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Abstract: Advanced maternal age is associated with the natural oocyte depletion, leading to low
oocyte yield, high infertility treatment cancellation rates, and eventual decreases in pregnancy rates.
Various innovative interventions have been introduced to improve the outcome of infertility treatment
for aging patients. Numerous published data demonstrated that early follicle development was
regulated by intraovarian growth factors through autocrine or paracrine mechanisms. Platelet-rich
plasma (PRP), a plasma fraction of peripheral blood with a high concentration of platelets, has
been implemented in regenerative medicine in the last decade. The plasma contains a variety of
growth factors that were suggested to be able to enhance angiogenesis regeneration and the cell
proliferation process. The initial report showed that an intraovarian injection of PRP improved the
hormonal profile and increased the number of retrieved oocytes in patients with diminished ovarian
reserve. Subsequently, several studies with larger sample sizes have reported that this approach
resulted in several healthy live births with no apparent complications. However, the use of ovarian
PRP treatment needs to be fully investigated, because no randomized controlled trial has yet been
performed to confirm its efficacy.

Keywords: add on treatment; diminished ovarian reserve; platelet-rich-plasma; poor responders;
premature-ovarian-insufficiency

1. Introduction

Along with the global modernization, women tend to delay their childbearing due
to professional investment and seeking better living conditions. Recent data revealed a
significant rise in the mean age of first-time mothers, ranging between the third and fourth
decade [1,2]. This is associated with ovarian aging, which is a physiological process charac-
terized by declining oocyte quantity and quality—an unsolved problem in reproductive
medicine. Premature ovarian insufficiency (POI), a condition characterized by a premature
decline of ovarian function occurring before the age of 40, has risen from 1% to nearly
2% in the last few decades [3,4]. These changes placed a requirement of implementation
therapeutic strategies for these low prognostic infertile women. Indeed, many innovative
approaches have been proposed to fulfill the desire of aforementioned patients to have
genetically related offspring.

Platelet-rich plasma (PRP), derived from peripheral blood, consists of a high number
of platelets (about 1,000,000 of platelets/uL in 5 mL of plasma) [5,6]. The alpha granules of
activated platelets release a variety of growth factors including platelet-derived growth
factor (PDGF), transforming growth factor-f3 (TGF-f3), vascular endothelial growth factor
(VEGEF), insulin-like growth factor-1 (IGF-I), basic fibroblast growth factor (bFGF), epider-
mal growth factor (EGF), and pro-inflammatory cytokines (IL-13 and IL-6) [5,7]. PRP has
been shown to enhance effectively the regeneration and healing of human tissue [8-11].

In reproductive medicine, PRP was first used to enhance endometrial thickness in
patients attempting in vitro fertilization (IVF) treatment [12]. Several subsequent reports
revealed that that intraovarian injection of PRP promoted the follicle growth and improved

Endocrines 2021, 2, 15-27. https:/ /doi.org/10.3390/endocrines2010002

https:/ /www.mdpi.com/journal/endocrines


https://www.mdpi.com/journal/endocrines
https://www.mdpi.com
https://orcid.org/0000-0001-5572-9171
https://doi.org/10.3390/endocrines2010002
https://doi.org/10.3390/endocrines2010002
https://doi.org/10.3390/endocrines2010002
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/endocrines2010002
https://www.mdpi.com/journal/endocrines
https://www.mdpi.com/2673-396X/2/1/2?type=check_update&version=1

Endocrines 2021, 2

16

the treatment outcome in poor prognostic infertile women, resulting in several live births
without complications.

In this article, we comprehensively summarized the hypothesis and reported clinical
results involving the autologous PRP intraovarian injections to “rejuvenate” ovaries.

2. Bioactive Factors in PRP and their Role in Folliculogenesis

PRP is a biological product defined as a portion of the plasma with highly concentrated
platelets after the centrifugation of peripherally collected blood [5]. Upon the activation
of platelets, the alpha granules release several biologically active factors, including PDGF,
TGF-B, IGF-1, VEGF, EGE, bFGF, and pro-inflammatory cytokines [5,7,13-15]. Moreover,
several other factors consisting of hepatocyte growth factor (HGF), stem cell factor (SCF),
connective tissue growth factor (CTGF), neurotrophins, granulocyte colony-stimulating
factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), and growth
hormone (GH) were demonstrated to be present in PRP [5,16] and act synergistically to
induce accelerated angiogenesis, cell migration, differentiation, and proliferation [17].

In ovary, these growth factors are demonstrated to play crucial roles in modulating
the folliculogenesis (Table 1 and Figure 1). TGF-f3 family members in PRP including bone
morphogenetic proteins (BMPs), growth and differentiation factors (GDFs), and activins
regulate several ovarian functions [18]. At the early stage of folliculogenesis, activins
promote the survival of oocytes and the formation of primordial follicles via smad2/smad3
signaling by the kit ligand /c-Kit pathway [19]. BMP7 and BMP4 regulate the recruitment
of primordial follicles to promote primordial to primary follicle transition [20,21]. Later
on, GDF-9, BMPs, and activins are responsible for the development from primary follicles
to the early antral stage. GDF-9, a proliferation factor for granulosa cells, is essential
for the growth of follicles after the primary stage [22,23]. The deficiency of GDF-9 in
mice led to the blockage of follicular development beyond the primary stage and results
in infertility [24]. In humans, the altered GDF-9 function was detected in POl women
and mothers of dizygotic twins [25]. Furthermore, GDF-9 supports follicular survival by
suppressing granulosa cell apoptosis and follicular atresia [26]. Meanwhile, BMPs play
critical roles in preantral follicle activation and maintenance [27]. Subsequently, the antral
follicle growth and the dominant follicle selection are modulated by GDF-9, several BMPs,
and the inhibin—-activin system. GDF-9 enhances glycolysis and sterol biosynthesis in
cumulus cells prior to the luteinizing hormone (LH) surge [25]. BMPs are essential for the
cumulus cell expansion and stabilization, ovulation, embryonic development, and corpus
luteum activity [18]. The levels of GDF9 and BMP15 in the follicular fluid were significantly
correlated with oocyte nuclear maturation and embryo quality [28]. Activins modulate
oocyte maturation; meanwhile, inhibin upregulates LH-induced androgen secretion to
sustain estradiol biosynthesis during the pre-ovulatory phase [29-31]. In addition, studies
have shown that GDF9, activins, and several BMPs stimulate the expression of follicle
stimulating hormone (FSH) receptors as well as increase the stability of FSH receptor
mRNA [18]. Smad proteins, downstream molecules for intracellular TGF-f3 signaling,
regulate the apoptosis of follicles [32,33].

Other various growth factors contained in PRP are also important for follicular growth
and maturation. At the early stage of folliculogenesis, bFGF, HGF, and SCF induce primor-
dial follicle activation, initiating the folliculogenesis [34-37]. In mice model experiments,
the bFGF-treated ovaries had a higher percentage of developing follicles compared to the
control ovaries [34]. Similarly, HGF takes part in the initiation of the primordial follicle
development by interacting with kit ligand [35]; meanwhile, SCF upregulates kit ligand
mRNA expression and stimulates the phosphatidylinositol 3-kinase/AKT pathway [36,37].
IL-1B promotes the development of primordial follicles [38]. CTGF is necessary for nor-
mal primordial follicle assembly, primary follicle development, and ovulation [39-42].
Loss of CTGF in granulosa cells results in arrested granulosa cell growth, early differenti-
ation of granulosa cells, and retarded follicle development, resulting in subfertility [39].
Neurotrophins nerve growth factor (NGF), brain-derived neurotrophic factor (BDNE),
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neurotrophin-3 (NT-3), neurotrophin-4 (NT-4), and glial cell line-derived neurotrophic
factor (GDNF) also play crucial roles in female fertile function. Upon binding to specific
receptors, they stimulate a variety of signal pathways involving many phenomena during
folliculogenesis, including ovarian follicle assembly, primordial follicle activation, follicular
development, steroidogenesis, oocyte maturation, ovulation, and corpus luteum forma-
tion [43-45]. Dysregulation of these factors is associated with infertility or ovarian diseases
including diminished ovarian reserve, PCOS, endometriosis, and even ovarian cancer [44].
PDGEF, secreted by the oocyte and granulosa cells with receptors located in granulosa cells,
takes part in the activation of primordial follicle [46]. During folliculogenesis, there is a
significant increase the number of blood vessels stimulated by different angiogenic modu-
lating factors. Several factors available in PRP such as VEGFs, FGF2, and IGF can activate
ovarian neovascularization, improving follicle growth and oocyte quality [47-52]. The in-
hibition of VEGEF is linked to the deficiency of angiogenesis, altering of follicular growth,
and viability [51]. IGF, released from the granulosa cells, is indispensable in granulosa
cell replication. The depletion of this factor leads to the dysfunction and apoptosis of the
granulosa cells [53]. Moreover, IGF-I and GH collaborate with FSH to enhance the steroido-
genesis and follicle growth in rats as well as human granulosa cells [54-56]. GM-CSF has
a part in the follicle development, as its treatment in rat ovary was revealed to increase
significantly the number of small preantral and large preantral follicles compared with the
control group [57]. SCF and HGF regulate the interplay between theca and granulosa cells
by promoting cell proliferation and steroidogenesis [58].

At the later phase of folliculogenesis, IL-1p facilitates ovulation by activating the
production of prostaglandins, collagenases, hyaluronic acid, and proteoglycans. IL-6 coor-
dinates with IL-8 to assist follicle rupture and neovascularization during the subsequent
formation of the corpus luteum [59]. EGF transfers the LH signal from the periphery of the
follicle to the cumulus-oocyte complex (COC) to expand COC and result in ovulation [60].
Another study suggested that GM-CSF also increases cumulus cell expansion of in vitro
matured bovine COC [61]. G-CSF, whose concentration in follicular fluid was significantly
higher than in serum, especially at the ovulation stage, was also suggested to have an
important role in ovulation [62,63]. G-CSF treatment increased the competence of oocytes
and the embryo’s viability in in vitro culture porcine follicles [64]. In women with the
luteinized unruptured follicle syndrome, G-CSF could enhance oocyte release from the
follicle [65].

Table 1. Growth factors in platelet-rich plasma (PRP) and their role in folliculogenesis.

Growth Factors Roles in Folliculogenesis References
Activins Primordial follicle formation [19]
BDNF Primordial follicle activation, follicular growth, ovulation [43-45]
BMPs Follicular growth, preantral follicle maintenance, COC expansion [18,20,21,27]
CTGF Primordial follicle assembly, ovulation [39-41]
EGF COC expansion [60]
FGF Primordial follicle activation [34]
G-CSF Ovulation [62-65]
GDF Follicles growth after the primary stage, FSH expression [18,22-27]
GH Steroidogenesis in granulosa cells, mitochondrial function [56,66]
GM-CSF Follicles growth, COC expansion [57,61]
GDNF Primordial follicle activation, follicular growth, ovulation [44]
HGF Primordial follicle activation [35]
IGF Steroidogenesis in granulosa cells [53-55]
IL-13 Primordial follicle development, ovulation [38,59]
NT-3 Primordial follicle activation, follicular growth, ovulation [44]
NT-4 Primordial follicle activation, follicular growth, ovulation [44]
PDGF Primordial follicle activation [46]
SCF Primordial follicle activation [36,37]

VEGF Angiogenesis [51]
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Figure 1. The roles of growth factors involving in PRP in folliculogenesis. At the early stage of folliculogenesis, the activation

of primordial follicle is stimulated by bone morphogenetic proteins (BMPs), platelet-derived growth factor (PDGF),
hepatocyte growth factor (HGF), fibroblast growth factor (FGF), stem cell factor (SCF) and neutrophins. Growth and
differentiation factor (GDF)9, BMPs, and activins regulate the follicle growth from primary to antral stages. During

folliculogenesis, neovascularization is enhanced by vascular endothelial growth factor (VEGF), FGF, and insulin-like growth

factor (IGF), whereas steroidogenesis is modulated by IGF and neutrophins. Other several factors including connective

tissue growth factor (CTGF), interleukins, epidermal growth factor (EGF), FGF, granulocyte colony-stimulating factor

(G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), and neutrophins assist ovulation.

3. The Hypothesized Mechanism of PRP in Ovarian “Rejuvenation”

Given the roles of the bioactive factors presented in PRP in folliculogenesis, the intrao-
varian injection of PRP is supposed to improve follicular growth. Thus, it is rational to
hypothesize that autologous PRP intraovarian infusion treatment could “rejuvenate” the
dysfunctional ovarian tissue.

In cyclophosphamide-induced ovarian failure rats, PRP treatment increased the ovar-
ian cortex volume, pre-antral follicles number, and antral follicle diameter [67]. In another
study, histopathological studies presented that receiving PRP treatments improved not only
the quantity but also quality of follicles in all stages in mice ovaries. In comparison to the
control group, the PRP-treated group had an evidently lower number of atretic follicles [68].
In bovine ovaries, a study presented that the serum progesterone concentrations were
increased in four of the five cows treated with PRP, followed by four pregnancies after
artificial insemination. Meanwhile, there were no recorded variation in progesterone con-
centration and pregnancies in the control group [69]. Another study suggested that latent
follicles and in vivo embryo production could be stimulated by PRP treatment [70]. In an
in vitro study, PRP culture could increase the viability and the development of isolated
human primordial and primary follicles [71].

Considering the angiogenic features of platelet-derived cytokines, PRP is also expected
to ameliorate the aging ovaries by increasing the neovascularization. Studies reported that
the molecular network promoting angiogenesis was significantly disrupted in patients
presenting with ovarian dysfunction [72,73]. An increase of vascularization in ovary
enhances its blood nourishment, contributing to the follicular growth and oocyte quality,
resulting in higher fertilization and developmental potentials [74]. Moreover, enhancing
oxygen perfusion improves intrafollicular oxygen and better ooplasm quality, leading to the
recovery of mitochondrial function that drives a higher possibility to produce an ongoing
pregnancy [75]. Numerous publications reported that PRP could improve neoangiogenesis
in different clinical situations, especially in regenerative medicine [76-78]. At the level
of ovary, PRP was revealed to prevent effectively of ischemia and reperfusion damage
by studying ovarian torsion in a rat model. PRP decreased the mean total oxidant status,
oxidative stress index, and histopathological scores [79]. In POI rats’ ovaries, the PRP
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injection induced ovarian tissue vascularization via an increase of alpha-smooth muscle
actin in the small arteries [68].

4. Clinical Outcomes of Intraovarian PRP Injection

Based on the putative mechanisms of PRP treatment in recovering ovarian dysfunction,
several clinics have initiated PRP therapy as an adjuvant treatment. There have been several
recorded positive outcomes in both case studies and comparative studies.

4.1. Case Report and Case Series Studies

In the first study describing the benefit of PRP on ovarian function, a patient without
ovaries obtained a healthy baby in the first cycle of stimulation after ovarian tissue grafting.
Instead of a normal grafting procedure, the frozen-thawed ovarian cubes of this patient
were impregnated with a gel preparation of PRP [80]. However, it was difficult to determine
whether this positive result is the contribution of PRP, since this study did not have the
control tissue grafting without PRP treatment. Subsequently, many case reports and case
series studies showed some favorable outcomes in low prognostic infertile women including
POI patients and poor responders with diminished ovarian reserve (DOR) (Table 2).

In a case report study, a significant decline in FSH levels and elevation of AMH levels
from 0.02 to 0.08 ng/mL were observed in a POI patient at 40 years of age with 19 months
amenorrhea after 4 mL per ovary injection of PRP prepared from 30 mL of peripheral blood.
The pregnancy was obtained after natural IVF at after 8 weeks of PRP treatment, although
it ended in a biochemical loss miscarriage [81]. Another case report showed the outcome
of PRP treatment in a POI patient who used to be an extremely poor responder with an
undetectable serum level of AMH (<0.02 ng/mL) and 6 months amenorrhea. After the
intraovarian injection of 3 mL of autologous PRP in combination with gonadotropin pre-
pared from 40 mL of peripheral blood, this patient received controlled ovarian stimulation
and IVE. The patient’s menstrual periods resumed, and good antral follicles were observed
in two successive cycles after PRP treatment. After the transferring of three cleavage-stage
embryos, a successful pregnancy was obtained, which eventually resulted in live birth of
twins [82].

The first case series study reported intraovarian PRP injection in a group of eight
infertile women aged 45.13 + 4.42 years, having the absence of menstrual cycle for
4.88 + 1.13 months. Autologous PRP was infused into each ovary using a transvaginal
ultrasound guided injection under natural IVF cycle. The menstrual cycle was restored
1-3 months after the ovarian PRP treatment. The subsequent oocyte retrievals were suc-
cessful in all cases, resulting in 1.50 £ 0.71 cryopreserved embryos. However, the result
about the outcome of embryos transferring was not included [83].

Subsequently, a second case series study described the PRP effectiveness in four DOR
patients. The mean (£5D) patient age was 42 =+ 4 years with long infertility duration. They
injected 5 mL of autologous PRP to each ovary under transvaginal ultrasound guidance.
After an IVF program, 5.3 £ 1.3 of mature oocytes per ovarian stimulation were obtained.
All patients could have at least one blastocyst suitable for cryopreservation and an obvious
reduction of serum follicle stimulating hormone (FSH) levels. Nevertheless, their AMH
levels were not significantly changed, and the number of retrieved oocytes before PRP
treatment and the outcome of embryo transfer was not described in this study [84].

Another study in two POI patients with 27 and 40 years of age and one menopausal
woman aged 46 years using same transvaginal approach to both ovaries revealed a decrease
of a previously high FSH level and a concurrent increase of AMH levels after 4 mL of
autologous injection of PRP prepared from 30 mL of peripheral blood to each ovary.
Each of three patients obtained a healthy, ongoing complication-free clinical pregnancy
spontaneously in less than half a year following PRP treatment. In this study, the duration
of amenorrhea in three patients ranged from 12 to 26 months. In contrast, their AMH levels
were relatively high ranging from 0.06 to 0.17 ng/mL [85] as compared to POI patients,
suggesting a potential of natural conception without PRP intervention.
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Another study reported the improved outcome of intraovarian injection of PRP in
three poor responders with multiple previous failed IVF cycles. The FSH and AMH levels
in these three patients were ranging from 18.3 to 27.8 mIU/mL and 0.44 to 0.65 ng/mL,
respectively. Within a 3-month interval, FSH decreased by 67.33%, while AMH level
increased by 75.18%, although the numbers of retrieved oocytes were not increased after
PRP treatment. An uncomplicated healthy pregnancy at 17 weeks and a successful live
birth were achieved through IVE, while one pregnancy was spontaneous 3 months after
injection [86].

A case series study described the outcome of PRP injection in 19 POR patients un-
dergoing double stimulation during the follicular and luteal phases. The intraovarian
perfusion with 2 mL of PRP was conducted immediately after the first follicular puncture.
One day after the first puncture and PRP injection, the second stimulation was initiated.
The mean number of oocytes after PRP perfusion was higher than that before PRP (2.1
versus 0.64). Three pregnancies after spontaneous conception or intracytoplasmic sperm
injection (ICSI) and three healthy living births were recorded in three cases [87].

Another case series study reported 311 women diagnosed with POI according to the
criteria with oligo/amenorrhea for at least 4 months, an elevated serum FSH > 25 IU/1 on
two occasions 4 weeks apart, and onset before the age of 40 years. These patients were
injected with 2—4 mL of autologous injection of PRP prepared from 20 mL of peripheral
blood. Although the numbers of retrieved oocyte before and after PRP injection were
not shown, PRP treatment increased antral follicle count (AFC) and AMH. There were
23 patients who achieved spontaneous pregnancies, leading to 16 live births. For patients
attempting IVF, thirteen pregnancies and nine live births were recorded. In total, twenty-
five (8.0%) women achieved live birth, while another 25 (8.0%) had cryopreserved embryos.
Of note, the enrolled POI patients might be at an early stage, because the mean AMH level
before PRP treatment was relatively high at 0.13 & 0.16 ng/mL [88].

A case series study was conducted in four different groups of women. Each group re-
ported on thirty patients with low prognostic infertile women including poor ovarian response
(POR), POI, perimenopause, and menopause patients. Four ml of autologous PRP prepared
from 30 mL of peripheral blood was administrated to each ovary. In POR women diagnosed
by Bologna criteria [89], an evident amelioration on the hormonal profile, the number of re-
trieved oocytes, and the intracytoplasmic sperm injection (ICSI) cycle performance was noted.
Fourteen participants achieved clinical pregnancies after ICSI cycles followed by twelve live
births. Menstruation recovery as well as the significant improvement in levels of AMH, FSH,
and AFC were observed in 18 out of 30 POI patients. Three POI participants achieved spon-
taneous conceptions and healthy live births. For perimenopausal participants, four women
achieved natural conceptions, resulting eventually in three healthy live births. Regarding the
menopausal participants, thirteen women (43.3%) had menstrual cycle restoration and FSH
levels reduction. One participant achieved a live birth after conceiving naturally [90]. Since the
mean AMH levels before PRP treatment in POI, perimenopausal, and menopausal participants
were 0.18 & 0.04, 0.96 = 0.28, 0.13 £ 0.03 ng/mL, respectively, this study enrolled patients
with a relatively high ovarian reserve as a menopausal state.

In a recently case series study, thirty-eight infertile women with low ovarian reserve
and at least two unsuccessful IVF cycles received a PRP intraovarian injection through an
ultrasound-guided procedure or a laparoscopic-assisted approach. There was a significant
decline of FSH and LH levels after the procedure. Meanwhile, the level of AMH rose from
0.08 to 1.1 ng/mL. Four out of thirty-eight women conceived naturally and gave birth
to healthy children. Twenty women underwent IVF with a successful retrieval of one to
three eggs in fifteen of them. The embryos were transferred in the same menstrual cycle in
eight participants. Another seven cases could achieve the frozen embryos for subsequent
transfer because of the poor quality of endometrium or other reasons. After both fresh and
frozen embryo transfers, there were two live healthy births and four ongoing pregnancies,
leading to a 26% (10/38) of success rate of pregnancy in total patients after PRP treatment.
Nevertheless, two case of genetic abnormalities in seven frozen nuclei were reported [91].
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Table 2. Summary of published clinical case studies of PRP.

Enrolled PRP (m]) Follow Up AMH (mIU/L) FSH (mIU/L) AFC (n) Number of Oocytes ** Pregnancy Outcome
Authors Case Age /Blood . Duration Prior Post Prior Post Prior Post Prior Post Mode of Conception
Number (ml)/Ovary (Months) PRP PRP PRP PRP PRP PRP PRP PRP Natural IVF
Susiifow) 4 2+4 5/N/A 5 038 061 136 77 N/A*  N/A N/A 47 0 N/A
Sfakianoudis
K. (2018) [$1] 1 40 4/30 2 0.02 0.08 149 27 N/A N/A N/A N/A 0 1
Pantos K 46 4/30 1 0.16 0.22 119 27 0 4 N/A N/A 1 N/A
(2019) [85] 3 40 4/30 3 0.06 0.2 65 10 0 2 N/A N/A 1 N/A
- 27 (POI) 4/30 5 0.17 0.3 46.5 15.1 0 1 N/A N/A 1 N/A
Sfakianoudis 40 5/35 N/A 0.65 1.1 27.8 11.1 N/A N/A 0/4 5/6
K. (2019) [36] 3 37 5/35 N/A 0.54 0.93 183 41 N/A N/A 10/12 2/2 000 111
: 37 5/35 N/A 0.44 0.81 24.1 8.6 N/A N/A 2/4 2/4
Farimani M. 0.64 + 2.1+
(2019) [7] 19 35.574 3.80 2/N/A N/A N/A N/A N/A N/A N/A N/A 09 5s 2 1
Hsu C[SCZ]Q(HO) 1 37 3/20 N/A 0.02 63.65 17.84 N/A N/A 0 6/2 0 1
Cakiroglu Y. 0134+ 018+ 419+ 4164+
(2020) 18] 311 348 +43 2-4/20 N/A 016 018 o1 L7 05+05 17414 N/A N/A 23 13
Sfakianoudis
38.40 & 066+ 114+ 1071+ 895+ 2.63 & 5.20 & 1.20 +
K. (2020) **** 30 4/30 3 N/A 0 14
(POR) [90] 2.01 0.20 0.26 1.62 1.40 0.93 1.35 0.76
Petryk N. 38 31-45 0.7/85 12 p <005 p <005 N/A N/A N/A N/A 4 6

(2020) [91]

* The volume of PRP and required peripheral blood for each ovary; ** The total number of oocytes/oocytes pick-up attempts; *** N/A: not applicable or available; **** Poor ovarian
response (POR).
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4.2. Comparative Studies

There have been two prospective controlled, non-randomized comparative studies
presented the outcomes of intraovarian PRP injection (Table 3). The first one compared the
live birth rate (LBR) between 20 poor responders injected with 3-5 mL autologous PRP
under transvaginal ultrasound guidance and 20 control patients. Other basic characteristics
such as age, body mass index, partner’s age, and baseline FSH were balanced in both
groups, and multivariate analysis found no statistical difference in regard to all known
confounders. In both groups, the same protocol of a low dose stimulation using GnRH
antagonist was used after 61 & 18 days at the time of PRP application. The result of baseline
characteristics and the IVF outcome are summarized in Table 3. According to the result,
a statistical significance in clinical pregnancies and LBR was not found [92]. Of note, the
rates of clinical pregnancy and live birth were presented as mean + standard deviation,
and no information about the number of clinical or live birth cases and embryo transfer
attempts in each patient was available in the original paper. The second study included
83 women low ovarian reserve. There were 46 women undergoing the PRP treatment;
meanwhile, 37 women were allocated to the control group. The baseline FSH levels at day 3,
AMH, and antral follicle count (AFC) in the PRP group and control group were not statistic
different (13.6 versus 14.9, 0.62 versus 0.68, and 4 versus 5, respectively). The women in the
PRP group were injected with 200 uL of PRP derived from 36 mL of peripheral blood into
the cortex of each ovary under transvaginal ultrasound guidance. As their first menstrual
restarted, these patients were consulted to undergo timed intercourse, IUI or IVF/ICSL
The result noted a remarkable amelioration in AMH and FSH levels as well as AFC during
the first three months in the PRP group. In the participants undergoing IVF, the number
of retrieved oocytes in the PRP group was statistically higher than the control group (five
versus three), and there was no statistical difference in fertilization rate. Overall, rates of
biochemical (26.1% versus 5.4%) and clinical pregnancy (23.9% versus 5.4%) in the PRP
group were higher than those of the control group, while there was no difference in the
rates of first trimester miscarriage and live birth between groups (Table 3) [93].

Table 3. Characteristics and in vitro fertilization (IVF) outcome between groups in prospective controlled studies.

Without

Author Characteristics PRP Group PRP Group p Value
N =20 N =20

Age 37.47 + 3.87 37.64 +3.20 0.99

Baseline FSH (mIU/mL) 19.27 £ 2.29 19.22 £+ 4.05 0.97

Baseline AMH (ng/mL) 0.35 +0.19 0.72 +0.42 0.03

Stojkovska S. (2019) [92] Number of oocytes 1.87 +1.13 3.71+ 240 0.20

Fertilization rate (%) 80.67 +25.42 65.60 + 25.35 0.44

Implantation rate (%) 33.33 + 44.99 10.71 £ 28.95 0.70

Clinical pregnancy rate (%) 33.33 £ 44.99 10.71 4+ 28.95 0.69

Live birth rate (%) 40.00 + 50.71 14.29 £ 36.31 0.71

N =46 N =37

Age 41 (39-44) 41 (39-44) 0.78

Baseline FSH (mIU/mL) 13.6 (12.9-17.5) 14.9 (13.1-17.8) 0.26
Post PRP FSH (mIU/mL) 9.07 (8.3-10.5) 15.0 (13.4-17.9) N/A*

Baseline AMH (ng/mL) 0.62 (0.47-0.76) 0.68 (0.41-0.78) 0.65

Melo P. (2020) [93] Post PRP AMH (ng/mL) 1.01 (0.9-1.3) 0.58 (0.39-0.76) N/A
Oocyte number 5.0 (2.0-9.0) 3.0 (0.0-6.0) <0.001

Biochemical pregnancy rate 12/46 (26.1) 2/37 (5.4) 0.02

Clinical pregnancy rate 11/46 (23.9) 2/37 (5.4) 0.03

1st trimester miscarriages 6/46 (13.0) ** 1/37 (2.7) 0.13

Live births 4/46 (8.7) 1/37 (2.7) 0.38

* N/A: not available; ** Of the six participants who sustained a first trimester miscarriage, three had a history of previous miscarriage.
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4.3. Clinical Practice and Future Perspective of Intraovarian PRP Injection

Overall, the published papers revealed that the intraovarian PRP injection (Figure 2)
improved the ovarian function and provided better fertility outcome. However, the litera-
ture has many case reports treating patients with relatively high ovarian reserve, suggesting
a potential of pregnancy without PRP intervention. In two prospective controlled, non-
randomized comparative studies, there was no statistical difference of the LBR in patients
treated with PRP relative to control group. In addition, based on the recent review, approx-
imately 2.2 to 14.2% of POI women conceive without PRP treatment [94]. Furthermore,
the publication bias needs to be considered due to the presence of negative reports on ovar-
ian rejuvenation by PRP injection in the proceedings of some domestic and international
congresses. Consequently, it is difficult to attribute the reported live births to the PRP,
especially in the context of lacking randomized trial studies. Moreover, in a recently pub-
lished study, there were two cases of genetic abnormalities after PRP treatment that need
to be noted. From the biochemical view point, PRP could contain some growth factors to
stimulate follicle growth, but those concentrations in PRP are different among patients [16],
resulting in different activities of autologous PRP. The concentrations of bioactive factors in
PRP are also various depending on the preparation methods and protocols [5,95]. Since
the half-life of growth factors in PRP is very short, the duration of the PRP effect is lim-
ited. Therefore, other aspects of clinical practice such as the most appropriate amount of
PRP and method of PRP preparation, as well as the duration of its effect, also need to be
fully investigated.

Blood collection —J» PRP separation = Activation of = Intraovarian injection

A small amount
of blood is taken

=
3
=
a
8
oe
g
=

platelets in PRP

2 3 4
EREs s.eparaFed Platelets are  PRP is injected into ovaries through
by centrifugation activated (with 1. Transvagianal ultrasound
Cat+) 2. Laparoscopy (severe POI)

Figure 2. The procedure of PRP preparation and intraovarian injection. Firstly, peripheral blood is harvested from an arm of the
patient. The collected blood is centrifugated to separate the PRP. Then, the platelets in PRP are activated for releasing the growth
factors. The intraovarian PRP injection is usually conducted under transvaginal ultrasound, whereas the laparoscopic approach

is required in severe cases of POI due to difficult detection of ovaries without growing follicles under ultrasound.

5. Conclusions

In conclusion, published literature presented that PRP intraovarian infusion could be a
beneficial add-on treatment in the reproductive field. However, the current understanding
of the autologous PRP activities in the ovaries, as well as long-term effectiveness of this
approach are at an incipient stage. The extension of this novel intervention in clinical
practice requires more serious evaluations with better designed studies.
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