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Abstract

Purpose The aim of this study was to evaluate the effects of intrauterine platelet-rich plasma (PRP) infusion on endometrial
thickness and pregnancy outcomes in a population of patients with either recurrent implantation failure (RIF), thin endo-
metrium (TE), or both (RIF + TE)

Methods This retrospective study included patients attending the CReATe Fertility Centre between October 2018 and July
2021 who received intrauterine PRP infusion to prepare the endometrium for frozen embryo transfer. PRP was prepared
from 21 cc of whole blood using the 2-step centrifugation method to yield 0.5-0.75 cc of concentrated platelets. Endome-
trial thickness was measured before infusion and within 72 h after infusion. All embryos transferred were tested for genetic
abnormalities using next-generation sequencing.

Results A total of 85 patients, 133 cycles, and 211 infusions were included. The majority of patients (56.5%) were diag-
nosed with RIF, some with TE (27.0%), and the remainder with both RIF and TE (16.5%). The majority of patients received
one PRP infusion per cycle (55%). The endometrial thickness significantly increased across all diagnoses with a significant
increase of 1.0 mm (0.5-1.7), which was also significantly greater than in previous cycles. The clinical pregnancy rate per
embryo transfer after intrauterine PRP infusion was significantly greater compared to previous cycles (37% vs 20%, odds
ratio 2.2) as was the live birth rate (19% vs 2%, odds ratio 11.6).

Conclusion Our study suggests that PRP should be considered a noninvasive front-line therapy for improving endometrial
thickness and implantation in patients with RIF, a TE, or both.
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Introduction

Recurrent implantation failure (RIF) may be caused by poor
endometrial quality, low blastocyst competence, or asyn-
chronicity between embryo and endometrium. Therefore,
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endometrial quality is of paramount importance for suc-
cessful embryo implantation. The etiologies for endometrial
insufficiency are varied; it may be damaged, non-receptive,
or non-proliferative among other causes. Previous studies
have demonstrated a positive correlation between endome-
trial thickness (EMT) and embryo implantation rates [1,
2], which has led to the general clinical practice of cancel-
ling embryo transfer in cycles where the patient’s endome-
trium thickness remains below 7 mm. Intriguingly, EMT
and embryo implantation may be improved by endometrial
scratching [3-5]; however, it is an invasive procedure with
contradictory results [6-9]. To address issues of receptiv-
ity and asynchronicity between endometrium and embryo,
efforts have been made to characterize the endometrial
receptivity at various stages in the reproductive cycle [10].
Despite some successes in identifying aberrant receptivity
status [10, 11], recent studies have challenged the efficacy

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10815-022-02505-0&domain=pdf

1306

Journal of Assisted Reproduction and Genetics (2022) 39:1305-1312

of receptivity profiling, suggesting that the technology is
invasive and its applicability is limited [12, 13]). Moreover,
effective treatments for poor receptivity and thin endome-
trium are lacking.

One novel and promising treatment is the intrauterine
infusion of autologous PRP. For this therapy, blood is drawn
from the patient during the proliferative phase and processed
to concentrate platelets in the plasma. Red and usually white
blood cells are removed, leaving a small volume (0.3-1.0 cc)
of autologous PRP, which is infused into the uterine cav-
ity 1-5 days before embryo transfer. The procedure may be
repeated if the EMT remains below the desired threshold of
7 mm. Early studies have shown significant improvements in
EMT, embryo implantation, and clinical pregnancy in cases
of a thin endometrium (TE) [14—16] as well as in cases of
RIF [17, 18]. However, these clinical reports are sparse and
limited to a few centres. Additionally, none of the studies to
date has investigated transfers of euploid embryos, deter-
mined by preimplantation genetic testing for aneuploidy
(PGT-A), and therefore cannot rule out failed implantation
or pregnancy loss due to aneuploidy. Therefore, additional
studies that include PGT-A-tested euploid embryos are
necessary to better assess the efficacy of intrauterine PRP
treatment. The objective of this study was to investigate the
efficacy of intrauterine PRP infusion to improve endometrial
thickness and implantation rates. Here, we report the EMT,
biochemical, and clinical pregnancy outcomes of euploid
embryo transfers from 85 patients with RIF and/or TE, who
received PRP infusions.

Materials and methods
Study population

This retrospective cohort study received REB approval.
Patients receiving PRP treatment at the CReATe Fertility
Centre in Toronto, Ontario, Canada, from October 2018 to
July 2021 were considered for analysis. Patients aged 24-52,
diagnosed with recurrent implantation failure and/or per-
sistent thin endometrium who had PGT-A-tested euploid
embryos and received one or more intrauterine PRP infu-
sions were included in this study. Patients were excluded if
they had an inactive endometrium, multiple embryos trans-
ferred, genetic abnormalities, hematologic disorders, or an
autoimmune disease. Diploid-aneuploid mosaic embryo
transfers were also excluded.

PRP preparation and infusion
Autologous PRP was prepared using the 2-step centrifugation

method [19]. Briefly, 21 cc of blood was drawn into ACD-A
tubes and centrifuged at 900 relative centrifugal force (rcf)
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and 14 °C for 10 min. The upper layer containing the plasma
and platelets was transferred to a new tube; the white and red
blood cell layers were discarded. The plasma was centrifuged
at 1500 rcf and 14 °C for 15 min to pellet the platelets. The
platelet-poor plasma was discarded, leaving 0.5-0.75 cc to
resuspend the platelets. The PRP was stored at 4 °C for 2 h or
less until infusion.

Endometrial preparation and embryo transfer
protocol

Treatment with autologous PRP was performed in estrogen-
primed FET cycles. Administration of the PRP was performed
between cycle days 10-15 and patients with an EMT remain-
ing <7 mm received infusions until the lining reached over
7 mm in thickness. The PRP was aspirated into a Tomcat cath-
eter and infused into the uterus under ultrasound guidance.
The EMT was measured by ultrasonography every 3—4 days,
prior to each PRP infusion until the lining reached the target
thickness. Vaginal progesterone (100 mg qid) or intramuscu-
lar progesterone in oil (50 mg/ml X2 cc) was prescribed for
luteal phase support starting 5 days prior to ET and continued
until the pregnancy was confirmed. If negative, it was discon-
tinued, if positive it was continued until 12 weeks gestation.
Biochemical pregnancy was determined by blood serum levels
of f-hCG> 1 at 2 weeks post transfer, and clinical pregnancy
was determined by the presence of a gestational sac with a
positive foetal heartbeat at 67 weeks post transfer.

Data analysis

Statistical analysis was performed using GraphPad Prism
v8.0 (GraphPad). Differences between EMT pre- and post-
infusion were calculated based on the Wilcoxon signed-rank
test, where a p-value of <0.05 was considered statistically
significant. Differences in EMT presented in text and graphs
are presented as median plus (interquartile range). Changes
in EMT by diagnosis were compared by the Kruskal-Wal-
lis test with Dunn’s multiple testing correction. Nominal
variables, including implantation, spontaneous abortion,
and clinical pregnancy rates, were compared using Fisher’s
exact test. Relative risk was calculated with the Koopman
asymptotic score and reported with 95% confidence inter-
vals. Differences in clinical pregnancy rates between the
three diagnoses were tested with a Chi-square test.

Results
Patient demographics

A total of 110 patients were considered for analysis, with
85 patients meeting exclusion criteria for a total of 133
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treatment cycles and 211 infusions. The mean age of patients
was 38.1 (SD +5.3) years old (Table 1). The most common
cause of infertility identified was poor ovarian reserve (54%
of patients). The majority of patients receiving PRP were
diagnosed with RIF due to the failed transfer of 2 or more
euploid embryos (n=48, 56.5% of patients). An additional
23 (27.1%) patients were diagnosed with TE due to an EMT
of <7.0 mm on day 10 of cycle monitoring, and the remain-
ing 14 (16.5%) patients were treated for both RIF and TE.
No adverse effects after PRP infusion were observed in any
of the patients.

Endometrial proliferation in response to PRP
The number of PRP infusions was adjusted in response

to endometrial proliferation, where patients whose EMT
remained below 7 mm received multiple infusions. In the

Table 1 Patient demographics

majority of cycles (n="73, 55%), the patient received a sin-
gle infusion. The number of patients and infusions is out-
lined in Fig. 1.

The intrauterine infusion of PRP one or more times in a
cycle led to a significant increase in the median EMT from
6.7 (IQR 1.0) to 7.6 mm (IQR 1.0), regardless of diagnosis
(Fig. 2A). When stratified by diagnosis, PRP significantly
increased endometrial thickness in all groups (Fig. 2B-D).
Furthermore, a single PRP infusion was sufficient to increase
median endometrial thickness from 6.5 (IQR 1.0) to 7.3 mm
(IQR 1.3) (»p <0.0001) overall, with significant increases
seen in all groups (Supplementary Fig. 1).

In order to determine whether EMT changes induced
by PRP were dependent on diagnosis, we compared the
change in EMT by cycle between RIF, TE, and RIF+ TE.
We found that patients diagnosed with RIF+ TE experienced
a slightly smaller, but nonsignificant increase in median

Reason for PRP treatment TE RIF RIF+TE Total
Number of patients 23 48 14 85
Age (years) 38.04+5.27 37.09+5.69 38.77+5.32 37.07+3.77
BMI (kg/m?) 23.49+4.28 23.6+4.76 23.75+4.31 22.44+2.99
Infertility duration (years) 2.04+2.01 232+2.24 2.03+1.74 1.64+2.32
Average number of past ETs 251+1.61 1.36+1.41 32+15 2.19+0.95
Etiology of infer- Poor ovarian reserve (LOR/DOR/POF) 61% (14) 56% (27) 36% (5) 54% (46)
tility Repeat pregnancy loss 26% (6) 23% (11) 14% (2) 22% (19)
Advanced reproductive age 30% (7) 42% (20) 29% (4) 37% (31)
Asherman’s 9% (2) 6% (3) 14% (2) 8% (7)
Fibroids 9% (2) 13% (6) 14% (2) 12% (10)
Other diagnoses 17% (4) 23% (11) 43% (6) 24% (21)
Values presented as mean plus SD unless otherwise indicated
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Fig.2 Endometrial thickness increases in response to PRP treatment in cases of recurrent implantation failure and thin endometrium. Significant
increases were seen across all patients (A) as well as when stratified for RIF+TE (B), RIF (C), and TE (D). ****p-value <0.0001

endometrial thickness (0.8 mm, IQR 0.6), when compared
to RIF (1.0 mm, IQR 1.5, RIF+TE vs RIF p=0.15) or TE
(1.0 mm. IQR 1.2, RIF+TE vs TE p=0.17) alone (Fig. 3).
Although these data include patients receiving PRP in mul-
tiple cycles, PRP significantly improved EMT (median 6.7
to 7.8 IQR 1, p-value < 0.0001) even when analyzed by the
first PRP cycle only (Supplementary Fig. 2).

Next, we asked if the changes in EMT were mostly stimu-
lated by the PRP treatment, instead of the routine endome-
trial proliferation as the cycle proceeds. Hence, we aimed to
examine if there was a change in EMT in response to PRP
compared to the most recent cycle at the end of hormone
replacement therapy (HRT) for endometrial priming, where
the patients had not been exposed to any PRP treatment.

@ Springer

We recorded the EMT of the same patients on a day in the
cycle preceding the PRP treatment, which matched the cycle
day when the post-PRP measurement was taken, and found
the overall EMT reached a median of 7.0 mm (IQR 2.0)
in the cycle preceding PRP treatment. In contrast, after the
first cycle of PRP infusion(s), the EMT increased to 7.5 mm
(IQR 1; p<0.0001) across all patients, regardless of diag-
nosis (Fig. 4).

Embryo transfer outcomes
In addition to EMT, we investigated the pregnancy outcomes

after the transfer of PGT-A-tested embryos in patients with a
history of implantation failure and/or cancelled cycles due to
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Change in EMT

a suboptimal endometrial thickness. The overall biochemi-
cal pregnancy rate in 116 cycles where patients received
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Table 2 Embryo transfer
outcomes

Outcome PRP cycles Previous cycles Risk ratio p-value
(95% CI)
Complete population n=116 n=187
Biochemical pregnancy 56 (48.3%) 72 (35.5%) 1.25 (1.03-1.55) 0.03
Clinical pregnancy 43 (37.1%) 41 (20.2%) 1.27 (1.10-1.50) <0.01
Spontaneous abortion 34 (60.7%) 68 (94.4%) 0.43 (0.16-1.07) 0.09
Live birth 22 (19.0%) 4 (2.0%) 1.21 (1.12-1.35) <0.01
Thin endometrium n=31 n=18
Biochemical pregnancy 16 (51.6%) 18 (52.9%) 1.03 (0.61-1.72) >0.99
Clinical pregnancy 9 (29.0%) 9 (26.5%) 1.04 (0.76-1.44) >0.99
Spontaneous abortion 11 (68.8%) 17 (94.4%) 0.18 (0.03-1.00) 0.08
Live birth 5(16.1%) 1(5.6%) 1.13 (0.89-1.42) 0.38
Recurrent implantation failure n=61 n=141
Biochemical pregnancy 31 (50.8%) 48 (34.0%) 1.34 (1.04-1.82) 0.03
Clinical pregnancy 27 (44.3%) 29 (20.6%) 1.43 (1.15-1.86) <0.01
Spontaneous abortion 17 (54.8%) 45 (93.8%) 0.14 (0.05-0.41) <0.01
Live birth 14 (23%) 3(2.1%) 1.27 (1.14-1.51) <0.01
Recurrent implantation failure and n=24 n=28
thin endometrium
Biochemical pregnancy 9 (37.5%) 6 (21.4%) 1.26 (0.88-1.90) 0.23
Clinical pregnancy 7(29.2%) 3 (10.7%) 1.26 (0.96-1.78) 0.15
Spontaneous abortion 6 (66.7%) 6 (100%) 0 (0-1.47) 0.22
Live birth 3(19.0%) 0 (0.0%) o0 (1.06-) 0.09

n=number of embryo transfers. The total number of embryo transfers is less than the number of PRP
cycles due to cancelled cycles (inadequate endometrial growth, COVID-19 exposures). Biochemical preg-
nancy rates are calculated as a percentage of single embryo transfers, while the other outcome rates are
calculated as the percentage of biochemical pregnancies

differences in pregnancy, spontaneous abortion, and live
birth rates between PRP and prior, non-PRP cycles, pos-
sibly due to reduced sample size. In contrast, all outcomes
were significantly improved in RIF patients. There were no
significant differences in clinical pregnancy rate after PRP
infusion when the three diagnoses were compared (Fig. 5).

Discussion

Current treatments for RIF and TE are limited, and no single
treatment has emerged as a standard of care. Autologous
PRP potentially offers a noninvasive and direct method
of applying concentrated growth factors and cytokines to
the refractory endometrium. Studies demonstrate a milieu
of stimulatory factors in PRP, including platelet-derived
growth factor (PDGF), transforming growth factor (TGF),
various interleukins (IL), vascular endothelial growth factor
(VEGF), epidermal growth factor (EGF), and insulin-like
growth factor (IGF) [20].

Autologous PRP has shown benefits in many medical
contexts including alopecia, osteoarthritis, and some gynae-
cological disorders [21-23]. The intrauterine infusion was
first reported by Chang and colleagues in 2015 but has been
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Fig.5 Pregnancy outcomes by diagnosis. No significant differences
in the implantation or pregnancy rates were observed between diag-
noses after PRP infusion

demonstrated to be effective in treating both RIF and TE
patients in several studies since [14—16, 18]. In similar stud-
ies of sub-endometrial injection of PRP, one has shown a
benefit in clinical pregnancy rates for TE patients [24], while
another in RIF patients shows a nonsignificant increase in
pregnancy and live birth [25]. In this study, we observed
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significant increases in EMT after a cycle of PRP infusions
in all our patients. When compared to patients’ EMT at the
end of HRT in the cycle prior to PRP therapy, their EMT
post-PRP infusions were still significantly higher, suggest-
ing the endometrial proliferation we observed in all three
groups is largely contributed by the PRP therapy. Specifi-
cally, there were slightly smaller increases seen in RIF+TE
patients when compared to either condition alone. It is likely
that patients with RIF+ TE suffer from multiple etiologies
resulting in an endometrium that is particularly resistant to
proliferation induced by PRP. Regardless, these increases
are especially remarkable in the TE group, given that these
patients have a history of cancelled embryo transfers due
to persistent suboptimal endometrial thickness. This may
indicate that patients diagnosed with TE only may benefit
most from PRP infusions. Our data support previously pub-
lished reports on the efficacy of PRP to improve endometrial
thickness [26].

Although adequate endometrial thickness is key for estab-
lishing and maintaining pregnancy [27], the embryo must
also be of sufficient quality for attachment and implantation.
Embryo aneuploidy is highly dependent on the age of the
female providing eggs, affecting 50% or more of embryos in
women over 35, and typically results in failed implantation
or early miscarriage [28]. To our knowledge, our study is
the first to report pregnancy rates in patients utilizing intra-
uterine PRP prior to the transfer of PGT-A-tested euploid
embryos. Analysing transfer outcomes of euploid embryos
reduces the risk of confounding the data with failed preg-
nancies due to aneuploidies. Our overall clinical pregnancy
rate of 37% in this challenging patient population is slightly
below the Canadian single FET average of 39.7% [29] and
is a significant improvement in the same population when
compared to their previous non-PRP cycles (20.2%). The
majority of the differences seen in pregnancy outcomes
in this study were likely driven by the RIF group, which
accounted for the majority of embryo transfers and also
showed a remarkable improvement from the transfers prior.
One of the limitations of this study is that a comparison
with previous cycles is inherently biased, given a selection
towards patients struggling to conceive through ARTs. Sec-
ondly, the previous embryo transfer data is incomplete for
patients who transferred from other clinics and the records
were unavailable.

Conclusions

Here, we present a retrospective analysis of patients diag-
nosed with RIF and/or TE, who received a novel intrauter-
ine PRP infusion therapy prior to the transfer of PGT-A-
tested euploid embryos. We observed a significant increase
in endometrial thickness of 1.2+0.21 mm and a clinical

pregnancy rate of 37%, which is remarkable progress com-
pared to the previous endometrial thickness measurements
and embryo transfer outcomes in this set of patients. In con-
clusion, intrauterine PRP infusion should be considered a
noninvasive front-line therapy for improving endometrial
thickness and implantation.
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