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Objective: To investigate whether patients with a history of recurrent implantation failure
(RIF) are associated with adverse perinatal outcomes in singleton live births following
frozen-thawed embryo transfer (FET) cycles.

Design: Retrospective cohort study.

Methods: This study analyzed the obstetric and neonatal outcomes of patients with and
without a history of RIF who underwent FET cycles in a single reproductive center between
January 2017 and October 2020. A total of 1,100 women with singleton live births beyond
28 weeks of gestation were included. The primary outcome measures were perinatal
outcomes, especially gestational age, birthweight, preterm birth (PTB), large for
gestational age (LGA), small for gestational age (SGA), congenital malformation rates,
and premature rupture of the membranes (PROM). Multiple logistic regression was used
to establish relationships between RIF and adverse perinatal outcomes after adjusting for
relevant baseline demographics and cycle characteristics.

Result(s): The RIF group showed a preferred transfer of two embryos and cleavage
embryos compared with the control group (P <0.05). Regarding perinatal outcomes in
singleton deliveries, women with RIF had increased rates of LBW (adjusted odds ratio
[aOR] 2.027; 95% confidence interval [CI], 1.025–4.009), PTB (aOR 1.785; 95%CI, 1.050–
3.036), and PROM (aOR 2.259; 95% CI, 1.142–4.467). The incidence of congenital
malformations was similar between the two groups (4.1% vs. 2.4%; P = 0.759).
Furthermore, multiple intrauterine procedures were associated with a statistically
significant increased risk of PROM in RIF patients (aOR 1.537; 95% CI, 1.105–2.137).

Conclusions: Women with a history of RIF were associated with an increased risk of
LBW, PTB, and PROM in singleton live births after FET cycles. In addition, multiple
intrauterine procedures were independent risk factors for PROM.

Keywords: recurrent implantation failure, frozen-thawed embryo transfer, premature rupture of the membranes,
perinatal outcomes, intrauterine procedures
n.org February 2022 | Volume 12 | Article 7746461

https://www.frontiersin.org/articles/10.3389/fendo.2021.774646/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.774646/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.774646/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.774646/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.774646/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.774646/full
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:1926927933@qq.com
https://doi.org/10.3389/fendo.2021.774646
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2021.774646
https://www.frontiersin.org/journals/endocrinology
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2021.774646&domain=pdf&date_stamp=2022-02-08


Li et al. Perinatal Outcomes of RIF Patients
INTRODUCTION

Assisted reproductive technology (ART) has improved
substantially over the past four decades and has brought hope
to thousands of infertile families (1). Nevertheless, many couples
still fail to become pregnant for unexplained reasons, even after
multiple attempts at embryo transfer, which undoubtedly places
tremendous mental pressure and economic burden on the
patients and their families. This is often described as recurrent
implantation failure (RIF); so far, there is no universally accepted
consensus on the definition of RIF. Coughlan et al. (2) recently
proposed that “women under the age of 40 years who
experienced at least three fresh or frozen-thawed embryo
transfer (FET) cycles and cumulatively transferred at least four
good-quality embryos without getting clinical pregnancy” were
considered to be RIF.

Embryo implantation is a complex process that depends on
embryo quality, endometrial receptivity, and the communication
between embryos and the endometrium. Over the last two
decades, the management of RIF has included preimplantation
genetic testing for aneuploidy in order to select only euploid
embryos for transfer, or extended culture leading to embryo
transfer at the blastocyst-stage, or the practice of hysteroscopy to
eliminate an abnormal uterine cavity (3). Recently, a number of
procedures, namely, the administration of endometrial scraping
and perfusion of granulocyte colony-stimulating factor
(G-CSF) before embryo transfer have been developed to
improve endometrial receptivity and decrease the incidence of
implantation failure in in vitro fertilization (IVF) cycles (4–6).

Previous studies have addressed how to improve pregnancy
outcomes in women with multiple previous implantation failure,
but the impact of a history of RIF on perinatal outcome has rarely
been studied. Increasing evidences suggest that infants born after
ART treatment are associated with a higher risk of low birth
weight (LBW), preterm birth (PTB), small for gestational age
(SGA), and also have an increased incidence of gestational
diabetes, hypertensive disorders, and placenta previa, in
both singleton and multiple pregnancies as compared with
spontaneous conception (7–9). It is of great importance to
investigate whether women with a history of multiple in vitro
fertilization-embryo transfer (IVF-ET) failure are at higher risk
for adverse neonatal and obstetric outcomes once they finally
achieve a successful pregnancy. In this single-center study, we
aimed to explore perinatal outcomes of singleton live births in
patients with RIF in comparison to those who underwent a
first FET cycle, in order to provide closer surveillance
during pregnancy.
MATERIAL AND METHODS

Study Design and Population
This retrospective cohort study analyzed the obstetric and
neonatal follow-up of singleton pregnancies following FET
cycles at the Reproductive Center of the Third Affiliated
Hospital of Zhengzhou University from January 2017 to
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October 2020. Eligible patients were women with a history of
RIF who had previously undergone at least three embryo transfer
cycles and transferred no less than four good-quality cleavage
embryos or three blastocysts without obtaining a pregnancy and
those who accepted a first IVF/intracytoplasmic sperm injection
(ICSI) treatment. All female participants were under 40 years of
age. The exclusion criteria were: sperm/oocyte donation cycles,
pre-implantation genetic testing (PGT) cycles, and patients with
diabetes, chronic hypertension, thrombophilia, thyroid and
autoimmune abnormalities. Beyond these, patients with
chromosomal abnormalities, congenital uterine malformations,
endometrial polyps, submucosal uterine fibroids, endometriosis,
adenomyosis or hydrosalpinx, and whose endometrial thickness
on the transfer day was <7 mm were also excluded. In view of the
retrospective nature of our study, the collection and processing of
the data of patients were approved by the Ethics Review
Committee of the Third Affiliated Hospital of Zhengzhou
University (protocol number 2021-052-01).

IVF/ICSI Protocols
The GnRH agonist protocol and GnRH-antagonist protocol were
conventional controlled ovarian stimulation (COS) protocols.
For the GnRH-agonist protocol, a standard dose of triptorelin
(Diphereline, Ipsen Pharma, France) was administered in the
early follicular phase or luteal phase of the previous cycle for
pituitary downregulation. Downregulation [LH <5 IU/L, serum
estradiol <50 pg/ml] was confirmed after 15–30 d. Exogenous Gn
(Gonal-F, Merck Serono, Switzerland) was administered at doses
ranging between 112.5 and 300 IU/d, generally in accordance
with age, body mass index (BMI), basal FSH, size and number of
follicles, and estradiol levels until the follicles reached maturity.
The GnRH antagonist protocol is well described in our recent
study (10). When at least 40% of follicles measured >18 mm,
human chorionic gonadotrophin (hCG, Merck Serono,
Switzerland) or GnRH agonist (Dophereline, Ipsen Pharma
Biotech, France) was administered to trigger oocyte
maturation. Oocyte retrieval was conducted under transvaginal
ultrasound guidance 36–38 h after trigger. IVF or ICSI were then
performed, according to the sperm quality, approximately 4 h
after oocyte retrieval.

Laboratory Protocols
All embryos were cultured at 37°C in 5% O2 and 6% CO2 G-1
Plus medium. Fertilization was observed 16–18 h after
insemination. On Day 3 of embryo culture, embryo
morphological evaluation was performed according to
Cummins’ criteria based on the percentage of fragmentation
and the size and number of blastomeres (11). Good quality
cleavage embryos were assessed as at least grade II embryos. In
our center, 1–2 cleavage embryos of good quality are usually
selected for fresh embryo transfer or cryopreservation, while the
remaining embryos are transferred to blastocyst G-2 Plus
medium for subsequent culture and then cryopreserved.
Blastocyst quality was evaluated on Day 5 or Day 6 according
to Gardner and Schoolcraft’s criteria (12) based on the degree of
blastocoel expansion, and morphology of the inner cell mass
February 2022 | Volume 12 | Article 774646
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(ICM) and trophectoderm (TE). The cleavage embryos and
blastocysts were scored by the same experienced embryologist,
thus eliminating intra-embryologist bias when evaluating
embryos. The frozen-thawed procedure is described in detail
elsewhere (13).

Endometrial Preparation
In subsequent FET cycles, patients usually received a hormone
replacement therapy (HRT) cycle, a natural cycle, GnRHa-
HRT cycle or stimulated cycle protocols for endometrial
preparation before embryo transfer. In general, natural cycles
were used for women with regular menstrual cycles who had the
growth of their dominant follicle monitored by transvaginal
ultrasonography from the 10th day of the menstrual cycle.
When the diameter of the dominant follicle reached 14 mm,
patients underwent a daily ovulation urine test for LH surge
detection. Ovulation occurred spontaneously or was triggered by
human chorionic gonadotropin (5,000–10,000 IU; Livzon) when
the urine LH surge was detected. Oral dydrogesterone
(Duphaston; Solvay Pharmaceuticals BV) 10 mg three times
daily was started on the day after ovulation for luteal phase
support. In stimulated cycles, women received letrozole (2.5–5.0
mg/d started on the 3rd–5th d of the menstrual cycle) for 5 d,
with or without human menopausal gonadotropin (75–150 IU;
Lizhu, Pharmaceutical) injection according to the growth of the
dominant follicle; other procedures were the same as for the
natural cycle.

Meanwhile, the HRT cycle was used for women with irregular
menstrual cycles who received oral estradiol valerate (ValieraVR;
Laboratories Recalcine) 4–8 mg/d for 12 d starting from the 2nd
or 3rd d of menstruation and the estradiol dose could be
increased to a maximum of 12 mg/d depending on the
thickness of the endometrium. Oral dydrogesterone
(Duphaston; Solvay Pharmaceuticals BV) 10 mg twice daily
plus progesterone sustained-release vaginal gel (Xenotong,
Merck Sherano, Switzerland) 90 mg daily was started when
endometrial thickness reached ≥7 mm. For the GnRHa-HRT
cycles, patients received downregulation therapy (Dophereline,
Ipsen Pharma Biotech, France) on the 2nd to 3rd day of the
menstrual cycle and then the protocol was the same as for HRT
cycles when pituitary downregulation reached a satisfactory
standard. Only 1–2 frozen-thawed embryos were transferred
on the 6th d of progesterone administration. Luteal support
was continued to 7 weeks of gestation if a pregnancy occurred.

Outcome Measures
Live birth was defined as birth exhibiting any signs of life after 28
weeks of gestation. In our study, the primary neonatal
parameters included gestational age, preterm birth (PTB, <37
weeks), very preterm birth (VPTB, <32 weeks), birth weight, low
birth weight (LBW, <2500 g), very low birth weight (VLBW,
1,500 g), small for gestational age (SGA, birthweight is below the
10th percentile of the average body weight at the same gestational
age), large for gestational age (LGA, birthweight is above the 90th
percentile of the average body weight at the same gestational
age), newborn sex, and congenital malformations.
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In addition, we also analyzed the obstetric complications
among singleton live births, including gestational hypertensive
disorders, gestational diabetes mellitus (GDM), placenta previa,
and premature rupture of the membranes (PROM). Gestational
hypertension was defined as at least two blood pressure
measurements ≥140/90 mmHg after 20 weeks of gestation,
6 h apart.

Statistical Analysis
All data were analyzed by SPSS 25.0 statistical software. First, we
matched the sample by 1:3 propensity score matching (PSM)
between the RIF group and control group. The one-sample
Kolmogorov–Smirnov (K–S) test was used to check for
normality. Normally distributed continuous variables were
expressed as mean ± standard deviation and compared
between two groups by Student’s t-test. Categorical data were
presented as frequencies (percentages), and were compared using
Pearson chi-square or Fisher’s exact test as appropriate.

Univariable and multivariable logistic regression analyses
were used to further explore the association between RIF and
adverse obstetric and neonatal outcomes. The results are
represented as odds ratio (OR), adjusted odds ratio (aOR) and
95% confidence interval (CI). In the subgroup analysis,
multivariate regression analysis was performed for possible
related variables affecting the incidence of PROM in RIF
patients. P <0.05 was considered statistically significant.
RESULTS

A total of 1,100 singleton deliveries from FET cycles met the
inclusion criteria, with 276 (25.09%) in the RIF group and 824
(74.91%) in the control group. The baseline demographics and
main cycle characteristics for women with singleton live
deliveries are described in Table 1. There were no significant
differences in maternal age, maternal BMI, cause of infertility,
basal FSH, and endometrial thickness on the transfer day
between the two groups (P >0.05). Years of infertility (3.32 ±
2.60 vs. 3.90 ± 2.85; P = 0.003) and AMH level (4.31 ± 2.01 vs.
4.73 ± 2.95; P = 0.028) were lower in the RIF group than in the
control group. The proportion of secondary infertility (66.30%
vs. 50.36%; P <0.001), transfer of two embryos (61.96% vs.
21.37%; P <0.001) and the number of intrauterine procedures
(5.75 ± 1.50 vs. 1.57 ± 0.92; P <0.001) were significantly higher in
the RIF group compared with the control group. The RIF group
showed a preferred transfer of cleavage embryos. Additionally,
the FET endometrial preparation protocol was also significantly
different between the groups (P <0.05).

Neonatal outcomes and obstetric complications for singleton
births are shown in Table 2. The mean gestational age of delivery
was lower in the RIF group than in the control group (271.64 ±
13.72 d vs. 273.79 ± 10.75 d; P = 0.008). The rates of LBW were
higher among infants in the RIF group than those of infants in
the control group (6.16% vs. 3.52%). The risk of being born PTB
(10.87% vs. 6.31%) and VPTB (1.81% vs. 0.49%) were
significantly increased in the RIF group compared with those
February 2022 | Volume 12 | Article 774646
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from the control group. Similarly, the RIF group was associated
with a significant incidence of PROM (6.88% vs. 3.64%, P =
0.024). However, no significant differences were observed in
terms of the rates of VLBW, SGA, LGA, male gender,
congenital malformation, hypertensive disorders, GDM, and
placenta previa. After discovering that the RIF group showed a
Frontiers in Endocrinology | www.frontiersin.org 4
trend toward an increased risk of adverse obstetric and neonatal
outcomes, we then performed multivariate logistic regression
analysis to further investigate the association between RIF
and these perinatal outcomes, respectively (Table 2). After
adjusting for the years of infertility, infertility type, AMH,
FET endometrial preparation protocol, number of transferred
TABLE 2 | Neonatal outcomes and obstetric complications for singleton births in the RIF group versus control group.

Outcomes RIF (n = 276) Control (n = 824) OR (95%CI) P value aOR (95% CI) P value

Gestational age (d) 271.64 ± 13.72 273.79 ± 10.75 0.008
PTB 30 (10.87) 52 (6.31) 1.811 (1.130–2.902) 0.014 1.785 (1.050–3.036) 0.032
VPTB 5 (1.81) 4 (0.49) 3.782 (1.008–14.186) 0.049 3.521 (0.791–15.675) 0.099
Birth weight (g) 3,393.45 ± 584.81 3,421.49 ± 503.86 0.443
LBW 17 (6.16) 29 (3.52) 2.182 (1.193–3.990) 0.011 2.027 (1.025–4.009) 0.042
VLBW 2 (0.72) 1 (0.12) 6.007 (0.543–66.508) 0.144 4.015 (0.290–55.609) 0.300
SGA 10 (3.62) 28 (3.40). 1.069 (0.512–2.229) 0.859 1.190 (0.521–2.717) 0.680
LGA 54 (19.57) 150 (18.20) 1.093 (0.773–1.545) 0.615 1.192 (0.809–1.758) 0.375
Male gender 158 (57.25) 455 (55.22) 0.921 (0.669–1.213) 0.557 1.046 (0.769–1.422) 0.775
Congenital malformations 4 (1.45) 10 (1.21) 1.197 (1.130–2.902) 0.763 0.415 (0.100–1.718) 0.225
Hypertensive disorders 23 (8.33) 43 (5.22) 1.651 (0.976–2.793) 0.062 1.430 (0.788–2.595) 0.240
GDM 22 (7.97) 66 (8.01) 0.995 (0.602–1.645) 0.984 0.895 (0.508–1.579) 0.703
Placenta previa 2 (0.72) 10 (1.21) 0.594 (0.129–2.728) 0.503 0.576 (0.112–2.967) 0.510
PROM 19 (6.88) 30 (3.64) 1.957 (1.083–3.536) 0.026 2.259 (1.142–4.467) 0.019
Februar
y 2022 | Volume 12 | Article
OR, odds ratio; aOR, adjusted odds ratios; CI, confidence interval; PTB, preterm birth; VPTB, very preterm birth; LBW, low birth weight; VLBW, very low birth weight; SGA, small for
gestational age; LGA, large for gestational age; GDM, gestational diabetes mellitus; PROM, premature rupture of the membranes. Adjusted for years of infertility, infertility type, AMH, FET
endometrial preparation protocol, number of transferred embryos, type of transferred embryos and number of intrauterine procedures.
TABLE 1 | Demographic characteristics of women with a singleton birth following FET in the RIF group and control group.

Characteristic RIF group Control group P-value
(n = 276) (n = 824)

Maternal age (y) 31.92 ± 3.73 31.46 ± 3.63 0.073
Maternal BMI (kg/m2) 23.43 ± 3.03 23.75 ± 3.26 0.143
Years of infertility (y) 3.32 ± 2.60 3.90 ± 2.85 0.003
Infertility type, n (%) <0.001a

Primary infertility 93 (33.70) 409 (49.64)
Secondary infertility 183 (66.30) 415 (50.36)
Cause of infertility, n (%) 0.528a

Tubal factor 97 (35.14) 298 (36.17)
Ovulatory factor 46 (16.67) 154 (18.69)
Male factor 49 (17.75) 130 (15.78)
Combined factor 61 (22.10) 174 (21.12)
Unexplained 23 (8.33) 68 (8.25)
Basal FSH (IU/L) 6.78 ± 2.69 6.60 ± 2.46 0.327
AMH (ng/ml) 4.31 ± 2.01 4.73 ± 2.95 0.028
Endometrial preparation protocol, n (%) (%) <0.001a

HRT cycles 130 (47.10) 359 (43.57)
Natural cycles 79 (28.62) 330 (40.05)
GnRHa-HRT cycles 41 (14.86) 25 (3.03)
Stimulated cycles 26 (9.42) 110 (13.35)
Endometrial thickness on transfer day(mm) 9.38 ± 1.61 9.48 ± 1.68 0.391
Number of transferred embryos, n (%) <0.001a

1 105 (38.04) 582 (70.63)
2 171 (61.96) 242 (29.37)
Type of transferred embryos, n (%) 0.020a

Cleavage embryos 100 (36.23) 237 (28.76)
Blastocyst embryos 176 (63.77) 587 (71.24)
Number of intrauterine procedures (n) 5.75 ± 1.50 1.57 ± 0.92 <0.001
Values are presented as mean ± standard deviation or n (%). RIF, recurrent implantation failure; BMI, body mass index; FSH, follicle stimulating hormone; AMH, anti-Mullerian hormone;
FET, frozen-thawed embryo transfer; HRT, hormones replacement therapy.
aPearson’s chi-square test.
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embryos, type of transferred embryos, and the number of
intrauterine procedures, the frequencies of LBW were still
higher in the RIF group compared to the control group (aOR
2.027; 95% CI: 1.025–4.009; P = 0.042). Likewise, higher risks of
PTB were also observed in RIF patients (aOR 1.785; 95% CI,
1.050–3.036; P = 0.032). Furthermore, compared with the control
group, women in the RIF group were still associated with a
significant increased risk of PROM (aOR 2.259; 95% CI: 1.142–
4.467; P = 0.019).

In subgroup analysis, patients with PROM in the RIF group
experienced more intrauterine procedures than those without
PROM (6.53 ± 0.96 vs. 5.64 ± 1.00; P = 0.012). After adjusting
for maternal age, maternal BMI, type of infertility, basal FSH, AMH,
number of transferred embryos, type of transferred embryos, and
number of intrauterine procedures, multivariable logistic analysis
showed that a multiple number of intrauterine procedures was an
independent risk factor for PROM in RIF patients (aOR 1.537; 95%
CI: 1.105–2.137; P = 0.014), as show in Table 3.
DISCUSSION

The results of this retrospective cohort analysis indicated that
patients with a history of RIF are associated with adverse
perinatal outcomes in singleton live births following FET
cycles. We found that 6.16, 10.87, and 6.88% of RIF patients
had LBW, PTB, and PROM, respectively. The risk of the above
three adverse outcomes increased approximately two-fold in
women with RIF compared with those from the control group.
In addition, subgroup analyses showed that a multiple number of
intrauterine procedures was a risk factor for PROM.

One reason for this study was that women with RIF have been
shown to have an elevated risk of adverse perinatal outcomes.
Earlier studies found that patients with a history of RIF had a
significantly increased risk of placental abruption among
singleton pregnancies (14), but our study did not find this
Frontiers in Endocrinology | www.frontiersin.org 5
difference. To our knowledge, although the sample size of our
study was limited, this is the first report to analyze the
relationship between RIF and neonatal outcomes and obstetric
complications in singleton live births only after FET cycles.

Our study showed singleton newborns conceived by women
with a history of RIF are more likely to exhibit LBW. Preterm
birth and intrauterine fetal growth restriction have long been
known to be major factors affecting LBW. Premature infants are
limited by the time of birth, that is, the duration of pregnancy is
short, and the fetus is underdeveloped in the mother’s uterus,
resulting in a significantly higher incidence of LBW than full-
term infants. The research of Christine et al. and Victora et al.
shows that premature delivery can significantly increase the
incidence of LBW (15, 16). In our cohort, we found that 18 of
19 LBW infants in the RIF group were caused by PTB, which
further showed that PTB is an important factor leading to LBW.

Additionally, the current study also showed that RIF was
associated with statistically significant increased risks of PTB and
PROM. Preterm delivery reflects the growth of the fetus and is
strongly associated with neonatal mortality, which may have a
great impact on a child’s health in the long run. It is not difficult
to understand that PROM itself can cause premature delivery.
Emma et al. postulated that defective implantation causes
pregnancy loss, while partially impaired implantation may lead
to placenta-associated complications (17). Furthermore, with the
intensive study of the mechanisms involved in embryo-
endometrial cross-talk and embryo implantation, most patients
with RIF also exhibit an increased blood flow resistance of the
spiral artery, which will reduce blood supply to the placenta and
lead to placental ischemia and hypoxia, finally resulting in
adverse pregnancy outcomes (18–20).

To our surprise, we also noted that multiple intrauterine
procedures were an independent risk factor for PROM. When it
comes to treatment of RIF patients, the most commonly proposed,
used, and studied interventions to overcome RIF are preconception
therapies, and experimental intrauterine therapies including
endometrial scratching, endometrial receptivity analysis,
hysteroscopy, and intrauterine G-CSF administration (21–24).
The types of therapy aim to correct disorders of endometrial
receptivity, which in turn improve reproductive outcomes in RIF
patients. The pathophysiologic mechanisms include an increase in
the release of growth factors, interleukins, cytokines, and dendritic
cell cytokines, and the induction of endometrial decidualization
(25). However, results from these clinical trials are currently
conflicting in women with RIF undergoing ART treatment and
the procedure-associated complications have not been assessed (26).
It is well-known that the intrauterine environment plays an
important role in maternal and fetal development during
pregnancy (27). IVF-ET procedures involve embryo catheter
transfer and experimental intrauterine therapies through the
cervix, which may result in vaginal–cervical dysbacteriosis, while
the ascending infection of vaginal microorganisms into the uterus
may trigger an inflammatory response, ultimately leading to PROM
(28).We therefore hypothesize that intrauterine procedures alter the
colonization of the intrauterine microbiota in RIF patients. In order
to support the hypothesis, we will further investigate the
TABLE 3 | Adjusted odds ratios of premature rupture of the membranes by
multivariate analysis of predictor variables in RIF patients.

Predictor variable aOR (95% CI) P-value

Maternal age 0.987 (0.857–1.136) 0.853
Maternal BMI 1.104 (0.951–1.281) 0.193
Type of infertility
Primary infertility 1
Secondary infertility 0.599 (0.201–1.781) 0.356
Basal FSH 1.020 (0.846–1.230) 0.836
AMH 1.229 (1.005–1.504) 0.051
Number of transferred embryos
1 2.044 (0.557–7.498) 0.281
2 1
Type of transferred embryos
Cleavage embryos 1.680 (0.459–6.153) 0.433
Blastocyst embryos 1
Number of intrauterine procedures 1.537 (1.105–2.137) 0.014
aOR, adjusted odds ratios; CI, confidence interval; BMI, body mass index; FSH, follicle
stimulating hormone; AMH, anti-Mullerian hormone.
February 2022 | Volume 12 | Article 774646
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inflammatory sequelae of intrauterine operations and the effects of
inflammation on PROM.

The strength of our study is that it was performed at a single
reproductive center, and we considered the risk factors
associated with the incidence of PROM. Secondly, we excluded
relevant variables known to affect perinatal outcomes. Lastly, we
limited the analysis to only patients with a singleton live birth
delivered from FET cycles. There were, however, some
limitations in our study. First of all, a retrospective cohort
study has inherent limitations. Secondly, our database lacked
data on parental lifestyle habits, such as smoking and drinking,
which have been shown to increase the risk of adverse pregnancy
outcomes. Above all, the relevant biological mechanisms of
intrauterine procedures on PROM need to be further explored.

Conclusions
In summary, our study demonstrated that women with a history
of RIF are associated with an increased risk of LBW, PTB, and
PROM in singleton live births conceived after FET cycles. Most
importantly, multiple intrauterine procedures are a risk factor for
PROM. Therefore, we suggest that RIF patients should minimize
unnecessary intrauterine procedures. In addition, we should
strengthen antenatal care and prenatal surveillance during
pregnancy to reduce the risk of adverse perinatal outcomes.
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