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ABSTRACT

This retrospective cross-sectional study investigates determinants on follicular
development, oocyte retrieval and pregnancy outcome. It assessed the clinical
practicability of monitoring parameters in relation to predict a successful
treatment. Analysis of serum-estradiol (E2), sonographic follicle count, number
of oocytes and optimizable parameters have therefore been carried out based on
patient files from the I\VVF outpatient clinic at the Department of Gynecology,
Obstetrics and  Reproductive  Medicine, Homburg/Saar, Germany.
Equidirectional connection occurred between serum-E2, sonographic follicle
count and number of oocytes (p < 0.001). There was no significant difference
between sonographic and punctured follicle count (p = 0.428), but between
sonographic/punctured follicle count and number of oocytes obtained (p < 0.01).
Increasing endometrial thickness was associated with increasing serum-E2 (p =
0.003) and number of oocytes (p < 0.001), but not with the follicle count (p >
0.05). Additionally, age was inversely associated with sonographic follicle count
and number of oocytes (p < 0.001) but not with E2 (p > 0.05). BMI, nicotine and
stimulation protocol had no association with the observed parameters (p > 0.05).
Mean differences in follicle numbers can be used for predicting expectable
numbers of oocytes. Due to comparable numbers of follicles visualized on the
day of ovulation induction and the number of follicles punctured, more emphasis
should be placed in optimizing oocyte retrieval procedures.
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Introduction

According to the most recent committee opinion of the
American Society of Reproductive Medicine (ASRM),
infertility is defined as a ‘disease, condition, or status’
pertaining to the incapacity to attain a successful pregnancy
due to factors related to patient history along with physical
and laboratory findings, requiring some sort of medical
intervention, for example in vitro fertilization (IVF)/
intracytoplasmatic sperm injection (ICSI). ASRM
suggests, that the evaluation of infertility should be age-
dependent. In cases where individuals engage in consistent,

unprotected intercourse and there are no identifiable causes
indicating impaired reproductive function in either partner,
diagnostic investigation should commence after 12 months
if the female partner is younger than 35 years old.
Alternatively, if the female partner is 35 years of age or
older, evaluation should begin after 6 months under similar
circumstances [1]. Infertility impacts 10% of women aged
20-50 years and is frequently accompanied by notable
physical and emotional burden [1]. Of note, the percentage
of involuntarily childless couples has risen from 25 % to
32 % in recent years reflected by an increasing interest and
use of assisted reproductive technologies (ART) [2,3].
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Estimating the success of ART/IVF treatment is a
widely discussed field in the literature [2]. The most
commonly used outcome for determination of success is
life birth rate (LBR) [2,3]. A plethora of variables have
been tested, including clinical factors (e.g., female age,
weight, along with other measures of adiposity, cause of
infertility, stimulation protocols) along with laboratory
methods (e.g., vitrification of embryos) [2-4]. This has
given rise to various validated and unvalidated tools, which
may be used in clinical practice [4].

Ovarian stimulation is an important part of ART,
leading to multifollicular development during one cycle
[4]. The aim of multifollicular stimulation is to improve the
chance of achieving good quality embryos and a successful
treatment outcome by generating a good number of oocytes
out of a wide range of follicles [5,6]. From a clinical
perspective, great effort has been made in standardizing
and improving ovarian stimulation and the timing of
ovulation induction for more optimal reproductive
outcomes to be achieved [5]. According to Steward et al.,
the retrieval of 6 to 15 oocytes after ovulation inductions
leads to optimal live birth rates without the cost of ovarian
hyperstimulation syndrome (OHSS), caused in cases more
oocytes are retrieved [6].

In order to find balance between a good number of
follicles developed and patient safety monitoring of
ovarian stimulation plays a key role in ART [7]. Nowadays
ultrasound is used routinely for the determination of the
correct time of ovulation induction [7]. Measurement of the
number and size of the leading follicles by ultrasound is
important to evaluate optimal timing for ovulation
induction with human chorionic gonadotrophin and to
assess the risk of OHSS [8]. To bolster the outcomes of
oocyte retrieval, some clinical and biochemical markers
have been studied [9]. Oestradiol, an inherent sex steroid,
has been proposed by some researchers, even though the
exact role is yet not clear [9,10]. During ovarian
stimulation multiple follicles develop. Most of oestradiol is
produced by follicular granulosa cells [11]. Under ovarian
stimulation multiple follicles develop with a higher number
of granulosa cells differing from the normal menstrual
cycle reaching a supraphysiological oestradiol production.
Because of this link oestradiol is assessed to be a marker of
follicular development as well as of quality of the follicle
phase of the stimulated cycle [9]. Strawn et al. showed that
the determination of oestradiol concentrations at the day of
ovulation induction provided no additional benefit
regarding clinical pregnancy rates and the number of
oocytes retrieved [10]. On the contrary, Li et al. underlined
the importance of preovulatory serum oestradiol levels as
valuable marker for predicting premature ovulation in
unstimulated cycles in IVF [11]. In essence, a clear
consensus on the use of oestradiol for stimulation
monitoring has not been achieved, especially given the fact

that some authors consider it expensive and inconvenient
for the patients [12,13].

The present study evaluated factors influencing
follicular development, oocyte retrieval and ART outcome.
Our objectives were to: (1) analyze the relationship
between serum-E2 level, sonographic follicle count and
number of oocytes received; (2) assess the monitoring
system of stimulated cycles; (3) identify optimizable
predictive parameters for achieving pregnancy.

Materials and Methods

Inclusion and exclusion criteria

The inclusion criteria of this retrospective cross-
sectional study were:

o Patients who underwent IVF/ICSI at the Department of
Gynecology, Obstetrics and Reproductive Medicine in
Homburg/Saar, Germany between March 2012 and
April 2022

¢ Both single and multiple cycle attempts were included.

¢ Availability of patient records in the IVF clinic at the
time of data collection between March and May 2022
Exclusion criteria constituted:

e Procedures other than IVF/ICSI intrauterine

insemination)

(e.g.

¢ Incomplete patient records (for the data collection) or no
available records during the time of data collection.

Participants, treatment

We included 235 patients and 411 ART cycles. Standard
IVF/ICSI treatment procedures were followed [13].
Patients underwent individually adapted stimulation
protocols. The GnRH antagonist protocol was used as
standard protocol while the GnRH agonist protocol
remained for patients with endometriosis or stimulation-
failure (more than 3 stimulation cycles without fulfilling
the criteria for ovulation induction). Patients within the
antagonist protocol received 150 1U follitropin alfa from
day three/four up to day 13/14 of the menstrual cycle as
well as 0.25 mg of cetrorelix acetate from day seven up to
day 13/14. Follicular development was evaluated three
times within a stimulation cycle: At the beginning of
stimulation, on day five/six and close to the day of
ovulation induction. For examination patients were in
lithotomy position. Examinations were performed by
different investigators. The ovaries were scanned in
longitudinal and frontal planes. All follicles were counted
(regardless of their size) and endometrial thickness was
recorded at the level of greatest expansion. If three or more
follicles larger than 17 mm occurred, ovulation was
induced with choriogonadotropin alfa followed by
transvaginal ultrasound-guided follicular puncture 36
hours afterwards.
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Regarding baseline estradiol measurement, this was
conducted as part of routine care around the day of
ovulation of induction. Serum monovette (S-Monovette
Serum-Gel®, Sarstedt Niimbrecht, Germany) were used
for venipuncture. Electrochemiluminescence-immunoassay-
kits (COBAS®e801, Roche-Diagnostics  GmbH,
Mannheim, Germany) were used for measuring the serum-
E2 at the central laboratory of the Department of Clinical
Chemistry and Laboratory Medicine of the Faculty of
Medicine Homburg.

Variables

We extracted the following data from available patient
files in a predefined Microsoft Excel file: 1) baseline and
anthropometric data (age at follicle puncture, height (in
centimeters), weight (in kilograms), body mass index
(BMI), previous pregnancies, smoking status), 2)
parameters of cycle monitoring (humber of follicles, E2
and endometrial thickness around the day of ovulation
induction), 3) parameters of the follicle puncture (number
of punctured follicles, oocytes received) and the outcome.
Focus was placed on the number of follicles recorded in
2D-US and E2-levels collected by venous-blood-serum
around the day of ovulation induction.

Statistical analysis

Normality of distribution was evaluated using the
Kolmogorov-Smirnov test along with visual examination
of the data. Given that all data were not normally
distributed, we used median (range) for data presentation,
along with non-parametric statistics for group comparisons
(Mann-Whitney test for 2 groups, Kruskal-Wallis for more
than 2 groups). For qualitative variables, we used absolute
number (percentages) as summary statistics.

To examine the association of studied parameters
(monitoring parameters, clinical parameters — confounders,
measuring days) we fitted univariable linear regression
models (dependent variables were all continuous) and non-
parametric tests were performed. Microsoft Excel and
IBM-SPSS 29 were used for data analysis. Statistical
significance was defined as p < 0.05.

Results

Patient characteristics

Patient characteristics are shown in Table 1. As far as
pregnancy outcomes are concerned, seven times (1.7%)
there was a documented abortion or extrauterine pregnancy
(EUG). Biochemical pregnancy occurred in 5.4% and was
defined as detectable beta-hCG increase above 10 1U/I. An
intact clinical pregnancy without knowledge of the further
course, was achieved in 10.2% and was defined as
sonographically or histological detectable gestational sac.
Deducting miscarriages and EUGs, total pregnancy rate
(biochemical and clinical pregnancies) was 15.6%.

Table 1. Baseline characteristics of our sample
(n = 235 patients / 411 cycles)

Parameter Median (Range)/  Missing
Number (%)  values (%)
Age (years) 34 (19-44) 4 (1%)
Height (cm) 166 (150-184) 9 (2%)
Weight (kg) 75 (47-178) 12 (3%)
BMI (kg/m?) 27 (18-56) 13 (3%)
Nicotine consumption 59 (14%) 7 (2%)
Infertility type 0 (0%)
Primary 246 (60%)
Secondary 165 (40%)
ART treatment 4 (1%)
IVF 92 (22%)
ICSI 315 (77%)
Stimulation protocol 26 (6%)
Agonist 80 (20%)
Antagonist 305 (74%)

ICSI: intracytoplasmic sperm insemination, IVF: in
vitro fertilization

Monitoring parameters

Linear regressions of clinical and laboratory parameters
with outcome measures are shown in Table 2. Increasing
endometrial thickness was associated with a statistically
significant linear increase in serum-E2 as well as oocytes
retrieved (R? = 0.025, p = 0.003; R? = 0.03, p < 0.001,
respectively). The number of follicles sonographically
detected demonstrated no association with endometrial
thickness (R? = 0.009, p = 0.067). Serum-E2 increased with
increasing number of follicles monitored (R? = 0.31, p <
0.001) and also with increasing number of oocytes retrieved
(R?=0.224, p <0.001). The number of oocytes demonstrated
a positive association with increasing sonographic follicle
count (R? = 0.283, p < 0.001). Linear regression also showed
a significant association in punctured follicle count with
increasing numbers of sonographic follicles at monitoring as
shown in Table 2 (R? = 0.396, p < 0.001).

Confounding variables

Regression analysis of E2 according to age at follicle
puncture indicated no significant relationship (R2 =0, p >
0.05) (Table 2). Increasing age was associated with a
statistically significant linear decrease in sonographic
follicle count (R2 = 0.053, p < 0.001) as well as oocytes
received (R2 = 0.048, p < 0.001). There was no significant
association between levels of E2 and age (R2 =0, p > 0.05).
No significant relationship could be found between E2,
sonographic follicle count and oocytes retrieved according
to the BMI (R2 = 0.004, p > 0.05; R2 = 0.005, p > 0.005;
R2 =0.001, p > 0.05) and smoking status (R2 = 0.009, p >
0.05; R2 = 0.001, p > 0.05; R2 = 0.003, p > 0.05). There
was no significant association between the outcome and E2
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(R2 =0, p > 0.05), sonographic follicle count (R2 = 0.004,
p > 0.05) and oocytes retrieved (R2 =0, p > 0.05).
Measuring days

A later measuring day was associated with a statistically
significant linear increase in serum-E2 (R2 = 0.028, p <
0.001) and endometrial thickness (R2 = 0.036, p < 0.001)
(Table 2). Sonographic follicle counts according to a

later measurement day indicated no relationship (R2 = 0,
p > 0.05).

A later measuring day was associated with a statistically
significant linear increase in serum-E2 (R2 = 0.028, p <
0.001) and endometrial thickness (R2 = 0.036, p < 0.001).
The alternating follicle measurement day was negligible as
a potential influencing factor.

Table 2. Linear regression analysis between serum-E2, sonographic follicle count, punctured follicle count,
number of oocytes received and endometrial thickness and clinical parameters. R? corresponds to the coefficient

of determination.

Serum E2 level Sonographic follicle Number _of oocytes End_ometrlal
count retrieved thickness
Serum E2 level i R?=0.31 R2=0.224 R?=0.025
p < 0.001 p < 0.001 p =0.003
Sonographic follicle R2=0.31 ) R2=10.283 R2=0.009
count p <0.001 p <0.001 p =0.067
Number of oocytes R?=0.224 R?=0.31 ) R%=0.030
retrieved p <0.001 p <0.001 p <0.001
. . R?=0.025 R? =0.009 R?=0.030
Endometrial thickness b= 0.003 0 = 0.067 b < 0.001 -
Measuring da R2=0.028 RZ=0 i R2=0.036
g day p < 0.001 D =0.82 p < 0.001
BMI R? =0.004 R? =0.005 R?=0.001 ]
p=0.25 p=0.162 p = 0,646
Nicotine consumption R*=0.009 R*=0.001 R*=0.008 -
P p=0079 p=0526 p=0317
Stimulation protocol R*=0 R*=0.003 R*=0 -
P D =0.96 p = 0.295 p = 0.925
Age R?2=0 R?=0.053 R?=10.048 )
g p=076 p <0.001 p < 0.001
i . with higher endometrial thickness can be explained by more
Discussions successful follicle stimulation with correspondingly higher
Based on a linear regression model increaging endometrial thickness [17] leltlng the Comparability of

endometrial thickness was found to be associated with
increasing serum-E2 levels and oocytes received. Mahutte
et al. obtained similar results [14]. Rehman et al. showed
that increasing serum-E2 conditioned optimal endometrial
thickness, associated with the highest fertilisation and
clinical pregnancy rates in their cohort [15]. Dietterich et
al. expounded contrary results. Their analysis presented no
differences regarding peak E2 levels during ovulation
induction and number of oocytes obtained in groups with
differing endometrial thickness [16]. Based on the
evaluated data in our analysis, no significant association
was observed between the sonographic follicle count and
endometrial thickness.

Contrary, Mahutte et al. showed higher pregnancy rates,
serum-E2 levels, number of preserved oocytes and number
of mature oocytes in patients with higher endometrial
thickness (> 9 mm) [14]. Higher follicle counts associated

our results, as well as the literature references [16-19], was
the variability of the sonographic thickness measurements
carried out by different examiners with different experiences
and techniques. It would therefore be useful to conduct
another more objective study with one designated examiner
using standardized measurement protocols.

Patients with higher serum-E2 levels showed increasing
numbers of follicles by ultrasound and oocytes retrieved.
Several independent studies draw concordantly the same
conclusion [18]. This can be explained by the fact that E2
was primarily produced by the granulosa cells of the
ovarian follicles [11]. Consequently, in multifollicular
maturation under hormonal stimulation treatment a greater
number of granulosa cells could be found, which led to
supraphysiological serum-E2 levels via increased E2
production. The possibility of monitoring serum-E2 as a
predictive factor regarding the expected number of follicles
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for follicle puncture was confirmed and for clinical practice
the option of using E2 to make predictive statements about
an expectable number of follicles and the optimal time of
ovulation induction can be postulated. In future research it
is important to analyze influences on the basal serum-E2
level of the patients as well as the general individual
hormonal constitution due to concomitant diseases or
pathological changes in hormonal balance and how that can
be included to make more exact predictions regarding the
number of follicles. Kapoor et al concluded an increasing
meiotic capacity of the oocytes with increasing peak E2
and thus decisively improved oocyte maturation [20].

In their retrospective study, Morales et al. succeeded in
giving a value of 300 pg/ml per expected oocyte retrieved,
which is the most exact value currently found in literature
with regard to the question investigated [19]. In summary
of our results, it can be assumed that expected humbers of
oocytes can be narrowed down using serum-E2, but only
with limited significance and accuracy. Against this
background, the question of clinical relevance of serum-E2
for determining expected numbers of oocytes arises. The
psychological consequences of raising hopes for high
numbers of expectable oocytes based on hormone levels,
that may turn out to be significantly lower, should be
considered. The aim of our study was to generate mean
differences between the sonographic follicle count, the
number of punctured follicles and the oocytes received in
order to derive predictive statements for clinical practice.

There was no significant difference between
sonographic follicle count and the number of punctured
follicles, whereas there were significant differences
between the number of punctured follicles and the number
of retrieved oocytes with a mean difference of 3.28 pieces
and even 3.63 pieces between the sonographic follicle
count and the number of oocytes. Wang et al. showed that
patients in whom the number of retrieved oocytes was
significantly lower than the number of visible follicles, had
an existing infertility over a longer period of time and
higher levels of follicle stimulation hormone, indicating
poorer ovarian reserve with an influence on the success of
oocyte retrieval [20]. Furthermore, they registered higher
levels of luteinizing hormone and lower E2 and
progesterone levels on the day of ovulation induction,
indicating inadequate follicular development with
insufficient hormone production by granulosa cells. Wang
et al identified inadequate oocyte production more often in
patients with ovarian dysfunction [20].

Our work showed no significant association between the
outcome and serum-E2, sonographic follicle count and
oocytes retrieved. Chotboon et al. draw the conclusion that
although serum-E2 levels in combination with the number
of mature metaphase ll-oocytes was a predictor of oocyte
maturation and fertilization probability, as an isolated factor
no conclusions regarding the probability of pregnancy

occurrence can be derived from it [21]. Similarly, Kyrou et
al. found no significant differences in continued pregnancies
in groups with different levels of serum-E2 [22]. Some
observers explained this by detrimental effects of elevated
E2 levels on endometrial receptivity, caused by reduced
endometrial blood flow and increased uterine contractility
but the exact mechanism remains unknown [23]. Li et al.
drew a different conclusion [24]. The oocytes retrieved,
implantation rates as well as the clinical pregnancy rate,
increased with increasing concentrations of E2 up to 5,000
pg/ml. The parameters worsened when E2 levels exceeded
5,000pg/mL. According to the study, the optimal serum-E2
level was estimated between 1,000 to 3,148 pg/ml [24].

There was no significant association between
sonographic follicle and the outcome in our analysis. In
contrast, Tan et al. found the number of follicles before the
day of hCG injection considered as an independent
predictor of clinical pregnancy rate [25]. The follicular
diameter therefore appears to be an indicator of oocyte
maturity and an assessment parameter for oocyte quality as
proposed by Hunter et al. [26].

In our work, the distribution of oocytes did not differ
significantly between the groups with different outcomes.
Cai et al. confirmed our conclusion, even though they
failed to find significant differences regarding pregnancy
rates and birth rates in groups with different numbers of
oocytes received [27]. The graphical relationship between
oocyte retrieval and pregnancy rate was almost identical to
the relationship between oocyte retrieval and the likelihood
of obtaining two embryos with good quality. They
concluded the number of good quality embryos as main
factor influencing pregnancy rates [27]. Thus, patients with
more than eight oocytes had the highest probability of
receiving two good quality embryos and the highest
probability of achieving a pregnancy [27].

Thaker et al. postulated an optimal range of oocyte
numbers and defined the goal of IVF treatment as generating
an optimal number of oocytes rather than the maximum
achievable [28]. In contrast to our results, they identified a
significant positive correlation between number of oocytes
retrieved and the I\VVF outcome. Positive IVVF outcomes were
significantly higher in groups of intermediate number of
oocytes (6-10 oocytes) than in groups with a lower number
of oocytes (< 6 oocytes) [29,30]. However, no additional
benefit was found between medium and high egg counts (>
10 eggs). A further increase in oocyte numbers beyond
medium ranges, given the risk of overstimulation [29].
Contrasting results to our findings could be explained by the
fact, that in our study only the correlation between number
of oocytes and the overall pregnancy rate was observed but
not the clinical pregnancy rate.

Our results showed a counteracting relationship
between age and E2 levels and sonographic follicle count,
coincided with the results of the research group around
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[11]. Our hypothesis was supported by them showing
decreasing serum-E2 and follicle numbers with increasing
age, which can be attributed to a decreasing ovarian reserve
resulting in a reduced response to hormonal stimulation
and an equally reduced multifollicular maturation [30].
Aizer et al. demonstrated a negative correlation between
age and oocyte numbers beyond the age of 35 years [31].
In our analysis, there was no association between BMI and
the parameters studied. In agreement with a retrospective
paper by Friedler et al., patients' BMI at the time of ART
treatment did not influence serum-E2 levels and the
number of eggs retrieved [32]. Contrary, Zhou et al.
revealed a negative correlation between increasing BMI
and number of oocytes retrieved [33].

Our study failed to identify differences between non-
smokers and smokers in terms of serum-E2 level,
sonographic follicle count and number of oocytes
retrieved. De Angelis et al. found no adverse effect of
nicotine use on ovarian follicle development (no
significant differences in growing follicles) [34] similar to
Ozbakir et al., who also showed no negative effects on the
follicle count and the number of oocytes retrieved [35]. In
contrast to our results, Galanti et al. found a reduced
ovarian function and a negative impact on IVF results
through an increase in ROS production [36]. Based on the
previous notion, the general recommendation is to
discontinue tobacco consumption as a risk factor for
several secondary health diseases, and especially with
regard to teratogenic effects through transplacental
damaging effects on the fetus [37].

There were no significant differences in serum-E2 level,
sonographic follicle count and number of oocytes retrieved
between the stimulation protocols studied. Lai et al.
confirmed our findings [38]. Another article reported
significantly higher pregnancy rates, a lower E2/oocyte ratio
for the agonist protocol but showed no differences between
the different protocol groups for number of oocytes [39].

As far as strengths of our study are concerned, we
included a large number of cases including both IVF and
ICSI, representing a broad aspect of the infertile
population. A limitation of the study was due to its
retrospective character that missing data could not be
completed. Additionally, the inconsistent measurement
times of E2, follicle count and endometrial thickness adds
bias to the analysis. Monitoring and follicle puncture were
carried out by different doctors with different experience
levels and individual procedures, which meant that it was
not possible to objectify the procedure of the measurement
as well as the results.

Conclusions

We revealed a correlation between E2, sonographic
follicle count and number of oocytes received. This
underlines the possibility to predict an expectable number

of oocytes due to mean differences in follicle counts. Due
to comparable numbers of follicles visualized on the day of
ovulation induction those punctured, the future goal does
not seem to be to optimize follicle visualization and
puncture but optimize the oocyte retrieval procedure. The
study revealed age as the only modifiable patient
characteristic with a significant impact on the studied cycle
parameters.

Contributions

Conceptualization, S.F. and C.H.; methodology, T.S.
and C.H.; software, S.-L.B.; validation, S.F. and E-F.S.;
formal analysis, G.W. and C.H.; investigation, S.F.;
resources, E-F.S., S.F.; data curation, S.F. and C.H,;
writing—original draft preparation, C.H.; writing—review
and editing, S.F., E-F.S.,B.H.H., G-P. B, M. Nand R.M.S,;
visualization, S.F. and C.H.; supervision, S.F. and E-F.S.;
project administration, S.F. and E-F.S.

Compliance with ethical standards

Any aspect of the work covered in this manuscript has
been conducted with the ethical approval of all relevant
bodies and that such approvals are acknowledged within
the manuscript. Informed consent was obtained from all
subjects involved in the study.

Conflict of interest disclosure

There are no known conflicts of interest in the
publication of this article. The manuscript was read and
approved by all authors.

References

1. Practice Committee of the American Society for Reproductive
Medicine, American Society for Reproductive Medicine, Washington,
DC. Definition of infertility: a committee opinion. Fertil Steril.
2023;120(6):1170. doi:10.1016/s0015-0282(23)01971-4

2. Vaegter KK, Lakic TG, Olovsson M, Berglund L, Brodin T, Holte J.
Which factors are most predictive for live birth after in vitro

intracytoplasmic sperm injection (IVF/ICSI)
treatments? Analysis of 100 prospectively recorded variables in 8,400
IVF/ICSI single-embryo transfers. Fertil Steril. 2017;107(3):641-
648.e2. doi:10.1016/j.fertnstert.2016.12.005

3. Gnoth C, Maxrath B, Skonieczny T, Friol K, Godehardt E, Tigges J.
Final ART success rates: a 10 years survey. Hum Reprod.
2011;26(8):2239-2246. doi:10.1093/humrep/derl78

4. Sokol P, Clua E, Pons MC, et al. Developing and validating a
prediction model of live birth following single vitrified-warmed
blastocyst transfer. Reprod Biomed Online. 2024;49(1):103890.
doi:10.1016/j.rbmo.2024.103890

5. Magnusson A, Killen K, Thurin-Kjellberg A, Bergh C. The number
of oocytes retrieved during IVF: a balance between efficacy and
safety. Hum Reprod. 2018;33(1):58-64. doi:10.1093/humrep/dex334

6. Steward RG, Lan L, Shah AA, et al. Oocyte number as a predictor for
ovarian hyperstimulation syndrome and live birth: an analysis of

fertilization and

425



Bashar Haj Hamoud et al.

256,381 in vitro fertilization cycles. Fertil Steril. 2014;101(4):967-
973. doi:10.1016/j.fertnstert.2013.12.026

7. Kwan |, Bhattacharya S, Woolner A. Monitoring of stimulated cycles
in assisted reproduction (IVF and ICSI). Cochrane Database Syst Rev.
2021;4(4):CD005289. doi:10.1002/14651858.CD005289.pub4

8. Timmons D, Montrief T, Koyfman A, Long B. Ovarian
hyperstimulation syndrome: A review for emergency clinicians. AmJ
Emerg Med. 2019;37(8):1577-1584. doi:10.1016/j.ajem.2019.05.018

9. Malathi A, Balakrishnan S, Lakshmi BS. Correlation between estradiol
levels on day of HCG trigger and the number of mature follicles, number
of oocytes retrieved, and the number of mature oocytes (M) after oocyte
aspiration in ICSI cycles. Middle East Fertility Society Journal.
2021;26:34. doi:10.1186/543043-021-00080-5

10. Strawn EY, Roesler M, Granlund A, Bohling S. In vitro fertilization
can be successfully accomplished without routine estradiol
monitoring: a randomized pilot study. Fertility and Sterility. 2007;88:
S147. doi:10.1016/j.fertnstert.2007.07.469

11.Li F, Lu R, Zeng C, Li X, Xue Q. Development and Validation of a
Clinical Pregnancy Failure Prediction Model for Poor Ovarian
Responders During IVF/ICSI. Front Endocrinol (Lausanne).
2021;12:717288. doi:10.3389/fend0.2021.717288

12. Wiser A, Gonen O, Ghetler Y, Shavit T, Berkovitz A, Shulman A.
Monitoring stimulated cycles during in vitro fertilization treatment
with ultrasound only--preliminary results. Gynecol Endocrinol.
2012;28(6):429-431. doi:10.3109/09513590.2011.633666

13. Toth B, Baston-Biist DM, Behre HM, et al. Diagnosis and Therapy
Before Assisted Reproductive Treatments. Guideline of the DGGG,
OEGGG and SGGG (S2k Level, AWMF Register Number 015-085,
February 2019) - Part 1, Basic Assessment of the Woman.
Geburtshilfe Frauenheilkd. 2019;79(12):1278-1292. doi:10.1055/a-
1017-3389

14. Mahutte N, Hartman M, Meng L, et al. Optimal endometrial thickness
in fresh and frozen-thaw in vitro fertilization cycles: an analysis of live
birth rates from 96,000 autologous embryo transfers. Fertil Steril.
2022;117(4):792-800. doi:10.1016/j.fertnstert.2021.12.025

15.Rehman R, Zafar A, Ali AA, Baig M, Alam F. Impact of serum and
follicular fluid kisspeptin and estradiol on oocyte maturity and
endometrial thickness among unexplained infertile females during
ICSI. PLoS One. 2020;15(10):€0239142. Published 2020 Oct 28.
doi:10.1371/journal.pone.0239142

16. Dietterich C, Check JH, Choe JK, Nazari A, Lurie D. Increased
endometrial thickness on the day of human chorionic gonadotropin
injection does not adversely affect pregnancy or implantation rates
following in vitro fertilization—embryo transfer. Fertility and Sterility.
2002;77(4):781-786. doi:10.1016/S0015-0282(01)03276-9

17. Giannaris D, Zourla A, Chrelias C, Loghis C, Kassanos D. Ultrasound
assessment of endometrial thickness: correlation with ovarian
stimulation and pregnancy rates in IVF cycles. Clin Exp Obstet
Gynecol. 2008;35(3):190-193.

18. Kapoor A, Sharma G, Bakshi R. Correlation of mature mean follicle
on transvaginal ultrasound and serum estradiol levels on day of trigger
injection of ovulation in ovarian stimulation cycle of in vitro
fertilization with retrieved oocytes. International Journal of
Reproduction, Contraception, Obstetrics and Gynecology. 2021;
10(2):466. doi:10.18203/2320-1770.ijrcog20210294

19. Morales HSG, Guiot ML, Lopez GGP, et al. Serum estradiol level on
the day of trigger as a predictor of number of metaphase Il oocytes
from IVF antagonist cycles and subsequent impact on pregnancy rates.
JBRA Assist Reprod. 2021;25(3):447-452.

20. Wang Y, Zhang M, Shi H, et al. Causes and Effects of Oocyte Retrieval
Difficulties: A Retrospective Study of 10,624 Cycles. Front Endocrinol
(Lausanne). 2022;12:564344. doi:10.3389/fend0.2021.564344

21. Chotboon C, Salang L, Buppasiri P, et al. Association between urine
and serum estradiol levels in in vitro fertilization cycles. Sci Rep.
2022;12(1):4393. doi:10.1038/s41598-022-08292-z

22. Kyrou D, Popovic-Todorovic B, Fatemi HM, et al. Does the estradiol
level on the day of human chorionic gonadotrophin administration
have an impact on pregnancy rates in patients treated with rec-
FSH/GnRH antagonist?. Hum Reprod. 2009;24(11):2902-2909.
doi:10.1093/humrep/dep290

23.Ng EH, Chan CC, Tang OS, Yeung WS, Ho PC. Comparison of
endometrial and subendometrial blood flow measured by three-
dimensional power Doppler ultrasound between stimulated and
natural cycles in the same patients. Hum Reprod. 2004;19(10):2385-
2390. doi:10.1093/humrep/deh384

24.Li X, Zeng C, Shang J, Wang S, Gao XL, Xue Q. Association between
serum estradiol level on the human chorionic gonadotrophin
administration day and clinical outcome. Chin Med J (Engl).
2019;132(10):1194-1201. doi:10.1097/CM9.0000000000000251

25.Tan X, Wen Y, Chen H, Zhang L, Wanget B, al. Follicular output rate
tends to improve clinical pregnancy outcomes in patients with
polycystic ovary syndrome undergoing in vitro fertilization-embryo
transfer treatment. J Int Med Res. 2019;47(10):5146-5154.
doi:10.1177/0300060519860680

26. Hunter MG. Follicular factors regulating oocyte maturation and
quality. Hum Fertil (Camb). 1998;1(1):69-74. doi:
10.1080/1464727982000198151

27.Cai Q, Wan F, Huang K, Zhang H. Does the number of oocytes
retrieved influence pregnancy after fresh embryo transfer?. PLoS One.
2013;8(2):€56189. doi:10.1371/journal.pone.0056189

28. Thaker R, Mishra V, Gor M, et al. The role of stimulation protocol,
number of oocytes retrieved with respect to follicular fluid oxidative
stress and IVF outcome. Hum Fertil (Camb). 2020;23(1):23-31.
doi:10.1080/14647273.2018.1551630

29.Hsu MI, Wang CW, Chen CH, Tzeng CR. Impact of the number of
retrieved oocytes on pregnancy outcome in in vitro fertilization.
Taiwan J  Obstet  Gynecol. 2016;55(6):821-825.  doi:
10.1016/j.tjog.2015.05.009

30.Yan J, Wu K, Tang R, Ding L, Chen ZJ. Effect of maternal age on the
outcomes of in vitro fertilization and embryo transfer (IVF-ET). Sci
China Life Sci. 2012;55(8):694-698. doi:10.1007/s11427-012-4357-0

31. Aizer A, Haas J, Shimon C, Konopnicki S, Barzilay E, Orvieto R. Is
There Any Association Between the Number of Oocytes Retrieved,
Women Age, and Embryo Development?. Reprod Sci.
2021;28(7):1890-1900. doi:10.1007/s43032-020-00391-4

32. Friedler S, Cohen O, Liberty G, et al. Should high BMI be a reason
for IVF treatment denial?. Gynecol Endocrinol. 2017;33(11):853-856.
doi:10.1080/09513590.2017.1327042

33.Zhou H, Zhang D, Luo Z, et al. Association between Body Mass Index
and Reproductive Outcome in Women with Polycystic Ovary
Syndrome Receiving IVF/ICSI-ET. Biomed Res Int. 2020;2020:
6434080. doi:10.1155/2020/6434080

34.de Angelis C, Nardone A, Garifalos F, et al. Smoke, alcohol and drug
addiction and female fertility. Reprod Biol Endocrinol. 2020;18(1):21.
Published 2020 Mar 12. doi:10.1186/s12958-020-0567-7

35. Ozbakir B, Tulay P. Does cigarette smoking really have a clinical
effect on folliculogenesis and oocyte maturation?. Zygote.
2020;28(4):318-321. doi:10.1017/S0967199420000155

426



Serum estradiol, ultrasound follicle, oocytes and IVF/ICSI treatment outcomes

36. Galanti F, Licata E, Paciotti G, Gallo M, Riccio S, Miriello D, et al. 38. Lai Q, Chen C, Zhang Z, et al. The significance of antral follicle size

Impact of different typologies of smoking on ovarian reserve and prior to stimulation in predicting ovarian response in a multiple dose
oocyte quality in women performing ICSI cycles: an observational GnRH antagonist protocol. Int J Clin Exp Pathol. 2013;6(2):258-266.
prospective study. Eur Rev Med Pharmacol Sci. 2023;27(11):5190-  39.Geng Y, Xun'Y, Hu S, Lai Q, Jin L. GnRH antagonist versus follicular-
5199. doi:10.26355/eurrev_202306_32637 phase single-dose GnRH agonist protocol in patients of normal ovarian
37.Spohr HL. Teratogene effekte von nikotin, drogen und alkohol. responses during controlled ovarian stimulation. Gynecol Endocrinol.
Gyndkologe. 2005;38:25-32. doi:10.1007/500129-004-1640-6 2019;35(4):309-313. doi:10.1080/09513590.2018.1528221

427



