Archives of Gynecology and Obstetrics (2019) 300:441-446
https://doi.org/10.1007/500404-019-05156-2

GYNECOLOGIC ENDOCRINOLOGY AND REPRODUCTIVE MEDICINE q

Check for
updates

A predictive formula for selecting individual FSH starting dose based
on ovarian reserve markers in IVF/ICSI cycles

Mengchen Zhu' - Shanshan Wang' - Shanling Yi' - Xiaomin Huang' - Junan Meng’ - Li Chen? - Haixiang Sun' -
Jianjun Zhou'

Received: 29 October 2018 / Accepted: 6 April 2019 / Published online: 11 April 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Background Although exogenous follicle-stimulating hormone (FSH) has been used for decades and millions of cycles have
been performed worldwide until now, criteria for selecting the proper FSH starting dose have not been clearly identified.
The aim of this study was to elaborate a formula based on markers of ovarian reserve for the calculation of the appropriate
starting dose of FSH.

Methods A total of 931 patients underwent in vitro fertilization (IVF) treatment using long GnRH agonist protocol was
retrospectively identified and reviewed. 673 cases of them with a normal ovarian response (4—14 retrieved oocytes) were
used to analysis the predictive formula. All follicles 4-7 mm in diameter were counted in the same day of blood sample in
both ovaries using transvaginal ultrasound scan. The modified protocol of each patient was recorded and analyzed in the
same center. In another center were the numbers of retrieved oocytes of 750 validated patients recorded and analyzed.
Results A formula model based on age, AMH, and antral follicle count (AFC) was able to accurately predict the ovarian
sensitivity and accounted for 57.2% of the variability of ovarian response to FSH. When tested in the same total population
used to elaborate the model it predicts a high 46.88% rate of step-down protocol in higher-starting FSH dose group and about
57.92% of patients had their dose step-up modified in lower-starting FSH dose group during their treatment, respectively.
And when tested in different population from another center used to elaborate the model it predicts a high 64.40% rate of > 15
retrieved oocytes in higher-starting FSH dose group and about 22.50% of patients had <7 retrieved oocytes in lower-starting
FSH dose group during their treatment, respectively.

Conclusions In the present study we demonstrated that the individualized FSH starting dose may be calculated on the basis
of a woman’s age, AMH and AFC. The formula model might be a useful, immediate, and easily applicable tool for clinicians
to predict the tailored starting dose of FSH during their daily clinical practice.
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Introduction

The aim of controlled ovarian stimulation (COS) in vitro
fertilization and embryo transfer IVF-ET) is mainly to stim-
ulate multiple follicle development for achieving the opti-
mum number of oocytes in a single cycle, which is defined
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cycle cancellation rate and lower pregnancy rate, a hyper-
ovarian response may contribute to higher risks of ovarian
hyperstimulation syndrome and fresh embryo transfer can-
cellation rate. Ovarian response to gonadotrophin stimula-
tion differs from each other [4]. In clinical practice, it is
the most important decision in the planning of IVF cycles
to choose suitable gonadotrophin doses for each patient
[5-7]. The individualized therapy tailored on patients’ own
characteristics allows a high chance of good pregnant out-
come and minimizes risks of ovarian stimulation. The use of
exogenous follicle-stimulating hormone (FSH) to promote
multiple follicle development is important in ART. Although
exogenous FSH has been used for decades and millions of
cycles have been performed worldwide until now, criteria
for selecting the proper FSH starting dose have not been
clearly identified [5].

Clinicians usually choose the FSH starting dose according
to their clinical experience. Age of patient, body mass index
(BMI) and markers of ovarian reserve will be mostly con-
sidered if there was no precious IVF perform [4, 8]. Serum
FSH, anti-Miillerian hormone (AMH), and antral follicle
count (AFC) are currently accepted predictive markers for
ovarian reserve. AMH and AFC have the best performance
in predicting ovarian response to exogenous FSH [9-13].
AMH is synthesized by granulose cells located on ovarian
follicles and a good marker of predicting ovarian response
because of low intercentres’ variability [14—16]. AFC could
reflect the remaining ovarian follicle pool as the pool of pri-
mordial follicles is related to the number of growing antral
follicles [17-19]. Basal FSH will increase to force the aging
ovary to respond as a woman ages and measurable increase
of FSH can be detected 5 years earlier than menopause in
some women [20].

The aim of this article was to investigate whether it was
possible to develop a formula based on characteristics of IVF
patient and markers of ovarian reserve that would be able to
make an appropriate exogenous FSH starting dose sugges-
tion for patients undergoing IVF treatment.

Methods

In this retrospective observation study, 931 randomly
selected women who underwent IVF treatment from Janu-
ary 2015 to December 2016 at the Reproductive Medicine
Center of Nanjing Drum Tower Hospital were recruited. 673
cases of them with a normal ovarian response (4—14 retrieved
oocytes) were used to analyze the predictive formula model.
This study was approved by the Nanjing Drum Tower Hos-
pital Research Ethics Committee. Additionally, another 750
women who underwent IVF treatment from April 2015 to
December 2016 at the Reproductive Medical Center of Nan-
jing Jinling Hospital were recruited in this study to verify
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the feasibility of this formula model. Informed consent was
provided by all subjects at recruitment.

All patients were treated with a long GnRH agonist pro-
tocol and stimulation with recombinant FSH for controlled
ovarian stimulation. The starting FSH dose was chosen
based on clinician’s clinical experience. Follicular growth
was monitored and FSH doses were adjusted using trans-
vaginal ultrasound and estradiol (E2) measurement. The
dose was increased on day 5 or 7 of stimulation if a lower
ovarian response (low serum E2 level or less follicles) was
observed. This is considered as a step-up protocol. Similarly,
step-down protocol was considered as dose decrease if fol-
licular growth continued fast in patients with high serum E2
levels on day 5 or 7 of stimulation thereafter. Constant FSH
doses were sustained until the day human chorionic gon-
adotropin (hCG) induce final follicular maturation based on
normal follicular growth, which was considered a constant
protocol. Then 5000-10,000 IU hCG was administered to
induce final follicular maturation when two or more follicles
reaching > 18 mm in diameter were observed. The oocyte
retrieval procedures were performed under transvaginal
ultrasound guidance 34-36 h after hCG administration. The
IVF/intracytoplasmic sperm injection (ICSI) performances
were carried out 4-6 h after oocyte retrieval. One or two
embryos at 2 pronuclei (PN) embryo stage, 18-20 h after
insemination, 7-12 cells stage at day 3, and < 15% fragmen-
tation stage were selected to transfer into the uterine cavity
under ultrasound guidance on day 3 after oocyte retrieval.
Luteal support was carried out for 10 weeks from the day of
oocyte retrieval with progesterone. Patients with high risk
of OHSS were cancelled for fresh embryo transfer. Clinical
pregnancy was defined as vaginal ultrasound check of the
fetal cardiac activity after 4 or 5 weeks of oocyte retrieval
and a live birth was defined as a birth accompanying any
sign of life irrespective of the weeks of gestation according
to the World Health Organization.

Hormone assay and AFC measurement

Blood samples were taken in the early follicular phase (day
3) prior to any IVF-related drug administration. Serum AMH
was measured using the Elecsys® AMH electro-chemilumi-
nescence immunoassay on an automated analyzer (cobas;
Roche Diagnostics International, Ltd.). The standards cover
a range of 0-23 ng/ml. The assay sensitivity was 0.01 ng/
ml. Serum FSH was measured by an automatic chemilumi-
nescence immunoassay analyzer (Beckman Coulter UniCel
DXI800, Brea, CA, USA) and the corresponding reagents,
calibration materials, and quality control materials. For the
FSH assay (Access hFSH, cat. no. 33520; Beckman Coul-
ter), the intra-assay and total coefficients of variation were
below or equal to 4.3% and 5.6%, respectively. All follicles
4—7 mm in diameter were counted in the same day of blood



Archives of Gynecology and Obstetrics (2019) 300:441-446

443

sample in both ovaries using transvaginal ultrasound scan.
The total counts of follicles in both ovaries were considered
as the AFC.

Statistical analyses

The SPSS 21.0 was used for statistical analysis. Normally
distributed variables were presented as mean and standard
deviation. Categorical variables were depicted by frequency
and percentage. Ratios were compared using Chi-squared
tests. Binary correlation was used to identify the independ-
ent factors that affect the starting FSH dose. Then the vari-
ables predictive of the starting FSH dose were analyzed by
backwards stepwise multiple linear regression. Backward
selection of parameters was applied using Wald P <0.05
for entry and P> 0.1 for removal. Then the variables reach-
ing the statistical significance in multiple linear regression
analysis were used in calculation for the final formula model
elaborated to suggest the appropriate starting dose of FSH
needed to achieve the desired response. Regression coef-
ficients for each variable were incorporated in a multiple
linear regression equation.

Results

Among 931 women who underwent IVF-ET treatment with
a long GnRH agonist protocol were enrolled in this retro-
spective study, 673 of them with a normal ovarian response
(4—14 oocytes retrieved) were used to access a multiple lin-
ear regression analysis equation. Total 931 patients’ charac-
teristics are reported in Table 1.

Results of binary correlation and multiple linear regres-
sion analysis with the starting FSH dose as a dependent vari-
able are shown in Tables 2 and 3. The binary correlation
analysis showed that the starting FSH dose was significantly

Table 1 Patients characteristics

Variables n=931

Age (years) 29.73+4.34
BMI (kg/m?) 22.41+3.12
AMH 4.68+3.53
AFC 17.29+6.19
Basal FSH levels (IU/L) 6.92+2.28
Basal LH levels (IU/L) 5.85+4.59
Duration of stimulation (days) 10.95+2.59
Total FSH administered (IU) 2076.61 +842.40
No. of retrieved oocytes 11.72+4.82
No. of good-quality embryos 4.39+2.50

Clinical pregnancy rate (%)
Live birth rate (%)

74.13% (490/661)
62.34% (399/640)

Table 2 Predictors of starting FSH dose in binary correlation analysis

R P
AMH - 0.529 <0.001
AFC —0.741 <0.001
Age (years) 0.351 <0.001
Basal FSH levels (IU/L) 0.209 <0.001
BMI (kg/m?) 0.020 NS

NS difference not statistically significant (P>0.05), BMI body mass
index

predicted by AMH, AFC, age of female and basal FSH lev-
els; however, in multiple linear regression analysis the sta-
tistical significance was reached only for AMH, AFC, and
age. The model based on multiple linear regression analysis
accounts for 57.2% of the variability of starting FSH dose
(R*=0.574: Rz-adjusted: 0.572). Formula was concluded
from the multiple linear regression analysis as follows:
S =2.3984, — 7.653A, — 1.994A; + 252.062, where S is
the starting FSH dose, A, is age of female, A, is antral fol-
licle count (AFC) and Aj is anti-Miillerian hormone (AMH).
According to the predicted formula model, the dose of
starting FSH will be increased with decrease of AFC and
AMH, increasing age of female. Total 931 patients were
divided into three groups depending on the difference
between the practical starting FSH dose and the formula-
derived starting FSH dose. Higher-starting FSH dose
group (group Al), the practical-starting FSH dose — the
formula-derived starting FSH dose >37.5 IU; appropri-
ate-starting FSH dose group (group B1), — 37.5IU < the
practical-starting FSH dose — the formula-derived starting
FSH dose < 37.5 IU; lower-starting FSH dose group (group
C1), the practical-starting FSH dose — the formula-derived
starting FSH dose < — 37.5 IU. In higher-starting FSH
dose group (group Al), there was a high rate of step-down
protocol (46.88%), and step-up protocol only accounted for
19.79%. And in lower-starting FSH dose group (group C1),
there was a high step-up protocol rate (57.92%) and a low
step-down protocol rate (16.83%). Three gonadotrophin
therapy protocols accounted for about 30-40% in appropri-
ate-starting FSH dose group (group B1) equally (Table 4).

Table 3 Predictors of starting FSH dose in multiple linear regression
analysis

Regression coefficient P
AMH — 1.994 0.009
AFC — 7.653 <0.001
Age (years) 2.398 <0.001
Basal FSH levels (IU/L) 0.032 NS

NS difference not statistically significant (P> 0.05)
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Table 4 Comparison of

. ) Step-up protocol Step-down protocol Constant protocol P
patients’ gonadotrophin therapy
protocol of three groups derived  Group A1l 19.79% (38/192) 46.88% (90/192) 33.33% (64/192) <0.001
from formula Group B1 40.11% (215/536) 30.78% (165/536) 29.10% (156/536) <0.001
Group C1 57.92% (117/202) 16.83% (34/202) 25.25% (51/202) <0.001

Table 5 Patients’ characteristics for verification of the feasibility of
starting FSH dose formula

Variables n="750

Age (years) 29.30+3.99
BMI (kg/m?) 22.92+3.33
AMH 5.11+3.65
AFC 19.93+9.12
Basal FSH levels (IU/L) 6.95+3.01
Basal LH levels (IU/L) 5.34+5.96
Duration of stimulation (days) 9.38+1.41
Total FSH administered (IU) 1747.40 +754.37
No. of retrieved oocytes 13.97+5.84
No. of good-quality embryos 4.55+3.18

Then another 750 randomly selected women who under-
went IVF treatment from April 2015 to December 2016 at
the Reproductive Medical Center of Nanjing Jinling Hos-
pital were recruited to verify the feasibility of this formula
model. These patients were also treated with a long GnRH
agonist protocol and stimulation with recombinant FSH for
controlled ovarian stimulation. Total 750 patients’ char-
acteristics are shown in Table 5. Then total 750 patients
were also divided into three groups according to the dif-
ference between the practical-starting FSH dose and the
formula-derived starting FSH dose. Higher-starting FSH
dose group (group A2), the practical-starting FSH dose—
the formula-derived starting FSH dose > 37.5 IU; appropri-
ate-starting FSH dose group (group B2), — 37.5 IU <the
practical-starting FSH dose — the formula-derived starting
FSH dose < 37.5 IU; lower-starting FSH dose group (group
C2), the practical-starting FSH dose — the formula-derived
starting FSH dose < — 37.5 IU. The higher-starting FSH
dose group (group A2) has the highest rate of > 15 retrieved
oocytes (64.40%) and lowest rate of <7 retrieved oocytes
(6.2%) among these three groups. And the <7 retrieved
oocytes rate was 22.5% in lower-starting FSH dose group

(group C2), which was highest in these three groups. The
rate of optimal number of retrieved oocytes (8—14) was
46.5% in appropriate-starting FSH dose group (group B2).
(Table 6).

Discussion

GnRH agonist protocol is widely used in clinical practice in
both normal and abnormal ovarian responsders. To accom-
modate modern trends of milder stimulation, individualiza-
tion of IVF treatment strategies in women undergoing their
IVF cycles seems to be more crucial. Several observations
clearly indicate that a standard fixed dose of FSH is not be
suitable for all women undergoing IVF treatment [21-26]
and the starting dose of FSH in IVF cycles should be indi-
vidualized. Results of the present study of recombinant FSH
have clearly shown that ovarian response to FSH mainly
depends on female age and the status of ovarian reserve [27,
28]. Indeed, in our present study starting-FSH dose formula
was based on three common markers of ovarian reserve: age,
serum AMH and AFC. With age increase, the quantity and
quality of oocytes decline, which contributes to decreased
clinical pregnancy and obvious increased incidence of infer-
tility in IVF treatment, correspondingly [29]. AFC is related
to the number of growing antral follicles which are linked
with IVF success [17-19]. Additionally, AMH is currently
the most commonly used serum biomarker to predict ovar-
ian reserve because of good stability and low variability
[14—-16].Therefore an accurate measurement of ovarian
reserve and selection of appropriate-starting FSH dose are
clearly two important points for the individualization of IVF
treatment strategies. An accurate measurement of ovarian
reserve will give the clinicians a useful tool to make indi-
vidual IVF treatment, while tailored therapy based on age
and markers of ovarian reserve seems to be an agreed-upon
approach by the majority.

Table 6 Comparison of

8 : No. of retrieved <7 8-14 >15 P
patients’ oocytes rgtrleved oocytes
of three groups derived from
formula Group A2 6.2% (11/177) 29.4% (52/177) 64.4% (114/177) <0.001
Group B2 10.1% (41/404) 46.5% (188/404) 43.3% (175/404) <0.001
Group C2 22.5% (38/169) 61.5% (104/169) 16.0% (27/169) <0.001
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Several complex models have been described to estimate
the starting dose of FSH with patient characteristics such
as age and ovarian reserve [4, 22, 27, 30]. However, the
formula model we designed may be considered more useful
than those preciously created for following several reasons: a
Poppler score of ovarian stromal blood flow was included in
the nomogram by Poporic-Todororic et al. [22], which was
not easily measured in daily clinical practice. The nomo-
gram by La Marca et al. [27] allows clinicians to modulate
the starting FSH close according to the number of retrieved
oocytes. Actually, the number of retrieved oocytes could be
largely affected by many factors, and different races differ
in genetic background. Nevertheless, not only do AMH and
AFC have good stabilities, but also the formula we created
is only based on three common markers of ovarian reserve:
age, AMH and AFC. The R*-adjusted of model by La Marca
et al. was only 0.30. However, the R*-adjusted in simple
formula model we created reached 0.57. This result means
that our formula model seems to have a higher accuracy.
Additionally, when tested in the same total population used
to elaborate the model it predicts a high 46.88% rate of step-
down protocol in higher starting-FSH dose group and about
57.92% of patients had their dose step-up modified in lower-
starting FSH dose group during their treatment. All these
figures indicate that the formula model we created not only
has a higher efficacy for predicting the starting FSH dose but
also is a simply tool including only three common markers
measured easily. They also indicate that the proposed for-
mula seems to be a possible tool for personalizing IVF treat-
ment with reducing patients’ gonadotrophin therapy protocol
variability derived from clinical experience.

The number of retrieved oocytes is a relevant prognos-
tic indicator in women undergoing in IVF cycles, and the
optimal rather than maximum number of oocytes is the
preferred achievement after controlled ovarian stimula-
tion in a single cycle. The optimal number of oocytes was
defined as the range of 8—14 in some large trials [3, 31,
32]. To elaborate a formula based on markers of ovarian
reserve for the calculation of the appropriate starting dose
of FSH so as to get a normal ovarian response, only the
normal response women group was included to develop the
predictive algorithm. However, when verifying the feasibil-
ity of this formula model all the kinds of ovarian response
women were included: normal ovarian response, poor ovar-
ian response and high ovarian response. In this study, when
tested in different total 750 population from another center
used to elaborate the formula model it predicts a highest
64.40% rate of > 15 retrieved oocytes and a lowest 6.2% rate
of <7 retrieved oocytes in higher-starting FSH dose group
among these three groups. Even the rate of 8—14 retrieved
oocytes was lower in appropriate-starting FSH dose group
than in lower-starting FSH dose group (46.5% vs. 61.5%),
a highest 22.50% rate of <7 retrieved oocytes were found

in lower-starting FSH dose group among three groups dur-
ing their treatment. These data indicate that clinicians may
choose individual FSH starting dose to achieve optimal
oocytes retrieved, reducing the rate of high or low ovarian
response using the formula model we created.

In conclusion, all the evidences above make the formula
model we developed a useful, immediate and easily applica-
ble tool to predict the tailored starting dose of FSH in clini-
cal daily practice. Of course, a good model should assist cli-
nicians to choose appropriate starting-FSH dose with a view
to accommodate modern trends of milder stimulation, while
maintaining better pregnant outcomes, but minimizing or
even removing the complication of ovarian stimulation. The
further model validation is needed to clearly demonstrate in
larger, prospective, randomized controlled trials whether the
use of the formula model can give significant advantages in
the outcome of IVF cycle patients.
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