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Abstract: Objectives: To evaluate the impact of autologous platelet-rich plasma (PRP) intrauterine perfusion on
endometrial receptivity and pregnancy outcomes in patients with implantation failure. Methods: This retrospective
cohort study included patients who visited our hospital between January 2019 and January 2024, all suffering from
recurrent implantation failures and diagnosed with thin endometrium. Participants were divided into two groups:
conventional-treatment (n=116) and PRP-treatment (n=104). Serum levels of estradiol 2 (E2), follicle stimulating
hormone (FSH), and luteinizing hormone (LH) were measured before and 14 days after treatment. Transvaginal
Doppler ultrasound assessed uterine artery, arcuate artery, and spiral artery pulsatility index (Pl) and resistance
index (RI) at both timepoints. Endometrial thickness was measured before and 14 days post-treatment. Pregnancy
outcomes, including implantation rate, clinical pregnancy rate, ongoing pregnancy rate, and live birth rate, were
recorded. Results: The PRP-treatment group showed a significant increase in endometrial thickness (P=0.037).
Uterine artery PI (P=0.004) and RI (P=0.015), arcuate artery Pl (P=0.037) and RI (P=0.003), and spiral artery PI
(P=0.002) significantly decreased in the PRP-treatment group compared to the conventional-treatment group. Hor-
monal measurements indicated higher E2 (P=0.001) and lower FSH (P=0.002) and LH (P=0.002) levels post-treat-
ment in the PRP-treatment group. Pregnancy outcomes significantly favored the PRP-treatment group, with higher
implantation rates (P=0.004), clinical pregnancy rates (P=0.044), ongoing pregnancy rates (P=0.031), and live birth
rates (P=0.032). Conclusion: PRP intrauterine perfusion significantly improves endometrial parameters, uterine
hemodynamics, and pregnancy outcomes in patients with recurrent implantation failure and thin endometrium.
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Introduction mechanisms are multifactorial, involving ge-
netic, immune, and uterine factors [3, 4].
Current interventions, such as high-dose estro-

gen, vasodilators (e.g., sildenafil), and intrauter-

Recurrent implantation failure (RIF), defined as
the failure to achieve clinical pregnancy after

multiple high-quality embryo transfers, along-
side a thin endometrium (endometrial thick-
ness <7 mm during the luteal phase), presents
a significant challenge in assisted reproductive
technology [1]. Despite optimal embryo quality
and standard hormone protocols, these condi-
tions result in persistent infertility, often due to
impaired endometrial receptivity - the ability of
the endometrium to support embryo attach-
ment and development [2]. The underlying

ine G-CSF infusion, show inconsistent efficacy
in 30-40% of cases, failing to address the un-
derlying imbalances [5].

Furthermore, the subgroup of RIF patients wi-
th thin endometrium remains particularly chal-
lenging and has received limited attention. This
condition indicates a severe disruption in en-
dometrial receptivity, with poor response to
standard treatments like high-dose estrogen or
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vasodilators. Research shows that this sub-
group tends to not respond well to these the-
rapies, likely due to the compounded nature
of RIF and a thin endometrium [6, 7]. Evidence
suggests that chronic inflammation and im-
paired blood vessel development may be key
factors contributing to this persistent condition
[8]. Recent studies propose that platelet-rich
plasma (PRP) may offer significant benefits,
promoting healthier blood flow and more bal-
anced hormone levels [9]. Nonetheless, there
is still a lack of detailed studies focusing spe-
cifically on the mechanisms of PRP in this
patient population, highlighting the need for
targeted research in this area [10].

Current treatments are not universally effec-
tive, as patients show variable responses, and
the exact mechanisms remain unclear. This
emphasizes the need for novel approaches to
enhance uterine lining growth, particularly by
improving blood flow. Adequate blood supply
is crucial for endometrial growth and embryo
implantation. Research suggests that better
blood flow in the spiral arteries improves preg-
nancy outcomes [11]. For example, high pulsa-
tility index (Pl) and resistance index (RI) values
on Doppler measurements indicate stiff arter-
ies with high resistance, which can hinder
the endometrium’s readiness for implantation.
Hormones also significantly influence endome-
trial receptivity by regulating molecules that
prepare the endometrium for embryo attach-
ment [12]. Estrogen and progesterone are vital
for uterine lining preparation, and their levels
are closely monitored during IVF cycles to opti-
mize implantation conditions [13]. Despite this
knowledge, more effective methods are need-
ed to reliably improve endometrial health and
increase pregnancy success rates.

Recent studies have shown that abnormal
blood vessel formation and inflammation sig-
nificantly contribute to poor endometrial recep-
tivity [14]. PRP, derived from the patient’s own
blood, contains concentrated growth factors
like vascular endothelial growth factor (VEGF),
epidermal growth factor (EGF), platelet-derived
growth factor (PDGF), which are believed to
improve endometrial function by stimulating
blood vessel growth, reducing inflammation,
and enhancing tissue healing [15]. PRP’s bio-
active molecules activate key signaling pa-
thways, including PI3K/Akt and MAPK/ERK,
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which play critical roles in endometrial thic-
kening, decidualization, and vascular growth
[16]. Thus, PRP presents a promising alterna-
tive for RIF patients with thin endometrium,
especially when standard treatments have
failed.

Previous studies and meta-analyses have
explored PRP use for RIF, but our study specifi-
cally focuses on RIF patients with thin endome-
trium (<7 mm). This group often responds poor-
ly to standard therapies, representing a unique
clinical challenge. Our primary objectives were
to evaluate whether PRP intrauterine perfusion
can effectively enhance uterine blood flow,
improve hormonal balance, and increase en-
dometrial thickness, embryo implantation, and
live birth rates. Additionally, we aimed to thor-
oughly assess pregnancy outcomes, blood flow
parameters, and hormone levels. Through this
work, we hope to provide evidence supporting
PRP as a beneficial treatment for this speci-
fic population, potentially improving IVF suc-
cess and overcoming the limitations of current
therapies.

Materials and methods
Case selection

This retrospective cohort study included 220
patients with RIF and thin endometrium, admit-
ted to the Maternal and Child Health Hospital
of Hubei Province between January 2019 and
January 2024. Demographic information, im-
plantation failure details, infertility causes, and
other relevant data were collected from the
hospital’'s case management system for each
patient. All procedures adhered to the ethical
guidelines set forth by the relevant institutional
and national human research committees and
complied with the principles of the 1964 De-
claration of Helsinki and its subsequent revi-
sions. The study was approved by the Insti-
tutional Review Board (IRB) of the Maternal and
Child Health Hospital of Hubei Province. As the
study involved only de-identified patient data,
posing no risk to patient care, informed con-
sent was waived by the hospital’s IRB and eth-
ics committee.

The sample size was based on the number of
eligible patients treated during the study period
(January 2019 to January 2024). A post-hoc
power analysis was performed using G*Power
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software based on the observed live birth rates
(Primary outcome: 26.7% in the conventional-
treatment group vs. 40.4% in the PRP-treatment
group). The analysis confirmed that the final
sample size (n=220) provided over 80% power
to detect this difference at a significance level
of a=0.05.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients aged 25 to 40
years; (2) Patients who have undergone at least
three rounds of embryo transfer, using no fewer
than four viable embryos (including both fresh
and frozen cycles), but have not achieved clini-
cal pregnancy [17]; (3) Patients with thin endo-
metrium (endometrial thickness <7 mm mea-
sured on the 7th day after the luteinizing hor-
mone (LH) surge or human chorionic gonado-
tropin (hCG) administration during the mid-lu-
teal phase) [18]; (4) Patients with normal cogni-
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tive function who are able to cooperate with
various treatments and examinations.

Exclusion criteria: (1) Patients with endometrial
masses; (2) Patients with a medical history of
estrogen-related tumors; (3) Patients with ade-
nomyosis; (4) Patients with bilateral hydrosal-
pinx; (5) Patients with missing case records or
follow-up data; (6) Patients with systemic dis-
eases such as thyroid dysfunction or hemato-
logic disorders (Figure 1).

Grouping and treatment

Grouping: Patients were divided into two gr-
oups based on the treatment method: the PRP-
treatment group (n=104) and the conventional-
treatment group (n=116). The PRP-treatment
group received intrauterine PRP infusion follow-
ing conventional treatment, while the conven-
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tional-treatment group received only conven-
tional treatment.

Treatment: PRP preparation: On the third day
of the menstrual cycle, 15 mL of venous blood
was collected from each patient to prepare
PRP. The blood was processed using a two-
step centrifugation method. First, 8.5 mL of
peripheral venous blood was mixed with 1.5 mL
of Anticoagulant Citrate Dextrose Solution
(FY41866, FEIYUBIO, China). The mixture was
centrifuged at 2,500 rpm for 10 minutes at
room temperature using a high-speed refriger-
ated centrifuge (CR22G, Hitachi, Japan). The
resulting three layers included red blood cells
at the bottom, plasma in the middle, and an
intermediate brown layer. The plasma and
brown layers were collected and subjected to a
second centrifugation at 3,500 rpm for 15 min-
utes at 4°C to obtain the final PRP (approxi-
mately 1.5 mL). Platelet count was perfor-
med using a hematology analyzer (Sysmex
XN-Series, Sysmex Corporation, Japan) to en-
sure a platelet concentration within the thera-
peutic range (1-3 million platelets/uL) [19].

Treatment protocol: The treatment protocol
consisted of two steps, applied to both groups.
Embryos were cryopreserved using vitrification
at-196°C in liquid nitrogen and thawed accord-
ing to a published two-step freezing protocol
with propylene glycol and sucrose, followed by
a three-step thawing process [20, 21]. Patients
received intramuscular injections of a long-act-
ing gonadotropin-releasing hormone agonist
(281844, Abcam, USA) at a dose of 3.75 mg
every 14 days, starting from the mid-luteal
phase [22]. Endometrial thickness was moni-
tored via ultrasound every 3 days until it re-
ached 7 mm. If the endometrial thickness did
not reach 7 mm, the estradiol valerate dosage
(RM-E191811, QCS, China) was increased to 8
mg per day. Once the endometrial thickness
exceeded 7 mm, a daily dose of 90 mg of pro-
gesterone pessary (Cyclogest; Actavis, UK) was
administered vaginally for three days to induce
endometrial conversion [23, 24].

In addition to conventional-treatment, the PRP-
treatment group received intrauterine PRP infu-
sion. The day after PRP preparation, the acti-
vated PRP was administered via intrauterine
infusion. Patients assumed a lithotomy posi-
tion, and the cervix was exposed via endoscop-
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ic manipulation. After disinfection of the vulva
and vagina, approximately 1.5 mL of prepared
PRP was aspirated into a sterile syringe and
connected to a fine catheter. The catheter was
carefully inserted through the cervical os, and
the PRP was slowly infused into the uterine cav-
ity over 1-2 minutes. After the infusion, patients
were instructed to remain in position for 30
minutes.

Blood tests

Prior to treatment and 14 days after treatment,
5 mL of fasting venous blood was collected
from patients before 8 AM. The samples were
centrifuged at 3,000 rpm for 5 minutes, and
the supernatant was collected for enzyme-
linked immunosorbent assay (ELISA) to mea-
sure estradiol (E2), follicle-stimulating hor-
mone (FSH), and luteinizing hormone (LH) lev-
els in serum. Specific kits for E2 (ab108667,
USA Abcam), FSH (ab158468, USA Abcam),
and LH (ab178658, USA Abcam) were used.

Transvaginal doppler ultrasound

Prior to treatment and 14 days after treat-
ment, patients underwent transvaginal color
Doppler ultrasound exams using the Voluson
S10 GE ultrasound machine (GE, USA), equi-
pped with a 4 to 8 MHz transvaginal probe. The
calculation software was used to measure the
Pl and RI of the uterine arteries. According to
the peak systolic velocity (PSV) and end-dia-
stolic velocity (EDV), Pl and Rl were calculated
using the following equations: Pl = (PSV - EDV)/
Time-Averaged Maximum Velocity (TAMV); Rl =
(PSV - EDV)/PSV. The changes in uterine blood
flow during the follicular phase were studied for
all participants.

Outcome indicators

Primary and secondary outcomes: The pri-
mary outcome was the live birth rate. Secon-
dary outcomes included endometrial thick-
ness, hormone levels (E2, FSH, LH), uterine
artery Doppler indices (PI, RI), implantation
rate, clinical pregnancy rate, and ongoing preg-
nancy rate.

Endometrial thickness (Em thickness) and mor-
phology were measured both before and 14
days after treatment. Em thickness was deter-
mined as the maximum sagittal thickness of
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Table 1. Comparison of general information

Conventional-treatment

PRP-treatment

Parameters Group (n=116) Group (1=104) 23 P
Age (years) 33.96+1.44 34.14+1.65 0.866 0.387
BMI (kg/m?) 22.73+3.30 22.02+3.00 1.649 0.101
Duration of infertility (years) 3.71+1.66 3.57+1.82 0.593 0.554
Menstrual cycle (day) 28.99+0.43 29.01+0.29 0.525 0.600
Cause of infertility [n (%)] 2.403 0.493

Pelvic/tubal factors 61 (52.59% 63 (60.58%)

PCOS 17 (14.66% 16 (15.38%)

Endometriosis/Adenomyosis 17 (14.66% 13 (12.50%)

Other causes 21 (18.10% 12 (11.54%)
Transplantation failures 3.71+0.31 3.66+0.21 1.389 0.166
Type of infertility [n (%)] 0.170 0.680

Primary infertility
Secondary infertility

57 (49.14%)
59 (50.86%)

54 (51.92%)
50 (48.08%)

Note: PRP: Platelet-Rich Plasma; BMI: Body Mass Index; PCOS: Polycystic Ovary Syndrome.

the uterine cavity, with the final measurement
being the average of three independent re-
adings.

The mid-sagittal plane of the uterus was se-
lected, ensuring the endometrium was fully
included within the sampling frame. The instru-
ment's 3D function was activated to acquire
and store three-dimensional volumetric data.
VOCAL (Virtual Organ Computer-Aided Analysis)
software was used to calculate endometrial
volume.

The embryo implantation rate was defined as
the ratio of gestational sacs to the total num-
ber of transferred blastocysts, assessed at 5
weeks of gestation via ultrasound.

Clinical pregnancy was confirmed by the pres-
ence of an intrauterine gestational sac and
positive fetal cardiac activity observed via
ultrasound between 6 and 8 weeks of gesta-
tion [25].

The miscarriage rate was determined as the
proportion of spontaneous intrauterine preg-
nancy losses, confirmed by ultrasound, among
all clinical pregnancies [26].

The live birth rate was defined as the birth of at
least one live infant.

Cumulative pregnancy rate was followed up
until May 2025.
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Ongoing pregnancy was defined as a viable
pregnancy confirmed by ultrasound at or be-
yond 12 weeks of gestation.

Statistical methods

Data analysis was performed using SPSS ver-
sion 29.0 (SPSS Inc., Chicago, IL, USA). For
data that followed a normal distribution, con-
tinuous variables were expressed as mean *
standard deviation. For data not following a
normal distribution, variables were expressed
as median (interquartile range). Categorical
data were presented as frequencies and per-
centages. Unpaired t-tests were used to com-
pare continuous variables between groups.
A P-value <0.05 was considered statistically
significant.

Results
Comparison of general information of patients

Key parameters were compared between the
groups (Table 1). No significant differences
were found in age (P=0.387), BMI (P=0.101),
duration of infertility (P=0.554), or menstrual
cycle length (P=0.600). The causes of infertili-
ty, including pelvic/tubal factors, PCOS, endo-
metriosis/adenomyosis, and other causes, also
showed no significant differences (P=0.493).
Additionally, there were no significant differ-
ences in the number of transplantation failur-
es (P=0.166) or infertility type (primary vs. sec-
ondary) (P=0.680) between the groups.
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Comparison of hormone levels before and
after treatment

No significant differences in FSH, LH, or E2
levels were observed between the groups at
baseline (all P>0.05) (Figure 2). After treat-
ment, the PRP-treatment group exhibited sig-
nificantly lower FSH (P=0.002) and LH (P=
0.002) levels, and significantly higher E2 (P=
0.001) levels compared with the conventional-
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treatment group. Moreover, all three hormone
levels changed significantly from baseline with-
in each group (all P<0.05).

Comparison of uterine blood flow before and
after treatment

Table 2 shows the comparison of right uterine
artery indices. At baseline, no significant differ-
ences were observed in the Pl or Rl between
the groups (both P>0.05). After treatment, both
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Table 2. Comparison of right uterine arterial blood flow before and after treatment

Conventional-treatment

PRP-treatment Group

Parameters Group (n=116) (n=104) t P
Pl
Before treatment 2.87+0.55 2.96+0.61 1.136 0.257
After treatment 2.07+0.62* 1.84+0.52* 2.918 0.004
RI
Before treatment 0.83+0.14 0.82+0.10 0.852 0.395
After treatment 0.72+0.11* 0.68+0.12* 2.908 0.004

Note: PRP: Platelet-Rich Plasma; Pl: Pulsatility Index; RI: Resistance Index; *: P<0.05 compared to before treatment.

Table 3. Comparison of left uterine arterial blood flow before and after treatment

Conventional-treatment

PRP-treatment Group

Parameters Group (n=116) (n=104) T P
Pl
Before treatment 3.13+0.41 3.05+0.69 0.982 0.328
After treatment 2.15+0.66* 1.98+0.25* 2.618 0.010
RI
Before treatment 0.90+0.07 0.89+0.06 0.245 0.807
After treatment 0.81+0.11* 0.76+£0.14* 2.869 0.005

Note: PRP: Platelet-Rich Plasma; PI: Pulsatility Index; RI: Resistance Index; *: P<0.05 compared to before treatment.

Table 4. Comparison of arcuate arterial blood flow before and after treatment

Parameters Conventional-treatment PRP-treatment Group t D
Group (n=116) (n=104)
PI
Before treatment 1.89+0.65 1.87+0.61 0.291 0.772
After treatment 1.81+0.73% 1.65+£0.33* 2.101 0.037
RI
Before treatment 0.78+0.09 0.77+0.12 0.599 0.550
After treatment 0.714£0.13* 0.65+0.17* 3.047 0.003

Note: PRP: Platelet-Rich Plasma; PI: Pulsatility Index; RI: Resistance Index; *: P<0.05 compared to before treatment.

indices were significantly lower in the PRP-
treatment group (Pl, P=0.004; RI, P=0.004),
indicating improved blood flow dynamics.

Similar patterns were observed for the left uter-
ine artery (Table 3) and the mean values of
both arteries (Table 4). At baseline, there were
no significant differences in Pl or Rl between
the groups (both P>0.05). After treatment, both
Pl and RI were significantly lower in the PRP-
treatment group (Table 3: PI, P=0.010; RI,
P=0.005; Table 4: PI, P=0.037; RI, P=0.003),
suggesting enhanced arterial compliance and
reduced vascular resistance.

Table 5 presents the comparison of bilateral
uterine artery indices. At baseline, no signifi-
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cant differences were observed in Pl or RI
between the groups (both P>0.05). After treat-
ment, the Pl was significantly lower in the PRP-
treatment group (P=0.002), while the Rl show-
ed a nonsignificant trend toward lower values
(P=0.053).

Within each group, all indices showed signifi-
cant changes from baseline to post-treatment
(all P<0.05).

Comparison of endometrial thickness

Before treatment, there was no significant dif-
ference in endometrial thickness between the
groups (P=0.371), indicating comparable ba-
seline endometrial thickness (Figure 3). How-
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Table 5. Comparison of sub-endometrial arterial blood flow before and after treatment

Conventional-treatment Group

PRP-treatment Group

Parameters (n=116) (n=104) T p
Pl
Before treatment 1.35+0.32 1.47+0.87 1.356 0.178
After treatment 1.05+0.22* 0.95+0.25% 3.165 0.002
RI
Before treatment 0.71+0.18 0.67+0.20 1.768 0.078
After treatment 0.61+0.15* 0.58+0.06* 1.946 0.053

Note: PRP: Platelet-Rich Plasma; PI: Pulsatility Index; RI: Resistance Index; *: P<0.05 compared to before treatment.
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Figure 3. Comparison of endometrial thickness. A. Endometrial thickness (mm) before treatment; B. Endometrial
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P<0.05; **: P<0.01.

ever, after treatment, the PRP-treatment group
showed significantly greater endometrial thick-
ness compared to the conventional-treatment
group (P=0.037), suggesting a more substan-
tial increase in endometrial thickness in the
PRP-treatment group.

Additionally, endometrial volume differed sig-
nificantly between the two groups both before
and after treatment. The PRP-treatment group
had a significantly larger endometrial volume
compared to the conventional-treatment group
(P=0.003), indicating better endometrial devel-
opment in the PRP-treatment group.

Comparison of embryo transfer

Regarding embryo transfer parameters, nota-
ble differences were observed between the
groups (Table 6). The implantation rate was
significantly higher in the PRP-treatment group
(P=0.004), indicating better embryo attach-
ment and development in the PRP-treatment

group.
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Additionally, there was a significant difference
in the number of embryos transferred between
the two groups (P=0.005). In the conventional-
treatment group, 47 patients had one embryo
transferred, and 69 had two embryos trans-
ferred. In contrast, 62 patients in the PRP-
treatment group had one embryo transferred,
and 42 had two embryos transferred.

Comparison of pregnancy outcomes

Several significant differences were observed
in pregnancy outcomes between the two groups
(Table 7).

No significant difference was found in bio-
chemical pregnancy rates (P=0.232).

There was no significant difference in miscar-
riage rates between the groups (P=0.545).
However, the PRP-treatment group demon-
strated significantly higher rates of live births
(P=0.032), clinical pregnancies (P=0.044), and
ongoing pregnancies (P=0.031) compared to
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Table 6. Comparison of embryo transfer

endometrium

Parameters Conventional-treatment PRP-treatment 1y p
Group (n=116) Group (n=104)
Implantation rate [n (%)] 11 (9.48%) 25 (24.04%) 8.489 0.004
Number of transferred embryos [n (%)] 8.001 0.005
1 47 (40.52%) 62 (59.62%)
2 69 (59.48%) 42 (40.38%)
Note: PRP: Platelet-Rich Plasma.
Table 7. Comparison of pregnancy outcomes
Parameters Conventional-treatment ~ PRP-treatment Group /52 b
Group (n=116) (n=104)
Biochemical Pregnancy [n (%)] 8 (6.90%) 12 (11.54%) 1.430 0.232
Miscarriage [n (%)] 19 (16.38%) 14 (13.46%) 0.366 0.545
Live birth [n (%)] 31 (26.72%) 42 (40.38%) 4.615 0.032
Ongoing Pregnancy [n (%)] 50 (43.10%) 59 (56.73%) 4.074 0.044
Clinical pregnancy [n (%)] 33 (28.45%) 44 (42.31%) 4.630 0.031

Note: PRP: Platelet-Rich Plasma.

the conventional-treatment group. Additionally,
the proportion of patients with ongoing preg-
nancies was higher in the PRP-treatment group
(P=0.044), further supporting improved repro-
ductive success in this group.

No adverse reactions, such as intrauterine
infection, significant vaginal bleeding, or se-
vere abdominal pain, were reported in the
PRP-treatment group following intrauterine
infusion.

Discussion

This study addressed two significant challeng-
es in assisted reproductive technology: RIF
and thin endometrium. We investigated wheth-
er autologous PRP intrauterine perfusion could
offer a new therapeutic approach. Unlike tradi-
tional treatments like hormone replacement
or vasodilators, PRP regulates the endometrial
environment in several ways, potentially re-
storing impaired receptivity and improving pre-
gnancy outcomes. This novel approach, based
on tissue repair and regeneration, offers a new
strategy for patients unresponsive to standard
treatments, aiming to overcome the RIF treat-
ment bottleneck and provide more options for
clinical decision-making.

Our results demonstrated that following PRP
treatment, patients experienced increased en-
dometrial thickness and volume, along with
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reductions in the Rl and PI of uterine, arcuate,
and spiral arteries. These changes likely con-
tributed to higher embryo implantation rates
[27]. Unlike previous therapies with single
mechanisms, PRP provided dual benefits: pro-
moting endometrial growth and improving ut-
erine blood flow [28, 29]. Optimizing blood flow
parameters, particularly lowering spiral artery
RI, is crucial for enhancing microcirculation in
the endometrial basal layer, which is essential
for embryo implantation [30, 31]. A low-resis-
tance blood flow ensures better nutrient and
oxygen delivery, and may also enhance the
local biochemical environment during the “im-
plantation window” by modulating local cyto-
kines and immune balance [32]. These findings
align with previous studies emphasizing the
importance of optimal endometrial conditions
for successful embryo implantation [33]. Addi-
tionally, patients receiving PRP treatment re-
quired fewer embryos to achieve similar or bet-
ter pregnancy outcomes, suggesting either
improved embryo quality or enhanced endo-
metrial conditions, leading to more efficient
embryo utilization.

Notably, patients in the PRP group showed
improved hormone levels, including significant-
ly higher E2 and FSH and LH levels. These hor-
monal changes were directly associated with
endometrial thickening and may indicate PRP’s
positive influence on the hypothalamic-pitu-
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itary-ovarian axis or local ovarian function [34,
35]. The combined improvements in hormon-
es, blood flow, and tissue structure provided a
robust physiological foundation for PRP’s role
in enhancing endometrial receptivity [36].
These results support previous studies show-
ing that PRP increases integrin avp3, a key
molecule for endometrial receptivity, further
validating the molecular mechanisms underly-
ing PRP’s beneficial effects [37].

The observed lack of significant difference in
miscarriage rates between groups warrants
further investigation. The most plausible expla-
nation is that PRP primarily improves endome-
trial receptivity and early implantation but may
not significantly affect factors leading to later
miscarriages, such as embryonic aneuploidy,
which is a major cause of pregnancy loss, par-
ticularly in patients with a history of RIF [27,
38]. Comparing our findings with those of other
studies, the positive impact of enhancing endo-
metrial conditions on pregnancy outcomes
appears consistent [39]. The PRP-treatment
group demonstrated significant advantages in
key pregnancy outcomes: higher implantation
rates, clinical pregnancy rates, ongoing preg-
nancy rates, and live birth rates. The improve-
ment in live birth rates holds the most critical
clinical value, marking the achievement of the
ultimate treatment goal. This outcome sur-
passed the efficacy of previously reported
interventions, such as intrauterine G-CSF per-
fusion or high-dose estrogen therapy, especial-
ly in patients with previously refractory thin
endometrium [40]. This success was closely
linked to the multi-faceted enhancement of
receptivity. Increased implantation rates reflec-
ted improved embryo-endometrium interac-
tion, while higher ongoing pregnancy and live
birth rates strongly suggested that PRP not only
promoted initial embryo adhesion and invasion
but also sustained pregnancy stability by en-
hancing decidualization of endometrial stromal
cells, optimizing early placental development,
and regulating maternal-fetal immune toler-
ance, including promoting regulatory T-cell
function [41, 42].

This study further supports earlier hypotheses
regarding PRP’s multiple mechanisms of action.
Its effectiveness stems not only from the direct
stimulation by growth factors but also from a
three-pronged approach: activating endoge-
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nous stem cells to promote tissue regenera-
tion; modulating immune cell types, such as
promoting M2 polarization of macrophages to
reduce local inflammation; and synergistically
increasing angiogenic factors like VEGF and
PDGF to encourage new blood vessel formation
via key signaling pathways [43, 44]. This multi-
target, networked approach gives PRP unique
advantages in treating complex conditions like
RIF and thin endometrium, overcoming the li-
mitations of traditional single-pathway treat-
ments.

In our study, PRP was prepared and adminis-
tered on the third day of the menstrual cycle,
corresponding to the early follicular phase. This
timing was selected based on preliminary evi-
dence suggesting that the early follicular phase
is critical for endometrial preparation and hor-
monal regulation [45]. During this time, the
endometrium is relatively quiescent, which
may optimize the regenerative effects of PRP.
However, the optimal timing for PRP administra-
tion remains debated. Some suggest adminis-
tering PRP during the luteal phase, when pro-
gesterone levels are high, to enhance endo-
metrial maturation and embryo implantation
[46]. Administering PRP at this time could
potentially boost endometrial receptivity by
combining the benefits of progesterone with
PRP’s growth factors. Future studies should
compare the efficacy of PRP when adminis-
tered at different phases of the menstrual
cycle. This will help identify the best timing for
treatment to improve pregnancy outcomes.
Personalizing PRP treatment based on each
patient’'s hormone profile and endometrial
characteristics could further improve success
rates, leading to more targeted and effective
treatments.

In our study, we also evaluated the safety of
PRP perfusion. Patients who received PRP infu-
sion exhibited no adverse reactions, such as
intrauterine infection, significant vaginal bleed-
ing, or severe abdominal pain. These findings
are consistent with previous reports indicating
that PRP therapy is associated with minimal
side effects. For instance, Peng et al. [47]
reported no significant increase in complica-
tions, such as intrauterine infections or severe
abdominal pain, after PRP treatment. Similarly,
Enatsu et al. [48] found no serious adverse
effects from PRP use, which supports our find-
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ings. Together, these results suggest that PRP
perfusion is a safe procedure with minimal risk.
Its favorable safety profile makes PRP a prom-
ising adjunctive treatment for improving endo-
metrial receptivity and pregnancy outcomes.
The absence of significant adverse reactions
further supports PRP as a viable option for
patients with RIF and thin endometrium.

This study has several limitations. It was con-
ducted at a single medical center and is retro-
spective in nature, which may limit the general-
izability of the findings. We did not investigate
the molecular mechanisms underlying PRP’s
effects. Additionally, the follow-up period was
short, preventing us from assessing the long-
term impacts on reproductive health. Diffe-
rences in how patients responded to treat-
ment may also have influenced the effective-
ness. Future studies should aim to conduct
larger, multi-center, randomized controlled tri-
als. They should explore PRP’s efficacy in spe-
cific subgroups, such as patients with very thin
uterine linings or those who have undergone
uterine adhesiolysis. Including molecular-level
studies could help clarify how PRP works. Long-
term follow-up studies should also be imple-
mented to monitor the safety of the treatment
and the health of offspring born as a result.
Such an approach would provide a clearer
understanding of the long-term benefits and
risks of PRP.

In conclusion, our findings suggest that autolo-
gous PRP intrauterine perfusion may offer a
promising treatment for patients with RIF and
thin endometrium. PRP administration was
associated with increased endometrial thick-
ness, improved uterine blood flow, and more
balanced hormone levels, leading to improved
pregnancy outcomes in our study group. The
treatment targeted multiple biological process-
es, including tissue repair, immune regulation,
and blood vessel formation. This multi-target
approach offered advantages beyond conven-
tional therapies. Larger multi-center trials are
needed to confirm these results and further
evaluate the long-term safety and effective-
ness of PRP. PRP represents a potentially valu-
able option for supporting reproductive health
in challenging cases.
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