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Methods: A retrospective study was conducted on sterile women with ovarian
endometriomas (OMAs), including patients who underwent laparoscopic cystectomy (n
= 224, 224 IVF/ICSI cycles, 205 FET cycles) and aspiration (n = 139, 139 IVF/ICSI cycles,
148 FET cycles); peritoneal EMS (n = 96, 96 IVF/ICSI cycles, 89 FET cycles); and tubal
factors (n = 360, 360 IVF/ICSI cycles, 474 FET cycles). Our main outcomes included the
number of MII oocytes retrieved, fertilization rate, the number of viable embryos, viable
embryo rate per oocyte retrieved in oocyte retrieval cycles, and clinical pregnancy rate per
transfer, live birth rate per transfer, and cumulative clinical pregnancy rate of this oocyte
retrieval cycle in FET cycles. Finally, binary logistic regression analysis was performed to
generate a prediction model for cumulative clinical pregnancy.
Results: The results showed that significantly fewer MII oocytes retrieved and viable
embryos and lower viable embryo rate and cumulative clinical pregnancy rate were
observed in women with EMS compared with the control. Women with peritoneal
EMS had lower fertilization rate and viable embryo rate per oocyte retrieved than
patients with OMA (all p < 0.05). However, the pregnancy outcomes were not
significantly different between the two phenotypes. The patients who underwent
laparoscopic cystectomy had fewer MII oocytes retrieved and viable embryos compared
with those with intact endometrioma(s) but no significant difference in pregnancy
outcomes between the two types of OMA patients. By binary logistic regression
analysis, antral follicle count (AFC) was found to be an independent factor associated
with cumulative clinical pregnancy in this oocyte retrieval cycle (odds ratio = 1.054;
95% confidence interval, 1.011–1.100; p = 0.014), and the AFC prediction model of
cumulative clinical pregnancy was established, with an area under the curve of 0.60.
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Conclusions: Our data supported that advanced EMS has negative effect on
cumulative clinical pregnancy per oocyte retrieval cycle, and AFC is an independent
predictor, which is mainly caused by poor ovarian response associated with OMA per
se or its surgery and the damage of peritoneal EMS to oocyte maturation.
Keywords: advanced endometriosis, ovarian response, oocyte competence, in vitro fertilization/intracytoplasmic
sperm injection, frozen–thawed embryo transfer, endometriosis, IVF/ICSI, FET

INTRODUCTION

observation (14). It is not clear whether OMA per se or its
excision will have a greater impact on the outcome of IVF/ICSI
so far. Anatomical abnormality in the peritoneal cavity aside,
peritoneal EMS may cause an environment to be less favorable
for fertility (15). In the peritoneal fluid of patients with EMS,
researchers found increased inflammatory factors (16, 17) and
enhanced oxidative stress (18). The spindles play an important
role in meiosis and especially sensitive to oxidative stress, which
may be one of the causes for oocyte dysmaturity of EMS.
This retrospective study was conducted to (1) examine the
impact of EMS on IVF/ICSI frozen–thawed embryo transfer
(FET) outcomes, (2) determine whether OMA is the main
factor of EMS affecting IVF/ICSI outcomes, and (3) assess the
effect of surgical intervention to OMA before IVF/ICSI-FET
on pregnancy outcomes. These findings will provide direction
for studying the mechanism of EMS-associated infertility and
evidence for management of OMA surgical intervention prior
to IVF/ICSI.

Endometriosis (EMS) is an estrogen-dependent disease in
which there is active endometrial-like tissue outside the uterus,
primarily on ovaries and the peritoneal peritoneum (1). It affects
∼2–10% of women of reproductive age (2) and 30–50% of
women experiencing difficulties in fertility (3). The pathogenesis
of EMS-associated infertility is poorly elucidated; however,
some factors have been studied, including anatomical changes
in the reproductive tract, ovulatory dysfunction, disturbed
folliculogenesis, and defective implantation (4).
The common choice for the patient with EMS-associated
sterility who wish to conceive is assisted reproductive technology
(ART). Reports evaluating the impact of EMS on the outcomes of
ART seemed controversial, in relation to the focus on different
specific outcomes. Endometriosis is related with poor ovarian
response (POR), which manifests as the decrease in antral follicle
count (AFC) and the number of oocytes retrieved, but irrelevant
to the pregnancy/live birth rate in each embryo transfer, from
which it was concluded that EMS has no negative impact on
ART outcomes (5–7). However, the pregnancy rate per transfer
is correlated with endometrial receptivity but ovarian response.
Oocyte competence reflects the ability to mature and fertilize.
Once oocyte maturation or fertilization is blocked, the number
of MII oocytes retrieved and the number of viable embryos are
decreased in an oocyte retrieval cycle, respectively. With the
same clinical pregnancy rate per transfer, the more embryos
that could be transferred, the greater the total chance of clinical
pregnancy of this oocyte retrieval cycle. The exact impact of
EMS on ART outcomes could be clarified in a study with a large
sample size.
Superficial EMS, ovarian endometrioma (OMA), and
peritoneal deep infiltrating EMS (DIE) are main phenotypes
up to now (8). Different from the other two phenotypes, OMA
affects ovaries directly by increasing mechanical stress, rigidity,
distorted anatomy to impair blood supply, and innervation
of ovaries, associated with diminished oocyte quality and
ovarian reserve (9), whereas according to recent reports
(10), OMA per se is not associated with presentation for
infertility. With regard to OMA surgical excision before in vitro
fertilization/intracytoplasmic sperm injection (IVF/ICSI), some
clinicians found that surgeries may reduce ovarian reserves and
responsiveness to stimulation (11, 12); nevertheless, other studies
have supported the opposite view and found that the serum
level of anti–Müllerian hormone (AMH), declining sharply after
surgeries, would recover in 6 months (13), and the excision of
OMA could improve the success rate of ART in a long-term
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MATERIALS AND METHODS
Patients
The present analysis included data collected from the
Department of Assisted Reproduction of the Ninth People’s
Hospital of Shanghai Jiaotong University’s School of Medicine
in a retrospective cohort study. A total of 819 women who
had undergone IVF/ICSI treatment from January 1, 2016, to
December 31, 2017, were included.
The patients with EMS, stage III–IV according to the
revised American Fertility Society (rAFS) classification, consisted
of OMA and peritoneal EMS. The patients with OMA
included those whose OMAs had been removed by laparoscopic
cystectomy and those whose OMAs had been aspirated
under transvaginal ultrasound guidance during ovulation
monitoring or at the time of oocyte retrieval for histopathologic
diagnosis. The patients with peritoneal EMS had been found
to have endometriotic lesions in the peritoneal cavity rather
than ovaries by laparoscopy, which had been treated. The
control group consisted of women with infertility due to
tubal factors.
The eligibility criteria were 25–40 years of age, body
mass index (BMI) that ranged from 18.5 to 23.9 kg/m2 , first
IVF/ICSI, and normal sperm in the male. The exclusion
criteria were chronic anovulation including polycystic ovarian
syndrome; adenomyosis diagnosed by laparoscopy, laparotomy,
or ultrasound examination or magnetic resonance imaging;
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Protocol for Controlled Ovarian
Stimulation, Embryo Culture, and
Frozen–Thawed Embryo Transfer

presence of hydrosalpinx or of endocrinopathy, cardiovascular
disease, dyslipidemia, systemic lupus erythematosus or
another rheumatologic disease, human immunodeficiency
virus infection, or any active infection; smoking habit; use
of hormonal medications or hormonal or non-hormonal
anti-inflammatory agents during the 3 months prior to
inclusion in this study; and any contraindications to ovarian
stimulation treatment.

Each patient was administrated 150–225 IU/day of human
menopausal gonadotropin (Anhui Fengyuan Pharmaceutical
Co., Hefei, China) and 4 or 10 mg/day of medroxyprogesterone
acetate (Beijing ZhongXin Pharmaceutical, Beijing, China) from
menstrual cycle day 3 (D3) of menstruation, according to

FIGURE 1 | Flowchart for each comparison.
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the observed follicular growth by ultrasound and blood test.
Ovulation was triggered by human chorionic gonadotropin
(hCG) of ∼2,000–10,000 IU (Lizhu Pharmaceutical Trading
Co., Zhuhai, China) when there were more than three
dominant follicles of >18-mm diameter, followed by transvaginal
ultrasound-guided oocyte retrieval 36–37 h later. All follicles
with diameters >10 mm were punctured, and oocytes were
retrieved and in vitro fertilized using conventional insemination
or ICSI, depending on semen parameters. On the third day
after fertilization, embryos were visually estimated and rated
according to the criteria of Cummins et al. (19). High-quality
embryos (including grade 1 and grade 2 eight-cell embryos)
were frozen by vitrification, and the rest were further extended
culture until the blastocyst stage, in which only ones with good
morphology were cryopreserved on D5 or D6.
Natural FET cycles were used for women with regular
menstrual cycles. The women with irregular menstrual cycles
were orally administered 2.5–5 mg/day of letrozole from cycle
D3 to D7. For patients with thin endometria during ovarian
stimulation cycles, oral ethinylestradiol (25 mg two times per day;
Xinyi Pharmaceutical Co., Shanghai, China) was recommended
from cycle D3 until an endometrial thickness of 8 mm, followed
by two tablets of yellow Femoston taken orally [including 2 mg
estradiol (E2 ) and 10 mg dydrogesterone per tablet, two times
per day; Abbott Healthcare Products B.V., Hoofddorp, the
Netherlands] and soft vaginal progesterone capsules (Utrogestan,
200 mg two times per day; Laboratoires Besins International,
Ploermel, France). Follicle growth was monitored by serum
hormone measurements and transvaginal ultrasound scanning
beginning on cycle D10 onward. The administration of hCG
to trigger ovulation and the timing of FET were performed as
previously described (20). One or two embryos were transferred
per FET cycle. The exogenous estrogen and progesterone

were continued until 10 weeks of gestation after a positive
pregnancy test.

Data Collection and Study Outcomes
There were three types of data: baseline characteristics,
oocyte retrieval cycle data, and FET cycle data. As baseline
characteristics, the duration of infertility; primary or secondary
infertility; serum follicle-stimulating hormone (FSH), luteinizing
hormone (LH), E2 , and AFC on menstrual cycle D3; and duration
and dose of gonadotropin stimulation were recorded.
The number of follicles larger than 14 mm in diameter
on the trigger day, number of oocytes retrieved, number of
mature oocytes (MII oocyte) retrieved, method of insemination,
number of fertilized oocytes, number of normal fertilized oocytes,
number of cleavage oocytes, number of 3-day-old (D3) highquality embryos (grades 1 and 2 eight-cell embryos), number
of embryos cultured to blastocyst stage, and number of viable
blastocyst were regarded as indicators of follicle development
and oocyte performance in oocyte retrieval cycle. Based on the
above parameters, we figured out viable blastocyst rate, oocyte
retrieval rate, proportion of patients with POR, mature oocyte
rate, fertilization rate, normal fertilization rate, cleavage rate,
viable embryo rate per oocyte retrieved, and high-quality embryo
rate per oocyte retrieved. The viable blastocyst rate was defined as
the number of blastocysts with good morphology divided by the
number of embryos cultured to blastocyst stage. The diagnosis
of POR, according to the Bologna criteria (21), was based on
retrieval of three oocytes or fewer and AFC of <5. High-quality
embryos included D3 high-quality embryos (grades 1 and 2
eight-cell embryos) and viable blastocysts.
The FET cycle data included the number of embryos
transferred, endometrial thickness on the day of transfer, number
of clinical pregnancy, number of embryos implanted, number of

TABLE 1 | Characteristics of patients undergoing IVF/ICSI.
Characteristics

No. of patients

EMS
group

Control
group

p1

OMA
group

Peritoneal EMS
group

p2

Cystectomy
group

Aspiration
group

p3

459

360

363

96

224

139

Age (y), mean ± SD

31.46 ± 3.53

31.84 ± 3.8

0.259

31.43 ± 3.57

31.6 ± 3.36

0.662

31.76 ± 3.29

32.50 ± 3.75

BMI (kg/m2 ), mean ± SD

21.39 ± 1.74

21.19 ± 1.80

0.114

20.92 ± 2.29

20.74 ± 1.79

0.495

21.05 ± 1.75

20.70 ± 2.96

0.214

Duration of infertility (y),
mean ± SD

2.99 ± 2.35

2.92 ± 3.00

0.706

2.78 ± 2.15

3.79 ± 2.87

0.002

10.98 ± 6.00

10.71 ± 2.21

0.617

Primary infertility, n (%)

303 (66.0)

123 (34.2)

0.000

248 (68.3)

55 (57.3)

0.042

151 (67.4)

73 (52.5)

0.637

0.055

Day 3, mean ± SD
FSH (IU/L)

6.95 ± 8.47

6.17 ± 2.28

0.404

7.17 ± 9.42

6.07 ± 2.21

0.263

7.83 ± 11.78

6.12 ± 2.62

0.038

LH (IU/L)

3.95 ± 4.59

3.67 ± 1.63

0.554

3.99 ± 4.80

3.81 ± 3.66

0.731

4.25 ± 5.98

3.59 ± 1.65

0.209
0.062

E2 (pg/mL)

39.46 ± 34.37

33.79 ± 37.85

0.026

40.09 ± 34.11

37.04 ± 35.41

0.447

42.74 ± 40.13

35.82 ± 20.49

AFC, mean ± SD

8.00 ± 5.91

10.25 ± 5.64

0.000

7.65 ± 5.33

9.35 ± 7.61

0.041

7.25 ± 5.20

8.29 ± 5.50

0.068

hMG and MPA duration (d),
mean ± SD

10.84 ± 4.51

10.75 ± 1.93

0.699

10.88 ± 4.90

10.72 ± 2.53

0.762

10.98 ± 6.00

10.71 ± 2.21

0.617

hMG dose (IU), mean ± SD

1,567 ± 652

1,629 ± 580

0.151

1,545 ± 668

1,645 ± 586

0.149

1,505 ± 694

1,612 ± 619

0.127

MPA dose (mg), mean ± SD

54 ± 45

51 ± 43

0.351

54 ± 46

54 ± 44

0.962

56 ± 49

50 ± 39

0.161

p1, EMS group vs. control group; p2, Ovarian EMS group vs. peritoneal EMS group; p3, cystectomy group vs. aspiration group; BMI, body mass index; FSH, follicle-stimulating hormone;
LH, luteinizing hormone; E2 ,estrogen; AFC, antral follicle count; hMG, human menopausal gonadotropin; MPA, medroxyprogesterone acetate. The red number highlights the p which
was less than 0.05 signifing the statistic difference.
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RESULTS

miscarriage, number of ectopic pregnancy, number of delivery
with live birth, term or preterm delivery, and birth weight. Based
on the above parameters, we figured out the clinical pregnancy
rate per transfer, implantation rate, miscarriage rate, ectopic
pregnancy rate, cumulative clinical pregnancy rate per woman,
and live birth rate per transfer. The clinical pregnancy was
considered in the presence of a gestational sac with or without
fetal heart activity, as assessed by ultrasound at 4 weeks of
gestation. The implantation rate was defined as the proportion
of embryos that developed into gestational sacs in the total
transferred embryo. Cumulative clinical pregnancy rate was
worked out by the number of patients who ever had a history of
clinical pregnancy divided by the number of the patients who had
been transferred all embryos from this oocyte retrieval cycle and
the patients who had at least one clinical pregnancy from January
1, 2016, to December 31, 2018. Live birth rate per transfer was
defined as the number of delivery with live births divided by the
number of FET cycles.

A total of 819 eligible patients (363 patients with OMA including
224 in the cystectomy group and 139 in the aspiration group; 96
patients in the peritoneal EMS group; 360 patients in the control
group) were included and completed their first oocyte retrieval
cycles. We followed up the patients with FET outcomes to
December 31, 2018, 1 year after the last cycle of oocyte retrieval.
A total of 645 women (cystectomy group, 157; aspiration group,
105; peritoneal EMS group, 67; control group, 316) completed
916 FET cycles (cystectomy group, 205; aspiration group, 148;
peritoneal EMS group, 89; control group, 474). Figure 1 shows
a profile summary of the study.

Patient Characteristics
The baseline characteristics of the patients in the study are
shown in Table 1. The patients with EMS had significantly higher
percentage of primary infertility (66.0%) and (D3) serum E2 level
(39.46 ± 34.37 pg/mL) but less AFC (8.00 ± 5.91) compared
with the control (34.2%; 33.79 ± 37.85 pg/mL; 10.25 ± 5.64,
respectively, all p < 0.05). Comparing with the patients with a
history of endometrioma, the patients with peritoneal EMS had
significantly longer duration of infertility (3.79 ± 2.87 vs. 2.78
± 2.15 years), lower percentage of primary infertility (57.3 vs.

Study Design
This study was composed of three comparisons. In the
first comparison, all patients with EMS (EMS group) were
compared with patients with infertility due to tubal factors
(control group) to evaluate the impact of EMS on IVF/ICSI
outcomes. In the second comparison, patients with OMA (OMA
group) were compared with patients with peritoneal EMS
(peritoneal EMS group) to analyze the difference in IVF/ICSI
outcomes between OMA and other phenotypes of EMS. In
the third comparison, patients who underwent laparoscopic
cystectomy (cystectomy group) were compared with those
who underwent OMA aspiration (aspiration group) to assess
the impact of surgical intervention to OMA on subsequent
IVF/ICSI outcomes.

TABLE 2 | Oocyte retrieval cycle characteristics of the patients in the EMS group
and control group.
Characteristics

Statistical Analysis
By reference to the reports published, the clinical pregnancy
rate of ART was 29.6% (22), and that of severe EMS patients
was estimated to be 15.7% (23). Excluding 15% lost to followup, the power of the study with the sample size (390 in the
EMS group and 306 in the control group) was 0.9899, which
was computed by PASS 15 software (NCSS, Kaysville, UT, USA).
Statistical analyses were conducted using IBM SPSS Statistics
21.0 software (IBM, Almonk, NY, USA). The Kolmogorov–
Smirnov test was performed to assess the normality of the
distribution in continuous data, which were presented as mean
(SD) and assessed using the Mann–Whitney U-test for two
independent groups. Count data are presented as numbers and
percentages and assessed using Pearson χ 2 -test or Fisher exact
test. Differences were considered significant if two-sided p < 0.05.
Binary logistic regression analysis was performed to generate a
prediction model for cumulative clinical pregnancy, which was
at least one clinical pregnancy before transferring all the embryos
from this oocyte retrieval cycle, with the clinical parameters as the
independent variables. The clinical parameters included group
allocation, age, duration of infertility, BMI, (D3) FSH, LH, E2 ,
AFC, number of oocytes retrieved, POR, oocyte retrieval rate,
mature oocyte rate, and fertilization rate.
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EMS group

Control group

No. of patients

459

360

No. of oocyte retrieval
cycles

459

360

No. of >14-mm follicles on
the trigger day

7.10 ± 5.65

9.35 ± 6.83

0.000

No. of oocytes retrieved

7.88 ± 6.19

11.48 ± 7.65

0.000

No. of MII oocytes retrieved

6.55 ± 5.33

9.59 ± 6.58

0.000

IVF, %

85.1 (2,976/3,498)

98.8(3,972/4,019)

ICSI, %

14.9 (522/3,498)

1.2(47/4,019)

2.61 ± 2.72

3.98 ± 3.50

0.000

1,334
222
16.6

1,630
376
23.1

0.000

2.93 ± 2.65

4.57 ± 3.44

0.000

Method of insemination

No. of D3 high-quality
embryos
No. of embryos cultured to
blastocyst stage
No. of viable blastocyst
Viable blastocyst rate, %
No. of viable embryos, n
Oocyte retrieval rate, %
Poor ovarian response, %

p

0.000

68.9 (3,617/5,250) 74.8 (4,134/5,524)
19.2 (88/459)

7.2 (26/360)

0.000
0.000

Mature oocyte rate, %

83.0 (3,001/3,617) 83.7 (3,460/4,134)

0.391

Fertilization rate, %

77.5 (2,712/3,498) 78.3 (3,219/4,109)

0.395

Normal fertilization rate, %

73.0 (2,552/3,498) 72.4 (2,973/4,109)

0.557

Cleavage rate, %

97.1 (2,477/2,552) 97.6 (2,901/2,973)

0.234

Viable embryo rate per
oocyte retrieved, %

37.2 (1,346/3,617) 39.8 (1,645/4,134)

0.020

High-quality embryo rate
per oocyte retrieved, %

33.1 (1,198/3,617) 34.7 (1,433/4,134)

0.153

The red number highlights the p which was less than 0.05 signifing the statistic difference.
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TABLE 3 | Oocyte retrieval cycle characteristics of the patients in the OMA group
and peritoneal EMS group.

TABLE 4 | Oocyte retrieval cycle characteristics of the patients in the cystectomy
group and aspiration group.

Characteristics

Characteristics

OMA group

Peritoneal EMS
group

No. of patients

363

96

No. of oocyte retrieval cycles

363

96

6.79 ± 5.67

8.21 ± 5.50

0.028

No. of >14 mm follicles on the
trigger day

No. of oocytes retrieved, n

7.50 ± 6.07

9.30 ± 6.47

0.011

No. of oocytes retrieved, n

No. of MII oocytes retrieved, n

6.32 ± 5.25

7.36 ± 5.58

0.087

No. of MII oocytes retrieved, n

0.000

Method of insemination

No. of >14 mm follicles on the
trigger day

Method of insemination
IVF, %

82.3(2,028/2,465)

89.5(722/807)

ICSI, %

17.7(437/2,465)

10.5(85/807)

2.60 ± 2.71

2.66 ± 2.78

No. of D3 top-quality embryos,
n
No. of embryos cultured to
blastocyst stage
No. of viable blastocyst
Viable blastocyst rate, %
No. of viable embryos, n
Oocyte retrieval rate, %
Poor ovarian response, %
Mature oocyte rate, %

p

Cystectomy
group

Aspiration group

No. of patients

224

139

No. of oocyte retrieval cycles

224

139

6.13 ± 5.34

7.85 ± 6.02

0.005

6.77 ± 5.76

8.69 ± 6.38

0.003

5.70 ± 4.87

7.34 ± 5.68

0.004

IVF, %
ICSI, %
0.852

No. of D3 top-quality embryos, n
No. of embryos cultured to
blastocyst stage
No. of viable blastocyst
Viable blastocyst rate, %

1,029
177
17.2

305
45
14.8

0.314

2.93 ± 2.64

2.94 ± 2.72

0.983

Oocyte retrieval rate, %

No. of viable embryos, n
67.8 (2,724/4,016) 72.4 (893/1,234)

p

0.000
91.2 (1,265/1,387) 70.8 (763/1,078)
8.8 (122/1,387)

29.2 (315/1,078)

2.42 ± 2.60

2.88 ± 2.86

0.120

583
89
15.3

446
88
19.7

0.060

2.67 ± 2.44

3.36 ± 2.89

68.3 (1,516/2,220) 67.3 (1,208/1,796)

0.019
0.488

0.003

Poor ovarian response, %

21.2 (77/363)

11.5 (11/96)

0.031

Mature oocyte rate, %

84.1 (1,275/1,516) 84.4 (1,019/1,208)

0.858

84.2 (2,294/2,724)

79.2 (707/893)

0.001

Fertilization rate, %

86.2 (1,196/1,387) 84.0 (906/1,078)

0.129

23.2 (52/224)

18.0 (25/139)

0.236

Fertilization rate, %

85.3 (2,102/2,465)

75.6 (610/807)

0.000

Normal fertilization rate, %

81.5 (1,130/1,387) 79.4 (856/1,078)

0.199

Normal fertilization rate, %

80.6 (1,986/2,465)

70.1 (566/807)

0.000

Cleavage rate, %

97.1 (1,097/1,130)

97.2 (832/856)

0.877

Cleavage rate, %

97.1 (1,929/1,986)

96.8 (548/566)

0.700

39.4 (597/1,516)

38.7 (467/1,208)

0.702

Viable embryo rate per oocyte
retrieved, %

39.1 (1,064/2,724)

31.6 (282/893)

0.000

Viable embryo rate per oocyte
retrieved, %

33.2 (401/1,208)

0.164

28.6 (255/893)

0.001

High-quality embryo rate per
oocyte retrieved, %

35.8 (542/1,516)

34.6 (943/2,724)

High-quality embryo rate per
oocyte retrieved, %

The red number highlights the p which was less than 0.05 signifing the statistic difference.
The red number highlights the p which was less than 0.05 signifing the statistic difference.

had a higher percentage of oocytes that were inseminated by
ICSI (17.7 vs. 10.5%, p < 0.001). With a higher percentage of
POR and a lower oocyte retrieval rate, the number of follicles
with diameter >14 mm and number of oocytes retrieved were
significantly less in the OMA group compared with those of the
peritoneal EMS group (all p < 0.05; Table 3). However, mature
oocyte rate, fertilization rate, normal fertilization rate, viable
embryo rate per oocyte retrieved, and high-quality embryo rate
per oocyte retrieved were significantly higher in the OMA group
comparing with the peritoneal EMS group (all p < 0.01).
Table 4 shows the oocyte retrieval cycle characteristics of
patients in the cystectomy group and the aspiration group. The
aspiration group had higher proportion of oocytes inseminated
by ICSI comparing with the cystectomy group (29.2 vs. 8.8%,
p < 0.001). In the comparison between the two groups, the
patients who underwent cystectomy had significantly fewer
follicles with diameter of >14 mm, oocytes retrieved, MII oocytes
retrieved, and viable embryos compared with those with intact
endometrioma (all p < 0.05).

68.3%), and greater AFC (9.35 ± 7.61 vs. 7.65 ± 5.33) (all p
< 0.05). In the patients with a history of endometrioma, those
who underwent cystectomy had significantly higher (D3) serum
FSH level (7.83 ± 11.78 IU/L) compared with those with intact
endometrioma(s) (6.12 ± 2.62 IU/L) (p = 0.038).

Ovarian Response, Follicle Development,
and Oocyte Performance in Oocyte
Retrieval Cycles
Table 2 shows the oocyte retrieval cycle characteristics of patients
in the EMS group and the control group. The EMS group
had higher proportion (14.9%) of oocytes inseminated by ICSI
comparing with the control group (1.2%; 7.2%, respectively, both
p < 0.001). The number of follicles with diameter >14 mm,
number of oocytes retrieved, number of MII oocytes retrieved,
number of D3 high-quality embryos, and the number of viable
embryos were significantly fewer and viable blastocyst rate,
oocyte retrieval rate, and viable embryo rate per oocyte retrieved
were significantly lower in the EMS group compared with those
in the control group (all p < 0.05). The percentage of patients
with POR was 19.2% in the EMS group, in contrast with 7.2% in
the control group (p < 0.001).
Table 3 shows the oocyte retrieval cycle characteristics of
patients in the OMA group and the peritoneal EMS group.
Comparing with the peritoneal EMS group, the OMA group
Frontiers in Endocrinology | www.frontiersin.org

Outcomes in FET Cycles
Frozen–thawed embryo transfer outcomes are presented in
Table 5. The cumulative clinical pregnancy rate was 56.9%
(238/418) in the EMS group, in contrast with 75.3% (244/324)
in the control group (p < 0.001). In other two comparisons,
no significant difference was found in all characteristics of
FET outcomes.
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TABLE 5 | Outcomes of FET in the groups.
Characteristics

EMS
group

Control
group

p1

Ovarian EMS
group

Peritoneal EMS
group

p2

Cystectomy
group

Aspiration
group

No. of patients

329

316

262

67

157

105

No. of FET cycles

442

474

353

89

205

148

No. of embryos transferred

p3

806

888

643

163

372

271

10.16 ± 4.39

9.54 ± 4.20

0.164

10.39 ± 4.26

9.24 ± 4.82

0.123

10.68 ± 3.97

9.95 ± 4.65

0.276

Clinical pregnancy rate per
transfer, %

54.8
(242/442)

54.6
(259/474)

0.919

55.2
(195/353)

52.8
(47/89)

0.680

59.0
(121/205)

50.0
(74/148)

0.092

Implantation rate, %

38.1
(307/806)

36.6
(325/888)

0.526

38.3
(246/643)

37.4
(61/163)

0.845

40.3
(150/372)

35.4
(96/271)

0.207

Miscarriage rate, %

6.5
(20/307)

6.8
(22/325)

0.898

7.3
(18/246)

3.3
(2/61)

0.253

7.3
(11/150)

7.3
(7/96)

0.990

Ectopic pregnancy rate, %

0.9
(4/442)

2.1
(10/474)

0.138

1.1
(4/353)

0
(0/89)

0.588

1.5
(3/205)

0.7
(1/148)

0.642

Cumulative clinical pregnancy, %

56.9
(238/418)

75.3
(244/324)

0.000

57.4
(191/333)

55.3
(47/85)

0.732

57.6
(118/205)

57.0
(73/128)

0.967

Live birth rate per transfer, %
Term delivery, n
Preterm delivery, n

47.5
(210/442)
173
37

45.8
(217/474)
176
41

0.600

47.3
(167/353)
137
30

48.3
(43/89)
36
7

0.865

48.8
(100/205)
85
15

45.3
(67/148)
52
15

0.515

Birth weight (g), mean ± SD

3,009 ± 682

2,987 ± 607

0.682

2,993 ± 689

3,074 ± 654

0.444

3,018 ± 644

2,957 ± 755

0.526

Endometrial thickness, mean ±
SD

p1, EMS group vs. control group; p2, ovarian EMS group vs. peritoneal EMS group; p3, cystectomy group vs. aspiration group. The red number highlights the p which was less than
0.05 signifing the statistic difference.

Establishment of Predictive Model of
Cumulative Clinical Pregnancy

DISCUSSION
For over two decades, the detrimental effect of EMS on ART
pregnancy outcomes has been disputed in the literature. We
reviewed the published cohort–control studies (retrospective or
prospective) and randomized controlled trials since 2000. The
results of specific parameters in these studies were categorized
according to the characteristics that were found significantly
different in groups in this study (Table 7).
The outcome parameters evaluated were mostly clinical
pregnancy rate and live birth rate, whereas cumulative clinical
pregnancy rate was evaluated only in a few reports. No significant
difference was found in the outcome parameters in these reports;
however, some characteristics in oocyte retrieval cycle were found
significantly different between EMS and non-EMS, especially the
number of oocytes retrieved. With the same clinical pregnancy
rate per frozen embryos transfer, the more embryos that could
be transferred, the higher cumulative clinical pregnancy rate of
this oocyte retrieval cycle. The significant decrease in the number
of oocytes retrieved in EMS was not positive correlation with
the number of viable embryos (1, 13), which may be the reason
for no significant difference in cumulative clinical pregnancy
rate. After all, it cannot be considered that EMS increases oocyte
fertilization rate. In this study, with a large sample, cumulative
clinical pregnancy was found significantly decreased in the
patients with advanced EMS compared with the control. The
lower cumulative clinical pregnancy rate accompanied by normal
clinical pregnancy rate per transfer occurs only in fewer FET
cycles, which was further evidenced by a lower average FET
cycle per patient in the EMS group (1.34 in the EMS group,

To evaluate the relative predictive value of group allocation, age,
duration of infertility, BMI (D3) FSH, LH, E2 , AFC, number
of oocytes retrieved, POR, oocyte retrieval rate, mature oocyte
rate, and fertilization rate for cumulative clinical pregnancy,
which was defined as having a history of clinical pregnancy
by transferring embryos from this oocyte retrieval cycle,
binary logistic regression analysis was performed in respective
population of each comparison.
Antral follicle count was directly associated with cumulative
clinical pregnancy [odds ratio (OR) 1.054; 95% confidence
interval (CI), 1.011–1.100; p = 0.014] in the population
of the EMS and the control. E2 (D3) level was inversely
associated with cumulative clinical pregnancy in the OMA
population (OR, 0.984; 95% CI, 0.970–0.998; p = 0.028) and the
entire EMS population (OR, 0.988; 95% CI, 0.977–1.000; p =
0.047; Table 6).
The two key factors and their regression coefficients were
used to establish probability models for predicting cumulative
clinical pregnancy in respective populations. Figure 2A presents
the corresponding receiver operating characteristic (ROC) curve
for the AFC prediction model of cumulative clinical pregnancy
in the population of the EMS and the control, with an area
under the curve (AUC) of 0.60 (95% CI, 0.57–0.64; p < 0.001).
Figures 2B,C present the corresponding ROC curve for the E2
prediction model of cumulative clinical pregnancy in the entire
EMS population and the OMA population, respectively, both
with no significance.

Frontiers in Endocrinology | www.frontiersin.org

7

July 2020 | Volume 11 | Article 427

Li et al.

Advanced Endometriosis, IVF/ICSI-FET Outcomes

TABLE 6 | Logistic regression of cumulative clinical pregnancy.
Characteristics

EMS group vs. control group
OR

p

95% CI

OMA group vs. peritoneal EMS group

Cystectomy group vs. aspiration group

OR

OR

p

95% CI

p

95% CI

Group

1.224

0.301

0.835–1.794

1.355

0.360

0.707–2.598

1.400

0.274

0.766–2.559

Age, y

0.970

0.284

0.918–1.025

0.965

0.384

0.891–1.046

0.974

0.578

0.889–1.068

Duration of infertility, y

0.980

0.595

0.910–1.055

0.962

0.524

0.854–1.083

0.956

0.538

0.829–1.103

BMI (kg/m2 )

0.957

0.343

0.874–1.048

0.957

0.445

0.854–1.072

0.915

0.160

0.807–1.036

FSH (IU/L)

0.928

0.100

0.849–1.014

0.908

0.073

0.816–1.009

0.918

0.134

0.820–1.027

LH (IU/L)

1.062

0.338

0.940–1.199

1.119

0.221

0.935–1.340

1.142

0.190

0.936–1.393
0.970–0.998

E2 (pg/mL)

0.992

0.058

0.984–1.000

0.988

0.047

0.977–1.000

0.984

0.028

AFC

1.054

0.014

1.011–1.100

1.031

0.269

0.977–1.088

1.003

0.946

0.929–1.082

No. of oocytes retrieved, n

1.015

0.386

0.981–1.051

1.031

0.253

0.978–1.087

1.051

0.148

0.983–1.124

POR

1.390

0.462

0.578–3.344

1.790

0.277

0.627–5.113

1.761

0.329

0.566–5.483

Oocyte retrieval rate, %

1.531

0.208

0.789–2.973

1.329

0.566

0.503–3.513

0.627

0.424

0.200–1.966

Mature oocyte rate, %

0.565

0.327

0.180–1.772

0.480

0.357

0.101–2.289

0.493

0.439

0.082–2.958

Fertilization rate, %

0.788

0.674

0.259–2.392

0.869

0.852

0.200–3.774

0.421

0.317

0.077–2.294

OR, odds ratio; BMI, body mass index; FSH, follicle stimulating hormone; LH, luteinizing hormone; E2 ,estrogen; AFC, antral follicle count; hMG, human menopausal gonadotropin; MPA,
medroxyprogesterone acetate. The red number highlights the p which was less than 0.05 signifing the statistic difference.

FIGURE 2 | (A) Receiver operating characteristic curve of the AFC prediction model of cumulative clinical pregnancy in the population of the EMS and the control. (B)
Receiver operating characteristic curve of the E2 prediction model of cumulative clinical pregnancy in the population of EMS. (C) Receiver operating characteristic
curve of the E2 prediction model of cumulative clinical pregnancy in the population of OMA.

1.5 in the control group). We hypothesize that fewer oocytes
retrieved, followed by less frozen embryos, could be the main
cause for the less FET cycles in the EMS group compared with
the control group.
The number of oocytes retrieved depends on ovarian response
to stimulation. In the Bologna criteria (21), retrieved oocytes
of three or fewer are a direct indicator of POR, which was not
a parameter in oocyte retrieval cycle in most previous studies.
Another minimal criterion diagnosing POR is an abnormal
ovarian reserve test, which can be represented by the reduced
AFC. In this study, AFC was found to be an independent
factor associated with cumulative clinical pregnancy in an oocyte
retrieval cycle, and the AFC prediction model was with an AUC
of 0.6. Follicle-stimulating hormone is also a factor to assess
ovarian reserve (37), whose level corresponds with the decline

Frontiers in Endocrinology | www.frontiersin.org

in oocyte quantity (38). In this study, the positive correlation
between baseline FSH level and POR was found in the three
comparisons. Similar to the results of this study, Coelho Neto
et al. (39) found a higher proportion of POR in patients with
EMS, but the chance of achieving live birth was similar between
women with EMS and those without it (19.1 vs. 22.5%) and also
when considering only women with a POR (9.4 vs. 8.9%) and
only those with a normal ovarian reserve (25.5 vs. 26.5%). Poor
ovarian response is often associated with diminished ovarian
reserve (DOR) (40), which resulted in low conception rates and
high rates of fetal loss in earlier studies (41). Diminished ovarian
reserve is diagnosed as the reduced capacity of the ovaries to
produce oocytes in both quantity and quality (42). The patients
with advanced EMS had significantly lower viable embryo rate
per oocyte retrieved and viable blastocyst rate, which indicated
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TABLE 7 | Outcomes of IVF/ICSI-FET in studies about EMS.
Study

Endometriosis

TABLE 7 | Continued

No endometriosis

p

Study

Primary infertility, n (%)

Endometriosis

No endometriosis

p

Clinical pregnancy rate per transfer (%)

Bourdon et al. (5)

161 (80.0)

283 (70.4)

<0.001

35

41.3

NS

Benaglia et al. (24)

34 (87.0)

62 (80.0)

NS

Fernandez et al. (32)

Bourdon et al. (5)

34.6

39.4

NS

Nicolaus et al. (25)

41 (87.2)

128 (81.0)

NS

Mitwally et al. (35)

41.6

51.0

NS

Ashrafi et al. (26)

116 (80.0)

128 (97.7)

<0.001

Rajani et al. (33)

32.1

43.75

NS

39

37

NS

Turocy et al. (36)

50.6

47.8

NS

35.8

34.55

NS

Benaglia et al. (24)

Duration of infertility, y (mean ± SD)
Benaglia et al. (27)

3.4 ±.0

4.0 ± 2.4

0.002

Nicolaus et al. (25)

3.67 ± 2.65

2.91 ± 2.04

NS

Feichtinger et al. (7)

6.3 ± 3.6

5.8±2.5

NS

Live birth per transfer (%)
Bourdon et al. (5)

39 (25.8)

99 (30.5)

NS

Bourdon et al. (5)

13.1 ± 7.4

15.5 ± 10.1

0.003

Omland et al. (31)

140 (66.0)

360 (66.7)

NS

Reinblatt et al. (28)

14.8 ± 4.5

21.5 ± 3.3

NS

Benaglia et al. (24)

29

33

NS

Benaglia et al. (24)

11 ± 1

12 ± 8

NS

Chauffour et al. (6)

30.3

28.8

NS

12.54 ± 5.26

13.39 ± 5.86

NS

Turocy et al. (36)

32 (44.4%)

533 (41.1%)

NS

Cumulative clinical pregnancy rate per oocyte retrieval (%)

Ashrafi et al. (26)
AFC (mean ± SD)

Luca et al. (29)
Nicolaus et al. (25)
Ashrafi et al. (26)

11.80 ± 5.1

10.90 ± 5.6

NS

8.2 ± 3.9

12.0 ± 4.8

<0.001

No. of oocytes retrieved (mean ± SD)

35

NS

6.9 ± 0.7

7.1 ± 0.5

NS

Feichtinger et al. (7)

42.61

40.41

NS

9.4 ± 4.9

10.0 ± 5.6

NS

NS, no significance.

10.5

12.8

NS

Reinblatt et al. (28)

11.2 ± 1.6

12.3 ± 1.05

NS

Rajani et al. (33)

5.54 ± 2.8

5.27 ± 3.4

NS

Benaglia et al. (24)

7.1 ± 3.2

9.8 ± 5.5

NS

Benaglia et al. (27)

7.0 ± 4.0

7.9 ± 4.3

0.04

Chauffour et al. (6)

8.37 ± 7.01

10.13 ± 6.53

<0.001

Luca et al. (29)

10.50 ± 4.74

9.02 ± 4.53

NS

Yamamoto et al. (34)

11.87 ± 6.29

12.71 ± 7.33

NS

Feichtinger et al. (7)

8.47

9.54

0.0146

Nicolaus et al. (25)

5.89

7.25

0.045

62 (30.8)

90 (22.3)

0.02

6.4 ± 4.8

7.6 ± 5.0

0.009

7.1

9.4

NS

Reinblatt et al. (28)

9.5 ± 1.7

13.2 ± 0.96

NS

Benaglia et al. (24)

5.1 ± 2.5

6.9 ± 4.2

NS

8.79 ± 4.65

8.23 ± 4.06

NS

4.87

6.04

0.046

Nicolaus et al. (25)

40.61

57.76

0.003

Reinblatt et al. (28)

66

73

NS

Rajani et al. (33)

81.4

81.4

NS

Omland et al. (31)

68.7

68.7

NS

Bourdon et al. (5)

70

70

NS
NS

the lack of competence in oocytes. Combined with the deficiency
in quantity and quality of oocytes found in this study, DOR may
be one of the critical factors of negative effect of advanced EMS
on poor IVF/ICSI-FET outcomes.
In the previous studies, the difference in IVF-ET outcomes
between the patients with a history of OMA and the patients
without EMS was found, whereas there were few data about
peritoneal EMS. To our knowledge, at present, there is no
study with large sample about the difference of IVF/ICSI-FET
outcomes between OMA and peritoneal EMS. Outside ovaries,
is there any negative effect of EMS on IVF/ICSI-FET outcomes?
Because OMA and DIE are highly coexisting (43), it is hard to
include the cases of OMA without peritoneal ectopic lesions in
the clinic. In the same scoring system of the rAFS classification,
OMAs account for most of the scores in OMA patients, and
patients with peritoneal EMS have more ectopic lesions, which
suggest greater effect of factors outside the ovaries. The OMA
group had poorer ovarian response than the peritoneal EMS
group; however, oocyte competence to maturation in the OMA
group appeared to be higher than that of the peritoneal EMS
group in this study according to the significant difference in
mature oocyte rate. The method of insemination should be
considered as a factor that may affect fertilization; therefore,
the oocyte competence to fertilization in the peritoneal EMS
group could not be determined, although with lower fertilization
rate, normal fertilization rate, viable embryo rate, and highquality embryo rate per oocyte retrieved comparing with the
OMA group. Ashrafi et al. (26) found the existence of DIE
was associated with a significant decrease in AFC and ovarian
sensitivity index, which was computed as the total number of
retrieved oocytes divided by the total dose of recombinant FSH

POR, n (%)
No. of MII oocytes retrieved (mean ± SD)

Luca et al. (29)
Nicolaus et al. (25)

NS

NS

33

Al-Azemi et al. (30)

Bourdon et al. (5)

34.9

Benaglia et al. (24)

Omland et al. (31)

Fernandez et al. (32)

51.5

33

<0.001

7.5 ± 5.4

Bourdon et al. (5)

45

9.4 ± 6.1

Bourdon et al. (5)

Fernandez et al. (32)

Bourdon et al. (5)
Fernandez et al. (32)

Fertilization rate (%)

No. of viable embryos (mean ± SD)
Bourdon et al. (5)

4.4 ± 3.4

4.9 ± 3.7

Benaglia et al. (24)

2.6 ± 1.4

3.1 ± 1.5

NS

Chauffour et al. (6)

4.81 ± 4.72

5.01 ± 4.39

NS

Feichtinger et al. (7)

4.35

4.32

NS
(Continued)
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of POR, the number of dominant follicles, number of oocytes
retrieved, number of mature oocytes retrieved, and number of
viable embryos in the cystectomy group were significantly fewer
than those of the aspiration group, similar to the results of
Tao et al. (56). The number of viable embryos determines the
chances of transfer, and its reduction means lower probability of
pregnancy. However, the patients who had undergone surgery
had no better pregnancy outcomes in IVF/ICSI than those of
patients with the presence of OMA. No significant benefits of
surgical treatment prior to IVF/ICSI were found in this study.
In conclusion, advanced EMS has negative effect on IVF/ICSIFET outcomes, which is reflected on the cumulative clinical
pregnancy per oocyte retrieval cycle, and AFC is an independent
predictor. The negative effect is mainly caused by POR associated
with OMA per se or its surgery and the damage of peritoneal
EMS to oocyte maturation. The surgical excision of OMA prior
to IVF/ICSI would not improve FET outcomes.

administered, whether with OMA or not. How does DIE affect
ovarian reserve and ovarian stimulation outcomes? The changed
intraperitoneal and follicular microenvironment of patients with
EMS has been widely reported. The excessive reactive oxygen
species generation was observed in both peritoneal fluid and
follicular fluid of EMS (44, 45), which could impair meiotic
spindles, resulting in the inability of oocytes to complete
maturation (46, 47) and increase in DNA damage in granulosa
cells (48). In the follicular fluid in patients with EMS, the
concentration of inflammatory cytokines, including interleukin
1b (IL-1b), IL-8, and IL-10 and tumor necrosis factor, shows
distinctive patterns and increased levels, which may be linked to
reduced ovarian response (49). Although chronic inflammation
is commonly thought to be a feature of EMS (50), OMA
seldom induces inflammation in nearby follicles during IVF (49).
We hypothesize that, combined with the results of this study,
endometriomas do not directly influence folliculogenesis and
oocyte competence. Santulli et al. (10) also demonstrated that
OMA per se is not associated with presentation for infertility,
and peritoneal superficial EMS is a risk factor for EMSrelated infertility. In addition, those cytokines associated with
folliculogenesis and oocyte maturation were found to be less
expressed in follicular fluid of EMS, such as retinoids (51), brainderived neurotrophic factor (52), and growth differentiation
factor 9 (53). However, the mechanisms behind these changes in
follicular fluid of EMS, resulting in disturbed folliculogenesis and
poor-quality oocytes, are not clear yet.
Both OMA per se and its surgical removal may directly impair
ovarian reserve. The endometriotic tissue in OMA may secrete
a number of products, including cytokines, chemokines, and
growth factors, which may activate specific signaling pathways in
the follicular cells, leading to premature follicular development
and accelerated atresia (9, 54). Some reports suggested that
surgical treatment to OMA may improve spontaneous pregnancy
rates by restoring the peritoneal anatomy (14, 55), and its
detrimental effects on ovarian reserve appears to temporary
(13). For patients going into assisted reproductive treatment, the
explicit benefits from surgery to pregnancy outcomes in IVF/ICSI
are important. Surgical excision may have a greater impact on
ovarian response according to the results of this study. Although
there was no significant difference in AFC and the proportion
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