intention-to-treat analysis. To evaluate normality of the 

data, QQ plots were used. Normally distributed data were summarized as mean and standard 

deviation and compared with an independent t-test. Also mean differences and confidence 

intervals were calculated. For non-normally distributed data, we presented median and 

interquartile ranges (IQR). To compare outcomes between the groups, the Mann-Whitney U-test 

was used for non-normally distributed data. To assess differences between and within groups 

at baseline, 3 months after baseline, 6 weeks post-operative and 6 months post-operative, the 

paired t-test was used for normally distributed variables and the Wilcoxon signed rank test for 

non-normally distributed data.

Linear regression analysis was performed to correct the analysis for comparison between pre-

treatment groups for any potential confounders. A variable was considered a valid confounder 

when the regression coefficient for groups changed by >10% when the confounder was added to 

the model. Of all the baseline characteristics, only mean diameter of the largest fibroid appeared 

to be a confounder.10

All analyses were performed using SPSS version 22.0. A two-sided significance level of 5% 

was used for all long-term analyses and a P-value of 0.05 (2-sided) was considered statistically 

significant in all analyses presented in this manuscript.

Mean costs were compared between the UPA and GnRHa group using linear regression 

models with adjustment for fibroid volume at baseline. Bias-corrected and accelerated (BCA) 

bootstrapping with a 5000 replication factor was used to calculate 95%-confidence intervals 

around adjusted cost differences.22 Analysis was performed with STATA (version 14SE), resulting 

in a comparison between the UPA and GnRHa group.

RESULTS

PARTICIPANTS
Women were enrolled between May 2015 and July 2017. Due to disappointing inclusion rates in 

most participating centers and expiration of study medication, the intended number of inclusions 

was not met. Of the original 90 planned only 68 eligible women were recruited of which 55 were 

randomized: 30 were allocated UPA and 25 Leuprolide acetate (Figure 1). In retrospect, one 

woman randomized to UPA did not meet the inclusion criteria (fibroid >12 cm) and was therefore 

excluded from any analysis. In the UPA-group, two women dropped-out before the end of pre-

treatment due to withdrawal of informed consent and persistent symptoms which required 

hysterectomy.10 In the GnRHa-group, all women completed pre-treatment. A total of three women 

did not undergo a laparoscopic myomectomy, because they preferred homeopathic therapy 

(n=2) or experienced a significant decrease of fibroid volume, making surgery unnecessary.10 All 

women underwent a transvaginal ultrasound at six weeks follow-up and hemoglobin levels were 

measured. At six weeks follow-up, four women did not complete the questionnaires and at six 

months follow-up, seven women were lost to follow-up (Figure 1). 

The two treatment groups were similar in demographic characteristics and baseline hemoglobin 

levels (Table 2). However, treatment groups differed in fibroid characteristics, due to the lack of 

stratification for fibroid size at baseline. The mean diameter of the largest fibroid was significantly 

higher in women allocated UPA compared to women allocated GnRHa (8.5±1.9cm vs. 7.4±1.6cm; 

p=0.035, 95% CI 0.1-2.0). Other ultrasound characteristics at baseline (i.e. type, uterine volume 

and total fibroid volume planned for resection) did not show significant differences.10

 Table 2. Baseline characteristics of the study population
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Figure 1. CONSORT Flow diagram

SECONDARY OUTCOMES
Fibroid characteristics and hemoglobin level 6 weeks post-operative

Uterine volume at six weeks post-operative did not differ between both pre-treatment groups with 

170.1 cm3 (106.8 to 243.5) for the UPA-group vs. 152.8 cm3 (92.3 to 205.6) for the GnRHa-group 

(p=0.423, Table 3). In two women of the UPA-group and one woman in the GnRHa-group, fibroids 

were resected incompletely. Hemoglobin levels at six weeks post-operatively recovered back to 

hemoglobin level at baseline and the hemoglobin level at six weeks post-operatively did not differ 

significantly between the groups (Table 3). Also, fibroid volume at baseline did not appear to be a 

confounder for hemoglobin levels. 

Table 3. Changes in characteristics of fibroids and hemoglobin levels at baseline, after 3 months of 

pre-treatment and 6 weeks post-operative

Patient questionnaires

Both treatment groups showed a significant decrease in PBAC-score (Figure 2 and Table 4). The 

change from baseline to three months was not significantly different between the treatment 

groups (-321 (-515 to -85) vs. -348 (-818 to -112); P=0.485). 62% In the UPA-group and 52% in 

the GnRHa-group had amenorrhea after three months of pre-treatment. Median PBAC-score at 

three months after surgery was still significantly lower compared to baseline (-178 (-478 to -39) 

*Statistically significant (P<0.05) change compared to baseline in the within group analysis

†These results are already previously published 10

SD= standard deviation; IQR = interquartile range; CI = confidence interval; N/A = not applicable. Numbers in bold 

indicate a statistically significant (P<0.05) change from baseline in the within group analysis.
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vs. -216 (-630 to -70); p=0.001), but did not differ between both groups (P=0.599).

Regarding the remaining questionnaires completed by the participants (FSFI, FSDS, Shaw, 

menopause symptoms and UFS-QoL), total scores and change from baseline did not differ 

between both groups at all measurement moments (Figure 3 and Table 4). Fibroid characteristics 

at baseline (e.g. mean diameter of largest fibroid) appeared not to be a confounding factor.

Scores on the Shaw and UFS-QoL HRQL questionnaire in both groups showed a significant 

increase after three months of pre-treatment and also 6 weeks and 6 months post-operatively 

which indicates health improvement (P<0.001) (Figure 3 and Table 4). Regarding the UFS-

QoL Symptom Severity score, symptoms were reported as less severe in both groups at all 

measurements compared to baseline.

Women in the UPA-group reported a significant increase in menopausal symptoms at three 

months and at 6 weeks post-operatively (P<0.001). For the GnRHa-group, this increase was not 

significantly different. Between and within group analysis did not show significant effects on 

sexual functioning (FSFI and FSDS; Table 4).

Figure 2. Results of the Pictorial Blood loss Assessment Chart

Figure 3 A-F. Results of FSFI, FSDS, Shaw, Menopause and UFS-QoL questionnaires 
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Table 4. Changes in questionnaire score compared to baseline at 3 months after baseline, 6 weeks post-

operative and 6 months post-operative

*PBAC questionnaire was only filled out until 3 months post-operative

Values are displayed as median and interquartile range. PBAC: pictorial blood loss assessment chart; FSFI: 

female sexual functioning index; FSDS: female sexual distress scale; UFS-QoL SS: uterine fibroid and quality 

of life, symptom severity score; UFS-QoL HRQL: uterine fibroids and quality of life, health related quality of life. 

Numbers in bold indicate a statistically significant (P<0.05) change from baseline in the within group analysis.

Cost analysis

Medication cost per pre-treatment were comparable for UPA and GnRHa (Table 5). Total healthcare 

costs, total societal costs and absenteeism costs were significantly higher in the UPA-group, 

compared to the GnRHa-group. After adjusting for the confounder ‘fibroid size’ at baseline, 

differences were no longer statistically significant. Due to the relatively small study population, 

one woman in the UPA-group who had a pneumothorax, unlikely to be related to this study, was 

considered an outlier. This woman had an extra hospital admission, additional patient expenses 

and a longer absenteeism from work period, resulting in high costs and large standard deviations. 

After exclusion of this woman, only total societal costs were statistically significantly higher in the 

UPA-group compared to the GnRHa-group. Again, after adjusting for fibroid size this difference was 

not significant. Differences in all other cost categories were not statistically significantly different 

between groups. 

Table 5. Mean costs and differences in costs in Euros over 6 months of follow up

*95% confidence intervals estimated using bias-corrected and accelerated bootstrapping with 5000 replications22

†Adjusted difference with 95% CI, separately analysed with adjustment for diameter of the largest fibroid at 

baseline. Different subcategories of total healthcare costs were not separately analysed with adjustment for 

diameter of the largest fibroid at baseline. 

Numbers in bold indicate a statistically significant difference between both treatment groups.
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COMMENT

MAIN FINDINGS
In this non-inferiority, double-blind RCT, pre-treatment with either UPA or GnRHa before laparoscopic 

myomectomy was compared. Short-term results on pre- and peri-operative outcomes were 

previously described.10 In this manuscript the post-admission or ‘long term results’ are presented 

along with the results on patient questionnaires completed throughout the study period. Fibroid 

characteristics and hemoglobin levels post-operative did not differ between groups. Hemoglobin 

levels six weeks post-operative recovered back to baseline level in both groups. Both treatment 

groups showed a significant decrease in PBAC-score and the level of difference was similar in 

both groups. At three months after surgery, median PBAC-scores in both groups remained below 

the level of 150, which is considered the cut-off point for HMB in the Netherlands. Three months 

after surgery menopausal symptoms increased significantly in the UPA group, although it is 

questionable if this is directly due to the pre-treatment itself or the direct effect of the course 

of surgery. Concerning all other questionnaires, the majority showed an improvement in quality of 

life at 3 months after surgery compared to baseline, with no differences observed between the 

groups. Myomectomy appears to have a major impact on several quality of life related outcomes, 

however given the small sample size this would need to be confirmed in larger, randomized trials. 

Overall, the type of pre-treatment does not appear to have any differentiating effect on QOL.

Total health care costs, absenteeism costs and total societal costs were higher in the UPA-group 

compared to GnRHa-group. However, these outcomes were not significantly different between 

groups after adjusting for fibroid size at baseline.

COMPARISON WITH PREVIOUS STUDIES
No previous studies have been published comparing UPA with GnRHa prior to laparoscopic 

myomectomy only. An extensive comparison on pre- and peri-operative parameters to other 

available literature was previously published.10 Our results on bleeding pattern and menopause 

symptoms are similar to those already published in other literature.7 23-25 The PEARL-II is the only 

previous RCT comparing UPA and GnRHa and reported on pain, symptom severity and quality 

of life.24 They reported similar improvements in these outcomes in both groups, which were 

comparable to our results. The study period of the PEARL-II solitary covered the pre-treatment 

period for three months and no follow-up period was described. In contrast to previous studies, 

our study has a follow-up period of six months post-operative. However, this follow-up period is 

too limited to register other long term outcomes like the recurrence of complaints due to growth 

of new or initial clinically irrelevant fibroids.

A recent cost minimization analysis (CMA) and budget impact analysis (BIA) was performed in the 

Netherlands in a comparable population to this study. It analyzed the pharmacoeconomic profile of 

UPA compared to GnRHa for the pre-operative treatment of uterine fibroids. They concluded that 

UPA has the potential to save healthcare costs in the Netherlands, when implemented gradually as 

a treatment alternative to GnRHa.26 Our study did not confirm this: no differences were observed 

between the groups after adjustment for baseline uterine volume. In addition, we did not include 

administration cost, which makes the biggest difference in the BIA and CMA from the paper by 

Zakiyah et al., since women need an additional GP- or hospital visit to have the GnRHa injection 

administered.26 Considering recent changes of the European Medicine Agency (EMA) in the policy 

concerning UPA treatment and additional risk minimization measures, healthcare costs could 

potentially change due to frequent liver testing, but current exact cost of this remain unknown.27 

The EMA warning came out after all patients in this trial had finished their pretreatment. Therefore 

no liver function tests have been performed. No patients developed serious liver injury, for this 

would have become apparent during the follow up. In addition to that, a new case of serious liver 

injury occurred in February 2020. The EMA has therefore concluded to suspend UPA from the EU-

market until more is known about the relation between UPA and possible hepatotoxicity. The EMA 

report needs to be awaited before new UPA cycles can be prescribed.27 28  

However, our long term results regarding the secondary outcomes, can be explained by 

myomectomy itself and not primary to pre-treatment with either medication. Future studies on 

pre-treatment of fibroids prior to surgery should aim for large(r) randomized comparisons of UPA 

to alternatives such as GnRHa or placebo or GnRHa with placebo with clinically relevant surgical 

outcomes. It may be considered to extend the follow up period to track possible recurrence of 

fibroids. Costs should also be included in these comparisons, using specially developed and 

officially validated cost-questionnaires.

STRENGTHS AND LIMITATIONS 
This is the first double-blind, RCT on peri- and post-operative outcomes comparing UPA and 

GnRHa, including an investigational cost-analysis. The main strengths and limitations of the overall 

methodology and design of this study have previously been published.10 

The investigational cost analysis was only a minor part of this trial and as such did not use 

standardized or officially validated questionnaires for productivity costs or medical costs. In 

addition, and most importantly, the small sample size limits firm conclusions on costs. Within this 

population, due to intention-to-treat principle, a single patient who was hospitalized or had surgical 

complications which prolonged the hospital stay or absenteeism from work could have influenced 

the total healthcare and societal costs significantly, and as such the results on a real-world scale 

should be interpreted with caution."

CONCLUSIONS

Pre-treatment prior to laparoscopic myomectomy with UPA compared to GnRHa has similar 

effects on bleeding pattern, menopausal symptoms, sexual functioning, symptom severity and 

quality of life from baseline up to six months post-operative. However, due to the sale sample size, 

these findings should be interpreted with caution. Also, since there was no control group (with no 

pre-treatment), we have not proven that pre-treatment in itself adds to the improvement in HRQL 
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in addition to the surgery itself (myomectomy). The short-term results demonstrate that fibroid 

volume decreased significantly, which seems to be the most potent predictor of difficulty and 

length of surgery.10 Furthermore, the pre-operative condition improves due to a strong decrease 

in  menstrual blood volume. Therefore we believe that pre-treatment for large fibroids (i.e. >5 

cm) can be beneficial, especially stopping the bleeding pre-operative is most important. Both 

treatments seem to improve this outcome. 
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ABSTRACT

OBJECTIVES
To investigate differences in volume and fibroid vascularity expressed in vascular index after 

three months of (pre-)treatment with leuprolide acetate (LPA) or ulipristal acetate (UPA). 

STUDY DESIGN
Prospective pilot study of 23 premenopausal women with uterine fibroids. Patients who started 

with LPA or UPA and had at least one fibroid with a size between 3 and 12 cm, were included 

consecutively. Per patient one fibroid was evaluated. The ultrasound was performed at baseline 

and after three months using LPA or UPA using a standardized protocol. 3D scans were evaluated 

using VOCAL software to calculate outcomes of volume, vascular index (VI) without shell (“shell 

off”) and of the inner shell. 

RESULTS
Four patients in the LPA group were additionally excluded from analyses due to insufficient 

quality of 3D scans. In the ten remaining patients (pre-)treated with LPA both volume and 

vascular indices of the fibroid reduced significantly after three months from a median of 224.3 

cm3 (IQR 338.0) to 124.8 cm3 (IQR 186.1) (p = 0,05); median VI fibroid (shell off) reduced from 

4.30 (IQR 4.72) to 0.93 (IQR 1.54) (p = 0,05); and VI inner capsule from 6.34 (IQR 7.51) to 

1.28 (IQR 2.13) (p = 0,05). After UPA (n = 9) changes in fibroid volume and vascular indices did 

not reach statistical significance. Volume reduced from 248.5 cm3 (IQR 271.9) to 140.7 cm3 

(IQR 209.4) (p > 0,05); median VI fibroid (shell off) from 2.97 (IQR 3.81) to 2.90 (IQR 4.82) (p > 

0,05); and VI inner capsule from 2.56 (IQR 7.48) to 2.89 (IQR 4.83) (p > 0,05). A strong positive 

correlation was found between the VI of the fibroid (shell off) at baseline with the volume 

change after three months of LPA use (LPA r = 0.636, p = 0.048, 95% CI = -0.03 – 1.00).  

CONCLUSIONS 
In this pilot study we observed a consistent and statistically significant decrease in VI and fibroid 

volume after three months of LPA treatment in patients with uterine fibroids. The decrease in 

fibroid volume and VI was less consistent after UPA use. The strong correlation between the VI at 

baseline and volume reduction, may in theory be used to predict the volume reduction after LPA. 

INTRODUCTION

Uterine fibroids occur in 30% of women of reproductive age1. Surgery is a good therapeutic 

option while long-term success rates for medical treatment therapy alone are limited.2 Medical 

pretreatment prior to surgery can be indicated to decrease fibroid size and intra-operative 

blood loss by effects on fibroid vascularity.  Gonadotropin releasing hormone agonists (GnRHa) 

and ulipristal acetate (UPA) are both registered for this indication. Although recently, measures 

concerning UPA are recommended to minimise the risk of rare but serious liver injury.3

 

Leuprolide acetate (LPA) is a GnRHa and causes a 31% to 63% decrease in fibroid size after at least 

three months.4-15 LPA causes vasoconstriction and reduces angiogenesis.1, 16-18 UPA is a group of 

selective progesterone receptor modulators.19 UPA reduces fibroid volume with 10% to 48% in 

three months. 20 Necrosis and reduced cellular activity are mechanisms underlying the effect of 

UPA.20, 21 The degree of fibroid volume shrinkage can possibly be explained by the vascularity of 

fibroids before treatment started. 

3D Power Doppler Ultrasound (3D PDUS) can measure fibroid vascularity by quantifying vessels 

within a volume of interest resulting in a “vascular index” (VI).22 The VI is the ratio of number of 

colour voxels and total amount of voxels including both grey and coloured voxels. The VI of certain 

volumes and ranges can be calculated from 0 to 100 (figure 1).23, 24 Different modes can be used 

to acquire specific volumes of the fibroid for the analyses of the vascular index. The “shell off” 

represents the total fibroid including a low vascularized centre. While the “inner shell” consists of 

the inner layer of the fibroid (pseudo)capsule that mostly contains a rich vascular network (figure 

2).25-27 3D PDUS is a reproducible parameter based on a good inter-observer agreement.28, 29 VI is 

related to the degree of cellularity and necrosis.29 

Figure 1. Offline evaluation 3D PUS. Histogram (A); Sagittal direction inner shell (B); Pretreatment 3D 

reconstruction inner shell

Few studies evaluated VI during (pre-)treatment with LPA or UPA. One study including 25 patients 

reported a non-significant decrease of VI two months after LPA therapy.30 After UPA one study 

including 17 women, reported a significant drop in VI after three months.20
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STUDY DESIGN AND STUDY POPULATION
We performed a pilot study using data of the prospective MYOVASC1 study that included analysing 

patients who were treated with LPA or UPA. The study was performed in the Amsterdam UMC location 

VU Medical Centre, the Netherlands. Data was collected from the databases of the MYOVASC1 

study, an observational prospective cohort study on the predictive value of 3D transvaginal 

sonography including Power Doppler in the evaluation of fibroid volume change after different 

non-surgical therapies including expectant management. The MYOVASC1 study was approved by 

the ethics committee of the Amsterdam UMC location VU Medical Centre (Ref. No. 2012/092).  

In the MYOVASC1 study, premenopausal patients who underwent a 3D PDUS for uterine fibroids 

before and after three months in which we used the WS80 machines, were consecutively included. 

Patients were not randomized for this study, patients were asked to participate in this study if 

they were planned to be treated with either LPA or UPA (pre-)treatment. Volumes were only used 

for analyses if they were acquired with the same predefined settings using ultrasound WS 80 

scanner (Samsung, Seoul, South Korea) at baseline and follow-up and if the quality was sufficient 

to calculate the VI (i.e lack of disturbing moving artefacts).23 Women were allowed to have more 

fibroids, however one fibroid of 3 to 12 cm needed to be easily recognized in order to prevent 

undesired swapping of fibroids during repeated measurements. Exclusion criteria were: younger 

than 18 years, pregnancy, uterine or cervical malignancy, adenomyosis and insufficient quality of 

3D PDUS scored independently by two authors (M.F. and I.M.). 

 

Figure 2. Schematic representation shell mode

In this pilot study, we investigate the change in volume and VI during (pre-)treatment with LPA 

versus UPA using 3D PDUS. Moreover, we study the relation with vascularity as measured with 

the VI acquired by using 3D Power Doppler. The aim of this study is to explore the relation between 

vascularity and volume change that may be relevant for future studies.

ULTRASOUND
All women underwent a 3D PDUS before and after three months of (pre-)treatment with LPA 

(Leuprolide acetate “PDS Depot” disposable subcutaneous injection in 1 ml 3,75 mg, three 

consecutive doses, 4 weeks apart; or at once 11,25 mg) or UPA (Continuous use of 1 oral tablet 

of 5 mg per day during 12 consecutive weeks). The ultrasound WS 80 scanner (Samsung, Seoul, 

South Korea) with a 3D 5-8 EK (5-8 MHz) endovaginal probe was used. Ultrasounds were performed 

by experienced gynaecologist or trained residents in our centre. Sonographers were not blinded 

for the treatment. The ultrasound was made using a standardized protocol.22 The size of the fibroid 

was measured with 2D ultrasound in three directions. The 3D scan was made by starting the power 

Doppler mode manually adjusted to contain the entire fibroid. Then the 3D mode was activated 

and the region of interest was manually selected to frame the total fibroid. Power Doppler settings 

served the purpose of detecting low-velocity flow without artefacts. The settings of the WS 

80 ultrasound include a frequency of 4,7 – 6,8 MHz 2D, gain 50 dB, pulse frequency of 0,2 – 0,8 

Hz, sensitivity of 10, no filter, α blending on, 3D quality high. The sweep angle concerned 60 to 

90 degrees varying per fibroid. Patients received instructions to minimize movement artefacts. 

Ultrasounds were excluded from further evaluation in case of ≥ 5 months between baseline and 

follow-up scan, severe artefacts or a 3DPD setting which was considered not representative.

 

OFFLINE EVALUATION 3D PDUS
Offline evaluation was performed using VOCAL (Virtual Organ Computer-aided AnaLysis) software, 

Sonoview Pro-1.6.2 (Samsung-Medison). In case of multiple 3D volumes, the qualitatively superior 

was selected by both authors (M.F. and I.M.). Volume and VI were calculated by using the manual 

contour mode to draw the region of interest. Both authors (M.F. and I.M.) were blinded for the 

treatment during drawing. Six rotation steps of 30 degrees were used to rotate around a central 

axis defined by two callipers.23, 28 The VI were computed using the histogram function per shell 

mode (figure 1). A shell mode of 0,5cm and shell off was selected based on previous literature 

(figure 2).22 The inner shell was calculated to investigate the value of the vascular pseudocapsule.

OUTCOME MEASUREMENTS
The primary outcome was the change in VI from baseline to three months between UPA and LPA 

use. Secondary outcomes were: 1) intraclass correlation coefficients (ICC) between two observers 

concerning volume and VI; 2) change in volume and VI (of the fibroid and of the inner capsule of the 

centre) after three months of LPA or UPA treatment in comparison to baseline; 3) the correlation 

between VI at baseline and change in volume after LPA and UPA use.

 
STATISTICAL ANALYSIS
All analyses were performed using SPSS Statistics 22.0 software package (IBM, New York, NY, 

USA). Data were considered to be normally distributed if Shapiro Wilk was > 0.9. In case of a normal 

distribution, two variables were compared by unpaired t-test. The Mann-Whitney U-test was used 

in case of no normal distribution. Comparison of multiple groups was tested by Fisher exact test 
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or Chi square trend test. The assessment of ICC and their 95% confidence interval (CI) using a 

two-way mixed model, provided the interobserver agreement of continuous variables. An ICC value 

of <0,20 indicates slight agreement, 0,21-0,40 fair agreement, 0,41-0,60 moderate agreement, 

0,61-0,80 substantial agreement, and 0,81-1,00 almost prefect agreement.23, 28 Bland-Altman 

plots were constructed to display outliers and distribution of data. The Wilcoxon signed rank 

test concerned a relation between VI using different shell modes before and after treatment. 

The association concerning the predictive value of VI by correlating the VI (pre-)treatment to 

the change in volume was tested by Spearman’s rho. A p-value of < 0,05, was considered to be 

statistically significant.

RESULTS

PATIENTS
From October 2015 to February 2018, 23 patients using LPA (n = 14) or UPA (n = 9) were included 

for repeated measurements and were evaluated with WS80 according to the defined protocol. 

Baseline characteristics of the 14 patients treated with LPA and the 9 patients treated with UPA 

did not differ (Table 1). Four LPA users were excluded because of severe artefacts (n = 1), not 

reliable ultrasound setting (n = 2) or a 5 month interval between both ultrasounds (n = 1). No 

patients were excluded in the UPA group.

INTRACLASS CORRELATION
Overall an excellent interobserver agreement was demonstrated between observers at all 

measurements and in both groups (Table 2). The intraclass correlation coefficient concerning 

the VI measured after LPA therapy was defined as fair. The Bland-Altman plots shows little 

outliers (Figure 3A-F). 

Dm, diameter. No significant difference between LPA and UPA group. 
†Type of fibroid classified by the FIGO Palm-COIN classification 1 

LPA = Leuprolide acetate. UPA = Ulipristal acetate. ICC = intraclass correlation coefficient, showed with 95% 
confidence interval. * ICC 0,40 – 0,59 is considered to be fair 2, 3

Table 1: Baseline characteristics

Table 2: Interobserver agreement
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CHANGES IN VI AND VOLUME IN COMPARISON TO BASELINE VALUES
Figure 4 shows the relative change (expressed in % of baseline) in volume and VI inner per patient. 

VI shell off showed comparable results. After LPA treatment volume and VI decreased in all ten 

patients. Both median volumes and VI reduced significantly after LPA: from a median volume of 

224.3 cm3 (IQR 338.0) to 124.8 cm3 (IQR 186.1) (p = 0,05); median VI fibroid (shell off) reduced 

from 4.30 (IQR 4.72) to 0.93 (IQR 1.54) (p = 0,05); and VI inner capsule from 6.34 (IQR 7.51) to 

1.28 (IQR 2.13) (p = 0,05).

An inconclusive result is seen after UPA use. In six out of nine patients, fibroid volume decreased 

after UPA therapy in comparison to baseline, while in three out of nine patients the fibroid volume  

increased. The VI was higher after UPA treatment in five patients in comparison to baseline 

(Figure 4A-D). Median volume and VI was not different after UPA treatment in comparison to 

baseline: with a median volume of 248.5 cm3 (IQR 271.9) to 140.7 cm3  (IQR 209.4) (p > 0,05); 

median VI fibroid (shell off) of 2.97 (IQR 3.81) to 2.90 (IQR 4.82) (p > 0,05); and VI inner capsule 

of 2.56 (IQR 7.48) to 2.89 (IQR 4.83) (p > 0,05).

Figure 3A. Bland-Altman plot for 

volume baseline 

Figure 3B. Bland-Altman plot for 

volume after 3 months treatment 

Figure 3C. Bland-Altman plot for 

vascular index shell off baseline 
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Figure 3D. Bland-Altman plot 

for vascular index shell off after 

3 months 

Figure 3E. Bland-Altman plot for 

vascular index inner baseline

PREDICTIVE VALUE VI
A strong positive correlation was demonstrated between the VI of the fibroid (shell off) at 

baseline with the volume change after three months of LPA use (LPA r = 0.636, p = 0.048, 95% 

CI = -0.03 – 1.00), indicating that a higher VI at baseline was correlated with a higher volume 

reduction at three months. VI of the fibroid (shell off) or inner capsule were not correlated to 

volume change after three months of UPA. 

Figure 3F. Bland-Altman plot 

for vascular index inner after 

3 months
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Figure 4. Relative change (expressed in % of baseline) in volume and vascular index (VI) per patient.

DISCUSSION

MAIN FINDING
After three months of (pre-)treatment with LPA, both volume and VI of the fibroid reduced 

significantly in all patients. Fibroid volume and VI were not significantly changed after UPA: in 

some patients a reduction was seen, while in others an increment was reported. VI at baseline 

was strongly correlated with the reduction in volume after three months of LPA use while this 

correlation was not seen after three months of UPA use.

STRENGTH AND LIMITATIONS
A strength of this study is the prospective design and the predefined protocol concerning 

methods of acquiring volumes and the offline evaluation by experienced assessors, whilst most 

previous studies had a retrospective design.1, 31 The ultrasounds were independently evaluated by 

two assessors reducing the risk for bias.

A limitation of our study is the limited number of patients included and the non-randomized design 

that includes the risk on selection bias. This study should be considered as a pilot study with 

preliminary results and should therefore be interpreted with caution.  This study has not been 

designed to compare the clinical outcome between LPA and UPA but was performed to provide 

insight in the relation between changes in volumes and vascularity using both type of drugs.  

The limited number of inclusions in the UPA group may partly explain the fact we did not find a 

significant reduction in volume and VI after three months in comparison to baseline. Three out of 

nine patients using UPA did not respond, resulting in a relative high impact on the outcome due to 

the small sample size.

Manual selection of the region of interest to calculate the VI had previously been preferred over 

automatically acquired contours since fibroids are not always perfectly round.22 However, some 

subjectivity cannot be completely ruled out, but both performers of drawing this region of interest 

were blinded for the allocation. It is known that myometrial uterine ageing itself may induce 

changes in the vascularity of the pseudocapsule,32 however the  mean age of included patients 

was 40 years and did not differ between LPA or UPA treatment groups.

 

COMPARISON TO THE LITERATURE
Publications on changes in VI using power doppler after LPA or UPA are scarce.  Previous studies 

mainly focused on the pulsatility index (PI) and resistance index (RI) which are parameters 

concerning the flow and resistance in one specific vessel. Mostly the uterine artery is evaluated 

in women with fibroids, while the VI reflect the percentage of volume with vascularity (i.e. number 

of colored voxels divided by the total number of grey voxels in a volume).  One retrospective study 

including 25 women with uterine fibroids could not identify a significant change in PI or RI of the 

uterine artery after 2 months of LPA therapy.30 While in two other studies a statistical increase 

in RI and PI of the uterine artery was seen after three months of LPA.17, 31  An increase in PI and RI 

indicate a reduction of blood supply in line with the reduction in VI that was observed in our study. 

Only one study reported on VI in patients with uterine fibroids treated with LPA using a Medison 

530d ultrasound. In this prospective study including 25 women, a near significant decrease with a 

mean difference of -4.05 in VI was reported after two months.30. These findings are in line with our 

results although the method to calculate the VI is not mentioned. However it is debatable whether 

two months of treatment is long enough given the flare-up effect during the first weeks after the 

initiation of GnRH agonist therapy.

In the UPA group in our study, several patients demonstrated no volume reduction nor VI reduction. 

The lack in volume reduction in some patients seems inconsistent with the PEARL-studies, however 

it cannot be excluded that patients not responding were more represented in the “lost to follow-

up” group in the PEARL studies. Lost to follow-up or patients without ultrasound evaluation varied 

between 5% to 38% patients after three months of five mg UPA therapy.33-35 Little  information 

is available on non-responders.36 The PEARL-studies do not report non-responders, while two 

recent studies reported a percentage of non-responders of 18% to 39,5%.36, 37  Recently Brun 

et al.36  defined imaging success as reduction in fibroid volume ≥ 25%. Applying this definition 
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on the PEARL-studies, PEARL II reports no response in 41% and PEARL III 22%. Therefore, the 

percentages of patients with a lack of volume reduction are more or less in line with our findings. 

An additional difference in our study is the evaluation of larger fibroids compared to the PEARL 

studies, which  may influence the responsiveness to UPA.36, 37 

Only one previous study reported on VI after three months of treatment with UPA. 17 Women were 

included and the median VI reduced statistically significantly. They calculated the VI by the same 

method as in our study (using Accuvix V20 Prestige). The study did not report any non-responders 

in terms of volume or symptom increase.20 Reporting of non-responders in future research seems 

to be highly relevant. The effect on VI in patients treated with LPA may be explained histologically 

by direct influences on vascularity. Khan et al.38 show a decrease of microvascular density on 

histological samples. This effect is especially seen in the number of vessels in the central area of the 

fibroid.1 Moreover, vascularity seems to be reduced due to vasoconstriction caused by decrease 

of nitric oxide synthase.18 LPA influences angiogenesis and reduces various growth factors like 

VEGF.1 UPA might have similar effect on angiogenesis39 and suppresses neovascularization.40 

However, limited studies are available on the direct effect of UPA on vascular histology.

We hypothesize that the difference in volume and VI reduction may also be explained by a different 

effect of LPA and UPA on estrogen and progesterone levels. Estrogen and progesterone levels 

cause an indirect effect on vascularity by altering growth factors.41  LPA reduces estrogen levels 

causing vasoconstriction.18 UPA affects progesterone levels only.42 In general it is known that 

estrogens have a larger impact on vascularization than progesterone. Also it is unknown yet if 

other factors such as fibroid size play a role in the responsiveness of fibroids to UPA,43 this needs 

to be elucidated in future studies.

 

CLINICAL CONSEQUENCES AND CONCLUSION
In this pilot study we showed a very consistent and statistical significant decrease in VI and 

related fibroid volume after three months of LPA treatment in patients with uterine fibroids. 

The reduction in VI and fibroid volume was less consistent after three months of UPA use. Given 

the strong correlation between the VI at baseline and volume reduction, these parameters could 

in theory be used to predict the volume reduction after LPA.  Hypothetically, a more accurate 

estimation of volume change and risk of operation complications can be made, resulting in a more 

effective way of counselling, the necessity and impact of (pre-)treatment and operation planning. 

Our results encourage the design of future studies that focus on both the use of VI in the prediction 

of volume reduction after LPA and UPA. Larger studies allow the development of prediction models 

that include other factors that are of influence on the responsiveness after LPA and UPA. We aim 

to study this in the MYOVASC-EU study, which will be executed in several European centres (Ref. 

No 2017.494).
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ABSTRACT

OBJECTIVE
We evaluate the effectiveness of pretreatment with Gonadotropin Releasing Hormone agonist 

(GnRHa) or ulipristal acetate compared to no pretreatment on intra-operative outcomes. 

STUDY DESIGN
This is a case control study matched on main diameter of largest fibroid at baseline and number of 

fibroids removed. Cases are patients who participated in a randomized controlled trial comparing 

3 months of pretreatment with ulipristal acetate to GnRHa prior to laparoscopic myomectomy 

(MYOMEX trial). Controls are patients who refused participation in the MYOMEX trial and did not 

receive medical pretreatment and patients who underwent a laparoscopic myomectomy between 

2005 and 2014 whose data were collected retrospectively. For both cases and controls the same 

inclusion criteria applied:  a maximum of two FIGO (PALM-COEIN classification) type 3, 4, 5, 6 or 

2-5 uterine fibroids with a diameter from 5 to 12 cm. A total of 49 cases and 49 controls met the 

inclusion criteria. 42 patients could be matched in the GnRHa group with a control patient of whom 

only 17 women had fibroids larger than 8 cm and 46 could be matched in the ulipristal group with a 

control patient of whom 34 patients had fibroids larger than 8 cm.

RESULTS
For fibroids equal to or smaller than 8 cm, median intra-operative blood loss is significantly lower 

in patients pretreated with GnRHa compared to no pretreatment with a median difference of 

75mL (175 mL (63-295) vs. 250 mL (100-550); p=0.045). For fibroids larger than 8 cm (n=17), 

the difference in blood loss did not reach a statistical significancy. No statistically significant 

differences were found comparing GnRHa with no pretreatment for duration of surgery, opening of 

uterine cavity, conversion rate and complication rate.  

Mean duration of surgery (±SD) is 42 minutes longer in patients pretreated with ulipristal acetate 

than in no pretreated patients (212.8±77.3 minutes vs. 169.5±62.7 minutes; 95% CI 95% CI 

for difference -86.1 to -0.5; p=0.048). This effect is mainly found for fibroids bigger than 8cm. 

Conversion rate in patients pretreated with ulipristal acetate is significantly lower compared to no 

pretreatment (p=0.009). No differences were found between pretreatment with ulipristal acetate 

and no pretreatment for intra-operative blood loss, opening of uterine cavity and complication rate.

CONCLUSIONS 
A three month pretreatment with GnRHa is effective in reducing intra-operative blood loss in 

laparoscopic myomectomies. Ulipristal acetate compared to no pretreatment has a negative 

effect on surgery time, but reduced conversion rate.  Only a limited number of patients with large 

fibroids larger than 8 cm could be matched with controls, hampering the power of this subgroup. 

While in particular patients with large fibroids are expected to benefit of pretreatment. More 

studies are needed to study the effect of GnRHa pretreatment in patients with large fibroids 

compared to no pretreatment in order to draw solid conclusion.   

INTRODUCTION

Myomectomy is the option of choice in women with uterine fibroids who wish to preserve their 

uterus. It can be performed by hysteroscopic, laparotomic or laparoscopic approach, depending 

on number, size and location of the fibroid. Laparoscopic myomectomy has comparable or better 

post-operative results than laparotomic myomectomy with fewer complications 1-3. Laparoscopic 

myomectomy is predominantly performed on intramural and subserosal fibroids. During the 

procedure, the uterus is incised until the cleavage plane is identified, followed by enucleation of 

the fibroid 4. VU University Medical center is one of eight university hospitals in The Netherlands 

and is well known as a tertiary referral center for patients with myoma related symptoms. 

No other hospital in The Netherlands has this much experience with laparotomic and laparoscopic 

myomectomies.

Medical pretreatment can be used in order to reduce fibroid volume and to potentially reduce 

intra-operative blood loss and duration of surgery, reduce complication rate and increase surgical 

ease. In general, pretreatment is opted in case of large fibroids and/or in case of anemia in order to 

optimize preoperative condition. Two agents have been registered as pretreatment before surgery. 

Gonadotropin-releasing hormone agonists (GnRHa) have long been the only option of choice. 

GnRHa have a significant reducing effect on fibroid and uterus volume, intra-operative blood loss, 

operating time and hospital stay 5, 6. However, these conclusions are partly based on cohort studies 

which have only moderate level of evidence and did not correct for fibroid size at baseline before 

pretreatment was initiated 6. 

More recently, ulipristal acetate has been approved for medical pretreatment of symptomatic 

fibroids. Ulipristal acetate is a selective progesterone receptor modulator with mixed progesterone 

agonist and antagonist effects in myometrial and endometrial tissue 7, 8. It reduces fibroid volume 

due to an antiproliferative, antifibrotic and proapoptotic effect on the fibroid 9, 10. Conflicting 

findings have been reported on the effect of ulipristal acetate on fibroid volume 10, 11. Fibroid size at 

baseline may play an important role in its fibroid volume reducing effect 11. Only a few studies have 

been published on intra-operative outcomes comparing ulipristal acetate with no pretreatment 

prior to laparoscopic myomectomy, reporting conflicting results 12, 13.

In this matched case-control study, we compare the effectiveness of pretreatment with GnRHa to 

no pretreatment and ulipristal acetate with no pretreatment on intra-operative outcomes. Besides, 

we hope to obtain more insight in the effectiveness of pretreatment for different fibroid sizes.
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METHODS

STUDY DESIGN 
This mixed case-control study is based on a combination of patients from a double blind randomized 

controlled trial (MYOMEX trial) pretreated with ulipristal acetate or GnRHa prior to laparoscopic 

myomectomy 11 (cases), patients who refused hormonal pretreatment in the context of this 

randomized trial (controls) and retrospectively collected data of laparoscopic myomectomies 

performed without pretreatment (controls). 

The double blind randomized controlled trial was performed in nine hospitals in The Netherlands 

selected on extensive experience of their surgeons with laparoscopic myomectomies. The study 

was approved by the National Central Committee on research involving Human Subjects (CCMO 

– NL49916.029.14), by the ethics committee of VU Medical Center Amsterdam (Ref. No. 

2014/421) and by the boards of all participating hospitals. The trial protocol has been registered 

on ClinicalTrials.gov (NCT02288130).

The retrospective cohort study was conducted at the VU University Medical Centre in Amsterdam, 

The Netherlands. Records from 2005 to 2014 were reviewed retrospectively in patients who 

underwent laparoscopic myomectomy without pretreatment. We obtained approval by the ethics 

committee of VU Medical Center Amsterdam (Ref. No. 2016/323). 

STUDY POPULATION
Pre-menopausal women planned for laparoscopic myomectomy with a maximum of two FIGO 

(PALM-COEIN classification) type 3, 4, 5, 6 or 2-5 uterine fibroids with a diameter from 5 to 12 

cm. Inclusion and randomization procedures have previously been described extensively 11. 

Patients included in the MYOMEX trial were randomized in an 1:1 ratio to either GnRHa or ulipristal 

acetate. Patients in the GnRHa group received a one-time intramuscular injection with Leuprolide 

acetate (11.25mg) and daily placebo tablets for 12 consecutive weeks. Participants in the ulipristal 

group received a one-time placebo injection containing saline and daily oral ulipristal acetate 5mg 

for 12 consecutive weeks. Patients refusing hormonal pretreatment were included in the control 

group of the study and did not receive any pretreatment. The same measuring moments (e.g. 

blood samples, ultrasounds) were applied in this control group as in the intervention group. For the 

controls which were collected retrospectively, the same inclusion criteria applied for fibroid size 

and fibroid type.

OUTCOME MEASURES
The following pre-operative parameters were registered in both cases and controls of the 

MYOMEX trial: main diameter, volume and type of largest fibroid as assessed on transvaginal or 

transabdominal ultrasound and hemoglobin level at baseline. For the other controls, these data 

were collected retrospectively from the patient records. If only two dimensions were reported 

for fibroid volume, as third dimension the mean of the first and second dimension was used. 

Fibroid volume was calculated using the formula for ellipsoid ((D1xD2xD3)x0.5233).

Data of the retrospectively collected controls on location of the fibroids were too limited to 

be useful for data-analyses. The following peri-operative and post-operative parameters were 

registered: intra-operative blood loss, duration of surgery, number of fibroids removed, opening 

of the uterine cavity, use of vasoconstrictive medication, conversion rate, complication rate and 

duration of hospital stay. 

STATISTICAL ANALYSES
All pretreated patients were matched with no pretreated patients on fibroid size (i.e. main diameter 

of largest fibroid) and number of fibroids removed. A difference in main diameter between cases 

and controls of ± 0.5cm was accepted. Number of fibroids removed had to match exactly. 

Subgroup analyses were performed for fibroid size smaller than or equal to 8 cm and for fibroids 

larger than 8 cm. All normally distributed data are presented as mean ± standard deviation (SD), if not, 

as median and interquartile range. Student t-test for independent samples was used to compare 

normally distributed continuous variables or log transformed variables. For all continuous variables 

with an non-normal distribution, the Mann-Whitney U-test was used. Categorical variables were 

compared using the chi square test and Fisher’s exact test, when appropriate. Linear regression 

analyses was used to study the relationship between pretreatment and outcome variables, in 

combination with potential confounding factors. A variable was considered a confounder when the 

regression coefficient differed >10%. The SPSS software version 22.0 was used for statistical 

analyses, p < 0.05 was considered statistically significant.

RESULTS

A total of 54 patients completed pretreatment with GnRHa (n=25) or ulipristal (n=27) in the 

context of the MYOMEX trial between May 2015 and October 2017. Three of these patients 

refused surgery, so were excluded from analyses, resulting in total 49 patients. Eight patients were 

included in the control group of the MYOMEX study. Medical records were reviewed in retrospect 

for the period 2005 to 2014. A total of 55 patients underwent laparoscopic myomectomy 

without  pretreatment. Fourteen patients were excluded for not meeting the inclusion criteria 

(i.e. too many fibroids, too small or fibroids > 12 cm).  Combining these non-pretreated patients, 

49 patients were eligible as controls. The cases and controls were matched manually for fibroid 

size and number of fibroids removed, resulting in 21 matches in the GnRHa group and 23 matches 

in the ulipristal acetate group.

BASELINE CHARACTERISTICS
Cases and controls in both groups were similar in demographic characteristics age, body mass 

index (BMI), smoking status and indication for surgery (Table 1). Patients pretreated with GnRHa 
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had significantly higher parity and heavier menstrual bleedings compared to their matched 

controls. Patients pretreated with ulipristal acetate also had significantly more blood loss during 

their menstruation period compared to matched controls without pretreatment.

Table 1. Baseline characteristics

GNRHA VERSUS NO PRETREATMENT
Main diameter of largest fibroid and hemoglobin level at baseline were similar in cases and controls 

(Table 2). Fibroids in patients pretreated with GnRHa are significantly more often located intramurally 

than subserosally compared to non-pretreated fibroids. Patients pretreated with either GnRHa or 

ulipristal acetate had more often heavy menstrual bleeding than their matched controls. 

Intra-operative blood loss, duration of surgery, number of fibroids removed, opening of the uterine 

cavity, use of vasoconstrictive medication, conversion rate and complication rate do not differ 

in patients pretreated with GnRHa compared to matched controls (Table 2). Despite the fact 

that we matched for fibroid size at baseline with at an accepted variation of 0.5 cm, the mean 

diameter of the largest fibroid remained a potential confounder for intra-operative blood loss (p = 

0.064). A sensitivity analyses in which analyses were adjusted for the propensity score based on 

fibroid size, number of fibroids removed and type of fibroid showed similar results (OR 0.62, 95% 

CI 0.33-1.17; p=0.14). For the outcome duration of surgery, main diameter of the largest fibroid 

and type of largest fibroid also appeared to be confounders. Correction for these factors results 

in a p-value of 0.637. Sensitivity analyses performed excluding subserosal fibroids did not show 

statistically significant results for intra-operative blood loss or duration of surgery either. Two post-

operative complications occurred in patients pretreated with GnRHa, namely a wound infection 

and re-operation because of decrease in hemoglobin level. Three post-operative complications 

occurred in the control group, one patient suffered from post-operative fever, one patient was 

admitted for severe dyspnea without a focus and one patient underwent a re-operation because 

of abdominal pains.

Same analyses were performed for fibroids smaller or equal to 8cm (n=25) and fibroids larger than 

8cm (n=17) (Table 2). Pre-operative parameters main diameter of largest fibroid, type of fibroid and 

hemoglobin level for fibroids <8cm were similar in cases and controls. Median intra-operative blood 

loss was 175mL (63-295) in patients pretreated with GnRHa and 250mL (100-550) in the control 

group (p=0.075). Main diameter of the largest fibroid appears to be a confounder. After correction 

for this confounder, intra-operative blood loss is significantly lower in patients pretreated with 

GnRHa (p= 0.045). Sensitivity analyses excluding subserosal fibroids did not show a significant 

difference in intra-operative blood loss (p=0.157, 95% CI for difference -0.10 to 0.56). Surgery 

time is similar in both groups. Size of the largest fibroid and type of largest fibroid appeared to be 

no confounders. Remaining intra- and post-operative parameters were similar in both groups for 

fibroids smaller than 8cm (Table 4).

Type of the largest fibroid in fibroids larger than 8cm are more often intramural than subserosal 

in patients pretreated with GnRHa compared to controls (Table 4). No differences are found in 

intra- and post-operative parameters for fibroids larger than 8cm. For intra-operative blood loss 

and duration of surgery, size of the fibroid at baseline and type of fibroid were tested for potential 

confounding. Fibroid type appeared to be a confounder for intra-operative blood loss. However, 

correction for this confounder did not show a significant difference in intra-operative blood loss. 

Sensitivity analyses excluding subserosal fibroids could not be performed due to low sample size 

of this subgroup.
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ULIPRISTAL ACETATE VERSUS NO PRETREATMENT
Main diameter of largest fibroid and hemoglobin level at baseline were similar in cases and controls 

(Table 3). Fibroids in patients pretreated with ulipristal acetate are significantly more often located 

intramural than subserosal compared to non-pretreated fibroids, mainly in the subgroup of fibroids  

larger than 8 cm.

No differences were found in intra-operative blood loss, number of fibroids removed, opening of 

uterine cavity, use of vasoconstrictive medication and complication rate (Table 3). Main diameter 

of the largest fibroid and type of the largest fibroid were tested as confounding factors for intra-

operative blood loss. Type of fibroid appeared to be a confounder for intra-operative blood loss, 

after correction the p-value is 0.332. Sensitivity analyses excluding subserosal fibroids did not 

show significant differences between both groups for intra-operative blood loss (p=0.088, 95% 

CI for difference -0.50 to 0.04). A second sensitivity analyses in which analyses were adjusted for 

the propensity score based on fibroid size, number of fibroids removed and type of fibroid showed 

similar results (OR 0.98, 95% CI 0.61-1.58; p=0.94).

Duration of surgery is significantly higher in patients pretreated with ulipristal acetate compared 

to patients without pretreatment (212.8±77.3 minutes vs. 169.5±62.7 minutes, 95% CI for 

difference -86.1 to -0.5; p=0.048). Main diameter of the largest fibroid and type of fibroid were 

tested for potential confounding, but turned out to be no confounders. 

Sensitivity analyses excluding the subserosal fibroids did not show a significant difference 

in duration of surgery between both groups (p=0.403, 95% CI for difference -91.4 to 38.1). 

Conversion rate is significant higher in patients without pretreatment compared to patients 

pretreated with ulipristal acetate (7 times vs. 0 times, p=0.009).

Three complications occurred in patients pretreated with ulipristal acetate.  One patient developed 

a post-operative fever, one an ileus and one patient received 3 packed cells due to severe vaginal 

bleedings three weeks post-operative. These bleedings stopped spontaneously. 

Subanalyses for fibroids smaller or equal to 8cm (n=12), showed no differences in pre-, intra- 

and post-operative parameters (Table 3). Main diameter and type of the largest fibroids were no 

confounders for intra-operative blood loss and duration of surgery. Sensitivity analyses excluding 

subserosal fibroids was not performed due to low sample size in this subgroup.

Fibroids larger than 8cm are more often located intramural than subserosal in patients pretreated 

with ulipristal acetate compared to controls (p=0.013) (Table 3). Intra-operative blood loss is 

similar for pretreated patients and controls, even after correction for confounder type of largest 

fibroid. Sensitivity analyses excluding subserosal fibroids did not show a significant difference 

either. Operation time is significantly longer in patients pretreated with ulipristal acetate for 

fibroids larger than 8cm compared to controls (223.3±79.6 minutes vs. 169.9±64.0 minutes, 

95% CI for difference -105.6 to -1.3; p=0.045). However, type of largest fibroid appears to be a 

confounder, resulting in a non-significant p-value of 0.218. Remaining intra- and post-operative 

parameters do not show any significant differences (Table 3). Sensitivity analyses excluding the 

subserosal fibroids showed similar results (p=0.284, 95% CI for difference -116.4 to 36.2).
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DISCUSSION

MAIN FINDINGS
For fibroids smaller than or equal to 8 cm, intra-operative blood loss is significantly lower in 

patients pretreated with GnRHa compared to no pretreatment with a median difference of 75mL. 

For fibroids larger than 8 cm, comparison is more difficult to make given the low number of patients 

included in this group and unequal distribution of subserosal fibroids which due to selection bias 

were more prevalent in the non pretreated group. 

Without correction for type of fibroid (subserosal yet or not) no significant difference in intra-

operative blood loss was found. No differences were found comparing GnRHa with no pretreatment 

for duration of surgery, opening of uterine cavity, conversion rate and complication rate.  

Duration of surgery is significantly longer in patients pretreated with ulipristal acetate compared 

to no pretreatment. This effect is mainly found in fibroids larger than 8cm and may be explained 

by the higher prevalence of subserosal fibroids in the non pretreated group. Sensitivity analyses 

excluding the patients with subserosal fibroids did not show a significant difference in duration of 

surgery between both groups.  Mean duration of surgery is 42 minutes longer in patients pretreated 

with ulipristal acetate than in no pretreated patients. Conversion rate in patients pretreated with 

ulipristal acetate is significantly lower compared to no pretreatment. No differences were found 

between pretreatment with ulipristal acetate and no pretreatment for intra-operative blood loss, 

opening of uterine cavity and complication rate.

STRENGTHS AND LIMITATIONS
Data on patients receiving medical pretreatment were collected prospectively in a randomized 

controlled trial. However, part of the data from no pretreated patients were collected retrospectively 

by reviewing medical charts. The choice of a physician to start pretreatment prior to myomectomy 

may be influenced by complains of heavy menstrual bleeding, fibroid size, number of fibroids and 

fibroid type (i.e. intramural or subserosal). In our study, we tried to reduce these possible selection 

bias by matching cases and controls for fibroid size and number of fibroids removed during surgery. 

Unfortunately, it seemed to be impossible to also match for fibroid type, due to major differences 

in fibroid types between cases and controls. This has caused significant differences between 

the groups in fibroid type. Especially for fibroids larger than 8cm, more subserosal than intramural 

fibroids were reported in patients without any pretreatment. This difference could be explained by 

experience of surgeons knowing that subserosal fibroids may be easier enucleated than intramural 

fibroids. In this study, we tried to minimize the effect of fibroid type on intra-operative outcomes 

by adjusting for this confounder and by performing sensitivity analyses.

Another limitation of our study is the fact that the study groups were relatively small in particular in 

the group with fibroids > 8cm reducing the power of our study. Therefor the outcomes of our study 

concerning patients with fibroids > 8cm needs to be interpreted with caution.
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COMPARISON WITH OTHER LITERATURE AND IMPLICATIONS FOR 
FUTURE RESEARCH
A recently published systematic review and meta-analyses shows that pretreatment with GnRHa 

before laparoscopic myomectomy reduces in intra-operative blood loss with 23mL  (95% CI 

-40.79 to -5.27; p=0.01) compared to no pretreatment 6. Another review comparing GnRHa with 

no pretreatment did find a significant reduction in intra-operative blood loss of 60mL (95% CI 39-

82) 14. A Cochrane review by Lethaby et al. reported similar results, showing a reduction in intra-

operative blood loss of 68mL (95% CI -90.6 to -44.4) when pretreated with GnRHa 15. However, 

it should be noted that in this review, no distinction was made between surgical approach (i.e. 

laparotomic or laparoscopic). The studies included in this review did not correct for number of 

fibroids, fibroid size at baseline or type of fibroids (i.e. intramural or subserosal fibroids) which are 

known to be important confounders. This possibly explains the fact that none of these reviews 

found a significant decrease in duration of surgery or conversion rate when pretreated with GnRHa.

The results of these reviews are mainly based on four randomized controlled trials and one cohort 

study. In our study, we found significantly less intra-operative blood loss for fibroids smaller than 

8cm. In the randomized trials included in the reviews 16-19, fibroid diameter varies from ±4,5 to 

±7,0cm, so our findings are in line with theirs. The cohort study reporting on this subject 20, did also 

find a significant decrease in intra-operative blood loss in patient pretreated with GnRHa. Fibroids 

in this study were at least 10cm at baseline. In our study, due to the limitations of the study design 

and unequal distribution of intramural and subserosal fibroids, we cannot draw any solid conclusions 

concerning this group. Additionally, due to the limited number of patients included in this subgroup 

we were not able to overcome these differences in baseline by sensitivity analyses. Randomized 

trials on the effectivity of pretreatment with GnRHa prior to laparoscopic myomectomy for larger 

fibroids (i.e. more than 8cm) are lacking. We believe future research should focus on this subject 

specifically, since this group of patients is expected to benefit the most of pretreatment in order 

to enable the laparoscopic approach. 

No randomized trails are yet performed comparing pretreatment with ulipristal acetate to no 

pretreatment. However, two retrospective studies have been performed comparing ulipristal 

acetate with immediate surgery 12, 13.  The study by Luketic et al. 12 did not find significant 

differences in intra-operative blood loss which is in line with the findings in our study. However, the 

study by Ferrero et al. 13 did find a statistically significant reduction in intra-operative blood loss 

and duration of surgery.

A recently published non-inferiority double blind randomized controlled trial comparing GnRHa to 

ulipristal acetate prior to laparoscopic myomectomy did not establish non- inferiority of ulipristal 

acetate to GnRHa in terms of blood loss intra-operative 11. Also, duration of surgery tends to be 

significantly shorter in patients pretreated with GnRHa and would probably be significant if more 

patients would have been included. We therefore believe that future randomized trials are needed 

that compare pretreatment with GnRHa with no pretreatment prior to laparoscopic myomectomy 

in patients with fibroids of 8cm and larger. 

CONCLUSION

For fibroids smaller than or equal to 8 cm, intra-operative blood loss is significantly lower in 

patients pretreated with GnRHa compared to no pretreatment. No solid conclusions can be drawn 

concerning the beneficial effect of pretreatment in fibroids larger than 8 cm due to the unequal 

distribution of subserosal fibroids that were more prevalent in case of fibroids larger than 8 cm in 

the non-treated controls and limited number of patients in these subgroups. Duration of surgery 

is significantly longer in patients pretreated with ulipristal acetate compared to no pretreatment, 

however this difference is not found when performing subgroup analyses for fibroids smaller or 

larger than 8 cm. Conversion rate in patients pretreated with ulipristal acetate is significantly lower 

compared to no pretreatment. 

Future randomized controlled trials should focus on pretreatment with GnRHa prior to laparoscopic 

myomectomy and should try to determine the effectiveness of pretreatment with GnRHa for 

different fibroid sizes.
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ABSTRACT

BACKGROUND
Medical pretreatment to reduce fibroid size and potentially improve intra- and post-operative 

outcomes is an option of choice in order to make the laparoscopic approach feasible for larger 

fibroids. Available evidence suggests using Gonadotropin releasing hormone agonists (GnRHa) as 

the pretreatment option of choice. Only a few randomized controlled trials have been published 

comparing pre-treatment with GnRHa to no pretreatment prior to laparoscopic myomectomy. 

These randomized trials all focused on fibroids smaller than 8 cm diameter and none of them was 

designed double blind which could probably have biased the results.

OBJECTIVE
With this study we aim to evaluate whether pretreatment with GnRHa prior to laparoscopic 

myomectomy is superior to no pretreatment for intra- and post-operative outcomes including 

surgical ease. Besides, we investigate the effectiveness of pretreatment with GnRHa for different 

fibroid sizes and types.

METHODS
This study is a double-blind placebo controlled randomized trial and will be performed in the 

Amsterdam University Medical Center in the Netherlands. We will study at least 160 pre-menopausal 

women with a planned resection of a maximum of two FIGO (PALM-COEIN classification) type 3, 4, 

5, 6 or 2-5 uterine fibroids with a diameter from 6 to 12 cm. Participating women will randomly be 

allocated in a 1:1 ratio to receive either GnRHa or no pretreatment. Patients in the GnRHa group 

receive a single intramuscular injection with Leuprolide acetate (11.25mg) whilst patients in the 

no pretreatment group will receive a single intramuscular injection with normal saline (1mL). All 

patients allocated GnRHa will receive add back therapy with tibolone 2.5mg once daily for three 

months and patients allocated no pretreatment will receive an oral contraceptive containing 

ethinylestradiol 30µg/levonorgestrel 150µg once daily for three months. Surgery was performed 

after a minimum of three months, but within a maximum of four months after the injection. The 

primary outcome is combined for clinical relevant outcomes which are defined as a) intra-operative 

blood loos more than 1000 mL, b) conversion rate, c) major intra- and post-operative complications. 

Secondary outcomes include several other intra-operative varibales (e.g. time of surgery, details 

on the removed fibroids), surgical ease, fibroid vascularity, hemoglobin levels, quality of life and 

uterine bleeding.

CONCLUSIONS 
We hypothesize that especially patients with large fibroids (>8cm), will benefite from pretreatment 

with GnRHa in terms of better intra-operative outcomes.

BACKGROUND

Uterine fibroids or leiomyoma can cause a variety of symptoms like heavy menstrual bleeding, 

abdominal pains, infertility and obstetric complications 1. Although most fibroids are asymptomatic, 

in 20 to 50% of women suffering from uterine fibroids a clinical intervention is necessary 2. 

Treatment options depend on several factors, like severity of symptoms, patient’s age and the 

location of the fibroid. If a surgical intervention is necessary, myomectomy is the option of choice 

for women who wish to preserve their uterus and/or fertility. This procedure can be performed 

by hysteroscopy, laparoscopy and laparotomy. In the past few years, surgical experience with 

minimal invasive techniques has grown. Laparoscopic myomectomy has several advantages over 

the laparotomic approach. It is associated with less post-operative pains and quicker recovery 3-5. 

However, laparoscopic removal of fibroids is limited by fibroid size, fibroid location and experience of 

the surgeon. Medical pretreatment to reduce fibroid size and potentially lower intra-operative blood 

loss is an option of choice in order to make the laparoscopic approach feasible for larger fibroids.

Only two agents are registered as medical pretreatment before fibroid surgery. Gonadotropin 

releasing hormone agonists (GnRHa) has long been the golden standard. It causes a hypo-

gonadotropic and hypogonadal state and as a consequence a decrease in fibroid size 6. 

Ulipristal acetate is a selective progesterone receptor modulator that also decreases fibroid size 

by mixed progesterone agonist and antagonist effects in myometrial and endometrial tissue 7, 8. 

A recent randomized controlled trial comparing ulipristal acetate with GnRHa before laparoscopic 

myomectomy showed a significant larger fibroid reduction after pretreatment with GnRHa 9. Also, 

non-inferiority of ulipristal acetate compared to GnRHa in terms of intra-operative blood loss 

was not proven. Authors suggested more research on the effectiveness of pretreatment with 

GnRHa compared to no pretreatment and on cut off levels for fibroid sizes to decide whether 

pretreatment is indicated since fibroid volume seems to be related to surgical ease and surgery 

time. To date, only a few randomized controlled trials have been published comparing pretreatment 

with GnRHa to no pretreatment prior to laparoscopic myomectomy. Systematic reviews published 

on this subject all focus on the same randomized controlled trials 6, 10, 11. They all found a significant 

reduction in intra-operative blood loss after pretreatment with GnRHa compared to placebo or no 

pretreatment. Differences vary from 23mL (95% CI -40.79 to -5.27; p=0.01) 11 to 60mL (95% CI 

39-82)10 and 68mL (95% CI -90.6 to -44.4) 6, so clinical relevance could be discussed. None of 

these reviews found significant differences in duration of surgery or conversion rate. These results 

are based on four randomized trials and one cohort study on this subject 12-16. These randomized 

trials all focused on fibroids smaller than 8 cm diameter and none of them was designed double 

blind which could probably have biased the results. The prospective cohort study by Chang et al. 13 

only included patients with fibroids larger than 10 cm and they found a significant decrease in 

intra-operative blood loss in patients pretreated with GnRHa which may imply that pretreatment is 

especially indicated for larger fibroids.

In this double blind placebo controlled randomized trial, we evaluate whether pretreatment with 

GnRHa prior to laparoscopic myomectomy is superior to no pretreatment for intra- and post-
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operative outcomes including surgical ease. Besides, we investigate the effectiveness of 

pretreatment with GnRHa for different fibroid sizes and types.

METHODS

DESIGN
This study is a double-blind placebo controlled randomized trial and will be performed in Amsterdam 

University Medical Center in the Netherlands. Amsterdam University Medical Center is one of 

seven university hospitals in The Netherlands and is well known as a tertiary referral center for 

patients with myoma related symptoms. To date, no other hospital in The Netherlands has this 

much experience with laparoscopic myomectomies.

PARTICIPANTS/ INCLUSION CRITERIA
We will study pre-menopausal women with a planned resection of a maximum of two FIGO (PALM-

COEIN classification) type 3, 4, 5, 6 or 2-5 uterine fibroids with a diameter from 6 to 12 cm. 

All patients are eligible for laparoscopic myomectomy. Exclusion criteria are age below 18 years, 

pregnancy, suspicion of malignancy, use of hormonal agents, chronic use of anticoagulants, 

coagulopathy, contra-indication to laparoscopic procedures or allergy to leuprolide acetate, 

contra-indication for hormonal contraceptive.

OBJECTIVES
To study superiority of pretreatment with GnRHa compared to no pretreatment prior to laparoscopic 

myomectomy on combined clinical relevant outcomes which are defined as a) intra-operative blood 

loos more than 1000 mL, b) conversion rate, c) major intra- and post-operative complications. 

Besides, we hope to learn more about the effectiveness of pretreatment with GnRHa for different 

fibroid sizes (fibroids 6-8cm and 8-10cm). Secondary objectives will be comparing other intra- 

and post-operative outcomes (e.g. intra-operative blood loss, duration of surgery, duration of 

enucleation and suturing), surgical ease, patient quality of life, return to daily activities and work 

and fibroid recurrence rate 12 months after surgery. A cost comparison will be made including 

direct and indirect medical costs as well as direct and indirect non-medical costs. 

RANDOMIZATION AND TREATMENT (FIGURE 1)
Before study entry, size of the uterine fibroid(s) will be measured with transvaginal ultrasound in 

three dimensions. Eligible women will be informed about the study by one of the gynecologists, 

residents or research nurse in the participating center. The informed consent form will be signed 

prior to randomization. Participating women will be randomly allocated in a 1:1 ratio to receive 

either GnRHa or no pretreatment. The randomization list follows a stratification process for 

avoiding imbalance with respect to study center, type of fibroid (1. intramural (FIGO type 3, 4, 5, 

2-5) and 2 subserosal (FIGO type 6)) and fibroid size at baseline (1. fibroids with a volume from 

113 cm3 to 267 cm3 (diameter 6.0-7.9 cm) and 2. fibroids with a volume from 268 cm3 to 523 cm3 

(diameter 8.0-9.9 cm)). 

Randomization is performed using a computer-generated randomization system. Patients in the 

GnRHa group receive a single intramuscular injection with Leuprolide acetate (11.25mg) whilst 

patients in the no pretreatment group will receive a single intramuscular injection with normal 

saline (1mL). Amenorrhea and hot flushes caused by treatment with GnRHa may cause problems 

with blinding this study. Therefore, all patients allocated GnRHa will receive add back therapy with 

tibolone 2.5mg once daily for three months and patients allocated no pretreatment will receive an 

oral contraceptive containing ethinylestradiol 30µg/levonorgestrel 150µg once daily for three 

months. Size, shape and color of both add back therapy and the oral contraceptive are similar. 

In this way, patients and surgeons will be blinded for treatment allocation during the whole course 

of the study. Treatment was preferably started in the first week of the menstruation period. 

Surgery was performed after a minimum of three months, but within a maximum of four months 

after the injection. 

We believe that randomization between GnRHa and no pretreatment for fibroids with a volume from 

524 cm3 to 904 cm3 (diameter 10-12 cm) is unethical. Therefore, these patients will be ‘controls’ 

and will all be pretreated with a single intramuscular injection with Leuprolide acetate (11.25mg). 

Statistics are performed by an independent and blinded statistician.

OUTCOME MEASURES
The primary outcome is combined for clinical relevant outcomes which are defined as a) intra-

operative blood loos more than 1000 mL, b) conversion rate, c) major intra- and post-operative 

complications (grade III or more in the ‘classification of surgical complications’ 17). To measure intra-

operative blood loss, the following procedure will be followed: at the end of the surgery, all visible 

blood and irrigation fluid will be removed from the abdominal cavity. The intra-operative blood loss 

will be estimated measuring the quantity of blood in the suction bottle at the end of surgery minus 

the volume of irrigation fluid used during surgery. Surgeons will be asked to fill-out a questionnaire 

immediately after surgery on intra-operative outcomes like blood loss, time of surgery (i.e. start 

abdominal incision until suturing skin of abdomen), time of enucleation (i.e. start enucleation until 

complete resection of the fibroid), time of suturing (i.e. time of suturing myometrium), specific 

details on removed fibroids (e.g. quantity,  location within the uterus, weight) and on different 

technical aspect of the procedure (e.g. clamping of uterine artery or ovarian vessels, morcellation, 

opening of uterine cavity, conversion). 

A surgical assessment tool to assess surgical ease was developed by two gynecologists (JH, 

WH) with extensive experience with laparoscopic myomectomy and already used in a previous 

study 9 .A total of ten questions were developed with items on specific aspects of the procedure: 

difficulty of entire procedure, satisfaction with entire procedure, difficulty of finding cleavage 

planes, difficulty of morcellation, consistency and grip of the fibroids removed, ease of stitching, 

grip of barbed sutures in the myometrium, bleeding tendency of the tissue and the anatomical 

result. For each answer a 5-points scale was used. All surgeons will complete the assessment tool 

immediately after the procedure.

Transvaginal ultrasound measuring uterine and fibroid volume in three dimensions is performed at 
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baseline and after pretreatment. Uterine and fibroid volumes will be calculated using the formula 

for ellipsoid (D1xD2xD3x0.5233). Fibroid vascularity at baseline and after pretreatment will be 

assessed using 3D Power Doppler. At 6 months and 12 months after surgery fibroid recurrence 

is assessed using transvaginal ultrasound. Hemoglobin level will be assessed at baseline, after 

pretreatment, within 48 hours after surgery and 12 months after surgery. Participants will receive 

digital online secured questionnaires at baseline, after pretreatment, six months after surgery and 

12 months after surgery on quality of life and menopausal symptoms (UFS-QoL: uterine fibroids 

symptoms-Quality of Life 18; Euro-QoL 5D: Euro Quality of Life in 5 dimensions 19; menopause 

questionnaire 20, Activity diary on physical Function 21, 22). Uterine bleeding was assessed using the 

pictorial blood loss assessment chart (PBAC) for the month previous on starting study medication 

(in retrospect) until surgery. And from 6 months to 12 months after surgery. Patients were asked to 

complete the PBAC daily in a specially designed secured app or on paper. The number of tampons 

or pads used and their saturation result in a monthly score ranging from 0 (amenorrhea) to over 

500. Higher numbers indicate more bleeding 23.

LAPAROSCOPIC MYOMECTOMY
Surgery will be performed by experienced surgeons on level 3 and 4 laparoscopic surgeries as 

defined by the Royal College of Obstetricians and Gynecologists (RCOG). The procedure will be 

performed under general anesthesia after the administration of prophylactic broad-spectrum 

antibiotics. We will use the same surgical technique as previously consented on during an expert 

meeting prior to our previous study MYOMEX 1.0 9. Relevant surgical characteristics were divided 

in: ‘standard-use’, ‘never-use’ or ‘optional-use’. The following was decided: 1) Standard use is the 

use of barbed sutures; use of (any) uterine manipulator; use of blue dye in uterine cavity in order to 

diagnose whether the cavity was opened or not. For fibroids >8 cm bulldogs were allowed on the 

uterine artery and infundibulopelvic ligament. 2) Never use: vasoconstrictive medication such as 

glypressin; use of bull-dogs for fibroids < 8 cm. 3) Optional use: single administration of 1000mg of 

tranexamic acid after operative blood loss has been calculated; use of hemostatic or anti-adhesive 

products on uterine incision after determination of blood loss. 

SAMPLE SIZE CALCULATION
This trial is a superiority trial with the following null-hypothesis: GnRHa prior to laparoscopic 

myomectomy is superior to no pretreatment prior to laparoscopic myomectomy based on a t-test. 

We used a combined primary outcome measure containing three relevant clinical outcomes: more 

than 1000 mL intra-operative blood loss, conversion rate and major complications (Grade III or 

more). For the sample size calculation the results of the MYOMEX-1 trial were used 9. Since ulipristal 

acetate seemed to have hardly no effect on fibroid size and that previous studies comparing 

ulipristale acetate with no pretreatment showed limited effect on intra-operative blood loss, we 

considered the ulipristal group from the MYOMEX-1 study ‘the control group’ for this sample size 

calculation. In this control group, the chance for one of the combined primary outcome measures 

was 0.35. A reduction from 0.35 to 0.15 was considered clinically relevant.  Based on a two-group 

t-test of equivalence in means, using an alpha error of 2.5% (one-sided) and a Beta error of 20% 

(80% power) this yields a sample size of 2 x 73 patients. Anticipating a dropout rate of 10%, we 

need to include 160 patients.

STATISTICAL ANALYSIS
Statistical analysis will be based on the intention-to-treat principle. With regard to the primary 

and secondary outcomes, we will use the appropriate non-parametric and parametric statistics 

to evaluate statistically significant differences between the two treatments. In all analyses, 

statistical uncertainties will be expressed in 95% confidence intervals. We have planned subgroup 

analyses for fibroids 6.0 to 7.9 cm and fibroids 8.0 to 10.0 cm and for type of fibroid removed.

The database will be locked after the last surgical procedure in order to obtain the peri-operative 

outcomes. These data will be analyzed and published in a ‘short term results’ manuscript. The long 

term results will be analyzed 12 months after the last procedure.

INTERIM ANALYSIS AND SAFETY MONITORING
Because of the relatively small sample size and the expected duration for inclusion no interim 

analysis for efficacy is planned. All Serious Adverse Events (SAE’s) will be reported to ethics 

committee of VU Medical Center Amsterdam.

ETHICAL CONSIDERATIONS
This study will be submitted by the National Central Committee on research involving Human 

Subjects (CCMO), by the ethics committee of VU Medical Center Amsterdam and by the boards of 

all participating hospitals.
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Figure 1. Flow diagram of the study

DISCUSSION

STRENGTHS AND LIMITATIONS
This is the first double blind randomized controlled trial comparing pretreatment with GnRHa to no 

pretreatment prior to laparoscopic myomectomy for several intra- and post-operative outcomes. 

To secure blinding of this trial for both patient and physician, patients allocated GnRHa will also 

receive add-back therapy with tibolone once daily for three months. GnRHa causes vasomotor 

symptoms like hot flushes in about 90% of women 24 due to a state of profound hypoestrogenism. 

A Cochrane review by Moroni et al. 25 evaluates add-back therapy with GnRHa for uterine 

fibroids. Tibolone is associated with higher quality of life and had a larger benefit on vasomotor 

symptoms compared to placebo. However, it seems to be associated with larger uterine volumes 

with a mean difference of 24 cm3, but we believe this is not clinically relevant. It should be 

noted that this evidence is of moderate quality. Other add-back therapies (e.g. raloxifene and 

medroxyprogesterone) seem to have less or no effect on quality of life and vasomotor symptoms. 

GnRHa improves bleeding complains in 90% percent of patients 26, 27 and also functions as a 

contraceptive. To overcome these problems in the group allocated to no pretreatment, these 

patients will receive an oral anticonceptive for three months. 

Another strength is that this is the first trial which investigates the effectiveness of pretreatment 

with GnRHa for different fibroid sizes. We speculate that pretreatment with GnRHa may especially 

be effective for fibroids larger than 8 cm in terms of intra-operative blood loss and duration 

of surgery. 

The Cochrane review by Lethaby et al. 6 made recommendations for future research including 

evaluation of surgical experience after pretreatment. Few studies reported changes in fibroid 

texture and difficulty in identification of cleavage planes after pretreatment with GnRHa 28-30. We 

believe that surgical experience is an important outcome to interpret effectiveness of medical 

pretreatment.  The questionnaire used to assess surgical ease is not validated due to very limited 

research on this subject yet. However, we do believe the individual items of the questionnaire 

could provide us more information on surgical difficulty including the identification of cleavage 

planes, consistency of the fibroid and bleedings tendency. 

Furthermore, cost-effectiveness data is lacking in all trials published so far, so it is important to 

include cost-effectiveness data in this trial. 

POTENTIAL IMPACT AND IMPLICATIONS
This trial will provide evidence for patients and gynecologists on the effectiveness of pretreatment 

with GnRHa prior to laparoscopic myomectomy. We hope to establish the clinical relevance of 

medical pretreatment in terms of intra-operative outcomes (i.e. blood loss, duration of surgery, 

conversion rate) and the subjective surgical experience for different fibroid sizes. If we are able to 

find an answer to the research question whether pretreatment with GnRHa is effective, clinicians 

will be able to advise patients more accurate on medical pretreatment prior to fibroid surgery. 

In  this way, unnecessary treatment with GnRHa can be prevented and patients won’t have to 

suffer from discomfort caused by side-effects such as hot-flushes. 
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SAMENVATTING

UITGANGSVRAAG

Heeft medicamenteuze behandeling met gonadotrophine-releasing hormoon 

agonisten (GnRHa) of Ulipristal voorafgaand aan een laparoscopische hysterectomie 

(LH) in verband met uterus myomatosus invloed op de klinische uitkomsten?

AANBEVELINGEN

Overweeg voorbehandeling met GnRHa bij een LH wegens uterus myomatosus ter 

volumereductie van de uterus ten einde minder perioperatief bloederlies en een 

kortere operatieduur te bewerkstelligen.

Evalueer aan het einde van de voorbehandeling met GnRHa opnieuw of de gekozen 

operatiemethode nog de juiste is.

Voorbehandeling met GnRHa dient minimaal 3 maanden te bedragen.

Als volumeverkleining het doel is van voorbehandeling heeft het gebruikt van GnRHa 

de voorkeur boven Ulipristal.

HOOFDSTUK 6: VOORBEHANDELEN 

UITGANGSVRAAG

Heeft medicamenteuze behandeling met gonadotrophine-releasing hormoon 

agonisten (GnRHa) of Ulipristal voorafgaand aan een laparoscopische hysterectomie 

(LH) in verband met uterus myomatosus invloed op de klinische uitkomsten?

INLEIDING
Naar schatting krijgt ongeveer 20 tot 40% van de vrouwen in de fertiele levensfase klachten 

veroorzaakt door myomen1. Wanneer andere meer conservatieve behandelingen geen effect 

hebben, biedt de laparoscopische hysterectomie een definitieve en tevens minimale invasieve 

oplossing. Mede door de grote omvang die sommige myomen kunnen bereiken is de ingreep 

niet altijd eenvoudig laparoscopisch uit te voeren. Door preoperatief myomen medicamenteus 

te behandelen met GnRH agonisten of Ulipristal, is de gedachte, dat door de afname in volume 

een laparotomie (c.q. conversie) voorkomen zou kunnen worden of een VH zal kunnen worden 

uitgevoerd. 

Het doel van deze PICO is om te onderzoeken of medicamenteuze behandeling voorafgaand aan 

LH, de kans op een laparotomie (c.q. conversie) verkleint, de mogelijkheid tot VH vergroot, de kans 

op complicatie verkleint, het bloedverlies verlaagt en de operatieduur verkort. 

Het effect van de verschillende medicamenteuze behandelingen op amenorroe en volume reductie 

an sich valt buiten de scoop van dit protocol. Meer informatie hierover is te vinden in de richtlijn 

Hevig Menstrueel Bloedverlies.

ZOEKEN EN SELECTEREN VAN LITERATUUR.
Om de uitgangsvraag te kunnen beantwoorden werd er een systematische literatuuranalyse verricht 

naar de volgende zoekvraag: ‘Wat zijn de (klinisch) relevante voor- en nadelen van voorbehandelen 

met GnRHa of Ulipristal voorafgaand aan een LH in verband met een uterus myomatosus?’

Methode van literatuuranalyse 

P:  Patiënten die een LH ondergaan in verband met een uterus myomatosus 

I:  Voorbehandeling met GnRH agonisten/Ulipristal

C:  Geen voorbehandeling

O:  Het voorkomen van een laparotomie (c.q. conversie)

 De mogelijkheid tot VH vergroten

 Complicaties, bloedverlies, operatieduur 

 Kosteneffectiviteit 
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Relevante uitkomstmaten

De werkgroep definieerde de volgende uitkomstmaten: het voorkomen van een laparotomie (c.q. 

conversie bij een in opzet vaginale dan wel laparoscopische hysterectomie); de mogelijkheid voor 

LH of VH na voorbehandeling in plaats van een AH; het verkleinen van het risico op complicaties, 

het verminderen van peroperatief bloedverlies en het verkorten van de operatieduur. In andere 

woorden: leidt voorbehandeling tot betere chirurgische uitkomsten? Zo mogelijk wordt ook het 

aspect van de kosten meegenomen.

De werkgroep achtte de uitkomst complicaties (in het bijzonder ernstige complicatie) en het 

voorkomen van een laparotomie (c.q. conversie) of de mogelijkheid tot VH na voorbehandeling als 

kritiek voor de besluitvorming en de uitkomsten operatieduur, bloedverlies en kosten als belangrijk.

 

De werkgroep definieerde het volgende als een klinisch relevant verschil

• Complicaties: statistisch significant verschil

• Operatieduur: verschil van meer dan 20 minuten

• Bloedverlies: verschil van meer dan 100 mL

• Kosteneffectiviteit van de behandeling

Voor nadere informatie over de zoekstrategie, zie bijlage ‘hoofdstuk 6’. Studies werden 

geselecteerd op grond van de volgende selectie criteria:

• Vergelijkende studies (in eerst instantie systematische reviews, daarna RCT’s, en tot slot 

vergelijkende cohort studies)

• De vergelijking ging specifiek over voorbehandelen voorafgaand aan een laparoscopische 

hysterectomie. Abdominale hysterectomie en myomectomie zijn niet meegenomen. 

• Minimaal één van de uitkomstmaten zoals eerder gedefinieerd werd in de studie 

beschreven.

• De zoekstrategie werd beperkt tot artikelen die gepubliceerd werden na het jaar 2000.

Van de 529 artikelen uit de literatuursearch, zijn drie artikelen als relevant beschouwd. 

De belangrijkste studiekarakteristieken en resultaten zijn opgenomen in de evidencetabellen, 

samen met de beoordeling van de individuele studieopzet (risk of bias) (bijlage hoofdstuk 6).  

De bewijskracht van de literatuur is weergegeven in de GRADE tabellen. Hier is ook beschreven 

waarom de beoordelingen verlaagd zijn. 

SAMENVATTING VAN DE LITERATUUR 
Beschrijving van de geïncludeerde artikelen 

Er werd één prospectieve studie (n=62) gevonden die GnRHa gedurende drie maanden versus 

geen voorbehandeling vergelijkt voorafgaande aan LH bij patiënten met een uterus volume 

tussen 16-20 weken zwangerschapsduur2 (Seracchioli et al. 2003). De auteurs evalueerden het 

mogelijke voordeel van voorbehandeling ten aanzien van operatieduur, complicaties, conversie 

naar laparotomie, bloedverlies, opnameduur en kosten. Patiënten werden gerandomiseerd tussen 

3 maanden GnRHa (n=31) of geen medicamenteuze voorbehandeling (n=31).

Er werd één Cochrane review met 26 RCT’s gevonden die de rol van voorbehandeling met GnRHa bij 

patiënten met myomen voorafgaand aan een chirurgische ingreep evalueerde3. Hier werden zowel 

laparoscopische als laparotomische hysterectomieën en myomectomieën geëvalueerd. In 14 

RCT’s werd GnRHa therapie vergeleken met géén therapie (n=1005), waarvan in 4 van deze RCT’s 

specifiek naar hysterectomie werd gekeken. 6 RCT’s vergeleken GnRHa met placebo (n=825) 

waarvan 4 RCT’s specifiek naar hysterectomie keken. Gemiddeld werd in de 26 RCT’s tussen 2 tot 

4 maanden voorbehandeld.

Tot slot werd er één artikel gevonden waar een kosteneffectiviteit analyse werd uitgevoerd 

bij patiënten die wel of geen voorbehandeling met GnRHa kregen voorafgaande aan een 

chirurgische ingreep4.

Er werden geen studies gevonden die de chirurgische uitkomsten van Ulipristal als voorbehandeling 

voor een LH vergeleken met GnRHa, placebo of andere medicamenteuze voorbehandeling.

Bovengenoemde artikelen worden hieronder besproken per klinische uitkomstmaat.

a. Bloedverlies perioperatief
In een RCT van Serrachioli et al.2 werden 62 patiënten met een grote uterus myomatosus  

gerandomiseerd tussen 3 maanden voorbehandeling met GnRHa (n=31) of geen voorbehandeling 

(n=31) voorafgaande aan een LH. Er werd onder andere gekeken naar de Hb daling in de eerste 

week na de ingreep. In de GnRHa groep was deze daling 1.2 mmol/l (±0,8) en in de groep zonder 

voorbehandeling was deze daling 1.9 mmol/l (±1.0), P < 0.005.

In de Cochrane systematic review van Lethaby et al.3 werden zes RCT’s vergeleken waar patiënten 

vóór hysterectomie wel of niet werden voorbehandeld met GnRHa. In de hysterectomie groep met 

419 patiënten waarvan 206 werden voorbehandelen met GnRHa, werd 57.98ml (95% CI -75.7 

tot -40.3ml) minder bloedverlies peroperatief bij patiënten die werden voorbehandeld met GnRHa 

(P < 0.05). Echter, hier werd geen onderscheid gemaakt tussen LH, AH en VH.

b. Complicaties (inclusief het risico op conversie)
In de RCT van Serrachioli et al.2 werden er in de groep die wél werd voorbehandeld met GnRHa (n=31) 

geen complicaties en conversies gerapporteerd. In de groep die niet werden voorbehandeld (n=31) 

voorafgaand aan LH werden 4 complicaties gerapporteerd (koorts postoperatief) en 3 conversies 

naar laparotomie in verband met de grootte van de uterus. Er werd geen p-waarde berekend.

In de systematic review van Lethaby et al.3  werd in zes RCT’s het aantal postoperatieve complicaties 

onderzocht na voorbehandeling met GnRHa danwel placebo of geen voorbehandeling (n=620 

waarvan n=308 GnRHa). Er werden minder postoperatieve complicaties gevonden in de groep die 

werd voorbehandeld met GnRHa (OR 0.62), echter dit bleek niet significant. In deze verschillende 

studies werd geen onderscheid gemaakt tussen LH, AH en VH.

c. Operatieduur
In de RCT van Serrachioli et al.2 (n=62 waarvan 100% LH) werd een significant verschil gevonden 

in operatieduur tussen beide groepen. In de GnRHa groep werd gemiddeld 85.3 minuten (SD 29.1) 
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geopereerd en in de groep zonder GnRHa als voorbehandeling werd gemiddeld 115.3 minuten (SD 

38.2) geopereerd (p<0.001).

Ook in de systematic review van Lethaby et al.3 werd in 8 RCT’s (n=748 waarvan 366 GnRHa) gekeken 

naar de gemiddelde operatieduur (min) in de groepen met en zonder GnRHa voorbehandeling. Hier 

werd een significant verschil gezien van 5.2 minuten (95% CI -8.6 tot -1.8 min) in het voordeel van 

de GnRHa groep. Echter, hier werd geen onderscheid gemaakt tussen LH, AH en VH.

d. Het vermijden van laparotomie (c.q conversie bij een in opzet vaginale of laparoscopische 
hysterectomie) dan wel de mogelijkheid voor TLH of VH na voorbehandeling
Er werd in de literatuur beschreven dat in de groep die voorbehandeld werd minder verticale 

incisies gemaakt werden in geval van een hysterectomie en myomectomie (OR=0.11 [0.02; 0.75]). 

Daarbij werden ook meer vaginale dan abdominale ingrepen gezien in de voorbehandelde groep 

ten opzichte van de niet behandelde groep (OR=4.7 [3.0; 7.5])3. Voor de in opzet laparoscopische 

benadering zijn deze uitkomsten niet onderzocht.

e. Kosten
Faquhar et al.4 hebben een kosteneffectiviteit analyse uitgevoerd naar preoperatieve 

voorbehandeling met GnRHa bij patiënten met myomen bij wie chirurgie (hysterectomie en 

myomectomie) geïndiceerd was (n=1888). Hierbij werden dezelfde RCT’s geïncludeerd als in de 

systematische review van Lethaby et al. Zij concludeerden dat de voordelen van GnRHa, zoals het 

vermijden van verticale incisies of abdominale hysterectomie, de kosten die hieraan verbonden zijn 

niet het standaard voorbehandelen van patiënten rechtvaardigen.

CONCLUSIE VAN DE LITERATUUR

Voorbehandeling met GnRHa geeft significant minder 

bloedverlies peroperatief bij een hysterectomie (waaronder LH). 

Daarnaast geeft voorbehandeling een minder sterke Hb daling 

postoperatief bij LH in vergelijking met geen voorbehandeling. 

(Serrachioli et al. 2003, Lethaby et al. 2001)

Voorbehandeling met GnRHa verlaagt het risico op complicaties. 

(Serrachioli et al. 2003, Lethaby et al. 2001)

Kwaliteit van 
bewijs:
ZEER LAAG

Kwaliteit van 
bewijs:
ZEER LAAG

De voordelen van routinematig voorbehandelen met GnRHa voor 

LH rechtvaardigen niet de kosten die hieraan verbonden zijn.

(Faquhar et al. 2002)

Voorbehandeling met GnRHa verlaagt de operatieduur 

significant.

(Serrachioli et al. 2003, Lethaby et al. 2001)

Voorbehandeling met GnRHa leidt tot minder verticale incisies 

en tot meer vaginale ingrepen.

(Lethaby et al. 2001)

Kwaliteit van 
bewijs:
ZEER LAAG

Kwaliteit van 
bewijs:
ZEER LAAG

Kwaliteit van 
bewijs:
LAAG

OVERWEGINGEN 
Bij de interpretatie van bovenstaande conclusies moet men zich realiseren dat de hoeveelheid 

beschikbare literatuur voorhanden op dit onderwerp zeer beperkt is. Veel artikelen maken geen 

onderscheid tussen laparoscopische, laparotomische en vaginale ingrepen, wat de interpretatie 

met betrekking tot deze richtlijn moeilijk maakt. In het algemeen lijkt het standaard toepassen 

van een voorbehandeling voorafgaand aan een LH bij een uterus myomatosus een brug te ver 

aangezien de aangetoonde voordelen op dit moment marginaal zijn. Wel is de volumereductie 

substantieel (47%)5 en kan deze op theoretische gronden bijdragen aan minder conversies en 

minder lastige ingrepen. Er dient dus een afweging gemaakt te worden tussen het verwachte 

effect van de GnRHa (bijvoorbeeld bij twijfel of een VH of LH haalbaar is) en de bijwerkingen en 

kosten van dit medicijn. Ook kunnen andere pre-operatieve parameters een rol spelen (bijvoorbeeld 

ernstige anemie door hevig menstrueel bloedverlies onderdrukken voor OK om de patiënt in een 

betere conditie te krijgen). Voorschrijven van GnRHa voorafgaand aan een hysterectomie dient dus 

geïndividualiseerd te worden. Op basis van de literatuur concludeert de werkgroep dat wanneer 

besloten wordt tot voorbehandeling, deze minimaal drie maanden gegeven moeten worden om een 

effect te sorteren. De termijn van drie maanden is gebaseerd op verschillende studies ten aanzien 

van dit onderwerp. 

De overwegingen zullen in detail hierna besproken worden per klinische uitkomst.
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a. Bloedverlies peroperatief
Bij de interpretatie van de conclusie dat voorbehandeling met een GnRHa significant minder 

bloedverlies geeft, dient men zich te realiseren dat deze conclusie gebaseerd is op een systematic 

review waar geen onderscheid werd gemaakt tussen laparoscopische, laparotomische en vaginale 

ingrepen3. Derhalve is deze conclusie moeilijk te extrapoleren naar enkel de LH. Bovendien kan men 

zich afvragen wat de klinische relevantie is van een verschil in bloedverlies van 58 mL. Aannemelijk 

is dat dit verschil zelfs nog kleiner is als enkel gekeken wordt naar laparoscopische ingrepen.

Het andere artikel van Serrachioli et al.2 waar deze conclusie op gebaseerd is, gaat niet over 

bloedverlies, maar over Hb daling. Hier lijkt een klinisch relevant verschil te bestaan tussen wel of 

niet voorbehandelen. Wel moet in gedachten gehouden worden dat bij deze studie specifiek naar 

patiënten met klachten bij een grote uterus myomatosus (> AD14wk) gekeken wordt. De resultaten 

zijn om die reden mogelijk niet toepasbaar op patiënten met een kleinere symptomatische 

uterus myomatosus.

b. Complicaties
Ook voor het risico op complicaties geldt dat de beschikbare literatuur nauwelijks onderscheid 

maakt tussen de laparoscopische en open benadering. In de studie van Serrachioli et al. is het wel 

opvallend dat in de groep die niet voorbehandeld is drie conversies naar laparotomie plaatsvonden 

terwijl in de groep met GnRHa dit niet voorkwam. Een conversiepercentage van 30% is hoger dan 

over het algemeen wordt beschreven in de literatuur6-8. De aantallen zijn te klein om hier harde 

conclusies uit te trekken maar hier zal in de toekomst, met grotere studies verder naar gekeken 

moeten worden. Toch is vanuit de praktijk de grootte van de uterus vaak de reden om een conversie 

toe te passen. Bij volume reductie kan dit percentage mogelijk omlaag gebracht worden, zoals –

niet significant- ook gedemonstreerd wordt in de kleine studie van Serrachioli et al. Toekomstig 

onderzoek zal hier duidelijkheid in moeten brengen.

c. Operatieduur
Het verkorten van de operatieduur met 30 minuten bij patiënten die voorbehandeld worden met 

GnRHa zou een mogelijk voordeel kunnen zijn2. Dit verschil wordt niet als zodanig gevonden in de 

systematic review van Lethaby et al.3 Hier wordt een significant verschil gevonden van 5 minuten 

tussen beide groepen. Wederom staat hier de klinische relevante ter discussie. Bovendien 

zijn de resultaten lastig te interpreteren, omdat er geen verschil wordt gemaakt tussen LH, AH 

en VH. Derhalve zijn er geen eenduidige conclusies te trekken met betrekking tot reductie van 

operatieduur. In de studie van Serrachioli et al. wordt er een gemiddeld verschil in operatieduur 

van 30 minuten gezien ten gunste van de groep die voorbehandeld is met GnRHa. In de literatuur 

is ook aangetoond dat grotere uteri geassocieerd zijn met een langere operatieduur (hoofdstuk 

7)9. Ook is het belangrijk om naar een zo kort mogelijke operatieduur te streven10 waardoor 

voorbehandeling van toegevoegde waarde zou kunnen zijn. Echter, gezien de kleine aantallen in 

de studie van Serrachioli et al., specifiek voor LH is het niet mogelijk om hier verdere conclusies te 

trekken, maar net zoals bij de uitkomstmaat ‘complicatie’ zal dit in de toekomst verder bestudeerd 

moeten worden. 

d. Kosten
Bij de keuze voor medicamenteuze danwel chirurgische therapie dient iedere arts de kosten en 

baten tegen elkaar af te wegen. Dit werd in het artikel van Farquar et al. verder geanalyseerd. Ook 

hier dient wederom de kanttekening gemaakt te worden dat er geen onderscheid wordt gemaakt 

in de verschillende invasieve ingrepen. Ook waren er maar enkele studies die patiënten met een 

uterus myomatosus met fundus conform 14 weken zwangerschap bestudeerden. Mogelijk hebben 

patiënten met een grote uterus myomatosus meer voordeel van voorbehandeling met GnRHa wat 

de kosten zou kunnen rechtvaardigen.

 

e. GnRHa vs. Ulipristal 
Voor het middel Ulipristal zijn nog geen studies voorhanden, die de chirurgische uitkomsten na 

voorbehandeling voor LH evalueren. Wel is aangetoond dat GnRHa een gunstiger effect heeft op 

volume vermindering van de uterus dan Ulipristal5. In deze multicenter RCT werden 307 patiënten 

met symptomatische myomen en hevig menstrueel bloedverlies gedurende 12 weken behandeld 

met GnRHa danwel Ulipristal. Er werd een significante reductie van het uterusvolume gezien in 

de GnRHa groep van 47% ten opzichte van 20% in de Ulipristal groep. Indien afname van uterus 

volume gewenst is om een laparoscopische ingreep mogelijk te maken, is GnRHa hiervoor dus de 

beste keus. 

AANBEVELINGEN

Overweeg voorbehandeling met GnRHa bij een LH wegens uterus myomatosus ter 

volumereductie van de uterus ten einde minder perioperatief bloederlies en een 

kortere operatieduur te bewerkstelligen.

Evalueer aan het einde van de voorbehandeling met GnRHa opnieuw of de gekozen 

operatiemethode nog de juiste is.

Voorbehandeling met GnRHa dient minimaal 3 maanden te bedragen.

Als volumeverkleining het doel is van voorbehandeling heeft het gebruikt van GnRHa 

de voorkeur boven Ulipristal.
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GENERAL DISCUSSION

This thesis focuses on medical pretreatment prior to minimally invasive fibroid surgery. In this 

general discussion we will discuss our findings and we will give direction to future perspectives 

in this field of research. Firstly, we will summarize what was already known about pretreatment 

at the onset of our studies. Secondly we will describe pretreatment in daily practice bearing in 

mind this body of evidence at that time. Hereafter we will state what our studies added to what 

was already known. Finally, we will make recommendations on how to interpret our findings and 

recommendations on future perspectives and recommendations for future research.

WHAT WAS ALREADY KNOWN
Medical pretreatment prior to fibroid surgery might have several advantages by bringing patients in 

a better pre-operative condition and thereby reducing intraoperative risks. It may reduce menstrual 

bleeding, increase pre-operative hemoglobin level, reduce fibroid size and vascularization of the 

fibroid. Overall, medical pretreatment might reduce peri-operative blood loss, the need for blood 

transfusion, emergency hysterectomy, conversion rates and may boost post-operative recovery 

and enable a quicker return to normal activities including work. For many years gonadotropin-

releasing hormone agonists (GnRHa) are available as medical pretreatment before fibroid surgery. 

GnRHa was discovered in 1971 and introduced for medical use in in vitro fertilization in 1980s1. 

After an initial temporary release of gonadotropins (i.e. flare-up), GnRHa induces a reversible 

suppression of gonadotropins by the desensitization and partly downregulation of pituitary 

GnRH receptors. The effectivity of pretreatment with GnRHa prior to surgery was evaluated in 

several reviews 2, 3. 

GnRHa causes an amenorrhea and increases hemoglobin levels in the majority of patients with 

heavy menstrual bleeding due to uterine fibroids resulting in a better pre-operative condition. 

The only significant result in these reviews on per-operative outcomes, was a reduction in intra-

operative blood loss compared to placebo, however clinical relevance can be discussed (60 mL 

difference). Unfortunately, the trials included in these reviews were not conducted double blindly, 

moreover patient groups were small and fibroid volume was relatively small.  However, despite 

some positive results, in daily clinical practice, GnRHa are not prescribed very often due to its 

unpleasant side-effects. GnRHa suppresses estrogen levels and therefor causes menopause 

complains like hot flushes, headaches etc. Also, GnRHa fibroid volume reduction becomes most 

apparent after at least three months of treatment, thereby postponing surgery. Another reason for 

some patients and clinicians to choose not to start pretreatment. 

In 2012 ulipristal acetate (UPA) was introduced as a new medical pretreatment for uterine fibroids 

with similar effects on reduction of fibroid size and bleeding pattern and a more favorable profile 

on side effects. UPA is a selective progesterone receptor modulator that was in 2012 approved for 

pre-operative treatment of symptomatic fibroids. It reduces fibroid size due to its anti-proliferative, 

anti-fibrotic and pro-apoptotic effects on the fibroid 4. Short term use of UPA does not cause 

irreversible (pre-)malignant lesions of the endometrium, as confirmed in the systematic review we 

performed. A large randomized trial (PEARL II) comparing UPA with golden standard GnRHa, showed 

control of uterine bleeding in 90% of patients in both groups and similar results on a decrease in 

fibroid size. Furthermore, bleedings were controlled 14 days faster in patients using UPA compared 

to GnRHa and UPA seemed to have fewer side effects than GnRHa.

PRETREATMENT IN DAILY PRACTICE
With these promising results, UPA was presented as THE alternative and replacement for GnRHa 

due to the more favorable side effects: physicians and patients should choose UPA over GnRHa.

In 2018, Singh et al. published a review on the role of UPA in the management of uterine fibroids in 

one of the most esteemed gynecological journals 5. They proposed an algorithm in which UPA plays 

an important role as medical pretreatment for hysteroscopic and laparoscopic fibroid surgery. 

Our study group replied to this publication with a letter to the editor 6 in which we stated that we 

believe that the currently available evidence does not support the implementation of UPA in daily 

practice yet. Available evidence mainly focusses on patients with small uterine fibroids (median 

cumulative diameters of 4.3 to 5.9 cm) 4, 7, while in our experience, most women that present with 

fibroid related complaints have average cumulative diameters that are (much) higher than that. 

Therefore, it can be questioned if the patients described in the PEARL trials really needed fibroid 

pretreatment and if the results can be extrapolated to our population. Also, no cost effectiveness 

trials have been performed yet. We postulated that for a new and quite costly treatment, cost-

effectiveness should be determined in comparison to standard treatment before implementation 

in daily practice. Besides, we believe that previous studies did not focus on relevant clinical 

outcomes 4 or were of insufficient quality of evidence 8.

In 2013, The Dutch Society of Obstetrics and Gynecology (NVOG) recommended prescribing UPA 

only for study purposes 9. This advice was based on the limited available evidence reporting on 

clinically relevant outcomes. In 2013 this caused a discussion in the Dutch Magazine for Obstetrics 

and Gynecology (NTOG) 10-13 between our study group and other gynecologists, who were mainly 

Advisory Board members of Gedeon Richter. We argued that a randomized controlled trial on 

more relevant clinical outcomes (e.g. surgical outcomes like intra-operative blood loss, duration 

of surgery, conversion rate) was necessary before implementation of UPA in our daily practice. 

Our opinion was supported by an independent publication in the Dutch ‘Geneesmiddelenbulletin’ of 

2013 14 in which the use of UPA is advised against, mainly based on limited evidence on relevant 

clinical outcomes. Despite this, many gynecologists believed that UPA had proven its beneficial 

effect and UPA was prescribed increasingly in Dutch practices. 

A few months after termination of our study, UPA was temporarily withdrawn from the market 

since it seemed to cause rare but serious liver injury. After a thorough investigation by the 

Pharmacovigilance Risk Assessment Committee (PRAC), the European Medicines Agency (EMA) 

concluded that the use of UPA should be restricted and only prescribed after testing liver function 

before, during and after stopping treatment. Besides, the use of UPA for more than one treatment 

course has been restricted to women who are not eligible for surgery. Studies on safety on liver 

function are currently being performed. Since all our studies had been finished before the PRAC 
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warning we do not describe the liver injury cases extensively in this thesis.  However, these new 

developments on the safety of UPA should be taken into account when prescribing UPA to patients. 

WHAT OUR STUDIES ADDED
The outcomes in previous studies were mainly focusing on the pre-operative condition in which 

UPA was superior in terms of side effects, but GnRHa in terms of volume reduction. This is in line 

with the results of our study on fibroid vascularization: after three months of pretreatment, GnRHa 

causes a decrease of fibroid vascularity in almost all patients, while UPA does not. An important 

goal of pretreatment is the effect on intra- and post-operative outcomes. The PEARL trials and 

other available (mainly retrospective) research on UPA did not report on these outcomes. In the 

systematic review and meta-analyses we performed, we demonstrate that GnRHa has advantages 

over no pretreatment in terms of intra-operative blood loos, frequency of blood transfusions and 

fibroid recurrence rate. However, clinical relevance can be discussed and these results are mainly 

based on cohort studies with limitations due to selection bias. Surgical outcome has never been 

subject to research on UPA in a randomized controlled trial. Also, no previous studies have been 

published comparing UPA with GnRHa prior to laparoscopic myomectomy.  Over the past few years, 

laparoscopic myomectomies became more popular due to major advantages on post-operative 

pain and recovery compared to open surgery 15-17. Outcomes such as volume reduction, bleeding 

tendency and surgical ease are of great importance for a laparoscopic procedure because of the 

difficulty of the procedure. Based on this lack of evidence on the effect of surgical outcomes after 

pretreatment with UPA, we conducted the MYOMEX-1 trial, a double blind randomized controlled 

trial comparing UPA to GnRHa as golden standard, prior to laparoscopic myomectomy. We did not 

only study side-effects and pre-operative outcomes, but also surgical outcomes. Also surgical 

ease and cost-effectiveness were studied, and most importantly: the observers and patients were 

blinded for study allocation. We chose a non-inferiority design, because no significant differences 

were expected in the primary outcome intra-operative blood loss between UPA and GnRHa. 

Unfortunately (non-)inferiority of UPA could not be established due to the limited sample size. 

Several outcomes were statistically significantly different despite the relatively small sample size: 

Pretreatment with GnRHa was more favorable than UPA in terms of: fibroid volume reduction, intra-

operative blood loss, hemoglobin drop directly post-operatively and suturing time of the first fibroid.  

In previous studies, concern had been raised that pretreatment may complicate the myomectomy 

procedure due to changes in fibroid texture and difficulty in identification of cleavage planes after 

pretreatment. These changes have been reported for both GnRHa and ulipristal acetate, but were 

mostly described previously for GnRHa 18-20. In contrast to what we expected, our study showed that 

GnRHa was more favorable than UPA in 8 out of 10 subjective surgical ease parameters. Also, both 

pretreatments showed similar numbers of patients who reported side effects like hot flushes and 

headaches. In conclusion, our study showed that GnRHa might have several advantages over UPA 

and that side effects might even be comparable. These results demonstrate the uniqueness of 

double blind randomized comparisons in elucidating true differences between different treatment 

strategies, sometimes with surprisingly different results compared to unblinded studies. 

HOW TO INTERPRET OUR FINDINGS
Based on our results, GnRHa seems to be superior over UPA on several important outcomes. 

For UPA, no advantages compared to GnRHa were found in our study, also the side effects that 

GnRha is infamous for weren’t even significantly different from UPA. And even if side effects are 

problematic for patients, hormonal replacement therapy can be prescribed without decreasing the 

effect of GnRHa treatment 21. The PEARL II study reported that in patients using UPA, menstrual 

bleeding is controlled faster than with GnRHa. This is however not a surprising outcome when one 

thinks of the mechanisms of action: GnRHa initially causes a flare-up due to increased production 

of LH and FSH by the pituitary gland. This flare-up is often followed by a vaginal bleeding. UPA 

modifies the progesterone receptor directly. An even more interesting comparison on cessation 

of bleeding would be UPA versus other hormonal treatment such as oral contraceptives or an 

intra-uterine device. No such comparisons have been made for this outcome, whereas based on 

theory (cheap) oral hormones may be just as good at controlling bleeding as (expensive) UPA. This 

should leave (oral) hormones as the preferred treatment until a (double blind) comparison shows 

superiority of UPA. 

If the aim of pretreatment is volume reduction and increasing surgical ease (at least for 

laparoscopic myomectomy), GnRHa should be the pretreatment of choice. This possibly demands 

a mind switch for several gynecologists, since in daily practice, UPA has been prescribed routinely 

as pretreatment for fibroid surgery, at least until the PRAC warning was released. Apparently, many 

gynecologists were convinced that UPA was the pretreatment of choice, although we wonder what 

they based this conviction on. As a consequence, many women have been pretreated with UPA and 

were exposed to possible worse outcomes compared to pretreatment with GnRHa or maybe even 

no pretreatment at all. This is what may happen when implementation into daily practice takes 

place before good comparisons have been made. Again, this underlines the need for well conducted 

trials with relevant outcomes performed by independent researchers without conflict of interest. 

Besides, there is a need for clear guidelines which are followed by the entire profession, especially 

when evidence is limited. We believe it is important that guidelines can be revised quickly and easy 

when new evidence comes available. Unfortunately, that does not seem to be reality right now. 

FUTURE PERSPECTIVES AND RECOMMENDATIONS FOR FUTURE RESEARCH
Even when trials show highly significant results, repeating these trials in different patient groups 

might result in another conclusion. Repeating the MYOMEX-1 trial would theoretically be needed 

in order to confirm our results. However, given the long inclusion period and difficulty to include 

patients, this would become very difficult to perform but ideally should be done. Until such a 

study is executed we have to draw conclusions on the current available evidence. When it comes 

to laparoscopic myomectomy, we believe that volume reduction and eventual reduction in fibroid 

vascularity, is the main goal of pretreatment. Based the results of the MYOMEX-1 and previous 

studies reporting on pre-operative results of GnRHa and/or UPA, current evidence is in favor of 

GnRHa compared to UPA. We hypothesize that UPA has less effect on volume reduction in larger 

fibroids compared to GnRHa due to only small effects on fibroid vascularity. Besides, we believe 
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that degree of vascularity can predict fibroid growth and predict effect on volume reduction after 

pretreatment with GnRHa. 

Since GnRHa seems to be superior over UPA in reduction of fibroid size and in has a similar 

side-effects pattern in our study, we propose future studies to focus on the effectiveness of 

pretreatment with GnRHa compared to no pretreatment. Also, cut off levels for fibroid sizes to 

decide whether pretreatment is indicated should be studied, since fibroid volume seems to be 

related to surgical ease and surgery time and therewith indirectly to complications. In the future, 

we hope to start recruiting for the MYOMEX-3 trial which study design is included in this thesis.  

Future research should focus on good quality double-blind randomized trials with sufficient power, 

evaluating relevant outcomes like change in surgical approach (i.e. horizontal versus vertical 

incision), incision size, recovery after surgery and quality of life. Specific parameters like fibroid 

size, type and location should be taken into account. A well conducted randomized trial is lacking to 

demonstrate that pretreatment itself improves surgical outcome compared to no pretreatment. 

Our small case-control study has serious limitations mainly due to low sample size especially in 

patients with large fibroids and should be repeated through randomized comparison. The available 

studies are too small to draw any solid conclusion concerning complication rates. Surgical ease, 

bleeding tendency and conversion rate may be good surrogate outcomes. 

For that reason, evaluation of surgical ease is of major value in the discussion whether to use 

pretreatment or perform surgery without. This was also mentioned by Lethaby el al.3. Due to limited 

studies and evidence, no validated questionnaire is available to assess surgical ease. Also,  no 

literature is available on the best method to assess this surgical ease. Future studies should 

include this very important outcome. Our questionnaire might be a good starting point since many 

significantly different outcomes were reached. This outcome measure will also be part of the 

MYOMEX 3.0 trial.

CONCLUSION

In conclusion, this thesis evaluated the safety and effectiveness of medical pretreatment prior 

to fibroid surgery. We provided an overview of literature available on this subject and presented 

the results of a randomized controlled clinical trial comparing GnRHa and UPA as pretreatment 

prior to laparoscopic myomectomy on several pre-, intra- and postoperative variables. Based 

on our results, we concluded that at his moment, there is insufficient evidence to implement 

UPA in our daily practice as medical pretreatment before surgery. Sometimes, new techniques 

find their way to daily practice without any solid and relevant evidence. GnRHa seems to have 

several advantages over UPA on reduction of fibroid size, complication rate and surgical ease. 

Future studies should focus on the effectiveness of pretreatment with GnRHa compared to no 

pretreatment on clinical relevant outcomes like complication rate (e.g. intra-operative blood loss > 

1000 mL, conversion rate and re-interventions), surgical ease, quality of life and return to work. We 

advise all gynecologist to critically appraise available literature and to follow the ‘NVOG’ guidelines 

properly, particular in case of limited evidence. In the future, we hope the guideline system will be 

improved by simplifying procedures to adjust guidelines when new evidence comes available.
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SUMMARY 

In this thesis we present our research on medical pretreatment prior to fibroid surgery. Minimal 

invasive surgery became more popular over the past few years due to major advantages on post-

operative recovery. Laparoscopic surgery can be difficult when fibroids are large and numerous. 

Medical pretreatment decreases fibroid and uterus size and may have several intra- and post-

operative advantages. 

This thesis is divided into three parts: 

I. the past: what is already known (chapter 2 and 3)

II. the present: results of prospective studies we performed (chapter 4, 5, 6, 7)

III. the future: future research and guidelines (chapter 8 and 9)

In chapter 1 we describe the background, rationale and aims of this thesis. Uterine fibroids are the 

most common pelvic tumors in women. Depending on their size and position within the uterus, they 

can cause a variety of symptoms. Treatment options vary from conservative medical treatment to 

radical hysterectomy. For symptomatic women who wish to preserve their uterus, a myomectomy 

is the option of choice. The laparoscopic approach has major advantages over the laparotomic 

approach. Medical pretreatment before myomectomy may positively influence intra- and post-

operative outcomes by decreasing fibroid size and vascularity. Studies are needed to prove the 

effectiveness of medical pretreatment and to compare the two available agents.

We presented the aims of this thesis:

What is reported in the literature on pretreatment with Gonadotropin-releasing 

hormone agonists (GnRHa) or ulipristal acetate (UPA) prior to laparoscopic or 

laparotomic myomectomy on intra-operative and post-operative outcomes?

What is reported in the literature on effects on the endometrium in women using 

ulipristal acetate? Is it safe?

Is ulipristal acetate non-inferior to GnRHa prior to laparoscopic myomectomy in 

terms of blood loss intra-operative and several other pre-, intra- and post-operative 

outcomes?

Is pretreatment with GnRHa or ulipristal acetate prior to laparoscopic myomectomy 

useful compared to no pretreatment?

What are the effects of ulipristal acetate and GnRHa on fibroid vascularity?

How to interpretate our study results and what are the clinical implications and 

future perspectives?

1. 

 

 

2. 

 

3. 

 

 

4. 

 

5. 

6.

In chapter 2 we performed a systematic review to study the effectiveness of medical pre-

treatment with GnRHa or ulipristal acetate prior to laparoscopic or laparotomic myomectomy on 

intra-operative and post-operative outcomes. We performed an extensive search in Embase.com,  

Wiley/Cochrane Library and PubMed in accordance with the Prisma guidelines. Twenty-three 

studies were included. In laparotomic myomectomy, pretreatment with GnRHa decreases intra-

operative blood loss with 97.39ml. Pretreatment with GnRHa before laparoscopic myomectomies 

also shows a reduction in intra-operative blood loss with 23.03ml and in frequency of blood 

transfusions.

Only two retrospective cohort studies reported on pretreatment with ulipristal acetate before 

laparoscopic myomectomy showing a statistically significant reduction in intra-operative blood 

loss, duration of surgery and frequency of blood transfusions after pretreatment with ulipristal 

acetate.  We concluded that administration of GnRHa prior to laparotomic myomectomy reduces 

blood loss and might decrease uterine adhesion formation. Also, pretreatment with GnRHa before 

laparoscopic myomectomy reduces blood loss, the frequency of blood transfusions and might 

increase recurrence rate of fibroids, however it should be taken into account that some results 

are mainly based on cohort studies. Other pretreatment agent ulipristal acetate has not been 

investigated sufficiently.

In chapter 3 we evaluate the histopathological endometrial changes in women using ulipristal 

acetate in a systematic review. We performed an extensive search in Embase.com, Wiley/Cochrane 

Library and PubMed in accordance with the prisma guidelines. Ten studies with a total of 1450 

participants were included.  Seven were randomized clinical trials and three prospective cohort 

studies. A quality assessment of all included studies was performed. In only five of ten studies 

an endometrial biopsy was performed during treatment. All of these studies described specific 

histological non-physiological endometrial changes (PAEC) due to ulipristal acetate, varying 

from 41 to 78.8% of all patients. Three of these studies also performed follow-up biopsies after 

discontinuing ulipristal acetate.  The percentage of PAEC decreased from 62% to 0%, 78.8% to 

0% and from 59% to 6-7% after the treatment period. In six of 1450 women (0.4%) endometrial 

hyperplasia was reported during or after ulipristal acetate use.  Five were simple hyperplasia, 

one biopsy showed simple atypical endometrial hyperplasia that resolved into benign secretory 

endometrium by the end of the treatment. One case of endometrial adenocarcinoma was reported, 

however this does not seem to be related to ulipristal acetate use, since it was already present at 

the baseline biopsy. In eight of ten studies a transvaginal ultrasound or MRI was performed at any 

moment to assess the endometrial thickness before, during and after treatment. Most studies 

showed a transient increase of endometrial thickness during treatment, which returned to normal 

within a few weeks after discontinuing ulipristal acetate.

Based on the literature found in this systematic review, follow-up after a maximum of four courses 

of ulipristal acetate did not report any non-reversible (pre-)malignant lesions of the endometrium. 

Most studies focused on short term use of ulipristal acetate and their follow-up period was limited. 

Therefore, we believe more information concerning long term (intermittent) use is needed before it 

can be concluded that its use is completely safe.
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In chapter 4 and chapter 5 we present the results of a double-blind randomized controlled non-

inferiority trial in nine hospitals in The Netherlands (MYOMEX trial). The objective was to compare 

pretreatment with GnRHa to ulipristal acetate prior to laparoscopic myomectomy. We intended to 

include a total of 90 patients with uterine fibroids planned for laparoscopic myomectomy. Patients 

were randomized in a 1:1 ratio to receive either daily oral ulipristal acetate 5mg for 12 consecutive 

weeks and a one-time placebo injection containing saline or a one-time intramuscular injection with 

Leuprolide acetate (11.25mg) and daily placebo tablets for 12 consecutive weeks. Study materials 

and medication packaging were identical for both groups. Surgery was performed within a month 

after the last tablet. 55 Patients were included in this study (30 in ulipristal acetate arm and 25 in 

Leuprolide acetate arm) due to a lower inclusion rate than anticipated. Non-inferiority of ulipristal 

acetate in terms of blood loss intra-operative was not shown in this trial. The mean diameter of 

the largest fibroid was significantly higher in patients allocated to ulipristal acetate compared to 

patients allocated to GnRHa. Intra-operative blood loss was found to be statistically significantly 

higher when pretreated with ulipristal acetate compared to GnRHa (median 525mL (range 348-

1025) vs. 280mL (range 100-500)). Post-operative hemoglobin drop was also higher. Suturing 

time of the first fibroid was statistically significantly longer in patients pretreated with ulipristal 

acetate (40 minutes (28-48) vs. 22 minutes (14-33)). Pretreatment with ulipristal acetate showed 

a smaller reduction in fibroid volume pre-operatively compared to GnRHa (-7.2% (-35.5 to 54.1) vs. 

-38.4% (-71.5 to -19.3)). Also, laparoscopic myomectomies in patients pretreated with ulipristal 

acetate were subjectively judged as more difficult than in patients pretreated with GnRHa due to 

more difficult identification of cleavage planes, softer fibroids resulting in less grip on the fibroid 

and higher bleeding tendency. 

We concluded that non-inferiority of UPA in terms of intra-operative blood loss could not be 

established, possibly due to the preliminary termination of the study. Pretreatment with GnRHa 

was more favorable than UPA in terms of: fibroid volume reduction, intra-operative blood loss, 

hemoglobin drop directly post-operatively, suturing time of the first fibroid and several subjective 

surgical ease parameters. Pretreatment with UPA compared to GnRHa has similar effects on 

bleeding pattern, menopausal symptoms, sexual functioning, symptom severity and quality of life 

from baseline up to six months post-operative. Due to the small sample size, no firm conclusions 

on costs could be made.

In chapter 6 we investigate differences in volume and fibroid vascularity expressed in vascular 

index after three months of (pre-)treatment with GnRHa or ulipristal acetate. We performed a 

prospective pilot study of 23 premenopausal women with uterine fibroids. Patients who started 

with GnRHa or ulipristal acetate and had at least one fibroid with a size between 3 and 12 cm, were 

included consecutively. Per patient one fibroid was evaluated. The ultrasound was performed at 

baseline and after three months using GnRHa or ulipristal acetate using a standardized protocol. 3D 

scans were evaluated using VOCAL software to calculate outcomes of volume, vascular index (VI) 

without shell (“shell off”) and of the inner shell. Four patients in the GnRHa group were additionally 

excluded from analyses due to insufficient quality of 3D scans. In the ten remaining patients (pre-)

treated with LPA both volume and vascular indices of the fibroid reduced significantly after three 

months from a median of 224.3 cm3 to 124.8 cm3; median VI fibroid (shell off) reduced from 4.30 

to 0.93; and VI inner capsule from 6.34 to 1.28. After ulipristal acetate (n = 9) changes in fibroid 

volume and vascular indices did not reach statistical significance. A strong positive correlation 

was found between the VI of the fibroid (shell off) at baseline with the volume change after three 

months of GnRHa use.

In conclusion, we observed a consistent and statistically significant decrease in VI and fibroid 

volume after three months of GnRHa treatment in patients with uterine fibroids. The decrease 

in fibroid volume and VI was less consistent after ulipristal acetate use. The strong correlation 

between the VI at baseline and volume reduction, may in theory be used to predict the volume 

reduction after GnRHa.

In chapter 7 we evaluated the effectiveness of pretreatment with GnRHa or ulipristal acetate 

compared to no pretreatment before laparoscopic myomectomy in a matched case control study. 

Cases and controls were matched on mean diameter of the largest fibroid at baseline and number 

of fibroids removed.  Cases are patients who participated in a randomized controlled trial comparing 

3 months of pretreatment with ulipristal acetate to GnRHa prior to laparoscopic myomectomy 

(MYOMEX trial). Controls are patients who refused participation in the MYOMEX trial and did not 

receive medical pretreatment and patients who underwent a laparoscopic myomectomy between 

2005 and 2014 whose data were collected retrospectively. A total of 49 cases and 49 controls 

met the inclusion criteria. 42 patients could be matched in the GnRHa group of whom 25 had 

fibroids ≤8 cm and 46 could be matched in the ulipristal group of whom 12 patients had fibroids 

≤8 cm. For fibroids smaller than 8 cm, median intra-operative blood loss is significantly lower in 

patients pretreated with GnRHa compared to no pretreatment with a median difference of 75mL. 

For fibroids larger than 8 cm, no statistically significant difference in intra-operative blood loss was 

found. No differences were found comparing GnRHa with no pretreatment for duration of surgery, 

opening of uterine cavity, conversion rate and complication rate.  

Mean duration of surgery is 42 minutes longer in patients pretreated with ulipristal acetate than 

in no pretreated patients. This effect is mainly found for fibroids bigger than 8cm. Conversion rate 

in patients pretreated with ulipristal acetate is significantly lower compared to no pretreatment. 

No differences were found between pretreatment with ulipristal acetate and no pretreatment 

for intra-operative blood loss, opening of uterine cavity and complication rate. We concluded 

that a 3  months pretreatment with GnRHa is effective in reducing intra-operative blood loss in 

laparoscopic myomectomies, however clinical relevance may be discussed. Ulipristal acetate 

compared to no pretreatment has a negative effect on surgery time, but a reduced conversion rate.  

In chapter 8 we present the design of MYOMEX 3.0 trial, a double blind placebo controlled 

randomized  trial, which evaluates whether pretreatment with GnRHa prior to laparoscopic 

myomectomy is superior to no pretreatment for intra- and post-operative outcomes including 

surgical ease. Besides, we investigate the effectiveness of pretreatment with GnRHa for 
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different fibroid sizes. Pre-menopausal women visiting the outpatient clinic of Amsterdam 

University Medical Center location VUmc with a maximum of two uterine fibroids from 6-12 cm will 

be included. Participating women will be randomly allocated in a 1:1 ratio to receive either GnRHa 

or no pretreatment. The randomization list follows a stratification process for avoiding imbalance 

with respect to fibroid size at baseline: 1) fibroids with a volume from 113 cm3 to 267 cm3 

(diameter 6.0-7.9 cm) and 2) fibroids with a volume from 268 cm3 to 523 cm3 (diameter 8.0-9.9 

cm). Patients in the GnRHa group receive a single intramuscular injection with Leuprolide acetate 

(11.25mg) whilst patients in the no pretreatment group will receive a single intramuscular injection 

with normal saline (1mL). Amenorrhea and hot flushes caused by treatment with GnRHa may cause 

problems with blinding this study. Therefore, all patients allocated GnRHa will receive add back 

therapy with tibolone 2.5mg once daily for three months and patients allocated no pretreatment will 

receive an oral anticonceptive containing ethinylestradiol 30µg/levonorgestrel 150µg once daily 

for three months. In this way, both patients and surgeons will be blinded for treatment allocation 

during the whole course of the study. A total of 160 patients (80 per study arm) is needed.

In chapter 9, pretreatment prior to hysterectomy for uterine fibroids is evaluated in the frame of 

a guideline for the Dutch Society for Obstetrics and Gynaecology (NVOG). A systematic literature 

search was performed which yielded only three relevant papers. Outcome measures were intra-

operative blood loss, complication rate, duration of surgery, avoiding laparotomy and costs. Based 

on these studies, the guideline made the following recommendations:

Consider GnRHa as pretreatment prior to laparoscopic hysterectomy for uterine 

fibroids with the purpose of less intra-operative blood loss, shorter duration of surgery 

and reduction of uterine volume

When pretreatment is indicated, use GnRHa for at least three months

When the goal of pretreatment is reduction of uterine- or fibroid volume, use GnRHa 

instead of ulipristal acetate.

1. 

 

 

2. 

3. 

Chapter 10 presents a general discussion of this thesis. We discuss our results and future 

perspectives and a general conclusion will be presented.

SAMENVATTING 

In dit proefschrift presenteren we ons onderzoek naar medicamenteuze voorbehandeling 

voorafgaand aan myoom chirurgie. De afgelopen jaren is minimale invasieve chirurgie steeds  

populairder geworden vanwege grote voordelen met name op gebied van postoperatief herstel. 

Laparoscopische myoom chirurgie kan lastig zijn als er sprake is van grote en/of meerdere myomen. 

Medicamenteuze voorbehandeling zorgt voor afname van myoom- en baarmoeder volume en kan 

verschillende intra- en post-operatieve voordelen hebben.

Dit proefschrift is verdeeld in drie delen:

I. het verleden: wat is er al bekend (hoofdstuk 2 en 3)       

II. het heden : resultaten van prospectieve studies die we hebben uitgevoerd 

(hoofdstuk 4, 5, 6, 7)     

III. de toekomst: toekomstig onderzoek en richtlijnen (hoofdstuk 8 en 9)  

In hoofdstuk 1 beschrijven we de achtergrond, rationale en doelstellingen van dit proefschrift. 

Myomen zijn de meest voorkomende benigne zwellingen in de bekkenregio bij vrouwen. 

Afhankelijk van hun grootte en locatie in de baarmoeder, kunnen ze verschillende symptomen 

veroorzaken. Behandelopties variëren van conservatieve behandeling tot radicale hysterectomie. 

Voor  vrouwen met klachten die hun baarmoeder willen behouden, is een myomectomie een 

optie. De laparoscopische benadering heeft grote voordelen ten opzichte van de laparotomische 

benadering. Medische voorbehandeling vóór myomectomie kan de intra- en post-operatieve 

uitkomsten positief beïnvloeden door afname van myoomvolume en vasculariteit. Studies zijn 

nodig om de effectiviteit van medische voorbehandeling aan te tonen en om de twee beschikbare 

middelen te vergelijken.

We presenteren de doelstellingen van dit proefschrift: 

Wat is er in de literatuur bekend over voorbehandeling met gonadotropine-releasing 

hormone agonists (GnRHa) of ulipristal acetaat (UPA) vóór laparoscopische of 

laparotomische myomectomie met betrekking tot intra-operatieve en post-

operatieve resultaten?

Wat is er in de literatuur bekend over effecten op het endometrium bij vrouwen die 

ulipristal acetaat gebruiken? Is het veilig?

Is ulipristal acetaat non-inferieur aan GnRHa voorafgaand aan laparoscopische 

myomectomie wat betreft bloedverlies intra-operatief en verschillende andere pre-, 

intra- en post-operatieve uitkomsten?

Is voorbehandeling met GnRHa of ulipristal acetaat voorafgaand aan laparoscopische 

myomectomie nuttig in vergelijking met geen voorbehandeling?

Wat zijn de effecten van ulipristal acetaat en GnRHa op myoom vasculariteit?

Hoe moeten onze onderzoeksresultaten worden geïnterpreteerd en wat zijn de 

klinische implicaties en toekomstperspectieven?

1. 

 

 

2. 

 

3. 

 

 

4. 

 

5. 

6.
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In hoofdstuk 2 presenteren we de resultaten van een systematische review om de effectiviteit 

van voorbehandeling met GnRHa of ulipristal acetaat voorafgaand aan laparoscopische 

of laparotomische myomectomie te bestuderen op intra-operatieve en post-operatieve 

uitkomsten. We hebben literatuur gezocht in Embase.com, Wiley/Cochrane Library en PubMed 

in overeenstemming met de Prisma-richtlijnen. Drieëntwintig studies werden geincludeerd. 

Bij laparotomische myomectomie vermindert voorbehandeling met GnRHa intra-operatief 

bloedverlies met 97.39 mL. Voorbehandeling met GnRHa voor laparoscopische myomectomieën 

laat een afname in intra-operatief bloedverlies zien van 23.03 mL. Tevens werd er een afname 

gezien in de frequentie van bloedtransfusies post-operatief.

Slechts twee retrospectieve cohortstudies rapporteerden over voorbehandeling met ulipristal 

acetaat voor laparoscopische myomectomie. Ze lieten een significante afname zien van intra-

operatief bloedverlies, operatieduur en frequentie van bloedtransfusies na voorbehandeling met 

ulipristal acetaat. 

We concludeerden dat GnRHa voorafgaand aan laparotomische myomectomie bloedverlies 

vermindert en ook de vorming van adhesies kan verminderen. Ook voorbehandeling met GnRHa 

voor laparoscopische myomectomie zorgt voor afname van bloedverlies, de frequentie van 

bloedtransfusies, maar zou misschien wel de kans op recidief verhogen. Echter, de meeste 

resultaten zijn voornamelijk gebaseerd op cohort studies. Voorbehandeling middels ulipristal 

acetaat is tot op heden niet voldoende onderzocht.

 

In hoofdstuk 3 evalueren we in een systematische review de histopathologische veranderingen 

van het endometrium bij vrouwen die ulipristal acetaat gebruiken. Een uitgebreide zoekopdracht 

werd verricht in Embase.com, Wiley/Cochrane Library en PubMed in overeenstemming met de 

prisma-richtlijnen. Tien studies met in totaal 1450 deelnemers werden geincludeerd. Zeven waren 

gerandomiseerde klinische studies en drie prospectieve cohortstudies. Een kwaliteitsbeoordeling 

van alle geincludeerde studies werd uitgevoerd. In slechts vijf van de tien onderzoeken werd 

een biopsie van het endometrium genomen tijdens de behandeling. Al deze studies beschreven 

specifieke histologische niet-fysiologische endometriumveranderingen (PAEC) door ulipristal 

acetaat gebruik, variërend van 41% tot 78.8% van alle patiënten. Drie onderzoeken voerden 

ook follow-up biopsies uit na het stoppen van ulipristal acetaat. Het percentage PAEC daalde 

van 62% tot 0%, 78.8% tot 0% en van 59% tot 6-7% na de behandelingsperiode. Bij zes van 

1450 vrouwen (0.4%) werd endometriumhyperplasie gerapporteerd tijdens of na het gebruik van 

ulipristal acetaat. In vijf gevallen was er sprake van eenvoudige hyperplasie. Er werd één geval 

van endometriumcarcinoom gemeld, maar dit lijkt geen verband te houden met het gebruik van 

ulipristal acetaat, aangezien in retrospect het al aanwezig was bij de biopsie voor start met de 

medicatie. In acht van de tien onderzoeken werd op verschillende momenten een transvaginale 

echo of MRI uitgevoerd om de endometriumdikte voor, tijdens en na de behandeling te beoordelen. 

In de meerderheid van de onderzoeken werd een tijdelijke toename van de dikte van het 

endometrium gezien tijdens de behandeling.  Binnen enkele weken na het stoppen met ulipristal 

acetaat was sprake van normalisatie.

In de literatuur gevonden in deze systematische review werden geen irreversibele pre- maligne 

veranderingen van het endometrium gezien. Echter, in de meeste studies werd ulipristal acetaat 

gedurende korte tijd gebruikt en de follow-up periode was beperkt. Wij zijn van mening dat meer 

informatie over langdurig (intermitterend) gebruik en langere follow-up nodig is, voordat kan 

worden geconcludeerd dat het gebruik van ulipristal acetaat volledig veilig is.

In hoofdstuk 4 en hoofdstuk 5 worden de resultaten besproken van een dubbelblinde 

gerandomiseerde non-inferiority trial in negen ziekenhuizen in Nederland (MYOMEX trial). In deze 

studie werden patiënten gerandomiseerd tussen voorbehandeling met GnRHa of ulipristal acetaat 

voorafgaand aan laparoscopische myomectomie. De hypothese was dat ulipristal acetaat non-

inferieur zou zijn ten opzichte van GnRHa ten aanzien van intra-operatief bloedverlies. Patiënten 

werden in een 1:1 verhouding gerandomiseerd in twee groepen met een totale studieduur 

van 12 weken: 1) dagelijks oraal ulipristal acetaat 5 mg en een eenmalige placebo-injectie met 

zoutoplossing of 2) een eenmalige intramusculaire injectie met Leuprolide-acetaat (11.25 mg) 

en dagelijkse placebotabletten. Studiemateriaal en medicijnverpakkingen waren identiek voor 

beide groepen. Laparoscopische myomectomie werd uitgevoerd binnen een maand na de laatste 

tablet ulipristal acetaat. Uiteindelijke werden 55 van de beoogde 90 patiënten geincludeerd (30 

in de ulipristal acetaat groep en 25 in de Leuprolide-acetaat groep). De baseline karakteristieken 

waren vergelijkbaar tussen beide groepen, behalve de gemiddelde diameter van het grootste 

myoom. Deze was significant groter in de ulipristal acetaat groep vergeleken met patiënten in de 

GnRHa groep. 

Non-inferiority van ulipristal acetaat wat betreft intra-operatief bloedverlies werd niet aangetoond 

in deze studie. Intra-operatief bloedverlies bleek significant hoger te zijn bij voorbehandeling 

met ulipristal acetaat vergeleken met GnRHa (mediaan 525 mL (range 348-1025) versus 280 

mL (range 100-500)). Tevens was de hemoglobine (Hb) daling in de post-operatieve fase hoger 

in de ulipristal acetaat groep. Tijd nodig om te hechten na verwijdering van het grootste myoom 

was significant langer bij patiënten die voorbehandeld waren met ulipristal acetaat (40 minuten 

(28-48) versus 22 minuten (14-33)). De afname van het myoomvolume van de patienten die 

voorbehandeld werden met ulipristal acetaat was kleiner in vergelijking met patienten die 

voorbehandeld werden met GnRHa (-7.2% (-35.5 tot 54.1) versus -38.4% (-71.5 tot -19.3)). 

Laparoscopische myomectomieën werden subjectief als  als moeilijker beoordeeld bij patienten 

voorbehandeld met ulipristal acetaat dan bij patiënten voorbehandeld met GnRHa. Dit vanwege 

moeilijkere identificatie van scheidingsvlakken, zachtere consistentie van de myomen waardoor 

minder grip en een hogere bloedingsneiging.

Op basis van deze studie kan geconcludeerd worden dat non-inferiority van ulipristal acetaat voor 

intra-operatief bloedverlies niet kon worden vastgesteld. Voorbehandeling met GnRHa ten opzichte 

van ulipristal acetaat was gunstiger ten aanzien van: afname van myoomvolume, intra-operatief 

bloedverlies, Hb daling direct post-operatief, tijd nodig om te hechten en verschillende subjectieve 

chirurgisch technische variabelen. Voorbehandeling met ulipristal acetaat in vergelijking met GnRHa 

heeft vergelijkbare effecten op bloedingspatroon, menopauze symptomen, seksueel functioneren, 
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ernst van de klachten en kwaliteit van leven. Er konden geen conclusies worden getrokken over de 

kosten-effectiviteit gezien de lage power. Belangrijkste limitaties van deze studie waren lagere 

inclusiesnelheid dan verwacht gedurende de studieperiode en verschil in myoomvolume tussen 

beide groepen voor start van de behandeling.

In hoofdstuk 6 worden de resultaten besproken van een pilotstudie naar het effect van GnRHa 

(n=14) en ulipristal acetaat (n=9) op het verschil in myoomvolume en myoom vasculariteit. 23 

premenopauzale vrouwen met een myoomgrootte tussen 3 en 12 cm werden behandeld met 

GnRHa of ulipristal acetaat gedurende 3 maanden. Per patiënt werd één myoom geëvalueerd. 

Gestandaardiseerde 2- en 3D echografie werd uitgevoerd op baseline en na drie maanden 

behandeling volgens een vast protocol. VOCAL-software werd gebruikt om myoomvolume en 

vasculaire index (VI) van de 3D-beelden te berekenen. Bij 4 patiënten in de GnRHa-groep was 

analyse van de 3D-beelden niet mogelijk vanwege onvoldoende kwaliteit. In de GnRHa groep 

(n=10) was het myoomvolume afgenomen (mediaan baseline: 224.3 cm3 , mediaan na 3 maanden 

124.8 cm3 ). De vaculaire index nam eveneens af (mediaan VI (shell off) baseline van 4.30 naar 

0.93 en VI (inner capsule) van 6.34 naar 1.28). In patiënten behandeld met ulipristal acetaat (n=9) 

werd geen significante veranderingen gezien in myoomvolume en vasculaire index na 3 maanden 

behandeling. Er werd een sterke correlatie gevonden tussen mate van vasculariteit en afname in 

myoomvolume na 3 maanden behandeling met GnRHa.

Concluderend lijkt er een significante afname in VI en myoomvolume te zijn na drie maanden 

behandeling met GnRHa. Dit verschil werd niet gezien in patiënten behandeld met ulipristal acetaat. 

De correlatie tussen vasculariteit en volumereductie kan mogelijk in de toekomst worden gebruikt 

om mate van volumereductie na behandeling met GnRHa te voorspellen. 

In hoofdstuk 7 worden de resultaten besproken van een matched case control studie. Cases zijn 

patiënten die voorbehandeld werden met GnRHa of ulipristal acetaat, controls zijn patiënten die 

geen voorbehandeling kregen voorafgaande aan een laparoscopische myomectomie. Cases en 

controls werden gematched op basis van de diameter van het grootste myoom bij baseline en op 

basis van het aantal verwijderde myomen. Cases waren deelnemers aan de MYOMEX trial zoals 

beschreven in hoofdstuk 4 en 5. Controles waren: 1) patiënten die deelname aan de MYOMEX trial 

weigerden en geen medische voorbehandeling voorafgaand aan laparoscopische myomectomie 

kregen en 2) historische controles (patiënten die tussen 2005 en 2014 een laparoscopische 

myomectomie ondergingen). Primaire uitkomstmaat was intra-operatief bloedverlies.

42 patiënten konden worden gematched in de GnRHa-groep van wie 25 vleesbomen ≤8 cm 

hadden en 46 konden worden gematched in de ulipristal acetaat groep van wie 12 patiënten 

vleesbomen ≤8 cm hadden. Voor vleesbomen kleiner dan 8 cm is het mediane intra-operatieve 

bloedverlies significant lager bij patiënten die voorbehandeld zijn met GnRHa in vergelijking met 

geen voorbehandeling met een mediane verschil van 75 ml. Voor vleesbomen groter dan 8 cm 

werd geen significant verschil in intra-operatief bloedverlies gevonden tussen beide groepen. In 

de GnRHa groep versus geen voorbehandeling werden er geen verschillen gevonden voor de duur 

van de operatie, openen van het cavum uteri, conversie en complicaties. 

Er werden geen verschillen gevonden tussen voorbehandeling met ulipristal acetaat en geen 

voorbehandeling voor intra-operatief bloedverlies, opening van het cavum uteri en complicaties. 

De gemiddelde duur van de operatie is 42 minuten langer bij patiënten voorbehandeld met ulipristal 

acetaat dan bij niet voorbehandelde patiënten. Dit effect wordt voornamelijk gezien voor myomen 

groter dan 8 cm. Het risico op conversie bij patiënten voorbehandeld met ulipristal acetaat is 

aanzienlijk lager vergeleken met niet voorbehandelde patienten.  

We concludeerden dat voorbehandeling met GnRHa voorafgaand aan een laparoscopische 

myomectomie effectief is in het verminderen van intra-operatief bloedverlies ten opzichte van 

patiënten die geen voorbehandeling kregen. Voorbehandeling met ulipristal acetaat in vergelijking 

met geen voorbehandeling heeft een negatief effect op de operatietijd, maar geeft een lager 

risico op conversie. 

In hoofdstuk 8 wordt het design van de MYOMEX 3.0-studie gepresenteerd: een dubbelblinde, 

placebo gecontroleerde gerandomiseerde studie. In deze superiority studie worden patiënten 

gerandomiseerd tussen voorbehandeling met GnRHa versus geen voorbehandeling voorafgaand 

aan een laparoscopische myomectomie. Uitkomstmaten zijn intra- en postoperatieve 

variabelen, inclusief subjectieve chirurgisch technische variabelen. Stratificatie vindt plaats 

naar myoomgrootte. Inclusiecriteria zijn: premenopauzale vrouwen die in aanmerking komen 

voor laparoscopische myomectomie, met minimaal twee myomen van 6-12 cm. Patiënten in de 

GnRHa-groep krijgen een eenmalige intramusculaire injectie met Leuprolide-acetaat (11.25 mg). 

Patiënten in de groep zonder voorbehandeling krijgen een eenmalige intramusculaire injectie 

met zoutoplossing (1 mL). Om bijwerkingen zoals amenorroe en opvliegers veroorzaakt door 

behandeling met GnRHa zoveel mogelijk te voorkomen, krijgen patienten in de GnRHa groep add-

back therapie met tibolon 2.5 mg eenmaal daags gedurende drie maanden. Patienten die geen 

voorbehandeling met GnRHa krijgen zullen gedurende drie maanden eenmaal daags een oraal 

anticonceptivum met ethinylestradiol 30µg/levonorgestrel 150µg krijgen. Op deze manier wordt 

het dubbelblinde design van deze studie zoveel mogelijk gegarandeerd. Er zullen 160 patienten 

worden geincludeerd. 

 

In hoofdstuk 9 wordt voorbehandeling voorafgaand aan hysterectomie in verband met uterus 

myomatosus geëvalueerd in het kader van een richtlijn voor de Nederlandse Vereniging voor 

Obstetrie en Gynaecologie (NVOG). Er werd een literatuuronderzoek uitgevoerd dat drie relevante 

artikelen opleverde. Uitkomstmaten waren intra-operatief bloedverlies, complicaties, duur van de 

operatie, het vermijden van laparotomie en kosten. Op basis van deze onderzoeken worden in de 

richtlijn de volgende aanbevelingen gedaan: 

Overweeg voorbehandeling met GnRHa bij een laparoscopische hysterectomie wegens 

uterus myomatosus ter volumereductie van de uterus ten einde minder intra-operatief 

bloederlies en een kortere operatieduur te bewerkstelligen.

1. 
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Hoofdstuk 10 geeft een algemene discussie van dit proefschrift. De bevindingen en 

toekomstperspectieven worden besproken en we eindigen met een een algemene conclusie.

Voorbehandeling met GnRHa dient minimaal 3 maanden te bedragen.

Als volumeverkleining het doel is van voorbehandeling heeft het gebruikt van GnRHa 

de voorkeur boven Ulipristal.

2. 

3. 
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DANKWOORD

Mijn boekje is af! Het zijn leerzame, maar vooral ook leuke jaren geweest. Al het werk was niet 

mogelijk geweest zonder hulp van vele mensen. Hieronder een aantal die ik in het bijzonder wil 

bedanken.

Allereerst, alle deelnemende vrouwen aan het MYOMEX-1 onderzoek. Dank voor jullie medewerking 

en inzet!

Prof. dr. J.A.F. Huirne, beste Judith, ik bewonder om je eindeloze energie en creativiteit. Lukt iets 

niet via route A, dan weet jij altijd een route B te vinden. Als je met jou afspreekt weet je zeker dat je 

de kamer altijd met minstens 10 nieuwe onderzoeks ideeën verlaat, dat vind ik zo knap. Dank voor 

je scherpe blik op mijn artikelen en je enthousiasme! 

Dr. W.J.K. Hehenkamp, lieve Wouter, ik had me geen betere begeleider kunnen wensen dan jij! 

Wat is het fijn om met jou samen te werken: altijd te bereiken, geen vraag is te gek en je bent op 

een hele prettige manier heel kritisch. Je bent een geweldige gynaecoloog, een gepassioneerd 

wetenschapper, maar vooral een heel prettig en lief persoon. Dankjewel voor alles. Hopelijk blijven 

we elkaar zien/spreken nadat we dit traject samen afsluiten op 28 oktober.

Geachte leden van de leescommissie, prof. dr. V. Mijatovic, prof. dr. J.W.R. Twisk, prof. dr. D.D.M. 

Braat, prof. dr. S. Weyers, prof. dr. J.P.H. Drenth en dr. A.R.H. Twijnstra, hartelijk dank voor de tijd en 

moeite die u heeft gestoken in het beoordelen van mijn manuscript.

Alle lokale onderzoekers en andere betrokkenen uit de deelnemende klinieken. Dank voor jullie 

inzet!

Dr. M.M. Tabbers en prof. dr. M.A. Benninga, beste Merit en Marc, dankjulliewel dat ik van jullie de 

grondbeginselen van ‘onderzoek doen’ heb mogen leren en voor jullie vertrouwen in mij.

Alle co-auteurs: dankjulliewel voor jullie inzet en kritische commentaren. 

In het bijzonder: Mei-An, het zit je allemaal niet mee tav alle recente ontwikkelingen rond Esmya. 

Je bent een hele lieve collega en ik gun je van harte dat ook jij (hopelijk op korte termijn…) kunt 

starten met de opleiding en je promotietraject kan afronden, want dat verdien je echt. Dankjewel 

voor je ondersteuning bij het submitten van de lange termijn resultaten van de MYOMEX-1, zonder 

jou zou het allemaal nog veel langer geduurd hebben.

Lieve Marissa, zo leuk dat ook wij samen een artikel hebben mogen schrijven. Ik vind je een lieverd 

en hoop dat ook jij je promotietraject vlot zult afronden.

Lieve Annemiek, Cees, Franca, Jelle, Joris, Gunilla, Heleen, Khadija, Marcel, Merel, Nicole en Noortje: 

dankjulliewel voor de hele leuke tijd in het Flevo. Hopelijk tot ziens! Lieve Marchien, dankjewel voor 

het luisterend oor en het vertrouwen dat je mij hebt gegeven in mijn tijd in het Flevoziekenhuis. 

Ik heb super veel van je geleerd en ging altijd met veel plezier naar mijn werk. Ik bof maar met  

zo’n opleider! 

Mijn allerbeste en allerliefste paranimfen:

Anouk, wat ben jij een mooi persoon! Altijd betrokken, een luisterend oor, super creatief, heel slim, 

en zo kan ik nog wel even door gaan. Ik ben heel blij met jou als vriendin en ben trots op je dat je 

zulke sterke keuzes maakt. 

Eva, samen van ANIOS in het Spaarne naar arts-onderzoeker in de VU en heel binnenkort samen als 

AIOS in de VU, ik kijk er nu al naar uit. Ik bewonder je ambitie en doorzettingsvermogen. Ik ben er 

trots op dat jij mijn vriendin bent!

Lieve GYNAIKA’s, Anke, Annefleur, Anouk, Eva, Jorine, Joukje, Henrike, Marit, Marjolein, Mirte, 

Nicole, Sanne en Wieke, wat zou mijn tijd op de VU saai zijn geweest zonder jullie. Met veel plezier 

ging ik elke dag naar mijn werk en keek ik uit naar de vele gezellige koffie dates, (kroket)lunches 

en biertje bij de Basket. Maar ook vooral onze jaarlijkse skitrips, quizes, BBB’s etc niet vergeten.  

GYNAIKA for life.

Lieve Emy en Jet, jullie zijn me intens dierbaar en ik ben er trots op dat we elkaar al zo lang zo goed 

kennen. Dat er nog maar heel veel fijne momenten (met, maar vooral ook zonder mannen en kids) 

zullen volgen!

Lieve Lot, wat fijn dat ik jou als ‘native speaker’ altijd om raad mocht vragen en dat je altijd tijd kon 

vinden om mijn manuscripten van A tot Z te lezen en te verbeteren. Dankjewel voor je vriendschap!

Lieve Lex en Erica, ik wil jullie bedanken voor jullie interesse in mijn onderzoek en alle tijd en 

energie die jullie in onze kinderen steken. Bedankt voor alle fijne momenten die Mees en Gijs met  

jullie hebben.

Lieve René en Simone, wat ben ik trots op jullie! Ik vind het heel leuk om te merken dat we, ook 

al spreken we elkaar niet wekelijks, de basis sterk is en het altijd fijn is elkaar weer te zien en  

te spreken. 

Lieve papa en mama, waar moet ik beginnen jullie te bedanken. Ons drukke werk-gezinsleven zou 

een grote chaos zijn zonder jullie hulp. Ik ben jullie hier enorm dankbaar voor. Wat zouden we zonder 

jullie moeten…Lieve mama, wat fijn dat jij zo betrokken bent bij alles wat er in mijn leven speelt. 

Dankjewel dat je altijd bereikbaar bent voor advies en/of een luisterend oor. Ik koester alles wat 

je mij hebt meegegeven en ben enorm trots dat jij mijn moeder bent. Lieve papa, ik weet nog goed 
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toen jij ging promoveren in de Lutherse kerk: paranimfen, pinguïn-pakken en erna een groot feest 

in de Vesting. Wat was je nerveus en wat was (ben!) ik trots op je. Ik vind het bijzonder dat ik nu 

ook ‘mag’ en daarmee in jouw voetsporen treed. Dankjewel voor al je hulp bij mijn proefschrift, 

maar vooral bedankt voor het feit dat ik altijd op je kan rekenen. Ooit hoop ik net zo’n goede en 

gepassioneerde dokter te worden als jij.

Allerliefste Jof, het is af! Een last van mijn (onze!) schouders. Dit boekje zou er niet geweest zijn 

zonder jouw vertrouwen en support. Jij wist, elke keer als ik er even helemaal klaar mee was, precies 

de goede woorden te vinden om te zorgen dat ik door zou gaan. Dankjewel dat je mij de ruimte geeft 

om te ontwikkelen en nooit klaagt omdat er in ons huishouden toch wel erg veel op jou aan komt. Ik 

hou intens veel van je en kijk er enorm naar uit om samen onze mannetjes te zien opgroeien. 

OVER DE AUTEUR

Geschreven door Paul de Milliano en Maria Janssen

Inge werd in juni 1985 geboren. De geplande thuisbevalling werd een bevalling in het voormalige 

Slotervaartziekenhuis. Onder de bezielende leiding van een ‘vroedman’ zag ze op 7 juni, 3 weken na 

de uitgerekende datum, het daglicht. 

Inge groeide het eerste jaar op in Amsterdam West, waar haar broer René (thuis) werd geboren. 

Op haar tweede verhuisde ze naar Ouderkerk a/d Amstel waar zus Simone (ook weer thuis geboren) 

het gezin complementeerde. In haar jeugd was Inge al de grote organisator in spel (schooltje 

spelen), gezin, school en buurt. In 1994 verhuisde Inge naar Baarn waar ze haar middelbare 

schooltijd doorbracht op de school om de hoek, het Baarnsch Lyceum. Al van jongs af aan was 

duidelijk wat ze wilde worden: dokter.  Het zorgende en zorgzame in dit beroep zal bij die keuze zeker 

een rol hebben gespeeld.

Het lot was haar echter niet gunstig gezind. Tot 2 maal toe uitgeloot voor de studie geneeskunde 

werd ze gedwongen om andere keuzes te maken. Met veel doorzettingsvermogen is ze via de HBO 

opleiding Verpleegkunde gestart met de studie Biomedische Wetenschappen. Via decentrale 

selectie aan de VU is Inge tijdens haar studie Biomedische Wetenschappen dan toch met de 

studie geneeskunde begonnen. Deze heeft ze zonder vertraging afgerond. Parallel aan de eerste 

jaren geneeskunde werd door haar ook nog een Bachelor Biomedische Wetenschappen en Master 

Gezondheidswetenschappen behaald. Master in het kwadraat dus.

Tijdens haar studietijd was ze lid van de studentenvereniging D.E.R.M. en altijd benaderbaar voor 

het organiseren van activiteiten. Dat ze zoveel goede vriendschappen heeft overgehouden aan 

zowel de middelbare schooltijd als haar studententijd zegt veel over haar sociale vaardigheden.

Na haar studie geneeskunde twijfelde Inge tussen de huisartsopleiding en een specialisatie 

gynaecologie/verloskunde.  De ANIOS plek gynaecologie in het Spaarne Ziekenhuis was voldoende 

om een definitieve keuze te maken. Haar promotieonderzoek aan de VU onder leiding van Prof. Dr. 

J.A.F. Huirne en Dr. W.J.K. Hehenkamp resulteerde in dit prachtige proefschrift. In januari 2018 is 

Inge gestart met de opleiding gynaecologie/verloskunde in het Flevoziekenhuis te Almere (opleider 

Dr. M. van Baal) waar ze met veel plezier en enthousiasme de afgelopen 2 jaar heeft gewerkt. Het 

vervolg van haar opleiding vindt plaats in het Amsterdam UMC (opleider Dr. A.W. Valkenburg-van 

den Berg).

Al tijdens haar middelbare schooltijd kruiste Joffry haar pad. Zij zijn nu de trotse ouders van Mees 

(2016), Gijs (2017) en Sep (2020), wonen in Bussum waar Inge (natuurlijk samen met Joffry) de 

vele ballen in het mannenhuishouden goed in de lucht houdt.




