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Abstract. Couple infertility is a pathology with an absolute 
number of cases growing markedly over the last decade in 
connection mainly with the increased age of couples wishing 
to conceive. Platelet‑rich plasma (PRP) is an alternative treat‑
ment used for several years for experimental purposes. Yet, 
this method is not yet defined as a standard therapeutic option 
in the infertility protocol for poor responders in assisted 
human reproduction procedures. Thus, the present study is 
a retrospective study conducted between February 2019 and 
February 2020 to evaluate the effect of ovarian PRP injection 
in patients with a poor ovarian response (POR) to ovarian stim‑
ulation. Women (n=20; age 31‑44 years) diagnosed with POR 
based on the European Society of Human Reproduction and 
Embryology criteria underwent ovarian injection with autolo‑
gous PRP injection. Markers of ovarian reserve before, during 
the following two menstrual cycles, and at six months after 
treatment were followed as well as stimulation and fertilisation 
parameters before and post‑treatment. PRP treatment resulted 
in increased antral follicle count and serum anti‑Mullerian 
hormone, while levels of serum follicle‑stimulating hormone 
and luteinising hormone were decreased. These changes were 

more pronounced during the 2nd menstrual cycle following 
treatment. By six months following the injection, their values 
return to pre‑treatment levels and any small differences were 
not considered statistically significant. The average dose 
of gonadotropin used and duration remained statistically 
unchanged, but a significant increase in estradiol achieved 
by the day of the human chorionic gonadotropin trigger day 
was achieved. The cancellation rate decreased following PRP 
treatment while the number of collected oocytes, number 
of oocytes in metaphase  II rose. The number of embryos 
(of A and B quality) resulting also increased but fell short of 
the significance level set (α=0.073). Following the PRP injec‑
tion, two singleton pregnancies were achieved, resulting in 
live births at term without complications during pregnancy. 
Another pregnancy was achieved spontaneously 45 months 
following the PRP and a failed assisted human reproduction 
procedure. Although the group included a small number of 
women, the results indicate the potential benefits of an ovarian 
autologous PRP injection in women with POR. Positive results 
appear to be short‑term for 2‑6 months after the procedure.

Introduction

Couple infertility is a pathology with an absolute number of 
cases growing markedly over the last decade in connection 
mainly with the increased age of couples wishing to conceive, 
with a significant change in living and working conditions in 
a modern technological society. Medical progress in the field 
of infertility research and treatment offers increasing chances 
for cases that a few years ago seemed unresolved, constantly 
looking for new therapeutic solutions.

In this context, there is an increasingly common pathology 
related to anovulatory infertility with various causes relating 
to genetic factors, behavioral enzymes, autoimmune diseases, 
increased maternal age, environmental factors, or combina‑
tions thereof  (1,2). Excluding polycystic ovary syndrome, 
which is the most common cause of anovulatory female 
infertility, an important place is occupied by the category of 
patients with diminished ovarian reserve, which includes those 
with a poor ovarian response (POR) (1). The definition of this 
category has been closely related to the response to ovarian 
stimulation in assisted human reproduction procedures which 
are the only therapeutic option indicated for these cases. 
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Initially, the Bologna criteria were defined (ESHRE 2011), 
which classifies POR patients as those who meet at least two 
of the following criteria: age over 40 years, poor response to 
previous procedures (cycle canceled or less than 3 oocytes 
collected), decreased ovarian reserve number of antral folli‑
cles (AFC) below 5‑7, and anti‑Mullerian hormone (AMH) 
<1.2 ng/ml). An additional two episodes of POR are sufficient 
for classification regardless of the criteria (3,4).

Subsequently, in clinical practice, there is the problem of 
defining criteria that would include a wider range of aspects 
and a more precise stratification, allowing standardised thera‑
peutic conduct for each category. In this sense, the POSEIDON 
(Patient‑Oriented Strategies Encompassing Individuals 
Oocyte Number) group has developed a new classification that 
extends maternal age and no longer considers it as a defining 
factor, focusing on previous experience of response to ovarian 
stimulation, AMH, and antral follicle number  (5). This is 
defined as follows:

POSEIDON 1: patients under 35 years of age with normal 
ovarian reserve but unexpected POR (AMH ≥1.2  ng/ml, 
AFC ≥5); i) 1a: <4 oocytes collected in the previous assisted 
reproduction cycle (ARC); ii) 1b: 4‑9 oocytes collected in the 
previous ARC.

POSEIDON 2: patients over/or 35 years of age with normal 
ovarian reserve (AMH ≥1.2 ng/ml, AFC ≥5) but unexpected 
POR: i)  1a:  <4  oocytes collected in the previous ARC; 
ii) 1b: 4‑9 oocytes collected in the previous ARC.

POSEIDON 3: patients under 35  years of age with 
decreased ovarian reserve (AMH <1.2 ng/ml, AFC <5).

POSEIDON 4: patients over/or 35  years of age with 
decreased ovarian reserve (AMH <1.2 ng/ml, AFC <5).

The use of these criteria is closer to the clinical reality that 
frequently identifies cases with poor response to stimulation in 
younger ages or with moderately diminished ovarian reserve. 
Often these cases are accompanied by a low number of 
poor‑quality oocytes and the impossibility of having embryos 
of good enough quality to obtain a pregnancy.

One benefit of using the POSEIDON classification is 
that it expands the group of these patients to include a new 
category of hypo‑responders in addition to the classic poor 
responders  (3,5). These are patients who do not generally 
belong to the age group over 40 years, with moderately dimin‑
ished ovarian reserve but who have responded very poorly to 
stimulation with high doses of gonadotropins (6). The number 
of antral follicles and the value of AMH cannot accurately 
predict the response to stimulation, and the explanation may 
be related to increased resistance of gonadotropins in these 
patients by genetic factors [for example genetic mutations or 
single nucleotide polymorphisms (3,7,8)]. These patients are 
often included in the category of poor responders; they differ 
from the classical group and even the use of the POSEIDON 
classification allows their inclusion only after the clinical 
experience of two failed assisted human reproduction proce‑
dures by lack of quality embryos, very low number of embryos 
or lack of oocytes in metaphase II (MII). The POSEIDON 
classification that was also used by us in this study manages 
to allow a better stratification of these patients which results in 
improved chances of obtaining a pregnancy (5).

To improve the chances of obtaining a pregnancy in 
poor responders, various therapeutic strategies and protocols 

have been tried: alternative gonadotropin preparations and 
regimens, androgen supplementation (testosterone or dehy‑
droepiandrosterone), use of androgen‑modulating agents 
(letrozole), the use of growth hormone (GH), luteinising 
hormone (LH) pretreatment, and antioxidants, without the 
possibility of finding an ‘ideal’ recipe (7,9,10).

Platelet‑rich plasma (PRP) is an alternative treatment used 
for several years for experimental purposes. The idea for its 
use started from clinical experience in other fields of medicine 
(dermatology, orthopedics, plastic surgery) and consists of 
obtaining a platelet concentrate obtained from plasma collected 
from the patient in question by centrifuging the peripheral 
blood collected (11,12). This platelet concentrate brings with it 
over 700 proteins, hormones, growth factors, immunomodula‑
tors, and hormones and proteins with biological activity (3,13). 
These factors will stimulate angiogenesis, anabolic processes, 
cell migration, cell differentiation, and proliferation in the 
tissues where they are injected [autograft procedure (14,15)]. 
The present study starts from the promising results of other 
studies with a statistically significant number of cases related 
to PRP injection in the ovaries of poor responders, in patients 
with premature ovarian failure or menopause, studies with 
experimental value but whose results certify the benefits of 
this therapeutic options (16). The method is not yet defined as 
a standard therapeutic option in the infertility protocol in these 
categories of patients (3).

Patients and methods

The present study is a retrospective study conducted between 
February 2019 and February 2020 at the ‘St. Pantelimon’ 
Emergency Hospital in Bucharest and the Genesis Athens 
Bucharest Assisted Human Reproduction Clinic to evaluate 
the effect of ovarian PRP injection in patients with POR. A 
total of 20 patients were selected with a mean age of 37.4 and 
a range of 31 to 44 years. Patients provided a signed informed 
consent regarding the experimental treatment. They had the 
ability to freely withdraw from the study without prejudice at 
any time. Further thay agreed in writing for the use, storage 
and manipulation of the data collected and agreed for all data 
to be published anonymously.

Inclusion and exclusion criteria. The inclusion criteria followed 
the definition for POR patients according to the POSEIDON 
classification. In all cases, the use of PRP was performed after 
at least one human assisted reproduction procedure without 
success, and after PRP injection, in all cases, this was followed 
by at least one human assisted reproduction procedure.

Exclusion criteria were: an association with male infertility, 
endocrine dysfunction, autoimmune diseases, thrombophilia, 
malignancies, infectious diseases, and a family history of 
neoplastic diseases.

Experimental protocol. The PRP injection was performed in 
all cases at least 2 months after the last ovarian stimulation 
procedure. All patients signed informed consent to accept the 
use of this procedure.

The stimulation protocol used was similar, as in the 
previous cycle, with the administration of gonadotropins from 
day 2 of the menstrual cycle [follicular‑stimulating hormone 
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(FSH) recombinant in combination with urinary FSH], with 
the basal determination of plasma estradiol on that day before 
starting stimulation. The initiation of stimulation took place 
only in patients whose estradiol level was below 50 pg/ml. 
Pituitary inhibition was performed with 0.25 mg gonado‑
tropin‑releasing hormone (GnRH) antagonist per day when the 
largest ovarian follicle was at least 14 mm, and oocyte matura‑
tion was achieved by administering 250 mg human chorionic 
gonadotropin (HCG) 30‑34 h before the follicular puncture at 
an average follicular diameter of 18 mm. The follicles were 
aspirated with a negative pressure of 1,120‑1,250 mmHg using 
a single‑lumen needle 17‑G under transvaginal ultrasound 
guidance.

In all cases, the harvested oocytes were analysed, and 
intracytoplasmic sperm injection (ICSI) was performed for all 
oocytes. Luteal phase support was performed in all cases with 
oral or intravaginal progesterone preparations until plasma 
HCG dosing was performed. Embryo‑transfer (ET) was 
performed using fresh embryos or cryopreserved depending 
on the number and quality of embryos obtained and the desire 
of the patients. The maximum number of embryos transferred 
was 2.

Data analysis. Data were collected and compared from all 
patients regarding AMH, FSH, and LH values on day 3 of a 
cycle before, as well as one, two, and six months after the PRP 
injection procedure. The assisted reproduction procedures 
were performed at a minimum of 2 months following the PRP 
injection, in the optimal interval considered 2 to 4 months. 
AMH, FSH, and LH values were assessed on day  3 and 
6 months after injection.

We compared data on the doses of gonadotropins used for 
ovarian stimulation, estradiol value on the day of HCG admin‑
istration, the number of MII oocytes collected, and the number 
of good quality embryos obtained in a cycle preceding PRP 
injection and following the PRP injection.

Embryo quality was assessed on day 2 after ICSI using 
criteria related to cell division rate, the symmetry of blas‑
tomeres and their number, percentage of fragmentation, 
presence, or absence of multinucleated blastomeres (17).

Assessing the number of oocytes in MII is important 
for the success of obtaining good quality embryos and 
subsequently, a pregnancy because although using ICSI can 
theoretically fertilize all oocytes, only those in MII will give 
rise to embryos that can lead to pregnancy (18). After denuda‑
tion, one can identify aspects related to abnormalities of the 
zona pellucida, abnormal cytoplasmic granularity, smooth 
endoplasmic clusters, denatured or abnormal polar globules, 
abnormal perivitelline spaces; all these morphological aspects 
point to obtaining non‑viable embryos (19).

The oocytes in meiosis I (MI) are immature and attempts 
to mature them in vitro in the first 24 h, meets with success 
only in 25‑45% of cases. Of these, the fertilization rate is 
low (51%) and the quality of the embryos is poor. After 
prolonged cultures, most authors report an aneuploidy rate of 
40‑100% (18,19).

PRP injection. Injection of the PRP concentrate was performed 
during the early follicular phase, between days 3‑5 of the 
menstrual cycle (3,20). The PRP preparation was prepared 

in all cases on the day of injection by venous blood collec‑
tion from a forearm vein, in most cases the medial vein of 
the forearm (20). The amount of blood collected was 60‑80 ml 
depending on the technical specifications of the collection kit 
used (EasyPRP kit; Neotec Biotechnology Ltd.) The platelet 
concentration obtained was 250,000‑850,000 platelets/µl.

The injection was performed in two patients during a 
laparoscopic intervention for diagnostic purposes during 
the infertility investigation and in 18 patients by an ultra‑
sound‑guided transvaginal ovarian puncture. The puncture 
was performed in all cases under general intravenous anes‑
thesia. The injection was performed with 2‑4 ml PRP at the 
level of the ovarian parenchyma, the approach of the ovary 
being at a distance from the vascular pedicle to avoid hemor‑
rhagic accidents (3,20). There were no complications related to 
ovarian puncture in any case.

The cases were analyzed before PRP injection by dosing 
on day  3 of the menstrual cycle of FSH, LH, AMH, and 
ultrasound determination of the AFC. The same determina‑
tions were made in the first two cycles after the procedure 
and at an interval of 6 months. We discussed changes in sero‑
logical parameters 1‑2 months after the procedure and then at 
6 months to evaluate the benefits of this therapeutic option and 
the time interval at which we can relate with these possible 
benefits. We compared the number of oocytes, the number 
of MII oocytes collected, the number of embryos, and their 
quality before and after PRP injection.

Statistical analysis. Statistical analysis was performed 
according to the distribution of the values, employing 
parametric tests regarding normally distributed values, 
and non‑parametric tests regarding values lacking normal 
distribution.

Considering the limited number of participants included in 
the study group (n=20), the Kolmogorov‑Smirnov normality 
test was employed to assess whether the tested data origi‑
nated from a normally distributed population. In the case of 
a non‑normal distribution, the non‑parametric Friedman test 
was performed and Nemenyi post‑hoc analysis to compare 
the paired outcomes prior and following PRP treatment. For 
normally distributed values, the parametric paired Student's 
t‑test with unequal variances was employed. Confidence inter‑
vals of 95% (α=0.05) were calculated for each variable, and 
a P‑value <0.05 was considered to be statistically significant.

Results and Discussion

The category of patients with diminished ovarian reserve, 
regardless of etiology, and who are not always of older age, 
faces the huge problem of a small cohort of primary follicles. 
This aspect seems to be related to a reduction in ovarian 
vascularization, with PRP bringing angiogenic factors that can 
improve the pathophysiological phenomena (20). Many studies 
show the benefits of PRP in reducing inflammatory phenomena, 
reducing intraoperative and postoperative bleeding, reducing 
infections, and stimulating osteogenesis. Most studies show 
that vascular endothelial growth factor (VEGF) is involved 
in these processes (14,15,20). The soluble factors present in 
PRP favor the intraovarian environment that stimulates the 
growth of preantral follicles that will have a better response 
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to stimulation with exogenous FSH. However, with advancing 
age, errors appear at the level of DNA synthesis and therefore 
of cell division, with the rate of aneuploidies and congenital 
anomalies being increased (18). For this reason, the time factor 
is essential in finding therapeutic options for these patients for 
whom often the only way to get pregnant is by using donated 
oocytes.

In the present study, the mean age of the patients was 
37.4±4.00 years. The average and standard deviation of the 
ovarian reserve markers found before and after treatment are 
provided in Table I. Before PRP treatment in comparison to 
the following 1st menstrual cycle, LH, FSH, and AFC signifi‑
cantly improved (P<0.05) with the exception for AMH, which 
despite improvement, the difference was not statistically 
significant. In comparison between before PRP treatment and 
the 2nd menstrual cycle, all markers (FSH, LH, AMH and 
AFC) were significantly improved (P<0.05), in particular FSH 
and AFC (P<0.001). At six months after treatment, despite the 
mean values remaining lower than before treatment, the differ‑
ences were not significant. FSH (UI/ml) appeared to register 
a larger decrease during the 2nd menstrual cycle (7.05±1.43) 
rather than the 1st cycle (8.30±2.13) where the significant 
difference reached P<0.001 in comparison to the level before 
PRP treatment (11.50±4.05). Nonetheless, by 6  months 
post‑treatment, the value (11.28±3.23) returns to similar 
levels as prior to treatment. LH (UI/ml) followed a similar 

trend to FSH although the difference between the 1st and 
2nd menstrual cycle (5.10±1.29 and 5.20±1.44, respectively) 
and subsequent recovery to the values before PRP treatment 
were less prominent (before PRP, 7.25±1.92 and at 6 months, 
6.00±2.36).

The AMH level (ng/ml) was increased following PRP 
treatment in both the 1st (0.82±0.33) and 2nd menstrual cycle 
(0.99±0.36) reaching a significant increase (P<0.05) by the 
2nd cycle. By the 6th month following treatment (0.71±0.33), 
its value was significantly decreased (P<0.05) compared to the 
level at the 2nd menstrual cycle post‑treatment, and despite 
remaining slightly higher than pre‑PRP treatment (0.69±0.32) 
the difference was not considered significant.

AFC followed a similar trend as AMH with its value 
increasing significantly from pre‑PRP treatment (3.45±1.15) 
to the 1st (4.85±1.73) (P<0.05) and more so to the 2nd 
menstrual cycle (5.65±1.81) (P<0.001) but by the 6th‑month 
post‑treatment (3.85±1.35), any significant effect had subsided.

Concerning the in vitro fertilisation/ICSI cycles before and 
after PRP treatment, the average value and standard deviation 
of the data collected are shown in Table II. The average dose 
of gonadotropin used was lower following PRP treatment 
(3,801.50±521.68 vs. 4,002.50±856.93), but the same number 
of days were required on average. Neither difference was 
significant. On the other hand, an increase of approximately 
50% in the amount of estradiol achieved by the day of the HCG 

Table I. Ovarian reserve markers before and after PRP treatment.

	 Following PRP injection
	 Before PRP	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Ovarian reserve markers	 Day 3	 1st menstrual cycle	 2nd menstrual cycle	 At 6 months

FSH (UI/ml)	 11.50±4.05	 8.30±2.13a	 7.05±1.43b	 11.28±3.23
LH (UI/ml)	 7.25±1.92	 5.10±1.29a	 5.20±1.44a	 6.00±2.36
AMH (ng/ml)	 0.69±0.32	 0.82±0.33	 0.99±0.36a	 0.71±0.33
AFC	 3.45±1.15	 4.85±1.73a	 5.65±1.81b	 3.85±1.35

Data are represented as mean ± SD. aP<0.05, significant difference in comparison to day 3 pre‑treatment; bP<0.001, significant difference 
in comparison to day  3 pre‑treatment. PRP, platelet‑rich plasma; FSH, follicular‑stimulating hormone; LH, luteinising hormone; AMH, 
anti‑Mullerian hormone; AFC, antral follicular count.

Table II. Cycle performance indicators before and after PRP treatment.

Cycle performance indicators	 Before PRP	 Following PRP

Duration of stimulation (days)	    10.1±2.47	    10.0±1.56
Gonadotropin dose (IU)	 4,002.50±856.93	 3,801.50±521.68
Estradiol (pg/ml) (HCG trigger)	    603.75±262.24	     907.75±386.56b

Cancellation rate	 40.0% (8/20)	 15.0% (3/20)
Retrieved oocytesa	    0.80±0.83	      1.8±1.15
MII oocytes obtaineda	    0.75±0.62	    1.51±0.87
Good quality embryos (A and B)a	    0.33±0.49	    0.76±0.75

aCalculated without taking into account the cancelled cases. Data are represented as mean ± SD or frequency (%). bP<0.05, significant difference 
in comparison to before PRP treatment. PRP, platelet‑rich plasma; HCG, human chorionic gonadotropin; MII, metaphase II.
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trigger day (907.75±386.56 vs. 603.75±262.24) was achieved 
and considered statistically significant with a P<0.001.

The cancellation rate was significantly decreased following 
PRP treatment from 40% (8/20) to 15% (3/20). Concurrently, 
the number of collected oocytes was significantly increased 
to more than double (1.8±1.15 vs. 0.80±0.83) as well as the 
number of oocytes that reached MII (1.51±0.87 vs. 0.75±0.62). 
Unfortunately, despite the increase in the number of embryos 
(of A and B quality) (0.76±0.75 vs. 0.33±0.49), the statistical 
analysis indicated that this increase fell short of the significance 
level set (α=0.073).

It should be noted that the procedures performed after PRP 
injection resulted in two singleton pregnancies obtained in the 
study group, resulting in live births of female fetuses born at 
term and without complications during pregnancy. In one case, 
a spontaneous pregnancy was obtained naturally 45 months 
after PRP and a failed assisted human reproduction procedure.

In conclusion, in the study group, PRP had significant 
benefits for increasing FSH, LH, and estradiol levels but it was 
less efficient for increasing AMH. At 6‑month intervals, the 
values returned to levels similar to those preceding the PRP 
procedure. The number of canceled cycles was significantly 
reduced. A significantly increased number of MII oocytes and 
good‑quality embryos were obtained. After injection of PRP 
by assisted human reproduction procedures, two pregnancies 
were obtained and in one case a pregnancy was obtained 
naturally.

Although the group included a small number of cases, 
the results indicate the benefit of ovarian PRP injection for 
POR. Positive results appear to be short‑term for a period 
of 2‑6 months after the procedure. No adverse reagents or 
complications of the procedure were recorded, so although the 
method remains an alternative and experimental one, it can 
be considered as a therapeutic option for POR patients before 
initiating a new assisted human reproduction procedure after 
correct information and patient consent. The main factor that 
negatively impacts the oocyte quality rate of embryos and the 
pregnancy rate is advanced age, thus this option may have the 
best results in the POR that did not fall into this category. An 
important aspect that should be studied further is related to 
the amount/concentration of PRP vs. the effect, as well as the 
possibility of repeated injections in several cycles. The limita‑
tions of the study are related to a relatively small number of 
cases and the impossibility of establishing clinical, serolog‑
ical, or ultrasound criteria with which to identify the group of 
patients with maximum benefits from the use of this method; 
thus requiring future research.
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