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STUDY QUESTION: Are there any differences in live birth rates (LBR) following fresh blastocyst transfer in natural or clomiphene-
stimulated cycles, or after elective blastocyst freezing in clomiphene-stimulated cycles followed by thawing and transfer at different time-points?

SUMMARY ANSWER: Clomiphene citrate (CC) administration adversely affected the LBR after single fresh blastocyst transfer (SBT) in
CC cycles compared with that in natural cycles, while this adverse effect of CC is not present when a single vitrified-warmed blastocyst trans-
fer (SVBT) is performed in subsequent natural ovulatory cycles, regardless of the duration between CC administration and the day of SVBT.

WHAT IS KNOWN ALREADY: CC affects uterine receptivity associated with a thinning of the uterine endometrium through an antioes-
trogenic effect. However, the duration that this adverse effect of CC on uterine endometrium persists after initial use is still unknown.

STUDY DESIGN, SIZE, DURATION: A retrospective cohort study of 157 natural cycle IVFs followed by SBT and 1496 minimal ovarian
stimulation with CC IVF cycles followed by SBT (n = 24) or SVBT (n = 1472) from January 2010 to December 2014 was conducted. SVBT
cycles were classified into two groups according to the period between the last day of CC administration and the day of SVBT (A: ≤60 d and B:
≥61 d). All groups were then compared based on pregnancy outcomes (natural-SBT group: n = 157, CC-SBT group: n = 24, SVBT-A:
n = 1143, SVBT-B: n = 329).

PARTICIPANTS/MATERIALS, SETTING, METHODS: Women were aged 30–39 years at oocyte retrieval. In SVBT cycles, blasto-
cysts were vitrified and warmed using a Cryotop safety kit. SVBT was performed in subsequent natural ovulatory cycles. The main outcomes
were LBR and neonatal outcome, and both were compared among the groups.

MAIN RESULTS AND THE ROLE OF CHANCE: The LBR in the CC-SBT group (29.2%, 7/24) was significantly lower compared with
the natural-SBT (56.1%, 88/157) (P = 0.01) and SVBT-A (50.0%, 572/1143) (P = 0.04), but not SVBT-B (47.4%, 156/329), groups.
Furthermore, multivariate logistic regression analysis revealed that the LBR was comparable among the natural-SBT and SVBT groups, but
was significantly lower in the CC-SBT group (adjusted odds ratio: 0.324, 95% CI: 0.119–0.800, P = 0.01). No significant differences among all
groups were observed for gestational age (P = 0.19), birthweight (P = 0.41) and incidence of malformation (P = 0.53).

LIMITATIONS, REASONS FOR CAUTION: In this study we analysed a biased sample, based on clinical judgement regarding endomet-
rial thickness, and the study was limited by its retrospective nature. The low statistical power caused by the group size disparity was also a
limitation, especially in the CC-SBT group. Although the outcome showing inferiority of CC-SBT compared to natural-SBT is consistent with
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general findings in the literature, further large-scale clinical studies, ideally RCTs, are necessary to validate our results and clarify the prolonged
effect of CC in SVBT cycles on pregnancy and neonatal outcomes.

WIDER IMPLICATIONS OF THE FINDINGS: Our observation suggests that CC administered in minimal ovarian stimulation cycles
affects adversely the pregnancy outcomes when SBT is performed. Therefore, for a CC-based minimal stimulation IVF cycle, we suggest that
frozen embryo transfer should be performed in a subsequent natural ovulatory cycle to avoid the possibility of implantation failure associated
with CC administration.

STUDY FUNDING/COMPETING INTERESTS: The authors have no conflicts of interest to declare. No external funding was either
sought or obtained.
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Introduction
Clomiphene citrate (CC) is often administered in minimal ovarian
stimulation IVF treatment (Kousta et al., 1997; Bodri et al., 2014; Song
et al., 2016; Zhang et al., 2016). CC binds hypothalamic oestrogen
receptors and induces GnRH secretion by altering the negative feed-
back effect of oestrogen on the hypothalamus. Clinically, in minimal
ovarian stimulation IVF, CC is administered alone or in combination
with a GnRH antagonist or FSH and HMG. Recent studies have shown
that minimal ovarian stimulation with CC yielded comparable embry-
onic outcomes, such as fertilization and development, and pregnancy
outcomes to conventional IVF (Pilehvari et al., 2016), reduced the rate
of multiple pregnancy, and decreased gonadotrophin use (Zhang et al.,
2016). On the other hand, it has been demonstrated that endometrial
thickness is significantly reduced in cycles with CC administration com-
pared to that in non-CC cycles (Randall and Templeton, 1991;
Dehbashi et al., 2003; Zollner et al., 2003; Bromer et al., 2009).
Endometrial cell growth is essential for uterine receptivity, and endomet-
rial thickness correlates with embryo implantation and subsequent preg-
nancy (Friedler et al., 1996; Dey et al., 2004; Cha et al., 2012; Mahajan
and Sharma, 2016). Therefore, we hypothesized that cryopreservation
of all embryos and performance of a single embryo transfer (ET) in a
subsequent cycle is preferable to avoid the adverse effects of CC
administration.
Uncertainty remains regarding the duration of the effect of CC on

uterine receptivity in the endometrium. Nakagawa et al. (2015) previ-
ously demonstrated the long-term adverse effects of minimal ovarian
stimulation with CC on pregnancy outcomes after either single or

multiple ETs in a hormone replacement cycle; however, FSH and HCG
were also used for ovarian stimulation, which may have affected their
results. Moreover, their study included single and multiple ETs; thus,
an evaluation of the actual effect of CC administration on uterine
receptivity is challenging. Therefore, debate remains regarding
whether treatment with CC alone affects pregnancy outcomes after
ET in subsequent cycles. In the present study, we aimed to examine
pregnancy and neonatal outcomes in patients treated with CC alone
during oocyte retrieval cycles, followed by a single fresh blastocyst
transfer (SBT) during a spontaneous natural cycle. Patients were strati-
fied by the duration between the last day of CC administration and the
day of single vitrified-warmed blastocyst transfer (SVBT).

Materials andMethods

Ethical approval
The present study was approved by the institutional review board at the
Kato Ladies Clinic (approval number: 13-24, 16-30). Written informed
consent was obtained from all patients who were undergoing IVF treat-
ment at the centre after they were informed that de-identified data could
be used for a retrospective analysis.

Study patients
In total, 1653 treatment cycles from 1653 women who underwent IVF
treatment and ET between January 2010 and December 2014 at the Kato
Ladies Clinic were retrospectively reviewed. ET protocols included the
following: oocyte retrieval during a natural cycle, followed by SBT

WHATDOES THIS MEAN FOR PATIENTS?
This study looks at pregnancy outcomes after fresh and frozen blastocyst transfer in both natural cycle IVF and in cycles using clomiphene citrate
to stimulate the ovaries.
Clomiphene citrate is sometimes used to mildly stimulate the ovaries in IVF cycles, but it is known that it is associated with a thinning of the

womb lining. The researchers wanted to find out whether using frozen rather than fresh blastocysts would avoid this drawback of clomiphene
citrate.
This study looked back at the outcomes of cycles carried out at a clinic in Japan over a 5-year period. They found that clomiphene citrate was

linked to lower pregnancy rates in fresh cycles, but this impact was not seen in the frozen cycles, which would suggest that it is better to freeze
embryos if clomiphene is used for stimulation. Not many clinics freeze blastocysts after a cycle using clomiphene citrate and looking back over
existing data is the limitation of this study. The researchers have advised that further research is needed to confirm their findings.
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(natural-SBT group); oocyte retrieval during a CC-administered cycle, fol-
lowed by SBT (CC-SBT group) or SVBT (SVBT group). The present study
only included patients aged 30–39 years at oocyte retrieval. All patients
used their own oocytes during the treatment. Patients who did not
obtain a blastocyst or did not receive ET were excluded. Cycles that
were cancelled before ET because of endometrial thickness below the
cut-off value (<6 mm) were excluded. Patients who previously under-
went ET treatment were excluded. In addition, patients who underwent
PGD and women with hypothalamus–pituitary gland-related amenor-
rhoea were excluded.

Natural cycle and minimal ovarian
stimulation cycle IVF
In our clinic, both natural cycle IVF and the CC-based minimal stimulation
cycle IVF are applicable for patients who have normal pituitary gland func-
tion and menstrual cycles. The ovarian stimulation method is usually deter-
mined through consultation with patients; their preferences are often
taken into account.

The detailed protocol for minimal stimulation with CC alone, which is the
main IVF treatment strategy at our clinic, has been previously reported
(Kato et al., 2012, 2014; Kawachiya et al., 2012; Fukuda et al., 2016). Briefly,
CC (50–100mg/d; Fuji Pharma Co., Ltd, Saitama, Japan) was orally adminis-
tered with an extended regimen, from Day 3 of the retrieval cycle to the
day before the induction of final oocyte maturation. Monitoring, which
involved an ultrasound scan and hormonal profiles, was usually initiated on
Day 8, and was continuously performed every other day until the ovulation-
triggering day. Ovulation triggering was performed using a nasal spray
containing the GnRH agonist buserelin (Suprecur; Mochida Pharmaceutical
Co., Ltd, Tokyo, Japan or Buserecur; Fuji Pharma Co., Ltd, Saitama, Japan).

In the natural cycle IVF protocol, the only pharmaceutical intervention
involved the induction of final oocyte maturation with a GnRH agonist.
Monitoring consisted of an ultrasound scan and hormonal profile, which
was usually initiated on the morning of Day 10 and/or 12, according to the
length of the patient’s cycle. When the leading follicle reached 18 mm
diameter, with a concomitant oestradiol level of ≥250 pg/mL, oocyte
retrieval was scheduled.

Oocyte retrieval was usually performed 30–36 h after triggering, and
was performed using a 21 g needle (Kitazato Corporation, Shizuoka,
Japan). Anaesthesia and follicular flushing were not utilized during oocyte
retrieval. The absence of follicles on ultrasound before initiating oocyte
retrieval was considered as premature ovulation.

Conventional insemination, intracytoplasmic
sperm injection and embryo culture
Conventional insemination or ICSI was performed ~3 and 5 h after oocyte
retrieval, respectively (Kato et al., 2014). A P1 medium supplemented with
10% serum substitute supplement (Irvine Scientific, Santa Ana, CA, USA)
was used as a fertilization medium. Fertilization assessment was performed
16–20 h after insemination or ICSI (Day 1). Normally fertilized zygotes
with two pronuclei were individually cultured in 20 μL of Quinn Advantage
Protein Plus cleavage medium (Origio Aktieselskab, Måløv, Denmark) on
Days 1–3. Subsequently, the embryos were transferred to a Quinn
Advantage Protein Plus blastocyst medium (Origio Aktieselskab, Måløv,
Denmark) for Days 4–6. All embryos were cultured at 37°C (gas phase:
5% O2, 5% CO2 and 90%N2), with 100% humidity in a water jacket or
non-humidified incubators (Astec Co. Ltd, Fukuoka, Japan). Blastocysts
were evaluated using a blastocyst grading system based on the woman’s
age at oocyte retrieval and embryo developmental speed, in accordance
with our previous study (Kato et al., 2014).

Cryopreservation
During the study period SVBTs were exclusively performed. The embryos
were cultured to the blastocyst stage and vitrified for subsequent use in
ET cycles. The embryo vitrification was performed using Cryotop®

(Kitazato Corporation, Shizuoka, Japan), as described previously (Kato
et al., 2014, Mori et al., 2015).

Embryo transfer
SBTs were performed on Day 5 after oocyte retrieval and SVBTs were
performed on Day 5 after confirmation of ovulation in an ovulation-
induced natural cycle (Kato et al., 2012, 2014; Fukuda et al., 2016). SBTs
were performed if the embryo meets the following criteria: the embryo
developed to the expanded blastocyst stage by 110 h post-insemination;
the embryo had a good morphology (Gardner’s criteria: >4AA) (Gardner
and Schoolcraft, 1999). If the embryo did not meet these criteria, the fresh
embryo transfer was cancelled and the embryo was vitrified and used for
SVBT in subsequent cycles. In SVBT cycles, the day of SVBT was not
strictly specified; thus, patients returned for SVBT according to their own
circumstances (between 29 and 180 days after the last day of CC adminis-
tration). If the endometrial thickness was <6 mm, ET was cancelled.
Dydrogesterone (30 mg/d) was routinely administered orally during the
early luteal phase after the blastocyst transfer procedures. Additionally, in
cases with insufficient luteal function, progesterone was administered intra-
muscularly (125 mg/d) or intravaginally (100 mg/d) until the ninth week of
pregnancy.

Statistical analyses
Patients who underwent SVBT were further classified into two groups
according to the duration between the last day of CC administration and
the SVBT day (Group A: ≤60 d, Group B: ≥61 d).

All analyses were performed using JMP software (SAS, Cary, NC, USA).
Statistical analyses were conducted in two steps. The first step comprised a
descriptive analysis of patient characteristics and pregnancy and neonatal
outcomes. Age at oocyte retrieval, age at ET, BMI, infertility cause, endo-
metrial thickness, clinical pregnancy rate based on observation of a gesta-
tional sac, ongoing pregnancy rate based on observation of foetal heart beat,
live birth rate (LBR), miscarriage rate, gestation age, sex ratio, and the
infant’s height, weight, and malformation rate were evaluated for each
group. Nominal variables were analysed using an ANOVA and Tukey’s test,
Kruskal–Wallis test, Cochran–Armitage test for trends, or chi-squared test,
as appropriate.

The second step of the analysis assessed the prolonged effect of CC
administration on the LBR after ET using a logistic regression model
adjusting for confounders. A test for trends was performed in the univari-
ate logistic analysis. Adjusted odds ratios (OR) are reported with 95% CI
for each group, stratified by the duration between the last day of CC
administration and the day of SVBT, using the natural-SBT group as a ref-
erence. A receiver operating characteristic (ROC) curve analysis was also
performed to evaluate the association of LBR with the duration between
the last CC administration and day of SVBT. A P-value <0.05 was con-
sidered statistically significant.

Results

Inclusion criteria and embryo developmental
outcomes
The patient selection flowchart is shown in Fig. 1. Among 458 patients
who underwent the first oocyte retrieval in a natural cycle, 157
patients met the inclusion criteria. Among 1683 patients who
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underwent the first oocyte retrieval in a CC cycle, 1496 patients met
the inclusion criteria. The outcomes of oocyte retrieval and IVF are
shown in Supplementary Table SI. The serum oestradiol level at the
time of trigger and number of retrieved oocytes were significantly
greater in the CC cycle than in the natural cycle. The distribution of
insemination method was significantly different between natural cycle
and CC cycle. The rates of fertilization and blastocyst formation in the
natural (81.0 and 52.2%, respectively) and CC cycles (80.2 and 53.3%,
respectively) were comparable (Supplementary Table SI). The survival
rate after blastocyst warming was 99.8% (1496/1499).

Baseline patient characteristics
Demographic characteristics of the women are shown in Table I.
During the study period, 1653 patients were scheduled for 1653 ET
cycles (natural-SBT group: n = 157, CC-SBT group: n = 24, SVBT-A
group: n = 1143, SVBT-B group: n = 329). The baseline patient char-
acteristics were compared among groups. The patients’ age at both
oocyte retrieval and embryo transfer was significantly lower in the

CC-SBT group compared with the natural-SBT group (A: P < 0.01,
B: P < 0.01), whereas the ages were comparable between the CC-
SBT and SVBT groups. There was no significant difference in the
patient age between the natural-SBT and SVBT groups. BMI was
comparable among groups. The main causes of infertility were iden-
tified as other factors, followed by tubal factor, combined factors,
male factor, endometriosis and unexplained infertility. There were
significant differences in the proportion of the infertility cause, male
factor (P < 0.01) and unexplained (P < 0.01), among the groups
(Table I).

Pregnancy outcomes after single blastocyst
transfer
A total of 1653 SBTs or SVBTs were performed. The grades of trans-
ferred blastocysts are shown in Table II. The number of grade A blas-
tocysts was notably higher in the natural-SBT and CC-SBT groups
compared to that in the other groups (P < 0.01). Although endomet-
rial thickness in the natural-SBT and CC-SBT groups was higher than

Figure 1 Patient selection flowchart, including inclusion and exclusion criteria, in a comparison of pregnancy outcomes after fresh and electively fro-
zen single blastocyst transfer in natural cycle and clomiphene-stimulated IVF cycles. CC, clomiphene citrate; SBT, single fresh blastocyst transfer; SVBT,
single vitrified-warmed blastocyst transfer.
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that in the SVBT groups, the range of endometrial thickness was not
different among the groups. The clinical pregnancy and ongoing preg-
nancy rates were significantly higher in the natural-SBT group com-
pared with the CC-SBT and SVBT groups. The LBR in the CC-SBT
group was notably lower than those in the natural-SBT (P = 0.01) and
SVBT-A groups (P = 0.04), whereas the rate in the CC-SBT group was
comparable with the SVBT-B group (P = 0.09).

The univariate logistic analysis revealed a significant association
between the LBR and age at oocyte retrieval, age at ET, the proportion
of infertility cause, and the grade of the transferred blastocysts (Grades
A, B, C and D) (Table III). To prevent adjustment reduplication in the
multivariate logistic regression analysis, only blastocyst grade and infer-
tility cause were used as confounders, since our blastocyst grading sys-
tem was categorized using embryo development speed and the

..........................................................................

..............................................

.............................................................................................................................................................................................

Table I Demographic characteristics of study patients in a comparison of pregnancy outcomes following fresh and
electively frozen single blastocyst transfer in natural cycle and clomiphene-stimulated IVF cycles.

Total Natural cycle
SBT

CC cycle

SBT SVBT

A B

No. of patients 1653 157 24 1143 329

No. of cycles 1653 157 24 1143 329

Patient age at oocyte retrieval (y) 35.4 ± 0.1 35.9 ± 0.2a 34.1 ± 0.5b 35.3 ± 0.1b,c 35.4 ± 0.1a,c

Patient age at embryo transfer (y) 35.4 ± 0.1 35.9 ± 0.2a 34.1 ± 0.5b 35.3 ± 0.9b,c 35.5 ± 0.1a,c

BMI (kg/m2) 20.4 ± 0.1 20.3 ± 0.2 20.6 ± 0.5 20.4 ± 0.1 20.6 ± 0.1

Cause of infertility

Tubal factor 506 (30.6) 43 (27.4) 11 (45.8) 339 (29.7) 113 (34.4)

Endometriosis 37 (2.2) 3 (1.9) 1 (4.2) 23 (2.0) 10 (3.0)

Male factor 72 (4.4) 14 (8.9)a 1 (4.2)a,b 42 (3.7)b 15 (4.6)a,b

Other 24 (1.5) 3 (1.9) 0 (0) 15 (1.3) 6 (1.8)

Combined 80 (4.8) 8 (5.1) 4 (16.7) 49 (4.3) 19 (5.8)

Unexplained 934 (56.5) 86 (54.8)a,b 7 (29.2)c 675 (59.1)a 166 (50.5)b

CC, clomiphene citrate; SBT, single fresh blastocyst transfer; SVBT, single vitrified-warmed blastocyst transfer; No., number. Data are presented as n, n (%), or mean ± SEM. Data with dis-
tinct superscripts (a, b, c) are significantly different from each other within each row (P < 0.05). Age and BMI were normally distributed, and were analysed using one-way ANOVA, with
significance determined using Tukey’s test for post-hoc analysis. Cochran–Armitage test for trends and chi-squared tests were used to evaluate group differences for infertility cause.

..............................................................................

...................................................

.............................................................................................................................................................................................

Table II Pregnancy outcomes after single fresh or vitrified-warmed blastocyst transfer in natural cycle and CC cycles.

Total Natural cycle
SBT

CC cycle

SBT SVBT

A B

No. of total embryos transferred 1653 157 24 1143 329

Average no. of embryos transferred per patient 1 1 1 1 1

Blastocyst grade

A 1040 (62.9) 157 (100)a 24 (100)a 667 (58.4)b 192 (58.4)b

B 186 (11.3) 0 (0)a 0 (0)a,b 154 (13.5)b 32 (9.7)b

C 347 (21.0) 0 (0)a 0 (0)a 272 (23.8)b 75 (22.8)b

D 80 (4.8) 0 (0)a 0 (0)a,b 50 (4.4)b 30 (9.1)b

Endometrial thickness (mm) (range, median) 9.2 ± 0.0 (6–20, 9) 9.6 ± 0.2a (6–20, 9) 10.3 ± 0.4a (7–16, 9) 9.2 ± 0.1b (6–20, 9) 9.1 ± 0.1b (6–16, 8)

Clinical pregnancy 996 (60.3) 109 (69.4)a 11 (45.8)b 692 (60.5)b 184 (55.9)b

Ongoing pregnancy 920 (55.7) 102 (65.0)a 10 (41.7)b 639 (55.9)b 169 (51.4)b

Live birth 823 (49.8) 88 (56.1)a 7 (29.2)b 572 (50.0)a 156 (47.4)a,b

Miscarriage 173 (17.4) 21 (19.3) 4 (33.3) 120 (17.3) 28 (15.2)

Data are presented as n, n (%), or mean±SEM. Data with distinct superscripts (a, b) are significantly different from each other within each row (P < 0.05). Cochran–Armitage test for
trends and chi-squared tests were used to evaluate group differences for blastocyst grade, clinical pregnancy, ongoing pregnancy, live birth and miscarriage. Endometrial thickness was
analysed using Kruskal–Wallis test.
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woman’s age at oocyte retrieval. The analysis revealed that the adjusted
OR for the CC-SBT group was significantly lower than that for the
natural-SBT group (reference group, P = 0.01). However, the ratios for
both SVBT subgroups were comparable with that for the natural-SBT
group (Table IV). Furthermore, the logistic regression and ROC analysis
demonstrated that the LBR after SVBT was not associated with the
duration between the last day of CC administration and the day of
SVBT (OR: 1.000, 95% CI: 0.997–1.001, P = 0.96; AUC: 0.60, 95% CI:
0.57–0.63).

Neonatal outcomes after single blastocyst
transfer
Gestational age was similar among groups (Table V). Additionally, the
sex ratio was comparable across groups. Furthermore, there were no
group differences in the height, birthweight or the incidence of
malformation.

Discussion
The present study evaluated whether CC administration for follicu-
lar development adversely affected LBR after SBT, compared with
that in patients without CC administration. In addition, the pro-
longed effect of CC administration was determined by comparing
the LBR after SBT and SVBT at different time points of replacement.
Our results showed that an adversely prolonged effect of CC admin-
istration was not observed after SVBT in subsequent cycles,

regardless of the timing of replacement. The results also revealed
that there was no correlation between neonatal outcomes and CC
administration.
CC belongs to a class of selective oestrogen receptor modulators

that bind to oestrogen receptors (Ernst et al., 1976; Goldstein et al.,
2000). Although CC is a safe and effective oral agent, it has been
known to have antioestrogenic side effects, such as endometrial thin-
ning (Eden et al., 1989; Gonen and Casper, 1990; Nakamura et al.,
1997). Reduced endometrial thickness is caused by CC-induced
inhibition of epithelial cell proliferation and oestrogen response elem-
ent transactivation in the endometrium (Amita et al., 2010).
Furthermore, ovarian stimulation using CC adversely affects uterine
receptivity by reducing the endometrial expression of Homeobox
gene 10, integrin αvβ3 and leukaemia inhibitory factor during the
implantation period (Bao et al., 2009; Chen et al., 2016). A recent
systematic review (Gadalla et al., 2018) reported the adverse effects
of CC administration on the endometrium, which resulted in lower
pregnancy and LBR. In the present study, multivariate logistic regres-
sion analysis revealed that SBT in the CC cycle led to a significant
decrease in LBR, which supported the results in the Gadall et al.
(2018) systematic review.
In contrast, no adverse effect of CC administration on pregnancy

outcomes was observed after SVBT. A previous study reported that a
cleaved ET, which included single and double embryo transfer, within
90 days after the last CC treatment resulted in a lower pregnancy rate
compared with that for transfers at more than 90 days after CC treat-
ment (Nakagawa et al., 2015). However, in their study, FSH and HCG
were also used for ovarian stimulation. Ovarian stimulation using
exogenous gonadotrophins impairs blastocyst implantation and decid-
ualization by altering steroid signalling, and the adverse effect of
exogenous gonadotrophins remains in consecutive cycles (Bourgain
and Devroey, 2003; Horcajadas et al., 2007; Ezoe et al., 2014; Fukuda
et al., 2016). Therefore, the observed lower pregnancy rate could be
related to the administration of exogenous gonadotrophins, rather
than CC administration. In addition, the present results indicate
that neonatal outcomes were not adversely affected by CC adminis-
tration, which is consistent with the results of a previous study
(Correy et al., 1982).

........................................................................................

Table III Univariate logistic analysis for live birth rate
after single blastocyst transfer.

OR 95% CI P-value AUC

Patient age at oocyte
retrieval (y)

0.897 0.862–0.934 <0.001 0.577

Patient age at embryo
transfer (y)

0.900 0.865–0.936 <0.001 0.576

BMI (kg/m2) 0.982 0.944–1.021 0.365 0.515

Cause of infertility 0.516

Tubal factor – – –

Endometriosis 0.940 0.479–1.839 0.856

Male factor 1.049 0.639–1.723 0.850

Other 0.408 0.156–0.964 0.041

Combined 0.733 0.453–1.177 0.200

Unexplained 1.018 0.820–1.264 0.872

Blastocyst grade 0.587

A – – –

B 0.906 0.663–1.240 0.537

C 0.448 0.348–0.575 <0.001

D 0.265 0.154–0.439 <0.001

Endometrial thickness (mm) 0.989 0.941–1.039 0.662 0.505

OR, odds ratio. OR and AUC were obtained through univariate logistic regression
analysis and receiver operating characteristic curve analysis for live birth rate after
single blastocyst transfer.

........................................................................................

Table IV Adjusted OR for live birth rate after single
fresh or vitrified-warmed blastocyst transfer in natural
cycle and CC cycles.

Adjusted OR 95% CI P-value AUC

Natural cycle 0.607

SBT (Reference) – – –

CC cycle

SBT 0.324 0.119–0.800 0.014

SVBT

A 1.016 0.715–1.439 0.929

B 0.960 0.645–1.427 0.843

Adjusted OR was obtained through multivariate logistic regression analysis for live
birth rate after single blastocyst transfer. Blastocyst grade and infertility cause were
used as confounders.
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Concern exists regarding zuclomiphene accumulation after CC-based
ovarian stimulation. CC is a mixture of two diastereoisomers: enclomiphene
(62%) and zuclomiphene (38%) (Ernst et al., 1976). The trans-isomer, enclo-
miphene, is the more potent isomer, and is the element primarily respon-
sible for the ovulation-inducing actions of CC (Van Campenhout et al., 1973;
Clark andMarkaverich, 1981). Enclomiphene levels rapidly rise after adminis-
tration and fall to undetectable concentrations soon thereafter (half-life:
10.5 h) (Mikkelson et al., 1986). The cis-isomer, zuclomiphene, is
eliminated far more slowly. Levels of the less-active isomer remain
detectable in circulation for more than 30 days after administration,
and may accumulate over consecutive cycles of treatment; however,
there is no evidence suggesting an important clinical consequence
(Mikkelson et al., 1986; Young et al., 1999). In the present study, no
adverse effect due to CC administration was observed in the SVBT
cycle. Therefore, pregnancy and neonatal outcomes do not appear to
be affected by zuclomiphene accumulation in the consecutive cycles.
The strength of the present study was that it dealt with a topic that

has a relatively rare cohort in current IVF practice. Very few clinics use
a clomiphene stimulation protocol along with elective freezing; there-
fore, the findings would provide beneficial knowledge to improve clin-
ical outcomes in CC-based minimal stimulation IVF cycles. However,
there were also several limitations. In the present study, the outcomes
of patients who underwent a single blastocyst transfer were exclusively
evaluated; thus, we analysed the cohort that was very biased towards
good prognosis, based on clinical judgement regarding endometrial
thickness. Another limitation concerns the study’s retrospective
nature. The low statistical power caused by the differences in sample
size was also a limitation, especially in the CC-SBT group. Although
the outcome showing inferiority of CC-SBT compared to natural-SBT
is consistent with the general findings reported in the previous litera-
ture (Gadalla et al., 2018), further large-scale clinical studies are neces-
sary to validate our results. Furthermore, characteristics of patients
and grade of transferred embryos were not uniform in the present
study because of our clinical decisions. Therefore, further RCTs are
required to confirm the lack of a prolonged effect of CC on pregnancy
and neonatal outcomes in SVBT.

In conclusion, CC administration in minimal ovarian stimulation IVF
cycles affected pregnancy outcomes when fresh blastocyst transfer
was performed. This adverse effect of CC did not occur with SVBT in
subsequent natural ovulatory cycles, regardless of the period between
the administration of CC and the day of SVBT. Therefore, when a CC-
based minimal stimulation cycle IVF is applied, we suggest that frozen
embryo transfer should be performed in a subsequent natural ovula-
tory cycle, instead of a fresh embryo transfer, to avoid the possibility
of implantation failure associated with CC administration.
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