oe' "¢ THE EUROPEAN SOCIETY OF MEDICINE

X * Medical Research Archives, Volume 13 Issue 2

Role of Embryo pooling in Low ovarian reserve

Kaberi Banerjee, MD, DNB, MRCOG, FRCOG!, Bhavana Singla, MD, F.MAS, F.ART', Priyanka Verma,

Resident Medical officer!

'Advance Fertility and Gynaecology
Centre, New Delhi, India

a OPEN ACCESS

PUBLISHED
28 February 2025

CITATION

Banerjee, K., et al., 2025. Role of
Embryo pooling in Low ovarian
reserve. Medical Research Archives,
[online] 13(2).
https://doi.org/10.18103/mra.v1
3i1.6325

COPYRIGHT

© 2025 European Society of
Medicine. This is an open- access
article distributed under the terms
of the

Attribution License, which permits

Creative  Commons
unrestricted use, distribution, and
reproduction in any medium,
provided the original author and
source are credited.

DOI
https://doi.org/10.18103/mra.v1
3i1.6325

ISSN
2375-1924

ABSTRACT

Objective: To study the role of embryo pooling in low ovarian reserve.
Design: Retrospective analysis
Subjects: Forty-six (46) infertility patients with low ovarian reserve

Intervention: We had assessed 46 infertility patients with low ovarian
reserve. All patients were started on dehydroepiandrosterone (DHEA)
supplements. We had advised IVF with high dose hormones with pooling
of embryo for 2 to 3 cycles with the criteria for getting at least 2 grade A
embryos. First ovarian stimulation was done with antagonist protocol using
Gonadotropins. Second stimulation was started in immediate next cycle
with long agonist protocol. In 18 patients out of 46, third ovarian stimulation
was done with antagonist protocol.

Main outcome measures: Pregnancy rate, clinical pregnancy rate and
live birth rate were assessed.

Results: In 29 females, ovarian stimulation was done twice and in 18, three
ovarian stimulations were done to pool embryos. In 3 patients, embryo
transfer was not done as response was not good. Overall pregnancy rate
was 44.4%, the clinical pregnancy rate was 35.5% and live birth rate was
26.6%.

Conclusions: Fertility treatment of patients with low ovarian reserve is
challenging for fertility experts and assisted reproduction technologies
are best option for these patients. Embryo pooling is the best option in
these cases. But the couples should be properly counselled for the whole
process, duration of treatment and the success rate of procedure. Further
well-designed studies are required to predict the pregnancy rate and the
clinical pregnancy rate more precisely.

Key words: Low ovarian reserve, embryo pooling, pregnancy rate and
the clinical pregnancy rate
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Introduction

Low ovarian reserve or Diminished ovarian reserve
(DOR) is the condition in which fertility of the female
reduces due to lesser quantity and low quality of
oocytes in the ovaries. It can be due to many reasons
like advanced maternal age, genetic factors, ovarian
issues, drugs, environment. Various ovarian reserve
tests include biochemical tests - follicle-stimulating
hormone (FSH), luteinizing hormone (LH), estradiol
(E), inhibin B, and anti-Mullerian hormone (AMH),
and transvaginal ultrasound imaging of the ovaries to
check antral follicle count (AFC). AMH is one of the
most commonly used markers to estimate ovarian
reserve which shows the follicle pool without the
effect of gonadotropins. Incidence of low Anti
Mullerian hormone (AMH) is rapidly increasing in
fertility clinics. In a recent study in India, it was found
that more than 30% of women visiting such clinics
were found to have low AMH." Earlier poor ovarian
response was described as Bologna criteria when
at least 2 of the 3 criteria were present: a) advanced
female age, b) a previous poor response and c)
abnormal ovarian reserve tests and in the absence
of the above criteria, two previous poor ovarian
response following maximal stimulations.? However,
with these criteria certain set of women were excluded
and therefore the POSEIDON criteria (acronym for
Patient-Oriented Strategies Encompassing
IndividualizeD Oocyte Number) were established.
In this, two new categories of impaired response
were included: a) a sub optimal response which was
defined as retrieval of 4 to 9 oocytes rather than
their expected 10 to 15 oocytes and b) was a hypo
response in which higher dose of gonadotropin and
more prolonged stimulation was required to obtain
an adequate number of oocytes (more than 3).° Low
AMH is associated with lower number of oocytes
retrieved and poor pregnancy rates.*> AMH of <
0.5 ng/ml predicts an oocyte yield of < 4.6

Sunkara et al suggested that if number of oocytes
retrieved up to 15 in number, then pregnancy rate
can be maximized.” We know that in poor responders
the total number of eggs in each stimulated cycle

would be less, therefore if we try to replicate the
high success model, it would mean that we continue
with stimulation for more than one cycle and pool as
many good quality oocytes and embryos as possible.
In today's world with the excellent cryopreservation
systems and protocols it is possible to pool such
gametes/embryos and then do a single transfer of
high-grade embryos to project the results of the

good prognosis group.?

Materials and Methods

We conducted a retrospective study on 46 women
at fertility clinic in New Delhi, India, who underwent
embryo pooling. Table 1 shows the distribution of
the patients according to the Poseidon criteria. Most
of the women had AMH < 1 ng/ml and some of them
had hypo response despite AMH of > 1.2 ng/ml
(Fig 1). The approval from Independent Ethical
Committee (F.1/IEC/IFS/2024/No.21) was obtained.
The primary outcome was assessed with positive
serum beta HCG rate after embryo transfer and the
secondary outcome was assessed with clinical
pregnancy rate.
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46 females

\)

\)

\)

Group 1 Group 2 Group 3 Group 4
Age <35 Age >35 Age <35 Age >135
AMH > AMH > AMH < AMH <
1.2 ng/ml 1.2 ng/ml 1.2 ng/ml 1.2 ng/ml
2 2 X 2
3 females 11 females 15 females 17 females

Figure 1. Flow diagram of study design (AMH — Anti Mullerian Hormone)

All couples were counselled for embryo pooling after
reviewing all the fertility reports and were explained
about need of second or third ovarian stimulation
when less than two grade A cleavage stage embryos
will be formed after the first stimulation cycle.

The first ovarian stimulation was an antagonist
protocol. In this a total gonadotrophin dose of 350
|U to 450 IU was used: either a combination of follicle-
stimulating hormone (FSH) and human menopausal
gonadotropin (HMG) or pure HMG. The stimulation
would go on for 10-12 days. Inj Cetrorelix acetate as
antagonist 0.25 mg was added when the lead follicle
was 14 mm. Trigger injection as Human chorionic
gonadotropin (HCG) 10,000 was added when the
lead follicle reached 18 mm and egg pick up was
done 36 hours later. The second stimulation cycle
was the long protocol in which leuprolide acetate
0.6 milligram was injected subcutaneously from the
21st day of the prior cycle and then from the first or
second day of the cycle it was halved and high dose
stimulation described above was started. HCG 10,000
IU was added when the lead follicle reached 18 mm
and egg pick up was done 36 hours later. Before the
3rd stimulation protocol, one month of testosterone
application gel (1% of 10mg/day transdermal) was
given for local application on undersurface of arm and
then the antagonist protocol was used. Stimulation
1 and stimulation 2 were done either back-to-back
or with a gap of one month. After the egg collection

procedure, the oocytes were fertilized using either
In vitro fertilization (IVF) or Intracytoplasmic sperm
injection ICSI, depending on the sperm parameters.
If more than one grade A embryo was formed then
the embryos were transferred, otherwise they were
cryopreserved and the next stimulation cycle was
started. Most embryo transfers were done on day 2
or day 3 of the cleavage stage of the embryos. Usually,
two to three embryos were transferred. Most of the
study was conducted before the onset of the new
ART (Assisted reproductive treatment) regulation
of India.? Thus, in some cases with previous failure
and advanced maternal age, four embryos were

transferred.

Serum beta HCG was measured 14 days after
embryo transfer and ultrasound for fetal heartbeat
was performed 2 weeks after the positive pregnancy
test. Statistical analysis was performed appropriately

using Chi square analysis.

Results

All 46 infertile females were categorized according
to according to the Poseidon criteria as in Table 1.
Our sample consisted of 46 women with mean age
35.8 years (range 28-46 years). Theirmean AMH level
was 0.9 ng/ml (range 0.17-1.8 ng/ml).
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Group 1 Group 2
Age < 35 3 Age > 35 11
AMH > 1.2 ng/ml 3 AMH > 1.2 ng/ml 11
No. of Stim Cycles 6 No. of Stim Cycles 26
Subgp 1a: <4 2 Subgp 1a: <4 14
Subgp 1a: 4-9 4 Subgp 1a: 4-9 12
Group 3 Group 4
Age < 35 15 Age > 35 17
AMH < 1.2 ng/ml 15 AMH < 1.2 ng/ml 17

Table 1. Distribution of Patients according to the Poseidon criteria

The ovarian stimulation was done twice in 29
females and out of 46 females, 18 underwent three
ovarian stimulations to pool the embryos. Table 2

shows the distribution of the patients according to
the number of stimulations performed.

No. of stimulation cycles No. of Patients
Only 1 cycle 0

2 cycles 29

3 cycles 18

Total Patients 46

Table 2. Distribution of patients according to number of stimulations performed

In all stimulated cycles, different number of cocytes
were obtained by various types of ovarian stimulations.

As ovarian reserve was low in all cases, number of

oocytes retrieved was categorized in two categories

which was assessed in Table 3.

Stimulation cycle 1st 2nd 3rd
No. of Patients 46 46 18
No. of Oocytes

<4 34 31 10
4to09 12 15 8

Table 3. Distribution of oocytes in stimulation cycles

In most of the embryo transfers, two, three or four
embryos in either fresh or frozen state were
transferred on day 2 or day 3 of the cleavage stage
or day 6 stage of the embryos. In some cases, double
transfer (transfer on day 3 and day 6 in same cycle)
was also done. Most of the study was conducted
before the onset of the new ART regulation of

India.? So, in some cases with previous failure and
advanced maternal age, four embryos were
transferred. Table 4 shows the distribution of the

number of embryos transferred in all patients.
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No. of Embryos Transferred No. of Patients
1 1

2 6

3 19

4 19

0 (ET not done) 3

Table 4. Number of Embryos Transferred

The embryos were transferred in either fresh cycle embryo transfer was done twice as first attempt in
or frozen cycle depending on endometrial conditions. both cases resulted in biochemical pregnancy. So,
Table 5 shows the distribution of the embryos second transfer was done after one month gap.

according to the fresh or frozen stage. In two cases,

Type of embryo transfer No. of Patients
Fresh 24

Frozen 18

Fresh + Frozen 3

ET not done 3

Table 5. Distribution of embryos (Fresh/Frozen)

We had assessed the outcomes of embryo pooling was done twice in a gap of one month. In 3 cases,
cases - pregnancy rates (PR), clinical pregnancy rates embryo transfer was not done out of that in two
(CPR) and live birth rate (LBR) from the data (Table cases embryo didn't grow and in one case, all
6). For assessing the outcomes, we considered 45 embryos were aneuploid.

embryo transfers, as in two cases, embryo transfer

Total Transfers 45
Transfers not done 03
Positive 20
Pregnancy Rate (PR) 20/45 (44.44%)
Clinical Pregnancy Rate (CPR) 16/45 (35.56%)
Live Birth Rate (LBR) 12/45 (26.67%)

Table 6. Outcome of Embryo Pooling cases

As shown in the Table 7, there was no association
between the mode of transfer i.e fresh or frozen,
number of embryos transferred and day of embryo
transfer with the outcome.

© 2024 European Society of Medicine 5



Outcome P value
(p<.10)
Pregnant (N = 20) | Not Pregnant (N = 25)
Mode of Transfer 0.8 (NS)
Fresh 10 14
Frozen 9 9
Fresh + Frozen 1 2
No. of Embryos Transferred 0.79 (NS)
1 0 1
2 3 3
3 7 12
4 10 9
Day of Transfer 0.22 (NS)
Day 2 3 5
Day 3 9 16
Day 6 0 1
Double Transfer (D3 + D6) 8 3

Table 7. Results

Discussion

Low AMH is associated with lower pregnancy
outcomes. A large retrospective study performed
on 69,336 fresh and 15,458 frozen embryo transfer
cycles demonstrated that the areas underthe curve
(AUC) for AMH as predictor of live birth in fresh
cycles and thawed cycles were respectively, 0.631
and 0.540, suggesting that AMH alone is a weak,
even if significant, age-independent predictor of
live birth after ART.™

Oocytes may not be retrieved; embryos may not be
formed and even when they are formed, they may be
less in number and quality. Therefore, the suggestion
of multiple cycle stimulation to form minimum of two

grade A cleavage stage embryos is suggested.'™

It is believed that blastocyst transfer is better than
cleavage stage transfer in improving live births.

This is true in most cases. However, one cannot

forget that there are certain cases, especially in
women where the total number of eggs is less that
5, one may not be able to extend embryos to
blastocysts and there is risk of no transfer.”> Also
extending culture to blastocyst in those with good
egg numbers means freezing fewer embryos so
there is also a question of whether the cumulative
live birth in case of blastocyst transfer is actually
better than cleavage which is contested in many
studies.’®'” In our clinic we practice transferring
embryos at an early stage when the total number
of eggs retrieved is less than 5 which according to
us gives the patient a better chance of a live birth
baby.

It is widely believed and practiced that transferring
fewer number of embryos leads to lower multiple
pregnancy rate. While that is true it also leads to
lower pregnancy rate per embryo transfer in women

with advanced maternal age and women with multiple

© 2024 European Society of Medicine 6



IVF failures.’® The Cochrane group in its 2020 analysis
of the number of embryos to be transferred reiterated
that elected single embryo transfer is good for only
young good prognosis patients.’ It is therefore
suggested in most international guidelines that
women with multiple failures and advanced age can
undergo transfer of more than two embryos.'"?
Therefore, in India where IVF is not government
sponsored and is also not yet covered by any
insurance plan, the couple has to totally take the
burden of treatment. Therefore, in our practice to
reduce the time to pregnancy and thus reducing the
cost of treatment burden to the couples we transfer
two embryos at the first attempt and more than two
in women with advanced maternal age and repeated
IVF failures.

Greco etal in 2013 evaluated the role of co-transfer of
embryos derived from vitrified oocytes accumulated
during previous modified natural cycles and an
embryo developed from the last cycle as an
alternative to repeated single embryo transfer.
They concluded that the overall clinical pregnancy
rate was significantly higher (34.4% vs 16%) with
this protocol compared to repetitive single embryo

transfers.?!

Cobo A et al in their study stated the accumulation
of oocytes from several ovarian stimulation cycles is
currently possible with the aid of novel vitrification
technologies. This strategy could be useful for low-
responder patients, contributing to increase the
inseminated cohort and creating a similar situation
as in normal responders. According to the results
presented herein (higher live-birth rate per patient
treated, 36.4 vs 24.7), this strategy represents a
successful alternative for low-responder patients,
yielding comparable success rates to those in normal
responders and avoiding the adverse effects of a
low response.®Vora AV et al study is the only reported
Indian study on embryo pooling to the best of our
knowledge. They reported a case series of two
women both of whom who had AMH of less than 1
ng/ml but more than 0.5 ng/ml. Each underwent
three ovarian stimulations as in single ovarian

stimulation cycles, the number of embryos were less

and finally four embryos were transferred in each
after pooling. Both had positive beta HCG and
were continuing with single live pregnancies.?” Lee
et al in their study in 2023 concluded that oocyte
pooling does not improve live birth rates. This may
suggest that it is better to freeze embryos rather
than oocytes.? Though, many studies have claimed
that results with vitrified oocytes are similar to fresh
oocytes.?*? and others have claimed that the
outcome may not be at par.? Vitrification of oocytes
is still one of the novel techniques and many
laboratories and embryologists may still be in the
learning curve to optimize their outcome. In our
opinion, whenever possible embryos should be frozen
rather than oocytes in pooling cycles to optimize

outcomes.

Sadeghi et al dismissed embryo pooling as not
being beneficial, giving various reasons, of which
the most important one was that since in any way a
single embryo is usually transferred and that can be
found even if we transfer one embryo /cycle, there
is no need of pooling. He had quoted, “Regarding
oocytes/embryos banking to avoid poor responders’
dropout, it should be noted that the practice seems
to be so selfish and a type of distraint in IVF clinics
for future referral of patients” ?” However, we need to
factor in that in some cases early transfer and higher
number of embryos may sometimes be beneficial
therefore pooling off embryos is a better idea.'>™
The trauma of multiple cycles of transfer and getting
a negative outcome each time till we find the correct
embryo for the positive outcome also needs to be
factored in. The Practice Committee guidelines of
ASRM 2021 clearly mentioned the sub category of
women who would benefit from more than one
embryo to be transferred. These were older age
women and women with unfavorable prognosis.?®
Women with low ovarian reserve fit into this category.
The Cochrane recommendations in 2020 also
suggested that women with poor prognosis may
benefit with transfer of two embryos.'* Masschaele
et al wanted to know that whether in a specific set
of patients transferring more than three embryos,

i.e., HLT (heavy load transfer) improved pregnancy

© 2024 European Society of Medicine 7



outcomes without significantly affecting multiple
pregnancy rates. They concluded that in women
more than 40, two embryos should be transferred
and in women who have had failed multiple embryo
transfers HLT should be considered.?® We are not
trying to propagate multiple embryo transfer but
we need to identify that group of patients who will

be disadvantaged by single embryo transfer.

Celik et al mentioned that though the pregnancy
rate improves slightly with embryo pooling, the
miscarriage rate is also high.?? We also found that
though the positive pregnancy rate was 44.44%, the
clinical pregnancy rate was 35.56%. We feel the
higher miscarriage rate is not because of embryo
pooling per se, but higher miscarriage rate is seen

in women with diminished ovarian response.*%3!

Supporting embryo pooling in women undergoing
preimplantation genetic testing of embryos, Hu et
al suggested that those who do not reach enough
embryos in a single stimulation cycle, pooling embryos
from consecutive ovarian stimulation cycles is a
promising strategy, which can render a cumulative
pregnancy rate comparable to those patients who

only require one stimulation cycle.™

As regards, which ovarian stimulation protocol is the
best, we found that the number of eggs retrieved
with antagonist and agonist protocol were similar.
This has been collaborated by various studies that
for women with diminished ovarian response no
specific ovarian stimulation protocol has been proven
to be better than the other.3?3

We have also observed that in the 3rd stimulation
protocol the number of oocytes retrieved were
higher in some women. This could be because of
testosterone gel application which was applied in
the cycle prior. Testosterone gel application has
been associated with better ovarian response and
this could also mean that ovaries are being sensitized
to stimulation better than by previous stimulations
and the consequent cycles are giving higher number
of oocytes. Androgen stimulates early stages of

follicular growth and increases the number of

preantral and antral follicles by the proliferation of
granulosa and thecal cells and reduction in granulosa
cell apoptosis. It is hypothesized that positive change
in microenvironment in the ovaries may lead to an
increase in the number and the maturity of oocytes
in poor responder group. Jeve YB et al in their
metanalysis mentioned 3 trials which indicated that
testosterone gel transdermal application before
ovarian stimulation in poor responders significantly
improved outcome.? This finding was further
confirmed by yet another metanalysis in 2022 by
Katsika ET et al.®®

It is usually a practice to give a gap of one to two
months between ovarian stimulation cycle to give
the ovary some rest. However, studies have proven
that even if we do back to backs cycles it does not
reduce ovarian response.* In fact some strategies
have proven that doing back-to-back cycles may
increase the ovarian response to gonadotropins.
Pailis M et al mentioned that immediate sequential
stimulation (without an intervening menstrual cycle)
in poor responders is advantageous over delayed
stimulation in terms of number of aspirated oocytes
and available embryos. The administration of high-
dose FSH in the first cycle may benefit follicular
recruitment also in the subsequent cycle. Although
the effect is modest, given that each additional
oocyte aspirated contributes to the outcome, it might
be of significance especially in younger patients.¥
In fact, Silverberg KM et al commented that clinical
pregnancies resulted significantly more often in a
consecutive cycle than in an alternating cycle They
concluded that consecutive cycles of ovarian
stimulation with HMG are not detrimental and may,
in fact, result in increased cycle fecundity compared
to alternating stimulation cycles.®

Many studies have also proven that consecutive
cycles do not harm the overall oocyte production
and some protocols may in fact be better than the
other. In our study the first stimulation protocol was
antagonist protocol where the average oocytes
yielded were 2.63, the next stimulation protocol was
a long protocol where the average oocytes yielded

© 2024 European Society of Medicine 8



were 3.2 and the following was a protocol with
testosterone gel application in the previous month
and in that the average eggs yielded was 3.67. Ron
El et al found an identical ovarian response using
the same mode of stimulation in repeated cycles,
and a significantly improved response with the
Gonadotropin releasing hormone agonist (GnRHa)/
HMG combination compared with HMG alone in
the same patient.*

The success of an ART program will be defined as
the delivery of a healthy baby. It is well known that
the treatment of poor responders is still experimental
and no clear-cut modality has yet been established.
The multiple treatments like various stimulation
protocols, testosterone, growth hormone, Platelet
rich plasma, stem cells suggests that we are yet far
from the solution. The usage of donor eggs becomes
the final treatment modality. Understandably many
women do not want to go down that route. We argue
here that the option of embryo pooling makes some
women comfortable and satisfied that she has given
herself the best option to have a biological child. If
embryo pooling fails, one can then move on to third
party reproduction. Approximately 20 % of couples
after failed treatments agreed with donor egg IVF.
Till date there is no study to assess the acceptance
of women with poor response to go to third party
reproduction after going through failed IVF cycles
of self-egg stimulation.

Conclusion
We therefore conclude that embryo pooling by

successive ovarian stimulation using different
protocols improves the pregnancy outcome in poor
responders. We believe that in this subset of patients
transfer of at least two grade A cleavage stage
embryos will give the maximum result. This treatment
modality improves the compliance of the patient
and in some cases opens up the acceptance to third

party reproduction later.
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