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Abstract
We report the pregnancy and live birth achieved after in vitro maturation (IVM) of oocytes and PGT-A in a 23-year-old patient
suffering from ovarian gonadotropin resistance. A woman with resistant ovary syndrome (ROS) had secondary amenorrhea, high
FSH levels (25.34 mIU/mL) and LH (29.6 mIU/mL), low estradiol levels (15.2 pg/mL), and high serum AMH levels (38.0 ng/
mL), associated with an increased antral follicle count (AFC) of 45. Without gonadotropin priming and HCG trigger, ultrasound-
guided transvaginal oocyte retrieval was performed. Aspiration of antral-stage follicles allowed the retrieval of 15 immature
oocytes. After oocyte collection, immature oocytes were cultured in the IVM medium. Following IVM, six of them reached
metaphase II stage. Resultant matured oocytes were fertilized by intracytoplasmic sperm injection (ICSI). Embryos obtained
were cultured to the blastocyst stage. On day 5, three embryos reached blastocyst stage. Trophectoderm biopsy and PGT-A were
performed on two better quality embryos on day 5 after fertilization. Two biopsied embryos were reported to be euploid. PGT-A
was performed utilizing next-generation sequencing (NGS\MPS). One embryo was transferred in an artificial thaw cycle and
resulted in a viable intrauterine pregnancy and live birth. Our experience indicates that there is no requirement for gonadotropin
stimulation and use of b-hCG trigger prior to IVM in patients with ROS. The results suggest that oocytes obtained with IVM in
patients with ROS are capable of meiotic and mitotic division, fertilization, and generation of euploid embryos. IVM appears to
be a valuable approach in patients with ROS, allowing them to have genetically connected offspring.
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Introduction

The first description of resistant ovarian syndrome (ROS) was
made in 1969 by the pioneer of ovarian stimulation, Dr.
Georgiana Jones. This condition was previously referred to
as savage syndrome, named after the first patient in whom it
was described [1].

The main characteristic of ROS is the resistance of antral
follicles to both endogenous and exogenous gonadotropins in
patients with typical female phenotype and karyotype.
Additionally, ROS is characterized by elevated serum levels

of FSH and LH, often in the post-menopausal range, normal
level of AMH, normal antral follicle count, primary or sec-
ondary amenorrhea or progressively prolonged menstrual cy-
cles, and normal secondary sexual characteristics [1, 2].
According to A Galvão et al., ROS is a heterogeneous condi-
tion with highly variable manifestations, both clinical and en-
docrine. According to their data, patients with ROS can have
not only primary amenorrhea, but also a normal menstrual
cycle, irregular cycles as well as secondary amenorrhea.
These patients may also have secondary infertility, varying
FSH levels, and normal or high serum AMH levels [3].

The etiology of this condition is still unclear and
appears to be highly variable [4]. This can potentially
be due to genetic and immunological causes. Hormone
resistance may be caused by inactivating mutations in
gonadotropin receptors, as well as post-receptor defects
[5–9]. The presence of antibodies to endogenous and
cross-reactivity to exogenous gonadotropins may also
be the primary cause of ROS [10–12].
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ROS can be classified as WHO Group III anovulation,
which is characterized by hypergonadotropic hypogonadism,
similar to patients with primary ovarian insufficiency (POI).
Anovulatory infertility is a common complaint of women with
ROS during reproductive age. In contrast to a true primary
POI, in ROS, the number of antral follicles (AFC) and serum
levels of anti-Müllerian hormone (AMH) are most often with-
in the normal range, while few or no follicles are found in POI
and AMH level being drastically reduced [13].

In vitro maturation (IVM) of oocytes is an alternative ap-
proach to conventional methods of artificial reproductive tech-
nologies. IVM is currently defined as the maturation in vitro
of immature cumulus–oocyte complexes collected from antral
follicles [14]. Before 2010, the treatment of infertility in pa-
tients with ROS was confined to IVF with donor oocytes due
to the fact that native antral follicles were unresponsive
to exogenous FSH stimulation. IVM has emerged as a
viable alternative to egg donation for women with ROS.
The first pregnancy and live birth after IVM in a wom-
an with ROS were reported in 2013 [15]. This paved
the way for patients diagnosed with ROS to have ge-
netically related children, since donor oocytes to achieve
pregnancy were no longer required.

ROS is a rare condition with variable etiology. Treatment
of infertility in patients with ROS is a great challenge for both
patients and clinicians. We report the first pregnancy and live
birth achieved using IVM and preimplantation genetic testing
for aneuploidy (PGT-A) in a woman with ROS.

Materials and methods

Informed consent

Written informed consent for publication of patent’s clinical
details and/or clinical images was obtained from the patient. A
copy of the consent form is available for review by the Editor
of this journal.

Transvaginal oocyte pick up

Aspiration of antral follicles, between 2 and 3mm in diameter,
was performed with a 19-gauge OPU Needle (Kitazato, Jap),
using negative pressure of 200 mmHg.

In vitro maturation, ICSI, embryo culture, biopsy, and
vitrification

Cumulus–oocyte complexes were collected into LAG medi-
um (IVM system, Medicult, Origio). Oocytes were incubated
in IVM medium (IVM system, Medicult, Origio), supple-
mented with 75 mIU/mL FSH (Gonal-F, Merck), 100mIU/
mL hCG (Pregnyl, MSD), and 20% patient’s serum for 24 h

in a four-well dish with oil overlay (Irvine) in an benchtop
incubator containing 6% CO2 in air at 37°C, until progression
to theMII stage was achieved. After denuding, mature oocytes
were fertilized by intracytoplasmic sperm injection (ICSI)
with fresh sperm. Fertilization was confirmed by the presence
of two pronuclei 16–18 h post-ICSI. Embryos were then cul-
tured in sequential media (CSM, IRVINE) under overoil
(Irvine) until day 5. We performed zona pellucida laser-
assisted hatching on day 4. Suitable blastocysts were biopsied
and vitrified (Kitazato) 5 days after insemination.

Preimplantation genetic testing for aneuploidy

Preimplantation genetic testing for aneuploidy was performed
with the use of NGS (VeriSeq, Illumina Inc, US/Singapore).
Whole-genome amplification and sequencing were performed
according to the manufacturer’s recommendations SurePlex
DNA Amplification System (Illumina Inc, US/Singapore)
(Part # 15053626 Rev. C), VeriSeq PGS Library preparation
Guide (# RH-101-9001DOC), MiSeqDx® Reference Guide
for Instruments with Dual Boot Configuration (# 15070067
Rev. A). Sequencing data analysis was performed using A
Technical Guide to Aneuploidy Calling with VeriSeq PGS
(# 15059470 Rev. A). We analyzed the data with Blue Fuse
Multi software (Illumina Inc, US/Singapore).

Endometrium preparation and FET

Endometrial preparation was initiated with oral estradiol val-
erate (Progynova, DELPHARM Lille S.A.S., France) at 2 mg
three times a day (TDS). When the endometrial thickness
reached 7 mm, vaginal tablets of micronized progesterone
(Utrogestan, Besins, Belgium) 600 mg/day were started
for luteal phase support. Vitrified-warmed embryo trans-
fer was performed on day 6 after initiation of proges-
terone. Nine days after embryo transfer, serum ß-hCG
was measured and luteal phase support continued until
eight complete weeks of gestation.

Results

Case description

In December 2017, a 23-year-old womanwith a 3-year history
of primary infertility and secondary amenorrhea was referred
to our IVF center. Her menarche occurred at 13 years of age.
Up to 17 years old, the patient experienced progressively lon-
ger menstrual cycles of 50–60 days. From the age of 17, she
had secondary amenorrhea and was prescribed a combined
oral contraceptive pill. Her height and weight were 165 cm
and 64 kg (body mass index: 23.5 kg/m2). The patient had
mature secondary sexual characteristics and did not present
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any signs of androgen excess. She had no medical or surgical
history of note and the physical examination was unremark-
able. There was no personal or family history of inheritable
conditions. She denied any autoimmune disorders. The pa-
tient’s karyotype was normal. Previously, the patient was di-
agnosed with heterozygous FSH receptor polymorphisms
FSHR A919G, Thr307 Ala (rs6165), and FSHR A2039G,
Asn680Ser (rs6166). She had elevated baseline FSH levels
ranging from 21 to 25 IU/L and resistant to ovarian stimula-
tion. Prior to presenting to our center, there were numerous
attempts at ovulation induction and ovarian stimulation
(Table 1). In two instances, clomiphene citrate was used,
50 mg and 100 mg. Three stimulated cycles of IVF were
commenced, with recombinant FSH (rFSH) and dose ranging
between 50 and 250 IU for 9 to 17 days with the addition of
menotropins and aromatase inhibitors. None of these cycles
produced anymeasurable ovarian response. Following her last
cycle of ovarian stimulation, she was advised of a possible
ROS diagnosis and encouraged to seek further treatment with
donor oocytes.

Fertility investigation

Hormonal and ovarian reserve testing was repeated in the
absence of hormone replacement therapy. The patient’s FSH
was found to be elevated at 25.34 IU/L (normal range 3.5–
12.5 IU/L) as was her luteinizing hormone (29.6 IU/L; normal
range 2.4–12.6 IU/L). She had decreased estradiol levels (15.2
pg/mL; normal range 12.5–166 pg/mL). Despite the con-
firmed elevation of FSH, the patient’s AMH level was also
elevated (38.0 ng/mL; normal range 1.58–13.5 ng/mL). Her
thyroid-stimulating hormone (1.94 mIU/L; normal range
0.27–4.2 mIU/L) and prolactin (30.1 ng/mL; normal range
6–29.9 ng/mL) levels were normal. Transvaginal ultrasound
showed the presence of more than 20 antral follicles up to
5 mm in each ovary. The uterus and ovaries were otherwise
normal, and the endometrial stripe was 3 mm. These investi-
gations were indicative of ROS and the previously diagnosed
FSH receptor polymorphisms were consistent with the exhib-
ited phenotype. After extensive discussion with the patient
and her partner, aspiration of antral follicles with subsequent
in vitro oocyte maturation was offered as a treatment option.

OPU, IVM, and PGT-a

The patient was prescribed hormone replacement therapy
(HRT) to induce regular withdrawal bleeding for 3 months.
On the eighth day of the fourth month, while continuing to
take hormone replacement therapy, without gonadotropin
priming or trigger injection, 15 cumulus–oocyte complexes
(COC) were retrieved under ultrasound guidance with a 19G
single lumen aspiration needle, with aspiration pressure of 200
mmHg. Ten of them showed germinal vesicles and five had
oocyte degeneration. The COCs were placed in the IVM me-
dium. After denuding the oocytes, six had already reached the
metaphase II stage (MII) (Fig. 1). Mature oocytes were fertil-
ized by ICSI. At the 18-h point after ICSI, successful fertili-
zation was confirmed for four oocytes by visualization of the
expulsion of the second polar body and the presence of two
pronuclei. On day 5 of embryo culture, three blastocysts had
reached the full blastocyst stage 2BB, 5AA, and 5AA in ac-
cordance with the Gardner scoring system [16] (Table 2).
Trophectoderm biopsy was performed on two better quality
embryos (5AA and 5AA). All three blastocysts were cryopre-
served. Based on the results of PGT-A, two euploid blasto-
cysts were obtained.

Embryo transfer and follow-up

In the following month, after cessation of HRT and a with-
drawal bleed, the patient was started on 2 mg of estradiol
valerate (Progynova, DELPHARM Lille S.A.S., France)
TDS. After reaching an endometrial thickness of 7 mm, mi-
cronized progesterone (Utrogestan, Besins, Belgium) 600 mg/
day was added to the treatment regime. On day 6 after com-
mencing progesterone, a 5AA euploid blastocyst was trans-
ferred under ultrasound guidance. Serum beta-human chori-
onic gonadotropin (B-hCG) was positive 9 days after embryo
transfer. A transvaginal ultrasound confirmed viable intra-
uterine pregnancy at 7-week gestation. Both estradiol and pro-
gesterone were continued up to eight completed weeks of
pregnancy. The pregnancy progressed uneventfully and
resulted in a normal vaginal delivery of a healthy male
infant, weighing 4070 g in 2018. One euploid blastocyst
remains in storage.

Table 1 History of ovulation induction and ovarian stimulation

Treatment cycle Medication Days Result

1 Clomiphene citrate 50 mg. 5 No response

2 Clomiphene citrate 100 mg. 5 No response

3 rFSH from 50 IU to 125 IU 9 No response

4 rFSH 100 IU + menotropins 150 IU + aromatase inhibitors 2.5 mg/day 14 No response

5 rFSH from 100 IU to 200 IU 17 No response
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rFSH recombinant FSH
IVM in vitro maturation, MII mature oocytes

Discussion

There are isolated case reports in the literature describing live
birth following IVM in patients with ROS. In 2013, Grynberg
M et al. report the first case of pregnancy and live birth using
IVM in a 29-year-old womanwith multiple antral follicles that
were unresponsive to exogenous gonadotropin stimulation
[15]. In that case, the authors used IVM with a trial of stimu-
lation using recombinant FSH and administration of
10,000 IU of human chorionic gonadotropin (hCG) for final
oocyte maturation. Two days after ICSI, three embryos were
transferred into the uterus. Fifteen days after embryo transfer,
serum b-hCG was positive; the pregnancy progressed un-
eventfully and resulted in a live birth of a healthy infant.

Li Y et al. reported another case of live birth of a healthy
child using IVM in a 33-year-old woman with secondary in-
fertility of 3 years duration [17]. The authors also performed
gonadotropin priming and hCG triggering prior to IVM. Five
cumulus–oocyte complexes were obtained. On day 3 after

ICSI, two good quality embryos were transferred into
the uterus. The pregnancy progressed to an uneventfully
delivered healthy boy.

In 2018, Galvão A et al. published the results of using IVM
in nine patients with ROS [3]. Two of them had a regular
menstrual cycle, three had oligomenorrhea, and only four pa-
tients presented with amenorrhea. The authors argued that all
patients, including the womenwith a regular 28-daymenstrual
cycle, had the diagnosis of ROS. In this study, IVM resulted in
a live birth in two patients with ROS. One case was related to
oocyte donation, where the oocyte donor had FSH resistance.
The first patient had secondary amenorrhea and ovarian resis-
tance to FSH. Seven cycles of immature oocyte retrievals
followed by IVM were conducted in this patient, resulting in
three fresh embryo transfers. The last embryo transfer resulted
in a live birth. In the final successful cycle, transvaginal OPU
was performed after ovarian stimulation with gonadotropins
(150 IU/day for 5 days) and administration of an ovulation
trigger (hCG 10,000 IU). There were seven COCs collected
and four had reached the metaphase II stage. Double cleavage-
stage fresh embryo transfer was performed. The authors tested
the basal serum FSH level in seven IVM cycles in this patient
with the following results: 6.5, 8.6, 9.0, 5.2, 12.0, 12.6, and

Table 2 IVM cycle outcomes
Number Remarks

Oocytes retrieved 15

Germinal vesicle oocytes 10 (67%)

Oocyte degeneration 5 (33%)

Oocytes matured (МII) 6

Oocytes fertilized 4

Embryos, day 5 3 2BB, 5AA, 5AA

Embryos cryopreserved 3

Embryos transferred 1

Clinical pregnancy 1 1 gestation sac with fetal heartbeats (6 weeks after transfer)

Live birth 1 40+5-week gestation

Birth statistics Weight: 4070g, length: 55cm, APGAR scores 7 and 8

a bFig. 1 Oocyte maturation. а
Germinal vesicle oocytes. b
Expulsion of first polar body
confirming MII maturation. Scale
bar: 50 μm
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7.9 IU/L. She also had an AFC of 40 and a baseline serum
AMH of 2.11 μg/L. Whether this patient can be classified as
having hypergonadotropic hypogonadism is debatable. The
second patient underwent six IVM cycles with successful
treatment in two instances. In the first IVM attempt, 14
COCs were collected after administration of an ovulation trig-
ger (hCG 10,000 IU). Single cleavage-stage fresh embryo
transfer was performed, which resulted in a live birth. In the
second instance, no stimulation or trigger was used, ultimately
resulting in the live birth of healthy twins. For the third patient
in this group, COC collection was performedwithout hormon-
al pre-treatment and IVM was once again successful in pro-
ducing MII oocytes with subsequent live birth.

In 2019, Flageole C. et al. [18] reported yet another preg-
nancy and live birth following IVM of oocytes in a 31-year-
old patient suffering from ROS. Before transvaginal OPU was
attempted, the authors reported using high daily doses of re-
combinant FSH (up to 600 IU) and a subcutaneous injection
of hCG 10,000 IU. A single fresh cleavage-stage embryo
transfer resulted in live birth.

In the majority of the described cases of successful treat-
ment of infertility in patients with ROS, IVM was combined
with short gonadotropin stimulation and trigger b-hCG injec-
tion before oocyte collection was undertaken. The utility of
such a combined approach is unclear in the setting of
ROS, since antral follicles do not appear to be respon-
sive to either high or low dose of exogenous FSH stim-
ulation. Increased endogenous FSH level typically ob-
served in “true” ROS also makes such stimulation likely
to be of limited benefit and probably futile.

FSH priming in humans was adopted based on the early
techniques used in animal models. FSH priming generates
immature, germinal vesicle stage oocytes that are capable of
undergoing meiosis in vitro. An IVM cycle may exclude any
and all forms of hormonal manipulation that are intended to
trigger oocyte maturation in vivo [14]. It is the authors’ con-
tention that IVM is the maturation in vitro of immature COCs
collected from antral follicles, which may include priming
with FSH, but excludes cycles primed with hCG or GnRH
agonists to trigger oocyte maturation in vivo. It is also the
definition used by the American Society for Reproductive
Medicine (ASRM): “The maturation in culture of immature
oocytes after their recovery from follicles that may or may not
have been exposed to exogenous FSH but were not exposed to
either exogenous LH or hCG prior to retrieval to induce mei-
otic resumption.” The use of exogenous LH or hCG prior to
OPU is not IVM in the strictest sense [19]. It is recognized that
during an oocyte collection, even from small follicles, an oc-
casional MII oocyte can be found if b-hCG was administered.
These oocytes clearly do not require IVM to be fertilized
successfully [20–22].

We feel that the recovery and use of in vivo matured oo-
cytes in IVM cycles, which include a b-hCG trigger, challenge

the notion that such an approach can be defined as IVM. The
use of gonadotropin priming in conjunction with IVM in poly-
cystic ovarian syndrome patients may be beneficial. However,
the use of gonadotropin priming and triggering in ROS pa-
tients is not consistent with the current understanding of path-
ophysiology of this condition.

In our case, we used the IVM technique, without the use of
gonadotropin priming and b-hCG trigger. A distinctive feature
of this case is the cultivation of the resulting embryos to the
blastocyst stage, in contrast to the transfer of embryos at the
cleavage stage described in previously published cases, and in
line with current IVM protocols. Incubation to the blastocyst
stage made it possible to utilize PGT-A, via trophectoderm
biopsy, in order to select a euploid embryo and perform elec-
tive single-embryo transfer with reduced risk of multiple preg-
nancies [23]. We have decided to perform PGT-A on this
patient because there are no data on the frequency of detection
of euploidy, aneuploidy, and mosaicism during PGT-A in
patients with ROS after IVM. Also, most IVF cycles in our
clinic are performed with PGT-A.

Limited information is available about the chromosomal
constitution of IVM embryos. According to Spits C et al.,
the rate and type of chromosomal abnormalities in embryos
obtained from oocytes matured in vitro are not different from
those observed in embryos obtained from oocytes matured
in vivo [24]. However, data pertaining to aneuploidy rates in
embryos after IVM in patients with ROS are absent.

It is imperative to monitor the health status of children born
after IVM. Mostinckx L et al. showed comparable rates of
congenital malformations and preterm birth in IVM offspring
compared with their counterparts conceived after controlled
ovarian stimulation (COS) in women with polycystic ovary
syndrome [25]. Belva F et al. did not observe IVM’s adverse
effects on growth parameters in offspring ∼2 years of age
compared with COS [26]. Few publications have reported
on the health of IVM offspring, specifically from women with
ROS. Therefore, we still need to investigate these chil-
dren after IVM in detail. Further research is required to
ensure the safety of IVM, reliability of outcomes, and
most importantly, to ensure that there are no long-term
adverse health consequences for the children born with
the help of this promising technology.

Conclusion

We report the first pregnancy and live birth obtained after
IVM of oocytes and PGT-A in a patient with genetic variation
of FSH receptor and phenotype consistent with ROS. The
results indicate that oocytes obtained with IVM in patients
with ROS are capable of meiotic and mitotic division, fertili-
zation, generation of euploid embryos, and live birth of a
healthy child. IVM can be considered to be an effective
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treatment for infertility in patients with hypergonadotropic
hypogonadism, normal ovarian reserve, and gonadotropin re-
sistance. IVM could be attempted in the setting of ROS where
the only other viable alternative is donor oocyte utilization.
Our experience and data from previous publications indicate
that there is no requirement for gonadotropin stimulation and
use of b-hCG trigger prior to IVM in patients with ROS.
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