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Chapter 1

GENERAL INTRODUCTION

Here we discuss the background of endometriosis and provide insight in the etiology, 
diagnosis and treatment of this disease.

Endometriosis is a common benign gynaecological disorder. It is defined as the 
presence of endometrial-like tissue (glands and stroma) outside the uterine cavity, 
growing under the influence of estrogens, where it induces a chronic inflammatory 
reaction [1,2]. The exact prevalence of endometriosis in the general population is not 
known and difficult to determine due to a wide variety in symptoms. Estimates range 
from 2 to 10% in women of reproductive age, and up to 50% in women presenting 
with infertility or chronic pelvic pain [3,4]. An estimated likely prevalence of 176 
million women worldwide suffer from endometriosis with substantial individual and 
socioeconomic burden [5-7].

The presence of intra-abdominal endometriosis can be suspected based on women’s 
medical history and clinical symptoms like dysmenorrhea, dyschezia, heamatochezia, 
dysuria, haematuria, dyspareunia and chronic pelvic pain [8]. Complaints are often 
related to the menstrual cycle and are progressive in nature. However, symptoms 
can also be very mild or women can even be asymptomatic. Although endometriosis 
can be suspected based on presenting symptoms and signs, findings by physical 
examination and imaging modalities (e.g., transvaginal ultrasound (TVU) and magnetic 
resonance imaging (MRI)), surgical identification and histological verification of 
endometriotic tissue remain the gold standard for the definitive diagnosis [8]. Even 
in women without any symptoms, endometriosis can be diagnosed during fertility 
work-up or as coincidental finding during abdominal surgery. In general, it can be 
stated that clinical symptoms and patients’ experience poorly reflect the severity of 
the disease [9-11].

ETIOLOGY OF ENDOMETRIOSIS
The exact etiology and pathogenesis of endometriosis is nowadays still poorly 
understood. Microscopic findings of endometriosis were first described by von 
Rokitansky in 1860 [12]. Followed by Diesterweg (1883) [13], Cullen (1896) [14] 
and Russel (1899) [15]. In the 1920s John Sampson was the first to postulate that 
endometriosis originated from retrograde menstruations, disseminating endometrial 
tissue fragments and menstrual debris trough the fallopian tubes into the abdominal 
cavity [16,17]. Still, this is the most widely accepted theory regarding the etiology of 
endometriosis, although it does not fully explain the existence of endometriosis outside 
the peritoneal cavity. Besides, 76 to 90% of women have some degree of retrograde 
menstruation [18], but only a small part develops endometriosis. Furthermore evidence 
exists that dissemination of endometrial stem/progenitor cells can already occur early 
in life during the neonatal endometrial shedding shortly after birth or even earlier during 
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embryogenesis [19,20]. It is therefore likely that the pathogenesis of endometriosis 
consists of a complex multifactorial process of genetic, environmental, immunological 
and hormonal factors [8].

DIAGNOSIS OF ENDOMETRIOSIS
Abdominal endometriosis can be classified in superficial (peritoneal) endometriosis, 
deep infiltrating (pelvic) endometriosis and ovarian endometriosis.

Superficial or peritoneal endometriosis is defined as the presence of deposits of 
endometrial glands and stroma on the pelvic peritoneal surface and ovaries. They 
can induce an inflammatory reaction resulting in pelvic pain complaints and formation 
of adhesions in the abdominal cavity. Peritoneal lesions can only be visualized during 
laparoscopy and is largely depending upon the experience of the surgeon performing 
the inspection. However, even for experienced surgeons it remains hard to distinguish 
non-pigmented endometriotic lesions from healthy peritoneal tissue [21-24]. Moreover, 
persistent or recurrent endometriosis complaints after surgical treatment occur 
in almost 50% of the cases in a period up to 5 years postoperatively. Data from a 
prospective study show that this recurrence occurs mainly in the treated area and 
that endometriosis de novo only accounts for 11% of the recurrence in second-
look laparoscopy [25,26]. The intraoperative use of enhanced laparoscopic imaging 
techniques might improve the identification and treatment of peritoneal endometriosis 
and will be further evaluated in this thesis.

Ovarian endometriosis or endometriomas are cysts formed by deposits of 
endometriosis within the ovary. They originate from pseudocysts that are formed by 
invagination of endometriotic tissue within the ovarian cortex [27,28]. It is diagnosed in 
17 to 44% of women with endometriosis [29], and are more frequently seen in women 
with concomitant deep endometriosis [30].

Deep endometriosis is defined as endometriotic lesions extending more than 5 mm 
under the peritoneal surface or involving bowel, bladder, ureter or vagina [31,32]. 
Often deep endometriosis appears as nodular lesions or plaques consisting of active 
endometrial-like glands and cytogenous stroma, smooth muscle cells and fibrosis 
[33].

Finally, endometriosis can also be found outside the pelvic area at a distance from 
the genital organs, and involve the upper abdomen, diaphragm, pleura, lungs, sciatic 
nerve as well as the abdominal wall.

Clinical presentation
Although presenting symptoms often depend on the location of the disease, the 
wide variety of clinical symptoms can also lead to difficulties in establishing the final 

1
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diagnosis of endometriosis. This results in many women receiving either delayed or 
suboptimal care [2]. Dysmenorrhea seems to be the most reported complaint (62%) 
followed by chronic pelvic pain (57%), dyspareunia (55%), (cyclic) intestinal complaints 
(48%), (cyclic) urinary complaints (12%) and subfertility (40%) [34]. In subfertile women 
severe dysmenorrhea was the only predictive symptom for the presence of pelvic 
endometriosis with a relative risk of 1.7 [35].

Physical examination
Physical examination is essential in women suspected to have endometriosis and 
is aimed to facilitate a timely diagnosis. However, the absence of any abnormalities 
during physical examination cannot rule out the presence of endometriosis. Physical 
examination includes inspection and (bimanual) palpation of the abdomen, vagina, 
cervix, fornices, internal genital organs and rectovaginal septum. Rectovaginal digital 
examination can be considered when involvement of the rectosigmoidal colon is 
suspected [36]. Physical examination performed during menstruation increases 
the chances of finding pelvic nodularities and was reliable to diagnose deep 
endometriosis, endometriomas and cul-de-sac adhesions [37]. However, the benefit 
of physical examination is limited since it is less accurate than imaging modalities 
for the assessment of deep endometriosis and ovarian endometriomas [36,38,39]. 
Besides, the quality of the examination is determined by the experience and skills of 
the clinician.

Imaging
The most frequently used imaging modalities for the detection of endometriosis are 
transvaginal ultrasound (TVU) and magnetic resonance imaging (MRI).

TVU is a first line non-invasive imaging tool and especially useful for the identification of 
bowel and bladder endometriosis [40], ovarian endometriomas as well as adenomyosis 
[41,42]. TVU evaluation is accompanied with high sensitivity and specificity rates when 
performed by experienced clinicians. However, since endometriomas are rarely a 
solitary finding, one should be thoughtful for the simultaneous existence of more 
extensive pelvic and intestinal disease [43]. Therefore further examination with MRI 
can be considered [8]. MRI has a high diagnostic accuracy and can especially be used 
to assess the extent of the disease, in women with deep endometriosis, and provide 
mapping and guidance for surgical treatment [44].

Biomarkers
The use of serum CA-125 as a biomarker for endometriosis seems to be of limited 
value. Serum CA-125 has low diagnostic performance and is currently not advised 
to be used to diagnose endometriosis [8,45,46]. Up till now, no reliable biomarkers, 
(in serum, urine and endometrium) are available for the non-invasive detection of 
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endometriosis [47]. Therefore, laparoscopy is still the gold standard test for the 
diagnosis of the disease.

TREATMENT OF ENDOMETRIOSIS

Hormonal treatment
Since endometriosis is an estrogen-dependent disease, hormonal suppression of 
the menstrual cycle is the key factor in the medical treatment of endometriosis. By 
shared decision making, clinicians can prescribe multiple hormonal treatment options, 
taking into account patients’ preferences, side-effects, efficacy, costs and availability 
[8]. Hormonal contraceptives, progestogens, anti-progestogens or GnRH agonist/
antagonists are all proven to reduce endometriosis-related pain complaints [48-51]. A 
continuous regime of a combined oral contraceptive pill can be considered if women 
suffer from severe dysmenorrhea or in order to prevent recurrence of endometriomas 
after surgery [52,53].

Surgical treatment
Laparoscopic identification and histological verification of endometriotic tissue 
remain the gold standard for the final diagnosis of the disease [8]. Treatment of 
symptomatic endometriosis, especially when not responding to hormonal treatment, 
consists of laparoscopic excision or ablation of endometriotic tissue [8]. Laparoscopic 
treatment of mild and moderate endometriosis reduces pain complaints and increases 
ongoing pregnancy and live birth rate [54]. Therefore it is advised to treat all visible 
endometriosis during laparoscopy rather than performing only a diagnostic procedure 
[8]. Surgical removal of severe/deep endometriosis seems to be effective in reducing 
pain complaints and improves quality of life, although it is associated with significant 
complications and recurrence rates [55,56]. Surgical treatment of endometriosis can 
be combined with adhesiolysis in order to restore pelvic anatomy, possibly reducing 
endometriosis-related pain and enhancing fertility [57].

Although a negative diagnostic laparoscopy is accurate for excluding the disease, a 
positive laparoscopy is of less value especially when no histology is obtained [58]. 
Previous studies reported a low positive predictive value of 2D white-light laparoscopy 
of only 66% [59]. Therefore, complete resection of endometriosis is a challenge and 
re-operation, due to symptomatic recurrence, occurs in more than 50% of the patients 
[25,60]. The polymorphic appearance of especially non-pigmented endometriotic 
lesions is supposed to be the origin of this impaired visual diagnosis during laparoscopy 
[21-23]. The quality of laparoscopic surgical treatment is therefore dependent upon 
the experience of the surgeon performing the procedure.

1
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ENDOMETRIOSIS AND SUBFERTILITY
Endometriosis is associated with subfertility in up to 50% of patients [4]. Although the 
association is clear, the link between endometriosis and subfertility is largely unknown. 
A multifactorial process is assumed. In patients with severe endometriosis, subfertility 
is probably related to a distortion of the pelvic anatomy. However, a hostile peritoneal 
environment, diminished ovarian reserve (due to the presence of endometriomas or as 
a consequence of prior ovarian surgery), decreased oocyte quality and/or an impaired 
implantation due to an altered endometrial receptivity may be other explanations for 
the lower chances to conceive in women with endometriosis [61,62]. It is however 
remarkable that a correlation between the severity of endometriosis and pregnancy 
rates cannot be found [32, 63].

Treatment of endometriosis related subfertility is challenging and high quality evidence 
on this subject is limited. Van der Houwen recently proposed a treatment algorithm 
for subfertility in women with endometriosis [57]. In this algorithm patients with any 
stage of endometriosis are assigned to different strategy boxes (natural conception, 
IUI with COH of IVF/ICSI) depending on the need for hormonal suppression therapy, 
patency of the fallopian tubes, presence of endometriosis related pain complaints 
and the chances on progression of the disease. In women who received surgical 
treatment for endometriosis, the endometriosis fertility index (EFI) score can be 
used as a validated scoring system that predicts spontaneous pregnancy rates in 
postoperative endometriosis patients or it may act as an instrument for Assisted 
Reproductive Technology (ART) referral [64]. Although ART is frequently applied to 
overcome endometriosis-related infertility, lower success rates have been reported 
[65]. Whether pregnancy outcomes after IVF/ICSI can be improved by medical or 
surgical pretreatment, or applying interventions that affect endometrial receptivity, is 
not well established.

Medical pretreatment
The role of medical treatment of endometriosis prior to IVF/ICSI is still a matter 
of debate. Traditionally it was recommended to precede IVF/ICSI treatment in 
endometriosis patients by long term pituitary desensitization with a GnRH agonist for 
three to six months to increase the chance of clinical pregnancy, either by improving 
oocyte quality or endometrial receptivity [66-74]. However uncomfortable side effects 
were reported and a lower ovarian response to ovarian stimulation has been mentioned 
[75]. Besides, the recent Cochrane systematic review reporting on this topic concluded 
to be uncertain whether GnRH agonist pretreatment indeed positively affects IVF/
ICSI outcomes [76]. Based on eight randomized controlled trials, including a total of 
640 women, no convincing evidence of pretreatment with a long-term GnRH agonist 
was found. Moreover, no comparison with alternative treatment strategies have been 
made yet. The authors concluded that high-quality trials are required to determine the 
effect of pre-treatment with a long-term GnRH agonist in endometriosis patients prior 
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to IVF/ICSI and the comparison with other alternatives must be made [76]. For this 
reason the COPIE trial was conducted, investigating the efficacy of long-term pituitary 
desensitization with a GnRH agonist in comparison to oral contraceptives prior to IVF/
ICSI treatment in women with moderate to severe endometriosis (Chapter 4).

Endometrial receptivity
It has been hypothesized that local endometrial injury might have a beneficial effect 
on endometrial receptivity and implantation [77,78]. This is especially of interest 
for women with endometriosis or recurrent implantation failure after IVF/ICSI. The 
mechanisms behind the effect of applying endometrial injury are still unclear, though 
there are different hypotheses. The inflammatory reaction following endometrial injury, 
mainly executed by endometrial scratching, stimulates decidualization of endometrial 
stromal cells and leads to a release of cytokines and growth factors [79-82]. In addition, 
it is suggested that the advanced and accelerated development of the endometrium, 
induced by ovarian hyperstimulation during IVF/ICSI-treatment, is delayed by applying 
endometrial injury and consequently improves the receptivity of the endometrium 
[81]. As an alternative to scratching, the receptivity of the endometrium might also be 
affected by infusing fluids into the uterine cavity (“uterine bathing”). Previous studies 
investigating the effect of uterine bathing with Lipiodol® suggested a positive effect 
on endometrial receptivity by immunomodulation [83-86]. The effect of mechanical 
stress on endometrial receptivity by uterine bathing with a pharmacologically neutral 
gel will be evaluated in this thesis (Chapter 5).

ENDOMETRIOSIS IN PREGNANCY
Traditionally, it is believed that pregnancy has a favorable influence on endometriosis. 
The blockage of ovulation, the concomitant amenorrhea and the metabolic, hormonal, 
immune and angiogenetic changes are supposed to prevent endometriotic lesions 
from bleeding and expanding in pregnancy [87-91]. Patients do experience less 
endometriosis-related complaints during and directly after pregnancy; however, 
symptoms rapidly recur with 84% of patients reporting moderate-severe pain 
symptoms within 2 years after pregnancy [92]. The negative influence of endometriosis 
on pregnancy is currently a growing area of concern. Recent literature reviews point 
out to a wide spectrum of negative obstetrical events possibly related to pre-existing 
endometriosis and adenomyosis [91,93]. Most complications are rare, but some, like 
Spontaneous Hemoperitoneum in Pregnancy (SHiP) are potentially life-threatening. 
Awareness among physicians for endometriosis associated obstetrical complications 
must be increased and therefore SHiP, and its clinical features, are important issues 
in this thesis and will be evaluated.

Endometriosis-related complications in pregnancy can be two-fold. On the one hand 
acute complications can occur from pre-existing endometriosis, on the other hand 

1
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endometriosis might have a negative impact on the physiological development of a 
pregnancy [91].

The involvement of endometriosis in acute pregnancy complications can be explained 
by the following pathogenic mechanisms;
1)	 Utero-ovarian vessels and surrounding tissues may be more friable due to the 

chronic inflammation that is associated with endometriosis [94,95];
2)	 Pelvic adhesions (related to endometriosis or as a resultant of previous abdominal 

surgery) in combination with an enlargement of the uterus during pregnancy can 
give more tension to surrounding tissue [94,96];

3)	 Mechanical obstruction by invasions of decidualized endometriotic tissue into 
vessel walls and structures increases pressure and facilitates tissue rupture [97]. 
Besides, decidualized ectopic endometrium near utero-ovarian of parametrial 
vessels can involute due to progesterone withdrawal and lead to dysfunctional 
rupture of such vessels [98,99].

SHiP is defined as a “spontaneous (nontraumatic) intraperitoneal hemorrhage 
during pregnancy and up to 42 days postpartum, requiring surgical intervention or 
embolization” with exclusion of ectopic pregnancy-, uterine rupture- and caesarean 
section associated bleedings [100]. Although the exact prevalence is unknown, 
estimates range around 0.4% in pregnancy [101]. SHiP occurs predominantly in the third 
trimester of pregnancy and is associated with serious adverse pregnancy outcomes 
[98,102]. Other complications described in pregnancy are intestinal perforations, 
complications from ovarian endometriomas (rupture, infection or enlargement), 
urinary tract problems, uterine rupture and endometriotic involvement in thoracic 
organs leading to a pneumothorax [91,93]. Although cases are rare, and preventive 
measures are lacking, diagnosis should be considered when patients with known 
endometriosis present with acute (pelvic/chest) pain and/or signs of (hypovolemic) 
shock in pregnancy.

The negative role endometriosis can have on the development of pregnancies is 
still controversial. Pregnancy complications might be caused by a dysregulation of 
events that are involved in the period of implantation and placentation [91], leading to 
disturbances later in pregnancy [103]. Although the growing number of papers reporting 
on the relation between endometriosis and adverse obstetric outcomes, an association 
with ectopic pregnancies and placenta praevia seems present [91,93,104,105]. There is 
no convincing evidence of an association between endometriosis and miscarriages, 
preterm births, hypertensive disorders, obstetric hemorrhages, SGA (small for 
gestational age) babies and GDM (gestational diabetes mellitus) [91,93].

There is no evidence that hormonal or surgical treatment of endometriosis prior to 
pregnancy lowers the risk of obstetrical complications.
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SCOPE OF THIS THESIS

In this thesis we aim to gain insight in the pathophysiological aspect of endometriosis. 
This thesis consists of two parts;
PART I) Pathophysiological aspects of endometriosis; enhancement of surgical 
diagnosis and fertility treatment
PART II) Pathophysiological aspects of endometriosis in pregnancy

This thesis addresses the following questions:

PART I)
1. Which enhanced laparoscopic imaging techniques are published for the 

intraoperative identification of peritoneal endometriosis?
2. Which enhanced laparoscopic imaging technique is the most accurate for the 

detection of peritoneal endometriosis?
3. What is the efficacy of long-term pituitary desensitization with a GnRH agonist 

in comparison to oral contraceptives prior to IVF/ICSI treatment in women with 
moderate to severe endometriosis?

4. What is the effect of uterine bathing with sonography gel prior to IVF/ICSI-treatment 
in women with endometriosis?

PART II)
5. What are the clinical consequences of Spontaneous Hemoperitoneum in Pregnancy 

(SHiP) in patients with endometriosis ?
6. What is the association between SHiP and endometriosis?
7. What is the association between SHiP and IVF/ICSI-treatment?
8. What is the pathogenesis of SHiP? In particular, which pathological events are found 

at the site of SHiP bleeding?

Endometriosis and 
surgical treatment;
- Use of enhanced 

laparoscopic imaging 
techniques?

Endometriosis and 
fertility treatment;
- 	Medical treatment 

prior to ART?
- 	Uterine bathing  

procedures?

Endometriosis and pregnancy;
- Complications of 

endometriosis in pregnancy?
- Clinical consequences of SHiP?
- Endometriosis, SHiP and 

fertility treatment?

Pathophysiological aspects of endometriosis

1
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OUTLINE OF THIS THESIS

In CHAPTER 2 the results of a systematic review are presented, evaluating the different 
enhanced laparoscopic imaging techniques that are used for the intraoperative 
identification of peritoneal endometriosis.

CHAPTER 3 describes the LITE study (Laparoscopic Imaging Techniques in 
Endometriosis therapy), a clinical trial in which different enhanced laparoscopic 
imaging techniques ((three-dimensional white-light imaging (3D); Narrow-Band 
Imaging (NBI); Near-Infrared imaging with Indocyanine Green (NIR-ICG)) for the 
intraoperative identification of peritoneal endometriosis were directly compared. The 
accuracy (sensitivity and specificity) of the modalities was investigated and compared 
to two-dimensional white-light imaging (2D).

CHAPTER 4 describes the study protocol of the COPIE trial (Continuous use of 
Oral contraceptives as an alternative for long term Pituitary desensitization with a 
GnRH agonist prior to IVF/ICSI in Endometriosis patients), a randomized controlled 
trial which will investigate the efficacy of long-term pituitary desensitization with a 
GnRH agonist compared to continuous use of oral contraceptives prior to IVF/ICSI 
treatment in women with moderate to severe endometriosis. This non-inferiority trial 
will investigate the efficacy, safety, cost-effectiveness and patient satisfaction of both 
treatment strategies.

In CHAPTER 5 the results of the TUBIE trial (Trial on Uterine Bathing before IVF/ICSI-
treatment in patients with Endometriosis) are presented; a randomized controlled trial 
investigating the effect of uterine bathing by Gel Infusion Sonography (GIS) versus 
a sham procedure, prior to IVF/ICSI-treatment in women with endometriosis. The 
primary outcome was live birth rate after fresh embryo transfer.

In CHAPTER 6 a case-series is presented. In collaboration with the Dutch Working 
Group on Endometriosis, unpublished cases of SHiP that occurred in the Netherlands 
between 2010-2015 were retrieved. Presenting symptoms, pregnancy outcomes and 
implications for clinical practice are discussed.

In CHAPTER 7 a systematic review is performed to evaluate the clinical consequences 
of SHiP and the association with endometriosis.

CHAPTER 8 describes the results of a systematic review evaluating the evidence 
of a possible association between controlled ovarian hyperstimulation in IVF/ICSI-
treatment and the occurrence of SHiP.
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In CHAPTER 9 a literature search was performed in order to determine the type of 
lesions that lead to SHiP. For a better understanding of the pathogenesis of SHiP, 
information on pathological events at the site of bleeding were collected.

In the general discussion in CHAPTER 10 we discuss the findings of this thesis and 
add them in the context of the current literature.

1
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ABSTRACT

Endometriosis is a common disease associated with pelvic pain and subfertility. 
Laparoscopic surgical treatment has proven efficacy in endometriosis therapy, but 
is hampered by a high rate of recurrence. The aim of this systematic review was to 
evaluate the intraoperative identification of endometriosis by enhanced laparoscopic 
imaging techniques, focusing on sensitivity and specificity. A systematic review was 
conducted according to PRISMA guidelines in PubMed, Embase, Cochrane Library and 
Web of Science. Published prospective studies reporting on enhanced laparoscopic 
imaging techniques during endometriosis surgery were included. General study 
characteristics and reported outcomes, including sensitivity and specificity, were 
extracted. Nine studies were eligible for inclusion. Three techniques were described: 
5-ALA fluorescence (5-ALA), autofluorescence (AFI), and narrow-band imaging (NBI). 
The reported sensitivity of 5-ALA and AFI for identifying endometriosis ranged from 
91% to 100%, compared with 48% to 69% for conventional white light laparoscopy 
(WL). A randomized controlled trial comparing NBI+WL with WL alone reported 
better sensitivity of NBI (100% vs 79%; p <.001). All 9 studies reported an enhanced 
detection rate of endometriotic lesions with enhanced imaging techniques. Enhanced 
imaging techniques are a promising additive for laparoscopic detection and treatment 
of endometriosis. The 5-ALA, AFI and NBI intraoperative imaging techniques had a 
better detection rate for peritoneal endometriosis compared with conventional WL 
laparoscopy. None of the studies reported clinical data regarding outcomes. Future 
studies should address long-term results, such as quality of life, recurrence, and need 
for reoperation.
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INTRODUCTION

Endometriosis is a benign, chronic, estrogen-dependent gynecologic disorder. Patients 
are considered for laparoscopic treatment when hormonal treatment is unsatisfactory 
[1,2]. Despite the proven efficacy of laparoscopic surgery, the recurrence of pain 
symptoms after surgery remains a major challenge and a crucial issue in the long-term 
management of endometriosis. The current relapse rate is >20% at 2 years and 40% to 
50% at 5 years [3]. The need for hospital admission for endometriosis within 4 years 
after laparoscopic surgery for additional surgical treatment is 27% [4] and reoperation 
is necessary in >50% of patients with endometriosis, of whom 27% need 3 or more 
surgeries [5]. Because repeated abdominal surgery is associated with substantial 
morbidity, damage to ovarian reserve and increased health care costs [6,7], the need 
for improved long-term outcomes is being emphasized.

Laparoscopic identification of endometriotic lesions is limited. During conventional 
laparoscopy, the detection of endometriosis with white light (WL) in suspected lesions 
is poor, as demonstrated by a histological study showing a positive predictive value 
of only 66% in suspected lesions [8]. The revised American Society for Reproductive 
Medicine classification system distinguishes among red, white and black superficial 
implant types [9]. In particular, the appearance of red and white superficial implant 
types can vary widely and they may be difficult to distinguish from healthy peritoneum 
[10]. Previous reports have shown that red and white areas of endometriosis represent 
the active form of the disease [11].

Enhanced laparoscopic imaging techniques have been shown to improve the detection 
and differentiation of specific tissues compared with conventional imaging in other 
fields of surgery [12–18]. These novel techniques also have the potential to improve 
the detection of, and potentially improve the treatment of patients with, symptomatic 
endometriosis.

As with (pre)malignant lesions, neovascularization is an important aspect of the 
pathology of endometriosis and may be helpful in identifying endometriotic lesions. 
A novel technique using narrow-band imaging (NBI) has been shown to enhance 
the contrast of vascularized lesions in premalignant gastrointestinal polyps [18]. In 
NBI, only blue light and green light are excited, allowing articulated visualization of 
superficial vasculature. In addition, the penetration depth of NBI is deeper than that 
of conventional WL, enabling identification of deeper lesions.

A second promising imaging technique is autofluorescence (AFI), which is based on 
blue light excitation and reflection of green light [14]. Owing to differences in epithelial 
thickness and neovascularization, different amounts of green light are reflected, resulting 
in color differentiation between endometriotic and non-endometriotic tissues.
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A third new imaging technique is 5-aminolevulinic acid induced fluorescence (5-
ALA) [12,13]. 5-ALA is an orally administered prodrug that induces the synthesis and 
accumulation of protoporphyrin IX in epithelial and damaged tissue. When blue light 
is excited, 5-ALA is fluorescently illuminated. Patients cannot be exposed to direct 
sunlight within 24 hours after administration of 5-ALA because of photosensitization 
of the eyes and skin.

A more recently developed technique is near-infrared imaging (NIR) with indocyanine 
green (ICG) [16], a green iodine-based dye that has a peak fluorescent absorption in the 
near-infrared spectrum. ICG is administered intravenously during surgery in the arterial 
phase, highlighting the peritoneal vasculature. ICG is a Food and Drug Administration–
approved drug associated with a very low risk of inducing an anaphylactic reaction, 
which has been reported exclusively in patients with iodine allergy, hyperthyroidism, 
or kidney failure.

In this review, we evaluated the available literature reporting on intraoperative 
identification of endometriosis by enhanced laparoscopic imaging techniques, 
focusing on the sensitivity and specificity of the different modalities.

METHODS

A review protocol was developed based on the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) statement [19]. For this work, 
Institutional Review Board approval was not required.

LITERATURE SEARCH
PubMed, Embase, Wiley/Cochrane Library and ISI/Web of Science were searched 
from inception (by S.V. and J.K.) up to November 19, 2015. In addition, the clinical 
trial register was searched for ongoing studies [20]. The search strategy was 
developed together with a research librarian specialized in medical sciences, using 
the following terms (including synonyms and closely related words) as index terms 
or free-text words: ‘‘endometriosis’’ and ‘‘narrowband imaging’’ or ‘‘spectroscopy’’ 
or ‘‘3-dimensional imaging’’ or ‘‘fluorescence’’ or ‘‘dyes’’ or ‘‘indocyanine green’’ or 
‘‘aminolevulinic acid’’ or ‘‘indigo carmine’’ and ‘‘laparoscopy’’ or ‘‘surgical procedures’’ 
or ‘‘peritoneal diseases’’ or ‘‘pelvis.’’ Duplicate articles were excluded. References lists 
of the retrieved publications were checked for relevant articles. The search strategies 
for all databases are described in detail in the Supplementary Information.

ELIGIBILITY CRITERIA
All published randomized controlled trials, prospective cohort studies, retrospective 
cohort studies, case-control studies, case series and case reports were considered 
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for inclusion when the following criteria were met: reporting on the use of laparoscopic 
imaging techniques for the detection of endometriosis and reporting on the detection 
of endometriosis in humans. All other articles were excluded, as were articles 
published in languages other than English, Dutch, or German. Eligibility assessment 
of the retrieved articles was performed by 2 authors (M.L. and S.V.) independently 
(unblinded). In cases of disagreement regarding inclusion or exclusion of an article, 
the 2 authors discussed the article to establish a consensus. Figure 1 shows a flow 
diagram of the systematic literature search.

DATA PRESENTATION
Data extraction was performed by 2 authors independently (M.L. and S.V.) and 
included items about general study characteristics (design and period of the study, 
study population, and number of participants) and reported outcomes (sensitivity 
and specificity). Sensitivity represents the percentage of lesions identified as 
endometriosis during laparoscopy out of the total number of histopathologically 
confirmed endometriotic lesions. Specificity was defined as the percentage of tissue 
specimens identified on laparoscopy as healthy peritoneum out of the total number 
of histopathologically confirmed healthy biopsy specimens.

The quality of the primary diagnostic accuracy studies was assessed using the 
QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies 2) tool, through which 
risks for bias can be classified into 4 key domains: selection of participants, index 
(diagnostic) test, reference standard, and flow and timing of the study [21]. Along with 
the risk of bias assessment, the outcome of the domain on the research question was 
assessed as high or low applicability.
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FIGURE 1 - Flow diagram of inclusion of articles (version 2.0)

RESULTS

LITERATURE IDENTIFICATION
Our literature search identified a total of 1971 reported patient records. The process 
of inclusion is shown in Figure 1. No additional records were identified by checking 
records reference lists. After removal of duplicates, 1347 records were screened to 
assess eligibility criteria for inclusion. A total of 65 articles were eventually selected 
for full-text assessment. Of these, 56 articles were excluded for the following reasons: 
study did not report on peritoneal endometriosis detection (n = 17); study design other 
than mentioned in eligibility criteria (n = 17); ex vivo, in vitro, or animal study (n = 14); 
study did not report on imaging techniques (n = 6); and article in a language other 
than English, Dutch, or German (n = 1, in Bulgarian). One study was excluded because 
it reported on the same patient population as a previous study and did not report on 
the intraoperative detection of endometriosis [22]. Eventually, 9 studies were included 
in this systematic review, reporting on a total of 432 women. Characteristics of the 9 
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studies are summarized in Table 1. Seven prospective cohort studies [24–30], 1 pilot 
study [23], and 1 randomized controlled trial [31] were identified with publication dates 
ranging from 1998 to 2015.

QUALITY ASSESSMENT
The risk for bias was assessed according to the QUADAS-2 tool in 4 domains. Three 
studies scored low risk for bias in all 4 domains [25,28,31], and the other 6 studies 
scored high risk for bias in 1 or more domains. QUADAS-2 results are presented in 
Table 2.

REPORTED INTERVENTION
Four studies reported on the use of 5-ALA [23–26], 3 studies reported on AFI [27–29] 
and 2 studies reported on NBI [30,31]. Indications for endometriosis surgery were 
based on clinical suspicion of endometriosis in all studies. Five studies specifically 
reported pelvic pain as a clinical parameter [27,29–32]. Three studies also included 
patients with previously diagnosed endometriosis during previous laparoscopic 
inspection of the abdomen [23,25,27].

SURGICAL INTERVENTION
Four prospective cohort studies reporting on 5-ALA and AFI used a similar 
methodology [25,26,28,29]. At first, the peritoneum was inspected with conventional 
laparoscopic WL imaging. Lesions suspicious for endometriosis by morphology 
were identified and systematically documented. Next, the peritoneum was inspected 
with the 5-ALA or AFI imaging technique. In the AFI studies [28,29], areas of reduced 
fluorescence were identified and documented, whereas in the 5-ALA studies [25,26], 
areas of fluorescence were identified. After identification and documentation, biopsy 
specimens of suspected lesions and altered fluorescent lesions were obtained to 
assess sensitivity. To assess specificity, control biopsy specimens of healthy-
appearing peritoneum were obtained. Barrueto et al [31] conducted a randomized 
controlled trial including 150 patients. Patients were randomized at a 3:1 ratio between 
WL followed by NBI and WL alone. All lesions identified were documented and biopsied 
(n = 453). No biopsy specimens of healthy peritoneum were obtained. The Karl Storz 
D-LIGHT system (Karl Storz, Tuttingen, Germany) was used for 5-ALA and AFI studies, 
and the Olympus EXERA II system (Olympus, Tokyo, Japan) was used for NBI studies.

SENSITIVITY AND SPECIFICITY
Five of the 9 studies reported sensitivity and specificity rates for detecting peritoneal 
endometriosis [25,26,28,29,31]. The results are presented in Table 3.
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5-ALA
Two studies reported sensitivity rates for 5-ALA of 100% and 91%, compared with 69% 
and 62% respectively, for conventional WL [25,26]. Specificity rates were 75% to 78% 
for 5-ALA and 65% to 70% for WL.

AFI
Sensitivity rates for AFI were 92% and 100%, compared with 65% and 48% respectively, 
for WL. Specificity for AFI was 84% to 88%, compared with 68% to 97% for WL.

NBI
Barrueto et al [31] found a sensitivity of 100% for NBI, compared with 79% for WL 
(p < .001). They also scored the intraoperative clinical impression of 318 lesions 
and reported the lesions as either endometriosis or not endometriosis/indefinite 
endometriosis. They analyzed the sensitivity and specificity for their clinical impression 
of NBI and WL and found that sensitivity in detecting endometriosis was 84% for 
NBI and 71% for WL, whereas specificity decreased from 36% for WL to 24% for NBI. 
Moreover, all studies reported that the imaging techniques identified endometriotic 
lesions that were not detected with conventional WL.

SAFETY
No adverse effects or complications related to the imaging techniques were reported 
in any of the 9 studies.
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DISCUSSION

MAIN FINDINGS
Based on our systematic review of 9 studies including 432 patients, enhanced 
imaging during laparoscopy has the potential to detect endometriotic lesions with 
better sensitivity then and comparable specificity to conventional WL imaging. Long-
term clinical outcomes of the use of enhanced intraoperative imaging in laparoscopic 
treatment of endometriotic lesions have not been reported to date.

STRENGTHS AND LIMITATIONS
Enhanced imaging for endometriosis is a relatively new focus of research. This 
systematic review presents the current data on laparoscopic enhanced imaging 
techniques and their added value for intraoperative detection of peritoneal 
endometriosis. It underscores the importance of quality assessment according to 
the QUADAS-2 tool and suggests a standard approach to testing enhanced imaging 
in clinical application.

Although it is preferable to base conclusions of systematic reviews on the results of 
randomized controlled trials, in this field of relatively novel clinical research, only 1 such 
trial was available. In the absence of more randomized controlled trials, observational 
studies were included in this review, even though such studies represent a lower level 
of evidence. Clear inclusion criteria were used to select the reports for this study; 
nevertheless, the quality of this systematic review was restricted by the small sample 
sizes of the included trials and the lack of definitions of primary outcomes. Owing to 
the different methodologies used in the various studies, direct comparisons of imaging 
modalities were impossible and thus no firm conclusions can be drawn. Moreover, 
the risk of bias was frequently found in the reference standard domain, because the 
pathologist often was not blinded to the intraoperative results when evaluating the 
biopsy specimens.

INTERPRETATION OF THE EVIDENCE
This systematic review shows that data evaluating the diagnostic accuracy of the 
enhanced imaging techniques is scarce and subject to limitations and biases. 
Consequently, no firm conclusions regarding the diagnostic accuracy of the various 
techniques can be drawn based on this review. Initial data suggest that there may 
be benefits from enhanced visualization that warrant further well-conducted clinical 
studies evaluating clinical outcomes. The methodology differed between the 
randomized controlled trial evaluating NBI [31] and the prospective cohort studies 
reporting on AFI and 5-ALA [25,26,28,29]. For example, Barrueto et al [31] biopsied 
every lesion regardless of its morphological appearance but obtained no control biopsy 
specimens of healthy appearing peritoneum, resulting in falsely low specificity rates. 
In addition, previous studies have reported high rates of healthy-appearing tissue to 

2
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be endometriosis [33]. Therefore, Barrueto et al’s reported sensitivity rate of 100% 
could be biased by the absence of negative control biopsy specimens and thus no 
firm conclusions can be drawn regarding the diagnostic accuracy of NBI.

The prospective cohort studies reporting on AFI and 5-ALA did obtain negative 
control biopsy specimens of healthy peritoneum, thus providing more accurate 
sensitivity and specificity rates. Nonetheless, their methodology is limited owing to 
their nonrandomized design. Moreover, all authors inspected the peritoneum with 
the imaging modality after inspection with conventional WL imaging. In this way, 
the surgeon was provided with the locations of some lesions at the second round 
of inspection with the imaging modality, leading to reporting bias. This could have 
resulted in increased sensitivity rates for the imaging modalities. Nonetheless, 
and more importantly, the authors of all studies concluded that use of the imaging 
modalities identified additional lesions that would not have been detected using 
conventional WL imaging only.

A pitfall, especially with the methodology reported by Barrueto et al [31], is the low 
specificity. This can result in unnecessary resection of healthy tissue, producing 
postoperative neuropathic pain and adhesion formation [34].

The selection of patients may also have been subject to bias. Even though patients 
were enrolled consecutively and matching of cases and controls was avoided in most 
studies, only patients with a clinically strong suspicion of endometriosis and those with 
previously diagnosed endometriosis were included in all trials. This approach resulted 
in a study population with a high pretest probability of having endometriosis. When the 
likelihood of the presence of endometriosis is low, the attributive value of enhanced 
imaging is unclear [9]. Thus, the diagnostic properties that have been assessed by this 
review do not apply for this latter population. Nonetheless, the use of intraoperative 
imaging in this group of patients merits investigation in future studies.

A timeline in the application of techniques is noticeable. 5-ALA and AFI are reported 
mostly between 1998 and 2007, whereas NBI is reported in more recent publications, 
since 2008. Why no studies on the use of 5-ALA and AFI in endometriosis surgery 
have been reported after the study by Kupker et al [29] in 2007 is unclear, especially 
because the AFI technique has evolved since then, with the addition of a filter on the 
laparoscope camera that passes only green light (530 nm). This advance provides 
enhanced normal vs affected tissue contrast and is widely used in pulmonology and 
gastroenterology [18,35]. NIR-ICG is a more recently described technique; however, 
no prospective trials have been published to date. In the 1 published case report 
describing the use of ICG for endometriosis, Levy et al. reported finding lesions that 
were missed by conventional WL imaging. Our search of the clinical trial register 
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for ongoing studies found 1 study evaluating the diagnostic properties of ICG in 20 
patients (NCT02038985) [20].

It is hypothesized that more complete resection of endometriosis could result in better 
long-term clinical outcomes, such as a prolonged pain-free interval, fewer reoperations 
and improved quality of life. Evidence of such improved outcomes is lacking and 
none of the included studies evaluated the clinical impact of the increased sensitivity 
of imaging techniques. Gallicchio et al [22], who published results from the same 
study population as Barrueto et al [31], found no significant differences in pain scores 
and quality of life at 3 and 6 months after the operation. However, recurrences and 
reoperations are usually seen later during follow-up [3].

RECOMMENDATIONS
This review shows that enhanced imaging modalities have the potential to improve 
the detection rate of endometriosis; however, to date, the data are limited mostly to 
cohort studies. Further research should focus on long-term clinical outcomes, such 
as pain-free interval, recurrence of symptoms, rate of reoperation, health care costs 
and quality of life, in a randomized setting. The effect of these imaging techniques 
on fertility needs to be assessed as well. Our study group has initiated a pilot trial 
(NTR5614) comparing conventional WL imaging with 3-dimensional imaging, NBI 
and NIR-ICG to directly evaluate the diagnostic properties of the different imaging 
techniques. The technique with best diagnostic accuracy will be further evaluated in 
a randomized clinical trial. In this trial, follow-up will be up to 2 years, and pain-free 
interval and quality of life will be evaluated.

CONCLUSION

Three intraoperative imaging techniques (5-ALA, AFI, and NBI) show promising results 
for detection of peritoneal endometriosis. However, the published studies of these 
techniques are at high risk for bias and lack data on long-term clinical outcomes in 
relation to the imaging technique used intraoperatively. Future studies should focus 
on long-term clinical outcomes, including quality of life, recurrence of symptoms, 
reoperation, and overall costs.

2
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SUPPLEMENTARY INFORMATION

Search strategy for PubMed (19 November 2015)
[Mesh] = Medical subject headings
[tiab] = words in title OR abstract

Search Query Items 
found

#4 #1 AND #2 AND #3 503

#3 “Laparoscopy”[Mesh] OR laparoscop*[tiab] OR peritoneoscop*[tiab] OR 
celioscop*[tiab] OR “Surgical Procedures, Operative”[Mesh] OR “surgery” 
[Subheading] OR surgery[tiab] OR surgeries[tiab] OR surgical*[tiab] 
OR operation*[tiab] OR operative*[tiab] OR resecti*[tiab] OR 
“Peritoneum”[Mesh] OR “Peritoneal Diseases”[Mesh] OR peritone*[tiab] 
OR mesenteri*[tiab] OR douglas pouch*[tiab] OR “Pelvis”[Mesh] OR 
pelvis[tiab] OR pelvic[tiab]

3,978,898

#2 “ Nar row Band Imaging” [Mesh]  OR “ S pectrometr y, 
Fluorescence”[Mesh] OR “Fluorescent Dyes”[Mesh] OR “Fluorescein 
Angiography”[Mesh] OR “Indigo Carmine”[Mesh] OR “Indocyanine 
Green”[Mesh] OR “Aminolevulinic Acid”[Mesh] OR “Imaging, Three-
Dimensional”[Mesh:NoExp] OR narrowband imag*[tiab] OR narrow 
band imag*[tiab] OR nbi[tiab] OR nbis[tiab] OR spectrometr*[tiab] OR 
spectroscop*[tiab] OR fluoresce*[tiab] OR autofluoresce*[tiab] OR 
fluorochrom*[tiab] OR aminolevulin*[tiab] OR aminolaevulin*[tiab] 
OR levulan*[tiab] OR 5 ala*[tiab] OR 5ala*[tiab] OR photodynamic 
diagnos*[tiab] OR image guided surg*[tiab] OR chromoendoscop*[tiab] 
OR (“3 d”[tiab] OR 3d[tiab] OR 3dus[tiab] OR “3 dus”[tiab] OR 
3dimension*[tiab] OR ((three[tiab] OR 3[tiab]) AND dimension*[tiab]) 
AND (image[tiab] OR images[tiab] OR imaging*[tiab])) OR “Spectroscopy, 
Near-Infrared”[Mesh] OR near infrared[tiab]

969,830

#1 “Endometriosis”[Mesh] OR endometri*[tiab] 78,400
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Search strategy for Embase.com (19 November 2015)
/exp = EMtree keyword with explosion
:ab,ti = words in title OR abstract
NEXT/x = words in that order next to each other, x places apart
NEAR/x = words in any order, x places apart

Search Query Items 
found

#4 #1 AND #2 AND #3 1,048

#3 ‘laparoscopy’/exp OR ‘surgery’/de OR ‘abdominal surgery’/exp OR 
‘minimally invasive surgery’/exp OR ‘pelvis surgery’/exp OR ‘laser 
surgery’/exp OR ‘surgical technology’/exp OR ‘peritoneum’/exp 
OR ‘peritoneal disease’/exp OR ‘pelvis’/exp OR laparoscop*:ab,ti 
OR peritoneoscop*:ab,ti OR celioscop*:ab,ti OR surgery:ab,ti OR 
surgeries:ab,ti OR surgical*:ab,ti OR operation*:ab,ti OR operative*:ab,ti 
OR resecti*:ab,ti OR peritone*:ab,ti OR mesenteri*:ab,ti OR (douglas 
NEXT/1 pouch*):ab,ti OR pelvis:ab,ti OR pelvic:ab,ti

3,062,112

#2 ‘narrow band imaging’/exp OR ‘spectrofluorometry’/exp OR ‘fluorescent 
dye’/exp OR ‘fluorescence angiography’/exp OR ‘indigo carmine’/exp OR 
‘indocyanine green’/exp OR ‘indocyanine green angiography’/exp OR 
‘aminolevulinic acid’/exp OR ‘three dimensional imaging’/exp OR ‘near 
infrared spectroscopy’/exp OR ‘near infrared reflectance spectroscopy’/
exp OR (narrowband NEAR/3 imag*):ab,ti OR (‘narrow band’ NEAR/3 
imag*):ab,ti OR nbi:ab,ti OR nbis:ab,ti OR spectrometr*:ab,ti OR 
spectroscop*:ab,ti OR fluoresce*:ab,ti OR autofluoresce*:ab,ti OR 
fluorochrom*:ab,ti OR aminolevulin*:ab,ti OR aminolaevulin*:ab,ti OR 
levulan*:ab,ti OR (5 NEXT/1 ala*):ab,ti OR 5ala*:ab,ti OR (photodynamic 
NEAR/3 diagnos*):ab,ti OR (‘image guided’ NEAR/3 surg*):ab,ti OR 
chromoendoscop*:ab,ti OR (‘3 d’:ab,ti OR 3d:ab,ti OR 3dus:ab,ti OR ‘3 
dus’:ab,ti OR 3dimension*:ab,ti AND (image:ab,ti OR images:ab,ti OR 
imaging*:ab,ti)) OR (three:ab,ti OR 3:ab,ti AND dimension*:ab,ti AND 
(image:ab,ti OR images:ab,ti OR imaging*:ab,ti)) OR ‘near infrared’:ab,ti

1,118,027

#1 ‘endometriosis’/exp OR endometri*:ab,ti 103,358

2
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Search strategy for Wiley/Cochrane Library (19 November 2015)
ti,ab,kw = words in title, abstract or keyword

Search Query Items 
found

(CENTRAL)

#1 (laparoscop* or peritoneoscop* or celioscop* or surgery or surgeries 
or surgical* or operation* or operative* or resecti* or peritone* 
or mesenteri* or (douglas and pouch*) or pelvis or pelvic) and 
((narrowband and imag*) or (“narrow band” and imag*) or nbi or nbis 
or spectrometr* or spectroscop* or fluoresce* or autofluoresce* or 
fluorochrom* or aminolevulin* or aminolaevulin* or levulan* or “5 ala” 
or “5 alas” or 5ala* or (photodynamic and diagnos*) or (“image guided” 
and surg*) or chromoendoscop* or ((“3 d” or 3d or 3dus or “3 dus” or 
3dimension*) and (image or images or imaging*)) or ((three or 3) and 
dimension* and (image or images or imaging*)) or “near infrared”) and 
endometri*:ti,ab,kw (Word variations have been searched)

11

Search strategy for ISI/Web of Science (19 November 2015)

Search Query Items 
found

#1 TOPIC: (((laparoscop* OR peritoneoscop* OR celioscop* OR surgery 
OR surgeries OR surgical* OR operation* OR operative* OR resecti* 
OR peritone* OR mesenteri* OR (douglas AND pouch*) OR pelvis OR 
pelvic) AND ((narrowband AND imag*) OR (“narrow band” AND imag*) 
OR nbi OR nbis OR spectrometr* OR spectroscop* OR fluoresce* OR 
autofluoresce* OR fluorochrom* OR aminolevulin* OR aminolaevulin* 
OR levulan* OR “5 ala” OR “5 alas” OR 5ala* OR (photodynamic AND 
diagnos*) OR (“image guided” AND surg*) OR chromoendoscop* OR 
((“3 d” OR 3d OR 3dus OR “3 dus” OR 3dimension*) AND (image OR 
images OR imaging*)) OR ((three OR 3) AND dimension* AND (image 
OR images OR imaging*)) OR “near infrared”) AND endometri*))
Indexes=SCI-EXPANDED, SSCI, A&HCI Timespan=All years

409
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ABSTRACT

BACKGROUND For surgical endometriosis, treatment key is to properly identify the 
peritoneal lesions. The aim of this clinical study was to investigate if advanced imaging 
improves the detection rate by comparing narrow-band imaging (NBI), near-infrared 
imaging with indocyanine green (NIR-ICG), or three-dimensional white-light imaging 
(3D), to conventional two-dimensional white-light imaging (2D) for the detection of 
peritoneal endometriotic lesions.

METHODS This study was a prospective, single-center, randomized within-subject, 
clinical trial. The trial was conducted at Amsterdam UMC—Location VUmc, a tertiary 
referral hospital for endometriosis. 20 patients with ASRM stage III–IV endometriosis, 
scheduled for elective laparoscopic treatment of their endometriosis, were included. 
During laparoscopy, the pelvic region was systematically inspected with conventional 
2D white-light imaging followed by inspection with NBI, NIR-ICG and 3D imaging in a 
randomized order. Suspected endometriotic lesions and control biopsies of presumably 
healthy peritoneum were taken for histological examination. The pathologist was 
blinded for the method of laparoscopic detection. Sensitivity and specificity rates 
of the enhanced imaging techniques were analyzed. McNemar’s test was used to 
compare sensitivity to 2D white-light imaging and Method of Tango to assess non-
inferiority of specificity.

RESULTS In total, 180 biopsies were taken (117 biopsies from lesions suspected for 
endometriosis; 63 control biopsies). 3D showed a significantly improved sensitivity 
rate (83.5% vs. 75.8%, p = 0.016) and a non-inferior specificity rate (82.4% vs. 84.7%, 
p = 0.009) when compared to 2D white-light imaging. The single use of NBI or NIR-ICG 
showed no improvement in the detection of endometriosis. Combining the results of 
3D and NBI resulted in a sensitivity rate of 91.2% (p < 0.001).

CONCLUSION Enhanced laparoscopic imaging with 3D white light, combined with 
NBI, improves the detection rate of peritoneal endometriosis when compared to 
conventional 2D white-light imaging. The use of these imaging techniques enables a 
more complete laparoscopic resection of endometriosis.
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INTRODUCTION

Endometriosis, characterized by endometrial deposits in the peritoneal cavity, is a benign 
but chronic and potentially harmful disorder associated with pelvic pain complaints, 
subfertility and/or pelvic organ dysfunction [1]. Although endometriosis can be suspected 
on presenting symptoms, physical examination and imaging [e.g., transvaginal ultrasound 
(TVU) and magnetic resonance imaging (MRI)], laparoscopic identification and histological 
verification of endometriotic tissue remain the gold standard for the final diagnosis of the 
disease [2]. Treatment of symptomatic endometriosis, especially when not responding 
to hormonal treatment, consists of laparoscopic excision or ablation of endometriotic 
tissue [2]. However, the identification of endometriotic tissue during laparoscopy is not 
always clear which may partly contribute to the high rates of recurrence reported after 
surgical treatment (40–50% at 5 years) [3]. The polymorphic appearance of endometriotic 
lesions is supposed to be the origin of this impaired visual diagnosis during laparoscopy, 
especially non-pigmented endometriotic lesions which are hard to distinguish from healthy 
peritoneal tissue [4–6]. Previous studies reported a positive predictive value of 2D white-
light laparoscopy of only 66% [7]. Therefore, complete resection of endometriosis is difficult 
and reoperation, due to symptomatic recurrence, occurs in more than 50% of the patients 
[8]. The high costs of re-operation and the associated morbidity emphasize the importance 
of a more complete resection during primary surgery.

Enhanced laparoscopic imaging techniques, already frequently used in other fields of 
surgery [9–12], are promising additives to the intra-operative detection of endometriosis 
[13]. These techniques visualize differences in (neo)vascularization and epithelial 
thickness, possibly enabling an improved detection of endometriosis. Previous studies 
showed that with the use of 5-aminolevulinic acid-induced fluorescence (5-ALA) [14–
16], autofluorescence imaging (AFI) [17–19] and narrow-band imaging (NBI) [20, 21], 
endometriotic lesions were detected with a better sensitivity and equal specificity compared 
to 2D white-light imaging. Moreover, with these techniques additional endometriotic lesions 
were found that were not visualized with 2D white-light imaging only. The 5-ALA technique 
was, however, difficult to implement due to high costs and patient side effects, such as 
postoperative photosensitivity [14–16]. NBI has shown to be a more feasible technique 
available in most laparoscopic platforms and without any side effects. The effectiveness 
for the detection of peritoneal endometriosis of more recently introduced laparoscopic 
imaging techniques, such as near-infrared imaging with indocyanine green (NIR-ICG) [22, 
23] or three-dimensional laparoscopy (3D), has not yet been investigated.

To directly compare these different enhanced laparoscopic imaging techniques, a 
clinical trial was conducted. We aimed to investigate which enhanced laparoscopic 
imaging technique is the most accurate for the detection of peritoneal endometriotic 
lesions, with respect to the sensitivity and specificity of the investigated techniques 
and compared to 2D white-light imaging.

3
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METHODS

STUDY DESIGN
This study was a prospective, single-center, randomized within-subject, clinical 
trial conducted at the Amsterdam UMC—Location VUmc (VUmc, Amsterdam, the 
Netherlands). The study was approved by the institutional review board of the VUmc 
(METC VUmc 2015.392) and was registered as the LITE study (Laparoscopic Imaging 
Techniques in Endometriosis therapy) in the Dutch Trial Register (NTR5614, 06 January 
2016). All participants provided informed consent prior to participation.

PATIENTS
Women with moderate to severe endometriosis (American Society for Reproductive 
Medicine (ASRM), stage III or IV), who had an indication for elective laparoscopic 
treatment were asked for participation and informed consent. Endometriosis had to 
be previously surgically confirmed or likely to be present based on TVU or MRI findings 
(including uni- or bilateral ovarian endometrioma). All eligible patients were approached 
during the study period. Women were included if they were aged over 18 years and 
were premenopausal. Excluded from participation were women who were legally or 
mentally incapable or unable to give informed consent; pregnant women; women who 
had an American Society of Anesthesiologists (ASA) score > 3; major open abdominal 
surgery in the past; a known malignancy; an iodine allergy or hypersensitivity reaction 
to prior usage of ICG; use of any medication with a known interaction with ICG; chronic 
kidney failure (eGFR < 55); or abnormal liver enzyme tests (ASAT, ALAT, AF, and yGT 
> 2 times the maximum normal value).

TECHNIQUES
In this trial, the following laparoscopic imaging techniques were studied: narrow-
band imaging (NBI), near-infrared imaging with indocyanine green (NIR-ICG) and 
threedimensional white-light imaging (3D). These techniques were compared to 
conventional two-dimensional high-definition white-light imaging (2D) using the 
laparoscopic system CLV-180 EVIS EXERA II platform (Olympus, Center Valley, USA) 
with an ENDOEYE FLEX 3D deflectable videoscope in the 2D viewing mode.

NARROW-BAND IMAGING (NBI)
NBI was applied using the standard available settings from the laparoscopic system 
CLV-180 EVIS EXERA II platform (Olympus, Center Valley, USA) with an ENDOEYE 
FLEX 3D deflectable videoscope. In NBI imaging, two specific wavelengths of light 
are filtered that are strongly absorbed by hemoglobin. The shorter wavelength (415 
nm) only penetrates the superficial layers of the mucosa and is absorbed by capillary 
vessels in the surface of the mucosa. The second wavelength (540 nm) penetrates 
deeper and is absorbed by blood vessels located deeper within the mucosal layer, 
allowing visualization of the vasculature of suspected endometriotic lesions.



53

NEAR-INFRARED IMAGING WITH INDOCYANINE GREEN (NIR-ICG)
For the NIR-ICG procedure indocyanine green (ICG, ICGPULSION ®, PULSION Medical 
Systems AG, Munich, Germany) was intravenously applied through a peripheral 
infusion during surgery. ICG is a sterile water soluble tricarbocyanine dye with a peak 
spectral absorption in blood (plasma) at 800–810 nm (range: 750–950 nm). ICG 
powder was diluted with sterile water for injection to a final solution of 0.25 mg/mL. A 
bolus of 1 mL ICG solution was injected through a peripheral IV line at the start of the 
procedure. If visualization was inadequate an extra bolus of 1 mL was administered. 
ICG was administered directly under nearinfrared vision and after administration a 
time period of 5 min was used for the detection of lesions. The Olympus VISERA Pro 
(Olympus, Center Valley, USA) laparoscopic platform was used with a modified filter 
on the videoscope that excited near-infrared light (800 nm) and filtered nearinfrared 
reflection in the range of 700–900 nm, enabling visualization of the increased (neo)
vascularity of endometriotic lesions.

THREE-DIMENSIONAL WHITE-LIGHT IMAGING (3D)
3D imaging was applied using the laparoscopic system CLV-180 EVIS EXERA II platform 
(Olympus, Center Valley, USA) with an ENDOEYE FLEX 3D deflectable videoscope. The 
dual lens generated 3D images, projected on a 3D monitor. Lightweight polarized 
3D eyewear integrated the images into 3D vision and enabled depth perception with 
accurate color reproduction.

SURGERY AND IMAGING
Patients were placed in the supine position and received general anesthesia. After 
introduction of the videoscope through a 12-mm trocar, the abdominal cavity was 
inspected. Two additional 5-mm trocars were placed to facilitate exposure of the 
pelvic cavity. For a systematic approach and recording of the suspected lesions, the 
pelvic cavity was divided in seven regions: region I—left lateral pelvic wall and bladder 
peritoneum; region II—right lateral pelvic wall and bladder peritoneum; region III—
peritoneal surface of the uterus; region IV—left lower region of the pelvis (including 
ovarian surface, round ligament, uterosacral ligament, and Douglas’ Pouch); region V—
right lower region of the pelvis (including ovarian surface, round ligament, uterosacral 
ligament, and Douglas’ Pouch); region VI—left ovarian fossa and region VII—right ovarian 
fossa [Figure 1]. All regions were first inspected systematically with conventional 2D 
white-light imaging. Inspection was repeated with the other imaging techniques (NBI, 
NIR-ICG, 3D), applied in a randomized order, generated by online randomization tool 
Sealed Envelope Ltd. (London, United Kingdom). Visual diagnosis of endometriosis 
was confirmed according to previously described criteria [24, 25]. All inspections 
were performed by the same operating physician (VM). Suspected endometriotic 
lesions were identified, documented and numbered. After full surveillance with all 
imaging techniques and documentation, all suspected endometriotic lesions were 
excised. Biopsies of healthy appearing peritoneum were taken as negative controls. 

3



54

Chapter 3

No biopsies were taken of regions with increased risk of iatrogenic damage, bleeding, 
or perforation, such as the intestines or lesions nearby large blood vessels.

The collected specimens were processed, hematoxylin and eosin (H&E) stained 
and assessed upon the presence of endometriosis (identification of endometriotic 
glands and/or endometrial stroma). Additional immunostaining for CD10 and estrogen 
receptors (ER) was applied if the presence or absence of endometriosis could not be 
confirmed based on the H&E staining only [26–28]. The pathologist was blinded for the 
method of detection (e.g., the used imaging technique) and for the clinical suspicion 
of endometriosis (e.g., specimens obtained from areas suspected or unsuspected 
(control) for endometriosis).

FIGURE 1 - Schematic image of pelvic region
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OUTCOMES
The primary objective was to evaluate the sensitivity and specificity rates of the imaging 
techniques in the detection of peritoneal endometriosis, when compared to 2D white-light 
imaging. Secondary outcomes were false-negative rate, false-positive rate and accuracy.

SAMPLE SIZE CALCULATION
Sample size calculation for this study was based on the number of endometriotic 
lesions needed to achieve 80% power to detect an increase in sensitivity from 72% 
(for conventional 2D white light) to 85% (for enhanced imaging techniques) assuming 
70% of the endometriotic lesions to be detected by all techniques. Sample size was 
based on a two-sided McNemar test. Power analysis performed in PASS revealed a 
required number of 81 pathologically confirmed endometriosis lesions. We expected 
to find a mean number of 5.5 endometriotic lesions per patient in our population as 
previously described [29]. Therefore, the sample size was set at 20 patients.

STATISTICS
After final pathologic results were confirmed, the outcomes were put in two-by-two 
contingency tables to calculate the primary outcomes: sensitivity [true positives/(true 
positives + false negatives)] and specificity [true negatives/(true negatives + false 
positives)] rates for each imaging technique. Also the false-negative rates [false negatives/
(true positives + false negatives)] and false-positive rates [false positives/(true negatives 
+ false positives)] were calculated. Test accuracy was calculated for this specific set of 
biopsies [(true positives + true negatives)/total biopsies]. Area under the receiver operator 
characteristics (AUROC) was calculated for each imaging technique. Comparative testing 
was only performed for the primary outcomes (sensitivity and specificity). To compare 
sensitivity of the enhanced imaging techniques (3D, NBI, and NIR-ICG) to conventional 
2D white-light imaging, McNemar’s test was used. Results were considered statistically 
significant with p < 0.05 for two-sided testing. Non-inferiority of specificity of enhanced 
imaging techniques was tested using the method of Tango [30] assuming the prespecified 
non-inferiority margin of 10%. For non-inferiority a one-sided p < 0.025 was considered 
significant. Additional analyses were performed where we took into account clustering of 
lesions within patients. Sensitivity was compared using Generalized Estimating Equations 
(GEE) with an exchangeable working correlation structure to account for within-patient 
correlation of test outcomes. To assess non-inferiority of specificity, a similar approach 
was used. From the GEE output, a p-value for non-inferiority was derived from the estimate 
of the difference in specificities and the reported standard error of this difference where 
we assumed that the estimated difference was normally distributed. Post hoc analyses 
were performed in which we evaluated the sensitivity and specificity for combining NBI 
and 3D where positivity was defined as being either positive on at least one (NBI and/or 
3D) of these methods or positive on both (NBI and 3D) methods, respectively. Statistical 
analyses were performed with SPSS 22 (IBM, Chicago, USA) software. The non-inferiority 
tests assuming independence of observations were performed using Excel.

3



56

Chapter 3

RESULTS

INCLUSIONS
Between February 2016 and May 2017, 20 participants were included in this trial. 
Baseline characteristics are shown in Table 1. In total, 180 biopsies were taken, of 
which 117 biopsies were taken from lesions suspected for endometriosis and 63 
biopsies were taken from presumably healthy peritoneum (negative controls). The 
median number of endometriotic lesions per patient was 5.5 (IQR 5–7.5) with a median 
number of 3.5 control biopsies (IQR 2–4). After histological examination, endometriosis 
was confirmed in 91 biopsies, 85 biopsies were negative for endometriosis. Four 
biopsies were inconclusive, meaning that the presence or absence of endometriosis 
could not be confirmed after histological examination.

Table 1 - Baseline characteristics

Total (n=20)

Age at surgery (yrs), Median (IQR) 34.5 (29.3 – 39.5)

Race, n (%) Caucasian 17 (85%)

BMI (kg/m2), n (%) <25 12 (60%)

25-30 8 (40%)

Parity, Median (IQR) 0 (0 - 1)

Active childwish, n (%) 7 (35%)

Prior abdominal surgery, n (%) 8 (40%)

Reported pre-operative complaints, n (%) Dysmenorrhea 19 (95%)

Dyschezia 13 (65%)

Dysuria 1 (5%)

Dyspareunia 10 (50%)

Use of pre-operative medication, n (%) Yes, oral contraceptives 8 (40%)

Yes, GnRH agonist 3 (15%)

No 9 (45%)

BMI = Body Mass Index; IQR = interquartile range; n = number; yrs = years

IMAGING TECHNIQUES
Biopsies with inconclusive results were excluded when calculating and comparing 
the diagnostic properties of the imaging techniques. Table 2 displays the primary 
outcomes, sensitivity and specificity rates of the different imaging techniques. 3D 
white-light imaging showed a significantly improved sensitivity rate [83.5% vs. 75.8%, 
p = 0.016 (uncorrected)/p = 0.005 (multi-level)] and a non-inferior specificity rate [82.4% 
vs. 84.7%, p = 0.009 (uncorrected)/p = < 0.001 (multi-level)] when compared to 2D 
white-light imaging. The single use of NBI or NIR-ICG showed no improvement in the 
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detection of endometriosis. False-positive rates were 15.3%, 17.6%, 29.4%, and 11.0%; 
false-negative rates (i.e., miss rates) were 24.2%, 16.5%, 18.7%, and 63.9%; accuracy 
was 80.1%, 83.0%, 76.1%, and 58.5% for 2D white-light imaging, 3D white-light imaging, 
NBI, and NIR-ICG, respectively. Combining the results of 3D white-light imaging and 
NBI in a post hoc analysis resulted in a significantly improved sensitivity rate for the 
detection of endometriotic lesions [91.2% vs. 75.8, p < 0.001 (uncorrected)/p < 0.001 
(multi-level)], however with a specificity rate inferior to 2D white-light imaging [0.6% 
vs. 75.8%, p = 0.90 (uncorrected)/p = 0.83 (multilevel)] [Table 3].

Table 2 - Sensitivity and specificity rates

Visual examination,
endometriosis 
suspected based on;

Histological examination,
presence of endometriosis 
confirmed;

Yes No p-value
(uncorrected/multi-level)

2D (WL) Yes 69 13 Sensitivity 75.8% -

(n=176) No 22 72 Specificity
FP-rate
FN-rate
Accuracy

84.7%
15.3%
24.2%
80.1%

-

NBI Yes 74 25 Sensitivity 81.3% p=0.36/p=0.29

(n=176) No 17 60 Specificity
FP-rate
FN-rate
Accuracy

70.6%
29.4%
18.7%
76.1%

p=0.90/p=0.83

NIR-ICG Yes 30 9 Sensitivity 36.1% p<0.001/p<0.001a

(n=165) No 53 73 Specificity
FP-rate
FN-rate
Accuracy

89.0%
11.0%
63.9%
58.5%

p=0.002/p<0.001b

3D Yes 76 15 Sensitivity 83.5% p=0.016/p=0.005a

(n=176) No 15 70 Specificity
FP-rate
FN-rate
Accuracy

82.4%
17.6%
16.5%
83.0%

p=0.009/p=<0.001b

2D = 2D imaging; 3D = 3D imaging; FN-rate = false-negative rate; FP-rate = false-positive rate; 
NBI = narrow-band imaging; NIR-ICG = near-infrared imaging with indocyanine green; n = number; 
WL = white-light imaging
a p < 0.05 for the McNemar’s test for differences in sensitivity
b p < 0.025 for establishing non-inferiority of specificity compared to WL

3
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Table 3 - Sensitivity and specificity rates for combination 3D and/or NBI

Visual examination,
endometriosis suspected 
based on;

Histological examination,
presence of endometriosis 
confirmed;

Yes No p-value
(uncorrected/multi-level)

3D AND NBI Yes 67 15 Sensitivity 73.6% p=0.77/p=0.83

(n=176) No 24 70 Specificity
FP-rate
FN-rate
Accuracy

82.4%
17.6%
26.4%
77.8%

p=0.009/p<0.001a

3D AND/OR NBI Yes 83 25 Sensitivity 91.2% p<0.001/p<0.001b

(n=176) No 8 60 Specificity
FP-rate
FN-rate
Accuracy

70.6%
29.4%
8.6%
81.3%

p=0.90/p=0.38

3D AND NBI displays that endometriosis was suspected upon visual inspection of both 3D and NBI;
3D AND/OR NBI displays that endometriosis was suspected upon either 3D, NBI, or both techniques;
3D = 3D imaging; FN-rate = false-negative rate; FP-rate = false-positive rate; NBI = narrow-band imaging; 
n = number
a p < 0.025 for establishing non-inferiority of specificity compared to WL
b p < 0.05 for the McNemar’s test for differences in sensitivity

For all imaging techniques and the post hoc analysis for combining 3D and NBI, 
AUROC has been generated [Table 4] [Figure 2].

Table 4 - Area under the receiver operator characteristics

Imaging technique Area

2D (WL)
NBI
NIR-ICG
3D

.810

.759
.617
.828

Post hoc analysis Area

NBI AND 3D
NBI AND/OR 3D

.786

.801

2D = 2D imaging; 3D = 3D imaging; NBI = narrow-band imaging; NIR-ICG = near-infrared imaging with 
indocyanine green; WL = white-light imaging
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Figure 2 - AUROC curves

3D = 3D imaging; NBI = narrow-band imaging; ICG = near-infrared imaging with indocyanine 
green

Twenty-two biopsies were positive for endometriosis after histological examination, 
but were not visualized with 2D white-light imaging; of these biopsies, 12/22 were 
visualized with NBI, 4/22 with NIR-ICG, and 7/22 with 3D white-light imaging. 7/22 
biopsies were not visualized with any of the enhanced imaging techniques or 
conventional 2D white-light imaging.

INTRA-OPERATIVE PARAMETERS
Operating time was extended with a median of 30 min (30–37.5 min) due to the 
thorough inspection of the peritoneum with all the imaging techniques including the 
histological sampling. The median amount of blood loss was 50 mL (IQR: 27.5 mL–100 
mL). No complications or serious adverse events were reported.

3
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DISCUSSION

This study was designed to investigate which enhanced laparoscopic imaging 
techniques would show increased sensitivity and non-inferior specificity for the 
detection of peritoneal endometriosis. The use of 3D white-light imaging significantly 
improved the sensitivity rates for the detection of endometriotic lesions when 
compared to conventional 2D white-light imaging and showed a comparable specificity 
rate. The combined use of NBI and 3D white-light imaging, both available on the 
standard laparoscopic platform, resulted in the highest sensitivity rate for the detection 
of peritoneal endometriotic lesions. The use of NBI and NIR-ICG alone showed to be 
of less value with decreased specificity and sensitivity rates, respectively.

These are novel findings with potential to improve surgical care for patients with 
endometriosis and were not reported in previous studies on the use of enhanced 
laparoscopic imaging techniques in endometriosis surgery. Additional analyses 
accounting for clustering of lesions within patients did not change our results and 
conclusions.

Previous studies in other fields of surgery showed that experienced surgeons’ skills 
improve with 3D vision compared to 2D vision [31,32]. It is hypothesized that a 3D view 
of endometriotic lesions may be advantageous for the identification of endometriosis 
detection, showing more clearly an altered peritoneal lining and thickening induced 
by endometriosis. Inflammation causes a slight swelling of the peritoneum which 
presumably is the base of this improved recognition by 3D view.

In our clinical study, a (indirect) combination of NBI and 3D white-light imaging resulted 
in a significantly improved sensitivity rate. The application and addition of NBI to 
3D white-light imaging is useful since the visualization of micro-vascularization is 
enhanced, as is observed in endoscopy for adenomatous lesions [33]. In addition, 
since NBI is integrated in the standard imaging processor of 2D and 3D equipment, no 
additional material or handling is necessary to incorporate these imaging techniques 
together in daily practice. Previous studies investigating the use of NBI [20,21] also 
showed an increased sensitivity rate when NBI was added to 2D white-light imaging 
for the identification of peritoneal endometriosis. However, the use of NBI alone was 
not superior compared to the combined 2D/NBI modality and no control biopsies 
were taken to calculate specificity rates. The low specificity rate of NBI (with and 
without combined 3D view) of 71% may lead to an unjustified resection of presumed 
endometriotic lesions and a subsequent increased risk for surgical complications. 
However, since the excised endometriotic lesions are small and in need for small laser 
ablative therapy, with low associated morbidity, this might be of less clinical relevance. 
To increase specificity rates in the future, a learning phase with direct feedback of each 
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nodule after reviewing the pathology might increase the specificity without hampering 
sensitivity rates.

Two case reports have been published regarding the use of NIR-ICG [22,23]. In both 
studies, Firefly fluorescence detection systems (Intuitive Surgical Inc., Sunnyvale, 
USA) were used. The authors describe fluorescence has aided them in detection and 
resection of endometriosis. A recent cohort study was published, comparing NIR-
ICG to 2D white-light imaging, revealing comparable sensitivity and specificity rates 
[34]. In our trial, however, a significantly decreased sensitivity rate of 36% compared 
to 2D white-light imaging was detected. Pathologic examination revealed that 43 
out of 66 endometriotic lesions were not identified by fluorescent imaging. In our 
study, we administered the ICG directly under near-infrared vision, but up to 5 min 
was utilized to detect endometriotic lesions. Cosentino et al. (2018) administered ICG 
5–30 min prior to inspection. Based on their results, we believe the use of NIR-ICG for 
detection of endometriosis could be further examined. However, most promising field 
of fluorescence-guided surgery will probably be the use of monoclonal endometriosis-
specific antibodies coupled to a fluorescent marker. These potential promising new 
strategies deserves further research, as has been shown for cancer detection with CEA 
(bevacizumab) labeled to IRdye-800CW (a fluorescent agent, comparable to ICG) [35].

In this study, we decided not to investigate the 5-ALA technique [14–16]. Due to 
increased photosensitivity of the skin, patients are required to refrain from light for 24 
h after ingestion of 5-ALA. We believe this is not patient friendly and not feasible for 
our patients whom are treated in day surgery. Secondly, the use of 5-ALA would not 
be cost effective.

Intra-operative identification of endometriosis is not only depending upon the ability 
to visualize lesions, but also upon the experience of the surgeon who performs the 
inspection. In this study, all procedures were performed by the same gynecologist 
(VM), an experienced endometriosis specialist. A potential weakness is the bias 
presented by the use of a single surgeon for all imaging modalities. Therefore, we have 
randomized the order in which imaging techniques were applied during laparoscopic 
inspection. Moreover, we have blinded the pathologist for the method of detection 
and clinical suspicion of endometriosis, in order to minimize bias and strengthen 
the results of this study. This trial was limited by the fact that the interrater variability 
was not assessed, neither was the learning curve. Although the surgeon had a large 
experience in detection of endometriosis with 2D white-light imaging, this was less for 
3D white-light imaging, NBI and NIR-ICG. Potentially after a learning curve, even better 
performance could be present with these imaging techniques. Further validation of 
the different imaging techniques should be addressed in future studies.

3
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In this clinical trial, only patients with preoperatively established moderate to severe 
endometriosis (ASRM III–IV) were included, as we expected to encounter a sufficient 
amount of peritoneal disease in them. This study does not answer the question 
whether enhanced imaging techniques improve the detection of endometriosis in 
patients with limited peritoneal disease (ASRM I–II). In patients with limited peritoneal 
disease, an increased specificity (i.e., improved accuracy in showing the absence of 
disease) might be preferable, whereas in patients with high disease load (ASRM III–IV) 
improved sensitivity is preferable in order to achieve complete resection.

This study was designed as an explorative development study to identify which 
enhanced laparoscopic imaging technique has the best diagnostic accuracy for the 
detection of peritoneal endometriosis in terms of sensitivity (superior) and specificity 
(non-inferior). Based on the results of this trial, a further exploration of the use of 
NBI/3D white-light imaging is needed and will now be further evaluated in a large 
randomized clinical trial with clinical relevant endpoints according to the IDEAL 
framework with adequate power, quality control, and measures [36]. The clinical 
question is whether an improved detection of endometriosis with NBI/3D imaging 
also affects the long-term clinical outcomes after surgery, like reintervention rates, 
pain-free interval and quality of life.

CONCLUSIONS

Enhanced laparoscopic imaging with 3D white light, combined with NBI, improves the 
detection rate of peritoneal endometriosis when compared to conventional 2D white-
light imaging. The use of these imaging techniques may potentially result in a more 
complete laparoscopic resection of endometriosis.
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ABSTRACT

STUDY QUESTIONS The primary objective is to investigate if continuous use of oral 
contraceptives is non-inferior compared to longterm pituitary desensitization with 
a GnRH agonist prior to IVF/ICSI in patients with moderate to severe endometriosis 
with regard to treatment efficacy. Secondary objectives concern treatment safety and 
cost-effectiveness.

WHAT IS KNOWN ALREADY Long-term pituitary desensitization with a GnRH 
agonist for 3–6 months prior to IVF/ICSI improves clinical pregnancy rates in women 
suffering from endometriosis. However, discussion about this treatment strategy 
exists because of its uncomfortable side effects. Alternatively, IVF/ICSI pre-treatment 
with continuously administered oral contraceptives may offer fewer side-effects 
and lower (in)direct costs, as well as encouraging IVF outcomes in women with 
endometriosis. To date, these two different IVF/ICSI pretreatment strategies in women 
with endometriosis have not been directly compared.

STUDY DESIGN, SIZE, DURATION An open-label, parallel two-arm randomized 
controlled multicenter trial is planned, including patients with moderate to severe 
endometriosis. To demonstrate an absolute difference of 13% (delta of 10% with non-
inferiority margin of 3%) with a power of 80%, 137 patients per group are sufficient. 
Taking into account a withdrawal of patients of 10% and a cancelation rate of embryo 
transfer after ovarian pick up of 10% (for instance due to fertilization failure), the sample 
size calculation is rounded off to 165 patients per group; 330 patients in total will be 
included. After informed consent, eligible patients will be randomly allocated to the 
intervention or reference group by using web based block randomization stratified per 
centre. Study inclusion is expected to be complete in 3–5 years.

PARTICIPANTS/MATERIALS, SETTING, METHODS The research population consists 
of patients with moderate to severe endometriosis (ASRM III/IV) who are scheduled 
for their first, second or third IVF/ICSI treatment attempt. Women aged over 41 years, 
younger than 18 years, with a known contraindication for the use of oral contraceptives 
and/or GnRH agonists or with severe male factor infertility will be excluded from 
participation. After informed consent patients are allocated to the intervention group 
(one-phase oral contraceptive continuously during three subsequent months) or the 
reference group (three Leuprorelin 3.75 mg i.m./s.c. depot injections during three 
subsequent months). Tibolon 2.5mg can be given daily as add-back therapy in the 
reference group. After 3 months of pre-treatment the IVF/ICSI stimulation phase will be 
started. The primary outcome is live birth rate after fresh embryo transfer. Secondary 
outcomes are cumulative live birth rate after one IVF/ICSI treatment cycle (including 
fresh and frozen embryo transfers up to 15 months after randomization), ongoing 
pregnancy rate and time to pregnancy. In addition, treatment outcome parameters, 
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adverse events, side-effects during the first 3 months, complications, recurrence 
of endometriosis (complaints), quality of life, patient preferences, safety and costs 
effectiveness will be reported. Measurements will be performed at baseline and at 3, 
6, 9, 12 and 15 months after randomization.

STUDY FUNDING/COMPETING INTEREST(S) All authors have no conflict of interest 
related to this manuscript. The department of reproductive medicine of the Amsterdam 
UMC location VUmc has received several research and educational grants from 
Guerbet, Merck and Ferring not related to the submitted work.

TRIAL REGISTRATION NUMBER The trial is registered as the COPIE trial (Continuous 
use of Oral contraceptives as an alternative for long-term Pituitary desensitization with 
a GnRH agonist prior to IVF/ICSI in Endometriosis patients) in the Dutch Trial Register 
(Ref. No. NTR6357, http://www.trialregister.nl).

TRIAL REGISTRATION DATE 16 March 2017.

DATE OF FIRST PATIENT’S ENROLLMENT Enrollment is planned for November 2018.
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INTRODUCTION

Endometriosis is associated with subfertility in up to 50% of patients [1]. In patients with 
severe endometriosis, subfertility is presumed to be based on a distortion of the pelvic 
anatomy, a hostile peritoneal environment, a decreased oocyte quality, a diminished 
ovarian reserve (due to the presence of endometrioma or prior ovarian surgery) and/
or an impaired implantation due to an altered endometrial receptivity [2,3]. Especially 
in cases of tubal dysfunction, in vitro fertilization (IVF) or intracytoplasmic sperm 
injection (ICSI) are stated as appropriate treatments for subfertility in endometriosis 
patients by the European Society of Human Reproduction and Embryology (ESHRE) 
guideline [4]. However, inferior success rates are especially described in patients with 
moderate to severe endometriosis (American Society for Reproductive Medicine 
(ASRM) Stage III and IV) and in patients with endometrioma(s) [5-8].

To improve pregnancy rates after IVF/ICSI, it is recommended to precede IVF/ICSI by 
long-term pituitary desensitization with a GnRH agonist for 3–6 months, since this 
is shown to improve clinical pregnancy rates (CPR) [9-17]. However, the mechanism 
responsible for this increase in clinical pregnancy rate is not yet clarified and more 
research is needed.

Furthermore, as both the Cochrane and ESHRE recommendations are based upon only 
three small randomized studies (N = 165) [12,15,17], executed in a different IVF/ICSI 
treatment era in which more aggressive stimulation was used and multiple embryos 
were transferred, debate about this treatment strategy exists. Additionally, different 
study-populations with varying degrees of endometriosis (ASRM Stage II–IV) were 
included in these trials [12,15,17], which could have influenced the results.

It is also postulated that the use of a long-term pituitary desensitization regime may 
lower ovarian response to ovarian stimulation, especially in poor responders [18]. In 
addition, uncomfortable side effects, such as vasomotor instability, are often reported 
by patients. These side effects might result in a restrained attitude in prescribing this 
treatment strategy for a longer period of time, although add-back therapy is available 
to diminish these vasomotor side-effects [19,20]. On the other hand, patients who used 
long-term GnRH agonists prior to IVF reported to be motivated to use this treatment 
strategy again, despite side-effects, in a next IVF/ICSI attempt [21].

Alternatively, the effect of continued use of oral contraceptives (OCs) for 6–8 weeks 
prior to IVF/ICSI has been investigated [22]. Non-randomized data show that this 
treatment is favourable in patients with severe endometriosis undergoing IVF/ICSI, 
as clinical pregnancy rates were higher compared to endometriosis patients treated 
without OCs and comparable to that of control patients without endometriosis [22]. 
However, a randomized comparison between continuous use of OCs and longterm 
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pituitary desensitization with a GnRH agonist prior to IVF/ICSI in patients with 
endometriosis has not yet been made.

The daily uncomfortable vasomotor side-effects that are associated with a GnRH 
agonist treatment without add-back therapy, are negatively associated with work-
ability and increase the risk of sickness absence [23-26]. It is currently unknown if this 
can be positively influenced by using add-back therapy.

Although the tolerability of OC is higher compared to GnRH agonists (with or without 
add-back therapy) [27],its use is known to be often associated with migraine, weight 
gain, depression and with a higher risk on venous and arterial thromboembolism 
[28,29]. By using OC continuously, a reduction in monthly blood loss is expected 
combined with a decrease in dysmenorrhea compared to cyclic use of OCs. However, 
this seems to be related with a higher risk on spotting [28].

Due to potentially fewer side effects, improvement of societal productivity can be 
expected in women receiving continuous OC treatment instead of GnRH agonist 
treatment. Moreover, since GnRH agonists are over 40 times more expensive than 
OCs, a reduction in directs costs of medication used in IVF/ICSI can be achieved by 
prolonged use of OCs prior to IVF/ICSI treatment.

Therefore, this study is conducted to investigate if continuous use of OC is non-
inferior to long-term pituitary desensitization with a GnRH agonist (as standard care) 
combined with add-back therapy (if necessary) prior to IVF/ICSI treatment, with regard 
to treatment efficacy, safety and cost-effectiveness.

OUTCOMES
The primary outcome is live birth rate after fresh embryo transfer (ET). Secondary 
outcomes are listed in Table 1. Measurements will be performed at baseline (t0), three 
(t1), six (t2), nine (t3), twelve (t4) and fifteen (t5) months after randomization.

MATERIALS AND METHODS

The study will have a parallel two-arm randomized controlled non-inferiority design and 
will be open-label. Recruitment of patients will be performed in two tertiary care centres 
in the Netherlands. The research population will consist of women with endometriosis 
ASRM Stage III or IV who are scheduled for their first, second or third IVF/ICSI 
treatment. The diagnosis of endometriosis has to be surgically confirmed or likely to 
be present based on transvaginal sonography (TVS) or magnetic resonance imaging 
(MRI) findings, including the presence of uni- or bilateral ovarian endometrioma and 
deep endometriosis. For diagnosing endometrial cysts and/or deep endometriosis 
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diagnostic classification systems for imaging modalities like sonography and/or MRI 
do not exists, although guidelines help clinicians in describing sonographic findings 
in a structural way [30]. Clinics involved in this study will use the systematic approach 
for sonography as presented by the IDEA group [30]. Sonography and MRI are both 
shown to be accurate enough to diagnose endometrial cysts in the ovaries and deep 
endometriosis in the lower bowel and other pelvic structures [31]. Also women with 
surgically treated (i.e. remediated) moderate to severe endometriosis will be included. 
Excluded from participation will be women aged under 18 and over 41 years, women 
with a known contraindication for the use of OCs (history of venous thromboembolism 
(VTE), hepatic adenoma(s), positive family history for VTE and/or known thrombophilic 
abnormalities [32]) or for the use of GnRH agonists (severe side effects and/or allergic 
reaction to GnRH agonists), pregnant women, women with a malignancy or severe 
male factor infertility (i.e. azoospermia). Non-Dutch speaking women will be excluded. 
Women can only participate once in the study.

The study schedule is presented in the Consort Flow Diagram [Figure 1]. Before study 
entry, women will be screened for eligibility. Women who comply with all selection 
criteria will be informed about the trial during a visit at the outpatient clinic or IVF 
centre. Information will be handed out by a gynaecologist, resident, fertility physician or 
research nurse offering a reflection time of minimally 7 days. Informed consent must be 
signed before any study-related procedures can be carried out. After informed consent 
is obtained, women will be randomly assigned to the intervention group (one-phase 
oral contraceptive continuously administered during three subsequent months) or the 
reference group (three GnRH agonist depot injections during three subsequent months 
combined with add-back therapy if necessary). Randomization will be performed via web 
based randomly permuted blocks with variable, randomly chosen sizes (4–6–8 patients) 
stratified by participating centre. Drop outs after randomization will not be replaced.

After randomization, at baseline (t0) a TVS will be performed, to determine the 
presence of endometrioma and signs of deep endometriosis. Baseline characteristics 
and medical history will be listed in the case report file (CRF). Participants will be 
asked to complete different questionnaires at baseline (t0), three (t1), six (t2), nine (t3), 
twelve (t4) and fifteen (t5) months after randomization. These validated questionnaires 
measure quality of life of women with endometriosis (Endometriosis Health Profile 
30 (EHP-30) [33]), direct and indirect medical costs (the Medical consumption 
Questionnaire (iMCQ) [34]) and the Productivity Cost Questionnaire (iPCQ) [35]). During 
the first 3 months of treatment medical consultation, side-effects and absence of work 
will also be recorded in a patients’ diary.

All women in the intervention group will receive one-phase oral contraceptives (sub-
50 OCs) continuously administered during three subsequent months (i.e. 3 × 28 
days). Preferably ethinylestradiol/levonorgestrel 30/150 μg is prescribed. Since a lot 
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of patients already use specific types of OCs, other one-phase sub-50 OCs will be 
accepted as well. Women will be instructed to contact the IVF department on the 
first day of bleeding after stopping the OC (after 3 months) treatment. On day two of 
the withdrawal bleeding women will visit the IVF centre and Triptorelin ‘Decapeptyl’ 
s.c. will be started for suppression of the luteinizing hormone (LH) peak. One day 
later ovarian stimulation will be started with subcutaneously injected gonadotrophins 
(follicle stimulation hormone (FSH)) in an individually determined dosage.

All women in the reference group will receive three Leuprorelin ‘Lucrin’ 3.75 mg i.m. or 
s.c. depot injections during three subsequent months. During these months Tibolon 
‘Livial’ 2.5 mg tablets can be given daily as add-back therapy. Women will have an 
appointment at the IVF department exactly 28 days after the last Leuprorelin injection. 
According to protocol, daily administration of Triptorelin ‘Decapeptyl’ s.c. will then be 
started. One day later ovarian stimulation will be started with subcutaneously injected 
gonadotrophins (FSH) in an individually determined dosage.

When the ovarian stimulation cycle is started women in both groups will be monitored 
routinely by standard (local) protocols, depending on follicle growth monitored by TVS. 
FSH dose adjustments during the stimulation cycle are allowed. Monitoring will be 
continued until the criteria for human chorionic gonadotrophin (hCG) injection are met 
(three or more follicles of 17 mm), to achieve final oocyte maturation. Oocyte retrieval 
will be carried out 34–37 h after hCG injection. Embryos will be cultured and incubated. 
Embryos will be morphologically assessed by combining the number of blastomeres and 
the percentage of fragmentation. The embryo with the highest number of blastocysts 
and the least fragmentation rate will be transferred 48–80 h after oocyte retrieval. The 
number of morphologic top-quality embryos (TQE) will be assessed and elective single 
embryo transfer (eSET) will be performed in the first IVF/ICSI cycle and ≤2 embryos will 
be selected for transfer to the uterus in the second or third cycle of IVF/ICSI. Remaining 
embryos of good quality will be cryopreserved according to local protocols. Luteal 
support and pregnancy testing will be accomplished by local protocols.

All additional IVF/ICSI treatment cycles (including subsequent pregnancies) up to 15 
months after randomization (t5) will be registered in both intervention and control 
groups.

SAMPLE SIZE
We performed a retrospective study regarding the efficacy and safety of IVF/ICSI in 
patients with moderate to severe endometriosis [36], showing ongoing pregnancy rates 
of 20% after fresh embryo transfer. De Ziegler et al. [22] reported clinical pregnancy 
rates of almost 40% in patients with moderate to severe endometriosis with or without 
the presence of an endometrioma during IVF with OCs as a pretreatment. Taking into 
account a miscarriage rate of 20% [37], an ongoing pregnancy rate of 30% can be 
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expected after continuous use of OCs. Therefore, assuming that the ongoing pregnancy 
rate in patients treated with long-term pituitary desensitization with a GnRH agonist 
prior to IVF/ICSI is 20% and in patients treated with continuous use of OCs prior to IVF/
ICSI is 30%, 137 patients per group are sufficient to demonstrate an absolute difference 
of 13% (i.e. a non-inferiority margin of 3%) with an 80% power that the live birth rate 
in the continuous use of OCs group is not inferior to the live birth rate in the long-term 
pituitary desensitization with a GnRH agonists group. The non-inferiority margin of 
3% is arbitrary chosen. Justification can be arranged by performing a discrete choice 
experiment taking into account efficacy, safety and burden of treatment. For instance, 
an earlier published trial concerning patients’ preference regarding GnRH agonist or 
antagonists in IVF/ICSI showed that with a trade-off of 2.0% increase in pregnancy 
rate patients would switch from antagonists to GnRH agonists [38]. Therefore, taking 
into account more benefits of oral contraceptives over GnRH agonists, a non-inferiority 
margin of 3% appears to be justified. The significance level is set at α 0.05, one sided. 
To take into account loss to follow-up due to withdrawal of patients of 10% and a 
cancelation rate of embryo transfer after ovarian pick up of 10% (for instance due to 
fertilization failure) the sample size is rounded off to 165 patients per group. In total, 
330 patients need to be included in this study.

STATISTICAL ANALYSIS
SPSS will be used for statistical analysis. Continuous data will be presented as 
means and standard deviations (normally distributed data) or medians and ranges 
(non-parametrical data). In case of dichotomous or categorical data numbers with 
percentages will be used.

The primary analysis (live birth rate after fresh embryo transfer) will be performed 
according to the intention to treat (ITT) principle including all randomized patients. 
The effectiveness of the interventional treatment versus the reference treatment will 
be expressed as a rate for live birth with corresponding 95% confidence interval. We 
will consider the intervention inferior when the absolute difference in success rate 
exceeds 13% compared to the expected success rate of 30% – this is comparable 
to a relative difference of 0.17/0.30 is 0.57. If the left border of the 95% CI of the RR 
does not exceed the pre-defined threshold of 0.57 for inferiority we will consider the 
intervention to be non-inferior to the reference treatment. A secondary analysis for 
effectiveness will be done on the per protocol (PP) population. Non-inferiority of the 
intervention is stated if non-inferiority is shown in both the ITT and PP population.

All secondary outcomes will be compared in both the ITT and PP analysis. The live 
birth rates in both groups will be compared using Kaplan–Meier analysis. Dichotomous 
and categorical data will be analysed using either Fisher Exact or chi-square as 
appropriate. For continuous outcomes, the confidence interval will be based on (the 
Welch version of) the t-test if the observations are normally distributed. If continuous 
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outcomes are non-normally distributed, the Mann–Whitney-U test will be employed. 
A probability (P) of less than 0.05 will be considered statistically significant. Because 
of the non-inferiority design of this study, for a better interpretation of the findings, 
confidence intervals around point estimates will also be provided.

An economic evaluation will be performed alongside the randomized controlled trial 
from a societal and a health care perspective according to Dutch guidelines with a 
time horizon of 15 months after randomization (i.e. 12 months after start of hormonal 
stimulation for IVF/ICSI treatment) [39].

Cost categories that will be included are: (1) healthcare costs (primary and secondary 
care, complementary care and home care); (2) lost productivity costs (absenteeism 
from paid and unpaid work, and presenteeism) and (3) patient costs (informal care 
and other care services paid for by patients themselves). Valuation will be done 
according to Dutch costing guidelines [40]. For the valuation of health care utilization, 
lost productivity and informal care Dutch standard costs will be used. Medication use 
will be valued using prices of the Royal Dutch Society for Pharmacy. Patient and family 
costs other than informal care will be valued using self-reported prices. For the valuation 
of absenteeism from paid work, the friction cost approach will be used. To document 
absence from paid work the iPCQ [35] will be used at t0, t2 and t5. Besides, absence 
of work will be evaluated with a patient diary during the first 3 months of treatment.

The economic evaluation will be analysed by the ITT principle. Missing cost and 
effect data will be imputed using multiple imputation according to the MICE algorithm 
[41]. Rubin’s rules will be used to pool the results from the different multiply imputed 
datasets. Multiple regression analyses will be performed to estimate cost and effect 
differences between OC pre-treatment and the reference treatment of longterm pituitary 
desensitization with a GnRH agonist and adjusted for confounders. Incremental cost-
effectiveness ratios (ICERs) will be calculated by dividing the difference in the mean 
total costs by the difference in mean effect between the two groups. Bias-corrected 
and accelerated bootstrapping with 5000 replications will be used to estimate 95% 
confidence intervals around the cost differences and statistical uncertainty surrounding 
the ICERs. Cost-effectiveness acceptability curves will also be estimated for a range of 
different ceiling ratios, thereby showing decision uncertainty [42].

In sensitivity analyses we will evaluate the effect of 50% higher or lower endometriosis-
related complaints and/or side effects requiring surgery.

A budget impact analysis (BIA) is planned to be performed. The time horizon for the BIA will 
be 15 months after randomization up to the birth of a child. For our final BIA we will evaluate 
(I) a scenario where OCs will be implemented in all cases, (II) a scenario where OCs will 
be implemented in 70% of the cases and (III) sensitivity analyses on productivity loss.
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DATA MANAGEMENT AND MONITORING
The datasets generated or analysed during the current study will be available from the 
corresponding author on reasonable request. An interim analysis for efficacy will not 
be performed. All Serious Adverse Events (SAEs) and Suspected Unexpected Serious 
Adverse Reactions (SUSARs) will be reported to the Medical Ethics Committee (METc). 
All Adverse Events (AEs) will be recorded and followed until they have abated, or until 
a stable situation has been reached. Depending on the event, follow up may require 
additional tests or medical procedures as indicated, and/or referral to the general 
physician or a medical specialist. An annual safety report will be send to the accredited 
METc and the competent authority. A Data Safety Monitoring Board (DSMB) will not 
be installed since all medication used in this study is registered for the given indication 
and used in clinical practice for years.

ETHICAL APPROVAL
This study is approved by the National Central Committee on Research involving 
Human Subjects (CCMO – NL 59874.026.16) and by the METc of the VU University 
Medical Center (Ref. No. 2016.570). The trial is registered as the COPIE trial (Continuous 
use of Oral contraceptives as an alternative for long-term Pituitary desensitization with 
a GnRH agonist prior to IVF/ICSI in Endometriosis patients) in the Dutch Trial Register 
(Ref. No. NTR6357, http://www.trialregister.nl). From all participants written informed 
consent will be obtained before they will be enroled in the study.

DISCUSSION

In women with moderate to severe endometriosis, IVF/ICSI treatment is frequently 
applied to overcome endometriosis-associated infertility [43]. This randomized 
controlled trial is the first to investigate the non-inferiority and cost-effectiveness of 
continuous use of OCs compared to long-term pituitary desensitization with a GnRH 
agonist prior to IVF/ICSI treatment in women with endometriosis ASRM Stage III/
IV. An IVF/ICSI treatment strategy with continuous use of OCs holds promise to be 
more patient friendly as well as cost-effective compared with long-term pituitary 
desensitization with a GnRH agonist. To our knowledge there are currently no other 
(registered) ongoing trials that evaluate both treatment regimens.

The COPIE trial is an adequately powered trial. Since a new treatment regime (OCs) 
will be compared with the currently used standard treatment (GnRH agonist) a non-
inferiority design is appropriate [44]. In case of a superiority design, a larger sample 
size (i.e. 650 women in total) would be needed, but this would not necessarily lead to 
different conclusions. If OC prior to IVF/ICSI is non-inferior, the current standard can 
be replaced and less women have to experience the discomforts that are related to 
the use of a GnRH agonist.
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Due to the different application forms of GnRH agonist (subcutaneously or 
intramuscularly administered) and OCs (orally administered) the study will be open-
labelled. This may influence the outcomes reported by the patient, like quality of life 
and the experienced side effects of both treatment regimens, but we do not expect 
the primary outcome to be influenced.

The risk of bias is reduced by random allocation of patients to the intervention or 
control group. Block-randomization, stratified for each participating centre, will be web 
based through which chance of allocation bias will be reduced.

To our best knowledge, it is unknown if add-back therapy has an effect on pregnancy 
rates after IVF/ICSI. Since the duration of pituitary desensitization is limited to 3 
months, it is not obligatory to start with add-back therapy to reduce long-term side 
effects on bone mineral density. However, in clinical daily practice, add-back therapy 
can be necessary in patients receiving GnRH analogues, because of severe side 
effects (e.g. vasomotor complaints). Though, the hypothesis postulated by Barbieri 
[45] supports the idea that endometriosis is effectively reduced in terms of endometrial 
growth and pain reduction by taking into account a threshold for serum estradiol 
of 30–50 pgram/ml. By using Tibolone 2.5 mg daily, as usually applied in add-back 
therapy, it is not expected that this threshold will be exceeded [46].

For this trial we use validated questionnaires in the Dutch language. The EHP-30 
is a validated and frequently used instrument to measure quality of life in women 
diagnosed with endometriosis [33,47]. The iMCQ [34] and iPCQ [35] are validated 
questionnaires to measure medical consumption, absence from (paid) work and loss 
of productivity due to health problems and are both suitable to be used in chronic 
conditions like endometriosis.

The study is expected to guide future management of women with severe 
endometriosis undergoing IVF/ICSI, either (when continuous use of OCs is the 
preferred strategy) improving quality of life and treatment compliance or (when 
continuous use of OCs is inferior to GnRH agonists) preventing the use of strategy 
that reduces pregnancy rates.

Women and clinicians can use the results in shared-decision making, increasing the 
chance of pregnancy and with the potential to reduce healthcare expenditures. To 
improve counselling, a discrete choice experiment is planned to investigate patient 
preferences. We will evaluate the indirect costs of patients’ loss of societal productivity, 
due to endometriosis-related symptoms or medication associated side effects. The 
trial will be supported and promoted by the Dutch Endometriosis Foundation, the 
patient association for women with endometriosis in The Netherlands. By the intense 
collaboration with the Dutch Endometriosis Foundation and the NVOG (Dutch Society 
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of Obstetrics & Gynaecology) Working Group on Endometriosis, the results of this trial 
should stimulate a prompt incorporation in guideline and daily practice. In 2015 this 
study was recognized by the NVOG as a first priority knowledge gap in reproductive 
medicine and is listed in the group of studies which are supported by the NVOG [48].

Figure 1 - Consort Flow Diagram and study schedule
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treatment outcomes 
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CRF = case record form; EHP-30 = Endometriosis Health Profile 30; GnRH = gonadotropin 
releasing hormone; ICSI = intracytoplasmic sperm injection; iMCQ = iMTA Medical Consumption 
Questionnaire; iMTA = institute for Medical Technology Assessment; iPCQ = iMTA Productivity 
Cost Questionnaire; IVF = in vitro fertilization; n = number; t = time point; TVS = transvaginal 
sonography.
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Table 1 – Secondary outcomes

Secondary outcomes
Clinical -	 Cumulative live birth rate after one IVF/ICSI treatment (number of 

live births per initiated cycle, including fresh and frozen ETs up to 
15 months after randomization)

-	 Ongoing pregnancy rate (positive heart action, confirmed > 10 
weeks after ET by TVS)

-	 Cumulative ongoing pregnancy rate (including fresh and frozen ETs 
up to 15 months after randomization)

-	 Time to pregnancy (months)
Treatment -	 Follicular development (follicle size distribution at the time of hCG 

administration)
-	 Total dose and duration of gonadotrophin treatment
-	 Number of oocytes and (top-quality) embryos (morphological 

assessment of embryos: combining number of blastomeres and 
percentage of fragmentation)

-	 Fertilization rate (number of fertilized oocytes per number of 
retrieved oocytes)

-	 Implantation rate (number of embryonic sacs observed by TVS per 
number of transferred embryos)

-	 Multiple pregnancy rate, miscarriage rate, ectopic pregnancy rate
-	 Endometrial thickness (measured by TVS at the time of hCG 

administration)
-	 Pain during oocyte pick up (VAS 0-10 cm)
-	 Adverse events, complications, side-effects
-	 Cancellation rate

Endometriosis -	 Recurrence of endometriosis complaints within 15 months after 
randomization

-	 Need for surgical/medical treatment within 15 months after 
randomization

-	 Quality of life (EHP-30)
-	 Patients’ preference of treatment and treatment-satisfaction (VAS 

0-10 cm)
Cost-effectiveness 
and BIA

-	 Direct and indirect costs within 15 months after randomization 
(measured by the iMCQ and iPCQ validated questionnaires).

Factors to be taken 
into account

-	 Patient characteristics (age; BMI; smoking; alcohol use; hormonal 
treatment prior to start of study; duration until latest therapeutic 
surgery prior to start of study; prior surgical procedure; complete 
or incomplete remediation of endometriosis with prior surgery; 
presence of endometrioma and/or deep endometriosis on 
ultrasound and/or MRI; presence of adhaesions on ultrasound 
and/or MRI and/or during previous pelvic surgery; presence of 
adenomyosis diagnosed conform the MUSA criteria

-	 Treatment characteristics (first/second/third IVF/ICSI attempt; 
other indications for IVF/ICSI)

IVF = In Vitro Fertilization; ICSI = Intracytoplasmic Sperm Injection; EHP-30 = Endometriosis Health 
Profile 30; ET= Embryo Transfer; hCG = human Chorionic Gonadotrophin; TVS = Transvaginal 
Sonography; VAS = Visual Analogue Scale; BIA = budget impact analysis; iMCQ = iMTA Medical 
Consumption Questionnaire; iPCQ = iMTA Productivity Cost Questionnaire; iMTA = institute for Medical 
Technology Assessment; MUSA = Morphological Uterus Sonographic Assessment [49]
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ABSTRACT

STUDY QUESTION What is the effect of uterine bathing with sonography gel prior 
to IVF/ICSI-treatment on live birth rates after fresh embryo transfer in patients with 
endometriosis?

SUMMARY ANSWER After formal interim analysis and premature ending of the 
trial, no significant difference between uterine bathing using a pharmacologically 
neutral sonography gel compared to a sham procedure on live birth rate after fresh 
embryo transfer in endometriosis patients (26.7% vs. 15.4%, relative risk (RR) 1.73, 
95% confidence interval (CI) 0.81-3.72; p 0.147) could be found. The trial was however 
underpowered to draw definite conclusions.

WHAT IS KNOWN ALREADY Impaired implantation receptivity contributes to reduced 
clinical pregnancy rates after IVF/ICSI-treatment in endometriosis patients. Previous 
studies suggested a favorable effect of tubal flushing with Lipiodol® on natural 
conceptions. This benefit might also be explained by enhancing implantation through 
endometrial immunomodulation. Although recent studies showed no beneficial effect 
of endometrial scratching, the effect of mechanical stress by intrauterine infusion on 
the endometrium in endometriosis patients undergoing IVF/ICSI-treatment has not 
been investigated yet.

STUDY DESIGN, SIZE, DURATION We performed a multicenter, patient-blinded, 
randomized controlled trial in which women were randomly allocated to either a Gel 
Infusion Sonography (GIS, intervention group) or a sham procedure (control group) 
prior to IVF/ICSI-treatment. Since recruitment was slow and completion of the study 
was considered unfeasible, the study was halted after inclusion of 112 of the planned 
184 women.

PARTICIPANTS/MATERIALS, SETTING, METHODS We included infertile women with 
surgically confirmed endometriosis ASRM stage I-IV undergoing IVF/ICSI-treatment. 
After informed consent, women were randomized to GIS with intrauterine instillation 
of ExEm-gel® or sonography with gel into the vagina (sham). This was performed in 
the cycle preceding the embryo transfer, on the day GnRH analogue treatment was 
started. Primary endpoint was live birth rate after fresh embryo transfer. Analysis was 
performed by both intention-to- treat and per-protocol.

MAIN RESULTS AND THE ROLE OF CHANCE Between July 2014 to September 2018, 
we randomly allocated 112 women to GIS (n=60) or sham procedure (n=52). The live 
birth rate after fresh embryo transfer was 16/60 (26.7%) after GIS versus 8/52 (15.4%) 
after sham (RR 1.73, 95% CI 0.81-3.72; p 0.147). Ongoing pregnancy rate was 16/60 
(26.7%) versus 9/52 (17.3%, RR 1.54, 95% CI 0.74-3.18). Miscarriage occurred in 1/60 
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(1.7%) versus 5/52 (9.6%, RR 0.17, 95% CI 0.02-1.44) women. Uterine bathing resulted 
in a higher pain score compared with a sham procedure (VAS score 2.7 [1.3-3.5] vs. 
1.0 [0.0-2.0], p<0.001). There were two adverse events after GIS versus none after 
sham procedures.

LIMITATIONS, REASONS FOR CAUTION The study was terminated prematurely due 
to slow recruitment and trial fatigue. Therefore, the trial is underpowered to draw 
definite conclusions regarding the effect of uterine bathing with sonography gel on 
live birth rate after fresh embryo transfer in endometriosis patients undergoing IVF/
ICSI-treatment.

WIDER IMPLICATIONS OF THE FINDINGS We could not demonstrate a favorable 
effect of uterine bathing procedures with sonography gel prior to IVF/ICSI-treatment 
in patients with endometriosis.

STUDY FUNDING/COMPETING INTEREST(S) IQ Medical Ventures provided the 
ExEm FOAM® kits free of charge, they were not involved in the study design, data 
management, statistical analyses and/ or manuscript preparation etc. C.B.L. reports 
receiving grants from Ferring, grants from Merck and grants from Guerbet outside the 
submitted work. C.B.L. is editor in Chief of Human Reproduction. V.M. reports grants 
and other from Guerbet outside the submitted work.  B.W.M. reports grants from 
NHMRC (GNT1176437), personal fees from ObsEva, personal fees from Merck and 
Merck KGaA, personal fees from Guerbet and personal fees from iGenomix, outside 
the submitted work. N.P.J. reports research funding from Abb-Vie and Myovant 
Sciences and consultancy for Vifor Pharma, Guerbet, Myovant Sciences and Roche 
Diagnostics, outside the submitted work. K.D. reports personal fees from Guerbet, 
outside the submitted work. The other authors do not report any conflicts of interest. 
No financial support was provided.

TRIAL REGISTRATION NUMBER NL4025 (NTR4198)

TRIAL REGISTRATION DATE 7 October 2013

DATE OF FIRST PATIENT’S ENROLLMENT 22 July 2014
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INTRODUCTION

In patients with endometriosis, pregnancy and live birth rates after in vitro fertilization 
(IVF) or intracytoplasmic sperm injection (ICSI) treatment are reduced compared to 
patients without endometriosis [1-3]. This could be caused by a decreased quality 
of oocytes, a reduced implantation capacity of the embryo and/or a diminished 
endometrial receptivity [4-6]. Suggested explanations for the impaired endometrial 
receptivity of endometriosis patients undergoing IVF/ICSI-treatment are progesterone 
resistance, inflammation and inadequate decidualization as well as the presence of 
concomitant adenomyosis [3,5,7,8].

For nearly two decades, it has been hypothesized that applying local endometrial injury 
might induce a beneficial effect on endometrial receptivity, especially in patients with 
recurrent implantation failure (RIF) after IVF/ICSI-treatment [9-12]. Although multiple 
randomized controlled trials (RCTs) have investigated the effect of endometrial 
scratching prior to IVF/ICSI-treatment, the actual role of applying endometrial injury 
in women undergoing ART remains unclear [13]. A critical assessment of the quality 
of papers on endometrial scratching suggests that methodological problems may 
have biased the results of the trials [14].

As an alternative to scratching the endometrium, its receptivity might be modulated by 
infusing fluids into the uterine cavity (“uterine bathing”). In patients with minimal to mild 
endometriosis, undergoing hysterosalpingography (HSG) with Lipiodol®, an ethiodized 
oil derived from poppy seed, showed improved naturally conceived clinical pregnancy 
rates postprocedure [15]. Although this result is possibly explained by a flushing effect 
on the Fallopian tubes, a direct (therapeutic) effect on the endometrial receptivity was 
suggested as well. This hypothesis is supported by data from a randomized controlled 
animal study [16] in which treatment with Lipiodol® (versus infusion with saline versus 
sham treatment) altered the dendritic cell population of the endometrium in mice, 
suggesting a Lipiodol-induced favorable uterine immune response. Endometrial 
gene transcript regulation through Lipiodol® uterine bathing has also demonstrated 
a downregulation of endometrial Osteopontin, a molecule that could be interfering with 
implantation receptivity in women with endometriosis [17]. In order to investigate the 
effectiveness of pre-IVF uterine bathing with Lipiodol® in women with endometriosis 
or RIF, the IVF-LUBE trial was performed [18]. The study was, however, not sufficiently 
powered to show any difference between the intervention and control arm.

Beside a possible pharmacological mechanism of Lipiodol®, the favorable effects of 
uterine bathing could also be explained as the direct result of mechanical stress on 
the endometrium. In the available evidence, a control group treated with intrauterine 
saline or gel was not included and endometrial biopsies confirming the drug-
therapeutic effect of Lipiodol® were absent. This hypothesis is partly supported by 
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the observations in limited quality trials that screening hysteroscopy, using intrauterine 
infusion, may increase IVF/ICSI pregnancy rates in some subpopulations [19-21].

In order to investigate the effect of mechanical pressure by intrauterine infusion of 
a pharmacological neutral sonography gel, on the endometrium in endometriosis 
patients (ASRM I-IV) undergoing IVF/ICSI treatment, we designed the TUBIE trial (Trial 
on Uterine Bathing before IVF/ICSI treatment in patients with Endometriosis). In the 
intervention arm of this randomized trial we performed a Gel Infusion Sonography 
(GIS) prior to IVF/ICSI treatment and in the control arm we applied a sham procedure. 
In both arms ExEm-gel® was used, a pharmacologically neutral gel, not containing 
any components which may enhance endometrial receptivity [22-24].

We hypothesized that in endometriosis patients scheduled for IVF/ICSI-treatment, 
uterine bathing with sonography gel would be superior to a sham procedure in terms of 
live birth rates after fresh embryo transfer, through a mechanical pressure mechanism 
inducing local injury of the endometrium.

MATERIAL AND METHODS

A multicenter, patient-blinded, parallel two-arm RCT was performed in four centers 
in the Netherlands and Belgium with special care for endometriosis. Participating 
centers were Amsterdam UMC (Location VUmc), Amsterdam, the Netherlands; OLVG, 
Amsterdam, the Netherlands; Isala, Zwolle, the Netherlands and Ghent University 
Hospital, Ghent, Belgium. The study was approved by the institutional review board 
of the Amsterdam UMC (Location VUmc); (METC VUmc reference number: 2013.242). 
The study had the acronym TUBIE trial (Trial on Uterine Bathing before IVF-/ICSI-
treatment in patients with Endometriosis) and was registered in the Dutch Trial Register 
(NL4025 (NTR4198), 7 October 2013).

PATIENTS
Infertile women aged 18-42 years with surgically confirmed endometriosis (American 
Society of Reproductive Medicine (ASRM), stage I-IV), scheduled for IVF/ICSI-
treatment, were asked to participate by the investigators before the start of their 
IVF/ICSI treatment. Women with known anomalies of the uterus, a malignancy or a 
pregnancy were excluded.

RANDOMISATION & ALLOCATION
After written informed consent, women were randomly assigned (1:1) to either a GIS 
procedure (intervention) or sham procedure (control). Randomization was performed 
without stratification in randomly permuted blocks of 2, 4 or 6, using a computer-
generated randomization list. This randomization list was rendered by a statistician 
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(P.M.v.d.V). All study procedures (intervention and control) were performed by 
investigators who were not involved in the IVF/ICSI-treatment. Patients, IVF clinic staff, 
embryologists and IVF technicians were blinded for the outcomes of randomization 
i.e. the performed study procedure and the subsequent IVF/ICSI-treatment.

INTERVENTIONS
The study procedures (intervention or sham) were performed in the cycle preceding 
IVF/ICSI stimulation and embryo transfer, on the day GnRH analogue treatment was 
started [13] according to a standard long agonist protocol. Both procedures were 
performed by investigators who were not involved in the IVF/ICSI-treatment. For the 
GIS procedure, pharmacologically neutral ExEm-gel (GynaecologIQ/GISKIT, IQ Medical 
Ventures BV, Rotterdam, the Netherlands) was used [24]. A flexible catheter was placed 
through the internal ostium infusing a maximum amount of 10 mL gel in the uterine 
cavity. A transvaginal ultrasound, which was blinded for the patient, was performed 
immediately after infusing the gel. After performing the ultrasound the catheter was 
removed and the procedure was ended.

The sham procedure was performed in a similar way to the GIS procedure with the 
exception that the tip of the flexible catheter was placed in the vaginal posterior fornix, 
in order to avoid unintentional endometrial injury. After infusing a maximum amount 
of 10 mL ExEm-gel® intravaginally, a transvaginal ultrasound was performed. Again 
the ultrasound was blinded for the patient. After performing this, the procedure was 
ended by removal of the catheter.

IVF/ICSI PROCEDURE
IVF/ICSI treatment procedures were performed by local protocol. In summary; 
at baseline (cycle day 2 or 3) a transvaginal sonography was performed. Patients 
started with oral contraceptives on the third day of the cycle for the total duration of 
three weeks. After two weeks pituitary down regulation by administration of GnRH 
agonists was started. GnRH agonists were continued till and including the day of 
hCG administration. Ovarian stimulation was performed according to the centers 
local protocol by recombinant FSH (rFSH) or highly purified human menopausal 
gonadotrophin (HP-HMG) (dosage individually determined) and was started on cycle 
day three. Patients were monitored routinely by a standard protocol, depending on the 
follicle growth. Monitoring was continued until the criteria for urinary hCG injection 
(Pregnyl® ) or recombinant hCG injection (Ovitrelle®) were met. Oocyte retrieval was 
carried out 34-37 hours after hCG injection. IVF/ICSI incubation procedures were 
performed according to the clinics standard practice. Embryo transfer (≤ 2 embryos) 
was performed 72-120 hours after oocyte retrieval. Remaining of good quality embryos 
were cryopreserved in nitrogen vapor tanks or in liquid nitrogen. Luteal support was 
accomplished by two capsules of 100mg Utrogestan per vaginam, three times a day, 
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during 15 days, or in case of pregnancy, 22 days. All medication was registered and 
marketed in the Netherlands and Belgium.

OUTCOMES
The primary outcome was live birth rate after fresh embryo transfer. Secondary 
outcomes were biochemical pregnancy (increase in serum hCG), clinical pregnancy 
(gestational sac, with or without heartbeat, visible on ultrasound), ongoing pregnancy 
(viable intrauterine pregnancy that progresses beyond 12 weeks of gestation), multiple 
pregnancy (two or more gestational sacs, with or without heartbeat, visible on 
ultrasound), miscarriage (the presence of non-vitality on ultrasound or spontaneous loss 
of pregnancy before 12 weeks of gestation) and ectopic pregnancy (defined histologically 
if treated surgically or by clinical diagnosis if managed conservatively), all after the 
first cycle. If a pregnancy was terminated (medical assisted termination of pregnancy 
before 24 weeks of gestation), this was reported separately and not counted as live 
birth. Furthermore, adverse events of the procedure (such as infection and bleeding), 
pain experienced during the procedure (recorded using the visual analogue scale (VAS 
0.0-10.0 cm)), complications of the IVF/ICSI-treatment, as well as complications during 
pregnancy and postpartum period, and neonatal outcomes were registered.

SAMPLE SIZE
The sample size calculation was based on the data of the interim analysis of the IVF-
LUBE trial [25]. To demonstrate an absolute difference of 20% in live birth rate between 
the two groups (20% in the sham group versus 40% in the GIS group) with a two-sided 
significance level of 5% and a power of 80%, 164 patients needed to be included in 
this trial. Considering a 10% loss to follow-up, the trial needed to include 92 patients 
per study group (184 patients in total).

STATISTICAL ANALYSIS
The chi-square test or the Fishers’ exact test was used to compare dichotomous 
outcomes between the two arms of the trial. The relative risk (RR) is calculated as the 
effect size together with its 95% confidence interval (CI). The Student’s t-test or Mann 
Whitney U test (depending on the data distribution) was used to compare continuous 
outcomes between the arms. All statistics on primary and secondary outcomes 
were undertaken for the intention-to-treat (ITT) and per-protocol (PP) analysis. The 
statistical analysis was performed in IBM SPSS Statistics version 22.0 using a two-
sided significance level of 5%.

Because of the slow accrual of this trial and the IVF-LUBE trial concluding that uterine 
bathing with Lipiodol® did not add to the success of IVF [18], it was decided to perform 
an interim analysis as soon as half of the planned study population had completed 
the study protocol. Details of the interim analysis were added to the trial protocol and 
approved by the institutional review board of the Amsterdam UMC (Location VUmc) 
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before the required data became available. The interim analysis consisted of calculation 
of the conditional power which was defined as the probability of concluding live birth 
rate to be significantly higher in the GIS arm at the end of the trial given the planned 
sample size of 184 patients and the data observed so far. The conditional power was 
calculated under the assumption that the live birth rates in future participants in each 
of the two arms equalled those observed in the participants already included in the 
interim analysis. An independent statistician, who had no further involvement in the 
trial, performed the interim analysis as unblinding was considered necessary in order to 
avoid continuing the trial in case live birth rate was considerably smaller in the GIS arm.

RESULTS

Between July 2014 and September 2018, when the interim analysis was performed, 
a total of 113 women were included in this trial. After randomization, one patient was 
excluded from the trial as she did not meet the inclusion criteria [26]. She underwent 
a short stimulation IVF/ICSI protocol instead of the long stimulation protocol.

This trial started as a singlecenter study in Amsterdam. From the start, recruitment of 
participants was progressing slowly. Fewer women than initially expected fulfilled the 
in- and exclusion criteria of the study. This resulted in an adaptation of the inclusion 
criteria allowing all ASRM stages of endometriosis to be included (amendment to 
protocol approved by institutional review board of the Amsterdam UMC (Location 
VUmc)). Unfortunately, this was not enough to reach a sufficient amount of inclusions 
and lead to engage collaboration with three other large endometriosis care centers in 
the Netherlands and Belgium. However, even with this expansion, the inclusion rate 
remained slow, therefore it was decided to perform an interim analysis where conditional 
power would be used to decide on continuing or stopping the trial. At time of interim 
analysis, live birth rate was 24% (12/49) in the GIS group compared to 19% (8/43) in the 
sham group. Conditional power in case of continuing the trial was calculated as 4%. The 
conditional power was considered too low to warrant continuation of the trial and the 
trial was stopped for futility. Consequently, 112 women allocated to either uterine bathing 
by GIS (n=60) or a sham procedure (n=52) were included in the final analysis [Figure 1].

BASELINE CHARACTERISTICS
Baseline characteristics are shown in Table 1. In all participants endometriosis 
was surgically confirmed: 65 women (58%) were diagnosed with minimal to mild 
endometriosis (ASRM stage I-II), 47 women (42%) with moderate to severe endometriosis 
(ASRM stage III-IV). Besides endometriosis, 52 women (46.6%) had concomitant reasons 
for infertility: male factor (total motile sperm count <1 x 10^6mL, n =27 (24.1%)), tubal 
factor (one- or two-sided, n = 23 (20.5%)), anovulation (n=7 (6.3%)) and cervical factor 
(n=2 (1.8%)). Seven couples (6.3%) had more than two reasons for infertility.
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Table 1 – Baseline characteristics

GIS
(n=60)

sham
(n=52)

Age (years), median (IQR) 35 [33-39] 36 [33-38]

BMI (kg/m2), median (IQR) 22.3 [20.2-23.9] 21.6 [20.8-24.2]

Smoking, n(%) 3 (5.0) 1 (1.9)

Ethnicity, n(%)
-	 Caucasian
-	 Non-Caucasian

57 (95.0)
3 (5.0)

42 (80.8)
10 (19.2)

Gravidity, n(%)
-	 0
-	 ≥ 1

23 (38.3)
37 (61.7)

25 (48.1)
27 (51.9)

Parity, n(%)
-	 0
-	 ≥ 1

39 (65.0)
21 (35.0)

35 (67.3)
17 (32.7)

Miscarriage in obstetric history, n(%) 22 (36.7) 17 (32.7)

Curettage in obstetric history, n(%) 4 (6.7) 6 (11.5)

EUG in obstetric history, n(%) 2 (3.3) 2 (3.8)

Stage of endometriosis (rASRM), n(%)
-	 Minimal / Mild (I/II)
-	 Moderate / Severe (III/IV)

30 (50.0)
30 (50.0)

35 (67.3)
17 (32.7)

Average cycle duration (days), median (IQR) 28 [28-30] 28 [28-30]

Total number of AFC on cycle day 2-4 mean (± SD) 15 ± 6 11 ± 6

Months of infertility mean (± SD) 44.2 ± 26.8 35.3 ± 18.1

Previous MAR in current child wish, n(%) 54 (90.0) 48 (92.3)

IVF/ICSI cycle number, median (IQR) 2 [1-2] 1 [1-2]

AFC = Antral Follicle Count; BMI = Body Mass Index; EUG = extra uterine gravidity; GIS = Gel Infusion 
Sonography; IQR = Interquartile Range; MAR = Medically Assisted Reproduction; n = number; 
rASRM = revised American Society for Reproductive Medicine; SD = standard deviation.

Of the women randomized for GIS, one participant cancelled the procedure and did not 
receive the allocated treatment. In the sham group, one procedure failed as gel was 
infused into the uterine cavity during the procedure. Of the 59 women who underwent 
a GIS procedure, 12 did not undergo fresh embryo transfer after completing the IVF/
ICSI-treatment, including 5 with a poor response, 4 with a hyper response or 2 women 
with total fertilization failure. In the group of the sham procedure, five women had a 
poor response and one a hyper response resulting in a cancelled fresh embryo transfer. 
As a result 48/60 women (80%) in the GIS group and 45/52 women (86.5%) in sham 
procedure group underwent a fresh embryo transfer. There was no loss to follow up.
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PAIN SCORES
The median pain scores, measured by a VAS (0.0 - 10.0 cm) directly after the procedure, 
were significantly higher following GIS 2.7 cm (25th – 75th percentiles 1.3 - 3.5) than 
following sham procedure 1.0 cm (0.0 - 2.0, p <0.001). There were two adverse events 
after a GIS procedure. One woman fainted during the procedure because of excessive 
pain (VAS 10.0cm), another woman suffered from non-severe vaginal blood loss for a 
day after the procedure [Table 2].

Table 2 – Investigational procedure characteristics

GIS
(n = 60)

sham
(n=52)

p-values

Amount gel infused (mL), median (IQR) 6.0 [5.0-7.0] 5.0 [4.0-5.5] 0.003*

Procedure time (min.), mean (± SD) 9.3 ± 2.7 8.5 ± 2.0 0.089

Cervical leakage, n (%) 13 (21.7) NA -

VAS score (cm), median (IQR) 2.7 [1.3-3.5] 1.0 [0.0-2.0] <0.001*

Adverse event, n (%) 2 (3.3) 0 (0.0) 0.173

IQR = Interquartile Range; n = number; NA = not applicable; SD = standard deviation; VAS = Visual 
Analog Scale. *p-value < 0.05.

IVF/ICSI-TREATMENT
The IVF- or ICSI-treatment characteristics are presented in Table 3. There were 
no significant differences between the groups. Six women randomized for a GIS 
procedure had a complication of the IVF/ICSI-treatment: four women were diagnosed 
with mild-to-moderate ovarian hyperstimulation syndrome (OHSS) [27]; one women 
was diagnosed with an ectopic pregnancy for which a laparoscopic tubotomy was 
undertaken; and one women was diagnosed with an ovarian torsion in pregnancy at 
six weeks and six days of gestation then underwent a laparoscopy and the pregnancy 
continues successfully.
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Table 3 - IVF-/ICSI treatment characteristics

GIS
(n = 60)

sham
(n = 52)

p-values

Treatment type, n (%)
-	 IVF
-	 ICSI

42 (70.0)
18 (30.0)

41 (78.8)
11 (21.2)

0.286

Cycle number, median (IQR) 2 [1-2] 1 [1-2] 0.029*

Endometrial thickness at day of hCG (mm), 
median (IQR)

3.9 [2.8-5.9] 4.0 [2.9-5.3] 0.751

Dose FSH (U), median (IQR) 2225 [1663-2925] 2475 [1650-2925] 0.460

Semen, gain after processing (*106), median 
(IQR)

14.0 [4.5-49] 20.0 [8.0-49.0] 0.339

Number of retrieved oocytes, median (IQR) 10 [7-14] 8 [5-13] 0.160

Number of fertilized oocytes, median (IQR) 6 [4-8] 5 [3-9] 0.333

Number of embryos for transfer, median (IQR) 5 [4-8] 4 [2-8] 0.333

Number of transferred embryos, n (%)
-	 No embryo transferred
-	 SET
-	 DET

12 (20)
40 (66.7)
8 (13.3)

6 (11.5)
43 (82.7)
3 (5.8)

0.126

Top-quality of transferred embryo, n (%)
-	 Embryo 1
-	 Embryo 2 (in case of DET)

18 (45.0)
2 (25.0)

17 (39.5)
0 (0.0)

0.895
0.338

Blastocyst transfer, n (%) 2 (3.3) 1 (1.9) 0.645

Cryopreservation, n (%) 43 (71.7) 34 (65.4) 0.097

Number of frozen embryos, median (IQR) 4 [2-7] 4 [1-7] 0.277

Complications, n (%)
-	 OHSS (mild/moderate)
-	 Ectopic pregnancy
-	 Ovarian torsion

6 (10.0)
4 (6.7)
1 (1.7)
1 (1.7)

1 (1.9)
1 (1.9)
0 (0.0)
0 (0.0)

0.081

DET = Double Embryo Transfer; FSH = Follicle Stimulating Hormone; GIS = Gel Infusion Sonography; 
hCG = human Chorionic Gonadotropin; IVF = In Vitro Fertilization; ICSI = Intracytoplasmic Sperm 
Injection; mm = millimeter; n = number; OHSS = Ovarian Hyperstimulation Syndrome; SET = Single 
Embryo Transfer; U = units. *p-value < 0.05.

In the sham group only one women had a complication of the IVF/ICSI-treatment, 
showing signs of a mild-to-moderate OHSS (p=0.081).

PREGNANCY OUTCOMES

Intention to treat (ITT) analysis
The primary outcome live birth rate per patient was 16/60 (26.7%) in the GIS group 
compared to 8/52 (15.4%) in the sham group (RR 1.73, 95% CI 0.81-3.72, p = 0.147) 
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[Table 4]. Secondary outcome measures are listed in Table 4. Adjustment for baseline 
characteristics (ethnicity, AFC, duration infertility and cycle number), had no impact on 
the results (not reported). Two sensitivity analyses were performed; a first sensitivity 
analysis in which the excluded patient (n=1) was included in the analysis and a second 
sensitivity analysis in which we counted the woman in the control group who had 
her pregnancy terminated because of trisomy 21 as live birth. Conclusion of the ITT 
analysis remained unchanged for both the sensitivity analyses.

Table 4 – Primary and secondary outcome measures; pregnancy outomes after fresh embryo 
transfer (ITT analysis)

GIS
(n=60)

sham
(n=52)

p-values Relative risk
(RR)

95% CI for 
the RR

Primary outcome, n (%)

-	 Live birth 16 (26.7) 8 (15.4) 0.147 1.73 (0.81-3.72)

Secondary outcome, n (%)

-	 Biochemical pregnancy 24 (40.0) 18 (34.6) 0.557 1.16 (0.71-1.88)

-	 Clinical pregnancy 17 (28.3) 14 (26.9) 0.868 1.05 (0.58-1.92)

-	 Ongoing pregnancy 16 (26.7) 9 (17.3) 0.236 1.54 (0.74-3.18)

-	 Multiple pregnancy 1 (1.7) 0 (0.0) - - -

-	 Miscarriage 1 (1.7) 5 (9.6) - - -

-	 Ectopic pregnancy 1 (1.7) 0 (0.0) - - -

-	 Termination of pregnancy 0 (0.0) 1 (1.9) - - -

CI = Confidence Interval; GIS = Gel Infusion Sonography; ITT = Intention-to-treat; n = number; 
RR = Relative Risk.

Per protocol (PP) analysis
When analyzed per protocol, live birth rate after fresh embryo transfer in the GIS group 
was 16/48 (33.3%) versus 8/45 (17.8%) (RR 1.80, 95% CI 0.84-3.82, p 0.117). Secondary 
outcome measures of the PP analysis are shown in Table 5.
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Table 5 – Primary and secondary outcome measures; pregnancy outcomes after fresh embryo 
transfer (PP analysis)

GIS
(n= 48)

sham
(n= 45)

p-values Relative risk
(RR)

95% CI for 
the RR

Primary outcome, n (%)

-	 Live birth 16 (33.3) 8 (17.8) 0.117 1.80 (0.84-3.82)

Secondary outcome, n (%)

-	 Biochemical pregnancy 24 (50) 15 (33) 0.104 1.50 (0.91-2.48)

-	 Clinical pregnancy 17 (35.4) 12 (26.7) 0.363 1.33 (0.72-2.46)

-	 Ongoing pregnancy 16 (33.3) 8 (17.8) 0.087 1.88 (0.89-3.95)

-	 Multiple pregnancy 1 (2.1) 0 (0.0) - - -

-	 Miscarriage 1 (2.1) 4 (8.9) - - -

-	 Ectopic pregnancy 1 (2.1) 0 (0.0) - - -

-	 Termination of pregnancy 0 (0.0) 0 (0.0) - - -

CI = Confidence Interval; GIS = Gel Infusion Sonography; n = number; PP = Per-protocol; RR = Relative Risk.

PREGNANCY, POSTPARTUM AND NEONATAL OUTCOMES
Pregnancy outcomes and postpartum period are shown in Table 6. One woman in the in 
the control group had her pregnancy terminated because of trisomy 21. In the intervention 
group, five pregnancy complications were reported: two women developed hypothyroidism; 
two women were diagnosed with gestational diabetes and a placenta previa and one 
women was diagnosed with pre-eclampsia. In the sham group, two complications of 
pregnancy were reported; one woman had gestational diabetes and one woman with 
fetomaternal transfusion. There were four postpartum complications in the intervention 
group; three postpartum hemorrhage and one bladder lesion during cesarean section, and 
one woman in the sham group had a postpartum curettage because of retained products 
of conception. There was no significant difference in neonatal outcomes between both 
groups. In the intervention group one child was admitted to the Neonatal Intensive Care 
Unit (NICU) because of respiratory distress syndrome after premature birth.

Table 6 – Follow-up of pregnancy and postpartum period

GIS
(n = 16)

sham
(n = 8)

p-values

Complications during pregnancy, n (%) 5 (31.3) 2 (25.0) 0.750

Postpartum complications, n (%) 4 (25.0) 1 (12.5) 0.477

Gestational age (weeks + days), median (IQR) 39+3 [37+6 – 40+1] 40+0 [37+5 – 40+2] 0.787

Prematurity, n (%) 1 (6.3) 0 (0.0) -

NICU admittance, n (%) 1 (6.3) 0 (0.0) -

GIS = Gel Infusion Sonography; IQR = Interquartile range; n = number; NICU = Neonatal Intensive Care Unit.

5
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DISCUSSION

The TUBIE trial investigated the effect of uterine bathing using ExEm-gel® on live 
birth rates after fresh embryo transfer in endometriosis patients undergoing IVF/ICSI-
treatment. Regarding the primary outcome, no significant differences were found 
between patients randomized for intervention and sham procedures (26.7% vs. 15.4%, 
RR 1.73, 95% CI 0.81-3.72; p value 0.147). The study was terminated prematurely after 
a formal interim analysis was performed when 50% of the planned study population  
had completed the study protocol.

The main strength of the TUBIE trial was the patient-blinded randomized controlled 
study design and the analysis on both intention-to-treat and per-protocol basis. All study 
procedures (intervention and control) were performed with a pharmacologically neutral 
gel by investigators who were not involved in the IVF-/ICSI-treatment procedures. 
Additionally, patients were blinded for the received treatment, since a sham procedure 
was performed in the control group. Despite this blinding, it should be noted that the GIS 
procedure and sham procedure might have been experienced differently by the patients, 
given the fact that the median pain scores measured immediately after the procedure, 
were significantly higher after GIS compared to that after the sham procedure.

The main weakness was the unplanned interim analysis and the insufficient power 
of the trial. When initiating the TUBIE trial, we stated that a 20% improvement in live 
birth rate in patients receiving GIS procedure was needed to accept the intervention. 
However, at the time of the interim analysis, a 5% improvement was shown in the 
GIS group (GIS vs. sham; 24% vs. 19%). Conditional power in case of continuing the 
trial was calculated as 4%, which was considerably less than the 90% which was the 
preset minimum value for further continuation of the trial. A high threshold of 90% 
was chosen and described in an amendment to protocol, approved by the institutional 
review board, because of the considerable trial fatigue which made it only feasible 
to continue the trial in case of very promising interim results. It must be noted that 
generally much lower thresholds for the conditional power, around 20-30%, are used 
to guide stopping for futility. However, also if a lower threshold for the conditional 
power was chosen, the trial would still have been stopped early for futility since the 
conditional power at the interim analysis was only 4%.

After terminating the trial, there was a difference of 11.3% in live birth rate between 
the groups (26.7% vs. 15.4%). However, this difference in live birth rate was not 
statistically significant. Since the study is underpowered, drawing firm conclusions 
regarding the effect of uterine bathing with a pharmacologically neutral gel on live 
birth rates after fresh embryo transfer in patients with endometriosis undergoing IVF/
ICSI-treatment is impossible. The 20% improvement used in the original power analysis 
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was based on interim data of the IVF-LUBE trial [25]. In hindsight, this improvement 
was overoptimistic.

The idea that local endometrial injury might induce a positive effect on endometrial 
receptivity was first suggested by Granot et al. (2000) [28]. Since then multiple studies 
were performed to investigate this effect, reporting either positive, negative, or neutral 
trial results [12, 29]. Up till now, a convincing beneficial effect of endometrial scratching 
has not been established. The most recent systematic review still report high clinical 
and statistical heterogeneity in the included trials with no differences between scratch 
and controls with respect to live birth and clinical pregnancy rates [13]. In addition, 
the recently published randomized trial of Lensen et al. (2019) [30] including 1364 
women undergoing endometrial scratching prior to IVF treatment is in line with these 
findings and did not report higher live birth rates after scratching. Among the study 
population of this trial, 7.9% were endometriosis patients (n=108). Subgroup analysis 
also showed no beneficial effect of endometrial scratching prior to IVF/ICSI-treatment 
on live birth rate in endometriosis patients as well. Although endometrial scratching is 
currently the most offered IVF add-on in the UK [31], the risk of harm should also be 
considered. Therefore this add-on is currently rated amber by the Human Fertilisation 
and Embryology Authority (HFEA) [32].

Theoretically, local injury of the endometrium might also be applied by infusion of 
intra-uterine fluids or gels. Since previous studies suggested that uterine bathing with 
Lipiodol® might have an effect on endometrial receptivity by immunomodulation 
[16,17,33], we aimed to investigate the effect of mechanical stress on the endometrium 
by uterine bathing with an pharmacologically neutral non-embryotoxic gel (ExEm-
gel®). ExEm-gel® is frequently used during fertility work-up and is registered and 
marketed in the Netherlands for GIS procedures [24]. To the best of our knowledge 
ExEm-gel® does not contain potential therapeutic components which may enhance 
endometrial receptivity [22-24]. And although observations in limited quality trials 
suggest that screening hysteroscopy might improve IVF/ICSI-treatment results [19-
21], performing uterine bathing with ExEm-gel® is not endorsed by our study results. 
This is in accordance to the final report of the LUBE trial [18] in which no difference 
in success rates for IVF following uterine bathing with Lipiodol® for women with 
endometriosis or RIF could be found. The trail of Salehpour et al. (2016) [34] in which 
intrauterine saline infusion as a form of endometrial injury was performed during 
IVF treatment even showed a negative effect on clinical pregnancy numbers and 
implantation rates among patients with RIF.

The recent insights that applying endometrial injury does not positively affect 
reproductive outcomes in patients undergoing IVF/ICSI-treatment is supported by the 
results of our TUBIE trial. Overall, the biological plausibility of performing endometrial 
injury procedures to improve endometrial receptivity can be questioned [35]. The 

5
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various hypotheses that might explain the beneficial effect of applying endometrial 
injury have never been shown nor proven by a plausible biological influence on the 
endometrium and its effect on implantation. Evidence is derived from trials with high 
clinical and statistical heterogeneity and the investigated procedures (scratching, 
uterine bathing and screening hysteroscopy) injured the endometrium in different ways. 
Additionally, methodological issues are common in the majority of RCTs reporting on 
endometrial scratching, leading to biased trial results [14]. Therefore the results cannot 
simply be merged and compared together in a straight forward way. Furthermore, 
these invasive procedures can be painful and may lead to adverse events.

CONCLUSION

In conclusion, in this prematurely terminated and therefore underpowered multicenter 
RCT, we found no favorable effect of uterine bathing using a pharmacologically neutral 
gel compared to a sham procedure prior to IVF/ICSI-treatment on live birth rates after 
fresh embryo transfer in patients with endometriosis. Uterine bathing procedures were 
associated with higher pain scores and a small number of adverse events. Therefore, 
uterine bathing procedures are not advised as routine add-on to IVF/ICSI-treatment 
in women with endometriosis.
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ABSTRACT

OBJECTIVE To report pregnancy outcomes of SHiP (spontaneous haemoperitoneum 
in pregnancy) and the association with endometriosis.

DESIGN Retrospective case note review.

SETTING Dutch referral hospitals for endometriosis.

SAMPLE Eleven women presenting with 15 events of SHiP.

METHODS In collaboration with the Dutch Working Group on Endometriosis, 
unpublished cases of SHiP that occurred in the Netherlands between 2010 and 2015 
were retrieved.

MAIN OUTCOME MEASURES Maternal and perinatal mortality and morbidity.

RESULTS SHiP occurred predominantly in the second and third trimester of pregnancy. 
The earliest and major presenting symptom was an acute onset of abdominal pain, 
often combined with low haemoglobin levels or signs of fetal distress. Imaging was 
a diagnostic tool when free peritoneal fluid could be observed. For surgical treatment 
of the bleeding site, a midline laparotomy was mostly needed, the median estimated 
amount of blood loss was 2000 mL. No fetomaternal or perinatal mortality was 
reported, despite a high rate of preterm births (54.5%). In all women, endometriosis 
was diagnosed at a certain moment in time and therefore probably involved in the 
pathogenesis of SHiP. Four women showed recurrence of SHiP. In one of these cases 
the second event of SHiP occurred in a subsequent pregnancy.

CONCLUSION Pregnancy outcomes of SHiP are improving when compared with 
previous reports, with absent fetomaternal and perinatal mortality in this recent series. 
Growing knowledge and adequate multidisciplinary intervention may have contributed 
to these favourable results. Increasing awareness of this serious complication of 
pregnancy is advocated, especially in women diagnosed with endometriosis.
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INTRODUCTION

Spontaneous haemoperitoneum in pregnancy (SHiP) is a rare but potentially life-
threatening complication which occurs predominantly during the third trimester of 
pregnancy [1]. SHiP is associated with adverse pregnancy outcomes for both mother 
and child [2,3].

Until 1950 a high maternal mortality rate after SHiP was reported (around 50%), 
reaching up to 76.3% in women giving birth [4,5]. Ginsburg et al. were the first to 
describe a dramatically decreased maternal mortality rate of 4% in 1987 [1]. Thereafter, 
Brosens et al. [4] showed an absence of maternal deaths following SHiP in 25 cases. 
Despite this reduction in maternal mortality in the last centuries, perinatal mortality 
remained high (36%) until recently [6].

The aetiology of SHiP is still unknown but endometriosis seems to be a major risk 
factor [6,7]. As pregnancies in subfertile women diagnosed with endometriosis are 
more often facilitated by assisted reproductive techniques [8–11], the incidence of SHiP 
may increase. To raise awareness of this diagnosis among clinicians, we collected 
unpublished data from 11 women presenting with 15 events of SHiP.

METHODS

In collaboration with the members of the Dutch Working Group on Endometriosis, a 
Special Interest Group (SIG) of the Dutch Society of Obstetrics & Gynaecology (NVOG), 
Dutch gynaecologists in referral hospitals for endometriosis were contacted and asked 
to send in unpublished cases of SHiP that occurred in the Netherlands in recent years. 
Nine hospitals identified cases of SHiP and data were retrieved from the original patient 
files. Information on patient characteristics, symptoms of SHiP, treatment options 
and outcomes for mother and child was obtained. No approval of the institutional 
review board was required for this report. Patients’ written consent for publication 
was obtained in all cases.

RESULTS

Fifteen events of SHiP that occurred in the Netherlands between 2007 and 2015 in 11 
women were identified. Patient characteristics, symptoms, treatment and maternal as 
well as neonatal outcome parameters are depicted in Table 1. Mean age at initial SHiP 
event was 34 years (median 34 years, range 27–38 years). The onset of SHiP varied 
from 6 weeks of gestation to 30 days postpartum. Four women showed recurrence 
of SHiP; in one of these cases the second event of SHiP occurred in a subsequent 
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pregnancy. In all women, endometriosis was diagnosed at a certain moment in time: 
eight women were known to have surgically confirmed severe endometriosis prior to 
pregnancy. Three women were diagnosed with endometriosis after SHiP; in two cases 
the diagnosis was confirmed after histological examination of the biopsied specimens 
and in one case the presence of deep endometriosis was visualized post-operatively by 
magnetic resonance imaging (MRI). All women presented with acute abdominal pain 
often combined with low haemoglobin levels (n = 8), a sign of substantial blood loss. 
None of the cases reported a history of trauma, previous caesarean section, recent 
physical activity or sexual intercourse. In most SHiP events, free peritoneal fluid was 
detected by ultrasound examination (n = 10), MRI (n = 2) or computed tomography 
angiography (n = 1). Surgical intervention (n = 13) in pregnancy (n = 11) was 
necessitated for maternal reasons (signs of hypovolaemic shock, progressive anaemia 
or suspicion of a haemoperitoneum, n = 7), fetal distress (abnormal cardiotocography, 
n = 2) or a combination of both (n = 2). Laparoscopy was initially performed in five 
cases, but had to be converted into a laparotomy because the bleeding sites could not 
be reached or extensive bleeding caused blurred vision. The median estimated amount 
of blood loss was 2000 mL. Bleeding lesions were predominantly of venous origin 
and located at the broad ligaments, left utero-sacral ligament or posterior side of the 
uterus [Figure 1]. Usually, suture-ligation combined with the application of haemostatic 
agents was sufficient to achieve haemostasis. In the majority of cases a surgeon was 
involved in the treatment of SHiP because of extensive adhesions and/or intestinal 
involvement due to endometriosis or the suspicion of ruptured large intra-abdominal 
vessels. Two cases did not require immediate surgical intervention and expectant 
management was chosen. In four cases a biopsy from the bleeding site was obtained; 
all biopsies showed signs of decidualization and haemorrhagic foci of endometriosis 
at histologic examination. Postnatal resuscitation and subsequent admission to the 
neonatal intensive-care unit (NICU) was necessary in one case. Four other neonates 
were admitted to the NICU because of prematurity. In one case a miscarriage at 
6 weeks of gestation occurred simultaneously with SHiP. No maternal or neonatal 
deaths were reported, despite a high rate of emergency caesarean sections at preterm 
age (54.5%, n = 6). In most events, a multidisciplinary approach, with a radiologist 
(n = 8) and/or surgeon (n = 8), was successfully used.
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Figure 1 - Map of the bleeding locations

I-XI = case number; L = Left; R = right

DISCUSSION

MAIN FINDINGS
This case note review reports on 15 events of SHiP in 11 women. Important new 
findings are (1) absence of SHiP induced fetomaternal or perinatal mortality, (2) 
increased value of imaging as a diagnostic tool and (3) recurrence of SHiP within the 
same or a subsequent pregnancy.

SHIP AND ENDOMETRIOSIS
In all of our reported cases, endometriosis was present and its involvement likely in 
the aetiology of SHiP. The suspicion that endometriosis is a possible risk factor for 
SHiP, was first suggested by Inoue et al. in 1992 [12]. They explained the involvement 
of endometriosis in SHiP by two mechanisms: (1) utero-ovarian vessels are more 
friable due to chronic inflammations associated with endometriosis and (2) resultant 
pelvic adhesions due to endometriosis in combination with enlargement of the uterus 
during pregnancy can place these vessels under greater tension, increasing the risk of 
rupture and bleeding [12]. On the other hand, the role of stretch in the pathogenesis of 
SHiP is questionable, as twin pregnancies or pelvic adhesions as a result of a previous 
abdominal operation or infection are not identified as risk factors for SHiP.
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In addition, it has been shown that direct bleeding of endometriotic lesions may 
cause a haemoperitoneum [13]. During pregnancy, endometriotic lesions become 
decidualized and therefore enlarge during the first trimester. Later in pregnancy these 
lesions can shrink, probably due to decidual necrosis and involution [14]. Because 
decidualised endometrium is dependent upon sustained progesterone signalling, 
failing progesterone levels or devascularisation can cause a weakening of the tissue. 
In endometriotic tissue, characterised by dysregulation of gene expression leading 
to progesterone resistance [15,16], ‘functional’ progesterone withdrawal can lead to 
necrosis of decidualised foci of endometriosis resulting in (gastrointestinal) perforation 
and bleeding of unpredictable severity [6,17-20].

Brosens et al. [6] showed previously that SHiP-associated adverse pregnancy 
outcomes (including perinatal mortality and severe perinatal morbidity) were more 
frequent in women diagnosed with endometriosis, although an apparent relationship 
with the stage of endometriosis could not be found. Further research to examine the 
exact role of decidualised endometriosis in the aetiology of SHiP, and the associated 
vascular changes, is warranted and might be helpful in identifying women with an 
increased risk of developing (severe) SHiP.

SYMPTOMS AND DIAGNOSIS
It is difficult to identify SHiP as a clinical entity, as it is usually related to a non-
specific presentation. Therefore numerous differential diagnoses (acute appendicitis; 
perforated gastric ulcer; gall- or bladder stones; preterm birth; HELLP syndrome-
associated liver rupture; uterine rupture; placental abruption or ruptured vasculature 
of spleen or liver) are considered [21]. Until recently, imaging failed to show to be of 
value in diagnosing SHiP [6]. In the third trimester of pregnancy, adequate imaging, 
especially by transvaginal ultrasound, can be difficult due to the position of the uterus 
and the inability to get an overview of the abdominal cavity. However, in our series, 
imaging by abdominal ultrasound or MRI proved to be a good diagnostic tool when free 
peritoneal fluid was detected. Observations of intra-abdominal fluid collections can 
enhance the suspicion of a haemoperitoneum, although the exact origin and quantity 
of the bleeding usually remains unknown until surgery. Therefore, the diagnosis is 
rarely made preoperatively.

TREATMENT
Surgical treatment of SHiP can be challenging, especially as SHiP mostly occurs during 
the second half of pregnancy. Laparoscopic exploration can be complicated due to 
the enlarged uterus and therefore bleeding sites, frequently situated on the posterior 
side of the uterus or surrounding ligaments, can be difficult to reach. When SHiP 
occurs in the second or third trimester, sometimes even a caesarean delivery has to be 
performed to be able to achieve haemostasis. There is only one case in the literature 
in which laparoscopic intervention during pregnancy (at 15 weeks of gestation) was 

6
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successful without conversion to a laparotomy [22]. When considering expectant 
management, the possibility that recovery can be complicated by development of 
infected haematomas (case no. XI) or recurrence of SHiP (case no. V) must be taken 
into account. However, successful surgical intervention does not rule out recurrence 
of SHiP (case nos III, IV, VI).

RECURRENCE OF SHIP
To our knowledge, this is the first time recurrence of SHiP, in the same (case nos III, IV, 
V) or a subsequent pregnancy (case no. VI), has been reported. However, because of 
expectant management in two of these cases (case nos III, V), recurrence could not be 
confirmed surgically. Nevertheless, there was a high suspicion of SHiP because of the 
clinical presentation and the decline in haemoglobin level. In addition, as recurrences 
of SHiP occurred in women diagnosed with endometriosis, it is tempting to speculate 
that the proposed aetiological mechanisms of SHiP are involved in this phenomenon 
as well, although numbers are too small and supporting evidence is lacking to draw 
firm conclusions.

MATERNAL AND PERINATAL OUTCOME
SHiP is associated with adverse pregnancy outcomes for both mother and child. It is 
therefore remarkable that no neonatal deaths occurred in any of our cases, despite 
a high percentage (54.5%) of preterm births. Besides a possible risk of publication 
bias in earlier reports (there is a greater likelihood of SHiP cases to be submitted 
for publication with adverse maternal or perinatal outcome), increased awareness of 
SHiP, improved diagnostic value of imaging and adequate intervention, may also have 
contributed to the observed favourable perinatal outcomes. This is also illustrated in 
our series by three cases (case nos I, III, VIII) that showed a successful continuation of 
pregnancy after management of SHiP at 19–24 weeks of gestation. However, as shown 
by Brouckaert et al., successful management of SHiP early in pregnancy is not always 
feasible. They reported an excessive haemoperitoneum in an endometriosis patient 
at 17 weeks of gestation with bleeding at multiple sites, necessitating a hysterectomy 
with the fetus in situ [23].

STRENGTHS AND LIMITATIONS
To further improve the outcome of pregnancies complicated by SHiP, creating 
awareness and gaining a growing knowledge are advocated. Because of the rarity 
of SHiP, a retrospective study design was necessary. With the collaboration of the 
members of the Dutch Working Group on Endometriosis, a comprehensive network 
of Dutch gynaecologists could be reached and the largest ever original case series 
concerning this topic was compiled. As cases were not systematically gathered, there 
is a possibility that suitable cases remained unreported in this review. Therefore an 
exact incidence number cannot be given and results have to be interpreted with 
caution.
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INTERPRETATION AND IMPLICATIONS FOR CLINICAL PRACTICE AND RE-
SEARCH
This case note review demonstrates some important issues for the recognition and 
clinical approach of SHiP. As the number of pregnant women with endometriosis is 
increasing, it is important to emphasize the association of SHiP and endometriosis. 
However, until the exact incidence of SHiP is known and preventive measures are 
available, appropriate counselling of pregnant women with endometriosis remains 
difficult. An international registration network is warranted and currently running 
(INOSS; International Network of Obstetric Survey Systems) to record cases of SHiP 
in a prospective way (including data from the UK and the Netherlands) [24–26]. This 
network will allow us to give incidence numbers and acquire more insight into this 
complication of pregnancy.

CONCLUSION

It seemed that adequate multidisciplinary intervention resulted in favourable 
fetomaternal and perinatal outcomes, despite a high percentage of preterm births 
in this case series. To further improve the outcomes of SHiP, growing awareness 
of this serious complication of pregnancy is advocated, especially in women with 
endometriosis.
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ABSTRACT

Spontaneous Hemoperitoneum in Pregnancy (SHiP), an unprovoked (nontraumatic) 
intraperitoneal bleeding in pregnancy (up to 42 days postpartum), is associated with 
serious adverse pregnancy outcomes. To evaluate the clinical consequences of SHiP 
and its association with endometriosis, a systematic review was conducted according 
to the PRISMA guidelines. PubMed, Embase.com and Thomson Reuters/Web of 
Science were searched for articles published since the latest review (August 2008) 
until September 2016.

After assessment for eligibility, forty-four articles were included in this systematic 
review, describing 59 cases of SHiP. Endometriosis was present in 33/59 cases 
(55.9%), most often diagnosed prior to pregnancy. An association between the severity 
of SHiP and the stage of endometriosis could not be found. In the majority of cases, 
SHiP occurred in the third trimester of pregnancy (30/59 cases (50.8%)); women 
presented with (sub)acute abdominal pain (56/59 cases (94.9%)), hypovolemic shock 
(28/59 cases (47.5%)) and/or a decreased level of hemoglobin (37/59 cases (62.7%)). 
Signs of fetal distress were observed in 24/59 cases (40.7%). Imaging confirmed 
free peritoneal fluid in (37/59 cases (62.7%)). At time of surgery active bleeding was 
revealed in 51/56 cases (91,1%), originating from endometriotic implants (11/51 cases 
(21.6%)), ruptured utero-ovarian vessels (29/51 cases (56.8%)), hemorrhagic nodules of 
decidualized cells (1/51 cases (2.0%)) or a combination (10/51 cases (19.6%)). Median 
amount of hemoperitoneum was 1600 mL (IQR 1000mL–2500 mL). From the 45/59 
cases (76.3%) in which surgical interventions was carried out during pregnancy, 7/45 
cases (15.6%) reported a successful continuation of pregnancy. 5/59 cases reported 
recurrence of SHiP (recurrence rate 8.5%). The perinatal mortality rate was 26.9% 
(18/67 fetus), one maternal death was reported (1/59 cases (1,7%)).

In conclusion, SHiP is a very serious complication of pregnancy, highly associated with 
adverse pregnancy outcomes and particularly relevant to women with endometriosis. 
Currently preventive measures are lacking, therefore increasing the awareness and 
recognition of SHiP is crucial to improve pregnancy outcomes.
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INTRODUCTION

Spontaneous Hemoperitoneum in Pregnancy (SHiP), an unprovoked (nontraumatic) 
intraperitoneal bleeding in pregnancy (up to 42 days postpartum), is associated with 
serious adverse pregnancy outcomes [1,2]. SHiP was first described in the late 18th 
century [3] and since then high maternal mortality rates were reported (Williams 1904 
[4], 18/32 cases (56%); Hodgkinson et al., 1950 [5], 37/75 cases (49%)). Rates were 
even higher in women giving birth [5]. In the last decades of the 20th century, the 
maternal mortality rate decreased significantly (Ginsburg et al., 1987 [1], 1/28 cases 
(4%); Brosens et al., 2009 [2], 0/25 cases (0%)), however perinatal mortality remained 
substantially high (10/28 cases (36%)) [2].

Although the exact etiology of SHiP is still unknown, endometriosis and the use of 
controlled ovarian hyperstimulation for artificial reproductive techniques (ART) seems 
to be contributive factors in the occurrence and severity of SHiP [2,6]. This is of 
importance, as ART is more frequently used in women diagnosed with endometriosis 
[7]. To gain a better insight in this potentially life-threatening complication of pregnancy 
and evaluate the clinical consequences, a systematic review of the recent literature 
published since the latest review of Brosens et al. in 2009 [2], was conducted.

Figure 1 - PRISMA flow diagram of the systematic literature search

7
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MATERIALS AND METHODS

A review protocol was developed based on the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA)-statement (www.prisma-statement.
org) [8]. For this paper, no approval of the institutional review board was required, since 
data were extracted from previously published reports.

SEARCH STRATEGY
PubMed, Embase.com and Thomson Reuters/Web of Science were searched from 
August 2008 [2] (by MCIL and JCFK). PubMed and Embase.com up to September 
15, 2016 and Thomson Reuters/Web of Science up to September 21, 2016. The 
following terms were used (including synonyms and closely related words) as index 
terms or free-text words: ‘haemoperitoneum’, ‘rupture’, ‘blood vessels’, ‘spontaneous’, 
‘pregnancy’, ‘post-partum’, ‘labor’ and ‘endometriosis’. Duplicate articles were excluded. 
Reference lists of the retrieved publications were checked for relevant articles. The full 
search strategies for all databases can be found in the Supplementary Information 
(Appendix I).

ELIGIBILITY CRITERIA
All case reports, case series, cross-sectional studies, prospective and retrospective 
cohort studies were considered for inclusion when they reported on spontaneous 
intra-abdominal bleedings in pregnancy, labor or within six weeks of the postpartum 
period. Only full-text reports were considered for inclusion, congress abstracts and 
poster-presentations were excluded. The search was limited to articles published in 
English. Articles reporting on cases of uterine ruptures, ectopic pregnancies, caesarean 
scar pregnancies, placental abnormalities, uterine abnormalities, artery (pseudo)
aneurysm ruptures, trauma, hemolysis elevated liver enzymes and low platelets 
(HELLP) syndrome, pre-eclampsia, liver- or splenic rupture, malignancies, ruptured 
ovarian cysts and postpartum hemorrhage (PPH) were excluded (non-SHiP bleedings). 
Eligibility assessment of the retrieved articles was performed by two authors (MCIL 
and RFM) independently (not blinded). In case of doubt or disagreement regarding 
in- or exclusion, a third author (VM) was consulted to establish consensus. The flow 
diagram of the systematic literature search is shown in Figure 1.

DATA EXTRACTION
Data extraction was performed by two authors independently (MCIL and RFM). Items 
that were included reported about general patient characteristics, clinical presentation, 
diagnostics, characteristics of the bleeding, treatment, perinatal and maternal 
outcomes. Authors were contacted in case additional information was required. Since 
only case reports and case-series were found, the quality of the obtained studies was 
not assessed.
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STATISTICAL ANALYSIS
Categorical variables were summarized by frequencies and percentages. Continuous 
variables were summarized by mean and standard deviation in case of normal 
distribution and median and inter-quartile range in case of a non-normal distribution. 
Categorical variables were compared between groups with and without endometriosis 
using chi-square test or Fisher’s exact test in case expected cell count was below 5 
for at least one cell. Continuous variables were compared between groups using the 
independent samples t-test in case of a normal distribution and the Mann-Whitney 
test in case of non-normal distribution. Two sided p-values <0.05 were considered to 
indicate statistical significance. IBM Statistical Package for Social Sciences (SPSS) 
version 22.0 (IBM Corp., USA) was used for statistical analyses.

RESULTS

IDENTIFICATION OF THE LITERATURE
The initial literature search identified 2132 records. Five additional records were 
identified by checking other sources and references lists. After removal of the 
duplicates, 1885 records were screened for eligibility; of which 126 records were 
selected for full-text assessment. From these records 82 articles were excluded for 
the following reasons; not written in English (n=13), no report of primary data (n=2), no 
availability of full-text article (in case of congress abstracts or poster-presentations, 
n=13), reported on other causes of intra-abdominal bleeding (“non-SHiP bleedings” 
as mentioned in the in- and exclusion criteria, n=58).

Eventually forty-four articles were included in the analysis [9-52]. All articles that were 
eligible for inclusion were either case reports or case-series and described a total of 
59 cases of SHiP. A summary of the cases is given in Table 1.

7
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PATIENT CHARACTERISTICS
Nulliparous women represented 40/59 cases (67.8%), 7/59 (11.9%) being twin 
pregnancies. 16/59 pregnancies (27.1%) were conceived after ART. Mean age was 
31.5 (SD ±4.7). Endometriosis was present in 33/59 cases (55.9%; 6.1% rASRM stage 
I-II; 75.7% rASRM stage III-IV; 18.2% rASRM stage unknown); the majority of these 
women 22/33 cases (66.7%) were known to have surgically confirmed endometriosis, 
prior to pregnancy.

CLINICAL PRESENTATION & DIAGNOSTICS
The onset of SHiP varied from 6 weeks of gestation up to 30 days postpartum, in 
the majority of cases SHiP occurred in the third trimester of pregnancy (30/59 cases 
(50.8%)). Women presented with (sub)acute abdominal or flank pain (56/59 cases 
(94.9%)) in combination with signs of hypovolemic shock (28/59 cases (47.5%)) and/
or a decreased level of hemoglobin (37/59 cases (62.7%)). Signs of fetal distress 
(abnormal or absent fetal cardiac activity) were observed in 24/59 cases (40.7%). Free 
peritoneal fluid was confirmed by imaging modalities in 37/59 cases (62.7%); most 
frequently visualized by ultrasound sonography (US; 33/37 cases (89.2%)). Placental 
abruption or uterine rupture were often mentioned as differential diagnosis prior to 
intervention.

INTERVENTION
Surgical intervention was performed in 56/59 cases (94.9%); carried out for maternal 
reasons (39/56 cases (69.6%)), fetal distress (2/56 cases (3.6%)) or a combination 
of both (15/56 cases (26.8%)). In one case a hemoperitoneum was confirmed on 
autopsy (1/59 cases (1.7%)). In two cases expectant management was chosen (2/59 
cases (3.4%)). At the time of surgery active bleeding was revealed in 51/56 cases 
(91.1%); originating from endometriotic implants (11/51 cases (21.6%)), ruptured 
utero-ovarian vessels (29/51 cases (56.8%)), hemorrhagic nodules of decidualized 
cells (1/51 cases (2.0%)) or a combination of these (10/51 cases (19.6%)). Bleeding 
sites were most often situated on the posterior surface of the uterus or the utero-
ovarian vessels located in the parametrium [Figure 2]. In 15/56 cases (26.8%) a biopsy 
was taken during the surgical intervention; histological reports described signs of 
decidualized endometriosis (10/15 biopsies (66.7%)), deciduosis (2/15 biopsies 
(13.3%)); endometriosis (2/15 biopsies (13.3%)) or hemorrhagic infiltration (1/15 
biopsies (6.7%)) in the specimens. The median amount of hemoperitoneum was 1600 
mL (IQR 1000mL–2500 mL). A laparotomy was the initial intervention in 50/59 cases 
(84.7%). In 6/59 cases (10.2%) a laparoscopy was performed, although in half of these 
cases conversion to a laparotomy was needed due to blurred vision or the inability 
to reach the bleeding site. Of the cases in which a laparoscopic intervention was 
successful, one was carried out in the early stage of pregnancy (15 weeks of gestation), 
the other two in the postpartum period. Suture ligation was most frequently applied 
to achieve hemostasis, a hysterectomy had to be performed in 4/59 cases (6.8%). 
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An association between the severity of the bleeding and the stage of endometriosis 
could not be found (p = 0.43).

Figure 2 - Map of the bleeding sites

In five cases no bleeding points could be identified

MATERNAL AND PERINATAL OUTCOMES
From the 45/59 cases (76.3%) in which surgical interventions was carried out during 
pregnancy, seven cases reported a successful continuation of pregnancy (7/45 cases 
(15.6%); SHiP first presented between 15 and 32 weeks of gestation). In five of these 
cases (5/45 cases (11.1%)) pregnancy could continue beyond 37 weeks. Recurrence of 
SHiP was described in five cases (5/59 cases (8.5% recurrence rate)); all recurrences, 
except for one, were reported during the same pregnancy or postpartum period. 
Maternal death was reported once (1/59 cases (1.7%)): a 21 year old primigravida 
presented at 29 weeks of gestation with an acute pain in the abdomen and signs of 
hypovolemic shock; she was dead on arrival at the hospital [23]. 14/59 cases reported 
on fetal or neonatal death (including four twin pregnancies), resulting in a perinatal 
mortality rate of 26.9% (18/67 fetus). Severe neonatal morbidity was reported in 3/67 
infants (4.5%); two infants were admitted to the neonatal intensive care unit (NICU) due 
to asphyxia and cerebral ischemia. One newborn showed signs of severe respiratory 
distress. Perinatal mortality and morbidity rates were similar between women with 
and without endometriosis, as shown in Table 2.

7
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Table 2 - SHiP characteristics endometriosis vs. no endometriosis

Endometriosis
(n=33)

No endometriosis
(n=26)

p-value

Age (years)
mean (standard deviation)

32.5 (± 4.6) 30.2 (±4.9) 0.09

Conceived after ART
number of cases (%)

13 (39.4%) 3 (11.5%) 0.017**

Singleton pregnancy
Twin pregnancy
number of cases (%)

28 (84.8%)
5 (15.2%)

24 (92.3%)
2 (7.7%)

0.38

Gestational age SHiP (weeks)
median (25th- 75th percentile)

28.0 (21.0-33.0) 32.0 (29.0-35.5) 0.008**

Gestational age delivery (weeks)
(median with 25th- 75th percentile)

33.5 (28.3–37.8) 34.0 (30.0-37.5) 0.77

Preterm birth < 37 weeks
number of cases (%)

19 (57.6%) 16 (61.5%) 0.72

Amount hemoperitoneum (mL)
median (25th- 75th percentile)

2000 (1062.5–3000) 1500 (1000 – 2375) 0.15

Maternal mortality
number of cases (%)

0 (0%) 1 (3.8%) 0.44

Perinatal mortality
number of cases (%)

10 (29.4%) (n=34)* 4 (15.4%) 0.20

Severe perinatal morbidity
number of cases (%)

1 (2.9%) (n=34)* 2 (3.8%) 0.22

Recurrence SHiP
number of cases (%)

5 (15.2%) 0 (0%) 0.06

ART = assisted reproductive techniques; mL = milliliters; n = number.
* including second episode of SHiP (recurrence) in consecutive pregnancy (Lier et al. [52] Case VI).
** p-value = <0.05.

COMMENTS

In this systematic review we evaluated the clinical course and pregnancy outcomes 
of SHiP. This overview can be used as a guidance for medical decision making and 
preconception counseling of women with endometriosis and a future child wish. It 
should however be noticed that endometriosis-associated acute hemoperitoneum 
outside pregnancy has also been described in a few cases and presents with similar 
clinical signs [53].
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SHIP AND ENDOMETRIOSIS
Although it is believed that pregnancy has a favorable influence on endometriosis, 
women should also be informed about the possible obstetric and postpartum 
complications that can occur. In general, the negative influence of endometriosis 
on pregnancy outcomes is currently a growing area of concern. A recent literature 
review discussed the wide spectrum of negative obstetrical events possibly related to 
endometriosis and adenomyosis [54]. The left lateral predisposition that endometriotic 
implants show [55, 56] and the fact that bleeding sites of SHiP are more frequently found 
in the left lateral hemipelvis, is of supportive evidence for the association between SHiP 
and endometriosis. Despite the growing evidence that endometriosis is a causative 
factor in the development of SHiP, it is still not possible to determine which patients are 
at risk for developing SHiP and no evidence exists whether treatment of endometriosis 
or surgery prior to pregnancy may be a preventive measure to lower the risk of SHiP 
bleedings. Moreover, extensive surgery can also have negative consequences by further 
weakening of fragile intra-abdominal structures and adhesions formation; one case 
described a ruptured utero-ovarian vein probably as a late complication of laparoscopic 
resection of deep endometriosis prior to pregnancy [13].

CLINICAL PRESENTATION & DIAGNOSTICS
Pregnant women presenting with (sub)acute abdominal or flank pain should be 
suspected of SHiP, which remains the major presenting symptom for women with 
and without endometriosis. Depending on the severity of the intraperitoneal bleeding, 
the abdominal pain can be accompanied by signs of hypovolemic shock, decreased 
level of hemoglobin or signs of fetal distress. In both groups, imaging modalities 
seems to be of added value for the detection of hemorrhagic peritoneal fluid. Better 
equipment, training and experience of radiologists may have contributed to this 
improved detection. Especially ultrasound sonography is an easy first-line examination 
tool which can be helpful to quantify the amount and occasionally the origin of the 
bleeding, by which misdiagnosis can be avoided.

INTERVENTION
Management of SHiP depends on the clinical presentation as a result of the extent of 
the intra-abdominal hemorrhage and the gestational age. A surgical approach is often 
unavoidable, but expectant management can be considered when signs of hypovolemic 
shock or fetal distress are absent, especially in the postpartum period. However, 
since spontaneous intra-abdominal hemorrhages in pregnancy are most frequently 
of venous origin [2] and therefore of substantial quantity, a laparotomy is commonly 
the first-choice treatment. Additionally, surgery gives the opportunity to establish the 
presence of endometriosis, in approximately 33% of the SHiP cases endometriosis was 
not diagnosed until pregnancy complications occurred. It is recommended to have a 
histological confirmation of endometriosis and take a biopsy from the bleeding lesions, 
since decidual changes of endometriotic tissue may impede the diagnosis [2,57,58].

7
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Successful treatment with uterine artery embolization (UAE) has only been described 
in cases of uterine artery aneurysms [59], but could theoretically also be applied (with 
caution) in cases of SHiP with an arterial origin. Expectant management, combined 
with fluid resuscitation, can be considered when women are hemodynamic stable 
without signs of fetal distress. However, recurrence of SHiP is noted and close 
monitoring is advised.

MATERNAL AND PERINATAL OUTCOMES
Although in women with endometriosis, SHiP presented earlier in pregnancy, no 
significant differences in perinatal or maternal outcomes were observed between both 
groups. However, perinatal mortality and morbidity remains a major problem of SHiP 
and does not seem to improve over the last decades [1,2]. To improve the outcome it 
seems necessary to create further awareness, in order to facilitate timely recognition 
and diagnosis of SHiP. Recently several countries took the initiative to register the 
occurrence of SHiP in a prospective way, gathered in a multinational collaboration 
(INOSS) [60], with the aim to further understand this rare complication of pregnancy 
and get insight in the exact prevalence and recurrence rate of SHiP.

STRENGTH AND LIMITATIONS
This review was systematically conducted according to the PRISMA guidelines [8], 
ensuring methodological quality. Since this systematic review consists of case reports 
mainly, publication bias can be involved. Especially a potential bias regarding cases of 
SHiP in pregnancies conceived after ART or in women diagnosed with endometriosis. 
Since no other studies were available, the use of case reports was inevitable. Despite 
the use of all available cases, the sample size remained insufficient to detect small 
differences between groups. However, with 59 unique cases of SHiP, this systematic 
review is the largest inventory of these cases in the literature.

CONCLUSIONS

SHiP is a very serious complication of pregnancy and highly associated with adverse 
pregnancy outcomes. In particularly perinatal mortality and morbidity remains a major 
problem of SHiP and has not improved over the last decades. Endometriosis is the 
major risk factor for the occurrence of SHiP. Since the number of pregnant women 
with endometriosis is increasing, it is important to acknowledge the link between SHiP 
and endometriosis. An association between the severity of SHiP and the stage of 
endometriosis could not be established. As preventive measures and evidence-based 
interventions are currently not available, increasing the awareness and recognition of 
SHiP is crucial to further improve pregnancy outcomes.
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SUPPLEMENTARY INFORMATION

Search strategy for PubMed (15 September 2016)
[Mesh] = Medical subject headings (MeSH)
[tiab] = words in title or abstract

Search 		  Query Items 
found

#9 #4 OR #6 OR #8 1,054

#8 #5 AND #7 524

#7 spontaneous*[tiab] 317,452

#6 #5 AND (“2008”[Date - Entrez] : “3000”[Date - Entrez]) 754

#5 #1 AND (#2 OR #3) 2270

#4 #1 AND #2 AND #3 48

#3 “Endometriosis”[Mesh] OR endometrio*[tiab] 27,770

#2 “Pregnancy”[Mesh] OR “Postpartum Period”[Mesh] OR “Pregnancy 
Trimesters”[Mesh] OR pregnan*[tiab] OR labor[tiab] OR labors[tiab] OR 
labour[tiab] OR labours[tiab] OR parturit*[tiab] OR postpart*[tiab] OR 
trimester*[tiab]

948,828

#1 “Hemoper i toneum” [Mesh] OR hemoper i tone* [ t iab]  OR 
haemoperitone*[tiab] OR ((“Rupture, Spontaneous”[Mesh] OR 
ruptur*[tiab]) AND (“Blood Vessels”[Mesh] OR veins[tiab] OR vein[tiab] 
OR vessel*[tiab] OR artery[tiab] OR arteries[tiab] OR microvessel*[tiab]))

32,413

Search strategy for Embase.com (15 September 2016)
/exp = EMtree keyword with explosion
:ab,ti = words in title or abstract

Search Query Items 
found

#7 #4 OR #6 763

#6 #1 AND (#2 OR #3) AND #5 709

#5 spontaneous*:ab,ti 385,623

#4 #1 AND #2 AND #3 89

#3 ‘endometriosis’/exp OR endometrio*:ab,ti 41,163

#2 ‘pregnancy’/exp OR ‘puerperium’/exp OR pregnan*:ab,ti OR labor:ab,ti 
OR labors:ab,ti OR labour:ab,ti OR labours:ab,ti OR parturit*:ab,ti OR 
postpart*:ab,ti OR trimester*:ab,ti

943,019

#1 ‘hemoperitoneum’/exp OR hemoperitone*:ab,ti OR haemoperitone*:ab,ti 
OR (‘rupture’/exp OR ruptur*:ab,ti AND (‘blood vessel’/exp OR veins:ab,ti 
OR vein:ab,ti OR vessel*:ab,ti OR artery:ab,ti OR arteries:ab,ti OR 
microvessel*:ab,ti))

46,355
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Search strategy for Thomson Reuters/Web of Science (21 September 2016)
Indexes: SCI-EXPANDED, SSCI, A&HCI, ESCI; Timespan: All years
TOPIC = words in title, abstract or (author) keywords

Search Query Items 
found

#8 #7 OR #4 315

#7 #6 AND #5 AND #1 302

#6 #3 OR #2 620,490

#5 TOPIC: (spontaneous*) 355,293

#4 #3 AND #2 AND #1 36

#3 TOPIC: (endometrio*) 23,601

#2 TOPIC: (pregnan* OR labor OR labors OR labour OR labours OR parturit* 
OR postpart* OR trimester*)

599,289

#1 TOPIC: (hemoperitone* OR haemoperitone* OR (ruptur* AND (veins OR 
vein OR vessel* OR artery OR arteries OR microvessel*)))

20,968
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ABSTRACT

OBJECTIVE To evaluate existing evidence of a possible association in women with 
endometriosis between controlled ovarian hyperstimulation plus embryo transfer 
(COH+ET) and the occurrence of spontaneous hemoperitoneum in pregnancy (SHiP).

DESIGN Comprehensive review.

SETTING Not applicable.

PATIENT(S) None.

INTERVENTION(S) An electronic literature search up to February 2016 was conducted 
using Scopus and PubMed.

MAIN OUTCOME MEASURE(S) The role of COH+ET in SHiP.

RESULT(S) Controlled ovarian hyperstimulation plus embryo transfer may increase 
the severity or incidence of the rare condition known as SHiP. An analysis of published 
cases shows that bleeding often occurs from multiple or diffuse sites, mainly situated 
in the posterior pelvic cavity, making it difficult to control without interfering with the 
pregnancy itself. Spontaneous hemoperitoneum in pregnancy is linked to adverse 
perinatal outcomes, including stillbirth, neonatal mortality and very low or low birth 
weight. In 14 cases a biopsy of the bleeding site was obtained and in all cases, even 
in the absence of visible endometriosis, decidualization was documented. At present, 
the relatively small number of cases published prevents firm conclusions, although 
they are highly suggestive of a link between COH+ET in women with endometriosis 
and the occurrence and seriousness of SHiP.

CONCLUSION(S) Spontaneous hemoperitoneum in pregnancy is a rare but potentially 
fatal complication for the pregnant woman and her unborn child. In vitro fertilization 
in women with severe endometriosis may be a risk factor for SHiP.
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INTRODUCTION

It is well recognized that pregnancy can relieve endometriosis-related symptoms and 
may be curative. Pregnancy is therefore considered within the therapeutic options 
for endometriosis. Medical literature dating from the middle of the last century also 
included reference to pregnancy for the prevention of endometriosis [1]. Joseph 
Vincent Meigs [2] stated his belief that ‘‘avoidance of endometriosis through early 
marriage and frequent childbearing is the most important method of prophylaxis.’’ In 
line with this, the term ‘‘pseudo-pregnancy’’ was introduced during the 1960s in relation 
to the therapeutic use of progestin [3].

Endometriosis is a recognized cause of infertility but has only seldom been linked 
to pregnancy complications. Recent reports highlighted the rare yet life-threatening 
occurrence of spontaneous hemoperitoneum in pregnancy (SHiP). This dramatic 
complication has been associated with perinatal mortality and morbidity [4,5]. Doyle 
and Philips [6] were the first to describe the autopsy of a woman who died from 
SHiP and linked the bleeding to a small decidual peritoneal lesion on the lateral pelvic 
wall. O’Leary [7] reviewed pathology reports of cases of SHiP described between 
1929 and 2006 and found two maternal deaths, three fetal deaths and two neonatal 
deaths in the 10 cases he identified. He described decidualization with no evidence 
of endometriosis in seven cases and decidualization in an endometriotic lesion in 
three cases. O’Leary [7] concluded that, although ectopic decidualization is usually 
no more than a pathologic curiosity, in rare cases it may be linked to feto-maternal 
mortality and morbidity.

A series of recent reports drew attention to a possible link between IVF carried out 
in women with endometriosis and SHiP. In one retrospective report, Katorza et al. 
[8] reviewed the clinical notes of 800 women attending an endometriosis center 
and identified three women who had intra-abdominal bleeding between 26 and 29 
weeks’ gestation. All three women had IVF. Other case series of SHiP after IVF, mostly 
in women with endometriosis, have been published since [8–12]. In a series of 11 
cases of SHiP in women with endometriosis, Lier et al. [9] documented six cases 
following IVF treatment. Two maternal deaths have recently been reported due to a 
delay in the diagnosis of SHiP [13,14]. Ueda et al. [15] reported abscess formation and 
rupture in 2 of 25 cases with endometriomas who underwent IVF. On the other hand, 
assisted reproductive technology was not linked to adverse pregnancy outcomes. This 
reflects the fact that SHiP is very rare. It has also been reported in singleton and twin 
pregnancies [16,17], although it may be more common in women with endometriosis 
who conceive after IVF. To test for a possible association, we undertook a literature 
review of reported cases of SHiP in women with and without endometriosis related 
to the use of IVF.

8
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MATERIALS AND METHODS

SEARCH STRATEGY
A Scopus search, using the term ‘‘spontaneous hemoperitoneum in pregnancy,’’ produced 
a total of 474 publications, starting with the publication by Reid in 1945 [18]. The search was 
extended by mining the references for case reports, case series and reviews. After reading 
the abstracts and, if relevant, the full articles, a total of 57 case reports were identified. 
All cases with an established known cause explaining the hemoperitoneum were then 
excluded. This search was limited to articles published in English, French, or Spanish. For 
completion, a PubMed search was also carried out using the terms ‘‘hemoperitoneum’’ 
and ‘‘pregnancy,’’ yielding 859 articles. When the search was limited to the period 2007–
2016, it yielded 318 articles. A manual search of these articles was undertaken to exclude 
those dealing with ectopic pregnancy, pregnancy in a bicornuate horn, placenta accrete 
or percreta, uterine rupture, hemolysis, elevated liver enzymes and low platelets (HELLP) 
syndrome, pre-eclampsia, ovarian hyperstimulation and hepatic or splenic rupture. This 
left 80 references; 55 of them contained the word ‘‘spontaneous’’ and 25 did not. Finally, 
all articles concerning endometriosis and/or IVF were selected. Because the purpose of 
this review is to examine occurrence of hemoperitoneum during pregnancy, reports of 
SHiP during labor or the postpartum period were excluded.

RESULTS

The aggregated search identified 45 articles, encompassing 64 case reports. These 
were divided into three groups on the basis of whether patients received assisted 
conception and the presence or absence of endometriosis. Group 1 included 24 
cases of SHiP in women who underwent IVF. This group includes 22 cases in women 
who were diagnosed with endometriosis. Group 2 included 20 cases in women who 
conceived spontaneously and who had endometriosis. This group included all cases 
published since the first reported case of endometriosis and SHiP in 1992. Group 
3 included 20 cases in women who had natural conception and who did not have 
endometriosis. In this group, in the absence of biopsies, the presence of ectopic 
deciduosis cannot be excluded. Because the first case of SHiP after IVF was published 
in 2007, we used the same year for including publications in group 3.

CLINICAL FEATURES
Group 1 [Table 1] included 24 pregnancies following controlled ovarian hyperstimulation 
and embryo transfer (COH+ET). Women’s age ranged between 25 and 43 years. 
Nineteen women (79%) were nulliparous. Twenty-two women (92%) had severe, stage 
III or IV endometriosis. Group 2 [Table 2] included 16 cases with surgical diagnosis 
of endometriosis and 4 cases with no prior diagnosis of endometriosis, where the 
biopsy showed the presence of decidua, allowing a diagnosis of ectopic deciduosis, 
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as described by Kondoh et al. [36]. The age range of the group was between 25 and 37 
years. Thirteen women (65%) were nulliparous. The stage of endometriosis varied from 
minimal to severe. Four women had ectopic deciduosis. Group 3 [Table 3] included 20 
cases of SHiP with an age range of 21–40 years; eleven women (55%) were nulliparous. 
Women in this group did not have endometriosis at the time of laparotomy, although 
no biopsies were taken from the site of bleeding. It should be noted that in one case, 
deep endometriosis was diagnosed 4 years later by magnetic resonance imaging.

LOCALIZATION AND NUMBER OF BLEEDING SITES
In group 1 SHiP occurred in 21 women (88%) during the second half of pregnancy and 
at 6, 17 and 19 weeks in the other 3 cases. In group 2, bleeding occurred between 21 
and 37 weeks in all cases. In group 3, the bleeding occurred after 27 weeks in all cases. 
The mean duration of gestation at the time of bleeding was 28.6 weeks for group 1, 30.9 
weeks for group 2 and 32.3 weeks for group 3. The difference between group 1 and 3 
was statistically significant (P=.004). There were no statistically significant differences 
in the duration of gestation between group 2 and either group 1 (P=.29) or group 3 
(P=.079) (unpaired t test). In the majority of cases bleeding was from the serosa of the 
posterior wall of the uterus, the broad ligaments or the utero-sacral ligaments, bleeding 
was recorded as venous at the site of varicosities. In some cases bleeding occurred at 
the site of a peritoneal tear, suggesting a two-step process whereby a hematoma forms 
in the loose areolar tissue of the parametrium before rupturing into the peritoneum. 
The bleeding site could not be identified in two cases in group 3.

Multiple (more than two) or diffuse bleeding points were observed in 16 cases (67%) 
in group 1, in 3 cases (15%) in group 2, and 3 (15%) cases in group 3. The difference 
between group 1 and the two other groups was statistically significant (P=.0005). 
Among cases in which total blood loss was reported, the average amount of blood 
loss was higher in group 1 (2,720 mL) compared with group 2 (2,152 mL) and group 
3 (1,805 mL), but the difference between the groups was not statistically significant. 
When the report included histopathology of bleeding sites (n=14), decidualization was 
confirmed in all cases.

PERINATAL AND MATERNAL OUTCOMES
Adverse perinatal outcome included stillbirth, neonatal death, cerebral palsy, 
miscarriage and prematurity. Delayed transportation was considered a contributory 
factor in the one maternal death that occurred in group 3 [14]. In most cases delivery 
was by cesarean section. This was linked to extended laparotomy to allow access to 
the posterior aspect of the uterus and to the adnexa. Adverse maternal morbidities 
included the need for hysterectomy and adnexectomy. In most cases there was 
considerable blood loss requiring extensive transfusion of blood and blood products. 
The surgical challenge posed by this presentation is considerable, as demonstrated 
by detailed literature accounts [20,23].
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Chapter 8

DISCUSSION

PATHOPHYSIOLOGY OF SHIP
There are a number of well-known causes of intraperitoneal bleeding during pregnancy. 
The most common during early pregnancy is a ruptured ectopic pregnancy or a 
ruptured hemorrhagic ovarian cyst.

Intraperitoneal bleeding is less common in late pregnancy, but obstetricians are 
well familiar with possible causes, namely uterine rupture, an abnormally invasive 
placentation and abruptio placentae leading to uteroplacental apoplexy (also known as 
Couvelaire uterus), a situation in which the retro placental blood infiltrates the uterine 
wall ending in the peritoneal cavity. HELLP syndrome complicating pregnancy has also 
been linked to bleeding from liver rupture. The literature also contains case reports 
of less frequently encountered causes of nontraumatic spontaneous intraperitoneal 
bleeding in pregnancy. Some of these relate to bleeding from nonreproductive organs, 
such as the splenic vein [55,56], splenic artery [57], visceral branches of abdominal 
aorta [58], or the suprarenal glands [57]. Bleeding has also been reported from hepatic 
rupture [59,60], liver hemangioma [61], or a ruptured gall bladder [62]. Of particular 
interest are reported cases in which there are features of decidualization in the 
bleeding lesions.

Rare cases have also been reported of bleeding during the postpartum period from 
the ovarian [63] or uterine arteries [13] and uterine veins [57,64,65].

Typically, women presenting with SHiP are mostly in the second half of pregnancy. More 
rarely, they may present during the first half of pregnancy or early in the postpartum 
period. They present with severe sudden onset of abdominal pain, systemic evidence 
of hypovolemia and collapse with no vaginal bleeding. The diagnosis is rarely made 
before exploratory laparotomy. Identifying and addressing the source of the severe 
bleeding is very challenging and often requires input from other surgical specialties. 
Bleeding from the reproductive tract vasculature often originated from the posterior 
aspect of the uterus or the broad ligament, which are difficult if not impossible to 
access without prior cesarean delivery. Bleeding can also be retroperitoneal. For 
the offspring the condition has been associated with a high rate of stillbirth and 
prematurity and for the mother with the need for hysterectomy, adnexectomy, or 
repeat laparotomy and has rarely proved fatal owing to the difficulty in ensuring timely 
response to bleeding and in view of the significant surgical challenge.

MAIN FINDINGS
In this article we adopted the term COH+ET as proposed by Järvelä et al. [66] to refer to 
traditional ovarian stimulation IVF. To the best of our knowledge this is the first review 
that specifically examined the possible link between COH+ET and the occurrence of 
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SHiP in women with endometriosis. Although this conclusion seems warranted by the 
evidence collected, caution is required because the rarity of the condition forced us to 
rely on case reports with different degrees of accuracy. An important observation is the 
larger number of bleeding points observed in women with endometriosis undergoing 
COH+ET using traditional ovarian stimulation cycles. This is a point that warrants 
consideration.

Approximately one-third of all cases identified in the present search refer to women 
who underwent IVF. Only two (8%) of the cases with SHiP in the IVF group did not have 
endometriosis, with the majority having moderate or severe disease. The profile of 
reported cases suggests that COH+ET in women with endometriosis may increase the 
incidence or severity of SHiP. Several observed features seem to support the existence 
of an association: first, the presence of multiple or diffuse bleeding sites; second, the 
occurrence of decidualization in all cases that had a biopsy of the bleeding site; and 
third, the site of decidualization, which largely involved the parametrium and ovarian 
endometriomas. The common site of bleeding was in the posterior pelvic cavity, which 
is difficult to reach in the presence of advanced pregnancy without interfering with 
the pregnancy itself.

On the basis of pelvic inspection and biopsy, three clinical subgroups of SHiP can be 
distinguished: (1) ectopic deciduosis in women without endometriosis; (2) decidualized 
foci of endometriosis; and (3) diffuse decidualization in patients with SHiP linked to 
COH+ET. The severity of the presentation is reflected by adverse perinatal outcome, 
including stillbirth, neonatal mortality, very low birth weight, or low birth weight.

Although the paucity of reported cases in the group of women with IVF who did not 
have a diagnosis of endometriosis suggests that COH+ET is a risk factor for SHiP in 
the subgroup of women with moderate or severe endometriosis, their very limited 
absolute numbers necessitate a word of caution.

Thirty-eight of the cases identified in this review (59%) had endometriosis, which again 
suggests that endometriosis may to be linked to an increased incidence of SHiP. The 
group who underwent COH+ET and subsequently developed SHiP had a high incidence 
of advanced endometriosis, including a high incidence of endometrioma-related 
surgery. However, although endometriosis is well recognized as a cause of pelvic 
adhesions, which can cause severe limitation of uterine mobility as detected clinically 
or at the time of surgery, little is understood about how these adapt to pregnancy 
to allow uterine enlargement. The process can be envisaged to be associated with 
considerable stretch or breakdown, perhaps facilitated by softening in response 
to higher than usual circulating levels of Progestrone (P) during early pregnancy in 
women who underwent COH+ET [66]. It is also possible that a breakdown of adhesions 
and associated vasculature can occur within this process. The surgical difficulty in 

8



158

Chapter 8

controlling the bleeding is further evidence of increased tissue susceptibility and the 
need for a judicious surgical approach. This must also be understood with reference to 
the hyperdynamic circulatory state and the extensive pelvic varicosities of pregnancy. 
One important argument against the role of stretch in the pathogenesis of SHiP is 
that there does not seem to be a higher number of reported cases in twin pregnancy.

The cases presented here illustrate the surgical challenge when attempting to 
control bleeding from multiple decidualized lesions. Decidualization has long been a 
recognized feature of the peritoneum during pregnancy and does not in itself indicate 
underlying endometriosis [67,68]. Yet the tissue can be friable to handle and attempts 
to control bleeding with suture material or diathermy may be futile, culminating in 
the need for excisional surgery and removal of the uterus or adnexa. The impact 
on affected women is considerable. Surgical access can also be difficult because 
bleeding is often from the posterior uterine wall or the posterior aspect of the broad 
ligament, which are difficult to access in a pregnant woman. It seems that most 
attempts to control bleeding while maintaining the pregnancy have been unsuccessful, 
and cases have been reported with recurrent bleeding necessitating hysterotomy 
and supracervical hysterectomy [16,19]. Therefore, in the presence of SHiP during 
the third trimester, consideration should be given to delivery by cesarean section at 
an early stage. One further difficulty is that the diagnosis of SHiP has been rarely 
made preoperatively, because imaging for intraperitoneal bleeding is very difficult 
in advanced pregnancy owing to the position of the uterus. It is unclear whether 
heightened attention to the existence of SHiP may enable a provisional diagnosis 
before surgery or the identification of less severe cases that do not undergo surgery.

RISK OF OVARIAN ENDOMETRIOMA IN SHIP
Group 1 included 17 cases (89%) with stage III or IV endometriosis. Ovarian 
endometrioma was reported in seven cases, but extrapolation from literature reports 
suggests that it is likely that these were under-reported [69]. Pateman et al. [70] reported 
that the majority of endometriomas were observed to regress during pregnancy when 
followed up by serial ultrasound and that 12% of cases showed evidence suggestive of 
decidualization, such as a thick and irregular inner wall, papillary projections and high 
vascularity on Doppler examination. These features can pose diagnostic challenges 
because they may mimic ovarian malignancy. Pregnancy dependent changes in 
an ovarian endometrioma include rapid development of abundantly vascularized 
intracystic excrescences that regress at the end of pregnancy [71]. Although a recent 
literature review lends support to conservative management of endometrioma during 
pregnancy [72], COH+ET may constitute an additional risk factor for SHiP that should 
be taken into consideration.

A retrospective study of the outcome of ovarian endometriosis during pregnancy 
included two cases with pregnancy after IVF. Among 24 ovarian endometriomas 
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observed during pregnancy, the size of the cyst increased significantly during the second 
trimester in the two IVF cases. One of these subsequently ruptured and one developed 
an abscess [15]. Nevertheless, there remains a lack of consensus about the optimal 
management of endometrioma in women undergoing IVF [73].

Although 17b-E2 and P concentration in peritoneal fluid and serum are comparable 
during the normal menstrual cycle [74], local P concentrations are significantly higher 
in the peritoneum close to the corpus luteum compared with other peritoneal samples 
and systemic blood [75]. This suggests that endometriotic implants near the ovaries are 
more likely to undergo decidual changes in the first trimester of pregnancy as observed 
in typical peritoneal implants [76].

THE PATHOLOGY OF SHIP IN WOMEN WITH DECIDUOSIS OR ENDOMETRIOSIS
Pathologic evaluation of bleeding sites reveals decidualized stromal cells, including in 
patients without visible endometriosis. Glandular cells were seen in few cases and were 
reported as atrophic. The histopathology of groups 1 and 2 was characterized by the 
presence of decidual cells. There are no case reports with histopathology from group 
3; but the high prevalence of decidualization during pregnancy suggests that similar 
findings may be possible.

A second significant finding is the occurrence of bleeding from submesothelial ectopic 
decidua. This is a phenomenon noted during pregnancy where multiple, irregularly 
distributed submesothelial deposits of decidual cells can be noted in the serosa of 
abdominal and pelvic organs [77,78,79].

In the case described by Doyle and Phillips [6] the autopsy found the presence of a small 
peritoneal lesion on the lateral side of the pelvis as cause of the fatal hemoperitoneum. 
At microscopy the lesion showed hemorrhagic decidual tissue without chorionic villi. 
The very vascular decidual reaction was apparently the source of the fatal bleeding.

In a series of 10 cases, Zaytsev and Taxy [67] observed two cases of submesothelial 
ectopic decidua that had small amounts of free blood in the peritoneal cavity. A third 
finding is that reported by O’Leary et al. [7] of a case with vascular intrusion by decidual 
cells, suggesting a mechanism of damage and bleeding in the thin-walled vessels of 
the decidual nodule.

It can be speculated that the high, nonphysiologic P levels observed early in pregnancies 
achieved after COH+ET [66] can accelerate or exacerbate the decidualization process. As 
shown in the endometriosis control group, the presence of any stage of endometriosis 
can be a risk factor, although the link with severe endometriosis may be indirect through 
the indication for COH+ET.

8
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IMPLICATIONS FOR CLINICAL PRACTICE AND RESEARCH
Our study raises important issues for clinical practice and research. First, awareness 
of the condition may enable earlier diagnosis. Second, the recognition that COH+ET 
in women with severe endometriosis may represent a significant risk factor for SHiP 
can affect the choice of treatment. It is possible but uncertain that embryo freezing 
with replacement in unstimulated cycles will be advantageous. In some women 
endometriosis may not have been diagnosed before pregnancy, which lends support to 
the recognition of risk factors such as the presence of neonatal uterine bleeding [80].

Research is needed to enhance the role of imaging in the early diagnosis and monitoring 
of women at high risk of SHiP. It remains possible that subclinical hemoperitoneum 
may play a role in major obstetric presentations, such as preterm labor or unexplained 
abdominal pain [81]. Further research is urgently indicated to examine the role of 
decidualization and the vascular changes at the site of bleeding in biopsies or resection 
specimen, such as adnexectomy or hysterectomy specimens.

STRENGTHS AND LIMITATIONS
The study highlights an important clinical problem and suggests a possible preventative 
measure, but it is important to emphasize that because of the rarity of SHiP it was 
necessary to design this study as a retrospective literature review. Thus, conclusions 
are dependent on available publications and their details and quality. A possible bias 
inherent in this approach may lie in a greater likelihood of cases of SHiP identified 
after IVF to be submitted for publication. However, SHiP rather than IVF was the main 
focus in most reported cases, whereas the role of IVF attracted little or no attention.

Although it is recognized that decidualization is a very common feature of the 
subserosal tissue during pregnancy, the exact incidence and natural history of this 
finding remain little understood. Decidualization is associated with atrophy of the 
glandular component, which can render confident diagnosis of endometriosis difficult.

In conclusion, SHiP is a rare but potentially fatal complication for both the pregnant 
woman and her unborn child. In vitro fertilization in women with severe endometriosis 
may be a significant risk factor for SHiP.
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ABSTRACT

BACKGROUND Spontaneous Hemoperitoneum in Pregnancy (SHiP) is a rare, life-
threatening event, particularly relevant to women with endometriosis or deciduosis.

METHODS To determine the type of lesions leading to SHiP, a literature search was 
conducted of all published SHiP cases. From a total of 1339 publications, information 
on pathological findings at the bleeding site with histological data were found in 24 
case reports (16 pregnant, 8 post-partum).

RESULTS Among pregnant women (81% primigravida), 75% had a diagnosis of 
endometriosis and 25% of deciduosis. Among postpartum women (38% primiparous), 
63% had a diagnosis of deciduosis and 25% of endometriosis. In all cases except 
one, decidual cells, with or without glandular structures, were present at the bleeding 
site. Decidual vessels were described in seven cases and all exhibited vascular 
changes, including distension of the lumen, medial disorganization, or loss of vascular 
integrity. These vessels were significantly different from arteries seen in the secretory 
endometrium, showing that structural modifications take place during the initial stage 
of the remodelling of placental bed spiral arteries.

CONCLUSIONS During pregnancy, a link seems to exist between ectopic 
decidualization, particularly that occurring in endometriotic foci, and occurrence 
of SHiP. In addition, subclinical decidual bleeding may be a potential risk factor for 
preterm labour.
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INTRODUCTION

Recent reports focused attention on the rare, yet life-threatening occurrence of 
spontaneous hemoperitoneum in pregnancy (SHiP). This may be particularly relevant 
to women with endometriosis or deciduosis if they are undergoing in vitro fertilization 
(IVF) treatment. This dramatic complication has been associated with high perinatal 
morbidity and even mortality, but the trigger of the spontaneous bleeding has not 
been established [1,2]. Although the aetiology of SHiP remains unknown and may be 
multifactorial, several theories have been proposed to explain the rare complication 
[Table 1]. The early reports describing this complication suggested venous rupture due 
to a sudden increase in venous pressure associated with muscular activity, defecation, 
coughing, lifting or coitus [3]. Increased pelvic congestion and blood flow, the tortuous 
path of the uterine and ovarian veins, their lack of valves and their distension with 
elevated intraluminal pressure may provide vascular conditions for the dramatic event 
[4].

Table 1 - Hypotheses formulated in the literature on the cause of spontaneous hemoperitoneum 
in pregnancy

----------------------------------------------------------------------------------
·	 Sudden increases in venous pressures associated with muscular activity, 

defecation, coughing, lifting or coitus [3]
·	 Tortuous path of the uterine and ovarian veins, their lack of valves and their 

distension with elevated intraluminal pressure, although the presence of some 
additional vascular defect was postulated [4]

·	 Chronic inflammation due to endometriosis making the utero-ovarian vessels more 
friable, or the resultant adhesions creating further tension to these vessels as the 
uterus expands during pregnancy [5, 6]

·	 Hemodynamic factors, as well as increased hormonal effects caused by pregnancy 
can lead to structural vessel changes able to impair the arterial wall [7]

·	 Necrosis and shedding of the decidualized endometriotic lesions during the third 
trimester of pregnancy or following delivery [8]

·	 Erosion of the uterine artery or its branches by endometriosis [9]
·	 Possible relation between the site of placental implantation and rupture of uterine 

vessels [10]
·	 Potential 2-step process of uterine artery rupture starting with circumscribed 

hematoma of the broad ligament causing compression of adjacent anatomic 
structures (ureter, bowel), followed by rupture into the abdominal cavity [11]

·	 Progesterone resistance in endometriosis could trigger involution of the ectopic 
decidua surrounding uterine vessels, leading to peritoneal bleeding of unpredictable 
severity [12]

9
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For a better understanding of the pathogenesis of SHiP and in the absence of 
systematic studies of vascular changes occurring at the site of bleeding, we reviewed 
all case reports in search of information on pathological events at the site of bleeding.

MATERIAL AND METHODS

SEARCH STRATEGY AND ANALYSIS
A Scopus search, undertaken on July 13, 2015, using the term “spontaneous 
hemoperitoneum in pregnancy”, produced a total of 480 publications, starting with 
the publication by Hodgkinson and Christensen in 1950 [3]. The search was extended 
by probing further into the list of references for additional case reports.

We also undertook a PubMed search using the terms “hemoperitoneum and 
pregnancy” February 1, 2016. This yielded 859 articles. We excluded cases related to 
uterine ruptures, ectopic pregnancies, ruptured cysts and other recognized causes of 
intra-abdominal bleeding. After reading the abstracts and, if relevant, the full papers, 
original cases were identified that included a description of the histopathology taken 
from the bleeding site. This search was limited to articles published in English. 
Although the purpose of this review is to examine the occurrence of hemoperitoneum 
during pregnancy, reports of SHiP during the postpartum period (up to six weeks after 
delivery) have been included as well.

Finally, we searched for relevant articles on “deciduosis”, defined by the presence of 
foci of decidualized mesenchymal cells, but absence of glandular cells, in the sub-
peritoneum of pelvic or abdominal structures during pregnancy [13].

RESULTS

The search identified 91 cases of SHiP published between 1950 and 2016. Of these, 
24 case reports included a histological description from a biopsy obtained from the 
bleeding site. In one postpartum case, the site of bleeding was not identified. The 
series includes 16 cases during pregnancy and eight cases of SHiP on the day of 
delivery, or during the postpartum period.

VASCULAR PATHOLOGY AT THE SITE OF BLEEDING
Histopathology findings of available biopsies are summarized in Table 2. All case 
reports, except the one obtained in the postpartum period, indicate the presence of 
decidual cells with or without glandular structures, at the site of bleeding. Seven case 
reports included a description of blood vessels present in the biopsy.
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Three of the 16 biopsies obtained during pregnancy included information about blood vessels 
at the bleeding site(s). Aziz et al. [24] described a focus of endometriosis and decidualization 
in a woman who was 30 weeks into her first pregnancy and demonstrated the presence of 
very thin-walled blood vessels in the decidualized stroma. Mizumoto et al. [6] documented the 
presence of ruptured vessels on the serosal surface of the uterine fundus at 20 weeks in a 
woman during her first pregnancy. Histology demonstrated an intense decidual reaction. The 
blood vessels were distended and exhibited disintegration of the vessel wall. Doyle and Philip 
[25] reported the autopsy finding of a very large quantity of blood and blood clots distending 
the peritoneal cavity of a 37-year-old woman who had SHiP with her first pregnancy. They 
identified a 2.5 x 2cm oval-shaped peritoneal lesion with raised edges on the right side of 
the pouch of Douglas. Microscopically, this exhibited haemorrhagic decidual tissue without 
chorionic villi. The blood vessels were distended and had a highly disorganized wall. This area 
with very vascular decidual reaction was presumed to be the source of the fatal haemorrhage.

Four of the eight case reports with biopsies obtained postpartum included description of 
vasculature. Lier et al. [14] described a case of late postpartum SHiP in a patient with ovarian 
endometriosis. Histologically, there was a vascular lesion with multiple distended vessels 
and haemorrhagic deposits. O’Leary et al. [29] published one case of massive postpartum 
SHiP in which, following supracervical hysterectomy, it was possible to identify the origin of 
brisk bleeding as a tumour-like mass. Bleeding was controlled by clamping and ligation of the 
left uterine artery at its origin from the hypogastric artery. Bilateral salpingo-oophorectomy 
was performed because of a presumptive diagnosis of a malignant lesion with multiple 
tumour-like masses located on both ovaries and on the left pelvic side-wall. Histopathology 
confirmed bilateral ovarian endometriosis with extensive decidualization but no malignant 
degeneration. A section of the hypogastric artery was examined: this exhibited decidualized 
stroma protruding into the large distended arterial lumen. Sabatelle and Winger [31] reported 
a case of severe intrapartum SHiP arising from a focus of ectopic deciduosis. The serosal 
surface over the posterior lower uterine segment was roughened and exhibited marked 
decidual reaction with large blood-filled sinuses communicating with the surface. Multiple 
sections through the uterine wall revealed no evidence of laceration or haemorrhage within 
the myometrium. Hulme-Moir and Ross [32] reported a case postpartum SHiP presenting 
with abdominal pain one week after delivery. The woman had haemorrhagic appendices 
epiploicae in the transverse colon. Omental biopsy showed multiple small, well-defined foci 
of decidual cells in the fat immediately below the serosa. The small vessels were dilated 
and there was interstitial haemorrhage and early necrosis of some of the decidual cells. 
There were no glandular structures suggestive of endometriosis.

CLINICAL FEATURES OF SHIP
As mentioned, the search identified 16 women with SHiP during pregnancy and eight 
women with SHiP on the day of delivery, or during the postpartum period [Table 3], 
from whom histological reports were available. Age in the first group ranged between 
25 and 38 years and in the second group between 25 and 41 years.

9
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Among women with SHiP during pregnancy, 13 (81%) were primigravida, whereas in 
the second group, three (38%) had delivered for the first time. In the pregnant group, all 
had the diagnosis of endometriosis (75%) or deciduosis (25%), while in the intrapartum 
or postpartum group, five (63%) had the diagnosis of deciduosis and two (25%) of 
endometriosis. No information was available on the eighth case.

SHiP occurred in the pregnancy group between weeks 17 and 33 with a median of 
week 26 and was associated with a stillbirth or neonatal death rate of 56%.

DISCUSSION

ENDOMETRIOSIS AND DECIDUOSIS ARE ASSOCIATED WITH DECIDUAL 
BLEEDING
Histopathology of the 24 biopsies obtained from the bleeding site in women with SHiP 
documented in all cases the presence of decidualised stromal cells. Decidual vessels 
were described in seven cases and invariably these exhibited vascular changes, 
including distension of the lumen, medial disorganization, or loss of vascular integrity. 
Craven et al. [33] documented that decidual arteries were significantly different from 
arteries seen in the secretory endometrium, leading to the conclusion that structural 
modifications take place during the initial stage of physiological remodelling of 
the placental bed spiral arteries, before the vessel is affected by intravascular and 
interstitial trophoblast invasion. The early arterial changes are characterized by more 
endothelial basophilia, vacuolization, loss of elastica and dilatation. In addition, some 
vessels show disorganized or hypertrophied smooth muscle layers. Similar structural 
alterations occur in endometrial arterioles in the decidua parietalis of intrauterine 
pregnancies and in cases with ectopic pregnancy.

This clearly shows that in the placental bed, decidual spiral artery remodelling starts 
before the beginning of cellular interaction between the vessel and the intravascular 
or interstitial trophoblast. These physiological changes transform the decidual and 
myometrial segments of some 50 spiral arteries in the placental bed and allow an 
appropriate blood flow into the placenta during the progression of pregnancy [34].

SHiP in patients with endometriosis raises the possibility of multiple bleeding sites 
in the pelvis. All of these need to be identified in order to achieve haemostasis. This 
can be very challenging as the large uterus obstructs access to the posterior pelvic 
cavity during pregnancy. The posterior pouch of Douglas can also be obstructed by the 
presence of endometriosis-related adhesions and multiple endometriotic implants.

The phenomenon of “deciduosis”, defined as extra-uterine decidualization of stromal 
cells, has been well described in the peritoneum, cervix and ovary. Although its 
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formation under hormonal stimulation suggests a relationship with endometriosis, 
the clinico-pathological process is distinct and deciduosis does not always indicate 
underlying endometriosis [35]. Büttner et al. [36] investigated biopsies taken from 
the omentum (n=60) and various abdominal organs (n=48) at the time of caesarean 
section or ectopic pregnancy at different gestational ages. Focal or diffuse deciduosis 
was observed in all cases. Vacuolar degeneration and fragmentation, which are 
manifestations of regressive changes of the decidual cells, were noted in cases of 
advanced pregnancy. In more than 80% of cases, blood vessels of the area with ectopic 
decidua showed proliferation and enlargement when compared to areas of normal fat 
tissue. Immunohistochemistry demonstrated hormone-induced metaplasia of the sub-
mesothelial mesenchyme. The exact onset and involution of extra-uterine decidua is 
not known, but available observations suggest that it starts during the second or third 
month of pregnancy and its involution seems complete between 4 and 6 weeks post-
partum. As a rule, deciduosis does not give rise to clinical symptoms. Abdominal pain 
similar to appendicitis, intra-abdominal haemorrhages and haematuria has only very 
rarely been observed. Markou et al. [37] examined 307 consecutive women at the time 
of Caesarean section and obtained biopsies from all (n=31) subjects who were noted 
to have a macroscopic peritoneal lesion. All biopsies showed histological evidence of 
decidualization. Women with visible deciduosis were more likely to report abdominal 
pain during pregnancy, but the finding of deciduosis was not linked to preeclampsia, 
preterm labour or fetal growth restriction. In this study, deciduosis was not related to 
endometriosis. In this group, the occurrence of pain may be secondary to subclinical 
hemoperitoneum or to degenerative changes during the regression phase of these 
lesions.

MECHANISMS OF ECTOPIC DECIDUAL BLEEDING
We have previously reported that IVF in women with endometriosis increases the 
risk of SHiP [2]. Emerging evidence suggests that endometriosis is associated with 
progesterone resistance characterized by suboptimal expression of target genes [38]. 
Therefore, it is tempting to speculate that “functional” progesterone withdrawal triggers 
the involution of the decidual phenotype of the ectopic endometrium surrounding 
distended parametrial arterioles, leading to peritoneal bleeding of unpredictable 
severity [39].

In recent years, molecular mechanisms of decidual uterine spiral arteries remodelling 
in early pregnancy have been investigated. These involve a coordinated series of 
events, including the creation of a decidual immune cell environment, vascular cell 
disruption and loss. This is followed by extra villous trophoblast colonization and 
completion by mid-pregnancy. Smith et al. [40] performed a detailed analysis of the 
spatial and temporal loss of vascular extracellular matrix in the walls of remodelling 
decidual spiral artery in early pregnancy. They immuno-stained serial sections of 
these vessels for a panel of extracellular matrix markers and showed that the initial 

9
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stages of spiral artery remodelling are characterized by the loss of laminin, elastin, 
fibrillin, collagen types III, IV and VI from the basement membrane, vascular media 
and/or adventitia, and surrounding decidual stromal cells. Loss of extracellular matrix 
correlated with disruption and disorganization of vascular smooth muscle cells. 
The majority of changes occurred prior to extensive colonization of the vessel wall 
by extravillous trophoblast. Given the co-distribution of uterine natural killer (uNK) 
cells and decidualized stromal cells, a mutual interaction might provide the correct 
regulatory environment in case of placentation [41]. The uNK cells and macrophages 
within remodelling vessels seem to prime decidual vessels for extravillous trophoblast 
invasion and to play a role in recruiting extravillous trophoblasts to line the vessel wall 
[42,43]. However, no information is available on the presence or potential role of uNK 
cells in ectopic decidualization. While plasma progesterone levels remain elevated 
throughout human pregnancy, as mentioned decidual bleeding in pregnancy may be 
elicited by a functional progesterone withdrawal, as indicated by significantly reduced 
decidual cell nuclear expression of progesterone receptor-A and –B. Functional 
withdrawal of progesterone results in increased phospho-ERK1/2 pathway initiating 
decidual bleeding and causing obstetrical complications such as abruption-induced 
preterm delivery [44]. Mechanical as well as cellular changes can contribute to the 
occurrence of SHiP. Changes in vessel wall can lead to weakening and increased 
predisposition to bleeding in response to trauma or increased pressure and can also 
render the vessels more friable resulting in difficulty in obtaining haemostasis. On the 
other hand, regression of deciduosis can itself lead to increased susceptibility and 
possibly vascular breakdown.

SUBCLINICAL DECIDUAL BLEEDING AS A POTENTIAL RISK FACTOR FOR 
PRETERM BIRTH
A subset of patients with preterm labour has vascular lesions of the placental bed, 
including failure of physiological remodelling of the myometrial spiral arteries [34,45], 
a lesion that is common in preeclampsia. Understanding why some women with these 
vascular lesion and abnormal angiogenic profile develop preeclampsia and others 
preterm labour can provide insight into the pathophysiology of both conditions [46]. 
Pathogenetic mechanisms implicated in these disorders include defective deep 
placentation, oxidative and endoplasmic reticulum stress, autoantibodies to type-1 
angiotensin-II receptor, platelet and thrombin activation, intravascular inflammation, 
endothelial dysfunction and the presence of an antiangiogenic state, among which 
an imbalance of angiogenesis has emerged as one of the most important factors 
[47]. Premature decidual senescence without progesterone withdrawal has been 
implicated in placentation disorders including preterm birth. The localization, severity 
and timing of the angiogenic imbalance, together with maternal susceptibility such as 
in the presence of endometriosis, may determine the clinical presentation. Recently, 
Marcellin et al. [48] demonstrated that decidua in women with endometriosis is able 
to generate endometriotic-like lesions in contact with the fetal membranes and found 
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significant deregulation for genes know to be enriched in processes involved among 
others in neoangiogenesis.

In a retrospective case study of preterm placentas Salafia et al. [49] suggested a 
relation between decidual hemosiderin deposition in the placenta or membranes 
and preterm delivery. A total of 196 of 462 (43%) preterm placentas or membranes 
had any decidual hemosiderin compared with one of 108 (0.8%) at term (p<0.00001). 
Sakata et al. [50] reviewed recent advances in hemo/iron-mediated signalling. Decidual 
haemorrhage may result in high levels of free heme and iron. Several important 
preterm birth-specific genes and proteins overlap with those known to be regulated 
by iron. Free iron oxidatively modifies lipid and protein, leading to DNA and cell damage. 
Collectively, decidual haemorrhage and inflammation are considered to be major 
contributors to the pathogenesis of preterm birth. Although the majority of patients 
with hemosiderin deposition had no history of gestational bleeding, this is an area 
where more research is needed.

The phenomenon of ectopic decidualization has traditionally been regarded as benign, 
but accumulating evidence suggests the need for systematic studies to further our 
understanding of the condition and its significance.

CONCLUSION

Available evidence suggests that during pregnancy a link exists between ectopic 
decidualization, particularly that occurring in endometriotic foci, and the occurrence 
of SHiP. Alterations in vessels’ walls have been demonstrated in the few cases where 
relevant biopsies were obtained and examined. Indeed, it seems that arterioles can 
become modified in the absence of trophoblast. There is a need to carefully examine 
vascular alterations at the site of bleeding leading to SHiP to gain information on the 
pathophysiology of this serious complication. Finally, whereas there are indications 
that subclinical decidual bleeding may be a potential risk factor for preterm labour, 
further clinical, pathological and molecular investigations are required.
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SUMMARY

This thesis focused on the pathophysiological aspect of endometriosis. This was 
presented in two parts; part I focused on the enhancement of surgical diagnosis and 
(fertility) treatment in endometriosis patients, part II focused on the consequences of 
endometriosis in pregnancy.

ENHANCEMENT OF SURGICAL DIAGNOSIS AND TREATMENT
Laparoscopic identification, including histological verification, remains the gold 
standard for diagnosing endometriosis [1]. However, due to the polymorphic 
appearance of endometriotic tissue, laparoscopic visualization could be impaired. 
Especially non-pigmented lesions may be hard to distinguish from healthy peritoneum 
[2-4]. In Chapter 2 we evaluated the available literature reporting on the use of enhanced 
laparoscopic imaging techniques in endometriosis surgery. Based on the results 
of nine studies (mainly cohort studies), including 432 patients, we concluded that 
enhanced laparoscopic imaging techniques have the potential to detect endometriosis 
with a better sensitivity and equal specificity when compared to conventional 2D 
white-light laparoscopy. In Chapter 3 we investigated the use of enhanced laparoscopic 
imaging techniques in a clinical trial and showed that with the combined use of 3D 
white-light imaging and narrow-band imaging (NBI), the sensitivity rates for the 
laparoscopic detection of endometriosis significantly improved (91.2% vs 75.8%, 
p<0.001) when compared to 2D white-light imaging. The single use of NBI or near-
infrared imaging with indocyanine green (NIR-ICG) showed no additional value. By 
improving the laparoscopic detection of endometriosis, diagnosing endometriosis 
as well as surgical treatment of endometriosis can be improved with the potential of 
reducing recurrences. However randomized controlled trials are needed to establish 
whether an improved laparoscopic detection of endometriosis results in a more 
complete resection affecting long-term clinical outcomes in a favorable way.

ENHANCEMENT OF FERTILITY TREATMENT
Endometriosis is in up to 50% of patients associated with subfertility [5]. IVF/ICSI-
treatment is therefore frequently applied to women with endometriosis in order to 
overcome the endometriosis associated fertility problems. However, lower success 
rates of IVF/ICSI are reported, especially in patients with moderate to severe 
endometriosis (ASRM stage III-IV) and in patients with ovarian endometriomas [6-9]. 
Therefore is it recommended by the ESHRE guideline to pre-treat these women with 
a GnRH agonist prior to IVF/ICSI in order to increase the chances of pregnancy [1]. 
However this recommendation is debated since it is based on only three small studies, 
executed in a different IVF/ICSI-treatment era including different study-populations 
with varying degrees of endometriosis (ASRM stage II – IV). Recently, a revised version 
of the Cochrane systematic review reporting on the use of long-term GnRH agonist 
therapy prior to IVF/ICSI in endometriosis patients, was published [10]. In comparison 
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to the previous version of the Cochrane systematic review [11], the conclusion was 
downgraded towards uncertainty whether GnRH agonist treatment prior to IVF/ICSI 
may positively affect reproductive outcomes in patients with endometriosis [10]. In 
Chapter 4 we therefore described a protocol of a non-inferiority randomized controlled 
trial (COPIE trial: Continuous use of Oral contraceptives as an alternative for long 
term Pituitary desensitization with a GnRH agonist prior to IVF/ICSI in Endometriosis 
patients; Dutch Trial Register ref. no. NTR6357), which will investigate the use of 
continuously administered oral contraceptives as an alternative pre-treatment strategy 
compared to long-term pituitary desensitization with a GnRH-agonist in endometriosis 
patients undergoing IVF/ICSI treatment. Observational data show that treatment with 
oral contraceptives is favorable in patients with severe endometriosis undergoing 
IVF/ICSI treatment, as clinical pregnancy rates are reported higher in comparison to 
endometriosis patients treated without oral contraceptives and comparable to that 
of control patients without endometriosis [12]. However, a randomized comparison 
between continuous use of oral contraceptives and GnRH agonist treatment prior to 
IVF/ICSI in patients with endometriosis has not yet been made. The COPIE study is 
currently recruiting participants in six Dutch centers and will investigate treatment 
efficacy, as well as treatment safety, patient preferences and cost-effectiveness of both 
interventions. Alongside this randomized trial a prospective cohort study is running in 
which patients who do not wish to be randomized will be included. In 2015 the Dutch 
Society for Obstetrics and Gynaecology (Nederlandse Vereniging voor Obstetrie en 
Gynaecologie) prioritized the objective of this study as an important knowledge gap in 
reproductive medicine. Besides, the trial is supported by the Dutch patient association 
for women with endometriosis (Dutch Endometriosis Society) as well as Freya.

As mentioned previously, endometriosis related subfertility might as well be based on 
an impaired endometrial receptivity. In order to investigate whether uterine bathing with 
a pharmacologically neutral gel (ExEm gel) prior to IVF/ICSI treatment improves live 
birth rate after fresh embryo transfer, the TUBIE trial (Trial on Uterine Bathing before 
IVF/ICSI treatment in patients with Endometriosis) was conducted and described 
in Chapter 5. A multicenter randomized, placebo-controlled clinical trial, which was 
performed in four endometriosis referral centers in the Netherlands and Belgium. 
A formal interim analysis was performed when 50% of the patients completed the 
trial and revealed no significant difference in primary outcome. The live birth rate 
after fresh embryo transfer was 16/60 (26.7%) after GIS versus 8/52 (15.4%) after 
sham procedures (relative risk (RR) 1.73, 95% confidence interval (CI) 081-3.72; p 
value 0.147). Besides, uterine bathing resulted in a higher pain score compared with 
a sham procedure (VAS score 2.7 [1.3-3.5] versus 1.0 [0.0-2.0], p<0.001). Therefore, 
we concluded that uterine bathing with ExEm gel is not advised as routine add-on to 
IVF/ICSI-treatment in women with endometriosis.

10
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ENDOMETRIOSIS IN PREGNANCY
In part II of this thesis we discuss the pathophysiological aspects of endometriosis in 
pregnancy, especially the occurrence of Spontaneous Hemoperitoneum in Pregnancy 
(SHiP). SHiP is defined as a “spontaneous (nontraumatic) intraperitoneal hemorrhage 
during pregnancy and up to 42 days postpartum, requiring surgical intervention or 
embolization, excluding ectopic pregnancy, uterine rupture and caesarean section 
associated bleeding” [13]. To gain more insight in this assumed rare, but potentially 
life-threatening complication of pregnancy, we collected Dutch cases of SHiP in 
collaboration with the Dutch Working Group on Endometriosis. Eventually 15 cases 
of SHiP were identified and published in the largest original case series addressing 
this topic. In this case series, described in Chapter 6, we offer important practical 
take-home messages for the management of this phenomenon. To further improve 
the outcome of pregnancies complicated by SHiP, gaining and growing knowledge 
was advocated. Therefore a systematic review of the international literature was 
conducted (Chapter 7) evaluating the clinical course and pregnancy outcomes of 
SHiP. Endometriosis was present in 56% of the cases (33/59 cases), an association 
between the severity of SHiP and the stage of endometriosis could however not be 
established, consistent with the outcome of an earlier review [14]. SHiP seemed to 
occur predominantly in the third trimester of pregnancy (51%) and the main presenting 
symptom was (sub)acute abdominal pain (95%). For the first time recurrence of SHiP 
was reported in 8.5% of the cases. Since the exact etiology of SHiP is unknown and 
preventive measures are lacking, identifying risk factors is of importance in order 
to detect patients which may develop SHiP. In Chapter 8 we described that, besides 
endometriosis, the use of controlled ovarian stimulation for artificial reproductive 
techniques (ART) contributes to the occurrence and severity of SHiP. This seems 
of importance since subfertility and the concomitant use of ART are more common 
in women diagnosed with moderate to severe endometriosis [15]. In Chapter 9 the 
types of lesions that lead to SHiP were identified. After collecting information on the 
pathological and histological findings of SHiP lesions, we showed that a link exists 
between decidualization in ectopic endometrium and the occurrence of SHiP.
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES

ENHANCEMENT OF SURGICAL DIAGNOSIS AND TREATMENT
Endometriosis is a challenging disease and affects approximately 2 to 10% of women 
of reproductive age, and up to 50% of women presenting with infertility or chronic 
pelvic pain [5,16]. Despite this high prevalence, diagnosing endometriosis remains 
challenging due to a high variation in presenting symptoms. A combination of these 
symptoms, findings at physical examination and imaging can increase the suspicion on 
endometriosis. However, laparoscopic identification, including histological verification, 
is nowadays still the gold standard for the definitive diagnosis of endometriosis [1]. 
Although laparoscopic treatment of visible endometriosis is associated with a decrease 
of overall pain complaints and increased live birth rate [1,17], high recurrence rates of 
the disease have been described post-surgery [18]. This is partly explained by the 
impaired visual potential of 2D white-light imaging in detecting endometriosis, since 
you can not treat what you do not see. Enhancement in the laparoscopic visualization 
of endometriosis may result in a more complete resection of the disease and therefore 
possibly improve clinical outcomes.

The use of enhanced laparoscopic imaging techniques, using optic techniques or 
fluorescent agents to visualize neovascularization in endometriotic lesions, are 
promising in the improvement of the intra-operative identification of endometriosis. 
In our systematic review three techniques were described [19]. 5-ALA fluorescence 
(5-ALA), autofluorescence imaging (AFI) and narrow-band imaging (NBI) showed a 
better detection rate for peritoneal endometriosis when compared to conventional 2D 
white-light (2D) laparoscopy. In the following diagnostic accuracy study 3D white-light 
(3D) imaging, near-infrared imaging with indocyanin green (NIR-ICG), AFI and NBI were 
evaluated [20]. Resulting in an improved sensitivity rate (83.5% vs. 75.8%, p = 0.016) and 
a non-inferior specificity rate (82.4% vs. 84.7%, p = 0.009) when 3D white-light imaging 
was compared to 2D white-light imaging. The single use of NBI or NIR-ICG showed 
no improvement in the detection of peritoneal endometriosis. Combining the results 
of 3D white-light imaging and NBI in a post-hoc analysis resulted in a significantly 
improved detection rate of endometriotic lesions of 91.2% (p < 0.001) [20]. Nowadays 
improved endoscopy systems are available with the ability to directly combine 3D 
white-light imaging and NBI during laparoscopic surgery. Further exploration of the 
use of enhanced laparoscopic imaging techniques in a large randomized clinical trial is 
needed, taking into account long-term clinical outcomes like quality of life, recurrence 
free interval after surgery and need for reinterventions.

Although the diagnostic value of fluorescence guided imaging by NIR-ICG for peritoneal 
endometriosis is questionable [21] it might be of value for intra-operative (real time) 
intestinal and ureteral assessment and visualization of deep endometriosis. The use 
of NIR-ICG might facilitate the identification of the course of the ureter and helps to 
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separate endometriotic nodules from healthy tissue, especially when the anatomy 
is distorted [22-25]. However, the optimal ICG dose and ICG exposure time before 
exploration is, beside the clinical applicability and safety, still not clearly established 
[26,27].

The roll of augmented reality in endometriosis surgery, in which preoperative medical 
images are projected on real time intraoperative images, is still being developed. It 
might provide improved intraoperative guidance by visualizing hidden risks and 
targeted anatomical structures during surgery, and may therefore facilitate the 
performance of complex surgical procedures as may be encountered in severe multi-
organ endometriosis [28,29].

ENHANCEMENT OF FERTILITY TREATMENT
Endometriosis and infertility are closely related. Although the exact mechanisms are 
not yet fully revealed, the disorder is a contributing cause of infertility in up to 50% of 
the couples who want to conceive [5,30,31]. The impaired ability to conceive may be 
explained by an altered folliculogenesis, hostile peritoneal environment, poor oocyte 
quality, impaired ovarian reserve, tubal dysfunction, decreased implantation capacity of 
the embryo, reduced endometrial receptivity and/or concomitant adenomyosis [32-36].

Uterine receptivity plays a crucial role in establishing a successful pregnancy, and may 
limit ART success in women with endometriosis [37], resulting in reduced pregnancy 
and live birth rates after IVF/ICSI. [6,38,39]. Coexistence of adenomyosis, found in 
approximately one third of the patients with endometriosis, can be additionally relevant 
as contributing factor to infertility [35,40]. Angiogenesis seems to play a crucial role 
in the pathophysiology of both diseases, in which endometrial cells acquire invasive 
properties to establish at ectopic foci in and outside the uterus [41-43]. Polymorphisms 
in angiogenic factors, like fibroblast growth factor 1 and 2, are associated with an 
increased risk of developing both diseases [42]. It is likely that an increased angiogenesis, 
resulting in formation of fragile blood vessels in the eutopic endometrium, might lead 
to an impaired endometrial receptivity in adenomyosis patients [44]. In women with 
endometriosis, clinical pregnancy and implantation rates after IVF/ICSI treatment are 
reduced when adenomyosis is concomitantly present. Besides, an increased risk of 
early pregnancy loss is observed after IVF/ ICSI treatment [35,45].

The impaired endometrial receptivity in women with endometriosis may also be 
explained by an inflammation mediated production of estradiol, increased endometrial 
resistance to progesterone and/or a defective decidualization of the stroma [34,46-
50]. In the epithelium, the progesterone resistance leads to an estrogen dominance 
which results in an increased proliferation. This is accompanied with an increase 
in aromatase expression and secretory phase estrogen receptor expression. In the 
endometrial stroma, the progesterone resistance will lead to defective decidualization 
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which is initiated by downregulation of ARID1A, an anti-inflammatory protein. All in 
all, these changes in the endometrial epithelium and stroma result in a non-receptive 
endometrium which resembles the endometrium of the late secretory phase of the 
menstrual cycle [51].

Whether a decreased expression of implantation markers during the window of 
implantation, plays a role in the decreased endometrial receptivity in endometriosis 
patients is still a matter of debate. Nowadays, it is possible to catalog the receptivity 
of the endometrium based on the transcriptomic profile. The Endometrial Receptivity 
Array (ERA) has emerged as a new diagnostic tool for determining the optimal window 
of implantation by examining the expression of a panel of 238 genes that are related to 
endometrial receptivity. By reporting the endometrium as pre-receptive, receptive or 
post-receptive, the optimal time frame for performing embryo-transfer during IVF/ICSI 
treatment can be determined [52,53]. Surprisingly, the expression of genes present in 
the ERA during the implantation window were not significantly different among patients 
with and without endometriosis, and did not depend on the severity of the disease 
[54]. This was recently confirmed in a Brazilian case control study, investigating the 
endometrial transcriptome by next generation sequencing, revealing no differentially 
expressed genes in endometriosis patients when compared to controls [55].

Identifying defects in endometrial receptivity in endometriosis patients, provide possible 
treatment strategies to overcome infertility. As such, a new test for endometrial 
receptivity has been developed, based on the finding of overexpression of B-cell CLL/
lymphoma 6 (BCL6) in women with endometriosis, called the ReceptivaDx Test [56]. 
Endometrial protein BCL6 is a biomarker for endometrial inflammation and stimulates 
endometrial cytokine expression. Besides, a high expression of BCL 6 inactivates 
progesterone-mediated factors and may therefore account for progesterone resistance 
in endometriosis [57-59]. BCL6 expression is significantly higher in the secretory phase of 
patients with endometriosis versus controls [56] and is strongly associated with poor IVF/
ICSI outcomes [60]. In a recent case control study, medical (using GnRH agonist therapy) 
or surgical treatment of women with suspected endometriosis and overexpression of 
BCL6, significantly improved reproductive outcomes following IVF/ICSI and lowered 
miscarriage rates [61]. These data are promising with regard to providing opportunities 
to overcome infertility in endometriosis patients inside and outside of IVF/ICSI treatment. 
However, randomized studies are necessary to establish the true clinical value of medical 
and surgical interventions in patients with BCL6 overexpression.

Contrary to abovementioned findings, the recent Cochrane systematic review 
reporting on medical treatment of endometriosis patients by long-term GnRH 
agonist therapy prior to IVF/ICSI, shifted its conclusion from favorable to uncertain 
whether GnRH agonist pretreatment positively affects reproductive outcomes and 
IVF/ICSI associated complication rates [10]. The COPIE trial (Continuous use of 
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Oral contraceptives as an alternative for long-term Pituitary desensitization with a 
GnRH agonist prior to IVF/ICSI in Endometriosis patients) investigates in patients 
with moderate to severe endometriosis (ASRM stage III-IV) scheduled for IVF/ICSI 
treatment, whether pretreatment with oral contraceptives can be an alternative to long-
term pituitary desensitization with a GnRH agonist with regard to treatment efficacy 
[62]. In November 2020 the first patient was enrolled, and the trial is currently recruiting 
patients in the Netherlands (Dutch Trial Register NL5991). Alongside this randomized 
trial a prospective cohort study is running in which patients who do not wish to be 
randomized will be included.

Besides medical treatment to enhance IVF/ICSI outcomes, it has been hypothesized 
that local endometrial injury might also have a beneficial effect on endometrial 
receptivity and implantation [63,64]. Multiple studies have been performed to 
investigate this effect, and although methodological issues may have biased trail 
results [65], no convincing evidence exists to apply endometrial injury as an IVF 
add-on [66]. Despite that this treatment is rated, amber, by the Human Fertilisation 
and Embryology Authority (HFEA) [67], it is still the most offered IVF add-on in the UK 
[68]. Recently one of the largest randomized controlled trial on endometrial scratching 
was published [69], investigating 1364 women undergoing IVF treatment with their 
own oocytes. In line with recent evidence, this trial did not find any favorable effect of 
endometrial scratching when compared to a sham procedure. In addition, subgroup 
analysis did not identify any subpopulation, including endometriosis (8% of the trial 
population; N= 108), that might benefit from endometrial scratching [69].

As an alternative to scratching, the receptivity of the endometrium might also be 
affected by infusing fluids into the uterine cavity (“uterine bathing”). Recently the IVF-
LUBE trial investigated the effectiveness of pre-IVF uterine bathing with Lipiodol® in 
women with endometriosis or repeated implantation failure. Unfortunately the trial 
was not sufficiently powered to show any difference between uterine bathing with 
Lipiodol® and standard IVF/ICSI [70]. In the TUBIE trial (Chapter 5), we investigated 
whether intrauterine infusion of a pharmacologically neutral gel, as an equivalent to 
endometrial injury, increased pregnancy rates after IVF/ICSI treatment in patients with 
endometriosis (ASRM I-IV). This was compared to a sham procedure in which the gel 
was infused in the vaginal fornix posterior. In both arms of the trial, ExEm-gel® was 
used as it does not contain components which may influence endometrial receptivity. 
We found no significant difference between uterine bathing compared to a sham 
procedure on live birth rate after fresh embryo transfer (26.7% vs. 15.4%, RR 1.73, 
95% CI 0.81-3.72; p 0.147). The study was stopped prematurely after a formal interim 
analysis was performed, due to slow recruitment of participants and trial fatigue. 
Therefore the study was underpowered and no definite conclusions could be drawn. 
Since uterine bathing procedures were also associated with slightly higher pain scores 
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and a small number of adverse events, we do not advise to apply this intervention as 
routine add-on to IVF/ICSI treatment in patients with endometriosis.

Summarized, in order to achieve more effective therapies, novel treatment strategies 
must be developed looking specifically into the pathogenic mechanisms that are 
involved in endometriosis. As such, more knowledge on the use of immunomodulatory 
agents targeting inflammatory pathways and stem cell-based therapies is advocated 
in order to improve endometriosis treatment [71]. Furthermore, high quality research 
is necessary to accurately evaluate the diagnostic potential and clinical applicability of 
promising biomarkers, like BCL6, for identifying and correcting impaired endometrial 
receptivity in endometriosis patients.

BEYOND SUFBFERTILITY; PREGNANCY OUTCOMES IN ENDOMETRIOSIS 
PATIENTS
Although endometriosis is closely related to infertility, the majority of patients (>80%) 
ultimately achieves pregnancy before the age of 40 [72]. It is not uncommon for 
patients with endometriosis to be advised that becoming pregnant might be beneficial 
in order to reduce their symptoms and alter the course of their disease. However, there 
is a growing amount of evidence pointing out that endometriosis may interfere with 
successful pregnancy outcomes [73,74].

As such, the role of endometriosis in the development of pregnancy (complications) and 
the impact of pregnancy on endometriosis, are growing areas of interest. Endometriosis 
related complications are mostly unreported and therefore underestimated in literature. 
They however may represent life-threatening events for both mother and baby, often 
requiring surgical intervention [73]. This points out the need for large observational 
studies to assess the true prevalence of these complications.

An acute complication of pre-existing endometriosis in pregnancy is SHiP (Spontaneous 
Hemoperitoneum in Pregnancy). In collaboration with the Dutch working group on 
endometriosis we collected unreported Dutch cases of SHiP, resulting in the largest 
retrospective original case-series concerning this topic [75]. From this series we learned 
that SHiP usually presents with non‐specific symptoms, and as such any pregnant 
women with acute abdominal pain complaints, hypotension and/or signs of fetal 
distress in the second or third trimester of pregnancy, should immediately be examined 
physically and by adequate abdominal imaging. Imaging is an important diagnostic tool, 
as it can rule out obstetrical problems like uterine rupture or placental abruption, and 
can enhance the suspicion of SHiP by visualizing the presence of free intra-abdominal 
fluid. Often surgical intervention is mandatory, giving the opportunity for an accurate 
inspection of possible bleeding points on the posterior surface of the uterus and the 
utero-ovarian vessels located in the parametrium [76]. Histopathology findings of 
available biopsies of SHiP lesions show the presence of decidualized stromal cells, 
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suggestive for a relation between ectopic decidualization, particularly that occurring 
in endometriotic foci, and the occurrence of SHiP [77]. Although a timely diagnosis 
and treatment of SHiP is associated with a good prognosis for the mother, perinatal 
mortality remains high over the last decades (>25%) [76]. Moreover, recurrence of SHiP 
within the same or a subsequent pregnancy has been described [75,76].

Although endometriosis and the use of controlled ovarian hyperstimulation in ART 
seems to be risk factors for the development of SHiP [14,76,78], it is nowadays still 
not possible to detect patients at risk of the development of SHiP. Besides, preventive 
measures are lacking. No evidence exists whether medical or surgical treatment of 
endometriosis before pregnancy, or applying a freeze-all strategy in ART, lowers the risk 
of SHiP. With the aim to further understand this rare complication of pregnancy and get 
insight in the exact incidence and prevalence of SHiP, several countries took the initiative 
to register the occurrence of SHiP in a prospective way, gathered in a multinational 
collaboration (INOSS). [79] Dutch cases have been registered from April 2016 – April 
2018 by the Netherlands Obstetric Surveillance System (NETHOSS). A total of 18 cases 
have been reported and are currently further analyzed. Besides, to further unravel the 
pathophysiological mechanisms involved in SHiP, immunohistochemically evaluation 
of tissue samples taken from SHiP bleedings sites during surgery are required.

Next to the somatic aspect of SHiP, we recently investigated the psychological 
impact of SHiP. Previous studies showed that severe pregnancy complications can 
have a negative effect on QoL and future perspectives of patients [80]. We therefore 
interviewed patients with SHiP, and their partners, and asked them to complete two 
questionnaires investigating the impact of the event. SHiP had a profound impact on 
both (scored as an 8 or higher on a 0-10 scale). Patients described a freeze response 
at the moment of SHiP, combined with either an anxious reaction or a survival mode 
mind-set. All patients received psychological help after the SHiP event. The feeling of 
not being heard by the medical staff was reported by all women. The questionnaires 
showed lower QoL compared to reference groups.

Overall it can be concluded, since endometriosis related complications in pregnancy 
are rare, that pregnant women with endometriosis can be reassured on the course 
of their pregnancy and no extra monitoring is required. However, physicians should 
be aware of the potential increased risk of endometriosis associated pregnancy 
complications and should include SHiP in their differential diagnosis because of the 
potential life threatening course. Besides SHiP can have large impact on patients and 
partners and attention to psychological support is required.
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RECOMMENDATIONS FOR CLINICAL PRACTICE

Based on the results of this thesis, focusing on the pathophysiological aspect of 
endometriosis, we have the following recommendations:

Part I Enhancement of surgical diagnosis and fertility treatment
1)	 The use of enhanced laparoscopic imaging techniques could be considered, 

especially 3D white light imaging combined with NBI, since it resulted in an 
improved detection of peritoneal endometriosis when compared to 2D white light 
imaging (Chapter 2 & 3).

2)	 More insight in the need of pre-treatment strategies for IVF/ICSI treatment in 
patients with endometriosis should be obtained (Chapter 4);

3)	 Uterine bathing procedures are not advised as routine add-on to IVF/ICSI-treatment 
in women with endometriosis (Chapter 5)

Part II Endometriosis in pregnancy
4)	 Increasing awareness of SHiP as a pregnancy complication is advocated, especially 

in women diagnosed with endometriosis and/or pregnant after the use of COH in 
ART (Chapter 6, 7 & 8);

5)	 In pregnant women presenting with (sub)acute abdominal pain, signs of 
hypovolemic shock and/or fetal distress in the second or first trimester of 
pregnancy, SHiP must be considered. In these patients imaging has been shown 
to be an important diagnostic tool which visualizes intra-peritoneal fluid and may 
rule out other complications in pregnancy (Chapter 6 & 7);

6)	 A link seems to exist between decidualization in ectopic endometrium and the 
occurrence of SHiP, but further immunohistochemically evaluation is needed in 
order to understand the pathophysiological mechanisms behind SHiP (Chapter 9).

FUTURE RESEARCH

In this thesis we focused on the pathophysiological aspects of endometriosis, with 
regard to enhancement of surgical diagnosis and (fertility) treatment and the effects 
of endometriosis on pregnancy outcomes.

We compared the use of enhanced laparoscopic imaging techniques in endometriosis 
therapy. Although we concluded that with the use of 3D white-light imaging and NBI 
peritoneal endometriosis could be detected with a better sensitivity and a non-inferior 
specificity rate when compared to 2D white-light imaging, more research is needed to 
establish whether an improved detection of endometriosis affects long-term clinical 
outcomes. Besides, additional research is needed to investigate the use of enhanced 

10



198

Chapter 10

laparoscopic imaging techniques in surgery for deep endometriosis and its additional 
value regarding efficacy and safety.

More insight in the mechanisms that are responsible for the lower pregnancy rates in 
endometriosis patients is needed in order to develop novel treatment strategies. Since 
ART treatment is often applied to overcome endometriosis-related subfertility, it is of 
importance to investigate whether medical of surgical pretreatment of endometriosis 
can improve reproductive outcomes. Medical pretreatment of endometriosis patients 
(ASRM III-IV) undergoing ART is currently investigated by the COPIE trial, comparing 
the use of long-term pituitary desensitization with a GnRH agonist to the long-term 
use of oral contraceptives (Dutch Trial Register NL5991). Recruitment is expected to 
be completed in 2023 [62].

The effect of surgical pretreatment of deep (colorectal) endometriosis on reproductive 
outcomes is nowadays still a matter of debate. Only observational studies are available, 
showing different conclusions, with high heterogeneity and risk of bias. Only one 
retrospective matched cohort study showed higher live birth rates and pregnancy rates 
when ART was preceded by colorectal surgery [81]. Therefore the routine performance 
of a risky procedure to enhance fertility in women without occlusive symptoms of 
colorectal endometriosis should be questioned [82]. In this context a randomized 
controlled trial in France is currently recruiting patients (Endofert study; ClinicalTrals.
gov NCT02948972). This study investigates in patients with colorectal endometriosis 
whether complete radical surgery prior to ART improves reproductive outcomes when 
compared to ART only. De recruitment is expected to be completed in 2021. Results 
of these above-mentioned ongoing trials are expected to guide future management 
of women with severe endometriosis undergoing ART, and can be helpful for shared-
decisions making. Hopefully non-effective treatment strategies will be abandoned, 
increasing reproductive outcomes and reducing healthcare expenditures.

Endometrial receptivity seems to be pivotal in establishing a successful pregnancy 
and may limit ART success in women with endometriosis [37]. Although we found no 
significant effect of uterine bathing with sonography gel on live birth rate after fresh 
embryo transfer in endometriosis patients, it might be of importance to identifying 
endometriosis patients with impaired endometrial receptivity. Endometrial markers like 
BCL-6 may be helpful for this purpose. Identifying defects in endometrial receptivity 
may provide possible future treatment strategies. As such, more information is 
needed about the mechanisms of progesterone resistance in the endometrium of 
endometriosis patients: how is it developed and is it possible to reverse the resistance 
by medical or surgical therapy? In vitro cellular models may help to identify these 
changes in progesterone response and factors that influence the expression. 
Furthermore, application of experimental treatments with immunomodulatory and 
anti-inflammatory agents must be further evaluated [71].
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Research on the relationship between endometriosis and adverse pregnancy outcomes 
has yielded mixed results. A recent systematic review concluded that there were a 
great deal of inconclusive as well as inconsistent findings, possibly influenced by 
significant heterogeneity across the available studies [73]. This is largely related to the 
population under study and the definition of endometriosis with variation in the need 
for pathologic confirmation. In addition, registry-based cohort studies may be prone to 
a misclassification of endometriosis and pregnancy outcomes, as a result of an over 
representation of severe disease phenotypes and limited information on confounders 
and modifying factors. Therefore, larger population based cohort studies are needed 
to clarify the relationship between endometriosis and adverse pregnancy outcomes. 
In order to develop screening or preventive interventions for pregnant women with 
endometriosis, future research should focus on the potential biological pathways 
underlying the relationship between endometriosis and adverse pregnancy outcomes.
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NEDERLANDSE SAMENVATTING

Dit proefschrift is het resultaat van het promotieonderzoek van Marit C.I. Lier, met de 
naar Nederlandse vertaalde titel: ‘Endometriose; van diagnose naar implantatie en 
zwangerschap’.

Dit proefschrift focust zich op de pathofysiologische aspecten van endometriose. Het 
proefschrift is opgesplitst in twee delen: deel 1 focust zich op de verbetering van de 
chirurgische diagnose en (fertiliteits) behandeling van patiënten met endometriose, 
deel 2 focust zich op de consequenties van endometriose tijdens de zwangerschap.

VERBETERING VAN CHIRURGISCHE DIAGNOSE EN BEHANDELING
Laparoscopische identificatie, inclusief histologische verificatie, is de gouden standaard 
voor de diagnose endometriose [1]. Echter, ten gevolge van het polymorfe uiterlijk 
van endometriose weefsel, kan de laparoscopische visualisatie worden beperkt. Met 
name niet-gepigmenteerde endometriose laesies zijn soms moeilijk te onderscheiden 
van gezond peritoneum [2-4]. In hoofdstuk 2 evalueren we de beschikbare literatuur 
welke rapporteert over het gebruik van laparoscopische visualisatietechnieken 
bij endometriose chirurgie. Gebaseerd op het resultaat van negen onderzoeken 
(voornamelijk cohort studies), waarbij in totaal 432 patiënten werden onderzocht, kon 
worden geconcludeerd dat met het gebruik van laparoscopische visualisatietechnieken 
endometriose kon worden gedetecteerd met een hogere sensitiviteit en gelijkblijvende 
specificiteit ten opzicht van conventionele 2D wit-licht laparoscopie. In hoofdstuk 3 
hebben we het gebruik van laparoscopische visualisatietechnieken verder onderzocht 
in een klinisch onderzoek en aangetoond dat met het combineren van 3D wit-licht 
laparoscopie en ‘narrow-band imaging’ (NBI), de sensitiviteit voor laparoscopische 
detectie van endometriose significant verbeterde (91.2% versus 75.8%, P<0.001) 
in vergelijking met 2D wit-licht laparoscopie. Het enkele gebruik van NBI of “near-
infrared imaging met indocyanine groen” (NIR-ICG) bleek niet van toegevoegde waarde. 
Door het verbeteren van de laparoscopische detectie van endometriose, kan zowel 
het diagnosticeren alsmede de chirurgische behandeling van endometriose worden 
verbeterd, met als gevolg een completere verwijdering van endometriose weefsel en 
een potentiële reductie van terugkeer van de ziekte. Gerandomiseerde onderzoeken 
zijn echter nodig om aan te tonen dat een verbeterde laparoscopische detectie van 
endometriose, resulteert in een meer complete resectie van endometriose en eveneens 
positieve invloed heeft op de lange termijn effecten na chirurgie.

VERBETERING VAN FERTILITEITSBEHANDELINGEN
Endometriose komt voor bij ongeveer 50% van de patiënten met subfertiliteit [5]. 
IVF/ICSI-behandelingen worden daarom frequent toegepast bij patiënten met 
endometriose. Echter, lagere succeskansen worden beschreven, voornamelijk bij 
patiënten met matige tot ernstige endometriose (ASRM graad III-IV) en bij patiënten 
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met ovariële endometriose [6-9]. De ESHRE richtlijn adviseert daarom om deze 
groep patiënten voorafgaand aan de IVF/ICSI-behandeling te behandelen met een 
GnRH agonist om de kansen op zwangerschap te vergroten [1]. Deze aanbeveling 
staat echter ter discussie, omdat het achterliggende bewijs is gebaseerd op slechts 
drie kleine studies, uitgevoerd in een ander IVF/ICSI tijdperk, waarbij verschillende 
patiëntenpopulaties werden geïncludeerd met wisselende graderingen endometriose 
(ASRM graad II-IV).

Recent is een gereviseerde versie van de Cochrane systematische review gepubliceerd 
welke rapporteert over het langdurig gebruik van GnRH agonisten voorafgaand aan 
een IVF/ICSI-behandeling bij patiënten met endometriose [10]. In vergelijking met 
de vorige Cochrane systematische review [11], is de conclusie ten aanzien van het 
positieve effect op de reproductieve uitkomsten van GnRH agonist voorbehandeling bij 
patiënten met endometriose afgezwakt en gewijzigd naar ‘onzeker’ [10]. In hoofdstuk 
4 beschrijven wij een onderzoeksprotocol van een gerandomiseerde studie (COPIE 
studie: Continuous use of Oral contraceptives as an alternative for long term Pituitary 
desensitization with a GnRH agonist prior to IVF/ICSI in Endometriosis patients; 
Nederlands Trial Register registratienummer: NTR6357), waarin onderzoek gedaan 
zal worden naar voorbehandeling middels de orale anticonceptiepil in een continu 
schema als een alternatief voor langdurige hypofysaire onderdrukking met een GnRH 
agonist voorafgaand aan een IVF/ICSI behandeling bij vrouwen met matig tot ernstige 
endometriose (ASRM graad III-IV). Observationele data laten zien dat behandeling 
met de orale anticonceptiepil gunstig is bij patiënten met ernstige endometriose 
voorafgaand aan de IVF/ICSI-behandeling, aangezien kansen op een klinische 
zwangerschap hoger zijn in vergelijking met patiënten zonder voorbehandeling en 
vergelijkbaar met controle patiënten zonder endometriose [12]. Een gerandomiseerde 
vergelijking tussen de behandeling met de orale anticonceptiepil versus behandeling 
met een GnRH agonist voorafgaand aan een IVF/ICSI-behandeling bij vrouwen met 
endometriose is echter nog niet gemaakt. De COPIE studie is momenteel actief 
patiënten aan het includeren in zes verschillende Nederlandse ziekenhuizen en 
onderzoekt de effectiviteit, veiligheid, patiënttevredenheid en kosteneffectiviteit van 
de twee verschillende voorbehandelingen. Naast dit gerandomiseerde onderzoek 
loopt een prospectief cohort onderzoek waarin patiënten worden geïncludeerd die 
niet gerandomiseerd willen worden. In 2015 heeft de Nederlandse Vereniging voor 
Obstetrie en Gynaecologie (NVOG) de onderzoeksvraag van deze studie geprioriteerd 
als belangrijk kennishiaat binnen de voortplantingsgeneeskunde. Daarnaast wordt de 
studie ondersteund door patiëntenverenigingen de Endometriose Stichting en Freya.

Zoals reeds eerder genoemd, kan endometriose gerelateerde subfertiliteit eveneens 
gebaseerd zijn op een verminderde receptiviteit van het endometrium. Om te 
onderzoeken of ‘uterien baden’ met farmacologisch neutrale echo gel (ExEm gel) 
voorafgaand aan een IVF/ICSI-behandeling de kans op een levendgeborene na verse 
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embryo terugplaatsing zou verbeteren, werd de TUBIE studie (Trial on Uterine Bathing 
before IVF/ICSI treatment in patients with Endometriosis) uitgevoerd en beschreven 
in hoofdstuk 5. Een multicenter gerandomiseerd, placebo-gecontroleerd, klinisch 
onderzoek dat werd uitgevoerd in vier endometriose verwijs centra in Nederland 
en België. Een interim-analyse die werd uitgevoerd nadat 50% van de geplande 
studiepopulatie had deelgenomen aan de studie liet geen verschil zien in de primaire 
uitkomstmaat. Het aantal levendgeborene na verse embryo terugplaatsing was 16/60 
(26.7%) na gel echo en 8/52 (15.4%) na placebo procedure (RR 1.73, 95% CI 0.81-
3.72; p 0.147). Het verrichten van een gel echo resulteerde in een hogere pijnscore 
in vergelijking tot een placebo procedure (VAS score 2.7 [1.3-3.5] versus 1.0 [0.0-
2.0], p<0.001). Het standaard toepassen van ‘uterien baden’ met echografische gel 
voorafgaand aan een IVF/ICSI-behandeling bij patiënten met endometriose wordt 
daarom niet geadviseerd.

ENDOMETRIOSE IN DE ZWANGERSCHAP
In deel 2 van dit proefschrift worden de pathofysiologische aspecten van 
endometriose in de zwangerschap bediscussieerd, met name het voorkomen 
van een spontaan hemoperitoneum in de zwangerschap (SHiP; Spontaneous 
Hemoperitoneum in Pregnancy). SHiP wordt gedefinieerd als een ‘spontane (niet 
traumatische) intra peritoneale bloeding die optreedt in de zwangerschap of tot 42 
dagen postpartum, waarbij chirurgische interventie of embolisatie noodzakelijk is. 
Exclusief buitenbaarmoederlijke zwangerschappen, uterus rupturen en bloedingen ten 
gevolge van een keizersnede’ [13]. Om meer inzicht te krijgen in deze zeldzame, maar 
potentieel levensgevaarlijke, complicatie van de zwangerschap werd, in samenwerking 
met de Nederlandse Werkgroep Endometriose, Nederlandse SHiP casuïstiek 
verzameld. Uiteindelijk konden 15 originele SHiP cases worden geïdentificeerd en 
gepubliceerd in de grootste originele case-serie aangaande dit onderwerp. In deze 
case-serie, beschreven in hoofdstuk 6, worden belangrijke praktische take-home 
boodschappen gegeven voor behandeling van dit ziektebeeld. Om de uitkomsten 
van zwangerschappen die gecompliceerd worden door SHiP verder te verbeteren is 
meer kennis noodzakelijk. Daarom werd een systematisch review geschreven met de 
beschikbare internationale literatuur (hoofdstuk 7) waarin het klinische beloop van 
en de zwangerschapsuitkomsten na SHiP worden geëvalueerd. Endometriose was 
aanwezig in 56% van de gevallen (33/59 cases), een associatie tussen de ernst van SHiP 
en het stadium van endometriose kon echter niet worden vastgesteld, overeenkomstig 
met eerdere literatuur [14]. SHiP ontstond voornamelijk in het derde trimester van de 
zwangerschap (51%) waarbij het voornaamste symptoom waarmee patiënten zich 
presenteerden een (sub)acuut ontstane abdominale pijn was (95%). Voor het eerst in 
de literatuur werd het herhaaldelijk voorkomen van SHiP gerapporteerd in 8.5% van de 
cases. Omdat de exacte etiologie van SHiP nog onbekend is en preventieve maatregelen 
ontbreken, is het identificeren van risico factoren van groot belang om hoog risico 
patiënten te detecteren. In hoofdstuk 8 wordt beschreven dat, naast endometriose, 
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het gebruik maken van ovariële hyperstimulatie bij fertiliteitsbehandelingen bijdraagt 
aan het vóórkomen en de ernst van SHiP. Dit lijkt van belang gezien subfertiliteit 
en het gelijktijdig gebruik maken van fertiliteitsbehandelingen vaker voorkomen bij 
vrouwen met matige tot ernstige endometriose [15]. In hoofdstuk 9 werden de type 
laesies die resulteren in SHiP geïdentificeerd. Na het verzamelen van informatie over 
de pathologisch en histologische bevindingen van SHiP laesies, werd aangetoond 
dat er een connectie bestaat tussen decidualisatie in ectopisch endometrium en het 
vóórkomen van SHiP.
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DANKWOORD

Het is klaar! Wat een feest om het eindresultaat hier nu gebundeld voor me te zien 
liggen! Het was een intensief, maar ook heel bijzonder traject. Dit boekje was er zeker 
niet geweest zonder de hulp van velen. Hieronder een aantal die ik in het bijzonder 
wil bedanken.

Allereerst alle vrouwen die hebben deelgenomen aan de onderzoeken. Dank voor jullie 
medewerking en vertrouwen!

Prof.dr. V. Mijatovic, beste Velja. Je stond aan het begin van mijn wetenschappelijke 
carrière in 2010, toen ik als onderzoeksstudent begon op de afdeling 
Voortplantingsgeneeskunde (VPG). Enkele jaren later begonnen we samen aan dit 
promotietraject, jij aanvankelijk als mijn copromoter, maar sinds kort als mijn eerste 
promotor. Van harte gefeliciteerd! Bedankt voor je motiverende woorden, snelle 
reactietijd, persoonlijke interesse en de ruimte die je gaf om mezelf te ontwikkelen. 
Onze reis naar Vancouver, de vele etentjes, autoritten naar België en de prachtige fles 
champagne voor mijn huwelijk zal ik nooit vergeten!

Prof.dr. C.B. Lambalk, beste Nils. Bedankt voor je begeleiding van dit promotietraject! 
Ook al liet je reactie soms even op zich wachten, jouw creativiteit, bevlogenheid en 
kritische blik zijn bewonderingswaardig! Jouw finishing touch heeft vele van mijn 
manuscripten naar een hoger niveau getild. Bedankt daarvoor!

Dr. P.G.A. Hompes, beste Peter. Alhoewel je al een tijdje bent afgezwaaid, wil ik je hier 
toch bedanken. Zonder jou had ik hier niet gestaan. Je nam me aan als ANIOS bij de 
VPG en vanuit daar is het balletje gaan rollen. Bedankt voor de lunches en Long Johns 
op dinsdagmiddag, de wijze lessen die je met hebt geleerd over boten en vliegtuigen 
en je begeleiding tijdens mijn eerste wetenschappelijke congres in San Diego.

Geachte leden van de leescommissie, prof.dr. C.J.M. de Groot, prof.dr. C. Tomassetti, 
prof.dr. F.W. Jansen, prof.dr. K.W.M. Bloemenkamp, prof.dr. A.W. Nap en dr. E. Moll. 
Hartelijk dank voor de tijd en moeite die jullie hebben gestoken in de beoordeling van 
mijn manuscript. Ik kijk ernaar uit om het te verdedigen.

Alle co-auteurs: dank voor jullie inzet, fijne samenwerking en kritische commentaren.

Dank ook aan alle lokale onderzoekers en andere betrokkenen uit deelnemende 
klinieken. Zonder jullie inzet was dit resultaat er niet geweest.

Gynaecologen, arts-assistenten, klinisch verloskundigen, verpleegkundigen, arts-
onderzoekers, IVF-artsen, embryologen en medewerkers van het Amsterdam 
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Universitair Medisch Centrum, locatie VUmc. Bedankt voor de leerzame en fijne 
periode als arts-assistent en arts-onderzoeker in zowel de kliniek, op de poli VPG als 
in het IVF-centrum. Sinds augustus terug als AIOS in het warme VU-nest en wat voelt 
het alweer snel vertrouwd!

Lieve GYNAIKA’s: lieve Annefleur, Anke, Anouk, Eva, Henrike, Inge, Jorine, Joukje, 
Marjolein, Mirte, Nicole, Sanne en Wieke. Jullie hebben mijn onderzoekstijd tot een 
waar feest gemaakt en wat ben ik dankbaar voor de waardevolle vriendschappen die 
hieruit zijn voortgekomen. De vele etentjes, borrels, kroketlunches en schrijfweekenden 
in Zeeland waren onbetaalbaar. Gelukkig is de wintersport inmiddels verheven tot een 
(bijna) jaarlijkse traditie. GYNAIKA’s voor het leven!

Lieve VPG’tjes, lieve Henrike, Joukje en Mirte. Wat fijn om samen op te trekken in het 
onderzoek, de vele wetenschapsbesprekingen waren met jullie toch een stuk gezelliger! 
Lieve Lisette, bedankt voor de rijdende endometriose-onderzoekstrein waar ik deels 
op mee kon liften. Lieve Anneke, bedankt voor het overnemen van mijn nog lopende 
onderzoeken en het afronden van de TUBIE. Heel veel succes met het voortzetten van 
de COPIE en je eigen promotietraject.

Lieve Endonerds, Anke, Marjolein, Yolande, Eva en Kim. Bedankt voor de leerzame 
(literatuur)besprekingen, gezellige lunches en diners aan het begin van mijn VPG-
carrière. Een goed begin is tenslotte het halve werk!

Lieve Yvonne, lieve zuster. Ondanks de vele extra kilo’s die ik ben aangekomen sinds 
ik jou ken, was mijn tijd bij de VPG niet hetzelfde geweest zonder alle dropjes, koekjes 
en taartjes die jij mij tussendoor toestopte. Bedankt voor je zorgzaamheid, humor 
en gezelligheid. Ik hoop dat er nog vele etentjes met elkaar volgen, ik neem mijn 
Tupperware bakjes alvast mee!

Beste Madeleine, bedankt voor je hulp, praktische adviezen en Engelse drop tijdens 
mijn promotietijd. Sorry dat ik de pot zo vaak leeg achter heb gelaten!

Lieve gynaecologen, arts-assistenten, verpleegkundigen en medewerkers van de 
afdeling obstetrie en gynaecologie van het OLVG, locatie West. Bedankt voor de 
heerlijke 3 jaar die ik bij jullie mocht werken. Wat zijn jullie een prachtig team en wat 
heb ik mij altijd welkom en gewaardeerd gevoeld. Lieve Etelka, bedankt dat jij er als 
opleider altijd voor mij was en het vertrouwen dat je in mij had. Zonder de schrijftijd die 
ik heb gekregen in het OLVG was dit boekje er nu nog steeds niet geweest. Ik vind het 
een eer en heel bijzonder dat je onderdeel bent van mijn leescommissie. Dankjewel! 
Lieve Kim, wat ben ik blij dat ik jou heb getroffen als opleidingsmaatje in het OLVG. 
Helaas zijn onze wegen nu even gesplitst, maar ik hoop nog vaak koffie met je te 
drinken en te spuien over onze toekomst!
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Lieve paranimfen:
Lieve Marly, vanaf de eerste minuut van onze geneeskunde-opleiding zijn we 
onafscheidelijk. Aan een blik hebben we vaak al genoeg. Je bent de liefste en meest 
zorgzame vriendin die ik ken. Wat ben ik dankbaar voor onze onvoorwaardelijke 
vriendschap. Ik vind het heel bijzonder dat je ook vandaag weer aan mijn zijde staat 
en ik kan niet wachten op de vele mooie momenten die wij, samen met onze mannen, 
nog gaan beleven!

Lieve Kim, kamergenootje vanaf het eerste uur. Bedankt voor je enthousiasme, 
inspirerende gedrevenheid en gezelligheid. Wat voor vragen ik ook had, ik kon altijd 
bij je terecht. De (cappuccino en praliné) paaseieren waren bij ons niet aan te slepen 
en je manier van enveloppen dichtlikken zal ik nooit vergeten. Wat ben ik blij dat je 
vandaag ook naast mij staat!

Lieve Stef en Steef, dat het MFVU bestuur zou zorgen voor zulke hechte en 
onvoorwaardelijke vriendschappen had ik nooit gedacht. Wat hebben we al veel 
meegemaakt sindsdien. Bedankt dat jullie er altijd zijn! Ik heb grote bewondering hoe 
jullie alles altijd zo makkelijk lijkt af te gaan, maar ik weet dat jullie er keihard voor 
werken. Van Bonaire tot Milaan en Amsterdam, het leven met jullie is een feest! Laten 
we snel weer een weekendje weg gaan!

Lieve Elke, Char, Suuz (& Mar); Very BadEendjes. Bedankt voor jullie bijzondere 
vriendschap, die ooit is ontstaan op het hockeyveld. Waar ter wereld we ons ook 
begeven, we weten elkaar altijd weer te vinden en de draad op te pakken alsof we 
elkaar gisteren nog hebben gezien!

Lieve Brakke Brunchers, lieve Pim, Marly, Marco, Odette, Lucas, Feline, Nick, Thessa, 
Roel, Denise, Josser en Marjolein. Dank dat ik deel uit mag maken van deze bijzondere 
vriendengroep. Ondanks alle gezinsuitbreidingen treffen we elkaar bijna maandelijks 
voor een brakke zondagsbrunch. Bedankt voor deze fijne momenten van ontspanning 
en gezelligheid!

Lieve Leo en Pieter, opvanghuize Van Tuyll. Bedankt voor jullie steun in moeilijke tijden, 
maar ook voor jullie gezelligheid daarbuiten.

Lieve Marianne en Piet, lieve schoonouders. Bedankt voor al jullie hulp en betrokkenheid 
bij ons gezin. Zo fijn dat we altijd bij jullie mogen aankloppen. Lieve Bas, Denise en Rob 
bedankt voor de gezellige avonden in de Beemster.

Lieve Mart, kleine grote broer. Wat ben ik trots op hoe je de afgelopen jaren bent 
gegroeid tot de zelfverzekerde man die je nu bent. Ik heb bewondering voor je enorme 
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communicatieve vaardigheden, ik ken niemand met zoveel vrienden als jij! Bedankt 
voor je betrokkenheid, interesse en dat je zo’n lieve oom bent voor Teun.

Lieve Pap, bedankt voor je steun en oeverloze vertrouwen. Zonder had ik hier nu 
niet gestaan. Je kocht ooit een fles champagne omdat ik mijn eerste (en enige) 
onvoldoende haalde op de middelbare school, maar ik hoop dat we op dit resultaat 
ook een goed glas gaan drinken. Bedankt ook voor al je hulp en correcties van de 
Engelse taal, je bent waarschijnlijk de enige die dit hele boek heeft doorgelezen! Lieve 
Marianne, bedankt dat je er altijd voor papa bent. Lieve Annette en Mo, lieve tantes, 
bedankt voor jullie luisterend oor en hulp wanneer dat nodig was.

Lieve Mam, het is moeilijk om je in een paar zinnen te bedanken. Je hebt me altijd 
onvoorwaardelijk gesteund en vrijgelaten in de keuzes die ik maakte. Vanaf het begin 
ben je betrokken geweest bij mijn promotietraject, waarbij je het zelfs voor elkaar 
wist te krijgen om binnen te glippen bij het SEUD congres in Parijs om mijn eerste 
wetenschappelijk presentatie bij te wonen. Ik geniet enorm van de gezelligheid en de 
warme plek die jij en Michael creëren in Utrecht. Samen met Mart, Djoeke, Dirk, Hidde, 
Tom en Teun hebben we al mogen genieten van vele heerlijke avonden (en het jaarlijkse 
paaseieren zoeken). Bedankt dat jullie altijd voor ons klaarstaan! Lieve Cros, je bent 
de liefste hond die ik ken en Teun kan niet wachten om samen met je te gaan ballen!

Allerliefste Tom, ik ben jou het meeste dank verschuldigd van iedereen. Wat ben ik 
gelukkig met jou in mijn leven. Bedankt voor je onvoorwaardelijke liefde, eindeloze 
steun en opbeurende woorden als ik er even helemaal doorheen zat. Wat is het 
bijzonder om samen met Teun de wereld te ontdekken. Ik kan niet wachten op wat de 
toekomst ons allemaal nog gaat brengen. Lieve Teun, je bent het grootste cadeau wat 
ons ooit is overkomen, met jou om ons heen is de rest maar relatief! Ik hou van jullie!
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OVER DE AUTEUR

Marit Lier werd geboren op 9 augustus 1988 in Nieuwegein, als oudste dochter van Guy 
en Yontie. 4,5 jaar later werd haar broertje Mart geboren. Marit groeide op in Houten. 
Na het behalen van haar gymnasiumdiploma aan het Openbaar Zeister Lyceum startte 
zij haar studie Geneeskunde aan de Vrije Universiteit in Amsterdam. Een intensieve, 
maar gezellig studententijd volgde, waarin Marit verschillende bestuurlijke functies 
beklede binnen de studievereniging MFVU en de Studentenraad. Na het behalen van 
haar bachelor werkte Marit drie maanden als vrijwilliger in een ziekenhuis in Arusha, 
Tanzania.

In 2010 begon Marit als wetenschappelijke stage student op de afdeling 
Voortplantingsgeneeskunde van het VU medisch centrum (VUmc) aan een 
onderzoek naar de pijnbestrijding bij de eicelpunctie, waarna de interesse voor de 
gynaecologie en obstetrie was gewekt. Na het afronden van haar coschappen heeft 
Marit in 2013 als arts-assistent niet in opleiding klinische ervaring opgedaan op de 
poli Voorplantingsgeneeskunde van het VUmc. Na een jaar startte zij in 2014, onder 
begeleiding van Velja Mijatovic en Nils Lambalk, het promotietraject wat leidde tot 
deze dissertatie.

In september 2017 is Marit begonnen als arts-assistent obstetrie en gynaecologie 
in het OLVG West, waar zij na een half jaar met veel enthousiasme mocht beginnen 
aan de opleiding tot gynaecoloog aan het VU Medisch Centrum (opleider dr. A.W. 
Valkenburg – van den Berg). Het eerste deel van haar opleiding heeft zij gevolgd in het 
OLVG West (opleider dr. E. Moll). Sinds augustus 2020 is Marit terug als arts-assistent 
in het VUmc.

Marit woont samen met haar man Tom Schoorl en zoon Teun (03-2019) in 
Badhoevedorp. Binnenkort volgt er gezinsuitbreiding.
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