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ABSTRACT
Objective: To evaluate whether platelet-rich plasma
(PRP) optimizes endometrial thickness (EMT) and

improves live birth rates (LBR) in women with refractory
thin endometrium due to varied aetiology during fresh in
vitro fertilization (IVF) and frozen-thawed embryo transfer
(FET).

Methods: A prospective interventional study was
conducted at the ART Centre of a tertiary care academic
hospital. Twenty-two infertiie women with refractory
thin endometrium (<7mm) despite standard hormone
replacement therapy were assessed. Twenty patients
underwent 26 PRP cycles from December 2018 - June
2020 during fresh IVF-ET and FET. Primary endpoint
was expansion of EMT and secondary outcomes were
implantation rate (IR), clinical pregnancy rate (CPR) and
LBR in fresh and FET cycles and aetiology wise.

Results: Mean EMT increased significantly following
PRP administration (p<0.001) with average increase of
1.07mm and 0.83mm after first PRP (p<0.001) during
fresh IVF and FET, respectively. CPR, IR and LBR showed
no significant difference when compared during fresh vs.
FET cycles (p>0.05). PRP led to significant increase in EMT
in tuberculosis (TB), diminished ovarian reserve (DOR) and
polycystic ovary syndrome (PCOS) (p<0.001). There was
no significant difference in CPR, IR and LBR among three
aetiological factors (p>0.05). Overall, clinical pregnancy
and LBR reached up to 20% and 25%, respectively. No
adverse reactions were reported.

Conclusions: PRP enhances EMT significantly during
fresh and FET cycles in thin endometrium associated with
TB, PCOS and DOR, thus improving the CPR and LBR in
these low prognosis patients.

Keywords: refractory thin endometrium, PRP, fresh IVF,
frozen embryo transfer, endometrial thickness

INTRODUCTION

Endometrium thickness of < 7mm on the day of ovu-
lation, or at the day of human chorionic gonadotrophin
(HCG) injection in fresh in vitro fertilisation (IVF) cycles or
the day of starting progesterone in frozen-thawed embryo
transfer (FET) cycles is characterised as thin endometrium
(Liu et al., 2019). It had already been substantiated in a
large number of studies that endometrial thickness (EMT)
and its pattern were independent factors that influenced
pregnancy outcomes. Thin endometrium was pondered
as an independent adverse prognostic factor for attaining
pregnancy in women, whether or not with ovarian stimu-
lation (Zhao et al., 2014; Zhang et al., 2018; Von Wolff et

al., 2018; Bu et al., 2019). Thin endometrium has been as-
sociated with lower implantation and pregnancy rates, and
its incidence rate is about 2.4% in individuals undergoing
assisted reproductive technology (ART) cycles (Mahajan &
Sharma, 2016).

In females with a normal uterine cavity with a per-
sistent thin lining, several modalities have been explored
to improve endometrial thickness, including the use of
exogenous estrogens, vaginal sildenafil, low-dose aspirin,
and granulocyte-colony stimulation factor (Weckstein et
al., 1997; Sher & Fisch, 2002; Chen et al., 2006; Gleicher
et al., 2013). Still, a large fraction of women with thin en-
dometrium remains noncompliant to such therapies. Plate-
let-rich plasma (PRP) as a novel therapeutic modality in
the management of poor responders to HRT has revealed
encouraging results in preliminary studies. Instigating ef-
fect of PRP has been revealed on endometrial cell prolif-
eration and migration, as well as expression of humerous
factors inherently involved in endometrial regeneration
and repair (Aghajanova et al., 2018).

PRP has been substantially used in orthopaedics, dental
and plastic surgery, diabetic wound healing, and dermatol-
ogy to sustain tissue growth and repair (Cervelli et al.,
2009; Jo et al., 2013; Picard et al., 2015). Its use has been
minimally investigated to date in obstetrics and gynae-
cology practice. Numerous growth factors and cytokines
(e.g., VEGF, TGFB, PDGF, IGF1, FGF, EFG, HGF, CXCL12,
and CCL5) amass in platelets and are released at the site
of injury or inflammation during platelet activation. Plate-
let-derived factors are vital for endometrial progenitor cell
activity (Gargett et al., 2008), and PDGF isoforms notably
prop up endometrial stromal cell proliferation, migration,
and contractility (Matsumoto et al., 2005).

Numerous studies have substantiated the effectiveness
of local administration of PRP in attaining successful im-
plantation in women with thin endometrium undergoing
FET cycles. In contrast, there is a paucity of data on the
use of PRP in women with persistent thin endometrium
planned for fresh IVF-ET cycles. Results of some studies
(Paulson et al., 1990; Hadi et al., 1994) have suggest-
ed that endometrial receptivity is noticeably weakened
in ovarian stimulation cycles as well, and is one of the
rate-limiting factors of IVF (Gonen & Casper, 1990).

The role of PRP in increasing EMT and improving preg-
nancy and live birth rates concerning the underlying etio-
logical factor of infertility has not been explored till date.
Thin endometrium has been observed in women suffering
from PCOS with hyperandrogenemia (Indhavivadhana et
al., 2017). Also, women having PCOS undergo multiple
ovulation induction cycles with clomiphene before IVF. Clo-
miphene diminishes endometrial receptivity by impairing
endometrial development and uterine blood flow, which
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results in endometrial thinning in 15-50% of patients. It
may lead to subsequent implantation failure and may also
induce early pregnancy loss due to luteal phase defect
(Hsu et al., 1995; Thessaloniki ESHRE/ASRM-Sponsored
PCOS Consensus Workshop Group, 2008). Women with
DOR have a reduced cohort of recruitable antral follicles,
with resultant decreased estradiol production, in contrast
to women with a normal or high ovarian reserve (Scheffer
et al., 2003). Estradiol levels have a bearing on endometri-
al thickness (Kasius et al., 2014). The tubal factor infertility
secondary to genital tuberculosis (TB) involves the endo-
metrium in 50-80% cases (Sharma et al., 2008), making
it pale and non-receptive. Whether PRP can increase the
endometrial thickness in these underlying etiologies is a
subject of interest.

Therefore, the present study was held to appraise the
role of PRP during fresh IVF and FET cycles and to explore
the benefits of PRP concerning underlying factor of infer-
tility if PRP can be employed in a specific subset of women
with thin endometrium with greater success in achieving
pregnancy. The primary endpoint was the expansion of
EMT during fresh IVF and FET cycle and according to the
factor of infertility. The secondary outcomes were implan-
tation rate, clinical pregnancy rate and LBR in fresh and
FET cycles and aetiology wise.

MATERIALS AND METHODS

Study design

A prospective interventional cohort study was con-
ducted at the Assisted Reproductive Technology Centre
of a tertiary care hospital from December 2018 to June
2020. The research plan was accepted by the Insti-
tute Ethics Committee and was registered prospectively
(CTRI/2018/12/016799). All participants provided written
informed consent prior to recruitment. The study was car-
ried out in accordance with the Helsinki declaration.

Study population and participants

Infertile women of age less than 38 years who have
EMT persistently less than 7mm on baseline endometrial
evaluation before IVF despite standard HRT and hystero-
scopically normal endometrial cavity and women with a
history of cycle cancellation during FET cycles due to per-
sistent thin endometrium were included in the study. All
women with distorted endometrial cavity because of recur-
rent adhesions, submucous fibroids, endometrial polyps;
severe endometriosis; adenomyosis and uterine anomalies
were excluded from the study. EMT was measured at its
thickest part in the sagittal plane of the uterus and was
performed by the same clinician using a transvaginal probe
of 5 to 9 MHz, on GE Voluson S6 (Voluson, GE Healthcare,
India). Thin endometrium was defined as EMT < 7mm.

Methodology (Fig. 1)

In women with a history of cancelled FET cycles due
to persistent thin endometrium, HRT in the form of estra-
diol valerate 6mg/day orally (Tab Progynova 2mg; Zydus
Cadila, India) starting from menstrual cycle day two was
given to all the participants for endometrial preparation.
Transvaginal ultrasound (TVS) was done on day 8. If EMT
was less than 7mm, PRP was prepared and infused into the
uterine cavity using an intrauterine (IUI) catheter. EMT and
pattern were reassessed every 48 hours, and PRP infusion
was repeated if required. When EMT reached more than
7mm, Injection progesterone 100 mg intramuscular (Inj
Susten 100mg/ml, Sun Pharma Laboratories Limited, In-
dia) daily was started, and embryo transfer was performed
on day 3 or 5 accordingly.

In patients planned for fresh IVF cycles who were being
evaluated for thin endometrium with a normal endometrial
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cavity in hysteroscopy, HRT in the form of estradiol valer-
ate 6mg/d orally (Tab Progynova 2mg; Zydus Cadila, In-
dia) starting from menstrual cycle day 2 in an unstimulated
(mock) cycle was given to all the participants for endome-
trial preparation. TVS was done on day 8. If EMT was less
than 7mm, PRP was infused into the uterine cavity. EMT
and pattern were reassessed every 48 hours, and PRP infu-
sion was repeated if required. The patients were recruited
in the present study for fresh IVF only when EMT reached
7mm. IVF was done according to the flexible GnRH an-
tagonist protocol. During the stimulated cycle, if adequate
EMT was obtained (>7mm) during ovarian stimulation, the
cycle was completed as per protocol, and no PRP was in-
fused. If EMT was less than 7mm on day 8, intrauterine
PRP was administered. EMT was reassessed after 48 hours,
and PRP infusion was repeated if required. The maximum
number of PRP infusions was limited to three. The cycle
was completed with ovulatory trigger (hCG or dual) when
2-3 follicles achieved 18mm diameter followed by oocyte
retrieval after 34-36 hours. Embryo transfer was carried
out on day 3 or 5 depending on embryo quality as assessed
based on the Istanbul consensus (Alpha Scientists in Re-
productive Medicine and ESHRE Special Interest Group of
Embryology, 2011) only if EMT was more than 7mm on the
day of trigger.

Luteal phase support after embryo transfer was given
with intramuscular injections of progesterone 100mg/day
(Inj Susten, 100mg/ml, Sun Pharma Laboratories Limit-
ed, India). Serum B-hCG was measured two weeks after
embryo transfer, and if positive, TVS was performed after
another two weeks to confirm clinical pregnancy. Estradiol
was also continued during the luteal phase until cardiac
activity if pregnancy occurred.

Method of autologous PRP preparation

PRP was prepared from autologous blood under asep-
tic conditions using a two-step centrifuge process (Zadeh-
modarres et al., 2017). Fifteen millilitres of venous blood
were drawn in a vial containing anticoagulant solution
ACD-A (Anticoagulant Citrate Dextrose Solution, Solution
A) and centrifuged immediately at 175g for 12 minutes to
separate the red blood cells. The plasma and buffy coat
were collected in another empty tube and centrifuged again
at 1300g for 7 minutes. The resulting pellet of platelets
was mixed with 1 ml of supernatant and 0.5-1ml of PRP
was instilled into the uterine cavity with an IUI catheter
under ultrasound guidance within one hour of preparation.
The technique of PRP preparation was standardised before
the study to achieve platelet counts above 1,000,000/uL.

Primary and secondary outcomes of the study

The primary endpoint was the expansion of EMT during
fresh and FET cycle and according to the factor of infertility.
The secondary outcomes were pregnancy rates (calculated
per embryo transfer) in fresh and FET cycles and aetiology
wise. Biochemical pregnancy was defined as serum B-hCG
value of < 100IU detected two weeks after embryo trans-
fer and other failing values with no gestational sac. Clinical
pregnancy was defined as evidence of pregnancy by visu-
alisation of intrauterine gestational sac and foetal pole with
a heartbeat on an ultrasound performed four weeks after
embryo transfer. Implantation rate was defined as the ratio
of the number of gestational sacs and the total number of
embryos transferred. Live birth rate was defined as birth
after 22 completed weeks of gestation with any evidence
of life.

Statistical Analysis

Data was analysed using statistical software STATA
version 14.0. Continuous variables were tested for nor-
mality using the Kolmogorov-Smirnov test. Descriptive
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Figure 1. Algorithm depicting eligibility and recruitment criteria of participants in the study.

statistics such as mean, standard deviation and range val-
ues were calculated for normally distributed data. Com-
parison of mean values between the groups was tested
using the independent t-test /ANOVA test as appropriate.
Changes in measurement from before post-intervention
within the group were compared using the paired t-test.
For non-normal data, median and inter-quartile range val-
ues were calculated and compared using the non-paramet-
ric Mann-Whitney U test. Categorical variables were pre-
sented as frequency and per cent values. Frequency data
of categorical variables were compared using Chi-square/
Fisher’s exact test as appropriate. For all statistical tests, a
two-sided probability of p-value <0.05 was considered for
statistical significance.

RESULTS

A total of 20 patients were enrolled in the study af-
ter assessing the eligibility criteria. The average age of

the study population was 32.35+3.89 years with mean
BMI of 25.6%4.14 kg/m?2. The mean duration of infertil-
ity was 7.85%+4.61 years. The mean baseline EMT was
4.79+£0.73mm and mean EMT after oestrogen priming
was 5.57+0.57 mm. Basal FSH, LH, AMH and antral follicle
count (AFC) are summarised in Table 1.

These women underwent 26 cycles of PRP, which were
evaluated for an increase in EMT after PRP administration.
Three patients did not undergo embryo transfer, and there-
fore only 23 cycles were assessed for pregnancy rates. One
patient had empty follicle syndrome, a second patient had
no live embryos after thawing, and a third patient with
PCOS underwent a freeze all approach to prevent OHSS.

Out of 26 PRP cycles, 14 (53.8%) were fresh IVF and 12
(46.2%) were FET cycles. Tubal factor secondary to genital TB
was present in 13 (50.0%) cycles; PCOS was the cause of infer-
tility in five (19.2%) cycles whereas diminished ovarian reserve
(DOR) was the underlying factor in eight (30.8%) cycles.
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Table 1. Patient characteristics (n=20).

Parameters Mean * SD
Age (years) 32.35+3.89
BMI (kg/m2) 25.6+4.14
Duration of infertility (years) 7.85+4.61
Basal FSH (mIU/I) 5.74+1.66
LH (mIU/l) 4.4+1.86

AMH (ng/ml) 5.06+5.00
AFC (n) 12.05+7.05

During fresh IVF, flexible antagonist protocol was used
in all cycles. Recombinant hCG was used as a trigger in
six cycles, and the dual trigger was given in the remaining
eight cycles. The mean number of oocytes retrieved was
8.15+5.27. Embryo transfer was done on either day 3 or
5 depending on embryo quality as assessed based on the
Istanbul consensus. Mean number of embryos transferred
was 2.4+0.67.

All patients during FET cycles received the HRT proto-
col. Mean number of embryos transferred was 2.4+0.67.
Patients received no more than three infusions of PRP.

Comparison of primary and secondary outcomes
in fresh vs. FET cycles (Table 2)

During Fresh IVF, mean + SD EMT before PRP was
5.83+0.81mm and after PRPwas 7.14+0.54mm (p<0.001).
After administration of the first dose of PRP, mean EMT
rose significantly (p<0.001) to 6.91+£0.72mm. During FET
cycles, mean EMT before PRP was 5.52+0.89mm and after
PRP was 7.14+0.68mm (p<0.001). The first dose of PRP
led to increase in EMT to 6.35+1.05mm (p<0.001). The
mean EMT before PRP, after PRP and average increase after
first PRP, was comparable in fresh vs. FET cycles (p>0.05).
The endometrial pattern was triple layered during all PRP
cycles.

The number of PRP infusions required was two in seven
(50%) cycles. EMT reached desired thickness with only one
dose in the remaining seven (50%) cycles during Fresh IVF
whereas, in FET, eight cycles (66.6%) required two doses,
three cycles (25%) needed one dose and only one cycle
(8.33%) required three doses to achieve the desired thick-
ness. However, the number of PRP infusions required was
statistically insignificant when fresh and FET cycles were
compared (p=0.313).

Two patients did not undergo embryo transfer in fresh
IVF cycles. Clinical pregnancy (per transfer) was confirmed
in 25% (3/12) of the patients; one of them had a twin ges-
tation. There was no biochemical pregnancy. Implantation
rate (IR) was 13.8% (4/29) and live birth rate (LBR) was
33.3% (4/12). Two patients underwent caesarean sections
at term, and one had a preterm twin vaginal delivery.

During FET, one patient had no live embryos after thaw-
ing. Only two patients conceived, one had confirmed clini-
cal pregnancy (1/11; 9.1%), and another had a biochem-
ical pregnancy. Implantation rate was 3.8% (1/26) with
LBR of 9.1% (1/11). There was no significant (p>0.05) dif-
ference between CPR, IR and LBR per transfer in fresh vs.
FET cycles (25%, 13.8%, 33.3% vs. 9.1%, 3.8%, 9.1%,
respectively).

None of the cycles was cancelled in fresh IVF or FET.
There were no adverse reactions related to PRP adminis-
tration.

Primary and secondary outcomes comparison by
aetiology (Table 3)

Tubal factor - Eleven patients underwent 13 PRP cy-
cles during fresh IVF and FET. All women had laparoscopic
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evidence of TB with a history of intake of anti-tubercular
treatment (ATT) for 6-9 months. Two patients had a history
of hysteroscopic adhesiolysis as well. The mean EMT before
PRP was 5.51+1.04mm and after PRP was 7.15+0.61mm
(p<0.001). Mean EMT rose to 6.55+0.87mm after infu-
sion of the first dose of PRP with a significant increase of
1.03mm (p<0.001).

Diminished Ovarian reserve - Six patients under-
went eight PRP cycles. The mean AMH was 1.82+1.1ng/
ml with mean AFC of 7.83+2.8. The mean EMT before
PRP was 6.01+0.56mm and after PRP was 7.42+0.44mm
(p<0.001). There was a significant average increase of
1.05mm in EMT after first PRP (p=0.002).

PCOS - There were only three patients in this group
who underwent five PRP cycles. The mean AMH and AFC
were 11.8+4.6ng/ml and 21.7+6.8. The mean EMT be-
fore PRP was 5.62+0.61mm, after PRP 6.68+0.58mm
(p<0.001). The average increase in EMT after first PRP was
0.64mm (p=0.026).

There was no significant difference in mean EMT before
PRP, after PRP or average increase after first PRP among
the three groups (p>0.05). The number of doses of PRP
required to achieve the desired thickness was also compa-
rable in the three aetiologies (p=0.433) (Table 3).

Three patients conceived with no biochemical pregnan-
cy in women with tubal factor infertility. Clinical pregnan-
cy rate per transfer was 23.1% (3/13), and IR was 9.1%
(3/33). All three patients had a caesarean section at term,
yielding a LBR of 23.1% (3/13).

In the DOR group, one patient had a twin preterm
vaginal delivery (CPR- 16.7% {1/6}, IR- 16.7% {2/12}),
and another had a biochemical pregnancy. LBR was 33.3%
(2/6). None of the patients conceived in the PCOS group.
There was no significant difference between CPR, IR and
LBR among the three etiological factors (p>0.05).

Comparison between conception vs. non-concep-
tion cycles (Table 4)

When cycles were divided into conception and non-con-
ception subgroups, the number of fresh vs. FET cycles and
the underlying etiological factor was comparable in both
groups (p>0.05). The baseline EMT was also comparable in
women who conceived and women who did not (p>0.714).
The mean EMT before PRP was 5.6+0.62mm, and after PRP
was 7.3+£0.27mm (p=0.010) in conception cycles, where-
as in non-conception cycles mean EMT before PRP was
5.7£0.90mm and after PRP was 7.1+0.65mm (p<0.001).
However, there was no significant difference in mean EMT
before and after PRP in the two groups (p>0.05).

DISCUSSION

Reports on clinical applications of PRP have vividly in-
creased over the last decade. One cannot lay off the crit-
ical role played by platelet-derived growth factors on cell
proliferation and neo-endothelial cell generation, which
are chief elements in apt endometrial receptivity. In the
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Table 2. Comparison of primary and secondary outcomes during fresh IVF vs. FET.

Outcome Fresh IVF (n=14) FET (n=12) p-value
EMT before PRP (mm) 5.83+0.81 5.52+0.89 0.349
EMT after PRP (mm) 7.14+0.54 7.14+0.68 0.996
p-value <0.001 <0.001
EMT after first PRP (mm) 6.91+0.72 6.35+1.05 0.123
Average increase after first PRP (mm) 1.07 0.83 0.267
p-value <0.001 <0.001
Number of PRP infusions n (%) 0.313
One 7 (50%) 3 (25%)
Two 7 (50%) 8 (66.6%)
Three 0 (0%) 1 (8.33%)
CPR per embryo transfer (%) 3/12 (25%) 1/11 (9.1%) 0.590
IR per embryo transfer (%) 4/29 (13.8%) 1/26 (3.8%) 0.355
LBR per transfer (%) 4/12 (33.3%) 1/11 (9.1%) 0.317
Data are mean + SD
CPR: Clinical pregnancy rate; IR: implantation rate; LBR: live birth rate
Table 3. Comparison of primary and secondary outcomes by aetiology types.
Tubal (n=13) DOR (n=8) PCOS (n=5) p-value
EMT before PRP (mm) 5.51+1.04 6.01+0.56 5.62+0.61 0.435
EMT after PRP (mm) 7.15+0.61 7.42+0.44 6.68+0.58 0.086
p-value <0.001 <0.001 <0.001
EMT after first PRP (mm) 6.55+0.87 7.06+0.96 6.26+0.86 0.268
Average increase after first PRP (mm) 1.03 1.05 0.64 0.340
p-value <0.001 0.002 0.026
No of PRP infusions n (%) 0.433
One 4 (30.8%) 5 (62.5%) 1 (20%)
Two 8 (61.5%) 3 (37.5%) 4 (80%)
Three 1 (7.7%) 0 (0%) 0 (0%)
CPR per embryo transfer (%) 3/13 (23.1%) 1/6 (16.7%) 0/4 (0%) 0.789
IR per embryo transfer (%) 3/33 (9.1%) 2/12 (16.7%) 0/10 (0%) 0.553
LBR per transfer (%) 3/13 (23.1%) 2/6 (33.3%) 0/4 (0%) 0.657
Data are mean* SD
CPR, Clinical pregnancy rate; IR, implantation rate; LBR, live birth rate
Table 4. Characteristics of conception vs. non-conception cycles.
Conception cycles Non conception cycles p-value
(n=5) (n=21)
Number of fresh vs. FET cycles 0.995
Fresh IVF, n (%) 3 (60%) 11 (52.4%)
FET, n (%) 2 (40%) 10 (47.6%)
Underlying aetiology 0.660
Tubal factor, n (%) 3 (60%) 10 (47.6%)
DOR, n (%) 2 (40%) 6 (28.6%)
PCOS, n (%) 0 (0%) 5 (23.8%)
EMT characteristics
Baseline EMT, mm 4.94+0.72 4.81+0.69 0.714
EMT before PRP, mm 5.60+0.62 5.70+0.90 0.817
EMT after PRP, mm 7.28+0.27 7.11+0.65 0.533
p-value 0.010 <0.001

Data are mean + SD.
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present study, twenty women with persistent thin endome-
trium underwent 26 cycles of PRP. Fourteen (53.8%) were
fresh IVF and 12 (46.2%) were FET cycles. Tubal factor
secondary to genital TB was present in 13 (50.0%) cycles;
PCOS was the cause of infertility in five (19.2%) cycles,
whereas DOR was the underlying factor in eight (30.8%)
cycles.

To the extent of available facts, this is apparently the
first study to report LBR after PRP administration in re-
fractory thin endometrium in non-donor fresh IVF cycles.
Also, LBR has been compared concerning the underlying
factor of infertility. Mean EMT increased significantly af-
ter PRP administration during both fresh and FET cycles
(p<0.001). There was no significant (p>0.05) difference
between CPR, IR and LBR per transfer in fresh vs. FET
cycles (25%, 13.8%, 33.3% vs. 9.1%, 3.8%, 9.1%, re-
spectively).

LBR has been reported in only two studies to date. Mo-
lina et al. (2018) reported an LBR of 26.3% in 19 wom-
en with a history of refractory thin endometrium with at
least one failed IVF attempt. However, this study includ-
ed 31.6% donated oocyte cycles. LBR in non-donor cycles
was 14.3%. The present study included only non-donor
cycles to remove the bias associated with proven high
pregnancy rates in donor IVF cycles. Another study by Kim
et al. (2019) reported an LBR of 20% in 20 women with
refractory thin endometrium and two or more failed IVF
attempts. However, they showed that there was no associ-
ation between EMT changes and ET outcomes. Among the
six clinical pregnancy cases, two had an increase, and four
had a decrease in EMT. In both the studies, PRP was ad-
ministered during HRT method of endometrial preparation
during FET. The present study has shown an LBR of 33.1%
and 9.1% during fresh and FET cycles, respectively, with
an overall LBR of 25%. The difference in LBR in FET cycles
may be attributed to small sample size in this group (only
12 cycles).

The primary outcome of EMT expansion after PRP ad-
ministration during FET has been much explored in prior
studies. EMT increased significantly in groups given PRP
with significant improvement in implantation and clinical
pregnancy rates (Zadehmodarres et al., 2017; Tandulwad-
kar et al., 2017; Eftekhar et al., 2018; Kim et al., 2019;
Chang et al., 2019; Nazari et al., 2019). Cycle cessation
rate was reduced in individuals administered PRP (Eft-
ekhar et al., 2018; Chang et al., 2019) as compared to
controls. A significant increase in vascularity was also not-
ed following PRP administration by the number of vascular
signals seen on Power Doppler, reaching zones 3 and 4 of
the endometrium (Tandulwadkar et al., 2017). However,
the endometrial and sub endometrial vascularity measured
by 3D power Doppler ultrasound was found to be signifi-
cantly lower in patients with low volume endometrium,
but not in individuals with a thin endometrium (Ng et al.,
2009). We did not assess endometrial and sub endometrial
vascularity pre- and post PRP administration, as studies
have described improved angiogenesis with PRP. Accord-
ingly, the conclusions of this work are limited to only the
thickness and pattern of the endometrium. The role of PRP
in improving endometrial blood flow specific to aetiology
needs to be explored in future studies. None of the studies
has administered PRP in women having thin endometrium
during ovarian stimulation.

The average increment in the EMT following PRP ad-
ministration was 0.6 mm, which was not found to be sta-
tistically significant (Kim et al., 2019). In our study, the
average increase after the first dose of PRP was 0.83mm
in FET cycles and 1.07mm during fresh IVF, which was
statistically significant (p<0.001). When compared aetiol-
ogy wise, EMT increased significantly after the first PRP
infusion by 1.03mm, 1.05mm, 0.64mm in tubal, DOR and
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PCOS women on average, respectively. No other study has
documented the incremental expansion in EMT after one
infusion of PRP, which is clinically relevant.

The procedure for preparing PRP is not yet stan-
dardised. Therefore, the ideal concentration of platelets
and growth factors are not clearly defined (Amable et al.,
2013). PRP with a platelet concentration of approximate-
ly 1,000,000/uL (503,000-1,729,000/uL) is apparently
needed to have a desirable effect. Whereas elevated con-
centrations might have paradoxically inhibitory results,
the outcome is suboptimal with reduced concentrations
(Weibrich et al., 2004). We standardised our technique of
PRP preparation before starting recruiting the patients and
used the double centrifuge method to have platelet counts
above 1,000,000/uL for optimal effect.

There are four types of PRP preparations: leuko-
cyte-poor or pure PRP (P-PRP), pure platelet-rich fibrin
clot, leukocyte PRP (L-PRP) and leukocyte platelet-rich
fibrin clot. The present study used the buffy coat of the
centrifuge, i.e., L-PRP was employed as described in two
previous studies (Chang et al., 2015; Zadehmodarres et
al., 2017). The use of P-PRP has not yet been acknowl-
edged in any of the studies.

The effectiveness of PRP specific to the underlying fac-
tor of infertility has not been explored in any study to date.
We attempted to assess its role and whether it might be
beneficial in a specific subset of the population with a thin
endometrium. The endometrium is involved in 50-80% of
women (Sharma et al., 2008) with tubal factor infertility
secondary to genital TB leading to infertility. Eleven pa-
tients with tubal factor infertility underwent 13 PRP cycles
during fresh IVF and FET in the present study. All women
had laparoscopic evidence of TB with a history of intake
of anti-tubercular treatment (ATT) for 6-9 months. Two
patients had hysteroscopic adhesiolysis as well. EMT in-
creased significantly after PRP administration in these poor
prognosis patients with CPR and LBR of 23.1%. Women
with a diminished ovarian reserve may also be associated
with thin endometrium, and PRP led to a significant in-
crease in EMT with CPR and LBR of 16.7% and 33.3%,
respectively. Deferring fresh ET in these women based on
thin endometrium may not be clinically possible some-
times because of the lower number of embryos available
for cryopreservation. PRP has successfully been shown in
the present study to increase the EMT during fresh IVF
in these women to allow fresh ET. There were only three
patients in the PCOS group who underwent five PRP cy-
cles. Although the average increase in EMT after the first
PRP infusion (0.64mm) was significant, this increase was
less as compared to other factors of infertility, although
not significantly. No patient conceived in this group. These
findings may have been affected by the small sample size
in this subgroup and need to be explored in future stud-
ies. PCOS associated with hyperandrogenemia has been
associated with a thin endometrium (Indhavivadhana et
al., 2017). However, androgen levels were not measured
in the present study. We could not elicit the cause of thin
endometrium in these women. There was no significant
difference in mean EMT before PRP, after PRP and average
increase after first PRP infusion among the three groups
(p>0.05). The number of doses of PRP required to achieve
the desired thickness was also comparable in all three ae-
tiologies (p=0.433). There was no significant difference
between CPR, IR and LBR among three aetiological factors
(p>0.05). As none of the patients had unexplained infer-
tility, our results cannot be extrapolated to this subgroup.
More studies are required to explore the outcome of PRP in
unexplained and other factors of infertility.

None of the cycles got cancelled during the study. No
adverse effects were reported in our study, similar to Kim
et al. (2019). PRP treatment, therefore, alleviates the
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frustration associated with repeated cycle cancellations
associated with thin endometrium in these women. It is
easily prepared, cost-effective, minimally invasive; rich in
cytokines and growth factors, and carries minimal risk of
infection transmission as autologous blood is used to pre-
pare PRP.

Strengths and weaknesses of the study

This is the first study to report LBR after PRP admin-
istration in women with refractory thin endometrium who
are considered to have poor prognosis for implantation and
clinical pregnancy during fresh IVF-ET cycles. No study has
assessed the effectiveness of PRP specific to underlying
aetiology to date. We are the first to elucidate its role in
thin endometrium of different pathophysiologies. PRP was
prepared by a single lab technician, thus removing techni-
cal bias. All ultrasounds during study and PRP administra-
tion were performed entirely by the same clinician to allow
for better standardisation of cycle management, making
the study more robust clinically. Another major strength
was our strict inclusion criteria of enrolling only women
who responded to PRP during the mock cycle. Women who
did not show any improvement in EMT expansion with PRP
in an unstimulated cycle were excluded from the study.
The mock cycle was conducted three months or more be-
fore the actual stimulation or FET cycle, thus removing the
bias introduced because of endometrial scratch effect or
the carry-over effect of PRP in subsequent cycles.

The major weakness was the small sample size, which
limits its broader applicability. However, all the women
included had thin endometrium refractory to standard
treatments which nonetheless responded to PRP during
the mock cycle. In clinical practice, we usually do not en-
counter such cases very frequently. Many women respond
to the usual standard treatment protocols for endometri-
al preparation. Platelet counts were not measured during
each PRP preparation before infusion. However, the meth-
od was standardised before recruiting the patients to have
a desirable effect. We think the placebo or no treatment
control arm was not justified for ethical reasons in these
low prognosis group, and this study was intended to treat
all patients with a refractory thin endometrium. Earlier ran-
domised controlled trials offered absolutely conclusive en-
couraging evidence of PRP effectiveness. However, from a
research point of view, more RCTs are required to evaluate
the role of PRP in different pathophysiologies and fresh IVF
cycles with thin endometrium during ovarian stimulation.

To conclude, the study findings imply that autologous
PRP strives to increase the endometrial thickness signifi-
cantly in both fresh and FET cycles in refractory thin endo-
metrium associated with tubal factor secondary to genital
TB, PCOS and DOR. The pregnancy outcomes in terms of
clinical pregnancy and LBR reached up to 20% and 25%,
respectively, which is a noteworthy improvement in these
low prognosis patients. PRP therapy offers an apposite op-
tion giving these patients a chance to achieve pregnancy by
allowing embryo transfer which would not have been pos-
sible with standard treatments alone. The present study,
therefore, favours the role of PRP in women who are de-
ferred fresh ET or repeated cycle cancellations during FET
because of their refractory thin endometrium. PRP should
be administered to improve the reproductive outcome in
the selected group of the population with a persistent thin
endometrium.

Clinical Trial registration Number: CTR1/2018/12/016799
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