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Abstract

BACKGROUND/AIMS: Data on the effect of onset time of gonadotropins for ovarian stimulation on in vitro fertilization (IVF) outcomes are
limited. This study was planned to compare the effects of early and late-onset ovarian stimulation on gonadotropin dose, ongoing pregnancy
and live birth rates in women with polycystic ovary syndrome (PCOS).

MATERIALS AND METHODS: The data of 432 patients who underwent IVF/intracytoplasmic sperm injection for PCOS-induced infertility/
subfertility were reviewed retrospectively. Among them, 304 were included in this study. They were divided into two groups according to the
timing of their ovarian stimulation (2" & 5" days of the menstrual cycle).

RESULTS: The total oocyte count, the number of fertilized oocytes, and the number of grade 1 or 2 embryos were significantly higher in those
subjects receiving ovarian stimulation on the 2" day of the menstrual cycle. Those patients who received ovarian stimulation on day 2 had
a higher total gonadotropin dose and a longer gonadotropin administration time. Although the number of total oocytes was higher in those
patients starting treatment on the 2" day, treatment started on day 5 (shorter treatment) provided better fertilization.

CONCLUSION: In women with infertile PCOS, ovarian stimulation started on the 2" day of the cycle provided more favorable IVF results in terms
of total oocytes and fertilized oocytes, while the total gonadotropin dose was found to be higher. Fertilization and oocyte quality were better
in the stimulations started on the 5" day.
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INTRODUCTION egg cells are taken from the woman's ovaries and fertilized in a special
environment outside the body with sperm taken from the male. After
the procedure, this fertilized egg is placed in the uterus or frozen and
stored for future use. IVF is a repeatable procedure with satisfactory

Polycystic ovary syndrome (PCOS), which is characterized by polycystic
ovary morphology, ovulatory dysfunction and hyperandrogenism, has

0 ive- Tt L . -
been reported t.o affect up to 10% of reprqductl.v‘e age wgmen. ~It.|s a.Iso results, applied in many infertility cases caused by men or women.*
one of the leading causes of anovulatory infertility.? In vitro fertilization
(IVF) protocols have been reported to be successful in achieving clinical Controlled ovarian hyper-stimulation is used to prevent the development
pregnancy in women with PCOS.? In this protocol, one or more mature of multiple follicles and the associated risk of premature luteinization,
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as well as ovarian hyper-stimulation syndrome (OHSS).> The purpose of
controlled ovarian hyper-stimulation is to support the production of
oocytes of good quality, and it is frequently initiated in the early stages
of the menstrual cycle.® Recombinant follicle-stimulating hormone
(rFSH) is also usually administered on the 2" or 3 day of the menstrual
cycle. However, such early administration may not only lead to OHSS
but could also cause the development of multiple low-quality oocytes.”
On the other hand, late administration of rFSH may limit the number of
oocytes which are required for fertilization.

Data concerning the impact of the timing of ovarian stimulation on IVF
outcomes are very limited. This study aimed to compare early (2" day
of the menstrual cycle) and later (5" day of the menstrual cycle) ovarian
stimulation in terms of oocyte quality, total gonadotropin dose and also
the rates of pregnancy, ongoing pregnancy and live birth.

MATERIALS AND METHODS

The data of 432 patients with PCOS (aged between 18-37 years) who
had undergone IVF due to infertility at the gynecology department of a
tertiary healthcare institute, between January 2012 and January 2020,
were obtained from institutional digital records. The diagnosis of PCOS
was based on the diagnostic criteria revised by the Rotterdam ESHRE/
ASRM-Sponsored PCOS consensus workshop group.®

Among the 432 patients, 128 were excluded (pregnant women,
smokers, women in early menopause, breastfeeding women, women
with diagnosed hypertension, diabetes mellitus, and adrenal gland
disorder). The final group of 304 women with PCOS was divided into
two groups, according to the timing of ovarian stimulation, as follows:
Ovarian stimulation on the 2" day of the menstrual cycle (group 1) and
ovarian stimulation on the 5" day of the menstrual cycle (group 2). All
procedures performed in this study involving human participants were
carried out in accordance with the ethical standards of the institutional
and/or national research committee and within the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.
This study was approved by the Clinical Research Ethic Committee of
Erciyes University (approval number: 2011-KAEK-80). Informed consent
was obtained from all individual participants included in this study.

The patients’ FSH, estradiol and baseline ultrasonography analyses were
performed on the 2" and 3" days of menstruation. Initial gonadotropin
dose was determined according to their body mass index, antral
follicle counts and serum anti-mullerian hormone (AMH) levels. Before
initiating gonadotropins, we confirmed the absence of >20 mm follicles
and evaluated baseline estradiol and progesterone levels (confirming,
E2 <40 pg/mL, progesterone <1 ng/mL). All patients were treated

with flexible daily gonadotropin releasing hormone (GnRH) protocols
for controlled ovarian stimulation. The initiation of GnRH antagonists
(Cetrotide, Merck-Serono) was performed after the determination of >14
mm follicle size and/or 2400 pg/mL serum E, levels on the fifth day of
treatment. Ovulation was triggered with choriogonadotropin alfa 250
mch (Ovitrelle, Merck-Serono) when at least two leading follicles were
>18 mm. Oocytes were collected 35 or 36 hours after triggering. Oocytes
were fertilized by the microinjection method and embryo transfer was
performed 5 days later. One or two blastocyst embryo transfer was
performed at the stage of top quality or good quality embryos according
to Gardner and Schoolcraft blastocyst grading system. Luteal phase
support with progesterone gel was continued until a pregnancy test
was performed. The patients underwent pregnancy testing via blood
samples (beta-hCG) 12 days after transfer and were scheduled for USG
evaluation 15 days later for the identification of the fetal heart-beat.

Biochemical pregnancy was established when the pregnancy test result
was positive with >20 mIU/mL HCG levels on the 12™ day after embryo
transfer. Clinical pregnancy was defined as the presence of fetal cardiac
activity on vaginal ultrasonography.

The differences between the two groups with respect to total oocyte
count, MII oocyte count, fertilization, biochemical and clinical
pregnancy rates were the primary outcome measures of this study. The
total dose of gonadotropin used was the secondary outcome measure.

Statistical Analysis

All analyses were performed on SPSS v21 (SPSS Inc., Chicago, IL, USA).
Q-Q and histogram plots were used to assess normal distribution.
According to the distribution characteristics, continuous data are
given as mean * standard deviation or median (minimum-maximum).
Categorical variables are described with frequency (and percentage).
The comparison of normally distributed variables was performed with
the independent samples t-test; whereas non-normally distributed
variables were analyzed with the Mann-Whitney U test. The comparison
of groups in terms of categorical variables was carried out with chi-
square tests. Multiple logistic regression analysis (forward conditional
method) was performed to determine significant factors effective on
pregnancy and live birth. Two-tailed p-values of less than 0.05 were
considered statistically significant.

RESULTS

A total of 304 women with PCOS who underwent IVF at our institute
were analyzed (mean age: 28.60+4.80 years). Among these, 161
received ovarian stimulation on the 2" day of the menstrual cycle and

Table 1. Summary of the patients’ characteristics with regard to starting day

Starting day

2" day (n=161) 5t day (n=143) Total (n=304) p
Age, years 28.881+4.82 28.28+4.77 28.601+4.80 0.276
Duration of infertility, years 6(1-22) 5(1-24) 6 (1-24) 0.094
BMI, kg/m? 27.02+2.21 26.77+1.94 26.90 £2.09 0.242
E, (day 2), pg/mL 35 (8-97) 36 (6-93) 36 (6-97) 0.458
Progesterone (day 2), ng/mL 0.2 (0.01-0.8) 0.1(0.01-0.7) 0.17 (0.01-0.8) 0.009
AMH, ng/mL 5.9 (4.6-8.2) 5.1 (4.0-7.1) 5.4 (4.0-8.2) <0.001

normality of distribution.

AMH: anti-miillerian hormone, BMI: body mass index, E,: estradiol. Data are given as mean + standard deviation or median (minimum-maximum) for continuous variables according to
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143 received ovarian stimulation on the 5" day of the menstrual cycle.
The progesterone concentration measured on the second menstrual day
was significantly higher in those subjects receiving ovarian stimulation
on the 2" day of the menstrual cycle compared to those receiving
ovarian stimulation on the 5" day of the cycle [0.2 (0.01-0.8) vs. 0.1
(0.01-0.7), p=0.009]. Recipients of ovarian stimulation on the 2" day of
the menstrual cycle had higher E, and progesterone concentrations on
the day of ovulation compared to those receiving ovarian stimulation
on the 5" day of the menstrual cycle (p<0.001, for each). Additionally,
anti-mullerian hormone (AMH) values were significantly higher in the
recipients of ovarian stimulation on the 2" day (p<0.001) (Table 1).

As shown in Table 2, those patients who received ovarian stimulation on
day 2 had a higher total gonadotropin dose and a longer gonadotropin
administration time compared to those receiving ovarian stimulation
on the 5" day of the cycle. When the two groups were compared, we
found that the total oocyte count [28 (12-66) vs. 21 (11-37), p<0.001],
the number of fertilized oocytes [14 (4-45) vs. 13 (6-26), p=0.041], and
the number of grade 1-2 embryos [21 (7-55) vs. 17 (10-35), p=0.001]
were significantly higher in those subjects receiving ovarian stimulation
on the 2" day of the menstrual cycle (longer treatment). It was also
noted that those subjects starting ovarian stimulation on the 2" day of
the menstrual cycle were more likely to undergo thaw cycles; whereas
those starting ovarian stimulation on the 5" day of the menstrual cycle
were more likely to undergo fresh cycles. Both groups were similar in
terms of clinical pregnancy, ongoing pregnancy and live birth rates
(Figure 1).

During multiple logistic regression analysis, we found that early hCG
administration was associated with a higher frequency of clinical
pregnancy rates (p=0.004). Other variables included in the model,
such as 2 day E, (p=0.053), 2" day progesterone (p=0.230), total
gonadotropin dose (p=0.642), stimulation day (p=0.785), days with
gonadotropin (p=0.785), h(G day E, (p=0.388), total oocyte number
(p=0.822), M, (p=0.179), PN (p=0.109), type of procedure (p=0.870) and
embryo day (p=0.113) were found to be non-significant (Table 3).

[Eclinical Pregnancy
M ongoing Pregnancy
MLive Birth

Percent (%)

2nd Day

5th Day
Starting Day

Figure 1. Pregnancy and live birth rates with regard to starting
day.

Table 2. Comparison of the characteristics of the groups according to the onset day of ovarian stimulation.

Starting day

2" day (n=161) 5% day (n=143) Total (n=304) p
Total GND dose 2,700 (1,000-4,500) 1,600 (800-3,375) 2,000 (800-4,500) <0.001
Days with GND 10 (8-13) 8(8-10) 9(8-13) <0.001
E, (hCG day), pg/mL 3,300 (1,000-12,470) 2,890 (1,016-7,577) 3,000 (1,000-12,470) <0.001
Progesterone (hCG day), ng/mL 1.2 (0.09-4) 0.9 (0.1-2.5) 1.09 (0.09-4) <0.001
Total oocyte count, (n) 28 (12-66) 21(11-37) 24 (11-66) <0.001
M2 embryos, (n) 21 (7-55) 17 (10-35) 18 (7-55) 0.001
PN, (n) 14 (4-45) 13 (6-26) 13 (4-45) 0.041
Embryo day
2&3 70 (43.48%) 51 (35.66%) 121 (39.80%) e
5&6 91 (56.52%) 92 (64.34%) 183 (60.20%)
Procedure
Thaw cycle, (n) 118 (73.29%) 55 (38.46%) 173 (56.91%) 0001
Fresh cycle, (n) 43 (26.71%) 88 (61.54%) 131 (43.09%)
Clinical pregnancy, (n) 95 (59.01%) 92 (64.34%) 187 (61.51%) 0.340
Ongoing pregnancy, (n) 85 (52.80%) 79 (55.24%) 164 (53.95%) 0.669
Live birth, (n) 74 (45.96%) 71 (49.65%) 145 (47.70%) 0.521
E,: estradiol, GND: gonadotropin, hCG: human chorionic gonadotropin. Data are given as median (minimum-maximum) for continuous variables, and as frequency (percentage) for
categorical variables.

Table 3. Factors affecting clinical pregnancy rates during logistic regression analysis

B coefficient Standard error Wald p Exp () 95% confidence interval for g
hCG day -0.606 0.211 8.240 0.004 0.546 0.361 0.825
(Constant) 1.168 0.273 18.301 <0.001 3.215

Dependent variable: Clinical pregnancy; Nagelkerke R?=0.038. hCG: human chorionic gonadotropin.
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DISCUSSION

This study compared IVF outcomes in subjects receiving ovarian
stimulation on the 2" day or the 5" day of the menstrual cycle. Our
findings showed that the total oocyte count, the number of grade 1-2
embryos, and the number of fertilized oocytes were higher in those
subjects receiving earlier ovarian stimulation than in those receiving
ovarian stimulation later in the cycle; however, this advantage of earlier
ovarian stimulation did not translate into an increased frequency of
clinical pregnancies or live births. We also determined that the number
of days with gonadotropin and total gonadotropin dose were lower
in those subjects receiving earlier ovarian stimulation compared to
those receiving later ovarian stimulation. These results show that
shorter treatment has similar pregnancy results compared to longer
treatment, with advantages of less drug exposure and lower cost. The
logistic regression model revealed that earlier hCG administration was
independently associated with higher clinical pregnancy rates.

IVF has been reported to be successful in about 50% of cases, with
significant success particularly in those younger than 35 years of age.’
It is also well-known that IVF is frequently utilized in the treatment
of PCOS-related infertility, which is one of the most common causes
of female infertility."®"" Although earlier practice with IVF was based
on the spontaneous cycle of women, later studies showed that it was
possible to obtain a higher number of oocytes by inducing ovulation
through the administration of gonadotropins during the menstrual
cycle.”> To date, several protocols for achieving controlled ovarian
hyper-stimulation in patients undergoing IVF have been introduced.”™
Although some of these protocols may provide more favorable
pregnancy outcomes depending on the underlying cause of infertility
and the hormonal status of the subject, none of the various protocols
have demonstrated universal superiority.’>"”

Recombinant FSH (rFSH) is a commonly utilized agent in controlled
ovarian hyper-stimulation of patients undergoing IVF.”%"9 Current
practice is based on administering rFSH earlier in the cycle, on the 2"
or 3" day."”'® However, earlier administration of rFSH may be associated
with OHSS development and may increase healthcare costs. However,
data concerning IVF outcomes in subjects receiving ovarian hyper-
stimulation later in the menstrual cycle are limited. To the best of our
knowledge, there are no directly comparable studies in the literature.
Only a few studies have evaluated the role of ovarian stimulation
timing on IVF-related characteristics. For instance, in a recent study
including patients who were to receive gonadotoxic therapy, Von Wolff
et al.? reported that ovarian stimulation after day 5 of the menstrual
cycle was associated with an increased number of oocytes compared to
ovarian stimulation between the 1%t and 5" days of the menstrual cycle.
Studies conducted on patients requiring urgent cancer treatment have
also shown that “random start” ovarian stimulation is comparable to
conventional stimulation protocols with regard to the yield of mature
oocytes and their developmental potential into embryos.?'#? Taking into
account the data derived from studies investigating random ovarian
stimulation, we hypothesize that ovarian stimulation in the later stages
of the menstrual cycle would perform similar to ovarian stimulation
in the early stages of the menstrual cycle in terms of IVF outcomes in
women with PCOS. This is a critical result as shorter treatment would
result in lower exposure to gonadotropins and would lower the cost of
treatment.

We must also mention the fact that women with PCOS are often
considered to have a higher propensity for OHSS.% Fischer et al.*
reported that when FSH dosage was calculated sparingly (low-dose
stimulation), women with PCOS had no significant increase in the
frequency of OHSS. Other studies have also identified a reduced risk of
OHSS in PCOS with the use of various treatments; including metformin,®
lower GnRH dose,”® GnRH antagonists,” and the “coasting” method.?
Therefore, the higher total gonadotropin dose and longer treatment
with earlier stimulation may represent a risk for OHSS. However, there
is no unanimous opinion on this topic and considering the deviations
between studies, it seems apparent that there is a yet-to-be-elucidated
dynamic hormonal balance/imbalance which is at play during the
development of OHSS, especially considering its unquestionable
relationship with the hCG trigger.® It has been reported that AMH-based
ovarian stimulation protocols significantly reduce the risk of OHSS,
the dose of rFSH used, and the duration of stimulation.?® Therefore, in
determining the initial rFSH dose, we use patient age, previous starting
doses as well as a serum AMH measurement. We prefer AMH mostly to
assess ovarian reserve in poor responders, premature ovarian aging or
in cases of endometrioma/endometriosis. However, we use AMH values
to determine the starting dose of rFSH to minimize the risk of OHSS due
to PCOS.

In this study, clinical pregnancy rates were similar between the groups,
and overall, 61.5% of the cases had clinical pregnancy and 47.7% of them
had live birth. When the previous studies were examined, it was seen
that the reported frequencies are heterogeneous. Although there were
studies in which similar results were published with our study,**3? lower
frequencies were also reported.®3* In particular, the results of studies
in which the cumulatively pregnancy and live birth rates of several IVF
trials were published were higher than our study, while single IVF trial
results were lower. The difference in participant characteristics between
the studies may have affected these results. The relatively younger ages
of the subjects in our study may be one of the reasons for this situation.
Additionally, in a meta-analysis, it was reported that the frequency of
live births after IVF in PCOS cases was higher than in infertility cases
caused by other reasons (odds ratio: 1.29, 95% confidence interval: 1.24-
1.34).%° The fact that all of the participants in our study were PCOS cases
may be one of the reasons for better results compared to infertility cases
caused by other reasons.

This is the first study investigating the timing of ovarian stimulation on
IVF and pregnancy outcomes in women with PCOS. Our findings show
that early ovarian stimulation provides higher total oocyte and fertilized
oocytes compared to late ovarian stimulation in PCOS women. We also
found that the later start of ovarian stimulation was associated with
a shorter length of ovarian stimulation and lower total gonadotropin
dose. Although a detailed cost-effect analysis was not performed, given
the lower amount of gonadotropins used in subjects receiving fifth day
ovarian stimulation (shorter treatment), we speculate that later ovarian
stimulation may reduce treatment costs for infertility in women with
PCOS. Another critical finding of this study was that the day of hCG
administration was independently associated with clinical pregnancy
rates. Nevertheless, there were no significant differences between those
subjects receiving earlier or later ovarian stimulation with respect to
clinical pregnancy rates and live birth rates.

Another controversial issue regarding IVF outcomes in PCOS or non-
PCOS patients undergoing FET or fresh cycle is basal or pre-transfer
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serum progesterone levels. We found a significant difference in serum
progesterone levels between the second and fifth day groups (1.2 ng/
mL vs 0.9 ng/mL). However, changes in progesterone levels did not
cause a difference between the groups in terms of clinical pregnancy
and live birth rates. The results of other studies on the relationship
between serum progesterone levels and reproductive outcome in FET
cycles are heterogeneous. While there are some studies showing that
pre-transfer serum progesterone concentration affects live birth rates,?
there are other studies reporting that progesterone levels do not affect
IVF outcome.® As we showed in the logistic regression analysis, the
difference in progesterone levels on the 2" day and ovulation day
did not cause any significant changes in the reproductive outcome
parameters. Consistent with our results, it has been reported that
hCG day progesterone values measured in fresh cycles do not have a
significant effect on subsequent FET results in PCOS patients.>®

Study Limitations

The important limitations of our study are that it was conducted in
a single center and it had a retrospective design. Due to this study
design, some variables which may have affected the results could not
be evaluated retrospectively. An important limitation of our study was
the inhomogeneous distribution of fresh and FET cycles among the
groups. The high thaw cycle rates in the early stimulation group with
the high fresh cycle rate in the late stimulation group may be due to the
heterogeneity of the groups and the freeze all criteria. In both groups,
OHSS risk, preimplantation genetic screening, fluid accumulation in
the endometrium, weak endometrium and social indications were
accepted as criteria for freeze-all. The fact that the groups could not
be determined randomly may explain the difference in fresh and thaw
cycle rates to some extent.

CONCLUSION

In conclusion, ovarian stimulation on the 2" day of the menstrual cycle
appears to provide more favorable IVF outcomes in terms of the total
oocyte count, the number of grade 1-2 embryos and the number of
fertilized oocytes when compared to ovarian stimulation on the 5" day
of the cycle. However, the total gonadotropin dose was lower in those
patients receiving ovarian stimulation on the 5" day of the menstrual
cycle. In terms of the ultimate goals of IVF, the results of the two groups
were similar.

MAIN POINTS

* In PCOS women with infertility, ovarian stimulation starting on
the 2" day of the menstrual cycle appears to provide more favorable
IVF outcomes in terms of the total oocyte count and the number of
fertilized oocytes.

e In PCOS women with infertility, the total gonadotropin dose is
lower in those recipients of ovarian stimulation on the 5" day of the
menstrual cycle.

 In PCOS women with infertility, fertilization and oocyte quality were
better in those starting treatment on the 5" day.
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