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ARTICLE

Impaired implantation in endometriosis 
compared with couples with male subfertility 
after transfer of equal quality embryos: 
a matched cohort study
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KEY MESSAGE
This study suggests that, in women with endometriosis, an impaired implantation factor contributes to reduced 
pregnancy outcomes after fertility treatment as well as impairing ovarian function. This relationship should be 
researched in future prospective studies, including the role of uterine receptivity in pregnancy outcomes.

ABSTRACT
Research question: Is implantation impaired in patients with endometriosis undergoing IVF and intracytoplasmatic 
sperm injection (ICSI) cycles?
Design: A retrospective matched cohort study was carried out on IVF/ICSI cycles with fresh single embryo transfer at 
the Department of Assisted Reproductive Medicine, Ghent University Hospital, Belgium, between July 2015 and August 
2017 (n = 1053). A total of 118 endometriosis cases were matched 1:1 to 118 couples diagnosed with male subfertility 
and stratified by embryo quality (identical ALPHA grading categories), female age (±1 year) and parity (±1 delivery). 
Transvaginal ultrasound, magnetic resonance imaging or laparoscopy was used to diagnosed endometriosis, and the 
revised American Society for Reproductive Medicine score was used to classify the endometriosis into grade I/II versus 
grade III/IV. Male subfertility was defined in accordance with World Health Organization criteria (fifth edition).
Results: Compared with endometriosis cases, control couples with male subfertility had significantly higher rates of 
positive HCG test on day 16 (P = 0.047, OR 2.077, CI 1.009 to 4.276), ongoing implantation (defined as a positive fetal 
heart rate on transvaginal ultrasound at a gestational age of at least 6.5–7 weeks) (P = 0.038, OR 2.265, CI 1.048 to 
4.893), ongoing pregnancy (defined by a vital pregnancy at 11 weeks) (P = 0.046, OR 2.292, CI 1.016 to 5.173) and live 
birth (P = 0.043, OR 2.502, CI 1.029 to 6.087).
Conclusions: After matching for embryo quality, woman's age and parity, rates of positive HCG tests, ongoing 
implantation, ongoing pregnancy and live birth were more than twice as high in the control group compared with the 
endometriosis group.
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INTRODUCTION

E ndometriosis is a benign, 
gynaecological pathology defined 
by the presence of endometrial-
like glands and stroma outside the 

uterus. It affects about 10% of the female 
population, with a prevalence peaking 
during reproductive life (Eskenazi and 
Warner, 1997; Viganò et al., 2004; Kennedy 
et al., 2005; Vercellini et al., 2013; Nisenblat 
et al., 2016). Three main phenotypes 
can be distinguished: endometriomas, 
superficial endometriosis and deep 
infiltrating endometriosis; a broad spectrum 
of symptoms can also be present, of which 
dysmenorrhoea is the most common 
(Vercellini et al., 2006; Nisenblat et al., 
2016; Chapron et al., 2017).

Endometriosis remains an important study 
domain because of its association with 
subfertility. Lower pregnancy outcomes in 
IVF and intracytoplasmatic sperm injection 
(ICSI) cycles have been described, 
although the mechanism causing this 
subfertility remains ambiguous (Barnhart 
et al., 2002; Muteshi et al., 2018). For 
successful embryo implantation, a good-
quality embryo and optimal endometrial 
receptivity are needed. Most studies on 
endometriosis have focused on ovarian 
function and described a lower number 
of retrieved oocytes and lower oocyte 
quality, although embryo quality does not 
seem to be impaired (Simon et al., 1994; 
Kuivasaari et al., 2005; Al-Fadhli et al., 
2006; Matalliotakis et al., 2007; Barcelos 
et al., 2009; Opoien et al., 2012; Shebl 
et al., 2017).

The effect of endometriosis on uterine 
receptivity is still under debate (Barnhart 
et al., 2002; Kuivasaari et al., 2005; 
Omland et al., 2006; Matalliotakis 
et al., 2011; Opoien et al., 2012; Dong 
et al., 2013; Harb et al., 2013; Senapati 
et al., 2016; Muteshi et al., 2018). The 
focus of research has recently shifted 
to this uterine factor, partly because of 
the growing interest in adenomyosis, 
a uterine pathology defined by the 
presence of basal endometrial glands and 
stroma in the myometrium. Adenomyosis 
is associated with implantation failure, 
and is closely related to endometriosis 
(Kunz et al., 2005; Cakmak and Taylor, 
2011; Brosens et al., 2012; Maheshwari 
et al., 2012; Leyendecker et al., 2015; 
Younes and Tulandi, 2017).

It remains unclear whether the ovarian 
or the uterine factor is the main cause 

for endometriosis-associated subfertility. 
In contrast to most studies focusing on 
oocyte and embryo impairment, the 
aim of the present study was to analyse 
implantation after transfer of equal 
quality embryos, compared with women 
who have endometriosis, and couples 
diagnosed with male subfertility without 
any known female subfertility cause and 
thus treatments, where the uterine factor 
was presumed to be normal.

MATERIALS AND METHODS

Study design
A single-centre, retrospective, matched 
cohort study was developed at the 
Department for Reproductive Medicine 
at Ghent University Hospital, Belgium. 
This study was approved in May 2017 
by the hospital's Ethics Committee 
(EC/2017/0757). All first, fresh IVF and 
intracytoplasmic sperm injection (ICSI) 
cycles carried out between 1 July 2015 
and 31 August 2017 resulting in a single 
embryo transfer (SET) on day 5 were 
assessed for eligibility for inclusion (n 
=1053). The start of the study period was 
determined by creating a new electronic 
health record (IDEAS version 6.0, 
Mellowood Medical, Canada) to obtain 
more complete data. Follow-up and data 
collection took place up to August 2018.

Selection of the study populations
Within the 1053 eligible cycles, couples 
with endometriosis and sole male 
subfertility were selected according to 
the inclusion criteria described below. 
A total of 571 couples was excluded 
because of other fertility issues or the 
combination of male subfertility with 
other fertility diagnoses. One patient with 
endometriosis was excluded because 
of previous chemotherapy (FIGURE 1). 
To define the endometriosis group, 
a previous confirmed diagnosis by 
laparoscopy, magnetic resonance imaging 
(MRI) or transvaginal ultrasound (TVUS) 
was required. One diagnostic method 
was linked to every patient (laparoscopy 
preferred over MRI, and MRI over 
TVUS). This resulted in an endometriosis 
population of 121 patients. Only seven 
(5.8%) of the 121 endometriosis cases 
were diagnosed by TVUS. Six out of the 
seven patients diagnosed by TVUS had 
endometrioma-like cysts on ultrasound, 
resulting in a diagnosis of endometriosis, 
and one patient had a description of 
‘endometriosis signs’ in the patient 
file. The stage of endometriosis was 
classified according to the revised 

American Society for Reproductive 
Medicine criteria (American Society for 
Reproductive Medicine, 1997).

Patients who had undergone previous 
surgery or pharmacological treatment 
were included.

Couples diagnosed with sole male 
subfertility, defined by World Health 
Organization criteria (2010), and with 
the exclusion of co-existing female 
pathologies, were assigned to a control 
group, resulting in 361 patients (FIGURE 1).

Female age, male age, anti-Müllerian 
hormone (AMH) and number of IVF/
ICSI cycles were not significantly 
different between the endometriosis 
patients, couples with male subfertility 
and the total population, demonstrating 
the representativeness of the samples 
(Supplementary Table 1). Endometriosis 
was present in 11.5% of the total study 
population (121/1053).

Matching
Patients with endometriosis were 
automatically matched 1:1 to couples 
diagnosed with male subfertility in SPSS 
(Statistics Package for Social Sciences; 
version 25) (Chicago, IL, USA), based on 
embryo quality (exact matching to four 
categories), female age (±1 year) and 
parity (previous live birth or stillbirth; ±1 
delivery). On the basis of these criteria, 
only 118 of the 121 endometriosis patients 
could be matched, resulting in 118 cases 
and 118 controls. Matching on the basis 
of embryo quality was applied to observe 
implantation outcomes after equal 
quality embryo transfer, reducing the 
influence of possible ovarian alterations, 
followed by matching on the basis of 
age and parity to correct for age-related 
subfertility and reproductive history 
(Zondervan et al., 2002).

Assisted reproductive technology 
protocol
At Ghent University Hospital, three 
different ovarian stimulation protocols 
were applied: the short agonist, 
long agonist and short antagonist 
protocol, as previously described 
by Blank et al. (2019). The short 
agonist protocol (standard protocol), 
starts with at least 2 weeks of oral 
contraceptives (Microgynon® 50), 
followed by gonadotrophin releasing 
hormone (GnRH) analogues (day 3–9) 
(Decapeptyl®, Ferring Co., Germany 
subcutaneous 0.1 mg/day) and FSH (from 
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day 5 until day of HCG administration 
(Microgynon®, Bayer, South Oak Way, 
UK; Gonal-F®, Serono Co., Aubnne, 
Switzerland; Menopur®, Ferring 
Pharmaceuticals Inc., Suffern, New 
York; Puregon®, Organon, Oss, the 
Netherlands or Fostimon®, IBSA, Lodi 
- Italy subcutaneous 150 IU/day). The 
long agonist protocol adds, after 2 weeks 
of oral contraceptives, a decapeptyl 
administration for 2 weeks (Decapeptyl 
Depot® or daily subcutaneous 0.1 mg/
day). Thereafter, in both protocols, 
if a basal endometrium is observed 
on TVUS, oral contraceptives were 
interrupted and FSH was started on day 
7 until HCG administration. If not, oral 
contraceptives were added for 2 weeks, 
followed by identical steps as described 
above. The short antagonist protocol 
applies no oral contraceptives and starts 
FSH on day 3 of the natural cycle until 
HCG administration. On day 6, a GnRH 
antagonist, Cetrotide® (subcutaneous 

0.25 mg/day), was added. The initiating 
FSH dose was based on age, serum AMH 
and FSH (La Marca et al., 2012).

Intracytoplasmic sperm injection was 
indicated in the following cases: number 
of motile spermatozoa less than 1.106; 
normal morphology less than 1%; 
azoospermia requiring testicular sperm 
extraction (TESE) or microsurgical 
epididymal sperm aspiration (MESE); 
failed previous IVF cycles with less 
than 40–50% fertilized oocytes; failed 
previous intrauterine insemination (IUI); 
low number of oocytes; and donor 
oocytes. Indications, however, could be 
modified based on the opinion of the 
gynaecologist and the couple.

Embryo quality was scored on day 
5, the day of transfer, according to 
Gardner and Schoolcraft criteria, 
including blastocyst expansion and 
stage of hatching (score 1–5), inner cell 

mass (A–D) and trophectoderm (A–D) 
(Gardner and Schoolcraft, 1999; Van 
Den Abbeel et al., 2013). The embryos 
were then divided into four categories: 
excellent, good, moderate and poor 
quality (Supplementary Table 2).

Measurement outcomes
On day 16 after embryo transfer, an HCG 
serum test was conducted. At 6.5–7 
weeks of pregnancy, a TVUS was used to 
evaluate the presence of an intrauterine 
gestational sac and a fetal heart rate, 
signifying an ongoing implantation. An 
ongoing pregnancy was defined by a 
vital pregnancy at 11 weeks and, finally, 
live birth rate (LBR) was evaluated by a 
questionnaire at 40 weeks.

Statistical analyses
SPSS (Statistics Package for Social 
Sciences; version 25) (Chicago, IL, USA) 
was used for statistical analyses. A normal 
distribution was determined by the Q–Q 

FIGURE 1  Patient enrolment.
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plots, skewness and kurtosis values, and 
the distribution of the histograms. All 
statistical analyses were tested two-sided 
and P < 0.05 was considered statistically 
significant. Wilson score confidence 
intervals were applied to determine if 
significant differences in proportions were 
present between subcategories within a 
variable; if 0.5 is part of the calculated 
interval, no significant difference between 
the subcategories is present. To compare 
continuous variables between more than 
two samples, the following unpaired 
tests were applied: the one-way analysis 
of variance was applied if variables were 
considered normally distributed in all 
groups, and equal variances could be 
assumed after Levene's test (P ≥ 0.05). If 
equal variances could not be assumed, 
the Welch's F-test was interpreted. The 
Kruskal–Wallis test was applied for non-
normally distributed variables. To compare 
continuous variables between both source 
populations or the cases versus controls, 
unpaired tests involving two samples were 
applied. The unpaired Student's t-test was 
applied for normally distributed variables 
if equal variances could be assumed 

after Levene's test (P ≥ 0.05). If no equal 
variances were present, the Welch's F-test 
was interpreted. The Mann–Whitney 
U test was applied for non-normally 
distributed variables. To compare 
categorical variables between two 
samples, chi-squared tests were applied. 
The chi-squared test was interpreted if 
the following requirements were fulfilled: 
20% or less of the contingency cells 
had expected values less than 5; and no 
cells had an expected value less than 1. 
If the requirements were not fulfilled, 
Fisher's exact test was applied. Post-
hoc chi-squared and Fisher's exact tests 
were conducted if needed, by applying 
a Bonferroni correction, with pi ≤ ∝k 
(k = number of paired tests). To analyse 
the effect of endometriosis on assisted 
reproductive technology (ART) outcomes, 
univariate tests were applied. Next, a 
multiple logistic regression (MLR) model 
was designed to evaluate the presence of 
possible confounders. The enter method 
was applied to include the following 
variables: the matching variables (embryo 
quality, female age and parity as matching 
does not exclude confounding); and 

the independent variables that reached 
significance in the univariate descriptive 
analyses, if clinically relevant. The largest 
subcategories were selected as reference 
category.

RESULTS

Ovarian and embryo characteristics 
before matching
Before matching, oocyte and embryo 
characteristics were compared between 
the general endometriosis population 
(n = 121) and the population diagnosed 
with male subfertility (n = 361) (TABLE 1). 
No significant differences were detected 
in AMH (P = 0.112), number of stimulation 
days (P = 0.848), number of follicles after 
stimulation (P = 0.295) and fertilization 
rate (P = 0.128). A statistically significant 
difference, however, was found in the 
stimulation protocol (P < 0.001), post-hoc 
chi-squared tests (the long agonist versus 
the short agonist protocol [P < 0.001] and 
the antagonist protocol [P < 0.001]), with 
a more frequent application of the long 
agonist protocol and less frequent use of 
the short agonist and antagonist protocols 

TABLE 1  OOCYTE AND EMBRYO CHARACTERISTICS IN THE GENERAL ENDOMETRIOSIS POPULATION COMPARED WITH 
THE GENERAL POPULATION OF COUPLES WITH MALE SUBFERTILITY (BEFORE MATCHING)

Endometriosis (n = 121) Male subfertility (n = 361) P-value

n (missing) Statistical dispersiona n (missing) Statistical dispersiona

AMH, µg /l 113 (8) 1.92 [1.04–3.15] 298 (63) 2.21 [1.26–3.70] 0.112b

Stimulation protocol 121 (0) 361 (0) <0.001c

Short agonist 57 (47.1%) 275 (76.2%)

Long agonist 47 (38.8%) 7 (1.9%)

Antagonist 17 (14.0%) 78 (21.6%)

No stimulation 0 (0.0%) 1 (0.3%)

Stimulation days, n 120 (1) 14 ± 3.4 361 (0) 14 ± 2.8 0.848d

Follicles after stimulation, n 119 (2) 12 ± 5.8 349 (12) 13 ± 3.4 0.295d

Oocytes, n 121 (0) 5.5 ± 3.26 361 (0) 6.1 +_3.30 <0.001d

Fertilization rate (%)g 121 (0) 58 ± 20.7 361(0) 55 ± 20.4 0.128d

Embryo quality 121 (0) 361 (0) 0.020e,f

Excellent 25 (20.7%) 105 (29.1%)

Good 55 (45.5%) 150 (41.6%)

Moderate 29 (24.0%) 93 (25.8%)

Poor 12 (9.9%) 13 (3.6%)
a  Normally distributed variables: mean ± SD; non-normally distributed variables: median [interquartile range]; categorical variables: frequency (%).
b  Mann–Whitney U test.
c  Fisher's exact test.
d  Unpaired Student's t-test.
e  Chi-squared test.
f  Bonferroni correction in post-hoc tests.
g  The rate of fertilized oocytes/total number of oocytes retrieved. Post-hoc chi-squared tests: the long agonist versus the short agonist protocol (P < 0.001) and the antago-
nist protocol (P < 0.001 and poor versus excellent (P = 0.002), good (P = 0.028) and moderate quality embryos (P = 0.014).
AMH, anti-Müllerian hormone.
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in the endometriosis group. The number 
of oocytes retrieved was significantly 
lower (P < 0.001), 5.5 ± 3.26 in the 
endometriosis group compared with 6.1 ± 
3.30 in the couples diagnosed with male 
subfertility. Embryo quality also differed 
significantly between the two groups: 
(P = 0.020), post-hoc chi-squared tests 
poor versus excellent- (P = 0.002), 
good- (P = 0.028) and moderate-quality 
embryos (P = 0.014), with a higher 
proportion of poorer quality embryos and 
a lower proportion of excellent-, good- 
and moderate-quality embryos in total in 
the endometriosis group.

Patient characteristics
A significant difference in severity 
of dysmenorrhoea (P < 0.001) was 
observed, with more Severe forms in 
the endometriosis group. In 22 of the 
endometriosis patients and 24 male 
subfertility patients, dysmenorrhoea 
was present; however, the grade was 
not mentioned in the patient file. 

Therefore, it was not included in the 
analysis of dysmenorrhoea. Significantly 
more grade-3 dysmenorrhoea was 
present compared with grade 0 (P < 
0.001), grade 1 (P < 0.001) and grade 2 
(P < 0.001) in endometriosis patients 
(the reported P-values are for the 
post-hoc pairwise comparisons). Also, 
significantly more grade 0 and grade 
1 was present compared with grade 4 
(P = 0.019 and P = 0.006, respectively). 
Finally, significantly more grade 2 was 
present than grade 1 (P = 0.029) (the 
reported P-values are for the post hoc 
pairwise comparisons). A post hoc test 
for grade 3 compared with grade 4 was 
not conducted, as none of the women 
in the couples with male subfertility had 
grade 3 or 4 dysmenorrhoea. Other 
patient characteristics (body mass 
index, smoking, duration of subfertility, 
primary subfertility, cycle duration, 
parity) of the case and control samples 
after matching were not different 
(TABLE 2).

The subfertility characteristics of the 
endometriosis cases are presented in 
TABLE 3. A significantly higher proportion 
of stage III-IV endometriosis (65.3%) 
compared with stage I-II (34.7%) (P < 
0.001) was found.

Ovarian and embryo characteristics 
after matching
The IVF/ICSI cycle characteristics 
after matching are presented in 
TABLE 4. Similar to matching in TABLE 1, 
significant differences were found in 
the distribution of stimulation protocols 
used (P < 0.001), and a lower number 
of oocytes were retrieved (P = 0.003) 
in the endometriosis cases compared 
with male subfertility controls. Embryo 
quality distribution in both the case and 
control group was as follows: 21.2% of 
the embryos had excellent quality; 46.6% 
good; 24.6% moderate; and 7.6% poor 
quality. One variable was added to this 
analysis, i.e. IVF or ICSI application, 
and a less frequent use of ICSI in 

TABLE 2  PATIENT CHARACTERISTICS IN CASES AND CONTROLS

Endometriosis (cases, n = 118) Male subfertility (controls, n = 118) P-value

n (missing) Statistical dispersiona n (missing) Statistical dispersiona

BMI, kg/m² 104 (14) 23 ± 3.8 102 (16) 24 ± 3.3 0.335b

Smoking 91 (27) 8 (8.8%) 53 (65) 7 (13.2%) 0.403c

Duration of subfertility, yearsd 93 (25) 4 ± 2.8 84 (34) 4 ± 2.5 0.297b

Primary subfertilitye 118 (0) 113 (95.8%) 116 (2) 110 (94.8%) 0.735c

Cycle duration 109 (9) 102 (16) 0.926f

Regular (25–35 days) 95 (87.2%) 89 (87.3%)

Oligomenorrhoea (>34 days) 7 (6.4%) 6 (5.9%)

Polymenorrhoea (<25days) 1 (0.9%) 2 (2.0 %)

Irregular not specified 6 (5.5%) 5 (4.9%)

Parity, n 118 (0) 0 [0–1] 118 (0) 0 [0–1] -

Dysmenorrhoeag 92 (26) 89 (29) <0.001f,h

Grade 0 13 (18.6%) 21 (32.3%)

Grade 1 13 (18.6%) 29 (44.6%)

Grade 2 19 (27.1%) 15 (23.1%)

Grade 3 21 (30.0%) 0 (0.0%)

Grade 4 4 (5.7%) 0 (0.0%)
a  Normally distributed variables: mean ± SD; non-normally distributed variables: median [IQR]; categorical variables: frequency (%).
b  Unpaired Student's t-test.
c  Chi-squared test.
d  The period between the start of the wish to conceive and the date of oocyte retrieval.
e  No previous spontaneous pregnancies resulting in a live birth.
f  Fisher's exact test.
g  Grade 0: no menstrual pain and no effect on daily activity; grade 2: mild menstrual pain and seldom affects daily activity, grade 2: moderate menstrual pain and regular 
effect on daily activity; grade 3: severe menstrual pain, headache and severe effect on daily activity; grade 4: symptoms of grade 3 associated with nausea and vomiting.
h  Bonferroni correction in post-hoc tests: in endometriosis patients, more grade 3 dysmenorrhoea versus grade 0 (P < 0.001), grade 1 (P < 0.001) and grade 2 (P < 0.001), 
more grade 0 and grade 1 versus grade 4 was present (P = 0.019 and P = 0.006, respectively), and significantly more grade 2 versus grade 1 (P = 0.029).
BMI, body mass index.
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endometriosis patients was seen (P < 
0.001; ICSI: 72.9% in cases versus 98.3% 
in controls).

Outcomes

Univariate tests
In the univariate tests, no significant 
differences were present for a positive 
HCG test on day 16 (P = 0.695), ongoing 
implantation (P = 0.076) and ongoing 
pregnancy (P = 0.076) between the 
matched endometriosis and control 
group. Contrarily, LBR (P = 0.015) 

showed a significant difference between 
cases and controls (FIGURE 2).

Multiple logistic regression
Multiple logistic regression included the 
matching variables and the variables 
dysmenorrhoea, stimulation protocol 
and IVF or ICSI application, based on 
the univariate tests and clinical relevance. 
Although the number of oocytes 
showed a significant difference, it was 
not included in the MLR, as only the 
outcomes starting from the SET were 
evaluated in this study.

Subcategories were merged if clinically 
relevant to achieve higher subcategory 
numbers. For dysmenorrhoea, grade 1 and 
2, and on the other side grade 3 and 4, 
were merged (chi-squared test remained 
significant, P < 0.001). One ICSI cycle 
without stimulation was excluded, as no 
analysis could be conducted.

No correlation was found between the 
potential confounding variables, evaluated 
by a combination of clinical knowledge 
and the Pearson correlation coefficient. 
Thereby, all variables could be included 
in the MLR. The condition to build a 
multiple regression model was fulfilled, 
i.e. that the continuous variables age and 
parity were considered linear, as P-values 
of the Hosmer and Lemeshow test were 
not significant. One regression model 
per outcome was generated. Odds ratios 
for cases versus controls were significant 
for HCG day 16 (n = 235) (OR 2.077, 
CI 1.009 to 4.276; P = 0.047), ongoing 
implantation (n = 233) (OR 2.265, CI 
1.048 to 4.893; P = 0.038), ongoing 
pregnancy (n = 235) (OR 2.292, CI 1.016 
to 5.173, P = 0.046) and LBR (n = 219) 
(OR 2.502, CI 1.029 to 6.087; P = 0.043) 
(FIGURE 2 and Supplementary Table 3). 
The odds of positive ART outcomes 
in patients with the same age, parity, 
embryo quality, stimulation protocol, 
grade of dysmenorrhoea and IVF/ICSI 
application were more than twice as large 
for the control group compared with the 
endometriosis group.

Sub-analysis in the endometriosis 
group on male subfertility
A sub-analysis was conducted to 
determine if the prevalence of male 
subfertility in the endometriosis 
group could have an influence on the 
outcomes. Therefore, an additional MLR 
analysis, including identical confounding 
variables, was conducted solely in the 
endometriosis group. This model showed 
no significant influence of this male 
subfertility factor on the outcomes (P ≥ 
0.05) (Supplementary Table 4).

DISCUSSION

Endometriosis is a prevalent 
gynaecological condition associated with 
reduced pregnancy chances (Gupta 
et al., 2008; Nisenblat et al., 2016). In 
this matched cohort study, significantly 
lower implantation, ongoing pregnancy 
and live birth rates after transfer of 
equal quality embryos were present in 
women with endometriosis, compared 

TABLE 3  FEMALE SUBFERTILITY CHARACTERISTICS OF ENDOMETRIOSIS 
CASES

Endometriosis (cases)

n (missing) n (%)

Diagnosis Laparoscopy 118 (0) 109 (92.4)

MRI 2 (1.7)

TVUS 7 (5.9)

Endometriosis specification Endometrioma 112 (6)

Unilateral 56 (50.0)

Bilateral 9 (8.0)

Adhesions 113 (5) 48 (42,5)

Spots 113 (5) 64 (56.6)

Nodules 113 (5) 15 (13.3)

Hydrosalpinx 113 (5) 12 (10.6)

Adenomyosis 118 (0) 4 (3.4)

Classification of endometriosis rASRM stage I-II 118 (0) 41 (34.7)

rASRMstage III-IV 77 (65.3)

Medical pretreatment (GnRH analogue Decapeptyl) 118 (0) 12 (10.2)

Surgical pretreatment Cystectomy 118 (0) 46 (39.0)

Puncture of endometrioma 8 (6.8)

Coagulation of spots 35 (29.7)

Adhesiolysis 31 (26.3)

Resection of foci 8 (6.8)

Total 85 (72.0)

Tubal factora Unilateral obstruction 95 (23) 22 (23.2)

Bilateral obstruction 6 (6.3)

Other diagnosis Polyp 118 (0) 2 (1.7)

Fundal band of fibrous tissue 2 (1.7)

Myoma 7 (5.9)

Uterine septum 1 (0.8)

Fibroadenoma 2 (1.7)

PCOS 7 (5.9)

Male subfertility 59 (50.0)

Family history endometriosis (first, second degree, or both) 69 (49) 17 (24.6)
a  Tubal patency was examined by hysterosalpingography, hysterosalpingo-foam-sonography or methylene blue 
during laparoscopic investigation.
GnRH, gonadotrophin releasing hormone; MRI, magnetic resonance imaging; PCOS, polycystic ovary syndrome; 
rASRM, revised American Society for Reproductive Medicine; TVUS, transvaginal ultrasound.
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with women undergoing IVF/ICSI 
because of subfertility of the partner. 
The present study enabled implantation 
to be investigated independently of 
oocyte and embryo characteristics, by 
matching embryo quality, in addition to 
matching woman's age and parity. By 
only including SETs, direct observation 
of implantation per embryo was 
possible.

Our results confirmed the impaired 
oocyte and embryo characteristics in 
women with endometriosis described in 
most existing studies (Simon et al., 1994; 
Kuivasaari et al., 2005; Al Fadhli et al., 
2006; Matalliotakis et al., 2007; Barcelos 
et al., 2009; Opoien et al., 2012; Shebl 
et al., 2017). A lower number of oocytes 
and more poor-quality embryos were 
yielded in the endometriosis group, 

compared with couples diagnosed 
with male subfertility. Subsequently, 
univariate analyses only detected a 
significant difference in LBR, but not a 
positive HCG test on day 16, ongoing 
implantation and ongoing pregnancy 
between the cases and controls. It 
must be questioned, however, if any 
confounding variables are interfering 
with these outcomes. Therefore, a MLR 

FIGURE 2  Outcome of beta-HCG test on day 16, ongoing implantation and pregnancy and live birth rate in endometriosis cases and male 
subfertility controls, compared using univariate tests and multiple logistic regression, which included the matching variables (embryo quality, 
woman's age and parity) and dysmenorrhoea, stimulation protocol and IVF or intracytoplasmic sperm injection use.

TABLE 4  CHARACTERISTICS OF IVF AND INTRACYTOPLASMIC SPERM INJECTION CYCLES IN MATCHED CASES AND 
CONTROLS

Endometriosis (cases) Male subfertility (controls) P-value

n (missing) Statistical dispersiona n (missing) Statistical dispersiona

Stimulation pro-
tocol

118 (0) 118 (0) <0.001b,c

Short agonist 55 (46.6%) 89 (75.4%)

Long agonist 46 (39.0%) 1 (0.8%)

Antagonist 17 (14.4%) 27 (22.9%)

No stimulation 0 (0.0%) 1 (0.8%)

Stimulation days, n 117 (1) 14 ± 3.3 118 (0) 14 ± 2.9 0.712d

Follicles after stimulation, n 116 (2) 12 ± 5.8 113 (5) 13 ± 5.4 0.389d

Oocytes, n 118 (0) 9.5 ± 4.67 118 (0) 11.4 ± 5.26 0.003d

Fertilization rate, % 118 (0) 58 ± 20.3 118 (0) 54 ± 23.1 0.215d

IVF/ICSI application IVF 118 (0) 32 (27.1%) 118 (0) 2 (1.7%) <0.001b

ICSI 86 (72.9%) 116 (98.3%)

Cases and controls matched by embryo quality, female age and parity.
a  Normally distributed variables: mean ± SD; non-normally distributed variables: median [IQR]; categorical variables: frequency (%).
b  Chi-squared test.

c  ≤ =p 0.056 0.0083i .
d  Unpaired Student's t-test.ICSI, intracytoplasmic sperm injection.
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model was created adjusting for the 
matching variables (age, parity, embryo 
quality) and variables that reached 
significance during univariate tests: the 
grade of dysmenorrhoea, IVF or ICSI 
application and stimulation protocol. 
The described differences followed 
expectations as dysmenorrhoea is one 
of the major symptoms of endometriosis 
and the long agonist protocol is the 
experience-based preference for women 
with endometriosis in Ghent University 
Hospital. Furthermore, ICSI is preferred 
in cases of male subfertility, resulting in a 
more frequent application of ICSI in the 
control group. In this adjusted analysis, 
odds on positive ART outcomes in 
couples diagnosed with male subfertility 
were more than twice as large as in 
endometriosis patients, suggesting a 
significant alteration of implantation in 
patients with endometriosis, questioning 
the involvement of the uterine factor in 
pregnancy development in women with 
endometriosis. Finally, because of the 
high prevalence of male subfertility in 
the endometriosis group, a sub-analysis 
was conducted, which showed that the 
presence of co-existent male subfertility 
did not influence the outcomes (P ≥ 
0.05).

Comparison with other published studies 
is difficult because of differences in study 
design and populations. To the best of 
our knowledge, the present study is the 
first to use matching based on embryo 
quality, and thereby observing pregnancy 
outcomes. Therefore, a limited number 
of studies on implantation in women with 
endometriosis applying a male subfertility 
control group equally were compared. 
The following results were described 
and compared with our results: Rubio 
et al. (1997) and Bukulmez et al. (2001) 
described no significant difference in 
ongoing implantation, and Bukulmez 
et al. (2001) detected no significant effect 
on LBR. Both studies, however, only 
evaluated ICSI cycles and they suggest 
a reduction of the negative effect of 
endometriosis with the ICSI protocol 
(Rubio et al., 1997; Bukulmez et al., 
2001). In the present study, however, 
after adjusting for IVF or ICSI application, 
results remained impaired, bringing the 
influence of ICSI effects into question. In 
contrast, Kawwass et al. (2015) reported 
a significant, but small, negative effect of 
endometriosis on ongoing implantation 
and LBR, but concluded that this is 
probably clinically irrelevant because of 
the large number of cycles. In addition, 

Kawwass et al. (2015) did not collect data 
on embryo quality. In conclusion, none 
of the available studies on equal embryo 
quality found a relevant significant 
negative influence of endometriosis 
on implantation in IVF/ICSI outcomes 
(Rubio et al., 1997; Bukulmez et al., 2001; 
Kawwass et al., 2015).

Studies selecting their control group 
on the basis of other subfertility issues, 
e.g. tubal factor, unexplained subfertility, 
pelvic adhesions and polycystic ovary 
syndrome, produced controversial 
results. First, most studies reported 
no overall effect of endometriosis on 
HCG tests or ongoing implantation 
(Kuivasaari et al., 2005; Al-Fadhli et al., 
2006; Matalliotakis et al., 2007; Coccia 
et al., 2011). In a study by Senapati et al. 
(2016), and a meta-analysis by Barnhart 
et al. (2002), a significant negative 
effect of endometriosis was found on 
ongoing implantation and HCG tests 
and ongoing implantation, respectively. 
Second, Senapati et al. (2016) found a 
lower LBR in women with endometriosis, 
in line with the results of our study, 
whereas two other studies found no 
negative influence (Kuivasaari et al., 
2005; Matalliotakis et al., 2007; Senapati 
et al., 2016). Limitations of these studies 
are the low sample numbers and the 
choice of control group. Most frequently, 
a tubal factor control group was applied, 
but as tubal disturbances could equally 
have lower implantation rates, the 
difference with endometriosis patients 
is lost. Furthermore, distinguishing 
endometriosis and tubal disease can be 
difficult (Lessey, 2000; Al-Fadhli et al., 
2006).

The strength of our study design 
was the matching of embryo quality, 
whereby implantation and pregnancy 
outcomes could be observed from the 
start of a transfer of an equal quality 
embryo. The only studies striving for 
this discrimination and investigation of 
ovarian and uterine factor separately are 
oocyte donation studies. These studies 
involving endometriosis donors and 
fertile recipients reported a significant 
impairment of implantation, suggesting 
a lower quality of oocytes and embryos 
of endometriosis patients (Simon et al., 
1994; Shulman et al., 1999; Garrido 
et al., 2002). On the other hand, studies 
of healthy donors and endometriosis 
recipients demonstrate no impaired 
implantation compared with our 
outcomes (Simon et al., 1994; Sung 

et al., 1997; Moomjy et al., 1999; Navarro 
et al., 2000; Garrido et al., 2002). These 
studies, however, do not specifically take 
embryo quality into account; moreover, 
low sample numbers and confounding 
factors were present (Cakmak and 
Taylor, 2011).

It is impossible to discuss the 
pathogenesis of endometriosis-associated 
subfertility without acknowledging 
the possible effect of adenomyosis. 
Adenomyosis was described in up to 
91.1% of the women with endometriosis, 
and a common pathophysiologic process 
has been suggested, demonstrating 
the close relationship between the two 
pathologies (Leyendecker et al., 2015). 
As adenomyosis is a primarily uterine 
disease and is therefore associated with 
implantation failure, this might interfere 
with implantation in endometriosis 
patients (Kunz et al., 2005; Tremellen 
et al., 2010; Cakmak and Taylor, 2011; 
Brosens et al., 2012; Maheshwari et al., 
2012; Leyendecker et al., 2015; Younes 
and Tulandi, 2017). Adenomyosis 
has been underreported because 
clinically useful diagnostic criteria and a 
classification system are lacking. This is 
evident in our study, in which only 3.4% 
had a confirmed adenomyosis diagnosis.

A retrospective matched cohort 
design was applied, as an observational 
study was the most appropriate 
approach because of the limited 
population numbers. The well-known 
risk of confounding associated with 
observational studies was reduced, 
e.g. by applying a single-centre study 
design and matching; however, several 
possible biases remain. In the first place, 
as only electronically recorded cycles 
were included, a selection bias could 
be present. As the number of previous 
IVF/ICSI cycles, duration of subfertility 
and percentage primary infertility, 
however, were similar between the cases 
and controls, next to the application 
of matching on parity, the risk of bias 
seems minimal. A second population 
bias could be caused by the lack of a 
complete, up-to-date gynaecological 
investigation before ART, including 
uncertainty about the extent of the 
endometriosis at the time of ART, a 
potential co-existence of adenomyosis 
and the impossibility of excluding mild 
endometriosis in the control group, as 
76.9% of the control group had mild 
forms of dysmenorrhoea. Furthermore, 
72.0% of the patients had undergone 
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previous surgery, which could improve 
outcomes by reducing the disease and 
impair outcomes by causing ovarian 
damage (Mahutte and Arici, 2002; 
Harb et al., 2013). In addition, 10.2% 
of women with endometriosis received 
medical pre-treatment with a GnRH 
agonist, potentially increasing rates of 
ongoing implantation, ongoing pregnancy 
and live birth rate (Sallam et al., 2006). 
In conclusion, several biases could have 
altered the outcomes in endometriosis, 
and future studies should take these 
considerations into account.

Extrapolations of the results of the 
present study to the general population 
should be made carefully, as ART 
protocols might have both a positive 
and negative effect on outcomes. First, 
ovarian stimulation might aggravate the 
development of endometriosis, as this 
is an oestrogen-dependent disease, 
although the study by Mathiasen 
et al. (2018) disproved this suggestion 
(Dunselman et al., 2014; Mathiasen 
et al., 2018). Conversely, Bourdon et al. 
(2018) detected a 50% reduction in 
cumulative live birth rate between fresh 
and frozen embryo transfers in women 
with endometriosis, possibly caused 
by the ovarian stimulation in fresh 
cycles. Second, in IVF/ICSI, gametes 
are not exposed to the potentially 
toxic peritoneal environment caused 
by endometriosis as they would be in 
natural conception. Third, oestrogen 
stimulation and luteal support could 
optimize the endometrial receptivity in 
women with endometriosis (Yanushpolsky 
et al., 1998; Daya, 2009). The internal 
validation of the results is not impaired 
by these arguments; however, because 
of the single-centre study design, case 
and control group were exposed to 
identical procedures, i.e. oocyte retrieval, 
oestradiol stimulation and luteal support.

In conclusion, the present study of 
implantation and pregnancy outcomes 
analysed after a transfer of equal quality 
embryos, by matching embryo quality, 
showed the odds of a positive HCG 
day 16, ongoing implantation, ongoing 
pregnancy and LBR were more than 
twice as low in the endometriosis group 
compared with couples undergoing ART 
because of a male subfertility diagnosis. 
This bring into question the alteration 
of the endometrial function in women 
with endometriosis, complementary to 
the already known impairment of ovarian 
function.

ACKNOWLEDGEMENT

The research data were reported as an 
oral presentation at the 35th Annual 
Meeting of ESHRE, Vienna, June 2019: 
Decroos E, Deboever C, Schoot B, 
Blank C, De Sutter P. Implantation after 
embryo transfer (ET) of equal quality 
embryos is impaired in endometriosis 
compared to male subfertility patients: 
a matched case-control study [Abstract; 
2019; 34 (O 206): i91–2.

SUPPLEMENTARY MATERIALS

Supplementary material associated 
with this article can be found, in 
the online version, at doi:10.1016/j.
rbmo.2020.08.034.

REFERENCES

Al-Fadhli, R., Kelly, S.M., Tulandi, T., Lin Tan, S. 
Effects of different stages of endometriosis 
on the outcome of in vitro fertilization. J. 
Obstet. Gynaecol. Can. 2006; 28: 888–891. 
doi:10.1016/S1701-2163(16)32285-X

American Society for Reproductive Medicine. 
Revised American Society for Reproductive 
Medicine classification of endometriosis: 
1996. Fertility and Sterility 1997; 67: 817–821

Barcelos, I.D., Vieira, R.C., Ferreira, E.M., Martins, 
W.P., Ferriani, R.A., Navarro, P.A. Comparative 
analysis of the spindle and chromosome 
configurations of in vitro-matured oocytes 
from patients with endometriosis and 
from control subjects: a pilot study. Fertil. 
Steril. 2009; 92: 1749–1752. doi:10.1016/j.
fertnstert.2009.05.006

Barnhart, K., Dunsmoor-Su, R., Coutifaris, 
C. Effect of endometriosis on in vitro 
fertilization. Fertil. Steril. 2002; 77: 1148–1155. 
doi:10.1016/s0015-0282(02)03112-6

Blank, C., Wildeboer, R.R., DeCroo, I., Tilleman, 
K., Weyers, B., de Sutter, P., Mischi, M., 
Schoot, B.C. Prediction of implantation after 
blastocyst transfer in in vitro fertilization: 
a machine-learning perspective. Fertil. 
Steril. 2019; 111: 318–326. doi:10.1016/j.
fertnstert.2018.10.030

Bourdon, M., Santulli, P., Maignien, C., Gayet, 
V., Pocate-Cheriet, K., Marcellin, L., Chapron, 
C. The deferred embryo transfer strategy 
improves cumulative pregnancy rates 
in endometriosis-related infertility: A 
retrospective matched cohort study. PLoS 
One 2018; 13e0194800. doi:10.1371/journal.
pone.0194800

Brosens, I., Kunz, G., Benagiano, G. Is 
adenomyosis the neglected phenotype of 
an endomyometrial dysfunction syndrome? 
Gynecol. Surg. 2012; 9: 131–137

Bukulmez, O., Yarali, H., Gurgan, T. The presence 
and extent of endometriosis do not effect 
clinical pregnancy and implantation rates in 
patients undergoing intracytoplasmic sperm 
injection. Eur. J. Obstet. Gynecol. Reprod. 
Biol. 2001; 96: 102–107

Cakmak, H., Taylor, H.S. Implantation failure: 
molecular mechanisms and clinical treatment. 
Hum. Reprod. Update 2011; 17: 242–253

Chapron, C., Tosti, C., Marcellin, L., Bourdon, 
M., Lafay-Pillet, M.C., Millischer, A.E. 
Relationship between the magnetic resonance 
imaging appearance of adenomyosis and 
endometriosis phenotypes. Hum. Reprod. 
2017; 32: 1393–1401

Coccia, M.E., Rizzello, F., Mariani, G., Bulletti, 
C., Palagiano, A., Scarselli, G. Impact of 
endometriosis on in vitro fertilization and 
embryo transfer cycles in young women: A 
stage-dependent interference. Acta Obstet. 
Gynecol. Scand. 2011; 90: 1232–1238

Cooper T.G., Noonan E., von Eckardstein S., 
Auger J., Baker H.W., Behre H.M., Haugen T.B., 
Kruger T., Wang C., Mbizvo M.T., Vogelsong 
K.M. World Health Organization reference 
values for human semen characteristics. Hum 
Reprod Update. 2010 May-Jun;16(3):231-45. 
doi: 10.1093/humupd/dmp048. Epub 2009 Nov 
24. PMID: 19934213.

Daya, S. Luteal support: Progestogens for 
pregnancy protection. Maturitas 2009; 65: 
29–34

https://doi.org/10.1016/j.rbmo.2020.08.034
https://doi.org/10.1016/j.rbmo.2020.08.034
http://dx.doi.org/10.1016/S1701-2163(16)32285-X
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0002
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0002
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0002
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0002
http://dx.doi.org/10.1016/j.fertnstert.2009.05.006
http://dx.doi.org/10.1016/j.fertnstert.2009.05.006
http://dx.doi.org/10.1016/s0015-0282(02)03112-6
http://dx.doi.org/10.1016/j.fertnstert.2018.10.030
http://dx.doi.org/10.1016/j.fertnstert.2018.10.030
http://dx.doi.org/10.1371/journal.pone.0194800
http://dx.doi.org/10.1371/journal.pone.0194800
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0007
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0007
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0007
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0007
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0008
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0008
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0008
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0008
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0008
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0008
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0009
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0009
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0009
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0010
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0010
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0010
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0010
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0010
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0010
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0011
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0011
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0011
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0011
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0011
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0011
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0012
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0012
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0012


10	 RBMO  VOLUME 00  ISSUE 0  2020

Dong, X., Liao, X., Wang, R., Zhang, H. The impact 
of endometriosis on IVF/ICSI outcomes. Int. J. 
Clin. Exp. Pathol. 2013; 6: 1911–1918

Dunselman, G.A.J., Vermeulen, N., Becker, C., 
Calhaz-Jorge, C., Hooghe, T., Bie, B. ESHRE 
guideline: Management of women with 
endometriosis. Hum. Reprod. 2014; 29: 
400–412

Eskenazi, B., Warner, M.L. Epidemiology of 
endometriosis. Obs. Gynecol. Clin. 1997; 24: 
235–258

Gardner, D.K., Schoolcraft, W.B. In Vitro Culture 
of Human Blastocyst. Jansen R., Mortimer D., 
Towar. Reprod. Certain. Fertil. Genet. beyond 
1999; 1999: 378–388

Garrido, N., Navarro, J., Velasco, J., Pellicer, 
A., García- Remohí, J., Simón, C. The 
endometrium versus embryonic quality in 
endometriosis-related infertility. Hum. Reprod. 
Update 2002; 8: 95–103

Gupta, S., Goldberg, J.M., Aziz, N., Goldberg, E., 
Krajcir, N., Agarwal, A. Pathogenic mechanisms 
in endometriosis-associated infertility. Fertil. 
Steril. 2008; 90: 247–257

Harb, H.M., Gallos, I.D., Chu, J., Harb, M., 
Coomarasamy, A. The effect of endometriosis 
on in vitro fertilisation outcome: a systematic 
review and meta-analysis. BJOG 2013; 120: 
1308–1320. doi:10.1111/1471-0528.12366

Kawwass, J.F., Crawford, S., Session, D.R., Kissin, 
D.M., Jamieson, D.J. Endometriosis and 
assisted reproductive technology: United 
States trends and outcomes. Fertil. Steril. 
2015; 103: 2000–2011

Kennedy, S., Bergqvist, A., Chapron, C., 
Hooghe, T., Dunselman, G., Greb, R. ESHRE 
guideline for the diagnosis and treatment 
of endometriosis. Hum. Reprod. 2005; 20: 
2698–2704

Kuivasaari, P., Hippelainen, M., Anttila, M., 
Heinonen, S. Effect of endometriosis on IVF/
ICSI outcome: stage III/IV endometriosis 
worsens cumulative pregnancy and live-born 
rates. Hum. Reprod. 2005; 20: 3130–3135. 
doi:10.1093/humrep/dei176

Kunz, G., Beil, D., Huppert, P., Noe, M., 
Kissler, S., Leyendecker, G. Adenomyosis in 
endometriosis-Prevalence and impact on 
fertility. Evidence from magnetic resonance 
imaging. Hum. Reprod. 2005; 20: 2309–2316

La Marca, A., Papaleo, E., Grisendi, V., Argento, 
C., Giulini, S., Volpe, A. Development of a 
nomogram based on markers of ovarian 
reserve for the individualisation of the follicle-
stimulating hormone starting dose in in vitro 
fertilisation cycles. BJOG An Int. J. Obstet. 
Gynaecol. 2012; 119: 1171–1179. doi:10.1111/j.1471-
0528.2012.03412.x

Lessey, B.A. Medical management of 
endometriosis and infertility. Fertil. Steril. 
2000; 73: 1089–1096

Leyendecker, G., Bilgicyildirim, A., Inacker, M., 
Stalf, T., Huppert, P., Wildt, L., Mall, G., Bo, B. 
Adenomyosis and endometriosis. Re-visiting 
their association and further insights into the 
mechanisms of auto-traumatisation. An MRI 
study 2015: 917–932. doi:10.1007/s00404-014-
3437-8

Maheshwari, A., Gurunath, S., Fatima, F., 
Bhattacharya, S. Adenomyosis and subfertility: 

a systematic review of prevalence, diagnosis, 
treatment and fertility outcomes. Hum. 
Reprod. Update 2012; 18: 374–392

Mahutte, N.G., Arici, A. New advances in the 
understanding of endometriosis related 
infertility. J. Reprod. Immunol. 2002; 55: 73–83

Matalliotakis, I.M., Cakmak, H., Mahutte, N., 
Fragouli, Y., Arici, A., Sakkas, D. Women with 
advanced-stage endometriosis and previous 
surgery respond less well to gonadotropin 
stimulation, but have similar IVF implantation 
and delivery rates compared with women with 
tubal factor infertility. Fertil. Steril. 2007; 88: 
1568–1572. doi:10.1016/j.fertnstert.2007.01.037

Matalliotakis, I.M., Sakkas, D., Illuzzi, J., 
Matalliotaki, C., Arici, A. Implantation 
rate remains unaffected in women with 
endometriosis compared to tubal factor 
infertility. J. Endometr. 2011; 3: 86–92

Mathiasen, M., Egekvist, A.G., Kesmodel, U.S., 
Knudsen, U.B., Seyer-Hansen, M., 2018. 
Assisted Reproductive Techniques (ART) and 
their possible effect on the progression of 
endometriosis symptoms.

Moomjy, M., Cholst, I., Mangieri, R., Rosenwaks, Z. 
Oocyte donation: Insights into implantation. 
Fertil. Steril. 1999; 71: 15–21

Muteshi, C.M., Ohuma, E.O., Child, T., Becker, 
C.M. The effect of endometriosis on live birth 
rate and other reproductive outcomes in ART 
cycles: a cohort study. Hum. Reprod. Open 
2018 2018. doi:10.1093/hropen/hoy016

Navarro, J., Blasco, L., Pellicer, A. Díaz I, Simón C, 
Remohí J. Impact of stage III-IV endometriosis 
on recipients of sibling oocytes: Matched 
case-control study. Fertil. Steril. 2000; 74: 
31–34

Nisenblat, V., Bossuyt, P.M.M., Farquhar, C., 
Johnson, N., Hull, M.L. Imaging modalities for 
the non-invasive diagnosis of endometriosis. 
Cochrane Database Syst. Rev. 2016

Omland, A.K., Bjercke, S., Ertzeid, G., Oldereid, 
N.B., Storeng, R. Fedorcsák P, Intracytoplasmic 
sperm injection (ICSI) in unexplained and 
stage I endometriosis-associated infertility 
after fertilization failure with in vitro 
fertilization (IVF). Reprod. Genet. 2006; 23: 
351–357

Opoien, H.K., Fedorcsak, P., Omland, A.K., 
Abyholm, T., Bjercke, S., Ertzeid, G., Oldereid, 
N., Mellembakken, J.R., Tanbo, T. In vitro 
fertilization is a successful treatment in 
endometriosis-associated infertility. Fertil. 
Steril. 2012; 97: 912–918. doi:10.1016/j.
fertnstert.2012.01.112

Rubio, C., Bernal, A., Mínguez, Y., Gaitán, 
P., Remohí, J., Simón, C. The impact of 
endometriosis in couples undergoing 
intracytoplasmic sperm injection because 
of male infertility. Hum. Reprod. 1997; 12: 
2282–2285

Sallam, H.N., Garcia-Velasco, J.A., Dias, S., Arici, 
A. Long-term pituitary down-regulation before 
in vitro fertilization (IVF) for women with 
endometriosis. Cochrane Database Syst. Rev. 
2006

Senapati, S., Sammel, M.D., Morse, C., Barnhart, 
K.T., 2016. Impact of endometriosis on in vitro 
fertilization outcomes: an evaluation of the 

Society for Assisted Reproductive Technologies 
Database.

Shebl, O., Sifferlinger, I., Habelsberger, A., Oppelt, 
P., Mayer, R.B., Petek, E., Ebner, T. Oocyte 
competence in in vitro fertilization and 
intracytoplasmic sperm injection patients 
suffering from endometriosis and its possible 
association with subsequent treatment 
outcome: a matched case-control study. Acta 
Obstet. Gynecol. Scand. 2017; 96: 736–744. 
doi:10.1111/aogs.12941

Shulman, A., Frenkel, Y., Dor, J., Levran, D., 
Shiff, E., Maschiach, S. The best donor. Hum. 
Reprod. 1999; 14: 2493–2496

Simon, C., Gutierrez, A., Vidal, A., de los 
Santos, M.J., Tarin, J.J., Remohi, J., Pellicer, 
A. Outcome of patients with endometriosis 
in assisted reproduction: results from 
in-vitro fertilization and oocyte donation. 
Hum. Reprod. 1994; 9: 725–729. doi:10.1093/
oxfordjournals.humrep.a138578

Sung, L., Mukherjee, T., Takeshige, T., Bustillo, 
M., Copperman, A.B. Endometriosis is not 
detrimental to embryo implantation in oocyte 
recipients. J. Assist. Reprod. Genet. 1997; 14: 
152–156

Tremellen, K., Russell, P. Adenomyosis is a 
potential cause of recurrent implantation 
failure during IVF treatment. Aust. New Zeal. 
J. Obstet. Gynaecol. 2010; 51: 280–283

Van Den Abbeel, E., Balaban, B., Ziebe, S., Lundin, 
K., Cuesta, M.J.G., Klein, B.M., Helmgaard, 
L., Arce, J.C. Association between blastocyst 
morphology and outcome of single-blastocyst 
transfer. Reprod. Biomed. Online 2013; 27: 
353–361. doi:10.1016/j.rbmo.2013.07.006

Vercellini, P., Fedele, L., Aimi, G., Pietropaolo, G., 
Consonni, D., Crosignani, P.G. Association 
between endometriosis stage, lesion type, 
patient characteristics and severity of pelvic 
pain symptoms: a multivariate analysis of 
over 1000 patients. Hum. Reprod. 2006; 22: 
266–271

Vercellini, P., Vigano, P., Somigliana, E., Fedele, L. 
Endometriosis: pathogenesis and treatment. 
Fertil. Steril. 2013; 10: 261–275

Viganò, P., Parazzini, F., Somigliana, E., Vercellini, P. 
Endometriosis: Epidemiology and aetiological 
factors. Best Pr. Res. Clin. Obs. Gynaecol. 
2004; 18: 177–200

Yanushpolsky, E.H., Best, C.L., Jackson, K.V, 
Clarke, R.N., Barbieri, R.L., Hornstein, M.D. 
Effects of endometriomas on ooccyte quality, 
embryo quality, and pregnancy rates in in 
vitro fertilization cycles: a prospective, case-
controlled study. J. Assist. Reprod. Genet. 
1998; 15: 193–197

Younes, G., Tulandi, T. Effects of adenomyosis 
on in vitro fertilization treatment outcomes: 
a meta-analysis. Fertil. Steril. 2017; 108. 
doi:10.1016/j.fertnstert.2017.06.025

Zondervan, K.T., Cardon, L.R., Kennedy, S.H. 
What makes a good case-control study? 
Design issues for complex traits such as 
endometriosis. Hum. Reprod. 2002; 17: 
1415–1423

Received 17 April 2020; received in revised form 
19 July 2020; accepted 25 August 2020.

http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0013
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0013
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0013
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0014
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0014
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0014
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0014
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0014
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0015
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0015
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0015
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0017
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0017
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0017
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0017
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0018
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0018
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0018
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0018
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0018
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0019
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0019
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0019
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0019
http://dx.doi.org/10.1111/1471-0528.12366
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0021
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0021
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0021
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0021
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0021
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0022
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0022
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0022
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0022
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0022
http://dx.doi.org/10.1093/humrep/dei176
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0024
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0024
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0024
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0024
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0024
http://dx.doi.org/10.1111/j.1471-0528.2012.03412.x
http://dx.doi.org/10.1111/j.1471-0528.2012.03412.x
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0026
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0026
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0026
http://dx.doi.org/10.1007/s00404-014-3437-8
http://dx.doi.org/10.1007/s00404-014-3437-8
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0028
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0028
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0028
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0028
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0028
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0029
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0029
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0029
http://dx.doi.org/10.1016/j.fertnstert.2007.01.037
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0031
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0031
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0031
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0031
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0031
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0033
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0033
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0033
http://dx.doi.org/10.1093/hropen/hoy016
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0035
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0035
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0035
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0035
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0035
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0036
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0036
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0036
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0036
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0037
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0037
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0037
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0037
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0037
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0037
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0037
http://dx.doi.org/10.1016/j.fertnstert.2012.01.112
http://dx.doi.org/10.1016/j.fertnstert.2012.01.112
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0039
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0039
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0039
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0039
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0039
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0039
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0040
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0040
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0040
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0040
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0040
http://dx.doi.org/10.1111/aogs.12941
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0043
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0043
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0043
http://dx.doi.org/10.1093/oxfordjournals.humrep.a138578
http://dx.doi.org/10.1093/oxfordjournals.humrep.a138578
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0045
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0045
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0045
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0045
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0045
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0046
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0046
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0046
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0046
http://dx.doi.org/10.1016/j.rbmo.2013.07.006
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0048
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0048
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0048
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0048
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0048
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0048
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0048
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0049
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0049
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0049
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0050
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0050
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0050
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0050
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0051
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0051
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0051
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0051
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0051
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0051
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0051
http://dx.doi.org/10.1016/j.fertnstert.2017.06.025
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0053
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0053
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0053
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0053
http://refhub.elsevier.com/S1472-6483(20)30467-3/sbref0053

	﻿Impaired implantation in endometriosis compared with couples with male subfertility after transfer of equal quality embryo ...
	﻿Introduction
	﻿Materials and methods
	﻿Study design
	﻿Selection of the study populations
	﻿Matching
	﻿Assisted reproductive technology protocol
	﻿Measurement outcomes
	﻿Statistical analyses

	﻿Results
	﻿Ovarian and embryo characteristics before matching
	﻿Patient characteristics
	﻿Ovarian and embryo characteristics after matching
	﻿Outcomes
	﻿Univariate tests
	﻿Multiple logistic regression
	﻿Sub-analysis in the endometriosis group on male subfertility


	﻿Discussion
	﻿Acknowledgement
	﻿Supplementary materials
	﻿References


