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Women with diminished oocyte reserve do not have very poor oocyte quality similar to
women of advanced reproductive age. The very poor pregnancy rates found in many studies
of IVE-ET in this population seems to be related to the use of high-dosage FSH stimulation.
The presence of significant elevated FSH levels leave many women more prone to FiH
receptor downregulation. The best ‘hypothesis’ to fit the poor success rate found with high
FSH stimulation is that FSH receptor downregulation leads to an insufficient production of a
factor needed to prevent non-disjunction of chromosomes, leading to the creation of
embryos with a high percentage of aneuploidy. Mild stimulation, to a reasonable degree
obviates the problem with FSH receptors and results in the production of live heafthy babies.
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Though initially, natural cycles were used for
in vizro fertlization-embryo transfer (IVE-ET),
it soon became clear that improved pregnancy
rates and a better chance of obuining oocytes
would be accomplished by the creazion of
many dominant follicles by conoolled ovarian
stimularion  {COH) 02 The pervading
thought was that the creadon of multiple
embrvos markedly improved the chance of a
successful pregnancy following IVE-ET. not
only for the oocyre retrieval cycle with the
fresh ET, but for the furure with the advent of
cryopreservation. Thus, one disadvantage for
women with diminished oocyte reserve would
be less total number of embryos obrained from
a given TVF cycle. However, it scon became
clear that not only did women with diminished
oocyte reserve create less embrvos, but these
embryos seemed to be of markedly inferior
quality, leading to exwemely poor pregnancy
rates following ET, even when performed by
some of the world’s leading IVE centers [3-¢).
Thus, the general conclusion was that these
oocytes, from women with evidence of dimin-
ished ovarfan reserve, even when obtained from
younger women, have the same poor qualizy as
women of advanced reproductive age with a
similar degree of cocywe depletion [3-6).

This concept of poor oocyte quality besides
quantity has been maintined in the pasc
35 years, and even in the modern era (3-110
The majority of scientists and cliicians will
advise the patients with diminished oocyte
reserve thac their prognosis is poor. Mast even
advise cheir patients to forego TVF-ET with
their own oocytes, or for thar marwer, even
avold attempting to conceive naturally, and
proceed to using donor cocytes, donor embryo
or adoption. Thus. for years, most IV centers
would obrain a day 3 anual foilicle count,
serum follicle-stimularing hormone (FSH) and
estradiol (E2), and if an increased FSH or
E2 or decreased antral follicle count was
found, they would cancel proceeding with
COH followed by IVF-ET 14-111. Recenly,
some [VF-ET centers have switched to inhibin
B level or anr-Miillerian hormone (AMH)
levels, hoping that low levels of these ress
could better detect diminished oocvee reserve
than the day 3 FSH so that the IVE cencer
may not.'mistakenly” attempt IVE in a woman
with normal day 3 FSH bur soll find a less
than  adequate
COH nza3). Sometimes the suggestion o use

foi icular responsce to

donor oocytes rather than one’s own occytes
stems not from increased day 3 FSH levels but
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from exaggerated rise of FSH from a clomiphene challenge
test [14-161

There are many coupls:s with a clear need for IVE-ET, for
example, tebal occlusion, with diminished oocyte reserve whose
insurance covers JVI-ET with their own ococytes but not for
donor oocptes. Nevertheless, they are frequently refused by
many TVE-ET centers o perform IVE-ET with therr own
OOCthS, but f'nCOllringc{ o use dOnOt 00(:}7(55. ,EV(‘.i’l When thESE
couples relate their objecdon for doner oocytes, sometimes
even for religious beliels, they have been refused “for their
owll gOOd,.

The purpose of this manuscript is 1o provide evidence that
although the oocyte quality of women with diminished vocyte
reserve may be inferior to age peers with normal reserve, the
difference is only slight The manuscript will provide data
‘suggesting’ chat the extremely poor pregnancy rate with dimin-
ished oaocyte reserve reported in the modern IVF era, even
from the top TVF centers, is related to the excessively high dos-
age of gonadotropins used for COH.

The theory behind not only using conventional high
dosages of FSH stimulation but even using supra high
dosages of FSH for women with diminished oocyte
reserve

Baarr ¢t 4/ found that only 38% of the embryos are normal
when using conventional high-dosage FSH in women with nor-
mal aocyte reserve and they used FISH 1o evaluate only eight
autosomal chromosomes plus the two sex chromosomes 17,
Thus, seme embryas could have had trisomy or monosomy of
the other aurasomal chramosomes, so the percentage of normal
embryos may cven be less il one would repeac the study using
rechniques, for example, competitive genomic hybridization ot
microarray znalysis with trophectoderm biopsy of the blasto-
cyst, as is now being initiated by several centers [13).

A study published in Fertility and Sterility in 1999 using pre-
implanration genetic screening (PGD) with FISH analysis found
that the embryos in younger women with diminished oocyte
reserve who had received conventiona! high-dosage COH had a
very high rate of aneuploidy more zkin to women of advanced
reproductive age [197. The authors thus suggested that this high
rate of aneuploidy was the explanaton for the very poor IVE
outcome previously reported [3-811). This had led to the wide-
spread belief by many physicians that oocytes from women with
diminished vocyre reserve are of poor quality.

Thus, the tenet behind using not only conventional bur
supra high FSH dosages 15 to try to make as many oocytes as
possible to maybe allow one normal embryo to develop. Clini-
cians with this thought process maybe thinking that there is
normally no method for the body 1o select the best cocyte, but
instcad the thoughr is that the odds of the dominant follicle
containing a normal oocyte is equal to the percentage of
oocytes in a given cohort thae are normal, There are varying
opinions as to how many dominant follicles constirute an
adequate response but it is clear that many centers will cancel
the remrieval if a certain critical number is not achieved. It

seems that the majority of IVF centers will forege the oocyre
retrieval if there are less than five folficles.

Since the publication of the Nasseri eof ail. article, there
have been many changes introduced for women undergoing
IVE-ET, which has allowed a tremendous increase in preg-
nancy rates. Thus, the treating physician could consider thac
the embryo is heartier, and now in the modern era, transfer
of these embryos from women with diminished oocyte
reserve could result in better pregnancy rates. However, a
manuscript  published in the modern era by a world
renowned TVE cenver showed that if a woman ever once in
her life had a day 3 FSH level »20 mlU/ml (using a Leico
assay which is normally equal to 15 MIU/ml by ELISA),
their live delivered pregnancy rate was zere [i1. Thus, they
strongly recommended to the readers not even to uy IVF-ET
with this degree of diminished vocyte reserve bur to proceed
directly ro donor oocyte programs [11].

One of the ardicles that will be discussed subsequently is one
using a modified nawral cycle for women with diminished
oocyte reserve from another of the world’s leading TVF cen-
ters [200. Tnterestingly, they state in the materials and methods
section “Patients included should have a regular menstrual cydle
(duration 21-35 days), FSH levels »12 IU/l on day 3 of the
cycle and one or more failed IVF cycles in which 5 or fewer
cumulus oocyte complexes (COCs) were retrieved using a high
gonadotropin dose. Given their bad prognosis, all patients were
Patients included in the current study
IVF arempts in order to bhecome

offered oocyte donation.
insisted on  contiauing
parenes using their own genetic materizl or had ethical objec-

tions to ococyte donation” [20].

Author's theory behind using mild stimulation for women
with diminished oocyte reserve

The main concept for using mild, not convendonal or supra-
high-dose FSH regimen, is thar the oocyres retrieved from
women with diminished oocyte reserve treated with conven-
tional FSH stimulation do have oocytes of poor quality compa-
rable wich their ‘FSH’® peers of advanced maternal age with
high rates of aneuploidy, not because of an intrinsic defect, but
as a result of the high-dosage FSH regimen. As will be shown
in a subsequent secrion, the use of mild simuladon allows
pregnancy rates comparable with or enly slightly lower than
age peers with normal FSH 211,

The pulsatile secretion of the gonadotropin-releasing hor-
mone {GnRH) causes a pulsatile secretion of LH and FSH.
There is some supporting evidence that the pulsatilicy inhibits
downregulation and promotes upregulation of FSH and L
receptors in the pituitary [22. With negative feedback from ris-
ing E2 from mid-tollicular phase I follicle emerges from a large
group of antral follicles as the one dominant follicle. There is a
possibility that some mechanism exists that may allow a beer
chance for a follicle with a normal oocyte 1o develop than com-
pletely random chance (possibly the one with the most upregu-
lated FSH receptors; the author is not aware of any definite
proof to supporr this concepr).
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This author has hypothesized the following possible mecha-
nism to explain why {as will be subsequendy shown) women
with diminished oocyte reserve have live delivered pregnancy
rates comparable with their age peers with normal oocyre
reserve when mild ESH siimuladon is used but very poor preg-
nancy rates when high-dosage COH regimens are used. The
author’s speculation is that there may be an FSH-dependent
faczor that helps to prevent non-disjunction of chromaosomes.
The hypothesis continues that with high-dosage FSH, the
rise in serum FSH downregulates the FSH receptor for this
factor thar inhibits non-disjunction leading to a reduced per-
centage of chromosomally normal embryos similar to women
of advanced reproductive age. By contrast, mild stimulatien
allows the creation of a higher percentage of embryos with-
out aneuploidy, just slightly lower than their age peers with
normal cocyre reserve. It would be interesting ro evaluate the
percentage of embryos formed using mild ovarian hypersti-
mulation by pre-implantation screening in younger women
with diminished oocyte reserve and compare the results with
the study by Nasseri ez @l with conventional stimulation but
there have notv been any such studies to date that rhe author
could find. Without such a study this concept should be
considered merely theory.

If one can provide evidence that using mild stimulation
could produce pregnancy rates comparable with women with
normal cocyte reserve, this would support the argument that
the low pregnancy rate published by Roberts ez af, and the
others, was iatrogenic related to high-dosage FSH, especially
with the demonstration of no live pregnancies even in a small
series of women with censtandy increased serum FSH levels by
one of the word’s most successful [VE centers [11]. Evidence
that seemingly supported the theory that the etology for these
low pregnancy rates are indeed from poor oocyte qualiry rather
than the high FSH dosage was provided by the study by
Kolibianakis ez 2. from another world renowned IVEF center [20].
The title of their article is ‘Modified nawral cycle for IVF does
not offer a realistic chance of parenthood in poor responders
with kigh day 3 FSH levels as a last resort prier to oocyte don-
ation”. There were no ongoing pregnancies in 7% modified nat-
aral cycles (201,

One criticism of the Kolibianakis study is thar hCG was
given to trigger advancemeni of meiosis when the follicular
maturation reached 16 mm without measuring the serum
estradiol {207. Thus, it is quite possible that the oocytes were
not quite mature, and therefore, the idea of an iarrogenic etiol-
ogy for poor pregnancy races related to melosis errors from
high-dosage FSH remains an option.

As mentioned there are studies that support the concept that
the oocytes from women with diminished oocyte reserve are
indeed closer in quality to their age peers and that it is the
COH protocols leading to poor pregnancy rates. One study
using an ELISA method for day 3 serum FSH evaluated
women who had such markedly diminished oocyte reserve that
they could only make one embryo [23). Many IVE centers will
only wransfer embryos on day 3 that have 6-8 blastomeres.

This study transferred all embryos of =4 blastomeres, irrespec-
tive of fragmentarion status. With close adherence to the tenets
of mild stimulation {which will be described subsequently), the
clinical pregnancy rates in women <age 39.9 with 6, 7 or
& blastomeres irrespecrive of fragmentation with mean serum
FSH levels of 25.3, 23.3 and 18 miU/ml showed clinical preg-
nancy rates of 38, 40 and 42.4%, respectively. Lven more
importantly, the live delivered pregnancy race despite only
1 embryo transferred was 31.0, 25.0 and 36.4%. Fven the
35% who had only a 4 or 5 cell embryo had a live delivered
pregrancy rate of 3.8 and 9.5%, respectively [23].

In this study of IVF-ET in women with such diminished
cocyte reserve that only a single embryo was produced com-
bining all transfers, the clinical and live delivered pregnancy
rates were 27.8 and 24.1%, respectively 23], However, some
recrievals do not result in pregnancies because of failing to
obtain an oocyte, faiture to fertilize or failure of the embryos
w0 cleave undl day 3. For this study, the clinical and live
delivered pregnancy rates per retrieval were 14.8 and 12.8%,
respectively [231. However, most of these women were mark-
edly depleted of oocytes and were either close w or appeared
te be in menopause.

To further explore to what degree oocytes from women with
diminished cocyte reserve compate qualitatively with oocytes
from women with normal reserve, 2 matched controlled study
was performed in non-IVF-ET cycles. Infertile women age
<37 with day 3 serum FSH =15 mIU/ml were matched with
women whose serum FSH was <10 mIU/ml 24, The clinical
pregnancy rates within a maximum of 6 months of correcring
other fertility factors, for example, ovulation disorders and mild
male factor, were 41.6% for those with diminished oocyte
reserve versus 70.8% with normal reserve 241 The live deliv-
ered pregnancy rates were 33.8 versus 62.5% (24 Thus, it is
possible that oocytes from women with very severe oocyte
depletion are at least 50% as good as women with normal
oocyte reserve. However, confounding variables in the dimin-
ished cocyte reserve group could be a higher frequency of a
short follicular phase wizh the high FSH speeding up tfollicular
maturation and thus leading o less progesterone receptors in
the endomecriam from less estrogen exposure, a higher rate of
premature luteinization because of starting out with increased
serum LH, possible higher percentage of not attaining a
mature follicle despite apparent ovulation and possibly an
increased need of progesterone supplementation in the luteal
phase {25-31].

Evaluation & treatment of women in apparent premature
menopause provides very good insight inte cocyte gquality
in the oocyte depletion state

It has been estimated that in the general population the decline
in fecundity accelerates between 35 and 40 years and
approaches zero by age 45 [321. Diminished oocyte quality with
aging could be related to aging mitochondria leading to a high
rate of chromosomal non-disjuncrion. Successful live deliveries
have been recorded in some rare cases of women >49 but most
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have been In grand multparas [33]. However, there appear to
be rare famities of Orthodox Jewish couples and Bedouins
studied by Laufer et af, where normal fecundity is seen in
very advanced age even »50 with their own oocytes, even in
Women \VhU dﬁr@f[’t}d Ch’lld bii’[l’l untﬂ thc Vef}’ latf: 1'CPIOdUC”
tive years [33]. There seems to be only one report in the regis-
uy of the Sociery of Assisted Reproductive Technology
{SART) in which a live pregnancy was recorded from a
women aged 47 at the time of ococyte retrieval. Some clini-
cians believe thar younger women with marked oocyte deple-
ton have gone through an accelerated process of the orderly
use of the best oocytes first, so that the remaining oocytes
have the guality of women of very advanced age. However,
these data more fit the concept thar some noxious factor may
damage portions of the ovary but the part thai has been
SPC!IC(J lli{S TElE same prOp{)fLiOﬂ 0{ ﬂOf.Ul?lI aﬂd abnofmﬁ}
oocytes as age peers with normal reserve just less of them.
The authors further believe thar these oocytes of reasonably
good quality may be adversely affected by increasing serum
ESH and downregulating FSH receprors.

More evidence supporting reasonable equality of oocytes
despite severe depletion is the demonstration of normal babies
from weomen with normal karyotypes with such oocyte deple-
tion that their ovaries appear as streaked gonads by using
techniques of resroration of ESH receptors in granulosa-theca
cells with resulting increased sensitivity to endegenous or
exogenous gonadotropins followed by evulation and successful
pregnancies [34-36]. At the 2013 Pacific Coast Reproductive
Saciety, we presented a case of a 21-year-old young lady with
secondary amenerrhea, hypergonadism and estrogen deficiency
who had ovuletion induction just lowering her FSH with
echinyl estradiol and we cryspreserved her cocyres. Her kar-
yotpe was 45X,

The principles and methodolegy for inducing ovulaten in
women in apparent premature menopause will be discussed in
the next section |36, However, the fact that in a series of
100 consecutive women with amenorrbea and estrogen defi-
ciency for at least 1 vear with a mean serum FSH »35 mIU/ml
and a mean serum E2 <25 pg/mi with failure 1o induce menses
following treatment with medroxyprogesterone acetate, women
could achieve a clinical pregnancy in 28% in the 68 ovulators
helps favor the concept that the oocytes of younger women
with marked oocyte depletion probably do not have aged mito-
chondria 37 This study showed that successful pregnancies
WEre more Common in WOITIEDN in apparent Fﬂc:ll()pause “‘v.ll,h
the youngest age [37].

One could argue that the 50% miscarriage rate could be
related to a tendency for non-disjunction of chromosomes,
suggesting that possibly the quality of the oocytes 15 some-
where in between their age peers and their cocyte reserve
peers of a more advanced age [37]. However, this study was
published in 1990, and the dosage of progesterone vaginal
suppositories was only 25 mg twice daily versus 200 mg
rwice daily or other potent vaginal or intramuscular prepara-
tions used today [38],

Restoration of downregulated FSH receptors leads to
follicular maturation & ovulation & live pregnancies in
women in apparent ovarian failure

The theory behind inducing ovulation in women with meno-
pause is that if the FSH recepror concentration drops below a
certain threshold, not only will there be not enough enzymes
induced o allow separation of chromosomes adequately, bur
below a certain critical point, antral follicles will be thwarted
from progressing.

The original technique placed women on conjugated estro-
gen, waited until the FSH was suppressed to a normal range,
then added human menopausal gonadotropin.
occurred in three of five women and two live deliveries resulted
from two ovulators in this group 391, Later, it was modified sa
that instead of conjugared cstrogens, the women were treated

Ovulation

with ethinyl estadiol to lower the serum FSH 4], The advant-
age of ethiny! esrradiol over other estrogens is that it does not
measute in the ELISA method for evaluating serum estradiol,
and thus the measured estradiol is entitely coming from the
recruited follicle [40). This allows accurate derermination of fol-
ficular macuration. Instead of waiting until the FSH was sup-
pressed. the new modifled technique warched for a rise in
estradiol even if serum FSH is siill elevated and would merely
boost with a small desage of FSH when the FSH had decreased
toward normal by the rising endogenous estradiol [i0]. Ethinyl
esiradiol, though part of most birth control pills, is noe avail-
able commercially and thus musc be compeunded. Though
occasionally a pregnancy can be achieved using an oral conrra-
ceprive, in most cases the endometdial advancement by che pro-
gestin will inhibit pregnancy (41).

In the aforementioned study of 100 consecutive women with
hypergonadotropic amenorrhea, 91 were treated with cthinyl
estradiol and then human menopausal gonadotroping [371.
61 311 actempss (16%  per
arempt} (371 This number is much higher than would be
expected by forwmitous ovulation. For the 21 women who

There were ovulations in

became pregnant, the average time from diagnosis to treatment
was 2.2 vears, whereas for the 65 women who did not conceive
(where this interval was known), the average time from diagno-
sis to trearment was 4.8 years. The average FSH for those who
ovulated was 70.3 mIU/ml and was 66.5 mlU/ml for those
who never ovulated [37).

Nine of the 100 women used the gonadotropin-releasing
hormone agonist {GnRHa) leuprolide acetate to lower the
FSH {z7.
attempted cycles (7 of 43, 16.2%) but there were no pregnan-

Ovulation occurred in a similar percentage of

cies in this small group 13742, The GnRH antagonists can also
be vsed to induce ovulation despite menopause [431.

Some may argue that without controls, it is possible thar
these ovulations were fortuitous and unrelated to trearment. To
reiterate, it is highly unlikely that spontancous ovulation would
occur at this frequency. Some case reports strengthen the argu-
ment thar it is the technigue of lowering FSH and restoring
FSH receptors, and thus resroring sensitivity to both endoge-
nous and exogenous gonadotropins, that is operational i
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A 25-vear-old woman had 1 year of amenorrhea and estrogen
deficiency. She had three FSH measurements of 144.9,
145.6 and 164.2 mIU/ml. Her ovarian size was only 18 x
11 x 13 mm on the right and 15 x 12 » 17 mm on the left.
She was made w ovulate ¢ of 10 wearment cycles, taking
ethinyl estradiol alone without any gonadotropins. She had a
live delivery from cycle 10 [44). She is an example of not adding
exogenous gonadotropins if the FSH is scill high buc follicular
maturation is progressing {44l Similarly, a 40-vear-old woman
in apparent ovarian failure whose serum FSH was 123 and
185 mIU/ml was made to ovulate three of four atrempts wich
estrogen therapy and delivered a live baby following natural
intercourse and P suppore. Interestingly, she had previously
faifed to conceive at anather facility, despite four previous
donor cocyre cycles at a cost of USH120,000 [45].

Sometimes reversing menopause only requires stopping fol-
licle maturing drugs, which by raising the serum FSH led to
downregulation of FSH receptors and thus caused an latrogenic
menopause [4¢). This adverse effect of raising serum FSH too
high even applies to what may be considered ‘mild’ stimula-
tion, for example, clomiphene citrate, especially if it is started
at a ume when the FSH is already elevated j46).

In the carly days in the field of reproductive endocrinology,
there was a concept that some women only appeared o be in
menopause because they had gonadotropin-resistant gonads.
However, it is likely thac these conditions were related to psea-
domenopause caused by elevated levels of biologically inactive
FSH secreted by gonadotropinomas i47.48].

This technique of reversing menopause must also take into
consideration taking steps to lengthen the follicular phase il oo
short, block premarure luteinization, check oocyte release (and
if not releasing, institute measures to help release the oocyte)
and use aggressive P supplemenraton in the luteal phase [4950-
s2i. Studies in our clinic have found thar elevated FSH in the
follicular phase leads to luteal phase defects and thar even
women with regular menses bug elevared day 3 serum FSH
have a much better live delivery pregnancy tate if they take
supplemental pragesterane in the luteal phase rather chan fol-
licle maturing drugs {20311,

Mild stimufation protocols
The basic principle of mild stimulation is to not raise the
serum FSH level when it is already elevared and utilize the
endogenous FSH when it is able to advance follicular marura-
rion since it appears to be biologically active. Women with
diminished oocyre reserve ranged from heing in overt meno-
pause to those with regular menses with just a decreased aneral
tollicle count wich serum FSH 12 mIU/ml

Which protocol is used is based on degree of oocyte deple-
[‘101’1. AS mC.ntionCd FO[' [hDSC in :!.pparcnt overt IT]CHOPEUSE’, Ehe
lowering of FSH is usually achieved by using ethinyl estradiol
{at 2040 pg/day — starting atr 20 and less commonly increas-
ing to 40 Mgl and somerimes GnRH agonists or antagenists
are used. More frequently, either 200 mg of cetrorelix or ganir-
clix is given subcutaneous when & follicle approaches 14 mm if

IVFE is considered, but sometimes it is used to prevent prema-
ture luteinization if the LH is beginning to rise with the follicle
still immarture. Leuprolide acetate is frequently used in the
luteal phase if there is a tendency to have a short follicular
phase to allow later ovulation in a succeeding cycle. Depending
on the number of antral follicles that begin to develop and
how low the serum FSH is suppressed, some exogenons FSH
may be given usually at 75 TU w no more than 150 TU of
BSH. Occastonally, if a GnRH antagonist s used when a fol-
ficle of about 14 min is achieved usually an additonal 75 IU
of FSH is given when a GnRH antagonist is used.

If the FSH is suppressed below 10 mlIU/ml and no rise in
serum E2 or foilicular advancement by ultrasound is seen then
cither 75-150 1U of ESH is given or sometimes clomiphene
citrate 50 mg = 5 days {(if FSH injection is wo expensive for
the padent), Generally, these drugs are only given if at least
one antral follicle is seen on ultrasound.

Tn women with menses bur a short follicular phase, ethinyl
estradiol 20 |lg is generally given from day 1 ro suppress FSH
to lengthen the follicular phase. Then it is stopped and endoge-
nous FSH is allowed te rise to mature a dominant follicle(s).
Alternatively, exogenous FSH is given in which case ethinyl
estradiol may be continued because one does not have to be
concerned about too much suppression of endogenous FSH.

For women with regular menses with adequate length of fol-
licular phase FSI{ 75-150 LU may be added no sooner than
day 5 or even as late as day 10~12 allowing the rise in serum
E2 to naturally bring down the elevated serum FSH. For hCG
t0 be given the minimum requirement is that there is at least
one dominant follicle of ac least an 18 mm average diamerer
with a serum B2 >200 pg/ml. Besides progesterone, oral
micronized estradiol (not ethinyl estradiol) is given during the
luteal phase at 2—4 mg (estrogen priming for next cycle).

When presenting data in various series all these prorocols are
lumped together so that the data include complerely natural
cycles, cycles using ethinyl estradiol alone, a modified narural
cycle where a boost of FSH is given in the late follicular phase
or mild stimulation at 75-150 YU FSH from days 5 to 8. One
article that pravides the relative prepnancy rate according to the
protocol used {and thus degree of cocyte depletion) has been
provided for severe cases providing only one embryo (23],

Sometimes patients cancel cycles and sometimes an oocyte is
not retrieved or not fertilized. The stdy on single embryo
transfer and embryo quality provides the information on can-
celled cycles, for example, for failure o nduce ovulation or
spontanecus ovulation or premature lureinization 23],

Newaer retrospective studies from our own IVF center

No randomized controlled trials (RCT} evaluating conventional
or high-dosage FSH stimulation protocols versus mild stimula-
tion for women with diminished oocyte rescrve were found,
Retrospective data using mild stmulation for women with
diminished ovarian reserve has been published in many
abstracts over the years and several publications and editorials,
Many of these smudies used the same data pool. Instead of
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referring ta these various abstracts and manuscripts, a new daza
ser including 1VF cycles from January 2002 through 31 Decemn-
ber 2011 {Tase 1) is presented. Though not published as yer,
these dazz were presented at the 2012 American Society of
Reproductive Medicine Meeting. Though the data are retro-
spective, it is the study with the largest power comparing our-
come of women with nemnmal cocyte reserve (day 3 FSH <12)
versus diminished oacyte reserve (FSH »12 mTU/ml). The cate-
gory pregnancy rate per retrieval counts a pregnancy if the fresh
ET was successful or if it failed, then the [rozen ET was suc-
cessful. This category also lowers the pregnancy rate if no trans-
fer occurred from a given retrieval. The data were also stratified
according to age.

Tn contrast to the aforementioned studies using conventional
or high dosage or completely natasal IVE cycles, the pregpancy
rates, especially in younger women with diminished ococyte
reserve using mifd FSH stimuladon, were quite reasonable.
Boosting with very low dosage of FSH in the late follicular
phase, and even sometimes completely natural cycles, were
emploved when the highest levels of FSH were found, The live
delivered pregnancy rates were quite reasonable. In face, the live
delivered pregnancy rates per transfer for women aged <39 with
diminished oocyte reserve were only 20% less than the group
with normal cocyte reserve {Tame 1). For women aged >40, the
live delivered pregnancy rates per transfer were 50% as good for
diminished versus normal oocyte reserve (Tams 1},

Tese 1 also shows that for women aged <39 when using
mild ovarian srimulation, the cocytes are, at best, only
slightly moze likely to result in aneuploidy as evidenced by
comparable miscarriage rates. Only in women aged 40-42
were miscarriage rates 50% higher in the group with dimin-
ished oocyte reserve but becomes more comparable again in
women aged >43 (Tase 1}

Another publication presents the IVF data in a somewhar
different way, that is, there is consideration of the impact of
the degres of ovarian deficiency as manifested by progressively
increasing serum FSH Jevels [s31. The live delivered pregrancy
rates (and miscarnage rates) for the following FSH groups
(mTU/ml) <11, 12-14, 15=17 and »17 mIl/ml were 45.1%
{11.9%), 42.3% (13.9%), 48.6% (13.3%) and 455%
(12.8%). For ages 36-39, the comparable values were 33.4%
(17.29), 35.0% (11.4%), 29.8% (7.1%) and 36.6% (22.9%).
For ages 4042, the live delivered pregnancy rate (miscarriage
rares) were 23.1% (27.3%), 20.4% (37.3%), 30.0% (36.4%;
and 27.7% (30.4%} [53). Interestingly, the women aged 43—
44 srill had a reasonable live delivered pregnancy rate when the
serum FSH was normal, that is, 24.0% (34.4%). Not until chis
age group was there a significant negative impact on pregnancy
rates by diminished oocyte reserve — 10.0% {(75%), 0%
{100%) and 8% (75%). To reiterate, all these women were
treated according to the low FSH stimulation principles that
we have discussed In prior sections. It is not just using any
mild stimulation appreach bur to be careful abour not adding
FSH when serum FSH is high, using ethinyl estradiol predomi-
nantly to restore downregulated FSH receprors if endogenous

high levels of FSH are not causing progression of follicular
mataration, using ethiny! estradiol or GnRE agonists to pre-
vent premacture luteinization, check for cocyre release and
aggressively use P in the Juteal phase and adjusting the dosage
if there appears to be an inadequate effcct as judged by
sonography [5152].

These data are retrospective but have the advantage of large
numbers {(about 5000 cycles). Tt has potential bias againsc the
group with normal FSH since the majority of that group had
already failed to conceive in several previous IVF cycles in
other IVF centers ar they were refused IVF for other factors,
for example, poor endometrial thickness. By contrast, a large
majority of women with diminished cocyte reserve were denied
IVE elsewhere because of high day 3 serum FSH levels or low
AMH levels. Thus, a higher percentage of this group may have
had less previous failed IVF cycles. If one would adjuse for this
confounding variable, one would probably find the normal
FSH group to have somewhat better pregnancy results. How-
ever, the live delivered pregnancy rates as shown in Taew 1 are
only slighdy less for those with decreased oocyte reserve than
the normal oocyte reserve group. For that slight difference
many women would prefer to use their own oocyres. If not,
35-year-old women with normal oocyte reserve would choose
doner cocytes with women in their early 20s over themselves
because of higher pregnancy rates even when oocyte reserve
was normal.

There are dara that have not been presented or published as
vet that may provide more enlightenment. First, it should be
recalled thac the 1.8 chromesomally normal embryos reaching
blastocyst per oocyte retrieval may be somewhat high since
Baart o2 af performed pre-implantation genetic sarpling using
FISH which only measured 8 autosomal and 2 sex chromo-
somes of the 24 chromosomes. Possibly if thar study were to
be performed again today with evaluation of all 24 chromo-
somes using competitive genomic hybridization or microassay
analysis there could be found less than 1.8 normal embryos in
women undergoing IVF-ET with normal oocyte reserve [17).

We evalvared over 1400 oocyte retrieval cydes in women
with diminished ococyte reserve and cvaluated the pregnancy
rates per transfer. The pregnancy rate per oocyte harvest {ie.,
the pregnancy rate fresh and also including frozen embryo
rransfer(s)) and the number of live babies born according 1o
four age groups were determined. These data were compared
with over 2500 oocyte retrieval cycles in women with normal
oocyte reserve using conventional COH., The live pregnancy
rate per transter in women with normal oocyte reserve receiving
full stimuladon was 45.2% for ages <35 compared with 35%
for women of comparable age with diminished oocyte reserve,
For ages 36-39 and 40-42, these results were 36 and 24.7%
versus 23.3 and 16.7%. Thus, the live pregnancy rate per trans-
fer in women aged <35 was only 20% lower in women with
diminished oocyte reserve then age peers with nermal reserve
and the resules were comparable with women fuse slighely older
with normal ococyte reserve in the 36- to 39-year-old category.
For women aged 36-39, the pregnancy rates were abour a third
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Table

Age oL T <35 . 36-39
# Retrievals Gl 1861 1060
..#.;T.I'El.i;lst’_'TS ...... 2211 1265
#.Pregnancies-- 1214 545
P'reghan.t. per retrieval . . :_' 7249 . 51.4.
(+ beta-hCG >100 miU/m) (%) -

Pi;egnant_ per-transfer (%_). . 5438 - 4341
Clirieal 1) 1086 464
Clinical pregnancy rate per.retrieval (%) 654 . 438
Clinicaf pregrancy rate per transfer (%) '49;1 36.7
#-Ectopic_(n;) R 13 6

# Viable (r) S i 007 0 404
Viabledrans {%) 455 31.9_.
Miscarriage oo . 24 ez
Miscarriage/cinical pregnancy (%) Rt 198
# Deliveiles () S i '962 :: « 372
B StEl pai bt aval o) el gzt asal
Delivered per transfer (%). 435 294
# Embryos tansferred (- 5343 - 3257
Average: _numbe% of embr_yos_ ét_r.ansfeﬁrre.d 24 26
Iﬁplanté&io;i'rate (%) : . 29.8° 20.9

fower for the group with diminished oocyre reserve and these
dara were comparable with the next age group ac 40—42.

Comparing the pregnancy rate per oocyte harvest, that is, for
the youngest group (age <35), the live delivered pregnancy rate
was 67% for pormal versus 36.5% for diminished reserve and
was 42.7 versus 23.7% for che group with diminished reserve
in women aged 36-39.

Interestingly, the number of live babies born per retrieval
{counting multiple births and conceptions from subsequent fro-
zen ET) was for these three age groups: 0.91, 0.55 and
0.28 for women with normal oocyte reserve versus 0.47,
0.27 and 0.10 for diminished ococyte reserve, Thus, there 1s
approximately rwice as many oocytes with normal chromesome
constitution in a given oocyte harvest in women with normal
versus diminished cocyte reserve if one makes the assumption
that a normal embryo produces a live baby.

Many IVF enters have learned that lowering the FST by
esttogen and thus restoring downregulated FSH  receptors
malses the follicie less resistant to gonadotropins (54, The term
has been coined ‘estrogen priming’ (3556, However, it does not
seem ro make sense to suppress the FSH then use supra normal
dosage of FSH as performed by many IVF centers to stimulace

Ag-47 »43 <35 36.39.. 4042 »43
788 565 . 296 . 48D .. 425 . . 238
80 584 316 . 502 o 430 - 238
280 5 1AA. AT e g 3
357 - 133 456 358 216 13.0
326 128 U456 0 343 214 130
Taog 0 4T 126 148 71 . 21
29.1 9.6 26 308 167 = 8.8
265 92 .. 399 295 16.5 838
L - 3 1
g4 34 a0 a1 12
214 s 36,1 24.3 e 5.0
68 34 6 .34 32 11
298 630 127 230, - 45 52.4
160 . R0 hTe e e 3 10
04 - 35 372 238 92 .42
e 9a g F o 42
214 Am7 . 5130 we 720 418
25 2.1 18 1.9 g 17 1.8
12.9 49 24 185 1.0 6.0

more follicles that may be all chromosomally abnormal because
of raising the FSH and downregulating receptors again and
possibly causing non-disjunction of chromosomes. It should be
nated thar the concept of downregulation of FSH receprors
leading to meiosis errors by suppressing a key FSH-dependent
factor that inhibits non-disjunction is purely speculative. Tt is a
model that fits the observed dara but there have been no stud-
ies measuring FSH receptors under varlous types of COH.
Moreover, there are no data establishing that high-desage FSH
in women with diminished oocyte reserve decreases a factor
promoting chromosome segregation. Possibly, there exists a dif-
ferent mechanisn: to explain che observed data.

Once this new data set is published, there can now be a
standard with which to compare. One can then compare preg-
nancy rates in similar groups with diminished reserve atilizing
dehvdroepiandrosterone  {DHEA) supplementation {or other
androgens, e.g., testosterone) of estrogen priming followed by
conventional or high-dosage FSH stimuladon protecols,

Use of DHEA to improve folficular response
Casson er af. claimed that five poor responders with normal
serum FSH levels wese able to increase their serum E2 from
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266 to 939.8 pe/ml after 2 months of pre-treatment with
DHEA [57). Barad and Gleicher reported a case of a 43-year-
old woman whoe had only 2 cocytes retrieved without DHEA
pre-ereatment but who improved to 18 oocytes following
DHEA pre-crearment 58, A subsequent series of 25 cases by
the same authors suggested that poor responders with increased
serum FSH could develop significant increased number of fer-
tilized oocytes leading to an increase in day 3 embryos by tak-
ing 16 weeks of oral DHEA supplementaton at 25 me three-
times per day [s9). Sonmezer e 4l also suggested improved
ovarian response and impraved embryo qualicy leading to
higher pregnancy rates in poor responders using DHEA supple-
mentation 605, Indeed, even live deliveries have been reporced
in women in apparent ovarian failure following trearment with
DHEA [e162],

Intafollicular androgens are essentdal for folliculogenesis.
Circularing DHEA suifare(s) accounts for 48% of incrafolticular
restosterone and 25% of DHEA (which is also converted 1o
androstenedione} [63]. Casson er «l suggestad that one possible
explanarion w explain improved response by poor responders
treated with DHEA may be by increasing the follicular andro-
gen poal [57]. After reading some of the manuscripts pertaining
o the benefits of DHEA supplementation, our group consid-
ered using it for some of the patents with diminished oocyte
reserve. Actually, our group had been using it in women with
apparent ovarian failure for about 15 years after having listened
ta an oral presencation by one of Casson’s fellows at the Amer-
ican Society for Reproductive Medicine. Tt was used predomi-
nandy in women whe failed to induce ovulation with ethinyl
estradiol or GnRH agonist or antagonists. Sometimes it was
used in conjuncrion with ethinyl estradiol and sometimes by
iself. Qur group has never written a case report for its use
because there has been failure ro achieve a pregnancy or induce
ovulation in this group of women with extremely diminished
vocyte reserve. We considered that the possibility is that the
DHEA is converted to E2 and the increase in E2 causes sup-
pression of FSH leading to upreguladon of FSH receprors in
the follicle thus leading to ovulation in some cases as reported
by Mamas and Mamas [¢162;. Admittedly, our group has never
mied it in women with ovarian failure who did not take ethinyl
estradiol or leuprolide acetare first because it could produce
androgen side effects, it may not be as efficacious, and a delay
in starting the ecthinyl estradiol could allow further oocyte
depletion. Also if it did work by being converted to E2 then
one could lose the precision in judging follicular response of
producing E2 since one would not be able to decide how
much of the serum E2 was contributed by peripheral conver-
sion of DHEA o E2 versus direct conmibution of the follicle.
As a reminder, ethinvl estradiol does nor seem o contribute to
the measured serum E2 by ELISA assay since the serum
E2 generally remains <20 pg/ml with ELISA from various iabo-
ratories until a dominant follicle is derected by ultrasound.

When the reporss of increasing follicular response were
reported by Barad and Gleicher, we considered adding DHEA
treatment to the regimen for women with diminished oocye

reserve, especially those planning on having IVF-ET. However,
there was concern about increased androgens possibly casing
follicular acresia. We considered thac perhaps they could be
best used in women with low DHEA or DHEAs levels. Inter-
estingly, the original group described by Pisarska and collabora-
zars {part of Casson’s group) at the ASRM mecting was a
group of poor responders thar had low DHEA levels but nor-
mal FSH [¢4. However, since we have had a reasonable good
success in using mild stimulation without IDHEA supplemenra-
tion, we first wanted to determine if indeed women with lower
DHEAs levels with diminished cocyte reserve cither do not cre-
ate as many follicles or have an inferior pregnancy rate. This
would be the ideal group to use for a prospective RCT to
determine if adding DHEA to mild stimulation bmproves che
outcome following IVF-ET in women with diminished oocyte
reserve and low serum DHEAs levels,

However before iniriating an RCT, our group performed a
retrospective study to determine if women who had diminished
oocyte reserve undergoing [VE-ET with mild COH protocols
and who also had serum DHEAs levels obtained would show
less occyres obrained and/er lower pregnancy rates in those
who had the lowest DHEAs levels, Unfortunately, not only did
we not find a significant difference in those with low versus
top normal DHEAs levels but there was a wend for increased
oocytes cobrained and higher pregnancy rates the lower the
serum DHEAs 163).

The concept of supplementing DHEA is that it enters the
circulation from mosdy secretion from the adrepal gland and
this enters the follicle which is then converted to testosterone
within the follicte 63661, A stady by Li et 2/ found that whereas
serumn DHEAs was highly correlated with follicular fluid, serum
DHEA did not correlate with foliicular luid DHEA w7). How-
ever, intracytoplasmic follicular steroid sulfatase activiry did
correlate with fallicular fluid DHEA, chus suggesting thar fol-
licular fluid DHEA was produced localiy in the ovary [67).

Interestingly, Li er al showed thar follicular fluid DHEA
concentrations showed significant negative correladon with the
total number of cocyres retrieved, the number of memaphase 11
oocytes retrieved, the number of normally fertilized oocytes
and the number of viable cleavage-stage embryos and the num-
ber of viable blastocyrs (in the subgroup having blastocyst
transfer). Though not significant there was a trend for lower
follicular fluid DHEA levels (23% lower) in the pregnanc ver-
sus non-pregnant group [67. The authors suggest thar if the
reports of improved IVF oucome with oral DHEA supplemen-
tation are corroborated by other studies, the mechanism does
not seem to be related to raising the follicular Huid level of
DHEA (s7].

As mentioned, probably some women with diminished
oocyte reserve will respond ro oral DHEA by lowering FSH by
conversion of DHEA ro E2. Furthermore, oral DHEA is rec-
ommended to be given for 16 weeks before another TVFE cycle
is started {597, It is possible that the ‘rest’ from ovarian hypersti-
mulation rather than the DHEA is the more important facror
in allowing restoradon of downregulated FSH receprors in the
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follicle related w previous COH with conventional or supra-
conventional dosage of FSH,

Expert commentary

Though one places the most confidence in RCTs, especially if
sufficiently powered, certain circumstances are not amenable o
RCTs. For example, it would be almost impossible, and prob-
ably unethical, related to the short window of fecundity that
remains, [0 compare pregnancy rates in women with ovarian
failure given ethinyl estradiol wo restore follicular sensitivity the-
oredically by restoring downregulated FSH receprors versus
expectant therapy or a placebo control. In this circumstance,
we must rely on a series of cases reports which may establish
precedents for treatment and makes both trearing physicians
and patients aware that success is at least possible.

Some of these anecdotal reports provide convincing evidence
that the lowering of FSH is the responsible mechanism for
ovulation in women in apparent menopause Tather than a for-
tuitous circumstance. A 25-year-old woman with 2 years of
amenorrhea and marked estrogen deficiency was observed for
3 months with serum FSH levels 1 month apart of 144.9,
145.6 and 164.2 mIU/ml (447, Yet she ovulated 6 of 10 cycles
and conceived and had a live baby from cycle 10, The only
drug used to induce ovulation was ethinyl estradiol {44} Fur-
thermore, in a series of 100 consccutive patients with hypergo-
nadotropic amenorrhea and  estogen  deficiency with  over
3 yeats of amenorrhea ovulation was induced 68 times in
354 cycles using the aforementioned technique of lowering
FSH with ethinyl estradiol or leuprolide with possibly a small
boost of gonadotropins (37,

The decision as to whether 1o use IVF-ET if a follicle devel-
ops ot allow natural conception in women with diminished
oocyte teserve depends on several factors. I is obvious that if a
tubal facror exists or severe male factor, the decision is clear to
do IVF-ET if the woman strongly desires & prepnancy with
their own generic material 685 There 15 no queston that
advancing age negativef}r impacts fecundity. Nevertheless, the
desire to have a baby with her own oocytes influenced a
woman aged 42 with blodked fallopian tubes and overt meno-
pause with a serum FSH of 61 mIU/ml to travel 800 miles by
automobile several times in a given cycle o obain free moni-
toring in our clinic because she was of limited financial
means 69). Obviously, if she spends her money on her own
occytes she may not have sufficient money left for donor
oocytes. However, donor oocytes were not an option. In her
case, she was able to reverse menopause simply by lowering her
clevated serum FSH with ethinyl estradiol. She conceived and
delivered a healthy baby on her second IVF cycle with a single
4-cell embryo transterred on day 3 [s9).

Our IVF center is committed to catering o the couple’s
desires. The preference is to show chem our retrospective data
and provide anecdotes to help them decide on whether, despite
their diminished oocyte reserve, to try to conceive naturally ver-
sus IVF-ET or use donor vocytes. They are provided with data
from other studies that we published, such as the one showing

that in a group of women with day 3 serum PSH over
20 miIU/ml that the live delivered pregnancy rate per cycle was
only 3% for natural cycles without IVF-ET versus 15.1% for
IVE-ET in one cycle. However, in 3 natwral cycles 11.7%
achieved a live delivery without IVF-ET (7). For those with
insurance coverage, these data would make one initiare therapy
with IVF-ET but those without IVF insurance coverage, and
having only limited financial means, might opt w0 correct ovu-
larory factors and hope for pregnancy.

Some women ask for predictions as to when they will go
into overt menopause to help them w decide to spend more
money on IVE-ET or uy naturally with correction of cvulatory
and other inferdlity factors. They are advised that there is no
definite way to predict. Here is where precedents or preceding
anecdotal cases can be hLelpful. For example, they could be
made aware, chat is, two women who had three babies over
8 vears since the discovery of their diminished oocyte
reserve [r172). One bhad natural cycles with correction of ovula-
tory defects and the second needed TVE-ET because of a male
factor problem [71721. Interestingly, the woman whe conceived
in 3 of 4 IVE-ET cycles had only a single 4-cell embrye trans-
ferred in cycle 4, but it was successtul [721. Some IVF centers
would not transfer a 4-cell embryo on day 3 but our view is
that though the success rate is low what harm is there to rrans-
fer it? Some of them make normal babies!! Nevertheless, they
are advised thar if an active destructive process is ongoing, they
could be in a rapid decline toward menopause. There is no def-
inite way of knowing for surc.

As long as women are advised of their odds of conception as
honestly as possible, the physician sheuld grant the patients’
request to help them. One infertile physician with tubal disease
from Europe came to our clinic for a consult. Because of an
elevated serum FSH and because she only arained a maximum
endometrial thickness of 4 mm, she was advised by the Euro-
pean TVFE center that not only did she need donor cocyres, but
she also required a gestational carrier. She actoally gave up her
pracrice of medicine and came fo the USA 1o take a research
position close to cur infertility center so that we could perform
IVF and transfer the embryo back to her. In her second TVF-
ET cycle, she transferred an 8-celi and a 4-cell embryo on day
3, and despite a maximum endomettial thickness of 3.7 mm,
she delivered a live baby 31

One may question if there is an age limit for uying to con-
ceive with their own oocytes in women with diminished cocyte
reserve. Obviously, these two factors together are associated
with a very poor prognosis. However, live pregnancies are not
unprecedented. One 45-year-old woman in apparent overt
menopause requested that her menopause be reversed and
wanted only intrauterine insernination rather than IVE with
ICSI, even though her husband’s sperm had a concentration of
only 3 % 10°/ml with 20% motlity. Ovulation induction with
FSH suppression and mild gonadotropin simulation eccurred
in both treatment cycles and she conceived and had a healthy
baby [74]. Successtul pregnancies have been achieved in women
with elevated serum FSH, both with and without TVE-ET at
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age 46 (7578l To date, we do not have a pregnancy in 2
47»ycar*01d, but have tied many times. Our lack of anecdotes
has reduced the frequency of women requesting [VFE at chis age
or vlder.

When should 2 physician advise a woman against another
IVF-ET cycle? Again, here is where anecdotal case reports are
important. One woman with diminished oocyte reserve failed
five-times to conceive with IVFE-ET from ages 41 to 43. She
stopped trving because of being diagnosed with amyotrophic
larera! sclerosis. Apparendy, this was not the correct diagnosis
because she spontaneously recovered. She desired IVE with
ICS1 for severe oligoasthenospermia again with her own cocytes
now at age 45.5. Though she was advised of the exuemely
poor prognosis because of her previous fallures and her
advanced age, and she was advised of the advantages of donor
oocytes, she chose to try IVF again, despite limited finances
and no third party coverage. She had a live baby following
wransfer of a single 7-cell embryo. Her day 3 FSH level cycle
was 20 mIU/ml 7).

Many physicians have been convinced that because of certain
flaws in retrospective data they will only be influenced by
RCTs. However, RCTs usually need funding which limirs the
size of the study. Sometimes finances are provided by large
pharmaceutical companies where the patient selection will favor
the financial concern of the company. Thus, sometimes conclu-
sions reached by RCTSs are based on a specific favorable popu-
lation with the hope by the company or the researchers trying
to promulgare their research ideas chat the data will be extrapo-
lared to the general popu[ation. However, these selected
patients may represent only a small minerity of the population
that secks infertility treacment. Also frequendy RCTs are
underpowered.

Nevertheless, in general, a well-powered unbiased RCT is
the uldmate study, bur if one does not exise, and is unlikely o
occur in the near future, the treating physician must rely on
the next best type of data. This may especially apply to inferdi-
ity since advancing age is beyond question a significant factor
for declining fecundity. A large retrospective study that uses all
patients not merely selected patients and is a compararive study
can provide useful information to treating physicians and
patients alike in making certain decisions. This is true especially
if 2 new eatment medality is provided with at least a theoreti-
cal explanation such as how women with diminished oocyre
reserve could have almost the same pregnancy rate as age peers
with normal oocyte reserve and 2 theory to explain conflicting
data.

RCTs do not always provide definitive answers. For exam-
ple, the aforementioned RCT wrial by Baare ef al was extremely
mnteresting {17]. As a reminder they concluded thar there were 2
higher percentage of embryos with ancuploidy using conven-
rional versus miider ovarian stimuladon suggesting that there is
some natural selection of oocyres with normal chromesomal
constitution. Thus in the end, despite more embryos they
found that there were the same number of normal blastocysts
produced with conventional or mild stimuladon, that is,

1.8 n7. There were 111 patieats in the RCT by Baarc er 4/,
which employed a seemingly unbiased patent selection with no
apparent motivation other than trying to answer an imporzant
scientific question §17).

However, 3 new RCT study was just published in
2013 which had reached opposice condlusions, that s, there is
no greater frequency of aneuploidy in cycles using convenrional
COH than even natural cycles 751 The prospective study by
LaBarta er 4l employed 59 patients. So which RCT does the
reader decide makes the right conclusion? Whar doss this
author think? Can they both be right? The answer is yes. The
study by Baart ef 24 used infertile patients who were older than
the 25-year-old oocyte study by
LaBarta er el [1778). Could the difference in these rwo studies
be explained using the FSH recepror up- and downregulation
cheory? A thearetical model can be proved. Youny donors with

donors used in  the

multiple antral follicles present have lower serum FSH and are
theoretically much less susceptible w downregulation of FSH
receptors with rising serum FSH levels from conventicnal
COH  protecol.  This  prevents of
‘Giypothesized” FSH-dependent factor needed to enable chromo-
some separation during meiosis. We would suspecr that if
Baart er al would perform the same study on women with
diminished oocyte reserve they may find an even wider dispar-

downregulation the

ity on the percentage of embryos with normal chromesomes
with conventional versus mild stimulation and thus reach the
same conclusion as did Nasseri ¢r 2/, that even younger women
with elevated FSH created an extremely high percentage of
embryos with aneuploidy when conventional COH protocols
are used [19].

Ethically, it does not seem appropriate on a personal basis to
conduce an RCT to berter prove that women with diminished
oocyte reserve depending on age can get a 75-80% as good of
a Challcﬁ 1o aChieVl‘: a liVC pl'egnancy as ‘dgﬁ pEC[S \-Vith l]Ol‘r]'lﬂi
reserve by simply using low FSH COH protocols rather than
conventional ones. [lowever, this manuscript may stimulate
others who already use a high-dosage FSH regimen for this
sroup with or withour estrogen priming to be convinced 1o
perform an RCT. Unil that rme hopefully these very large
retrospective comparative studies and ancedotes of extreme
cases will stimulate orhers to oy this technique, and hopefully
carroborate (but possibly refute) some of these conclusions.

Five-year view

Though knowledge that when treatment is initiared with the
proper COH protocol women with diminished oocyte reserve
may fare almost as well as women with normal reserve has
been known for abour 30 years, only recenty have chere been
requests to write editorials or review articles an this subject.
With this information better promulgated, there should be a
trend for more infertility centers to try to help women conceive
with their own oovcyres, even if they have matked oocyte deple-
tion, instead of automatically steering them in the direction of
donor oocyte programs. This would help immensely it some
modification of national reporting is made so as not to penalize
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the pregnancy rate statistics from those centers willing rto
accommeodare their patient’s wishes, despite the risk of fowering
thclr pl‘cgnancy rares.

There has been a recent rrend roward using mild stimulation
protocois for women with normal oocyte reserve using mild
versus conventional FSH dasage COH with findings of compa-
rable pregnancy ratcs with a significant reduction in the cost of
expensive medication and a marked reduction in the risk of
ovarian hyperstimulation [79-83. The policy would logicaily
rickle down to their patents with diminished oocyte reserve
who refuse the advice of & donor cocyte program. Finding suc-
cessful pregnancies now using mild stimularion, despite pre-
vious failure with high-dose FSH regimens, may encourage
more [VF centers to try mild sdmulation techniques for
women with diminished ococyte reserve having witnessed suc-
cessful outcome in thelr own IVF department.

With cryopreservation with vitrification,
some TVF centers may be willing to pur the patent through

improvement in

several retrievals, stockpile the embryos, then do one frozen ET
with several embryos. This makes no sense, Why should cou-
ples pay for muliple cycles when cycle 1 IVF-ET could be the
one producing the normal embryo? Furchermore, up until
now, a frozen-thawed embryo has net been as likely as a fresh
one o E\C]’liﬁve & pregnancy 50 tl‘ansperring One ffesh ﬂﬂd Lwo
frozen emhbryos may sil! be less likely ro result in a pregnancy
than the three wansters of onc fresh embryo each, though pos-
sibly with the resurgence of vitrification this disparity may
change s4gsl. Finally, transferring several erbryos places a
woman at risk for muidiple births. The best optien is 1o trans-
fer fresh embryos, even if only one embryo is formed 123
Genomics has led to 2 great deal of new Information con-
cerning che pathology of various medical disorders. The gene
that encodes the follicle-stimularing hormone receptor is

located on the short arm of chromosome 2. It consists of

Owver the last
15 vyears, there have been a variety of FSH recepror murations
detected leading to varicus problems with folliculogenesis and

10 exons spanning 34 kB of genomic DINA s

ovarian reserve including premature ovaran failure 7ol
Though there are several mutations detected they appear w be
uncommen and are inherited as a recessive gene [92).

Similarly, there have been a large number of [H recepror
mutations seen in infertile women especially involving the beta-
subunits {93-94]. Owver the past $ years, there has hardly been
any new publications concerning LH and FSH murarions; and
thus it does not seem likely that there will be any break-
throughs concerning FSH or LH recepror muracions. It may
not mater because the rreatment would be similar ne marrer
what the etiology. Actually, there have been a couple of anec-
dotal reports of successful pregnancies by another group using
a similar rechnique as has been described by lowering elevated
gonadotropin with a GnRH analog and estrogen followed by
progesterone in two women with LH bet-subunit muta-
tions [9536). One of these women was in premature ovarian fail-
ure (3] and the other with a lureal phase defect [96). Thus. the
knowledge of chromosamal abnermalities associated with pre-
mature ovarian failure may help us ro better understand the en-
ology of some cases of this disorder, it does nor seem likely
that any new knowiedge in chis area will occur in the next
5 years to berrer enable the trearning physician to oprimize out-
come for IVFE in women with diminished oocyte reserve (971,
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in wormen with diminished cocyte reserve.

oocyte TESE}'VE

_the embryo |tself rather than the uterus.

H:gher ‘dosage of follicle- ~stimulating hermone (FSH) drugs leads 10 a mUch graater expense.for in Vitro fertilization (IVEF),
Higher dosage of FSH may lead to the creation of more embryos but a iower percentage of chromosomally normal embryos espeaally

Conventionat of sgpra hlgh dosage of- FSl—l markedly decreases the pregnancy rate per embryo tiansfer in women with deqeased

* Freezing embi’yos to0 ‘qveid:the adverse effect of COM may be useful in a mmorlty of cases with normal oocyte reserve, but not those

- with diminished cogyte reserve.

* Age rather than degree of 0oCyie reserve is a much mare importarit determinant of successful pregnancy.

= Even women with apparen* prematurs meriopause can be made to ovulate by restorlng downregulated FSH receptors and they actually
hava a reasonable fve delwered pregnancy rate espedally it younger.

* Some. lE'EElt da‘ia quest!on ¢ pOSSlble adverse eﬁect of dehydroepsandrosterome (DHEA) supplementation in women with dirninished

notyte. resewe
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