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STUDY QUESTION: Does the ovarian sensitivity index (OSI) predict embryo quality, pregnancy and live birth in patients undergoing
FSH/hMG stimulation for IVF?

SUMMARY ANSWER: The OS| is predictive of pregnancy and live birth in older women with a more unfavorable prognosis undergoing
FSH/hMG stimulation for IVF.

WHAT IS KNOWN ALREADY: The OS| was previously reported to reflect gonadotrophin requirements among high, normal and poor
responders and to predict pregnancy potential in younger patients undergoing ovarian stimulation with FSH.

STUDY DESIGN, SIZE, DURATION: A retrospective cohort study that included 1282 women undergoing IVF with FSH/hMG
stimulation was carried out between January 2010 and December 201 6.

PARTICIPANTS/MATERIALS, SETTING, METHODS: We evaluated 1282 women who underwent fertility treatment with FSH/
hMG stimulation and oocyte retrieval at an academically affiliated private fertility center. OSI| was calculated as (oocytes x 1000)/total
gonadotrophin dose and grouped into two classes based on a receiver operating characteristic (ROC) curve analysis of a randomly
selected development sample comprising one-third of the cycles. The remaining cycles comprised the validation group. ROC curves were
also used to compare the predictive value of OSI to that of baseline FSH and anti-Miillerian hormone (AMH). Logistic regression models
evaluated the effect of high (OSI >0.83) and low (OSI <0.83) on clinical pregnancy and live birth in the validation group. Models were
adjusted for female age, baseline FSH, AMH and oocyte yield and gonadotrophin dose.

MAIN RESULTS AND THE ROLE OF CHANCE: Women presented with a mean £SD age of 38.6 5.4 years and showed median
AMH levels of 0.65 (95% CI 0.61-0.74) ng/ml. They received 5145 42477 |U of gonadotrophins and produced a median 5.2 (95% ClI
5.0-5.5) oocytes. Pregnancy and live birth rates per oocyte retrieval for all women were 20.6% and 15.8%, respectively. Patients with
higher OSI (less gonadotrophin required per oocyte retrieved) produced significantly more high-quality embryos than patients with low
OSI (3.5 (95% CI 3.2-3.8) versus 0.6 (95% Cl 0.5-0.7) (P=0.0001)) and demonstrated higher pregnancy (23.2% versus 9.7%) and live
birth rates (8.8% versus 5.3%) than their counterparts (P=0.0001 and P=0.0001, respectively). After adjustments for age, baseline AMH
and FSH, total gonadotrophin dosage and oocyte yield, an OS| >0.83 was associated with greater odds of pregnancy (odds ratio 2.12,
95% CI 1.30-3.45, P < 0.003) and live birth (odds ratio 1.91, 95% CI 1.07-3.41, P < 0.028).

LIMITATIONS, REASONS FOR CAUTION: The results may not be applicable to women with excellent pregnancy potential or
FSH-only stimulation.

WIDER IMPLICATIONS OF THE FINDINGS: The predictive capacity of OSI for embryo quality, pregnancy and live birth, which is
independent of AMH or FSH, may help in counseling patients about their pregnancy potential and live birth chances.

STUDY FUNDING/COMPETING INTEREST(S): Intramural funding from the Center for Human Reproduction and the Foundation
for Reproductive Medicine. AW., V.AK, D.F.A., D.H.B. and N.G. have received research grant support, travel funds and speaker

© The Author(s) 2020. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


http://orcid.org/0000-0002-2306-5910
http://orcid.org/0000-0001-6536-2828
https://orcid.org/0000-0002-2306-5910
https://orcid.org/0000-0002-2306-5910
https://orcid.org/0000-0002-2306-5910

Weghofer et al.

honoraria from various pharmaceutical and medical device companies: none, however, related to the topic presented here. D.H.B. and
N.G. are listed as inventors on already awarded and still pending US patents, claiming beneficial effects on diminished ovarian reserve and

embryo ploidy from dehydroepiandrosterone supplementation.
TRIAL REGISTRATION NUMBER: N/A.

Key words: ovarian sensitivity index/ IVF/ live birth/ ovarian response/ pregnancy/ ovarian stimulation/ diminished ovarian reserve/

oocyte number

and deliver a baby.

treatment.

WHAT DOES THIS MEAN FOR PATIENTS?

In the course of IVF, a woman’s ovaries are stimulated with hormones to produce more than one egg at a time. This study evaluated
whether the amount of hormone medication needed for each oocyte produced was helpful to predict a patient’s chance to get pregnant

The analysis of 1282 IVF cycles demonstrated that women who needed more hormones per egg they produced had a lower chance of
getting pregnant or delivering a baby. This information may be useful to advise patients about their pregnancy chances during their IVF

Introduction

A sufficient ovarian response to exogenous gonadotrophin stimulation
is considered essential for treatment success of IVF (Sunkara et dl.,
2011). To correctly assess ovarian function, several ovarian reserve
markers have been introduced (Zebitay et al., 2017). While anti-
Miillerian hormone (AMH) and antral follicle count (AFC) are appro-
priate to estimate oocyte yields, their predictive significance in terms
of pregnancy rates and live births is limited (Li et al, 2013). The
Bologna criteria, a diagnostic algorithm to identify poor responders,
features similar shortcomings: women who qualify as poor responder
patients generally produce a limited number of oocytes, yet experience
a considerable range of pregnancy potential (Bozdag et al., 2017).

These observations raised the assumption of a ‘missing link’ incor-
rectly predicting pregnancy potential after IVF: diagnostic markers of
ovarian reserve as well as the Bologna criteria do not account for the
total units of gonadotrophins needed to produce oocytes. However,
gonadotrophin consumption is reflective of ovarian function and, thus,
widely acknowledged as a prognostic factor for treatment success after
IVF (Baker et al., 2015). To better assess the oocyte’s reproductive
competence, mathematical interaction models that take the ovary’s re-
sponsiveness to stimulation into account were developed. Initially, the
follicle output rate (FORT), defined as the proportion of antral follicles
that effectively respond to exogenous gonadotrophins and translate
into preovulatory stage, was introduced. To quantify the ovary’s follic-
ular competence, FORT groups were categorized as low, medium and
high. Pregnancy rates were significantly higher in women with a high
FORT when compared to their counterparts with a low output rate
(Gallot et al., 2012).

More recently, the ovarian sensitivity index (OSI), which is a function
of the total number of oocytes retrieved and the total amount of
gonadotrophins utilized in a treatment cycle, was introduced to make
allowances for gonadotrophin requirements in the course of ovarian
hyperstimulation. Young study subjects with normal ovarian function
who were undergoing long agonist stimulation with recombinant FSH

were categorized as low, medium and high OSI groups. Among those
young women with excellent pregnancy potential, the OSI was shown
to be superior in differentiating high, normal and poor responders and
superior to age and oocyte yield in predicting pregnancy (Huber et al.,
2013).

As women are increasingly deferring family building into more ad-
vanced reproductive ages, with the associated compromised ovarian
reserve, correct predictions of pregnancy chances become even more
important in counseling patients with a more unfavorable prognosis
(Lehert et al., 2018). Our academically affiliated fertility center serves a
population of infertile women with a very high prevalence of dimin-
ished ovarian reserve (DOR), mostly related to advanced female age
or premature ovarian aging (POA) (Gleicher et al., 2015). The present
study was initiated to investigate whether the OSl is also predictive of
pregnancy potential and live birth rate in such an unfavorable patient
population.

Materials and methods

This study retrospectively investigated 1282 fresh consecutive IVF
cycles in 1282 infertility patients who underwent autologous IVF at the
Center for Human Reproduction (CHR) in New York City, NY, USA,
between January 2010 and December 2016. Women were eligible for
enrollment if they received ovarian hyperstimulation with FSH/hMG,
which is routinely given in a 3:1 ratio, and had at least one oocyte re-
trieved. Patients who underwent IVF for oocyte or embryo banking or
served as oocyte donors were excluded.

At initial presentation to our center, all women underwent ovarian
reserve testing with FSH and AMH on cycle Days 2/3. FSH and AMH
values were also collected at the start of each IVF cycle. Laboratory
tests were performed via commercial testing (Laboratory Corporation
of America). AMH was measured by ELISA, using the Gen Il assay
(Beckman Coulter, Inc., Webster, TX, USA). FSH was measured by
electrochemiluminescence immunoassay. Additionally, the uterine
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cavity was routinely evaluated by hysterosonography to exclude uter-
ine pathologies that might compromise pregnancy potential.
Indications for fertility treatment were defined and recorded according
to the definitions of the Society for Assisted Reproductive Technology
for nationwide ART data registry (www.sart.org).

Gonadotrophin dose was chosen according to the clinical estimate
of ovarian reserve. In rare cases, dose was adjusted based on ovarian
response. Thirty-six hours after ovulation induction with hCG (various
manufacturers), oocyte retrieval was performed. Embryo transfer was
routinely scheduled on Day 3 after fertilization at cleavage stage.
Canceled cycles were excluded from the study. Clinical pregnancies
were diagnosed ca. 5.5weeks after the first positive serum hCG
measurements in the presence of a gestational sac on vaginal ultra-
sound. After the expected date of delivery, patients were contacted
for reports of live births.

Statistical analysis

Baseline characteristics of patients were compared using Kruskal—
Wallis or chi-square test. The OSI was calculated as the number of
oocytes retrieved x [000 divided by the total gonadotrophin dosage
used and categorized as low, medium and high, as previously reported
(Huber et al., 2013). We then investigated the relation between fe-
male age, baseline FSH and AMH, total gonadotrophin dosage, num-
ber of oocytes retrieved, OSI, embryo development, pregnancy and
live birth rates.

A random selection of one-third (n=414) of patients was used to
create a predictive model, which could then be tested for validation in
the 868 patients representing the other two-thirds of the population.
As expected, there were no observed differences in any baseline
parameters between these two populations. Receiver operating char-
acteristic (ROC) curves were constructed testing OSI as a predictor of
pregnancy and live birth in this development sample. Cutoffs were se-
lected from the ROC curves at a fixed sensitivity of 80% correspond-
ing to an OSI| of >0.83 for both pregnancy and live birth. The chosen
criterion offered a specificity of 46.81 (95% Cl 33.95-56.69) for preg-
nancy and a specificity of 45.54 (95% Cl 33.05-55.06) for live birth.
A binomial variable was created for these OSI criteria for both preg-
nancy and live birth.

Logistic regression models were run testing the validity of these se-
lected criteria in prediction of pregnancy and live birth in the 868-valida-
tion sample along with covariates for FSH, AMH, oocytes retrieved and
total gonadotrophin dose. Oocytes retrieved and gonadotrophin dose
were retained in the model since the OSI is a function of the interac-
tion of these two factors. For these models, goodness of fit was tested
using the Hosmer and Lemeshow test and was not significant for either
pregnancy or live birth, demonstrating the models are well fit. ROC
curves comparing the AUC for OSI, AMH and Day-2 FSH were con-
structed for both pregnancy and live birth (DelLong et al., 1988).

ROC curves were analyzed using MedCalc (MedCalc Statistical
Software version 18.11.3, MedCalc Software bvba, Ostend, Belgium;
https://www.medcalc.org; 2019). SPSS (IBM Corp. Released 2013.
IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY, USA:
IBM Corp.) was used for all other analyses. Continuous values are pre-
sented as mean £+ SD or as geometric mean and 95% CI for non-
normal continuous variables. Outcome parameters are presented as
proportions. P-value <0.05 was considered statistically significant.

Patients at our center sign at initial consultation an informed con-
sent, which allows for use of their anonymized electronic medical
records and, where needed, of their paper records, if the patient’s
identity remains protected and the medical record remains confiden-
tial. Since the data presented here only involved a retrospective review
of the center’s anonymized electronic research database, also used to
report the center’s annual IVF outcomes to national registries, these
conditions were met. Our Institutional Review Board approved such
medical record studies by expedited review.

Results

Patient characteristics and cycle parameters for the whole cohort as well
as subgroups are displayed in Tables | and Il. Patients had a mean age of
38.6+ 5.4years and presented with mean AMH levels of 0.65 (95% Cl
0.61-0.74) ng/ml. The reasons for their fertility treatment included DOR
in 74.4%, male factor in 25.1%, tubal factor in 13.3% and ovulation disor-
ders, including polycystic ovary syndrome, in 27.0% (many patients pre-
sented with more than one infertility diagnosis). They received a total
gonadotrophin dosage of 51454 24771U, and produced 5.2 (95% Cl
5.0-5.5) oocytes and 2.9+ 3.5 high-quality embryos. Pregnancy and live
birth rates per retrieval were 20.6% and 15.8%, respectively.

Women with high or low OSI classifications were 38.1 £5.4 and
40.4+4.8years old (P<0.0001); they demonstrated median AMH
levels of 0.81 (95% CI 0.73-0.88) and 0.25 (95% ClI 0.21- 0.30) ng/ml
(P<0.0001) and received gonadotrophin dosages of 4757 (95% ClI
4587-4927) and 6769 (95% Cl 6444-7109) IU, respectively
(P<0.0001). Controlled ovarian hyperstimulation resulted in 7.0 (95%
Cl 6.6-7.5) and 1.5 (95% CI 1.4-1.6) oocytes. Pregnancy occurred in
23.2% and 8.8% of cycles and resulted in live birth rates of 18.0% and
5.3% in women with high and low OSI, respectively (P < 0.0001 for
both) (Table II).

OSl is a function of the number of oocytes produced in a cycle of
ovulation induction per unit of gonadotrophin used. Figure | plots the
oocytes retrieved against the total dose of FSH. Loess regression is a
non-parametric technique that uses local weighted regression to fit a
smooth curve through points in a scatter plot. The plots were made
with an Epanechnikov kernel fitting 50% of data around each point
(data near the current point receive higher weights than extreme data
receive). Loess curves are useful for data exploration and hypothesis
development.

In Fig. la, the Loess curve is a function of the OSI (oocyte per go-
nadotrophin) for cycles that resulted in pregnancy versus those that
did not. Not surprisingly, the curves suggest that patients who achieve
pregnancy produce more oocytes per dose of gonadotrophin than
those who did not become pregnant.

Similarly, in Fig. Ib, the fitted curves represent the oocytes retrieved
per total gonadotrophin dose for patients with high or low OSI.
Although it is clear from these curves that women with higher OSI
show increasing oocyte recovery with increased gonadotrophin dos-
age, with diminishing results above about 2400 units of gonadotrophin,
it is also clear that for women with lower OSI higher doses of gonado-
trophin continue to be associated with increased oocyte recovery.

A comparison of ROC curves for OSI, AMH and Days 2-3 FSH
among the 868 women in the validation sample (Fig. 2a and b)
revealed that OSI| had a significantly greater AUC for both pregnancy
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Table I Patient characteristics and cycle parameters for the whole group and for development and validation samples.

Development sample®

Validation sample

Female age (years)
BMI (kg/m?)P

AMH (ng/ml)°

Max FSH (mlU/ml)°

Total gonadotrophins used (IU)

Oocytes retrieved (n)°
High-quality embryos
Pregnancy rate (%)
Live birth rate (%)

38.6+£54
23.8 (95% Cl 23.6-24.1)
0.65 (95% C1 0.61-0.74)
10.7 (95% CI 10.4-11.1)
514512477
5.2 (95% Cl 5.0-5.5)
29435
20.6 (95% Cl 18.4-22.8)
15.8 (95% Cl 13.8-17.8)

384+54
23.8 (95% ClI 23.4-24.3)
0.75 (95% Cl1 0.65-0.88)
10.6 (95% Cl1 9.9—11.1)
5419+2510
5.5 (95% Cl 5.0-6.1)
29+34
21.0 (95% CI 17.1-25.0)
16.4 (95% Cl 12.8-20.0)

38.6+54
23.8 (95% Cl 23.5-24.1)
0.63 (95% C10.56-0.71)
10.8 (95% ClI 10.4-11.3)
521612458
5.1 (95% Cl 4.9-5.5)
29436
20.4 (95% CI 17.7-23.1)
15.6 (95% Cl 13.1-18.0)

Data are mean =+ SD.

“No characteristics were significantly different between the Development sample and the Validation sample.

®Backtransformed after logarithmic transformation.
AMH, anti-Mdllerian hormone.

Table Il Patient characteristics and cycle parameters according to ovarian sensitivity to gonadotrophins.

High OSI (>0.83)

Female age (years) 38.1+£54

BMI (kg/m?)? 23.9(95% Cl 23.5-24.2)
AMH (ng/ml)? 0.81 (95% Cl 0.73-0.88)
Maximum FSH (mIU/ml)? 9.8 (95% C19.4-10.3)

Total gonadotrophins used (1U)
Oocytes retrieved (n)? 7.0 (95% Cl 6.6-7.5)

3.5 (95% Cl 3.2-3.8)

23.2 (95% Cl 20-26.3)

18.0 (95% CI 15.2-20.9)

High-quality embryos
Pregnancy rate (%)
Live birth rate (%)

4757 (95% CI 4587-4927)

Low OSI (<0.83) P-value
169

40.4+4.8 <0.0001

23.5 (95% Cl 22.9-24.2) 0.98
0.25 (95% Cl1 0.21-0.30) <0.0001
16.2 (95% Cl 14.7-17.8) <0.0001
6769 (95% Cl 6444-7109) <0.0001
1.5 (95% Cl 1.4-1.6) <0.0001
0.6 (95% Cl1 0.5-0.7) <0.0001
8.8 (95% Cl 4.5-13.2) <0.0001
5.3 (95% Cl 1.9-8.8) <0.0001

“Backtransformed after logarithmic transformation.
OSl, ovarian sensitivity index.

(Fig. 2a) and live birth (Fig. 2b) compared to both AMH (P=0.014;
P=0.05, respectively) and Day 2-3 FSH (P=0.0001; P=0.0001, re-
spectively). Figure 3 describes this relationship at various OSls.

Logistic regression models were run to examine the association of
OSI >0.83 with the outcomes of clinical pregnancy and live birth
(Tables lll and IV). The effects of each of the covariates were tested
as well as the cumulative model.

After adjustments for age, baseline AMH and FSH, total gonadotro-
phin dosage and oocyte yield, OSl >0.83 was associated with greater
odds of pregnancy (odds ratio (OR) 2.12, 95% Cl 1.30-3.45,
P < 0.003) (Table Ill). OSI also demonstrated increased odds of live
birth: OSI: OR 1.91, 95% Cl 1.07-3.41, P < 0.028 (Table IV).

Discussion

Our findings demonstrate that, even after adjustment for female age,
baseline AMH and FSH and oocyte numbers, ovarian responsiveness

to exogenous gonadotrophin stimulation (i.e. higher OSI) is associated
with increased odds of live birth. Adjustment for each of these factors
did little to change the OR of pregnancy and live birth modeled on
OSl alone. ROC curves for pregnancy and live birth, both showed that
OSI had a significantly greater sensitivity and specificity than either
AMH or Day 2-3 FSH (Fig. 2a and b). As true pregnancy potential is
even more precious in women with limited embryo numbers, this sug-
gests that the OSI may be particularly helpful in counseling IVF patients
with a more unfavorable prognosis owing to advanced reproductive
age or POA.

One may, of course, argue that the information OSI offers only
becomes available during an IVF cycle, when the decision to undergo
treatment has already been made. Ovarian reserve markers, in con-
trast, can be utilized to counsel patients before they initiate treatment.
Although this point appears valid, two aspects deserve consideration.
First, OSI was demonstrated to be superior to baseline FSH or AMH
in predicting pregnancy potential (Fig. 2). The predictive capacity of
currently available tools to assess pregnancy potential in women
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Figure I. Number of oocytes retrieved with varying total
dose of gonadotrophin. (a) Ovarian sensitivity index (OSI¥) in
pregnant and non-pregnant women. (b) Oocytes retrieved per total
gonadotrophin dose for patients with high or low OSI. *OSl is a func-
tion of the number of oocytes produced in a cycle of ovulation induc-
tion per unit of gonadotrophin used.
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Figure 2. Comparison of receiver operating characteristic
(ROC) curves for the prediction of pregnancy and live birth
in the 868 women in the validation group. (a) ROC curve for
prediction of pregnancy. (b) ROC curve for prediction of live birth.
AMH, anti-Mdllerian hormone.
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Oocyte production per cycle versus Gonoadotropin at Various OSI

10

12000

10000

8000

6000

Total Units Gonadotropin per Cycle

4000

2000

924> 1ad s934000

0.5 0.75 1.0 125 15 175 20 225 25 275 3 325 35 375 40

Ovarian Sensitivity Index

Figure 3. Oocyte production per cycle versus gonadotrophin at various OSls.

Table Il Logistic regression model on the predictive
capacity of the OSI on pregnancy chances after assisted
reproduction.

Parameters Unadjusted P-value Adjusted P-value
OR (95%Cl) OR (95% CI)*

OSI>0.83 2.98 (2.13-4.16)° <0.001 - -

Patient age 2.20 (1.55-3.11)¢ <0.001 2.20 (1.55-3.11) <0.00I

Total 3.10 (2.14-4.49)° <0.001 2.81 (1.89-4.17) <0.001
gonadotrophins

Oocytes 1.92 (1.29-2.86)  0.001 2.26 (1.44-3.54) <0.001
retrieved

FSH 2.50 (1.72-3.65)° <0.001 2.04 (1.27-3.29)  0.003

AMH 2.18 (1.45-3.28)° <0.001 2.12(1.30-3.45) 0.003

Table IV Logistic regression model on the predictive
capacity of the OSI on live birth chances after assisted
reproduction.

“Model includes OSI >0.83 and all previous parameters.

®Logistic model of OS| >0.83 as a predictor of clinical pregnancy.
“Model includes only OSI > 0.83 plus parameter in the first column.
OR, odds ratio.

Parameters Unadjusted P-value Adjusted P-value
OR (95%Cl) OR (95% CI)*

OSI>0.83 3.05 (2.07-4.50)° <0.001 - -

Patient age 2.09 (1.39-3.14)° <0.001 2.09 (1.39-3.14) <0.00I

Total 2.98 (1.95-4.57)° <0.001 2.68 (1.69-4.25) <0.00I
gonadotrophins

Oocytes 1.80 (1.14-2.86)° 0.012 2.06 (1.22-3.47)  0.007
retrieved

FSH 2.68 (1.72-4.16)° <0.001 1.89(1.07-3.31) 0.028

AMH 1.92 (1.20-3.09)°  0.007 1.91 (1.07-3.41) 0.028

*Model includes OS| >0.83 and all previous parameters.
bLogistic model of OSI >0.83 as a predictor of live birth.
“Model includes only OSI >0.83 plus parameter in the first column.
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undergoing ART is still limited. Improvement is therefore welcome.
Second, addressing a woman’s pregnancy chances prior to treatment
start is crucial for all patients, irrespective of age and ovarian function.
Once patients are confronted with a limited number of oocytes at re-
trieval or a failed IVF attempt, counseling women of advanced repro-
ductive age with diminished ovarian function about their reproductive
potential and future treatment options becomes of importance. The
OS| may, at least in part, bridge this gap between the purely quantita-
tive aspect of ovarian reserve and the more qualitative approach of
ovarian competence and, thus, aid those patients to make appropriate
decisions for subsequent cycles. OSI may also be useful when compar-
ing different protocols for ovulation induction to see if the sensitivity of
ovarian response can be improved.

As this study clearly demonstrates, a greater number of oocytes
produced per unit of gonadotrophin are associated with increased
pregnancy and live birth with IVF, which then after fertilization, down-
stream, is most likely to be reflected in embryo numbers. Using a cut-
off of >0.83 suggests that patients need to produce at least one
oocyte per 1205 units of gonadotrophin stimulation to achieve the
best chances of pregnancy and live birth, and that an OSI of <0.83
greatly reduces the chance of a positive outcome. By being more up-
stream, OS| may, therefore, be superior in predicting pregnancies and
live births in comparison to embryo grading since it precisely repre-
sents the interaction between cause and effect, i.e. gonadotrophin
stimulus and egg numbers (Vaegter et al., 2017). By contrast, com-
monly used predictive parameters, such as female age, ovarian reserve
markers and oocyte vyields, either reflect a starting position or an end-
point, but fail to picture the stimulus required to maximize oocyte
yields (lliodromiti et al., 2015). This study, therefore, offers further evi-
dence for the potential importance of retrieved oocyte quality in pre-
dicting IVF cycle outcomes and, therefore, also supports previously
voiced opinions that a more detailed oocyte assessment during IVF
cycles than currently is practiced may be of clinical value (Lazzaroni-
Tealdi et al.,, 2015).

Higher pregnancy rates in women with larger oocyte yields after
mild stimulation in comparison to patients after prolonged and/or ac-
celerated controlled ovarian hyperstimulation also support our findings
(Baker et al., 2015), as does an earlier report from our own center
that demonstrated that the number of good quality embryos available
for transfer is at all ages directly associated with pregnancy and live
birth chances from individual embryos. The more good quality em-
bryos a woman produced, the higher were the pregnancy and live
birth rates, even if number of embryos transferred remained the same
(Gleicher et al., 2016). These findings also potentially clarify an earlier
observation we reported in 2016, when we demonstrated that in
poor prognosis patients increasing numbers of retrieved oocytes, inde-
pendently, were associated with improved pregnancy and live birth
rates in IVF, even if the number of embryos was the same (Gleicher
et al, 2016). Increasing egg numbers, thus, is an obvious indicator of
egg quality.

What all of this means is that this ‘embryo quality factor’ associated
with increasing embryo numbers and better pregnancy and live birth
chances is, likely, a programmed maternal oocyte factor that is trans-
mitted to the embryo during fertilization. These findings also confirm
previous publications on maximum pregnancy potential in the presence
of a large oocyte yield (Sunkara et al., 201 |; Drakopoulos et al., 2016).
Differences in follicular responsiveness to gonadotrophins were also

demonstrated in women with unexplained infertility: patients with a
large proportion of responding follicles experienced higher pregnancy
rates than their counterparts with comparable AFC, but smaller pre-
owulatory follicle numbers (Hassan et al., 2017). Furthermore, Alvaro
Mercadal et al. (2018) reported significantly lower cumulative preg-
nancy rates in women with 4-9 oocytes when compared to patients
with 10—I5 oocytes.

What in general underlies impaired follicular competence and conse-
quently suboptimal or even poor responses to gonadotrophin stimula-
tion remains to be elucidated. One can, however, assume that at least
some of these patients suffer from so-called POA, sometimes also
called occult primary ovarian insufficiency (oPOI) and, therefore, in
view of their DOR may benefit from medication adjustments. Klinkert
et al. (2004) reported a higher proportion of normal response to
treatment and improved pregnancy potential in unexpected poor res-
ponders after higher gonadotrophin dosage in subsequent cycles. In
our center’s experience, higher gonadotrophin dosages are especially
effective in younger women with POA/oPOI but less so in older
women.

A subset of women with compromised follicular competence appar-
ently also benefit from combined FSH/hMG stimulation for sustained
follicular development and maturation. In a recent meta-analysis,
Alviggi et al. (2018) describe improved cycle outcomes after controlled
ovarian hyperstimulation with FSH and LH in women with unexpect-
edly poor response and in patients above age 35 years.

The observation of Alviggi et al. (2018) likely reflects different, yet
pivotal, roles of both gonadotrophins during folliculogenesis, as de-
scribed in the ‘two cell-two gonadotropin’ hypothesis (Ryan et al.,
1968), which assumes a synergistic interaction of FSH and LH for follic-
ular development and maturation. LH stimulates theca cells and
thereby promotes androgen production, while FSH primarily enhances
granulosa cell proliferation and, thus, estrogen synthesis. Expanding on
this concept, granulosa cells were recently reported to also express
LH receptors, with their numbers increasing during the more advanced
stages of follicular development (Jeppesen et al., 2012). FSH and LH
also promote growth factor secretion, such as insulin-like growth
factor-1 and -2 in granulosa as well as theca cells. Both cell types in
turn, of course, reflect follicular development (Huang et al., 1994).

These observations raise the possibility that follicular growth may be
interrupted, or at least impaired, in absence of adequate LH levels.
Recently, the Cochrane Collaboration group reported moderate evi-
dence of increased ongoing pregnancy rates after LH-containing gonad-
otrophin stimulation when compared to FSH-only cycles (Mochtar
et al, 2017). Mitochondrial gene expression data in granulosa cells sup-
port these findings: Saito et al. (2013) demonstrated higher gene ex-
pression ratios and improved rates of high-quality embryos in women
undergoing LH-containing stimulation with hMG when compared to a
recombinant FSH regimen. While younger women may still be able to
cope with such unfavorable conditions, older women, with an already
somewhat compromised follicular competence, will not. This is one
reason why older patients at our center are stimulated with LH-
containing gonadotrophins. The data presented here, however, suggest
that even at a relatively advanced age, and with significant DOR, OSI
is still highly predictive of pregnancy and live birth chances after FSH/
hMG stimulation, thus confirming initial reports in better prognosis
patients who received ovarian stimulation with FSH-only protocols
(Huber et al., 2013; Hassan et al., 2017). The large study cohort used



Weghofer et al.

here and the reassuring results from the validation sample strengthen
our findings, though they may not be entirely applicable to young
women with excellent pregnancy potential in whom a direct continu-
ous relationship of OSI with pregnancy outcomes might well be
observed.

In conclusion, the ovary’s response to stimulation with exogenous
gonadotrophins reflected by an OSI >0.83 is predictive of embryonic
development, pregnancy potential and live birth. These findings suggest
that the results of ovarian stimulation efforts should be included in
counseling IVF patients about their chances of pregnancy.
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