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Background: The aim of this study was to investigate the effect of natural cycle (NC) endometrial preparation for frozen-
thawed embryo transfer (FET) in women with advanced endometriosis.

Material/Methods: This retrospective study included 179 patients with stage IlI-IV endometriosis who underwent 233 FET cycles
at a tertiary care academic reproductive medical center between March 2011 and August 2013 (group A). The
control group included 258 patients with tubal factor infertility who underwent 300 FET cycles (group B). Both
groups were prepared for FET using a NC protocol. Rates of implantation, clinical pregnancy, live birth, ongo-
ing pregnancy, miscarriage, and pregnancy complication were recorded.

Results: The implantation rate (A: 36.0%, B: 30.4%, P=0.06), the pregnancy rate (A: 50.2%, B: 45.3%, P=0.263), and the
live birth rate (A: 39.91%, B: 39.0%, P=0.428) were similar between the stage IlI-IV endometriosis and tubal
factor infertility groups. No differences were observed in ongoing rates of pregnancy, miscarriage, and pregnan-
cy complications, independent of endometriosis severity. No congenital birth defects were found. When high-
quality embryos are transferred, pregnancy results were not affected by active endometriosis. Although severe
endometriosis did not affect birth rate, higher frequencies of premature delivery (mean gestational age A: 37
weeks, B: 38.3 weeks, P=0.044) and low birth weight were observed (<2500 g A: 26.4%, B: 16.6%, P=0.047).

Conclusions: There was no difference in pregnancy outcomes between patients with endometriosis and those with tub-
al infertility. Pregnancy outcomes in patients with endometriosis were not affected by endometriosis severity.
Pregnancy outcomes were not affected by active endometrial cyst.
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Background

The rate of endometriosis is estimated to be approximate-
ly 10-15% in women of reproductive age and 25-50% in in-
fertile women [1]. Several mechanisms for the association of
endometriosis with infertility have been proposed, including
altered pelvic anatomy, impaired ovarian function, distorted
microenvironment, altered endometrial receptivity, and re-
duced oocyte/embryo quality [2].

Improvements in controlled ovarian hyperstimulation (COH)
using gonadotropin-releasing hormone agonist (GnRH-a)
may suppress some of the negative effects of endometriosis
on pregnancy [3]. However, there is no consensus concerning
the impact of endometriosis on the outcomes of in vitro fertil-
ization (IVF)/intra-cytoplasmic sperm injection (ICSI). Patients
with stage Ill/IV endometriosis have lower IVF/ICSI implanta-
tion rates, cumulative pregnancy rates, and lower live-birth
rates compared with women with mild endometriosis or tubal
factor infertility [4]. However, several studies have shown that
patients with endometriosis who underwent IVF/ICSI achieved
outcomes similar to those of patients with tubal infertility [3].

During IVF fresh embryo transfer cycles, the endometrium and
embryo are exposed to supra-physiological concentrations
of estradiol and progesterone for ovarian stimulation, which
could affect endometrium receptivity and pregnancy outcomes
of patients with endometriosis [5,6]. Frozen-thawed embryo
transfer (FET) not only achieves higher pregnancy rates but,
most importantly, also generates lower maternal and infant
morbidity and mortality than fresh embryo transfer does [7].
Few studies have been conducted on endometrial preparation
protocols following FET cycles in patients with advanced endo-
metriosis. No compelling advantage for one protocol over an-
other has been established, and the optimal protocol for FET
with endometriosis is still under debate [4,8-10]. At present,
endometrial preparation protocols following FET cycles in pa-
tients with endometriosis mainly include pituitary down-reg-
ulation with long-term GnRH-a administration [11]. GnRH-a
downregulation for endometrial preparation can completely
and effectively suppress the pituitary gland and improve the
embryo quality and endometrium receptivity in women with
endometriosis [12,13]. However, data regarding the effective-
ness of this protocol on endometrial receptivity are controver-
sial. Indeed, Simon et al. [6] investigated whether low levels of
exogenous estrogen can hold the window of receptivity for an
extended period of time since high doses of estrogen can rap-
idly induce a refractory state. In addition, some patients may
have adverse reactions to large doses of exogenous estrogen.

There are few studies about natural cycle (NC) endome-
trial preparation protocols following FET cycles in patients
with advanced endometriosis. NC-FET does not require the
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administration of exogenous hormones and, thus, maintains
natural physiological conditions, which minimally affects the
endometrium and is easily accepted by patients [14]. However,
the pregnancy outcomes following NC-FET and the transfer of
high-quality embryos are still unknown for patients with se-
vere endometriosis, as well as the rates of pregnancy compli-
cations and birth defects.

Therefore, the aim of the present study was to analyze the in-
fluence of FET cycles on pregnancy outcomes in patients with
advanced endometriosis undergoing NC endometrial prepa-
ration, and to investigate whether severe endometriosis in-
fluences pregnancy outcomes and whether FET without pitu-
itary down-regulation with GnRH-a has benefits in patients
with severe endometriosis.

Material and Methods

Patients

This was a retrospective study of the use of NC for endometrial
preparation following FET cycles in patients with endometriosis
at a tertiary reproductive medical center. Patients with endo-
metriosis were diagnosed by laparoscopy or laparotomy, and
all were treated surgically. Endometriosis was staged accord-
ing to the revised American Society for Reproductive Medicine
(ASRM) classification [15]. All patients enrolled in the present
study met the following inclusion criteria: 1) normal uterine
cavity as assessed by ultrasonography, hysterosalpingography,
or hysteroscopy; 2) high-quality frozen embryos were trans-
planted; and 3) the number of ovulation periods antral follicle
ranged from 5 to 15. The exclusion criteria were: 1) presence
of hydrosalpinges; 2) presence of adenomyosis or endometri-
oma at the start of the fertility treatment; and 3) polycystic
ovary syndrome (PCOS).

The study included 179 patients with stage IlI-IV endometri-
osis who underwent 233 FET cycles between March 2011 and
August 2013. The control group included 258 patients with
tubal factor infertility who underwent 300 FET cycles.

This study was approved by the Ethics Committee of the hospi-
tal and conformed to the Declaration of Helsinki (as revised in
Tokyo in 2004). The need for individual consent was waived by
the committee because of the retrospective nature of the study.

Cryopreservation and thawing

After ovarian stimulation and oocyte retrieval, embryos were
produced by IVF or ICSI. Embryos were examined for the num-
ber and regularity of blastomeres and the degree of embry-
onic fragmentation, and were graded according to Cummins’s
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criteria [16]. All top-quality embryos (including grades | and |I
8-cell blastomere embryos) were vitrified on the third day af-
ter oocyte retrieval. The procedure for freezing and thawing
cleavage-stage embryos and blastocysts has been described
previously [17]. The ovarian stimulation regimen included a
short GnRH-a protocol and luteal-phase ovarian stimulation,
as described previously [9]. This is in contrast to the current-
ly popular antagonist approach. Frozen embryos with at least
50% of the blastomeres being intact were selected for intra-
uterine transfer.

FET protocol

For all patients, a modified NC was used for endometrium
preparation. A modified NC involves administration of HCG to
trigger ovulation. The method for embryo and endometrium
synchronization for FET was as follows. Follicular growth was
monitored by measuring the levels of serum hormones and
performing ultrasound from cycle day 10. When the diame-
ter of the dominant follicle was >16 mm and the endometri-
al thickness was >8 mm, with estrogen >150 pg/mL and pro-
gesterone <1.0 ng/mL, one of two procedures was performed,
depending upon the patient’s luteinizing hormone (LH) value.
If LH was <20 IU/L, 5000 IU of HCG was administered at night
(21:00) to trigger ovulation, and the transfer of 3-day-old em-
bryos was performed 5 days later. The quality of the trans-
ferred embryos was monitored and was good (grade | and I
8-cell blastomere embryos), as this is vital for a successful out-
come. If the LH value was >20 IU/L, 5000 IU HCG was injected
the same afternoon, and the embryo transfer was conducted
4 days later. Beginning on the third day after HCG injection,
40 mg of dydrogesterone (Duphaston™, Abbott Laboratories,
Abbott Park, IL, USA) was given every day for luteal support.
Embryo transfer was performed with ultrasound monitoring.
When pregnancy was achieved, the progesterone supplement
was continued until 8 weeks of gestation [9].

Collection of data

Patients’ characteristics including age, duration of infertility,
body mass index, number of embryos transferred, average en-
dometrial thickness of endometrium (mm), basal FSH, serum
estrogen and progesterone on the transplantation day, num-
ber of previous failed embryo transfer cycles, and rates of bas-
al FSH >10 mlU/mL were recorded.

The main outcomes were the rates of implantation, clinical
pregnancy, and live birth. Secondary outcomes were the rates
of ongoing pregnancy, miscarriage, and pregnancy complica-
tion. Pregnancy was defined as the presence of a gestational
sac with fetal heart activity during the ultrasound examina-
tion 7 weeks after FET. Implantation rate was defined as the
number of gestational sacs divided by the number of embryos
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transferred. A miscarriage was defined as the loss of pregnan-
cy before 12 weeks of gestation. An ongoing pregnancy was
defined as an intact intrauterine pregnancy confirmed by ul-
trasound at 12 weeks of gestation.

Endometrial cyst recurrence referred to recurrence of an en-
dometrial cyst on the ovary confirmed through vaginal ultra-
sound after the laparoscopy or laparotomy. The recurrent cyst
was =2 cm.

Statistical analysis

Statistical analyses were carried out using SPSS 11.0 (SPSS
Inc., Chicago, IL, USA). Continuous data with normal distribu-
tion are presented as means + standard deviation (SD) and
were analyzed using ANOVA followed by the Student’s post
hoc test. Categorical data are presented as frequencies and
were analyzed using the chi-square test or the Fisher’s exact
test, as appropriate. Two-sided P-values <0.05 were consid-
ered statistically significant.

Results

Characteristics of the patients

Table 1 presents the clinical characteristics of all patients. No
significant differences were found in age, duration of infertil-
ity, body mass index, number of embryos transferred, average
endometrial thickness of ET (mm), basal FSH, rate of FSH >10
mlU/mL, serum estrogen or progesterone levels on the trans-
plantation day, or number of previous failed embryo transfer
cycles between the two groups (all P>0.05). Patients with tubal
factor infertility group were more likely to have secondary in-
fertility compared to patients with stage IlI-IV endometriosis
(P<0.001). In patients with stage IlI-IV endometriosis, 40 re-
ceived 47 FET cycles and had endometrial cyst recurrence af-
ter laparoscopic or laparotomy treatment. Data on oocyte re-
trieval cycles are presented in Table 2.

Treatment outcomes

Treatment outcomes are presented in Table 3. Rates of im-
plantation, clinical pregnancy, and live birth were compara-
ble between the two groups. No differences were found be-
tween the two groups in terms of rates of ongoing pregnancy,
miscarriage, ectopic pregnancy, or complications. No congen-
ital birth defects were found in the two groups. Patients with
stage lll-IV endometriosis had smaller babies than patients
with tubal factor infertility (median, 2850 vs. 3100 g, P=0.001)
and delivered earlier (median, 37.0 vs. 38.3 weeks, P<0.001).
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Table 1. Characteristics of the patients.

Parameters Stage IlI-1V endometriosis Tubal factor infertility

Body mass index (kg/m?) 20.58 (15.59, 30.08) 20.56 (15.63, 30.82) 0.385
Duration of infertiity (years; [median) 5 019 3 020 0315
ifertitytype o
”””” Pimay 17 (309 112 @733
”””” seonday 8 @69y 188 (62670
Basalserum FoH level (miU/ml) 625  (32,224) 64  (14226) | 0857
CEHSIO (UMD sos 895
CRH<I0mUm) G w3 e84
 Number of embryos transferred : w 2 L) o025
”””” oneG 33 (4w 3  aren
”””” wo® 200  (essy 247 (8233
 Number of previous failed embryo transfer cycles 2w 2 s 0433
”””” sw 214 (us) 289 (933
”””” 319 @y ou @&
Endometrial thickness (mm) 13 (58214 111 (56222 0689
Serum estrogen levels on transfer day (pg/ml) 91  (15309) 985  (18,349) | 0659
 Serum progesterone levels on transfer day (ng/ml) 13 @53 141 (035 0052

Table 2. Characteristics of the oocyte retrieval cycles.

Characteristics Stage IlI-1V endometriosis Tubal infertility
(n=294) (n=305)

HMG dose, IU 1884+429 20194396 <0.001

| hMG duration, days sss16 o1:17 o012
No.of >10 mm folicles on the triggerday  109t68 - 11664 019
No.of >14 mm follicles on the trigger day 7963 gst61 0253
Oocpteretrievalrate, % 67.3% (2574/3845)  702% (3041/4334) 0002
Matwreoocyterate,%  871% (241/2574)  872% (2653/3041) 0873
fertiizationrate, % 810% (1814/2241)  808% (21432653 0884
Cleavagerate,%  971% (7421814  963% (20632143 0132
 Vigble embryo rate per oocyte retrieved, % 365%  (940/2574)  347% (1054/3041) 0197
* High quality embryo rate per oocyte retrieved, % 36.1%  (929/2574)  344% (1047/3041) 0154
Cancellation rate, % 133%  (39/294)  112%  (34/305) 0455
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Table 3. Treatment outcomes.

Stage IlI-1V endometriosis

Tubal factor infertility

233 cycles 300 cycles
Clinical pregnancy rate (%) 50.2 (117/233) 45.3 (136/300) 0.263
implantation rate 6) 360 (156433 04 (66547 006
OngoingPRC® . ne  ©233) - 400 (120300 0704
Miscarriagerate ) 62 (o) 103 (4136 0162
Ectopic pregnancy %) 09 @un 15 (13 0652
latemiscarioge s s
Gestational age week) 37 (071,4) 83 (G034) 004
s<agecyr) s o9y 97 @y 0742
 Complications during pregnancy %) 103 ) 125 (7136 0577
lvebominfants() 9 ws
lvebithrate %)) 991 03233 39 (1773000 0428
Multiple births %) w4 @) N3 (o3 0264
CBithweight) 2850 (140,410 3100 (1320,4450 0001
Bithweight 25008 (%) %64 (34129) 166 (4145 0047
CBithheightrm) 50 (40,5) 50 (40,53 0055
CBithdefets®) o o129 o (o145 1 A
Table 4. Multivariate analysis for independent factors involved in the clinical pregnancy rate.
P OR 95% ClI
Age <0.001 0.898 0.851 0.948

 Bodymassindex o047 o09%7 08 1049
© Duration of infertitty 0355 1035 o092 1113
© Numberof embryos transferred 0030 - 1892 1062 3369
© Number of previous failed embryo transfer cycles €001 0248 0187 0328
© Primary or secondary infertility 0471 - 1174 o759 1819
© Diseasegrowps 020 1265 086 1935

Multivariate analysis for the clinical pregnancy rate

Multivariate analysis revealed that age (OR=0.898, 95%Cl:
0.851-0.948, P<0.001), average number of embryos transfer
cycles (OR=0.248, 95%Cl: 0.187-0.328, P<0.001), and num-
ber of embryos transferred (OR=1.892, 95%Cl: 1.062-3.369,
P=0.030) were independently associated with the pregnan-
cy rate (Table 4).

Outcomes in patients with endometrial cyst recurrence

In addition, the 42 patients with cyst recurrence had 47 FET
cycles, leading to a cyst recurrence rate of 23.3%. As shown in
Table 5, there were no significant differences in clinical preg-
nancy (42.55% vs. 45.33%) and live birth rates (36.20% vs.
39.00%) between stage IlI-IV endometriosis patients with re-
currence of ovarian cyst after laparoscopic treatment and pa-
tients with tubal factor infertility. Rates of miscarriage, ecto-
pic pregnancy, and implantation were comparable between
the two groups (all P>0.05).
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Table 5. Treatment outcomes of patients with stage Ill-1V endometriosis with recurrence of endometrial cyst compared with patients
with tubal infertility.

Tubal factor infertility Stage IlI-1V endometriosis with

300 FET cycles

recurrence of endometrial cyst
47 FET cycles

Clinical pregnancy rate (%) 45.33 (136/300) 42.55 (20/47) 0.722
"""" Implantation rate (%) 3035  (166/547) 3333 (9/87) 0575
"""" OngoingPR(%) 400 (120/300) 3830  (18/47) 0892
"""" Miscarriage rate (%) 1029  (14/13) 1000 (220 0968
"""" Ectopic pregnancy %) 147 (/13 08 (020 0218
"""" late miscarriage 3 1 oso1
"""" Lve born infants() 1S 23 099
"""" Lvebith %) 39 (1730 3617 (747 o711
"""" Multiple births (%) 2132 (913 35 (7720 0089

Discussion

While it has been established that many factors are likely to
influence the outcome of IVF, such as the adverse roles of nic-
otine [18] and the methods of preservation of frozen embry-
0s [19], the effects of endometriosis on the results of IVF are
currently controversial. Therefore, the aim of the present study
was to retrospectively assess the efficacy of NC endometri-
al preparation for FET in women with severe endometriosis.
Results showed that the rates of implantation, pregnancy, and
live birth were similar between the two groups. In addition, no
differences were observed in the rates of ongoing pregnancy,
miscarriage, or pregnancy complications. No congenital birth
defects were found. Although severe endometriosis did not af-
fect birth rate, higher frequencies of premature delivery and
low birth weight were observed. This effect of severe endo-
metriosis on delivery age and birth weight is supported by a
previous study [20], but other studies showed no difference in
delivery age or birth weight [21,22]. Because this result could
have been affected by the small sample size, additional stud-
ies are necessary to address this point.

Some studies reported that infertility of patients with endome-
triosis was mainly attributed to a reduced ovarian reserve and
ovarian response, lower anti-Miillerian hormone levels, higher
FSH levels, and abnormal expression of some proteins [10]. In
addition, patients with endometriosis showed increased IL-6
secretion, inducing changes in endocrine, paracrine, and auto-
crine pathways of patients with endometriosis, which proba-
bly play a role in the lower implantation rate [23]. The changes
observed in women with endometriosis may result in oocytes
of low quality and lower ability to implant [24,25]. The folli-
cles also have different steroidogenesis effectiveness between

women without and with endometriosis [26]. Serum from pa-
tients with endometriosis is embryotoxic for mouse embryos,
but this effect can be reversed by glucocorticoid treatment [27].
Furthermore, altered endometrial receptivity in patients with
endometriosis may also contribute to endometriosis-associ-
ated infertility. A recent meta-analysis revealed that women
with endometriosis have a reduced pregnancy rate compared
with women with tubal factor infertility [28]. In addition, fer-
tilization and implantation rates have been shown to be dif-
ferent between women with endometriosis-associated infer-
tility and women with tubal factor infertility. Furthermore, a
previous study reported that patients with stage Il or IV en-
dometriosis have poorer outcomes after assisted reproduc-
tive procedures than women with stage | or Il endometrio-
sis, indicating that the severity of endometriosis affects the
outcome of assisted reproduction [29]. In contrast, Opoien et
al. [3] reported that IVF/ICSI carried out in patients with se-
vere endometriosis but without endometrioma achieved out-
comes comparable to those with tubal factor infertility. In the
present study, patients with endometrioma were not includ-
ed. Bergendal et al. [30] also found that patients with endo-
metriosis had a reduced response to ovarian stimulation, a
lower number of oocytes, and a reduced fertilization rate, but
not a reduced pregnancy rate compared with patients with
tubal factor infertility.

In the patients with severe endometriosis, there were 294 oo-
cyte retrieval cycles in 271 patients, and 929 top-quality em-
bryos (D3 frozen), and 940 valid embryos (including top-quali-
ty embryos and frozen blastocysts) were collected. There were
233 transfer cycles in 179 patients with severe endometriosis.
There were 305 oocyte retrieval cycles among 276 patients with
tubal factor infertility, and 1047 top-quality embryos (D3 fro-
zen), and 1054 valid embryos (including top-quality embryos
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and frozen blastocysts) were collected. There were 300 trans-
fer cycles in 258 patients with tubal factor infertility. In this
study, there were no significant differences in the maturation
rate of oocytes, fertilized oocytes, oocyte cleavage rate, top-
quality embryos, valid embryos, and cycle cancellation rate.

To the best of our knowledge, few studies have evaluated the
pregnancy outcomes after NC-FET in patients with endometri-
osis. Previous studies have mostly focused on the relationship
between fresh embryo transfer and endometriosis and preg-
nancy outcomes. A previous study reported good outcomes
with NC-FET, but it was designed to assess the effect of uter-
ine peristalsis, and no comparisons were made with other ap-
proaches [31]. Therefore, the main question of the present study
was to determine whether it is feasible to perform FET without
pituitary downregulation with a prolonged GnRH-a in patients
with endometriosis. Results showed no differences in clinical
pregnancy rate between patients with stage IlI-IV endometri-
osis and patients with tubal factor infertility. In addition, the
rates of implantation and ongoing pregnancy were compara-
ble, but it was lower in patients with endometriosis accord-
ing to a study by van der Houwen [32]. In this previous study,
long-term pituitary downregulation achieved improved ongo-
ing pregnancy rates in IVF-fresh ET, including cryopreserved
embryo transfers, compared with NC-FET. In the FET protocols
used in our center, only the highest-quality embryos are frozen
and transferred, which may have positively affected the out-
comes of the study. The present study showed that there was
no difference in the miscarriage rate, which is different from
a previous meta-analysis [28]. In the present study, a woman
with stage llI-IV endometriosis underwent labor induction due
to general dropsy of the fetus at week 15. In a twin-pregnant
woman, one fetus was found with a single umbilical artery,
thickening of the neck stratum lucidum, and early embryonic
death. Once again, the embryo quality may play a role in this
difference. However, the lack of a significant difference could
be caused by labor induction due to abnormal results during
antenatal examinations, which should be further investigat-
ed using larger sample sizes. Results showed that there was
no birth defect in the two groups, although fetal abnormali-
ties and abortions were observed during the second trimester.
Lack of birth defect could be the result of high-quality embryo
transfer, proactive abortion of abnormal fetus through thor-
ough antenatal examinations, or simply because of the limit-
ed number of cases in this study. Although severe endometri-
osis did not affect birth rate, higher frequencies of premature
delivery and low birth weight were found, which is supported
by previous studies [4,32].

To further investigate the differential effects of FET outcomes
by stages of endometriosis, the present study looked at women
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with severe (stage Ill or IV) endometriosis and recurrence of
ovarian cysts after surgery. Results showed no significant as-
sociations between severe endometriosis with recurrence of
ovarian cysts and patients with tubal factor infertility after NC-
FET. The recurrence of an ovarian cyst represents active endo-
metrial lesions, but the rates of clinical pregnancy and implan-
tation were not significantly affected.

There are several strengths to the present study. First, high-
quality embryos were used, which excluded the effect of em-
bryo quality on the implantation rate and pregnancy outcomes
in women with severe endometriosis. Since patients with en-
dometriosis often have low-quality oocytes [24], particular
care must be taken when selecting the embryos. Second, the
effects of down-regulated GnRH-a and high doses of estrogen
and progesterone on endometrial receptivity were further ex-
cluded. The NC used in the present study was similar to the
psychological status, and the effects on endometriosis were
slighter. Third, recurrence of endometrial cyst suggests active
endometriosis, but the implantation rate was not affected,
which means that the endometrial receptivity and the poten-
tial of high-quality embryos were not affected. These findings
strongly suggest that the effects of endometriosis on fertili-
ty could be caused by the environment in the pelvic and ab-
dominal cavities on the quality of the oocytes, which further
affected the quality of the embryos, and finally affected the
implantation rate and pregnancy outcomes.

Nevertheless, the present study is not without limitations. This
was a retrospective study with all the associated biases. A well-
designed, prospective, randomized study in severe patients
with endometriosis undergoing FET with and without long-
term pituitary downregulation should be performed. Another
probable bias was that, in the endometriosis group, laparos-
copy was not always performed in our hospital, and the sever-
ity of the disease had to be determined based on the reports
from other hospitals, probably introducing an observer bias.

Conclusions

There was no difference in pregnancy outcomes between pa-
tients with endometriosis and those with tubal infertility.
Pregnancy outcomes in patients with endometriosis were not
affected by endometriosis severity. Pregnancy outcomes were
not affected by active endometrial cyst.
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