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Objective: To describe the experiences of three women with blepharophimosis-ptosis-epicanthus inversus syndrome (BPES) who
desired to pursue planned oocyte cryopreservation.
Design: Case series.
Setting: An academic institution and a private clinic.
Patient(s): Three nulligravid women aged 23, 25, and 34 years who desired to pursue planned oocyte cryopreservation. Two women
had BPES diagnosed when they were infants and one had BPES diagnosed after presenting to discuss oocyte cryopreservation.
Intervention(s): All three women underwent ovarian stimulation. One woman underwent three oocyte retrievals.
Main Outcomes Measure(s): Vitrification of metaphase II oocytes.
Result(s): Onewoman had a total of eight metaphase II oocytes vitrified. In addition, she underwent genetic testing that confirmed type
1 BPES. The other two women, who had BPES diagnosed when they were newborns, each underwent two cycles of ovarian stimulation.
Neither of these two women responded to ovarian stimulation and both cycles were cancelled before oocyte retrieval.
Conclusion(s): BPES is a rare condition that can lead to primary ovarian insufficiency. Early identification of this condition is impor-
tant to allow for timely reproductive counseling so that oocyte cryopreservation can be offered at a young age before oocyte depletion.
Careful counseling is critical for these patients, because this case series demonstrated that not all women with BPES will respond to
stimulation. Further, outcomes with cryopreserved oocytes have not yet been described in women with BPES. (Fertil Steril Rep�
2021;2:332–7. �2021 by American Society for Reproductive Medicine.)
Key Words: Blepharophimosis-ptosis-epicanthus inversus syndrome, diminished ovarian reserve, premature ovarian failure, primary
ovarian insufficiency, oocyte vitrification
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P rimary ovarian insufficiency
(POI), historically termed prema-
ture ovarian failure or premature

menopause, is recognized as amenor-
rhea in the setting of elevated gonado-
tropins and hypoestrogenism in women
<40 years old (1). Some women with
POI present with ovarian failure. Others
who will develop POI will still be
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ovulatory on initial presentation but
will have diminished ovarian reserve
(DOR) (2, 3). The workup for POI gener-
ally focuses on genetic etiologies and
testing for adrenocortical or thyroid
antibodies (1). A rare cause of POI that
can easily be overlooked is
blepharophimosis-ptosis-epicanthus
inversus syndrome (BPES) (4).
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Blepharophimosis-ptosis-epican-
thus inversus syndrome is primarily
recognized by the phenotypic eye find-
ings that were first identified as an in-
herited disorder by Owens et al. (5) in
the 1960s. These include blepharophi-
mosis (narrowing of the eye opening),
ptosis (drooping eyelids), epicanthus
inversus (upward fold of the medial,
lower eyelid), telecanthus (widening of
medial border of the eyes), strabismus,
and refractory errors (6, 7). Two types
of BPES have been clinically recog-
nized. Type 1 is associated with POI in
addition to the phenotypic eye find-
ings, and type 2 is limited to the eye
findings (4, 6). Blepharophimosis-
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FIGURE 1

Patient 1’s eye findings are consistent with blepharophimosis-ptosis-
epicanthus inversus syndrome.
Bonus. Oocyte cryopreservation in women with blepharophimosis-ptosis-epicanthus inver-
sus syndrome. Fertil Steril Rep 2021.
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ptosis-epicanthus inversus syndrome-associated female
infertility was first described in the 1970s, which subse-
quently led to the delineation of BPES into two types in the
1980s (8, 9). In 2001, a mutation in the FOXL2 gene on chro-
mosome 3 was found to cause BPES (10). The FOXL2 gene
plays a role in both eyelid development as well as ovarian
development (11). Although still under investigation, the cur-
rent understanding is that FOXL2 is necessary for granulosa
cell differentiation and folliculogenesis (11, 12).

Blepharophimosis-ptosis-epicanthus inversus syndrome
primarily follows an autosomal dominant inheritance
pattern; however, de novo mutations have been discovered.
The true prevalence of BPES is unknown, because there can
be significant variability in the phenotypic inheritance (13).
It was shown to affect families that are of diverse ethnicities
and occurs in families without consanguinity (14, 15).

We report a case series of three patients with BPES. First,
we describe a 34-year-old woman with DOR who had BPES
diagnosed on presentation to discuss planned oocyte cryo-
preservation and who subsequently underwent ovarian stim-
ulation that led to cryopreservation of eight metaphase II (MII)
oocytes. Next, 2 siblings (aged 23 and 25 years) with known
diagnoses of BPES who attempted to cryopreserve oocytes
but failed to respond to ovarian stimulation are described.
At our institution, Institutional Review Board approval was
not required for this case series. Informed consent was ob-
tained from the patients.
CASE REPORT
Patient 1

A 34-year-old nulligravida presented for care to the North-
western Medicine Center for Fertility and Reproductive Med-
icine because of a desire to pursue planned oocyte
cryopreservation. She experienced menarche at 12 years old
and had been taking combined levonorgestrel/ethinyl estra-
diol oral contraceptive pills (OCPs) for 10 years before her
initial consultation. Her medical history was unremarkable.
Her surgical history was notable for a muscle transfer to her
eyelids for ptosis when she was 5 years old. She denied a his-
tory of known familial genetic disorders.

An antim€ullerian hormone (AMH) level was drawn at her
initial clinic visit and was 0.66 ng/mL. She stopped her OCPs
and returned in the subsequent month for day 3 laboratory
test results and an antral follicle count (AFC) that confirmed
DOR. Her follicle-stimulating hormone (FSH) level was 27.2
mIU/mL, estradiol level was 15 pg/mL, and AFC was 10.
Menses were regular after discontinuation of OCPs. Ovarian
reserve testing was repeated in the subsequent two months
and showed an FSH level of 18.7 mIU/mL, AMH level of
0.64 ng/mL, and an AFC of 8 in month 1 and an FSH level
of 7.1 mIU/mL and an AFC of 11 in month 2. Given the pres-
ence of detectable AMH and visible antral follicles, the patient
was offered the option to pursue oocyte cryopreservation and
was carefully counseled regarding both the potential for cycle
cancellation as well as the uncertainties regarding oocyte
competence.

On presentation, the patient’s eyelid findings (Fig. 1) in
conjunction with her family history and personal history of
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surgery prompted the question as to whether she had BPES.
Her father and paternal grandmother had similar eye findings
and her grandmother likely had secondary infertility after her
first child was born. The patient was referred to the Division of
Clinical Genetics at Northwestern Medicine to undergo
testing for the FOXL2 gene to confirm the diagnosis of
BPES. Genetic testing confirmed that she was heterozygous
for a variant in the FOXL2 gene. The variant, c.148del, re-
sulted in a frameshift mutation and premature protein termi-
nation and was predicted to be pathogenic. Given her clinical
findings, which included DOR and eyelid findings, in combi-
nation with her genetic testing results, she met the criteria for
a diagnosis of type 1 BPES.
Ovarian Stimulation, Oocyte Retrieval, andOocyte
Cryopreservation

The patient underwent three cycles of oocyte vitrification.
There was concern for a poor response because of her elevated
FSH level. Therefore, a microdose flare protocol with estrogen
priming was selected for the initial cycle. In her first cycle, she
underwent luteal estradiol priming with two transdermal
estradiol patches (0.1 mg estradiol transdermal system; No-
vartis Pharmaceuticals, East Hanover, NJ, USA) placed every
2 days beginning 10 days after the luteinizing hormone surge.
On cycle day 2, the patient had a transvaginal ultrasound,
which revealed an AFC of 9, and stimulation was begun.
The microdose flare protocol leuprolide acetate (10 units, 1
mg/0.2 mL, Lupron; Takeda Pharmaceuticals, Osaka, Japan)
was administered twice daily beginning on cycle day 2 and
continued through the day of trigger. Recombinant FSH
(300 IU initial dose, Follistim; Merck & Co, Inc., Whitehouse
Station, NJ, USA) and human menopausal gonadotropin
(hMG, 150 IU initial dose, Menopur; Ferring Pharmaceuticals,
Parsippany, NJ, USA) were administered to stimulate follic-
ular development. On day 4, the estradiol level was 67 pg/
mL and the dose of recombinant FSH was increased (to 450
IU). Serial transvaginal ultrasound monitoring was performed
in conjunction with measurement of estradiol levels to deter-
mine the ovarian response. Choriogonadotropin alfa (Ovidrel;
EMD Serono, Rockland, MA, USA) was used to induce final
oocyte maturation on day 19 of gonadotropin stimulation
with a peak estradiol level of 1,131 pg/mL and 4 follicles
R15 mm. Transvaginal oocyte retrieval was performed 36
hours after the final maturation trigger under ultrasound
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guidance with monitored anesthesia care. Six oocytes were
retrieved but only one mature (MII) oocyte was vitrified. The
remaining oocytes (metaphase I [MI] � 1, germinal vesicle
� 2, and empty zona pellucida � 2) were discarded.

Because of the poor oocyte maturity in the first cycle, an
antagonist protocol (Ganirelix Acetate Injections; Merck &
Co, Inc., Jersey City, NJ, USA) was used for her second cycle,
because this afforded the ability to use a dual trigger that
combined a gonadotropin-releasing hormone agonist and hu-
man chorionic gonadotropin (hCG). In women with DOR un-
dergoing planned oocyte cryopreservation, a dual trigger may
help improve maturation rates compared with those of hCG
alone (16). Ovarian stimulation was initiated on cycle day 2
after baseline ultrasound showed an AFC of 13 and quiescent
ovaries. The initial dosing was recombinant FSH (300 IU) with
hMG (150 IU), and recombinant FSH was increased (to 450 IU)
on stimulation day 8 with an estradiol level of 483 pg/mL. Ga-
nirelix acetate was begun on stimulation day 6. The final
oocyte maturation trigger was administered with both chori-
onic gonadotropin (10,000 IU, Novarel; Ferring Pharmaceuti-
cals) and leuprolide acetate (40 units of 1 mg/0.2 mL) on day
14 of stimulation with a peak estradiol level of 2,529 pg/mL.
On the day of trigger, 6 follicles were R15 mm. Oocyte
retrieval was subsequently performed and 15 oocytes were
retrieved. Three MIIs were vitrified and the remaining oocytes
(MI � 5, germinal vesicle � 4, empty zona pellucida � 2, at-
retic �1) were discarded.

Given the outcome from the second cycle, an antagonist
protocol was again used for her third stimulation cycle. On
cycle day 2, the AFC was 17, and she was started on recombi-
nant FSH (300 IU) and hMG (150 IU). The dose of recombinant
FSH was increased (to 375 IU on stimulation day 9 and to 450
IU on stimulation day 14). Ganirelix acetate was begun on
stimulation day 7. The final oocyte maturation trigger was
administered with both of chorionic gonadotropin (10,000
IU) and leuprolide acetate (80 units, 1 mg/0.2 mL) on day 16
of stimulation with a peak estradiol level of 2,639 pg/mL.
Oocyte retrieval was subsequently performed, and 13 oocytes
were retrieved. FourMIIs were vitrified whereas the remaining
oocytes (MI � 5 and atretic �4) were discarded

After all oocyte retrievals, cumulus-oocyte complexes
were recovered in pre-equilibrated Quinn’s Advantage fertil-
ization medium (SAGE, Trumbull, CT, USA) supplemented
with 5 mg/mL human serum albumin (SAGE, Trumbull, CT,
USA) under oil (Light Mineral Oil; Irvine scientific, Santa
Ana, CA, USA) and maintained in 500 mL Quinn’s Advantage
fertilization medium under oil at 37 C in an atmosphere con-
taining 6.0% CO2, 5% O2, and balance N2 for 1–2 hours.
Cumulus cells were then denuded enzymatically with ICSI Cu-
mulase (SAGE) for assessment of nuclear maturity. Mature
oocytes were vitrified using a commercial vitrification kit
with the Cryolock device (Irvine Scientific).
Patient 2

A 25-year-old nulligravida who had BPES diagnosed when
she was a newborn presented for consideration of oocyte
cryopreservation to Pacific NW Fertility. In addition, her
paternal grandmother, father, and sister had a diagnosis of
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BPES. Her grandmother gave birth to her father when she
was 31 years old but was unable to have additional children.

The patient experienced menarche at age 14 and subse-
quently had irregular menses. She was started on OCPs at
age 18 years, but self-discontinued them one year before
she presented for care. When not taking OCPs, her menstrual
cycle lengths ranged from 35 to 40 days, but were often >40
days. On presentation, her FSH level was 5.9 mIU/mL and her
AMH level was 3.0 ng/mL. Repeat laboratory tests were per-
formed one month later, which demonstrated an AMH level
of 2.3 ng/mL and an FSH level of 16.6 mIU/mL. Because of
the discrepancy in the results, ovarian reserve testing was
repeated one month later and revealed an early follicular
phase FSH level of 16.4 mIU/mL and an AMH level of 1.84
ng/mL. Given the patient’s elevated FSH level, she was pre-
sumed to have type 1 BPES, although genetic testing was per-
formed before presentation with ongoing attempts to obtain
these records.
Ovarian Stimulation

On cycle day 2, the patient's baseline estradiol was 23 pg/mL
with an AFC of 3. She was started on a standard antagonist
protocol and gonadotropin stimulation was begun with re-
combinant FSH (300 IU) and hMG (150 IU). This protocol
was chosen because of her initially normal FSH and AMH
levels. Serial transvaginal ultrasound monitoring was per-
formed in conjunction with measurement of estradiol serum
levels. The patient’s estradiol level rose to 65 pg/mL on stim-
ulation day 4 but decreased to 30 pg/mL on stimulation day 6
with no follicles >10 mm present. The decision was made to
cancel the cycle because of the lack of response.

The patient elected to attempt another stimulation cycle
after careful counseling regarding her poor prognosis. Given
her poor response to the first cycle, she was started on an
antagonist protocol with an increased starting dose for pa-
tients with DOR of recombinant FSH (450 IU) and hCG (20
IU). At baseline, her estradiol level was 30 mg/mL and her
AFC was 7. On stimulation day 4, her estradiol level was 68
pg/mL with no dominant follicles present. On stimulation
day 6, the estradiol level decreased to 58 pg/mL, and no follic-
ular growth was observed; the decision was made to proceed
with cancellation.
Patient 3

This patient was the younger sister of Patient 2. She presented
at age 23 years to discuss oocyte vitrification. Her medical
history was notable for a diagnosis of BPES when she was a
newborn. She underwent three eye surgeries as a child.
When she was 17 years old, rheumatoid arthritis was diag-
nosed and has been well controlled with hydroxychloroquine.

The patient experienced menarche at age 14 years and
was started on OCPs at age 16 years for abnormal uterine
bleeding and severe dysmenorrhea. At age 23 years, she
began experiencing hot flashes. At that time, her FSH level
was 29.5 mIU/mL, her AFC was 10, and her AMH level was
0.99 ng/mL. She discontinued OCPs and repeated the ovarian
reserve testing three months later with no significant
VOL. 2 NO. 3 / SEPTEMBER 2021
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differences observed; the FSH level was 30.1 mIU/mL and the
AMH level was 1.17 ng/mL. Given her elevated FSH level and
vasomotor symptoms, type 1 BPES was diagnosed, and at-
tempts were made to obtain her previous genetic records.
The patient was carefully counseled regarding her poor prog-
nosis and the high likelihood of cycle cancellation, and she
strongly desired to proceed.
Ovarian Stimulation

Because of her markedly elevated FSH, she was initiated on a
higher gonadotropin dose. On cycle day 1, the patient was
confirmed to have baseline estradiol and progesterone levels
with an AFC of 8. Stimulation was begun with recombinant
FSH (450 IU) and hCG (20 IU). Serial transvaginal ultrasound
monitoring was performed in conjunction with measurement
of estradiol serum levels. On cycle day 4, the estradiol level
was 84 pg/mL, and there were no dominant follicles observed.
On cycle day 6, the estradiol level rose to 121 pg/mL, and on
stimulation day 8, it dropped to 100 pg/mL. Given the mini-
mal follicular response, the decision was made on cycle day
10 to cancel the cycle.

The patient elected to proceed with a second stimulation
attempt. Interestingly, her FSH level at baseline was 10.9mIU/
mL and her AMH level was 5.05 ng/mL. Given her improved
ovarian reserve testing with this cycle, she was started on the
same protocol as for her first cycle. On stimulation day 1, the
patient had an AFC of 20, her estradiol level was 35 pg/mL,
and stimulation was begun with recombinant FSH (450 IU)
and hCG (50 IU). Serial transvaginal ultrasound monitoring
was performed in conjunction with measurement of estradiol
serum levels. On stimulation day 5, her estradiol level was 195
pg/mL. Her estradiol level increased to 231 pg/mL on stimu-
lation day 8, and there were no dominant follicles visible.
On stimulation day 10, her estradiol level decreased to 200
pg/mL, and no further follicular development was observed.
Because of the lack of response, the decision was made to pro-
ceed with cycle cancellation.

DISCUSSION
Although BPES is a rare cause of POI, early identification of
the condition is critical to allow for comprehensive reproduc-
tive counseling. In addition, early confirmation of BPES may
permit individuals to potentially cryopreserve oocytes at a
younger age than is typically offered. This case series is of
value for several reasons. First, it highlights that BPES should
be considered in the differential diagnosis for POI or DOR in
women with a childhood history of eye surgery, particularly
those with a family history of eye surgery and similar physical
findings, and especially in those with eye surgery and a family
history of secondary infertility. Second, girls who have BPES
identified at a young age should be referred to a reproductive
endocrinology and infertility subspecialist for counseling on
the timing of oocyte cryopreservation. Third, women with
BPES who have a detectable ovarian reserve may be candi-
dates for ovarian stimulation and oocyte cryopreservation,
even in the setting of elevated FSH levels. Finally, this case se-
ries demonstrates that women with BPES may respond differ-
ently to ovarian stimulation, even when markers of ovarian
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reserve are similar. Despite detectable AMH levels and visible
antral follicle counts, two of the women with BPES
completely failed to respond to ovarian stimulation, and
oocyte vitrification was not possible.

BPES is the result of a mutation in the forkhead box L2
(FOXL2) gene located on chromosome 3q23 (10). Mutations
include deletion, duplication, missense mutation, nonsense
mutation, and rarely rearrangement (15). The FOXL2 protein
is a helix-turn-helix structure that is often referred to as
a ‘‘winged helix’’ because of its similarity to a butterfly
(10, 17, 18). FOXL2 is a transcription factor with a polyalanine
(polyA) tract (10). Patients with type 1 BPES often have a
truncated polyA tract, and those with type 2 BPES have
been found to have an expansion or frameshift mutations
of the polyA tract (10, 19). Over 125 mutations of the
FOXL2 gene have been described in patients with BPES
(20). The FOXL2 gene is responsible for embryonic eyelid
development, which explains the notable phenotypic eye
findings. The effect on ovarian function is not fully under-
stood. FOXL2 is expressed in the granulosa cells and may
play a role in follicular growth and estrogen production
(12). Mutations in FOXL2 are thought to cause either the rapid
differentiation of granulosa cells, therefore leading to POI, or
a decrease in ovarian reserve starting at birth (10, 18, 20).
Perhaps most interesting is that these cases shed light on
the mechanism of ovarian failure. Given the family histories
of conception and subsequent secondary infertility, these
points toward oocyte depletion as opposed to oocyte incom-
petence as the underlying etiology of ovarian failure.

To date, only one other case report has been published of
ovarian stimulation in a patient with BPES who had a live
birth of twins (21). This patient was a 30-year-old nulligra-
vida with type 1 BPES who underwent a gonadotropin intra-
uterine insemination cycle with FSH (300 IU) and who
conceived a dichorionic diamniotic twin pregnancy. Her
pregnancy was complicated by preeclampsia and preterm la-
bor and resulted in a cesarean section for arrest of descent and
delivery of two male infants. One infant had phenotypic eye
findings for BPES (21). A second case report described a pa-
tient who presented with infertility, irregular cycles, and
elevated FSH levels. She had a presumed diagnosis of BPES
but declined confirmatory genetic testing. This patient elected
to use a donor embryo and successfully conceived (22).

Given the paucity of data on the use of fertility treatments
in women with BPES and no published cases of oocyte vitri-
fication in patients with BPES, it remains challenging to
counsel affected patients on the likelihood of success with re-
gard to gonadotropin stimulation and future oocyte compe-
tence. It is well established that elevated FSH level is a
marker for poor ovarian response (23). All three patients
had at least one elevated FSH level; however, the response
to stimulation varied by patient. Limited follicular growth
was observed in patients 2 and 3 despite detectable AMH
levels and visible antral follicles. Patient 1 required long du-
rations of gonadotropin stimulation to elicit follicle develop-
ment but ultimately responded. The length of stimulation
ranged between 9 and 14 days on each of her three cycles.
She had a total of 34 oocytes retrieved; however, only 8 of
these were MIIs. The prolonged stimulation and high
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immaturity rate was likely a consequence of the ovarian
dysfunction seen in a FOXL2 mutation (12). This concept is
supported by animal studies in which FOXL2 was shown to
be involved in the formation of follicles and maintenance
of follicle viability (24, 25). In addition, data suggest that
FOXL2 may play a role in the differential expression of key
steroidogenic enzymes within the ovary while growth and
maturation of oocytes is occurring (25).

The varied response among these patients highlights the
potential variability in the genotype/phenotype correlation
and how response to ovarian stimulation may differ in pa-
tients with the same condition. Given that women with
BPES may experience DOR over a large age range (20), a
younger age in women with BPES may be less helpful in
improving oocyte vitrification outcomes. There are>125 var-
iants of the FOXL2mutation, and it is possible that these var-
iants, more so than age, may determine the timing of
menopause and, in addition, may potentially influence indi-
vidual responses to ovarian stimulation, although future
research is needed to study this assumption (20). Despite the
wide variation in response to ovarian stimulation seen in
this case series and the fact that the younger patients re-
sponded less robustly, we can still assume that a prompt
referral to a Reproductive Endocrinologist will lead to earlier
testing for DOR. The early referral may provide patients with
the option to cryopreserve the maximum number of oocytes
at the youngest age possible. However, given the significant
variation in ovarian reserve testing and poorer response to
ovarian stimulation in younger patients as seen in this case
series, we acknowledge that referral to a Reproductive Endo-
crinologist even at an early age may not improve outcomes.

Beyond this case series, there are no data demonstrating
how patients with BPES respond to ovarian stimulation. It
seems plausible that patients with BPES may have different
phenotypes and thus experience variable reproductive out-
comes. Given that there are limited data about the anticipated
age of onset of ovarian failure in patients with BPES, it is
possible that in patients with type 1 BPES there is a reproduc-
tive spectrum similar to that of patients with Turner syn-
drome, in which some individuals are able to spontaneously
conceive whereas others experience POI at a very young
age or never experience menarche (26).

There are limited data on pregnancy outcomes in women
with BPES; therefore, it was difficult to counsel the patients
on the likelihood of live birth with vitrified oocytes. Future
success may be hampered by the expected age-related aneu-
ploidy as well as the anticipated laboratory attrition with
oocyte warming and embryo development. The rapidity of
decline in ovarian reserve is not as well documented in
women with FOXL2 mutations, adding to the challenge in
counseling about fecundability in the setting of ovulatory cy-
cles or conversely predicting time to menopause.

The uncertainties of ovarian stimulation and fertility out-
comes were discussed at length with each of these patients
before beginning gonadotropin stimulation, and for patient
1 before each subsequent cycle. Furthermore, this patient
was counseled on the guarded prognosis for live birth with
her aggregate eight oocytes. Realistic and thorough coun-
seling is essential in this population and shared decision-
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making is encouraged. The economic, physical, and
emotional ramifications of the oocyte vitrification process
cannot be ignored, particularly when the oocyte yield is low
or even unachievable. All of the patients were additionally
counseled regarding transmission risk, preimplantation ge-
netic testing for monogenic/single gene defects, and the po-
tential to require donor oocytes in the future.
CONCLUSION
A diagnosis of BPES should be considered in women with
DOR or POI who have eye findings characteristic of this con-
dition. Early recognition of BPES is critical and should prompt
early referral to a Reproductive Endocrinologist for coun-
seling on reproductive potential and oocyte cryopreservation.
Because this condition is often diagnosed in childhood, as
seen with patients 2 and 3, increased education for ophthal-
mologists regarding early intervention is needed, specifically
after menarche. As evidenced by this case series, ovarian
stimulation and oocyte cryopreservation may be possible in
women with BPES, even those with DOR. The ability to suc-
cessfully retrieve mature oocytes cannot be assured, even in
the setting of visible antral follicles and a detectable AMH
level. This case series highlights that the mechanism of infer-
tility in patients with BPES may be because of FOXL2-specific
disordered follicular recruitment and/or more rapid oocyte
depletion. Earlier referral might have led to a more robust
response to stimulation and the potential to havemoremature
oocytes retrieved.
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