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Abstract Platelet-rich plasma (PRP) is a novel approach in regenerative medicine. Being autologous, it is free from
immunogenic reaction, cross-infection, easy to prepare, and easily accessible to physicians as well as
patients. It has a rich milieu of multiple growth factors and bioactive molecules with capacity of
regenerating tissues. Though there exist multiple protocols for PRP preparation, the common principle
remains achievement of enriched plasma with platelet concentration approximately 4 to 5 times more than
the circulating blood. Autologous PRP has found its potential application in different medical specialties
including reproductive medicine. This study will review the current literature on potential PRP application
in female infertility.
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Key Messages: PRP is platelet-enriched plasma which
has a cocktail of multiple bioactive growth factors with
tissue regenerating ability. It has upcoming role in treating
female infertility due to endometrial and ovarian factor.
The current evidence is mostly from descriptive studies,
pilot studies (single–arm, self-controlled trials) and a few
randomized controlled trials with small sample size. There
is a need for well-designed, large-scale randomized trials
on this subject.

INTRODUCTION

Platelet-rich plasma (PRP) is “plasma volume with high
platelet count.”[1] It is obtained after centrifuging whole
blood to remove red and white blood cells so as to obtain

platelet concentrated plasma, hence, aptly called as
autologous conditioned plasma. This blood-derived
product’s use has gained momentum since last decade
of 20th century in regenerative medicine, including oral
and maxillofacial surgery, orthopedics, sports, and
veterinary medicine.[2]

This study briefly reviews the science behind PRP,
principle of PRP preparation, and its potential
application in management of female infertility.

BIOLOGY OF PRP

The platelets whose concentration is enhanced four to
five times in PRP contain around 1100 proteins with
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numerous post-translational modifications, leading to
formation of more than 1500 bioactive factors.[3,4] The
major functions of these factors are immune system
messengers, enzymes, and their inhibitors and growth
factors helping in promoting tissue repair, healing, and
regeneration. PRP is prepared from autologous whole
blood and contains an array of bioactive growth factors
and cytokines such as fibroblast growth factor, platelet-
derived growth factor, vascular endothelial growth factor,
transforming growth factor, epidermal growth factor, and
interleukin-8.[5]

The important factor behind its easy applicability is
potentially no risk of cross-contamination, immunologic
reaction, or disease transmission. This is by virtue of being
an autologous product.[6] Moreover, it has a low cost,
noninvasive, and easily accessible modality for both
patients and physicians.

PRINCIPLE AND METHOD OF PREPARING PRP

There are multiple available methods of PRP preparation
but the preparation method is not yet standardized.
Although there is variation in speed, duration of
centrifugation, and type of anticoagulant used, yet all
are based on single principle of improving process and
purity of PRP and common aim of achieving a final
product with specific bio-function so as to have a
specific clinical application.

The main process to prepare PRP is “differential
centrifugation” where different constituents are
separated by a certain accelerating force according to
their specific gravity. Amid various available methods of
PRP preparation, the main one is the PRP method. The
anticoagulated whole blood is subjected to centrifugation
in two steps. The first spin (soft) separates the whole blood
in three layers. The bottom most layer has red blood cells
with leukocytes accumulated in a layer just above it. The
middle layer corresponds to PRP, whereas the uppermost
layer has platelet-poor plasma (PPP). The supernatant
plasma is separated, transferred to other tube without
anticoagulant, and subjected to second spin (hard) to
achieve concentrated platelet as pellet. Thus, the second
centrifugation helps in concentrating platelets. Finally, the
PPP is removed and pellet is suspended in smallest final
plasma volume.[7]

TYPES OF PRP

There are four types of PRP based on Dohan Ehrenfest
classification based on the amount of leukocyte (white
blood cell) and fibrin.[8] This classification has been

recommended by multidisciplinary consensus
committee.[9] Accordingly there are P-PRP (pure PRP
with poor leukocytes and low fibrin), leukocyte and PRP
with rich leukocytes and low fibrin, pure platelet-rich fibrin
with poor leukocytes and high fibrin content, and
leukocyte- and platelet-rich fibrin.[10,11] Of all these types,
P-PRP has been used extensively in reproductive medicine.

Recently, there has been an upsurge in the application of
PRP in different medical specialties pertaining to
regenerative medicine. It has been used even in female
infertility successfully. The major use of PRP has been
seen in cases of thin/refractory endometrium, recurrent
implantation failure (RIF), and premature ovarian
insufficiency (POI).

THIN ENDOMETRIUM

Thin endometrium (most often taken as <7mm) is a
clinical challenge to tackle when treating infertility patients
especially those who are undergoing in vitro fertilization
(IVF) treatment. The refractory thin endometrium not
responding to conventional medical treatment can infact
lead to or can be the etiology of RIF .Autologous PRP
with its growth factors and cytokines has the potential for
tissue regeneration. Though use of PRP is listed under
management of thin endometrium in assisted
reproduction of the clinical guideline published in July
2019 from the Canadian Fertility and Andrology Society,
but the level of evidence recommended is weak.[12]

The first clinical use of PRP for thin endometrium was
reported by Chang et al. from China in 2015. It was a
descriptive study carried out on five women undergoing
IVF who had thin endometrium after conventional
hormone therapy. Intrauterine PRP instillation was
performed, one to two times per cycle. The
endometrial thickness (ET) improved in all and four
women had successful conception. After this, many
descriptive studies (case reports and series) and pilot
studies were published and showed promising
results.[13] In 2016, Farimani et al. conducted a single-
blind pilot study to test hypothesis that intrauterine PRP
can enhance the pregnancy outcomes of frozen-thawed
embryo transfer (FET). They recruited nine women with a
history of RIF, six (66.6%) women achieved clinical
pregnancy.[14] In 2017, Farimani et al. reported a
successful pregnancy after the use of intrauterine PRP
to improve endometrial receptivity in a 45-year-old
woman with primary infertility with the history of two
IVF failures.[15] In the same year, Zadehmodarres et al. did
a pilot study on 10 patients with a history of refractory
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endometrium in FET cycles. Intrauterine PRP instillation
resulted in optimum endometrial growth in all 10 women
after two instillations.[16]

Subsequently in 2018, two studies were published. Wang
et al. in his prospective study administered intrauterine
PRP infusion after hormone replacement therapy on
20 women undergoing IVF with refractory thin
endometrium history.[17] They demonstrated a
significant endometrial improvement and 60% rise in
pregnancy rate. They also observed a dose-dependent
cell proliferation and migration, induced by PRP with
maximum proliferation at a 2% PRP dose. Eftekhar et al.
conducted a randomized clinical trial on 83 women with
poor endometrial response to standard hormone
replacement therapy (endometrium thickness <7mm)
in the 13th day of the cycle in a FET.[18] All 40 women
in intervention group received intrauterine PRP
instillation compared to no intervention in control
group (n= 43). They observed significant improvement
in ET (P= 0.001) with significantly higher implantation
rate and per-cycle clinical pregnancy rate (P= 0.002).

Chang et al., later in 2019, conducted a prospective
cohort study on 64 participants and demonstrated a
positive impact of PRP in enhancing endometrium
proliferation, improving embryo implantation rate and
clinical pregnancy rate for women with thin endometrium
in FET cycles.[19] They concluded that PRP has a positive
role in promoting endometrium proliferation and
improving embryo implantation rate and clinical
pregnancy rate for women with thin endometrium in
FET cycles. Significant improvement in endometrium
vascularity has also been described.[20]

Other authors also showed significant increase in ET in
women with thin endometrium.[6,21,22] However, this
needs to be confirmed by large randomized and
controlled trials.

In 2020, in a pilot study, Agarwal et al. studied a novel
approach of hysteroscopic instillation of PRP into
endomyometrial junction in 32 women with a history of
embryo transfer cancellation due to thin endometrium to
see the effect on endometrial vascularity and thickness.
They demonstrated an improvement of ET and vascularity
with higher pregnancy rates in cases of previously cancelled
embryo transfer due to a thin endometrium.[23]

Hence, there is a role of PRP in improving ET, vascularity,
and enhancing clinical pregnancy rates but the level of
evidence is low.

RECURRENT IMPLANTATION FAILURE

The RIF is a clinically challenging situation for ART
physicians.

Implantation failures are due to either poor embryo
quality or defect in endometrial receptivity. There is
an emergence of new trends in managing RIF via
interference with endometrial receptivity. Different
therapies have been suggested for managing RIF, but
the most effective treatment modality is yet to be given
consensus upon. These approaches are hysteroscopy,
endometrial scratching, blastocyst transfer, and
assisted hatching. Off late, intrauterine PRP
instillation has been suggested as a modality to
promote endometrial growth and receptivity.[24] Nazari
et al. did a randomized controlled trial on 138 women
who failed to conceive after three or more, high-quality
embryo transfers and candidate for FET. Intrauterine
infusion of 0.5ml PRP was given. The study group had
significantly higher chemical as well as clinical pregnancy
rate. Thus they concluded that intrauterine PRP may be
effective in the improvement of pregnancy outcome in
RIF.[25]

Similar results were also observed by Zamaniyan et al. in
RCT carried out on 98 women with RIF.[26]

Aghajanzadeh et al. did study on 30 women with RIF
submitted to FET cycles to see the effect of intrauterine
PRP on reproductive outcomes. The implantation rate
observed in the PRP group was 6.7%. No significant
difference was found between the implantation, clinical
pregnancy, ongoing pregnancy, and miscarriage rates of
FETs with and without PRP infusion. But the effect size
of PRP infusion on implantation rates showed a medium
strength relationship.[27]

In 2019, a meta-analysis carried out by Maleki-Hajiagha
et al. to evaluate the effect of the intrauterine infusion
of PRP on the outcome of embryo transfer in women
undergoing IVF/intracytoplasmic sperm injection (ICSI)
included seven studies on 625 patients (311 cases and 314
controls). Three were randomized controlled trials and
four were cohort studies. The probability of chemical
pregnancy (P < 0.001), clinical pregnancy (P < 0.001),
and implantation rate (P < 0.001) was significantly more
in patients who received PRP therapy compared
with control. There was significant improvement in ET.
This meta-analysis suggested PRP as an alternate
treatment approach in patients with thin endometrium
and RIF.[28]
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In 2021, Tehraninejad et al. in a randomized controlled
trial on 85 women with RIF (42 cases and 43 in control
group) undergoing FET cycle received intrauterine PRP
instillation 48 hours prior to embryo transfer. The
pregnancy outcomes, including biochemical, clinical,
and ongoing pregnancy (≥20 weeks of gestation) rates,
were similar between the PRP (35.7%, 31.0%, and 26.8%,
respectively) and control (37.2%, 37.2%, and 25.6%,
respectively) groups. They concluded that PRP is not
an effective adjuvant treatment for IVF of patients with
RIF and normal ET undergoing embryo transfer. As per
their findings, even if PRP has any positive effect on the
endometrial function and receptivity, it should be given
only to individuals with features of endometrial growth
failure and a thin endometrium.[29]

Dieamant et al. studied the concept of a protocol labeled
as PRIMER.[30] They conducted a randomized controlled
trial on 66 women using this new protocol for endometrial
receptivity improvement (PRIMER) based on PRP
and granulocyte colony-stimulation factor (G-CSF) in
women with RIF to improve pregnancy rates. As per
this protocol, intrauterine PRP injection along with
subcutaneous G-CSF-injection was given. The study
group patients were given 0.7ml of intrauterine PRP
injection 48 hours before the embryo transfer. G-CSF
(300mg/0.5ml) was started simultaneously to PRP and
thereafter given as subcutaneous injection every week.
The use of PRIMER in women with RIF achieved similar
ongoing pregnancy and live birth rates as in women with
first IVF/ICSI cycle (P= 0.99). Thus concluded that this
therapeutic protocol (PRIMER) is simple, free of
complications, and has promising outcome. More
studies are awaited on this protocol.

Hence, though the existing literature is limited, but over
last few years, the quality of study design has seen an
improving trend. This needs to be enhanced further.
There is an evident need of well-powered and well-
designed randomized trials to support PRP therapy for
RIF treatment.

PREMATURE OVARIAN FAILURE

Recent times are witnessing a large increase in the age of
first conception due to career-oriented approach of
modern women .Hence, they are likely to land in
ovarian insufficiency by the time they plan to have
baby. With rising age, both quality and quantity of the
oocytes decline. The remedy to resultant infertility due to
ovarian insufficiency has been either IVF treatment with
donor oocyte or adoption. The aged oocytes have

tendency to give rise to errors in cell division, leading
to higher rates of aneuploidy and congenital
malformations. Lately, attempts to restore or rejuvenate
function of ovary have been made and are under
investigation to circumvent these events. The use of
autologous PRP is one such modality which is being
used in poor ovarian reserve (POR) or diminished
ovarian reserve, POI, etc.[31] This is based on the
theory of presence of oogonia stem cells which in
experimental models have shown potential to
differentiate into newer follicles and oocytes.

Again, the data addressing this issue is very limited. In
2020, Panda et al. conducted a systematic review to
evaluate the efficacy of intraovarian infusion of
autologous PRP in patients with POR or ovarian
insufficiency.[32] This review analyzed four studies.[33-36]

Melo et al. (Venezuela) conducted a nonrandomized
clinical trial on 46 infertile women (against 37 controls)
planning for intrauterine insemination (IUI)/IVF with (i)
age ≥38 years, (ii) baseline follicular-stimulating hormone
(FSH), day 3 of the menstrual cycle > 12 mIU/ml, (iii)
anti-Müllerian hormone (AMH)<0.8 ng/ml. Intraovarian
(cortex) (200 μl) PRP injection was given once between
day 7 and day 9 of themenstrual cycle for three consecutive
cycles (cycles 1, 2, and 3).[33] After treatment completion
with PRP, participants were advised to undergo IVF/ICSI,
IUI, or timed intercourse as soon as the next menstrual
cycle started. Post-treatment, there was significant
improvement observed in ovarian reserve parameters
(increase in median value of AMH and antral follicle
count [AFC] and decrease in FSH) (P < 0.001)
compared to pretreatment.

In 2020, Cakiroglu et al., Sfakianoudis et al., and Sills et al.
did quasi-experimental (single-arm study, pre- and post-
treatment) study at Turkey, the United States, and Greece,
respectively.[33-36] Cakiroglu et al. did study on 311 infertile
women with POI. Trans-vaginal intraovarian injection of
about 2 to 4ml PRP was administered in both ovaries. The
injection was given on random day in amenorrheic
women, whereas in those with oligomenorrhea, PRP
was injected within 10 days after completion of
menstruation bleeding. Post-treatment, a significant rise
in AMH and AFC was observed, but decrease in FSH was
not significant. On the one hand, Sfakianoudis et al.
conducted four pilot studies, on cohort of 30 each of
women with POR, POI, perimenopause, and menopause.
On the other hand, Sills et al. did the study on 182 women
with POR with at least one previous failed IVF cycle in
perimenopausal or menopausal age. Both these authors
evaluated postintraovarian PRP injection, ovarian reserve
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parameters (AFC and AMH), and observed a significant
increase.

The outcome of the ICSI cycle was also studied in three
studies.[33-35] There was significant improvement in total
number of oocytes retrieved, number of two-pronuclei
(2Pn) embryos, fertilization rate, number of cleavage
stage embryos, number of good quality embryos, and
lower cycle cancellation rate postintraovarian PRP
infusion when compared with the cycle without PRP
infusion.[33-35]

Petryk and Petryk did a single-arm study on 38 women
between 31 and 45 years of age with POR and at least two
unsuccessful attempts to receive their oocytes through
IVF. The ovarian rejuvenation was performed by injecting
under ultrasound guidance or laparoscopic approach.
They observed that higher platelet concentration in
PRP being injected (about 1 × 106 μl) gives long-lasting
results, within 12 months, after a single injection.[37]

Due to absence of homogeneity in the existing studies on
role of intraovarian PRP therapy, meta-analysis is lacking.
Thus again there is need of better quality study designs
and trials.

OVARIAN TORSION

Torsion in ovaries can be a common cause of ischemic
injury leading to decreased follicular function and
infertility. PRP which has growth factors has
demonstrated cytoprotective action in animal (rat)
model, where 60 adult female rats were exposed to
ischemia and bilateral adnexal torsion for 3 hours.
Intraperitoneal PRP was given 30 minutes before
ischemia in one group. This was followed by de-
torsion. The oxidative stress levels, histopathologic
changes, and reperfusion injuries were lower in the
PRP group. The authors concluded that PRP led to
ischemia prevention and reperfusion damage in rat
ovary.[38] This use of PRP in animal model strengthens
the regenerative potential of PRP.

CONCLUSION

Although the literature is limited, yet demonstrates
promising effect of PRP therapy in infertile women by
increasing ETand vascularity, improving AMH, recovering
AFC, and decreasing FSH levels, as well as increasing
chemical and clinical pregnancy rates. There is definitely
dearth of standardized protocol for PRP preparation. With
the encouraging results of existing studies, it is necessary

to standardize PRP preparation protocols for various
therapeutic functions. Moreover, issue of lack of well-
designed, high-quality, large randomized controlled
trials needs to be addressed in future studies. Till then,
PRP use is more of experimental therapy.
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