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Early GnRH-agonist therapy
does not negatively impact
the endometrial repair
process or live birth rate

Chen Wang", Yangqin Peng?’, Hui Chen?, Qinmei Wang?,
Yu Dong?, Huimin Liu?, Yaoshan Yao?, Shunji Zhang?, Yuan Li?
Sufen Cai? Xihong Li®, Ge Lin*** and Fei Gong™**

Hnstitute of Reproductive and Stem Cell Engineering, NHC Key Laboratory of Human Stem Cell and
Reproductive Engineering, School of Basic Medical Sciences, Central South University,

Changsha, China, 2Clinical Research Center for Reproduction and Genetics in Hunan Province,
Reproductive and Genetic Hospital of CITIC-XIANGYA, Changsha, China, *Key Laboratory of Stem
Cells and Reproductive Engineering, National Health and Family Planning Commission,

Changsha, China

Study objective: To investigate whether different timings of GnRH-a
downregulation affected assisted reproductive outcomes in infertile women with
moderate-to-severe intrauterine adhesions (IUAs) accompanied by adenomyosis.

Design: A retrospective case series.
Setting: An assisted reproductive technology center.

Patients: The study reviewed 123 infertile women with moderate-to-severe IUAs
accompanied by adenomyosis undergoing their first frozen-thawed embryo
transfer (FET) cycles between January 2019 and December 2021.

Measurements and main results: The majority of patients had moderate IUA
(n=116, 94.31%). The average Basal uterine volume was 73.58 + 36.50 cm®. The
mean interval from operation to the first downregulation was 21.07 + 18.02 days
(range, 1-79 days). The mean duration of hormone replacement therapy (HRT)
was 16.93 + 6.29 days. The average endometrial thickness on the day before
transfer was 10.83 + 1.75 mm. A total of 70 women achieved clinical pregnancy
(56.91%). Perinatal outcomes included live birth (=47, 67.14%), early miscarriage
(n=18, 25.71%), and late miscarriage (n=5, 7.14%). The time interval between
uterine operation and the first downregulation was not a significant variable
affecting live birth. Maternal age was the only risk factor associated with live birth
(OR:0.89; 95% CI: 0.79-0.99, P=0.041).
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Conclusions: The earlier initiation of GnRH-a to suppress adenomyosis prior to
endometrial preparation for frozen embryo transfer did not negatively impact
repair of the endometrium after resection.
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intrauterine adhesion, adenomyosis, GhRH-a downregulation, frozen-thawed embryo
transfer, clinical pregnancy, live birth

Introduction

Intrauterine adhesions (IUAs) refer to a condition characterized
by the partial or complete obstruction of the uterine cavity, which
can arise due to aberrant healing processes subsequent to
endometrial injury; complications may include dysmenorrhea,
amenorrhea, infertility and recurrent miscarriages (1). IUAs can
be effectively treated with hysteroscopic adhesiolysis, which releases
adhesions and restores the cavity’s shape (1). Postoperative estrogen
therapy is additionally recommended to promote endometrial
repair and reduce adhesion reformation (2).

Adenomyosis is characterized by endometrial glands and
stromal cells that invade the myometrium (3). The development
of adenomyosis has been proven to be associated with increased
estrogen exposure, multiparity, and endometrial injury. The rate of
infertility among patients with adenomyosis is approximately 22%
(4).Gonadotropin-releasing hormone agonists (GnRH-a) are widely
used in adenomyosis therapy, and not only do they exert direct anti-
proliferative effects on lesions, but they can also precipitate a
hypoestrogenic state via competitive downregulation of pituitary
GnRH receptors (GnRHRs) to treat adenomyosis (5). The use of
GnRH-a before frozen embryo transfer (FET) has been associated
with increased rates of clinical pregnancy in patients with
adenomyosis (6).

As the pathogenesis of both TUAs and adenomyosis is related to
uterine injury (1, 3), the incidence of IUAs accompanied by
adenomyosis has been reported to be 17.2% (7). There are
currently no guidelines for a treatment protocol of this combined
pathology. Therefore, the objective of this study is to summarize the
IVF/ICSI-FET procedure and reproductive outcomes of patients with
the concurrence of these two disorders in our assisted reproduction
center, and to investigate whether different timings of GnRH-a
downregulation affected assisted reproductive outcomes.

Materials and methods
Study design

This was a retrospective case series. Patients with TUAs
accompanied by adenomyosis who received IVF/ICSI-FET
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between January 2019 and December 2021 at the Reproductive
and Genetic Hospital of CITIC-Xiangya were enrolled in this study.
The analytical data were collected from medical records and
telephone follow-up until November of 2022. The study was
approved by the Ethics Committee of the Reproductive and
Genetic Hospital of CITIC-Xiangya (Number LL-SC-2022-040).

Patients

The inclusion criteria included patients who diagnosed
moderate to severe IUAs at the first time (i.e., with an American
Fertility Society (AFS) score 25) (8), patients diagnosed with
adenomyosis (following the Morphological Uterus Sonographic
Assessment (MUSA) criteria) (9), and the use of GnRH-a to treat
adenomyosis after hysteroscopic adhesiolysis. The exclusion criteria
included maternal age >40 years, downregulation more than six
times, endometrial tuberculosis, a history of recurrent implantation
failure, a history of recurrent spontaneous abortion, uterine
intramural fibroids >2 c¢m, abnormal uterine anatomy, use of a
levonorgestrel intrauterine device, and failure to restore normal
uterine cavity shape after surgery.

Intrauterine adhesiolysis and
postoperative management

Patients received general intravenous anesthesia with propofol.
Surgery was guided by transabdominal ultrasonography at the ovarian
follicular stage. Normal saline was used as a distension medium,
administered by a swelling pump with a flow rate of 280 mL/min,
and the dilation pressure was set to 120 mmHg. Fluid monitoring was
carried out by calculating the amount of liquid in a 5000-mL measuring
cup, which collected the liquid flowing from the under buttocks drape
(craniotomy incise drape, Jiangxi 3L Medical Products Group Co., Ltd.,
China). In accordance with the size of the cavity, type of IUA, and
menstrual pattern, a quantitative severity score was designed: mild was
indicated by 1-4, moderate was indicated by 5-8, and 9-12 indicated
severe. The adhesions were dissected using bipolar energy (Olympus)
and/or hysteroscopic scissors (Karl Storz, Tuttlingen, Germany) until
the uterine cavity was achieved.
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After surgery, a heart-shaped intrauterine balloon (Cook
Medical, Bloomington, IN, USA) or Foley catheter was inserted
into the uterine cavity as appropriate, depending on the patient’s
uterine width. The average width of the uterus in primipara was
reported as 27 mm (10, 11), and the minimal width of a COOK
balloon was 28 mm. To avoid endometrial pressure (12), a heart-
shaped intrauterine COOK balloon was only placed in patients with
a uterine width of >28 mm, and they remained in place uninflated
for at least one month. For patients with a uterine width <28 mm,
Foley catheters were inflated with 2 mL of physiologic saline in case
of fall-off and combined with early second-look hysteroscopy to
prevent adhesion reformation (13). All patients received crosslinked
hyaluronan gel (MateRegen; BioRegen Biomedical, Changzhou,
China). In addition, all patients received standardized
postoperative antibiotic therapy of 0.25 g of oral cefuroxime axetil
and 0.5 g of tinidazole, both twice daily, for 7 days starting on the
first postoperative day. None of the patients received HRT for the
purposes of endometrial healing following the operation.

GnRH-a downregulation and endometrial
preparation procedures

The diagnosis of adenomyosis followed the MUSA criteria (9).
Eight separate sonographic findings were used to identify the
presumed adenomyosis: (a) asymmetric thickening, (b) cysts, (c)
fan-shaped shadowing, (d) translesional vascularity, (e) echogenic
subendometrial lines and buds, (f) hyperechoic islands, (g-h)
irregular and interrupted junctional zone.

GnRH-a combined with HRT were used for endometrial
preparation before frozen embryo transfer (FET). A long-acting
GnRH-a (triptorelin; Ferring GmbH, Kiel, Germany) was
administered at a dose of 3.75 mg every 28 days at least once
(range, 1-6 times) starting in the early follicular stage or mid-luteal
phase of the menstrual cycle (or the next menstrual cycle). The
number of downregulation cycles depended on uterine size and the
therapeutic effect achieved. One cycle was given if the uterus
diameter (long diameter + wide diameter + anteroposterior
diameter) was less than or equal to 150 mm, while two to three
cycles were given for a diameter over 150 mm. An additional
GnRH-a injection was given if the size of the adenomyosis lesion
had not decreased. Serum was assayed for estradiol (E,), luteinizing
hormone (LH), and human chorionic gonadotropin (HCG) to
assess basal endocrine status and to exclude pregnancy before
HRT was administered.

After the last dose of triptorelin was administered, HRT was
started after 28 days. The HRT procedures we adopted were as
described previously (14). estradiol valerate (2-6 mg orally daily)
(Progynova, Delpharm Lille SAS, France) was administered for 10-
15 days. When the endometrial thickness reached 8 mm,
dydrogesterone (10mg orally 2 times daily) (Duphaston, Abbott
Biologicals BV, The Netherlands) and progesterone medication
utrogestan (200 mg vaginally three times daily) (Laboratoires
Besins International, France) were administered. If a pregnancy
has occurred, provide luteal phase support until 10 weeks
of gestation.

Frontiers in Endocrinology

10.3389/fendo.2024.1343176

Embryo transfer procedure

Ovarian stimulation protocols, oocyte retrieval, IVF/ICSI,
embryo vitrification freezing, and thawing procedures were
performed as described in previous studies (15, 16). Cleavage-
embryo transfer was performed on day 3 or blastocyst transfer on
day 5 after progesterone administration. A maximum of two frozen-
thawed cleavage-stage/blastocyst embryos were transferred.

Data measurement method

The duration of HRT refers to the time from the use of estrogen
to the transfer of the embryo. Classification at the cleavage stage was
based on conventional criteria (17), and blastocyst quality
assessment was based on the Gardner scoring system (18). Good
quality embryos were defined as having a blastocyst rating of >4 BB
or cleavage rating =7 CII. The formula of prolate ellipsoid volume
was used to calculate the basal uterine volume: long diameter x wide
diameter x anteroposterior diameter x0.523 (19). The endometrial
thickness was measured the day before transfer, the number of
abortions was defined as the number of previous induced and
spontaneous abortions, clinical pregnancy was defined as the
presence of an intrauterine gestational sac with fetal cardiac
activity on transvaginal ultrasound four weeks after FET
(excluding ectopic pregnancy), early miscarriage was defined as
spontaneous loss of intrauterine pregnancy before 12 weeks of
gestation, late miscarriage was defined as spontaneous loss of
intrauterine pregnancy between 12 and 28 weeks of gestation, live
birth was defined as a viable delivery beyond 28 weeks of gestation.

Statistical analysis

The distribution of patient demographics and clinical
characteristics was analyzed using the Kolmogorov-Smirnov test.
Continuous variables were expressed as mean + standard deviation
(SD). Categorical variables were expressed as frequency and
percentage. Univariate and multivariate logistic regression
analyses were conducted to evaluate the possible influencing
factors for a live birth outcome, and the odds ratios (ORs) and
95% confidence interval (CIs) were calculated. All the statistical
analyses were conducted using SPSS 25.0 (Chicago, USA), and
P<0.05 was considered statistically significant.

Results

A total of 123 patients were included in the retrospective case
series. Figure 1 shows the continuous hysteroscopic images. None of
our patients experienced uterine perforation, infection, excessive
bleeding, water intoxication, or other complications during
hysteroscopic adhesiolysis. Baseline characteristics are presented
in Table 1. The average age was 33.20 + 3.71 years (range, 21-40
years), and the average BMI was 22.54 + 2.52 kg/m”. The majority
of patients had secondary infertility (n=119, 96.75%). The average
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FIGURE 1

Representative continuous hysteroscopic images suggest that early GnRH-a downregulation after hysteroscopic adhesiolysis does not affect the
normal endometrial repair process. (A) Patient no. 40's AFS score was 10. (A1) There were no clear adhesions in the uterine cavity after cleaning the
exudate the first week after surgery. (A2) No. 40 received GnRH-a downregulation once on the 9th day after surgery, and the endometrium showed
good recovery in the 5fth week after surgery. We observed no adhesions or exudate, however, a thin endometrium was noted.

gravidity time was 2.54 + 1.49, and the average number of previous
induced and spontaneous abortions was 1.59 + 1.17.

Table 2 summarizes uterine conditions before frozen-thawed
embryo transfer and reproductive outcomes. The average AFS score
was 6.34 + 1.38. The majority of patients had moderate IUA
(n=116, 94.31%). Physical barrier types included a heart-shaped
intrauterine balloon (n=89, 72.36%) and Foley catheter (n=34,
27.64%). The average basal uterine volume was 73.58 + 36.50
cm’®. The mean interval from the operation to the first
downregulation was 21.07 + 18.02 days (range, 1-79 days). The
number of downregulations included one time (n=11, 8.94%), two
times (n=87, 70.73%), and three or more times (n=25, 20.33%).
Serum E, (11.80 + 10.03 pg/mL) and LH levels (0.54 + 0.61 mIU/
mL) in the 3 days before HRT indicated a state of pituitary
downregulation. The mean duration of HRT was 16.93 + 6.29 days.

None of the patients had their frozen-thawed embryo transfer
cycle cancelled due to thin endometrium and/or adhesion
reformation. The average endometrial thickness on the day before
transfer was 10.83 + 1.75 mm. A total of 70 women achieved clinical
pregnancy (56.91%). Perinatal outcomes included live birth (n=47,

TABLE 1 Baseline characteristics.

Characteristic

Age (years) 3320 £ 3.71

<35y 88/123 (71.54%)

>35y 35/123 (28.46%)
BMI (kg/m?) 2254 £2.52
Primary infertility 4/123 (3.25%)

Secondary infertility 119/123 (96.75%)

Gravidity 2.54 + 1.49
Parity 034 + 056
No. of previous induced and spontaneous abortions 1.59 £ 1.17

"Mean + SD; n/N(%).
BMI, body mass index.
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TABLE 2 Uterine conditions and reproductive outcomes. .

Characteristic

Uterine conditions

AFS score 6.34 + 1.38
Grades by AFS score
Moderate 116/

123 (94.31%)
Severe 71123 (5.69%)

Physical barrier types

Heart-shaped intrauterine balloon

89/123 (72.36%)

Foley catheter

34/123 (27.64%)

Basal uterine volume (cm?)

73.58 + 36.50

Time interval between operation and first
downregulation (days)

21.07 + 18.02

No. of downregulations

11/123 (8.94%)

2 87/123 (70.73%)
=23 25/123 (20.33%)
E2 levels in the three days before HRT (pg/ml) 11.80 + 10.03
LH levels in the three days before HRT (mIU/ml) 0.54 + 0.61
Duration of HRT (days) 16.93 + 6.29
Endometrial thickness on the day before 10.83 + 1.75
transplantation (mm)

No. of embryos transferred 1.28 + 0.45

No. of embryos transferred
1

2

89/123 (72.36%)

34/123 (27.64%)

(Continued)
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TABLE 2 Continued

Characteristic

Embryo types
Cleavage 18/123 (14.63%)
blastocyst 105/
123 (85.37%)
‘ Embryo quality

At least one good-quality embryo 79/123 (64.22%)

Non-good-quality embryo 44/123 (35.77%)

Reproductive outcomes

Clinical pregnancy 70/123 (56.91%)

Live-birth rate 47170 (67.14%)

Early miscarriage 18/70 (25.71%)

Late miscarriage 5/70 (7.14%)

'Mean + SD; n/N(%).
AFS, American Fertility Society; HRT, hormone replacement therapy; E2, estradiol; LH,
luteinizing hormone.

67.14%), early miscarriage (n=18, 25.71%), and late miscarriage
(n=5, 7.14%). Among the 9 cases (50%) of early miscarriage,
embryonic genetic testing was conducted, and in 6 cases (66.7%),
chromosomal abnormalities were found.

Logistic regression analysis was conducted to determine the
independent prognostic factors concerning the probability of live
birth. We included all the variables in the regression analysis, and

10.3389/fendo.2024.1343176

the statistically significant positive results are presented in Table 3.
The time interval between uterine operation and the first
downregulation was not a significant variable affecting live birth.
Maternal age was the only risk factor associated with live birth
(OR:0.89; 95% CI: 0.79-0.99, P=0.041).

Discussion

Endometrial repair after hysteroscopic adhesiolysis requires at
least one month (20). However, the impact of early postoperative
GnRH-a downregulation on endometrial repair remains
controversial. Our preliminary findings suggest that the timing of
GnRH-a administration (21.07 + 18.02 days; range, 1-79 days),
after hysteroscopic adhesiolysis, does not appear to affect the live-
birth rate (Table 3). The durations of HRT (16.93 + 6.29 days) and
the endometrial thickness (10.83 + 1.75 mm) also indicate that
endometrial healing in a hypoestrogenic state does not decrease the
reactivity to estrogen. Continuous hysteroscopic imaging
demonstrates the normal endometrial repair process under early
GnRH-a downregulation postoperative.

Although estrogen therapy is recommended after hysteroscopic
adhesiolysis (2), its efficacy is debated. Several studies have indicated
that estrogen supplementation after hysteroscopic surgery does not
reduce the incidence of IUAs (21), nor does it increase pregnancy
rates or reduce miscarriage rates (22, 23). The addition of estrogen
after hysteroscopic adhesiolysis also does not reduce the re-adhesion
rates in both mild and severe IUAs (24). In addition, higher estrogen
doses did not improve postoperative outcomes. Liu L et al. illustrated

TABLE 3 Univariate and multivariate analyses of pregnancy and live-birth outcome.

Characteristic Live birth

Univariate analysis

Multivariate analysis

OR 95% ClI OR 95% CI
Age 0.87 0.79-0.97 0.012 0.89 0.79-0.99 0.041
BMI 1.02 0.88-1.18 0.811
Infertility type (primary vs. secondary) 1.64 0.22-12.09 0.625
Gravidity 0.8 0.61-1.04 0.093
Parity 0.54 0.26-1.12 0.096
No. of previous induced and spontaneous abortions 0.84 0.6-1.17 0.305
AFS score 0.93 0.71-1.21 0.584
Grades by AFS score (severe vs. moderate) 0.63 0.12-3.39 0.592 0.73 0.09, 4.26 0.737
Physical barrier (Foley catheter vs. Heart-shaped balloon) 1.19 0.53-2.66 0.676
Basal uterine volume 0.99 0.98-1.00 0.038 1.00 0.98, 1.01 0.448
E2 levels in the three days before HRT (pg/ml) 1.01 0.97, 1.05 0.583
LH levels in the three days before HRT (mIU/ml) 2.36 1.05, 7.43 0.093
No. of downregulation 0.67 0.36, 1.11 0.155
(Continued)
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TABLE 3 Continued

Characteristic Live birth

Univariate analysis

10.3389/fendo.2024.1343176

Multivariate analysis

OR 95% Cl OR 95% ClI
Two times vs.one time 4.8 1.03-22.37 0.046 0.70 0.16,3.00 0.623
Three or more times vs. one time 2.82 0.97-8.22 0.057 0.36 0.05, 2.26 0.277
Duration of HRT 1.02 0.96-1.07 0.607 1.01 0.94-1.07 0.861
Endometrial thickness on the day before transplantation 0.85 0.69-1.06 0.158
No. of embryos transferred (2 vs. 1) 1.00 0.44, 2.24 0.997
Embryo types (blastocyst vs. Cleavage) 3.61 1.11, 16.2 0.053
Good-quality embryo (yes vs. no) 0.97 0.46-2.08 0.942
Time interval between operation and first downregulation 1.01 0.99-1.03 0.532 1.01 0.98, 1.03 0.575

BMI, body mass index; AFS, American Fertility Society; E2, estradiol; LH, luteinizing hormone; ET, embryo transfer.

HRT, hormone replacement therapy.
p value < 0.05 was show in bold.

there was no significant difference in AFS scores at second look
hysteroscopy between the two doses of oestradiol valerate groups
after hysteroscopic adhesiolysis (4 mg and 10 mg daily), nor in
conception rate or miscarriage rate (25). Similar results have been
found in another study (26). Consequently, estrogen therapy is not
recommended as a routine postoperative treatment (24).

There are several possible interpretations of our results: (1)
Estrogen may not be involved in endometrial repair, but rather in
endometrial proliferation. Animal models of endometrial repair
have shown that estrogen is not required for endometrial re-
epithelialization (27, 28), and the endometrium can be repaired
spontaneously in postmenopausal women and those who have
undergone oophorectomy (29). Previous studies have also
indicated that hysteroscopic surgery (with danazol pretreatment)
in a low-estrogen state does not increase the incidence of
postoperative uterine adhesions, aligning with our results (30). (2)
All patients received a uterine barrier of some sort: either a Cook
balloon or Foley catheter. This preventative measure may likely be
the reason for the lack of adhesion reformation. It is possible that
the early initiation of GnRH-a therapy would have a detrimental
impact on endometrial repair if the adhesion barrier is not utilized.

There were some limitations to this retrospective cohort study.
We were not able to collect data on uterine volume after GnRH-a
treatment due to the fact that ultrasonographic assessments are not
routinely recommended. Another possible criticism of our study is
the retrospective case series, further research, especially in the form
of cohort studies, is required to investigate the appropriate time for
downregulation in infertile women with moderate to severe TUAs
accompanied by adenomyosis.

Conclusions

We herein demonstrated that, for infertile women with
moderate to severe IUAs accompanied by adenomyosis, GnRH-a
downregulation, whether administered sooner or later after
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hysteroscopic adhesiolysis, was not a significant variable affecting
live birth. Moreover, this regimen could achieve satisfactory
endometrial thickness under HRT.
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