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The fetal ovary

• By 16-20 weeks gestation, related to rapid 
mitotic multiplication of oogonia, 6-7 
million oogonia occupy the germinal ridge.  
This is the maximal oogonia content of the 
gonad.

• The oogonia are transformed to oocytes 
during the first meiotic division.  They 
arrest in prophase.
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Fetal ovary
• There is a massive loss of oocytes during 

the second half of pregnancy.  These 
oocytes are not encased in follicles as yet.

• Once the oocytes are encased in follicles, 
which occurs shortly after birth, the loss of 
follicles will be through the process of 
follicular growth and atresia.

• Prenatal oocyte depletion results in the 
presence of only 500,000 to 2 million 
oocytes at birth.

5

Adult ovary

• At the onset of puberty, the number of 
oocytes have been further reduced to 
300,000 to 500,000.

• For the next 40 years or so only 400-500 
will be selected to ovulate.
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• Hormonal changes occur in the 10-15 years 
preceding menopause (age 52-53).

• When the number of remaining follicles 
falls below a certain threshold one notes:
– An increase in early follicular phase serum FSH 

levels.
– Decrease in the serum anti-Mullerian hormone 

(AMH) level.
– Decrease in inhibin-B
– Decrease in insulin-like growth factor-1 (IGF-

1)
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Inter-relationship of FSH, AMH 
and inhibin-B
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• The release of FSH from the pituitary is 
inhibited by estrogen and inhibin-B.

• The main source of inhibin B are the 
smaller antral follicles.

• The more primary follicles that exist the 
higher percentage of antral follicles present 
in the early follicular phase.

• Thus, the best time to draw a serum FSH to 
determine ovarian oocyte reserve is in the 
early follicular phase when the serum E2 is 
at the lowest level.
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• AMH is made by the cohort of all of the follicles 
that have a chance of becoming the dominant 
follicle 85 days later (i.e., the approximate 600 
primary follicles except the dominant follicle).

• Though the level of AMH increases somewhat in 
the late follicular phase, it is uninfluenced by 
estrogen, and thus can be measured throughout the 
menstrual cycle to evaluate diminished oocyte 
reserve.

• In contrast to serum FSH (where a high level 
indicates diminished ovarian reserve [DOR]), low 
levels of serum AMH indicate DOR.
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• AMH helps to ensure that in general there is only 
one follicle that become the dominant follicle.

• The one dominant follicle that occurs each 
menstrual cycle actually started 85 days before.
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• AMH aids in causing apoptosis of most of 
the primordial follicles that have not been 
converted to primary follicles.
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• Initial follicular recruitment is a self-
programmed event independent of 
hormonal stimulation.

• After 70 days a minority of the early 
follicles that have developed an adequate 
amount of FSH receptors (pre-antral 
follicles) will now respond to increasing 
bioactivity of FSH from mid-luteal phase 
and increasing levels of FSH levels (related 
to decline in inhibin A and decrease in E2 
and P) in the late luteal phase.
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• AMH inhibits the FSH induced aromatase 
enzyme.

• A follicle to become dominant needs to be 
converted from an androgen dominant to an 
estrogen dominant follicle.

• Only the follicle with the least amount of AMH 
may respond to the decreasing levels of serum 
FSH related to negative feedback to the pituitary 
from the rising E2 levels.

• Thus, women with DOR despite lower number of 
antral follicles in the early follicular phase may 
recruit more than one dominant follicle related to 
increased FSH and decreased AMH.
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• Evidence suggests that there is some selection 
factor allowing better quality follicles to be 
selected in younger women.

• From the mid-30’s on, the egg quality significantly 
decreases.

• This seems to be most related to meiosis II errors 
secondary to non-disjunction of chromosomes 
leading to aneuploidy.

• Another possibility is a decrease in mitochondrial 
DNA in these follicles even if the chromosomes 
are normal.
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Regulation of tropic peptide 
hormones, e.g., FSH

• FSH binds to an FSH receptor on the surface 
of the granulosa cell membrane and through 
transcription and translation produces enzymes 
that has the effect of that hormone.

• Receptor down-regulation can be 
accomplished by shedding of the hormone 
receptor complex or internalization of the 
receptor where the receptor leaves the surface 
and goes into the cytoplasm of the cell.
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• FSH uses the internalization mechanism.
• Too much hormone, i.e., prolonged FSH 

stimulation, will cause internalization of the 
FSH receptor leading to insensitivity of the 
cell to FSH.

• This mechanism prevents burn-out of the 
cell from chronically elevated FSH 
exposure.
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• Pathology specimens from ovaries of women in 
the 50’s who were in menopause still revealed 
about 500-1000 follicles left.

• Obviously, these follicles were resistant to 
gonadotropin stimulation.

• However, even if they were still ovulating, the 
oocytes are of poor quality related to chromosome 
defects or mitochondrial defects so that successful 
pregnancy would not be possible.

• Personally, we have never helped any woman 47 
or older to have a baby with her own eggs either 
naturally or IVF.
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• For women in the reproductive age range 
where live deliveries are quite feasible, the 
question arises if one could induce 
ovulation in these women, i.e., activate 
some of the FSH resistant follicles, would 
the egg quality be so poor that a live 
pregnancy would not ensue?

• Thus, this could be an exercise in futility!!!
• The only way to answer the question is to 

see if a live pregnancy can occur if 
ovulation is induced in women in apparent 
menopause.
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• We hypothesized that one could restore 
sensitivity of remaining follicles if we could 
restore FSH receptors to the granulosa cell 
surface that had been likely internalized by 
chronic high FSH exposure.

• In the early 1980’s when we considered this 
study there were two ways to lower serum FSH:

– Higher dose estrogen to inhibit FSH release from the 
pituitary

OR
– The use of chronic GnRH agonist to inhibit GnRH 

synthesis of FSH.
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Check JH, Chase JS:  Ovulation induction in 
hypergonadotropic amenorrhea with estrogen 
and human menopausal gonadotropin therapy.  

Fertil Steril, 1984

• 5 cases minimum of 6-month amenorrhea
• E2 <20 pg/mL
• No menses to MPA withdrawal
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FSH (mIU/mL)

• Case 1 – 52 mIU/mL
• Case 2 – 65.4 mIU/mL
• Case 3 – 120 mIU/mL
• Case 4 – 58 mIU/mL
• Case 5 – 112 mIU/mL
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• Technique – All 5 women treated with 
conjugated estrogen 2.5 – 5 mg) until FSH 
is normal then human menopausal 
gonadotropins started.

• 3 of the 5 achieved a pregnancy and 2 of the 
3 delivered a live baby.
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Flaws of this technique
1. hMG or FSH injection very expensive.  If 

there are no follicles available, one 
spends a lot of money on gonadotropins.

2. Cannot continue estrogen because it 
inhibits measuring follicle production of 
estradiol since the oral estrogen adds to 
the serum E2.

3. Stoppage of oral estrogen allows rise of 
endogenous FSH which may down-
regulate the FSH receptors again.
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Refinement of technique
• Replace conjugated estrogen or estradiol to lower 

serum FSH with ethinyl estradiol (EE) because 
EE does not measure in the serum E2 assay.

• EE is the estrogen in almost all oral 
contraceptives.  But oral contraceptives add 
progestins, and the progestins would cause 
abnormal endometrium preventing implantation 
and interfere with cervical mucus.

• Solution – compound EE without progestins.
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Modification of the technique
• Lower the FSH with EE.
• Measure serum E2 levels and FSH.
• Don’t add ultrasound evaluation until one sees a 

rise in serum E2 an indication of restoring 
sensitivity of the follicle.

• If the FSH still elevated and E2 rising, do not add 
gonadotropins.

• If FSH only slightly elevated, but E2 levels 
plateauing, add low dose (75 IU) FSH, stop if E2 
fails to rise.

• Use progesterone supplementation in luteal 
phase.
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What if EE cause side effects or possible risk 
of higher dose estrogen (history of breast 
cancer, thromboembolic disorders, etc.)

• Can use leuprolide acetate
• Check JH, Wu CH, Check M:  The effect 

of leuprolide acetate in aiding induction of 
ovulation in hypergonadotropic 
hypogonadotropin – A case report.  Fertil 
Steril, 1988
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The success of estrogen-hMG therapy vs. leuprolide-
hMG therapy in women with amenorrhea and 

hypergonadotropic hypogonadism

Estrogen-hMG Leuprolide-hMG

# pts. Stimulated 91 9

# cycles attempted 311 43

# ovulations 61 7

# pts. Ovulating 34 3

# pts. Pregnant 19 0

#patients aborting 10 0

# stillbirths 1 0

# viable births 8 0
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Facts from study
• Range of ages 19-47 (median 34)
• 68 ovulations in 561 attempts (16%)
• Pregnancy rate per successful ovulation was 

28% (19/68)
• Average time of treatment from initial 

diagnosis of POF in those who conceived 
was 2.2 years vs. 4.8 years in 65 women 
who did not conceive.

• Mean serum FSH was 70.3 mIU/mL for 
those who ovulated vs. 66.5 mIU/mL for 
those failing to ovulate.
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• Since the study of 100 patients 
published in 1989, there have been 
multiple case reports mostly involving 
unique circumstances providing 
precedents for treating physicians and 
patients.
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Successful ovulation induction and 
pregnancies in women with documented 
hypoplasic ovaries (i.e., streaked gonads)

• Check JH, Chase JS, Wu CH, Adelson HG: Case 
Report: Ovulation induction and pregnancy with 
an estrogen-gonadotropin stimulation technique in 
a menopausal woman with marked hypoplastic 
ovaries. Am J Ob-Gyn 160:405-406, 1989.

• Shanis BS, Check JH: Spontaneous ovulation and 
successful pregnancy despite bilateral streaked 
ovaries. Infertility 15:70-77, 1992.
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• Check JH, Summers D, DiAntonio A, 
Check D:  Reversal of premature 
menopause related to Turner’s syndrome 
(45X), oocyte retrieval, and oocyte freezing, 
in a 13-year-old girl with primary 
amenorrhea 

32



9

Check ML, Check JH, Choe JK, Berger GS: 
Successful pregnancy in a 42-year-old woman with 

imminent ovarian failure following ovulation 
induction with ethinyl estradiol without 

gonadotropins and in vitro fertilization.  Clin Exp 
Obst Gyn 2002;29:11-14

• First report of a woman in apparent overt 
menopause who could not only conceive, but have 
a live delivery of a healthy child even at an 
advanced reproductive age of 42.

• Example of not using exogenous gonadotropins if 
lowering FSH by EE allows restoration of down-
regulated FSH receptors, but when serum FSH 
still elevated.
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• The aforementioned case of the 42-year-old showed 
one more thing – that the eggs are hearty enough to 
survive embryo culture outside the body.  This 
article was published in 2002.

• She was not the first case of successful pregnancy in 
a woman in overt menopause conceiving with IVF-
ET.  The first case was published in 2000 in a 
woman age 32.

• Check JH, Summers D, Nazari A, Choe J: 
Successful pregnancy following in vitro 
fertilization-embryo transfer despite imminent 
ovarian failure.  Clin Exp Obst Gyn, 27(2):97-99, 
2000.
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• Evaluating women with diminished oocyte 
reserve as evidenced by increased day 3 serum 
FSH or low serum AMH <1ng/mL it is clear that 
the younger the patient, the greater the chance of 
pregnancy despite DOR.

• Check JH, Wilson C:  The younger the patients 
the less adverse effect of diminished oocyte 
reserve on outcome following in vitro 
fertilization-embryo transfer as long as the proper 
ovarian stimulation protocol is used.  J Reprod 
Contracep 2013;24:221-227.
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Live Delivery and Implantation Rates per Retrieval According to 
Ovarian Oocyte Reserve Status and Age

With Diminished Ovarian Reserve

Age <35 36-39 40-42

# retrievals 304 485 433

# Transfers 331 519 440

# deliveries 111 115 40

% delivered per fresh 
embryo transfer

33.5% 22.2% 9.1%

% delivered per retrieval 
(fresh and frozen)

36.5% 23.7% 9.2%

# babies delivered 142 130 45

Avg # babies per retrieval 0.47 0.27 0.10

Normal Oocyte Reserve

# retrievals 1349 708 406

# transfers 2138 916 473

# deliveries 902 302 99

% delivered per transfer 42.2% 33.0% 20.9%

% delivered per retrieval 
(fresh and frozen)

66.9% 42.7% 24.4%

# babies delivered 1234 390 114

Avg # babies per retrieval 0.91 0.55 0.28
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• Nevertheless, one should not deny women 
of very advanced reproductive age (at least 
through age 41) a chance to reverse 
menopause to try for a live pregnancy.

• Check JH, Check ML, Katsoff D: Three 
pregnancies despite elevated serum FSH 
and advanced age: Case report.  Hum 
Reprod 15(8):1709-1712, 2000.
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• Case 3 was 45 years old and in overt 
menopause.

• Check JH, Cohen R, Chang E:  Successful 
pregnancy in a 46.5 year old woman in 
apparent menopause following ovulation 
induction by restoring follicular sensitivity 
to endogenous FSH by lowering elevated 
serum FSH with ethinyl estradiol.  Clin Exp 
Obst Gyn, in press.
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• Obviously, if one can achieve pregnancies in women age 45 and 46 
who are in overt menopause, live deliveries should be possible in 
women 45 and 46 with DOR, but still menstruating.
– Katsoff B, Check MD:  Successful pregnancy in a 45-year-old 

woman with elevated day 3 serum follicle stimulating hormone 
and a short follicular phase.  Clin Exp Obstet Gynecol 2005;32:97-
98.

– Check JH, Chern R, Amui J:  Successful pregnancy following in 
vitro fertilization embryo transfer in a 46-year-old woman with 
diminished oocyte reserve as evidenced by a high day 3 serum 
estradiol.  Clin Exp Obst Gyn 2011;38:209-210.

– Check JH, Choe JK, Cohen R:  Successful pregnancy following a 
single fresh embryo transfer in a 45-year-old woman whose early 
follicular phase serum follicle stimulating hormone ws 29 
mIU/mL.  Clin Exp Obst Gyn 2011;38:335-337.
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• The woman age 46.5 who reversed menopause conceived with 
our practice the first time at age 43 still menstruating but with a 
serum FSH of 47 mIU/mL.
– Check JH, Dietterich C, Nowroozi K, Wu CH: Comparison 

of various therapies for the luteinized unruptured follicle 
(LUF) syndrome. Int. J. Fertil. 37:33-40, 1992.

– Check JH, Nazari A, Barnea ER, Weiss W, Vetter BH: The 
efficacy of short-term gonadotrophin-releasing hormone 
agonists versus human chorionic gonadotrophin to enable 
oocyte release in gonadotrophin stimulated cycles. Hum 
Reprod 8:568-571, 1993.

– Check JH, Vetter BH, Weiss W: Comparison of hCG versus 
GnRH analog for releasing oocytes following ultra-low-dose 
gonadotropin stimulation.  Gynecological Endocrinology 
7(2):115-122, 1993.
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• Check JH, Vaniver J, et al:  The use of 
granulocyte colony stimulating factor to 
enhance oocyte release in women with the 
luteinized unruptured follicle syndrome.  
Clin Exp Obst Gynecol 2016;43:178-180.
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Also added dextroamphetamine sulfate
• Check JH, et al:  Sympathomimetic amine therapy may 

improve live delivered pregnancy rates following IVF-ET 
in women of advanced reproductive age.  Fertil Steril, 
2019.
– 11 dextroamphetamine sulfate treated patients all with 

pelvic pain (age 40-42)
• Live delivered pregnancy rate – 27.3%, implantation 

rate – 18.2%
– 77 historical controls

• Live delivered pregnancy rate 11.7%, implantation 
rate – 11.8%

– All reported marked relief of pelvic pain
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At age 46.5

• Menopause reversed and ovulation 
induction by ethinyl estradiol only – no 
gonadotropin.

• Also, progesterone vaginal suppositories, 
dextroamphetamine sulfate, hCG, and 
granulocyte colony stimulating factor.
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• The highest FSH for a woman in apparent 
ovarian failure having a reversal and 
successful live delivery with their own 
oocyte was 187 mIU/mL.
– The 187 mIU/mL was in California with her 

previous infertility specialist (was 123 mIU/mL 
in our office).
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Check JH, Katsoff B:  Successful pregnancy with 
spontaneous ovulation in a woman with apparent 
premature ovarian failure who failed to conceive 
despite four transfers of embryos derived from 

donated oocytes.  Clin Exp Obst Gyn 2006;33:13-15
• She also had ovulation induction with 

ethinyl estradiol without gonadotropins
• Natural conception
• No idea how she failed 4 cycles as an egg 

recipient in California
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• Check JH:  The multiple uses of ethinyl estradiol 
for treating infertility.  Clin Exp Obst Gyn 
2010;37:249-251

• Katsoff B, Check MD:  Successful pregnancy in a 
45-year-old woman with elevated day 3 serum 
follicle stimulating hormone and a short follicular 
phase.  Clin Exp Obstet Gynecol 2005;32:97-98.

• Check JH, Adelson H, Lurie D, Jamison T: The 
effect of the short follicular phase on subsequent 
conception. Gynecologic and Obstetric 
Investigation. 34:180 183, 1992
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• Eggs obtained from women with DOR can 
produce embryos hearty enough to allow 
successful implantation following embryo 
transfer even if the endometrium is not ideal.
– Check JH, Cohen R:  Live fetus following embryo 

transfer in a woman with diminished egg reserve 
whose maximal endometrial thickness was less 
than 4mm.  Clin Exp Obst Gyn 2011;38:330-332
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There may be so few eggs left 
that:

1. One never develops a primary follicle that 
can reach the antral stage on day 3.

2. There may be so few primary follicles 
formed, that one may develop an antral 
follicle only after several months.

3. There may be enough primary follicles 
reaching the antral stage that ovulation 
may occur almost every month once FSH 
receptor restoration is achieved.
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• Two women from New York

• The woman from Wyoming
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Check ML, Check JH, Kaplan H:  Pregnancy despite 
imminent ovarian failure and extremely high endogenous 
gonadotropins and therapeutic strategies:  Case report and 

review.  Clin Exp Obst Gyn 2004;31:299-301

• Age 25
• 3 baseline serum FSH levels (mIU/mL)

– 146.9 mIU/mL
– 145.6 mIU/mL
– 164.2 mIU/mL

• Made to ovulate with EE only in 6 of 10 cycles
• Cycle 9 chemical pregnancy
• Cycle 10 live delivery (FSH 92 mIU/mL that cycle 

on day 3)
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• The case of the 25-year-old shows that 
sometimes despite very high serum FSH 
one can induce frequent ovulation just by 
using EE to lower FSH and restore receptor 
sensitivity.
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Is IVF worth the price for women with 
damaged fallopian tubes or a male 
partner with extremely low sperm?

• Check JH, Wilson C, DiAntonio G, DiAntonio A:  
In vitro fertilization (IVF) outcome in women in 
overt menopause attempting to induce follicular 
maturation by follicle stimulating hormone (FSH) 
receptor down-regulation.  Clin Exp Obst Gynecol 
2016;43:181-183
– Live delivered pregnancy rate per transfer was 20% 

(4/20)
– Live delivered pregnancy rate was 9.3% per retrieval 

(4/43)
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• If fallopian tubes patent, sperm 
seems normal, and egg releases, 
no advantage to performing 
IVF-ET
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The extremes that women will go 
through to have a baby with their own 

genes
• Check JH, Srivastava M, Brasile D, Amui J, Choe 

JK, Dix E:  Successful pregnancy with frozen 
embryo transfer into a gestational carrier from 
eggs obtained from a woman in premature 
menopause – case report.  Clin Exp Obst Gyn 
2009(36(3):154-157

• Check JH, Cohen R:  A second successful 
pregnancy using oocytes from a woman with 
premature ovarian failure with embryos 
transferred to a gestational carrier.  Clin Exp 
Obstet Gynecol 2017;44:507-508
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• Srivastava MD, Thomas A, Srivastava BI, Check JH:  
Expression and modulation of progesterone induced 
blocking factor (PIBF) and innate immune factors in 
human leukemia cell lines by progesterone and 
mifepristone.  Leuk Lymphoma 2007;48:1610-1617

• Check JH, Check D:  Therapy aimed to suppress the 
production of the immunosuppressive protein progesterone 
induced blocking factor (PIBF) may provide palliation 
and/or increased longevity for patients with a variety of 
different advanced cancers – A review.  Anticancer Res 
2019;39:3365-3372
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The role of GnRH antagonists in 
treating women with premature 

menopause
• Check JH, Katsoff B:  Ovulation induction and 

pregnancy in a woman with premature menopause 
following gonadotropin suppression with the 
gonadotropin releasing hormone antagonist, 
cetrorelix – a case report.  Clin Exp Obstet 
Gynecol 2008;35(1):10-12

• Check JH, Chase JS, Nowroozi K, Dietterich CJ: 
Premature luteinization - Treatment and incidence 
in natural cycles. Human Reproduction. 
6:190-193, 1991
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