1' frontiers

in Endocrinology

CASE REPORT
published: 19 February 2020
doi: 10.3389/fendo.2020.00050

OPEN ACCESS

Edited by:
Signe Altmée,
University of Granada, Spain

Reviewed by:

Yonglun Fu,

Shanghai First Maternity and Infant
Hospital, China

Lusine Aghajanova,

Stanford Healthcare, United States

*Correspondence:
Chao-Chin Hsu
tube2363808@gmail.com

Specialty section:

This article was submitted to
Reproduction,

a section of the journal
Frontiers in Endocrinology

Received: 15 October 2019
Accepted: 27 January 2020
Published: 19 February 2020

Citation:

Hsu C-C, Hsu L, Hsu I, Chiu Y-J and
Dorjee S (2020) Live Birth in Woman
With Premature Ovarian Insufficiency
Receiving Ovarian Administration of
Platelet-Rich Plasma (PRP) in
Combination With Gonadotropin: A
Case Report.

Front. Endocrinol. 11:50.

doi: 10.3389/fendo.2020.00050

Check for
updates

Live Birth in Woman With Premature
Ovarian Insufficiency Receiving
Ovarian Administration of
Platelet-Rich Plasma (PRP) in
Combination With Gonadotropin: A
Case Report

Chao-Chin Hsu"?*, Leonard Hsu?®, Isabel Hsu?, Yi-Jen Chiu’ and Sonam Dorjee’

" Taiwan United Birth-Promoting Experts (TUBE) Fertility Clinic, Tainan, Taiwan, 2 Department of Obstetrics and Gynecology,
National Taiwan University Hospital, Taipei, Taiwan, ° Nepean Hospital, Penrith, NSW, Australia

The conception rates among women with premature ovarian insufficiency (POI) remain
extremely low. To achieve a successful pregnancy, most of these women have to receive
donor oocytes through IVF treatment. Ovarian administration of platelet-rich plasma
(PRP) has been recently applied to enhance the ovulatory function in women with poor
ovarian response. However, no live birth has been reported for this application in patients
with POI. In this study, we present a 37-year-old woman with POl who had secondary
amenorrhea for 6 months. The clinical manifestations and evaluation of this women with
a diminished ovarian function were an undetectable serum level of AMH (<0.02 ng/mL)
and an elevated serum level of FSH (63.65 mIU/mL). A single dose of autologous PRP
(extracted from 40mL of peripheral blood) in combination with gonadotropin (1501U
rFSH/75 1U rlLH) was directly injected into the stroma of bilateral ovaries via vaginal
sonographic guidance. Following the treatment, this patient received controlled ovarian
stimulation and IVF during the successive months. Following embryo culture, three
cleavage-stage embryos were transferred, leading to a successful pregnancy, which later
resulted in the live birth of twins. This case report provides one example of alternative
therapy that allows POI patients to use autologous oocytes in IVF treatment.

Keywords: premature ovarian insufficiency (POI), platelet-rich plasma (PRP), gonadotropin, ovarian
administration, controlled ovarian stimulation (COS)

INTRODUCTION

Premature ovarian failure or insufficiency (POF or POI) is characterized by the presence of primary
or secondary amenorrhea for more than 4 months in women under 40 years of age with an elevated
serum level of FSH (higher than 25 mIU/mL) (1). The average pregnancy rate in women with POI
was <1:9200 (2), indicating that infertility is one of the most concerning problems of patients with
POL. Notably, in the last 2 decades, most women with POI have achieved pregnancies by receiving
IVE-treated donor eggs. Nevertheless, intermittent ovarian activities have been observed in patients
with POI, and spontaneous resumption of ovarian function occurs in 25% of these patients (3, 4).
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More remarkably, studies have shown that, by using the ovarian
biopsy, primordial and pre-antral follicles are frequently found in
women diagnosed with POI (5). Because the prevalence of POI
has risen from 1% to nearly 2% in the last few decades (6, 7), it
is clinically urgent that a method that can stimulate and promote
the growth of primordial and pre-antral follicles in patients with
POl is developed.

Platelet-rich plasma (PRP), a preparation of autologous
plasma, can supply a broad spectrum of growth factors at a
high concentration, which is potent to the stimulation of tissue
regeneration at the cellular level (8). Evidence from in vitro
studies shows that PRP supports the viability and growth of
human early pre-antral follicles (9). Direct injection of PRP into
the stroma of poor responder ovaries leads to an increase in the
number of follicles and eggs retrieved (10, 11). To date, only
one case of biochemical pregnancy was reported in a woman
with POI after treatment with PRP (12). We thus speculated
that PRP-derived growth factors may not sufficiently stimulate
the development of early follicles. Recent studies have indicated
that follicular growth is regulated by subtle interactions between
gonadotropins (FSH and LH) and local factors produced by the
theca and granulosa cells (13). FSH receptors are expressed in
granulosa cells at the primary follicle stage, and they are required
for follicular development into the pre-antral stage (14). FSH
activity also increased the primordial pool and enhanced the early
follicle stock (15). LH triggers granulosa wall dissociation and
cumulus expansion as well as oocyte nuclear maturation (13).
We therefore designed this study using the direct injection of
gonadotropins combined with PRP (“PRP/Gn”) into the ovarian
stroma, aiming at restoring the ovulatory function of a woman
with POI and evaluating the pregnancy outcome.

CASE PRESENTATION

Patient

A 37-year-old housewife woman, manifested with a low serum
level of AMH (0.23 ng/mL) that was detected at age 33, had
irregular menstrual periods with an interval of 3-6 months for
more than 1 year. She had experienced secondary amenorrhea for
6 months. At the ages of 32 and 33 years, she received two cycles
of IUL. However, both cycles were canceled because no available
follicle was found in response to gonadotropin stimulation. Five
months before the present PRP/Gn treatment, her serum level
of AMH was barely detectable (<0.02ng/mL), and the serum
level of FSH was 43.50 mIU/mL. Prior to the treatment, this
patient underwent a routine preoperative evaluation, including
a Papanicolaou smear of uterine cervix. She was asked to refrain
from hormonal therapy or any other adjunct treatments for at
least 2 months. On the week of the PRP/Gn treatment, the
serum levels of FSH and LH were 63.65 and 44.91 mIU/mL,
respectively. No antral follicle of her ovaries was observed using
ultrasonographic scanning, and no follicle growth was detected
despite gonadotropin stimulation. No previous gynecologic or
systemic malignancies were found, and thus no chemotherapy or
radiotherapy had been carried out. The karyotype examination
and fragile X carrier screening revealed normal. Her TSH was
1.65 ulU/mL and anti-TPO, anti-thyroglobulin antibodies, lupus

anticoagulant, anticardiolipin IgG and IgM antibodies, and anti-
B2—glycoprotein-I IgG and IgM antibodies were negative. No
symptoms or signs of adrenal disease were noted.

PRP/Gn Treatment

After thorough consultation of the benefits and risks of ovarian
administration of PRP/Gn, the woman agreed to receive the
treatment, and she gave written informed consent. This study
was carried out according to the Declaration of Helsinki Good
Clinical Practice and was approved by the local ethical committee
(TSMH IRB/Protocol No: 18-115-B). Vaginal ultrasonographic
scanning was performed one day before the treatment to ensure
the status of the uterus and bilateral ovaries. PRP was prepared
from 40 mL of peripheral blood by the bufty coat protocol (16). In
brief, whole blood was divided into two aliquots and centrifuged
at 3,000 rpm for 8 min at room temperature to form three
layers: the bottom layer consisting of RBCs, the middle layer
consisting of platelets and WBCs, and the top platelet poor
plasma layer. The top platelet poor plasma and the middle layer
were transferred to another two sterile tube and then centrifuged
again at 4,000 rpm for 5min. After removal of upper portion
of the supernatant, each pellet was reconstituted with 2.5ml of
supernatant and was activated by adding 10% calcium gluconate
before usage. The patient was lying in the dorsal lithotomy
position, and a needle (Towako Transmyometrial Set 18 GA
x 325 mm, Cook, Australia) was advanced into ovarian stroma
under vaginal ultrasound guidance. A total of 5ml of PRP
combined with 1 ml of 150 IU of FSH/75 IU of LH (Pergoveris,
MerckSerono, Aubonne, Switzerland) was slowly infused into
ovarian tissue, 3ml in each ovary, under intravenous sedation
using 100 mg propofol (Fresenius Kabi Austria GmbH, Graz,
Austria). No antibiotic was used, and the patient withstood the
process without painful sensation. No visible side effect was noted
in the whole procedure. As there was no previous information
on the issue of intraovarian injection of Gn, we were more
cautious of overdosage and used one vial of pergoveris that
contained 150 IU of rFSH and 75 IU of rLH. The volume of PRP
for intraovarian administration was done according to previous
reports, and approximately 4 mL PRP per ovary was employed for
the intraovarian injection (10, 17). After the PRP treatment, a 4-
mm follicle was detected on day 4. It further grew into 10 mm on
Day 8 with an elevated serum level of estradiol up to 136 pg/mL.
The follicle did not grow larger but ovulated spontaneously, with
the appearance of corpus luteum at right ovary and elevated
serum progesterone of 46.78 ng/mL (Table 1). The menstrual
cycle started at 25 and 48 days in the successive months after
the treatment.

Controlled Ovarian Stimulation (COS)

In the two resumed menstrual cycles, the patient received
COS with Gonal-F 300IU (Merck Serono) and Menopur 375IU
(Ferring GmbH, Kiel, Germany) on day 2 and day 5 by
intermittent vaginal administration (18, 19). In brief, the Gn
was injected into superficial layer of vaginal mucosa at the
middle to upper portions of the bilateral vaginal wall at positions
corresponding approximately to 3 oclock and 9 oclock with the
needle angled at 15-30° toward the vaginal mucosa and injected.
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TABLE 1 | The characteristics of hormonal profiles, follicles detected, oocytes retrieved, fertilized, and embryos transferred.

Time of measurement Hormone profile Follicle size Mature Fertilized Cleavage Embryo
(mm) oocyte eggs 2PN embryos/ transfer
obtained Grading (*)
FSH (IU/L)  LH (IU/L) E2 P4 Lt Rt
(pg/mL)  (ng/mL)

Month 0— Before 63.65 44.91 20 0.66 0
treatment cycle treatment

Day 4 4

Day 8 136 10

Day 11 97.15 104 0.79 10

Day 14 1.16 108 46.78 20 ()
Month 1 - Day 2 10.09 11.34 213 0.35 10 6 3 3 8-cell/4 ET
menstrual cycle
1

Day 5 12,6 10 5-cell/3 ET

Day 9 15.87 552 0.6 14,10 16 4-cell/3
Month 2 - Day 2 17.84 3.43 76 0.18 7,3 6,6 3 3 8-cell/3 ET
menstrual cycle
2

Day 5 9,7,5 6-cell/2

Day 9 4.44 830 0.41 10 15,15,11 4-cell/A

*Observed and graded (20) on Day 3, approximately 66 h after ICSI.
**Size of corpus luteum detected.

A number of antral follicles were observed that continued to
develop into mature follicles, and thus oocytes were retrieved on
day 11 in both cycles. The characteristics of hormonal profiles,
antral follicle counts, follicular growth, and mature oocytes
retrieved are summarized in Table 1. Oocytes obtained from
the first cycle were frozen and later thawed for fertilization. All
six oocytes were fertilized with ICSI and cultured until day 3
stage embryos. Two 8-cell and one 5-cell stage good grading
embryos, grade 4 representing regular spherical blastomeres
with no extracellular fragmentation as the best embryo, were
transferred back into the uterus (20). The serum level of 8-hCG
was 891.33 mIU/mL at day 13 after embryo transfer. A successful
pregnancy with twins was confirmed by using ultrasonography.
The preterm twins were delivered at gestational age of 30 weeks
with a male newborn (body weight 1,300 gm) and a female
newborn (body weight 1,258 gm). Both newborns thrived after
birth. Currently, physical examination and mental development
have been normal at postnatal regular follow-up checks.

DISCUSSION

Intraovarian PRP administration is a new therapeutic approach
for patients with POI (21); however, the effect of PRP on
regeneration of ovarian function does not seem to be optimistic,
as only a handful of reports claimed a successful outcome (10,
11). In the present study, intraovarian PRP/Gn administration
resulted in a successful pregnancy that gave rise to a live birth
in a POI patient who used to be an extremely poor responder to
exogenous gonadotropins. The results obtained from our study
showed that this treatment may restore the ovulatory function
since menstrual periods resumed and good antral follicles were

observed in successive two cycles. The serum levels of FSH and
LH dramatically decreased on day 2 during the following two
cycles. The serum level of estradiol increased from 20 pg/mL
to 552 and 830 pg/mL on hCG day of the two successive
cycles (Table 1). All the physiological and biochemical changes
suggested that the patient shifted from menopausal status toward
the ovulatory status. These changes were probably due to the
effects of intraovarian injection of FSH/LH in combination with
PRP. Most remarkably, this is the first report of a live birth after
intraovarian PRP administration in women with POL

Intermittent ovarian activities have been observed in patients
with POI, and spontaneous resumption of ovarian function
occurs in 25% of these patients. Nevertheless, spontaneous
follicular development would most likely result in single follicle
maturation. In the present case, three and four antral follicles
were detected, and all those developed into mature follicles
following treatment at month 1 and 2, respectively. Therefore,
the follicular development at the present case was more likely
due to the therapeutic effect of PRP/Gn. As the mechanism of
PRP/Gn action in folliculogenesis remains to be elucidated, we
do not know why the estradiol level was elevated (213 pg/mL) on
day 2 of following month in the early follicular phase.

Previous study proposed that PRP might enhance
neoangiogenesis of menopausal status ovary and might promote
the development of ovarian stem cells to mature follicles (10, 11).
In the present study, intraovarian PRP/Gn administration
appeared to restore the follicular development in antral, early
antral, and preantral stages. Preovulatory maturation of antral
follicles is very sensitive to gonadotropins. The follicles detected
4 days after the treatment, which spontaneously ovulated
later, were likely resulted from a number of undetectable
antral follicles before the treatment. Notably, serum levels

Frontiers in Endocrinology | www.frontiersin.org

February 2020 | Volume 11 | Article 50


https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Hsu et al.

Ovarian Administration of Platelet-Rich Plasma and Gonadotropin

of LH and FSH of the present subject were at a high level
before the treatment, and the endogenous gonadotropins did
not induce any maturation of follicles or ovulatory events
in the past 6 months. Furthermore, three and four antral
follicles were observed at 25 and 48 days post treatment in
successive menstrual cycles, and these antral follicles were likely
resulted from restored folliculogenesis of preantral or early
antral follicles. Recent studies indicated that FSH promotes
preantral follicular growth by acting in synergy with several
intraovarian factors, such as C-type natriuretic peptide, kit
ligand, leukemia inhibiting factor, and growth differentiation
factor 9 (22). It is most likely that the direct ovarian injection
of FSH interacts with local intraovarian factors that promote
the basal follicular growth and development, while LH may
further support follicle development by cumulus expansion and
maturation of oocyte nucleus. Together with the subsequent
COS, the combined effects gave rise to the development of
mature oocytes. However, the roles played by FSH, LH, and
PRP in restoration of ovarian folliculogenesis could not be
clearly identified, as a combined treatment of PRP/Gn was used
in the present case. Besides, since this woman conceived at
63 days post treatment and continued breastfeeding for more
than 1 year after delivery, we were not able to examine whether
PRP/Gn possibly stimulated the growth of ovarian stem cells or
primordial, primary, or secondary follicles. For the same reason,
the possible effect of PRP/Gn on AMH level was not followed
in present study. Taken together, we speculate that ovarian
administration of gonadotropin in combination with PRP may
stimulate the growth and development of follicles from preantral
to antral stages.

The current study raises a promising therapeutic strategy
for direct administration of gonadotropins to its target organ,
the ovary. To obtain multiple follicles for IVF treatment,
daily injections of gonadotropins is especially stressful for
infertile couples. Besides, routine peripheral administration of
gonadotropins may only result in relatively poor bioavailability
in the target organ (23). A recent pharmacokinetic study using
a single subcutaneous abdominal injection showed that the
absorption rates of recombinant FSH were low from the dosing
site and the transit to central compartment which were 0.517
and 0.160, respectively (24). Furthermore, mixed literature is
available regarding the aneuploidy rates in preimplantation
genetic screening using array CGH or SNP in women receiving
higher or lower doses of gonadotropins for the COS (25-
27). With the aim of reducing the physical, emotional, and
financial burden of patients, a more patient-friendly approach,
including a lower dose of gonadotropins and a reduced
number of injections, should be taken into account (19, 28,
29). In the present subject, direct injection of gonadotropins
into the ovary induced restoration of the ovulatory function
without any adverse effect. As far as we know, there is no
previous work including animal studies employing the direct
injection of Gn into ovary; thus, no data of safety issue
can be provided. However, millions of oocyte pick-up (OPU)
procedures are carried out each year; all OPU processes apply
needle punctures in bilateral ovaries, but no specific safety
issues have been raised besides the risk of infection or bleeding

from the puncture. The only limitation of this administration
mode is that an invasive approach has to be carried out
under mild sedation. Nevertheless, the administration mode
not only achieves the object of precision medicine but also
costs less.

As PRP/Gn treatment was performed by direct injection
into the ovary, effects of mechanical stimulation elicited by
needle punctures cannot be completely excluded. Mechanical
signaling pathways can be triggered by external or internal
stress that may affect cellular behavior in the ovary. Recent
studies indicated that ovarian fragmentation disrupts Hippo
signaling, activates Akt pathway, and thus promotes activation
of the primordial follicle (30, 31). However, it takes more
than 300 days for the development of primordial follicles
to mature. Thus, the resumption of ovulatory function
in the present subject is less likely due to force-induced
activation of primordial follicles. Whether the resumption of
ovulatory function in the present subject is due to growth
stimulating effect of PRP/Gn or alternative mechano-
signaling pathways elicited by needle pinching requires
future study.

As POI is a heterogeneous disease caused by different
pathogenic mechanisms, it requires an individualized therapeutic
strategy for each patient. Spontaneous ovulation and natural
pregnancies in POI patients are very rare but still possible,
especially for women aged below 30 (3, 32). The current
report provides one example of alternative therapy for POI
patients, particularly of more advanced age, who wish to
use autologous oocytes in IVF cycles. Thus far, no adverse
effect has been noted from studies employing intraovarian
PRP administration; however, clinicians have to be very
cautious of the possibility of detrimental outcomes, such as
the development of ovarian neoplasm or any health threats.
Furthermore, a large population prospective cohort study is
mandatory to investigate how ovarian injection of PRP/Gn,
FSH/LH, or FSH only can trigger the restoration of ovarian
function and whether that can be a potential new mode
of treatment.
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