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Abstract

Background: Atypical recurrent implantation failure (RIF) poses a challenge for freeze-thawed embryo transfer (FET) as current inter-
ventions showing limited efficacy. Autologous platelet-rich plasma (PRP) may improve the pregnancy outcomes, but its value before
FET in such patients remains unclear. Methods: A retrospective analysis was conducted on the medical records of patients with atypical
RIF (a history of one or two prior failed embryo transfers) who underwent another FET in Reproductive Medicine Center of Zhongda
Hospital between January 1, 2022, and June 1, 2024. Patients who received autologous PRP intrauterine infusion before FET were des-
ignated as the PRP group (n = 59), while matched patients from the same period who did not receive PRP served as the control group
(n = 79). The two groups were compared for endometrial thickness on the day of embryo transfer, biochemical pregnancy rate, embryo
implantation rate, clinical pregnancy rate, and early miscarriage rate. Results: No statistically significant differences were observed in
the baseline characteristics between the control and PRP groups (all p > 0.05). The PRP group had a significantly higher biochemical
pregnancy rate (66.10% vs. 45.57%), embryo implantation rate (43.75% vs. 30.83%), and clinical pregnancy rate (57.63% vs. 39.24%)
compared to the control group (p < 0.05). Conclusions: For patients with atypical RIF, intrauterine infusion with autologous PRP can
increase the embryo implantation and clinical pregnancy rates in subsequent FET cycles.

Keywords: autologous platelet-rich plasma; freeze-thawed embryo transfer cycle; intrauterine infusion; atypical recurrent implantation
failure; embryo implantation rate; clinical pregnancy rate

1. Introduction

Embryo implantation failure is an important factor
leading to pregnancy failure in assisted reproductive tech-
nology (ART) [1]. Many factors can contribute to the fail-
ure of embryo implantation, such as embryo quality, en-
dometrial receptivity, immune factors, and thrombophilia
[2]. Among these, impaired endometrial receptivity ac-
counts for approximately two-thirds of embryo implanta-
tion failures [3]. Recurrent implantation failure (RIF) refers
to the failure of at least three embryo implantations, in-
volving the transfer of a total of four high-quality embryos,
and including both fresh embryo transfer and freeze-thawed
embryo transfer (FET) [4]. However, previous research in
ART has revealed that the proportion of patients with atyp-
ical RIF (history of one or two prior implantation failures)
is much higher than that of patients with standard RIF [5].
Due to factors such as insufficient embryo quantity and the
financial burden associated with multiple embryo transfers,
in clinical practice these patients may not have the opportu-
nity to attempt additional transfers after experiencing three
implantation failures. Consequently, a key focus of our re-
search has been to identify effective strategies in atypical
RIF patients that enable intervention in endometrial recep-
tivity at an early stage.

Endometrial receptivity has been regarded as a piv-
otal influencing factor in previous clinical studies on em-
bryo implantation failure, garnering significant attention
[6]. Approaches to enhance endometrial receptivity include
testing for endometrial receptivity [7], endometrial scratch-
ing [8], and intrauterine infusion. Among these methods,
intrauterine infusion is widely applied in clinical settings
as an effective means of improving endometrial receptiv-
ity [9]. A study has demonstrated that intrauterine infu-
sion of substances such as human chorionic gonadotropin
(HCG) [10], autologous peripheral blood mononuclear
cells (PBMC) [11], granulocyte colony-stimulating factor
(G-CSF) [12], and autologous platelet-rich plasma (PRP)
[13] can improve embryo implantation and pregnancy out-
comes.

Notably, the beneficial effects of autologous PRP in-
trauterine infusion in RIF patients have been validated in a
study [14]. Autologous PRP is derived from the patient’s
own peripheral blood and is a plasma product enriched
with platelets, proteins, and growth factors. It can promote
cell proliferation, tissue repair, and regeneration, thereby
playing a vital role in the regeneration of various tissues
[15]. In the context of the endometrial microenvironment,
intrauterine infusion of autologous PRP can facilitate en-
dometrial development [16]. For RIF patients complicated
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by chronic endometritis, PRP can significantly improve
clinical outcomes [17]. For RIF patients with a thin en-
dometrium, PRP can effectively increase endometrial thick-
ness and increase the rate of clinical pregnancy [18]. Mean-
while, a study has indicated that PRP is rich in a variety
of growth factors, including platelet-derived growth fac-
tor (PDGF), transforming growth factor-β (TGF-β), epider-
mal growth factor (EGF), and vascular endothelial growth
factor (VEGF). These factors may improve pregnancy out-
comes by promoting endometrial proliferation, increasing
endometrial thickness, and enhancing endometrial receptiv-
ity [19]. Nevertheless, it remains unclear whether PRP can
exert similar beneficial effects on the clinical outcomes of
atypical RIF patients.

Therefore, in this study we conducted a retrospec-
tive cohort study on atypical RIF patients who received in-
trauterine infusion of autologous PRP at the Reproductive
Center of Zhongda Hospital. Our aim was to investigate
whether intrauterine infusion with autologous PRP can im-
prove the clinical outcomes of atypical RIF patients under-
going FET.

2. Materials and Methods
2.1 Study Design and Patients

We retrospectively analyzed patients (n = 726) receiv-
ing FET at the Reproductive Medicine Center of Zhongda
Hospital, Affiliated with Southeast University, from Jan-
uary 1, 2022 to June 1, 2024. Among them, 186 cycles
received intrauterine infusion with autologous PRP before
embryo transfer, and 540 cycles had no intrauterine inter-
vention.

The inclusion criteria were: (1) a history of one or
two failed embryo transfers; (2) age ≤40 years; and (3)
normal ovarian function as indicated by anti-Müllerian hor-
mone (AMH)>1.5 ng/mL. Exclusion criteria were: (1) ab-
normal body mass index (BMI >28 kg/m2 or BMI <18.5
kg/m2); (2) abnormal uterine anatomy, including partial
uterine septum, uterus didelphys, or uterine scar divertic-
ulum; (3) other systemic diseases, including genetic dis-
orders (e.g., chromosomal abnormalities), endocrine dis-
eases (e.g., hyperthyroidism, diabetes), or infectious dis-
eases (HIV, syphilis or hepatitis); (4) use of medications
within the past three months that are contraindicated or
should be used with caution during the preconception pe-
riod (e.g., antipsychotics such as chlorpromazine or per-
phenazine, antiepileptics such as valproate or phenobar-
bital, antituberculosis drugs such as rifampicin or isoni-
azid, and antineoplastic agents such as methotrexate or cy-
clophosphamide; (5) receipt of allogeneic blood transfu-
sion, organ transplant, or stem cell therapy within the past
6 months; or (6) the presence of malignant tumor.

A total of 138 atypical RIF patients were included: 39
with a history of one failed embryo transfer, and 99 with
a history of two failed embryo transfers. Among them, 59
patients had received PRP prior to FET (the PRP group),

while 79matched patients received no infusion (no placebo)
prior to FET (control group). Additionally, we reviewed
FET cycles of RIF patients who received autologous PRP
infusion during the same period. After applying the above
criteria and excluding patients with ≥5 prior implantation
failures, only 9 such cycles remained. These were excluded
from the comparative analysis due to their small number.

2.2 Endometrial Preparation Protocols and Embryo
Quality Assessment for FET Cycles

Depending on the patient’s clinical scenario, endome-
trial preparation for FET was performed via one of the fol-
lowing protocols:

• GnRHa (Gonadotropin-releasing hormone agonist)
downregulation hormone replacement therapy (HRT)
cycle: On days 2–4 of the menstrual cycle, 3.75 mg
of leuprorelin acetate (Livzon, H20090299, Shanghai,
China) was administered via subcutaneous injection
for pituitary downregulation. After 28–30 days, and
once downregulation was confirmed to be satisfac-
tory, oral estradiol valerate (Femoston red tablets)
was started at 4 mg/day (Abbott Healthcare Products
BV, H20110208, Weesp, Netherlands). One week
after estrogen administration, endometrial thickness
was measured by ultrasound, and the estradiol dose
was adjusted accordingly. The maximum duration of
estrogen administration was 20 days. When ultrasound
indicated the endometrial thickness was ≥8 mm, or if
it was <8 mm but had reached the patient’s maximal
endometrial response, endometrial transformation was
induced by progesterone applied vaginally at 90 mg/day
(Merck Serono, H20140552, Geneva, Switzerland)
and dydrogesterone (Femoston yellow tablets) taken
orally at 40 mg/day. On the 4th day after progesterone
exposure, one or two D3 embryos were thawed and
transferred. Alternatively, on the 6th day after proges-
terone exposure, one or two blastocysts were thawed
and transferred.

• HRT cycle (no downregulation): Femoston (red tablets,
4 mg/day) was started directly from D2–4 of the men-
strual cycle. One week later, endometrial thickness was
measured by ultrasound, and the dose of red tablets was
adjusted according to the endometrial response. Estro-
gen administration continued for a maximum of 20 days.
When ultrasound revealed an endometrial thickness of
≥8mm (or<8mmbutwith optimal thickness achieved),
progesterone support was initiated to induce endometrial
transformation (progesterone at 90 mg/day applied vagi-
nally, and Femoston yellow tablets at 40 mg/day taken
orally). On the 4th day after progesterone exposure, one
or two D3 embryos were thawed and transferred. Alter-
natively, on the 6th day after progesterone exposure, one
or two blastocysts were thawed and transferred.

• Controlled ovarian stimulation (COS) cycle: 2.5–5
mg of letrozole (Hengrui, H19991001, Lianyungang,
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Jiangsu, China) was taken orally for 5 days from D4
of the menstrual cycle. Ultrasound was used to mon-
itor the follicular size, and 75–150 U HMG (Livzon,
H10940097, Shanghai, China) was administered to sup-
port follicle growth when necessary. When the serum
estradiol level reached 200–300 pg/mL, or the follicle
diameter was >18 mm, an ovulation trigger of 10,000
IU of HCG (Livzon, H44020672, Shanghai, China)
was given. After ovulation was confirmed, endome-
trial transformation was induced by progesterone at 90
mg/day applied vaginally and Femoston yellow tablets
taken orally at 40 mg/day. On the 3rd day after ovula-
tion, one or two cleavage-stage embryos were thawed
and transferred, or on the 5th day after ovulation, one or
two blastocysts were transferred.
The quality of the embryo was assessed before trans-

plantation. A high-quality, cleavage-stage embryo was de-
fined as an embryo derived from a normal fertilized egg,
with an embryonic cell count of 7–9 on the 3rd day after
fertilization, and <10% fragmentation [20]. According to
the Gardner scoring system, a high-quality blastocyst is at
stage 3 or above, with neither the inner cell mass (ICM)
score nor the trophectoderm (TE) score being grade C [21].

2.3 Preparation and Intrauterine Infusion of PRP
All patients signed the informed consent form for

intrauterine infusion of autologous PRP before receiving
treatment. A two-step centrifugation method was used for
PRP preparation as described in a previous report [22]. One
or two rounds of PRP intrauterine infusion were applied de-
pending on the patient’s individual condition. Two days be-
fore embryo transfer (or 4 days if possible), 15 mL of pe-
ripheral venous blood from the patient was drawn into a sy-
ringe preloaded with 5 mL of 3.2% sodium citrate anticoag-
ulant solution (NIGALE, H20058913, Jianyang, Sichuan,
China). This was immediately centrifuged at 300×g for 10
min at 18 °C. The upper two layers were then transferred
to a new sterile tube and centrifuged for 15 min at 700 ×g
and 18 °C. Approximately 75% of the resulting supernatant
was discarded, and about 1 mL of PRP from below was as-
pirated. The PRP was then activated by adding thrombin
powder (25 U/mL, HITECK, H42020042, Wuhan, Hubei,
China) and calcium chloride (20 mmol/mL, Southwest
Pharmaceutical Co., Ltd., H50020138, Chongqing, China).
Following activation, the levels of platelet-derived growth
factor (PDGF) and transforming growth factor β (TGF-β)
in the sample were quantified to ensure quality control. In-
trauterine infusion of the PRP was then performed. The
patient was placed in the lithotomy position, the vulva was
disinfected, a speculum was used to expose the cervix, and
the vagina was sterilized. The PRP was gently infused into
the uterine cavity through the cervical canal using a syringe
attached to an intrauterine insemination catheter. After in-
fusion, the patient remained in a supine position for 30 min.

2.4 Outcome Measures

Baseline characteristics for both groups were col-
lected by review of medical records. These included base-
line follicle-stimulating hormone (basal FSH), age, base-
line luteinizing hormone (basal LH), years of infertility,
baseline estradiol 2 (basal E2), BMI, baseline progesterone
(basal P), AMH, and number of embryos transferred. The
clinical outcomes were: endometrial thickness on the day
of embryo transfer; embryo implantation rate = (number
of implanted embryos/number of embryos transferred) ×
100%; biochemical pregnancy rate = (number of HCG-
positive cycles/number of transfer cycles) × 100%; clin-
ical pregnancy rate = (number of clinical pregnancy cy-
cles/number of transfer cycles) × 100%; miscarriage rate
= (number of miscarriage cycles/number of clinical preg-
nancy cycles) × 100%; and live birth rate = (number of
successful live births/number of transfer cycles) × 100%.
Clinical pregnancy was defined as the presence of a gesta-
tional sac and fetal heartbeat on ultrasound 5 weeks after
embryo transfer.

2.5 Statistical Analysis

SPSS (version 26.0, IBM, Armonk, NY, USA) was
used for data analysis. Comparisons between two groups
were made using Student’s t-test for data with a normal dis-
tribution and homogeneous variance, or the nonparametric
Wilcoxon rank-sum test for data that was not normally dis-
tributed. Data that did not show a normal distribution were
represented by the median and interquartile range [M (P25,
P75)]. Categorical data were analyzed using the Chi-square
test or Fisher’s exact test. Logistic regression analysis was
performed with clinical pregnancy as the dependent vari-
able, and potential influencing factors as covariates. This
was used to calculate odds ratios (ORs) with 95% CIs and
p-values. Considering interaction effects, the variables of
PRP, duration of infertility, AMH, and endometrial thick-
ness on transfer day were included in the final model using
the forward selection method. To quantify the clinical im-
pact of PRP on primary outcomes, the effect size (Cohen’s
d) was calculated using the arcsin transformation method to
standardize and present the actual magnitude of differences
between groups. To assess the limitations of sample size
in subgroup analysis, a post-hoc power analysis was con-
ducted on key outcome indicators (biochemical pregnancy
rate and clinical pregnancy rate) using G*Power (version
3.1.9, Heinrich-Heine-Universität Düsseldorf, Düsseldorf,
North Rhine-Westphalia, Germany). A two-tailed p value
< 0.05 was considered statistically significant.

3. Results

The total number of FET cycles at our center from Jan-
uary 1, 2022 to June 1, 2024 was 726. Of these, 186 cycles
included autologous PRP intrauterine infusion before FET,
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Fig. 1. Flowchart for screening and grouping of patients in freeze-thawed embryo transfer (FET) cycles. PRP, platelet-rich plasma.

and 540 cycles had no intrauterine intervention. After filter-
ing based on the inclusion and exclusion criteria, 59 cycles
remained in the PRP group, and 79 cycles in the control
group (Fig. 1).

3.1 Baseline Characteristics

No significant differences were detected between the
PRP and control groups in terms of age, duration of infer-
tility, BMI, AMH, basal FSH, basal LH, basal E2, basal P,
embryo transfer number, or high-quality embryo rate (p >

0.05), indicating the two groups were comparable. Detailed
results are shown in Table 1.

3.2 Pregnancy Outcomes

As shown in Table 2, the biochemical pregnancy rate
in the PRP groupwas significantly higher than in the control
group (66.10% vs. 45.57%, p< 0.05). The PRP group also
had a higher clinical pregnancy rate (57.63% vs. 39.24%,
p < 0.05). The effect size (Cohen’s d) for the biochemi-
cal pregnancy rate was 0.45, and for the clinical pregnancy
rate it was 0.40. The embryo implantation rate in the PRP
group was also higher than in the control group (43.75% vs.
30.83%, respectively). No significant differences were de-

tected between the PRP and control groups in terms of the
transfer day endometrial thickness, transfer day E2 level,
transfer day P level, early miscarriage rate, or live birth rate
(p > 0.05).

3.3 Logistic Regression Analysis of Factors Affecting
Clinical Pregnancy

The results of logistic regression analysis are shown
in Table 3. In univariate analysis, the use of PRP had a pos-
itive impact on clinical pregnancy outcomes (OR = 2.25,
95% CI: 1.11–4.60, p = 0.025). Other variables such as the
number of embryos transferred and patient age showed no
significant effect in the univariate analysis. In multivariate
analysis, theOR for PRP showed verywide CIs and this fac-
tor was no longer significant for pregnancy outcomes (OR
= 92.82, 95% CI: 0.04–243,922.60, p = 0.259). Most vari-
ables, such as BMI and basal FSH, were not significantly
associated with pregnancy outcomes. In the final model,
the adjusted OR for PRP was 2.76 (95% CI: 1.29–5.90, p =
0.009), thus indicating a significant impact.
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Table 1. Comparison of general characteristics between the PRP and control groups.
Characteristic PRP group (59 cycles) Control group (79 cycles) p value

Age (years) 32.19 ± 3.50 31.23 ± 4.11 0.151
Duration of infertility (years) 3.90 ± 2.98 3.95 ± 3.30 0.925
BMI (kg/m2) 23.47 ± 2.42 23.49 ± 2.58 0.952
AMH (ng/mL) 5.2 (3.1, 7.5) 4.6 (2.6, 7.6) 0.637
Basal FSH (mIU/mL) 7.0 (5.8, 8.5) 6.9 (6.1, 8.3) 0.752
Basal LH (IU/L) 4.1 (3.2, 6.2) 4.0 (3.1, 6.0) 0.836
Basal E2 (pg/mL) 29.3 (23.0, 35.6) 32.2 (23.3, 37.3) 0.541
Basal P (ng/mL) 0.5 (0.3, 0.7) 0.5 (0.3, 0.7) 0.812
Average number of embryos transferred 1.63 ± 0.49 1.52 ± 0.50 0.207
High-quality embryos rate 57.29% 65.00% 0.247
AMH, anti-Müllerian hormone; basal FSH, baseline follicle-stimulating hormone; basal LH, baseline
luteinizing hormone; basal E2, baseline estradiol 2; basal P, baseline progesterone; BMI, body mass in-
dex.

Table 2. Comparison of embryo transfer outcomes between the PRP and control groups.
Outcome measure PRP group (59 cycles) Control group (79 cycles) p value

Endometrial thickness on transfer day (mm) 10.75 ± 2.49 11.44 ± 2.21 0.343
E2 on transfer day (pg/mL) 456.9 [206.0, 1117.3] 398.0 [190.3, 802.5] 0.416
P on transfer day (ng/mL) 8.5 [5.0, 10.8] 7.0 [3.4, 10.8] 0.332
Biochemical pregnancy rate (%) 66.10% 45.57% 0.017
Embryo implantation rate (%) 43.75% 30.83% 0.050
Clinical pregnancy rate (%) 57.63% 39.24% 0.032
Early miscarriage rate (%) 26.47% 16.13% 0.311
Live birth rate 42.37% 32.91% 0.255
Embryo implantation rate = (number of implanted embryos/number of embryos transferred) × 100%.
Biochemical pregnancy rate = (number of HCG-positive cycles/number of transfer cycles) × 100%.
Clinical pregnancy rate = (number of clinical pregnancy cycles/number of transfer cycles) × 100%.
Early miscarriage rate = (number of miscarriage cycles/number of clinical pregnancy cycles) × 100%, before
12 weeks.
Live birth rate = (number of successful live births/number of transfer cycles) × 100%.

3.4 Subgroup Analysis
To further analyze the effect of autologous PRP on

pregnancy outcomes in patients with a history of embryo
implantation failure, patients were subdivided into those
with a history of one failed embryo transfer (subgroup 1),
and those with a history of two failed embryo transfers (sub-
group 2). We then compared subgroup 1 after PRP treat-
ment (PRP-1) to subgroup 1 with no intervention (control-
1), and subgroup 2 after PRP treatment (PRP-2) to subgroup
2 with no intervention (control-2). No significant differ-
ences were detected between subgroups 1 and 2 in terms
of BMI, age, basal FSH, duration of infertility, basal LH,
basal E2, AMH, basal P, or average number of embryos
transferred (p > 0.05), indicating that each of the two pairs
of subgroups were comparable (Table 4).

As shown in Table 5, the biochemical pregnancy rate
in PRP-1 of subgroup 1 was significantly higher than in
control-1 (68.97% vs. 47.14%, respectively, p< 0.05). The
embryo implantation rate (43.90% vs. 25.83%) and clinical
pregnancy rate (55.17% vs. 40.00%) also showed improve-
ment, however these did not reach statistical significance.

In subgroup 2, the biochemical pregnancy rate (63.33% vs.
33.33%), embryo implantation rate (53.33% vs. 25.83%)
and clinical pregnancy rate (60.00% vs. 33.33%) of PRP-2
also showed improvement compared to control-2, but these
differences did not reach statistical significance (Table 5).
To assess the limitations imposed by the relatively small
sample sizes in the subgroup analysis, a post-hoc power
analysis was conducted of the key outcome indicators: the
biochemical pregnancy rate and clinical pregnancy rate.
For subgroup 1, the Achieved Power for biochemical preg-
nancy rate and clinical pregnancy rate were both 71%, while
for subgroup 2 this was 62% and 58%, respectively.

4. Discussion

The development of ART has assisted many infertile
patients. However, the failure of embryo transfer remains a
major issue for medical professionals and patients. A pre-
vious study has mostly focused on improving the clinical
outcomes of RIF patients. Nevertheless, previous data in-
dicate that embryo implantation rates and clinical outcomes
decrease significantly according to the number of previous
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Table 3. Logistic regression analysis of variables associated with the rate of clinical pregnancy.
Variable OR univariable OR multivariable OR final

No PRP
PRP 2.25 (1.11–4.60, p = 0.025) 92.82 (0.04–243,922.60, p = 0.259) 2.76 (1.29–5.90, p = 0.009)
Number of embryos transferred 1.33 (0.61–2.88, p = 0.469) 0.88 (0.34–2.31, p = 0.800)
Age 0.97 (0.88–1.06, p = 0.444) 1.04 (0.88–1.24, p = 0.639)
Duration of infertility 0.91 (0.80–1.02, p = 0.115) 0.89 (0.77–1.03, p = 0.120) 0.90 (0.79–1.02, p = 0.093)
BMI 0.95 (0.82–1.09, p = 0.462) 0.95 (0.81–1.11, p = 0.507)
Basal FSH 0.93 (0.78–1.11, p = 0.403) 0.96 (0.78–1.17, p = 0.660)
Basal E2 1.01 (0.99–1.03, p = 0.460) 1.01 (0.99–1.03, p = 0.525)
Basal P 1.06 (0.42–2.71, p = 0.897) 1.32 (0.44–3.95, p = 0.626)
Basal LH 1.04 (0.93–1.16, p = 0.517) 1.02 (0.89–1.17, p = 0.765)
AMH 1.06 (0.98–1.15, p = 0.154) 1.16 (0.66–2.06, p = 0.601) 1.07 (0.98–1.16, p = 0.146)
Endometrial thickness on transfer day 1.11 (0.95–1.30, p = 0.188) 1.26 (0.99–1.59, p = 0.059) 1.16 (0.99–1.38, p = 0.074)
E2 on transfer day 1.00 (1.00–1.00, p = 0.843) 1.00 (1.00–1.00, p = 0.929)
P on transfer day 1.01 (0.97–1.05, p = 0.628) 1.01 (0.96–1.06, p = 0.644)
No PRP: Age 0.94 (0.86–1.04, p = 0.218)
PRP: Age 0.97 (0.88–1.06, p = 0.484) 0.95 (0.77–1.17, p = 0.618)
No PRP: Endometrial thickness 1.12 (0.95–1.31, p = 0.168)
PRP: Endometrial thickness 1.21 (1.01–1.44, p = 0.036) 0.85 (0.60–1.21, p = 0.376)
Age: AMH 1.00 (1.00–1.00, p = 0.192) 1.00 (0.98–1.02, p = 0.713)

Table 4. Comparison of general characteristics within subgroup 1 and 2.

Characteristic
Subgroup 1 Subgroup 2

PRP 1 (29 cycles) Control 1 (70 cycles) p value PRP 2 (30 cycles) Control 2 (9 cycles) p value

Age (years) 32.45 ± 3.42 31.16 ± 4.17 0.144 31.93 ± 3.62 31.78 ± 3.80 0.912
Duration of infertility (years) 3.86 ± 3.17 3.91 ± 3.25 0.942 3.93 ± 2.83 4.22 ± 3.87 0.807
BMI (kg/m2) 23.35 ± 2.76 23.61 ± 2.55 0.653 23.58 ± 2.08 22.57 ± 2.80 0.246
AMH (ng/mL) 5.0 (3.2, 6.6) 4.8 (2.5, 8.3) 0.848 5.3 (3.1, 9.2) 4.6 (2.8, 5.0) 0.243
Basal FSH (mIU/mL) 7.1 (5.7, 8.3) 7.0 (6.1, 8.2) 0.619 7.0 (5.9, 8.5) 6.2 (6.0, 8.6) 0.671
Basal LH (IU/L) 4.0 (3.2, 6.2) 4.1 (3.2, 6.6) 0.781 4.1 (3.2, 6.2) 3.2 (1.9, 3.5) 0.147
Basal E2 (pg/mL) 28.3 (22.8, 36.2) 32.5 (24.9, 37.8) 0.314 30.8 (23.5, 35.6) 23.2 (17.2, 34.1) 0.190
Basal P (ng/mL) 0.5 (0.3, 0.6) 0.5 (0.3, 0.7) 0.229 0.5 (0.4, 0.8) 0.5 (0.4, 0.6) 0.505
Number of embryos transferred 1.59 ± 0.50 1.50 ± 0.50 0.440 1.67 ± 0.48 1.67 ± 0.50 1.000
Subgroup 1: patients with a history of one failed embryo transfer cycle.
Subgroup 2: patients with a history of two failed embryo transfer cycles.

transfer failures [23]. Therefore, in the current study we
implemented early intervention for atypical RIF patients to
minimize the number of repeated cycles as much as pos-
sible. PRP has recently found several applications in the
field of reproductivemedicine. Due to its cost-effectiveness
and easy accessibility, it is used to treat reproductive system
disorders such as Diminished Ovarian Reserve (DOR), Pre-
mature Ovarian Insufficiency (POI), and thin endometrium
[24]. When the number of previous implantation failures in
patients is ≥3, the effectiveness of intrauterine PRP infu-
sion is reported to be significantly lower. In other words, if
intervention with intrauterine PRP infusion is delayed until
after 3 implantation failures, its efficacy may be greatly re-
duced [25]. Consequently, in the current study we applied
PRP to atypical RIF patients. This was found to reduce the
time and financial cost of ART treatment, as well as some
improvement in their clinical outcomes.

The embryo implantation rate, biochemical pregnancy
rate and clinical pregnancy rate of atypical RIF patients in
the PRP group were found to be significantly higher than
in the control group. The effect size for biochemical preg-
nancy rate and clinical pregnancy rate both showed mod-
erate impact (Cohen’s d of 0.45 and 0.40, respectively),
and both outcomes were significantly better with PRP (p =
0.024 and p = 0.032, respectively). These findings indicate
that PRP can lead to clinically meaningful improvements in
the positive rate of early pregnancy biochemical markers,
suggesting potential value in the initial stage of embryo im-
plantation. Additionally, we also observed a 10% absolute
increase in the live birth rate in the PRP group (35% vs.
25%). Although this did not reach statistical significance
due to the relatively small sample size, the magnitude of
the improvement suggests that PRP has clinical value, es-
pecially since the 95% CI ranged up to 23%.
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Table 5. Comparison of embryo transfer outcomes for subgroups 1 and 2.

Outcome Measure
Subgroup 1 Subgroup 2

PRP 1 (29 cycles) Control 1 (70 cycles) p value PRP 2 (30 cycles) Control 2 (9 cycles) p value

Endometrial thickness on transfer
day (mm)

10.66 ± 2.76 11.51 ± 2.33 0.123 10.85 ± 2.25 10.91 ± 0.77 0.934

E2 on transfer day (pg/mL) 353.5 (190.5, 846.0) 367.9 (190.2, 760.5) 0.717 367.9 (190.2, 760.5) 1233.4 (209.1, 1329.7) 0.484
P on transfer day (ng/mL) 7.3 (4.6, 10.8) 6.5 (3.0, 9.6) 0.329 6.5 (3.0, 9.6) 13.6 (7.4, 16.3) 0.129
Biochemical pregnancy rate (%) 68.97% 47.14% 0.048 63.33% 33.33% 0.142
Embryo implantation rate (%) 43.90% 25.83% 0.357 53.33% 25.83% 0.084
Clinical pregnancy rate (%) 55.17% 40.00% 0.167 60.00% 33.33% 0.255
Early miscarriage rate (%) 37.50% 14.29% 0.133 16.67% 33.33% 0.489
The biochemical pregnancy rate, embryo implantation rate and clinical pregnancy rate in subgroup 1 were analyzed using the chi-square
test.
The biochemical pregnancy rate, embryo implantation rate and clinical pregnancy rate in subgroup 2, and the early miscarriage rate in
both subgroups, were analyzed using Fisher’s exact test.

We observed that early miscarriage rates in both the
control and PRP groups were relatively high in this study,
at 16.1% (5/31) and 26.5% (9/34), respectively. A previ-
ous study has shown that conditions such as chronic en-
dometritis, adenomyosis, and endometriosis can lead to RIF
and may increase the risk of early miscarriage [26]. A re-
cent endometrial transcriptomic study revealed a large over-
lap in abnormally expressed gene profiles between women
with RIF and those with recurrent early pregnancy loss
[27]. In order to identify possible factors that influence the
high rate of early miscarriage in our study, we first ana-
lyzed whether the three endometrial preparation protocols
could potentially impact treatment outcomes. The use of the
three pretreatment methods (GnRHa downregulation HRT,
HRT, COS) between the two groups was 54.24%, 30.51%,
and 15.25%, respectively, for the PRP group, and 50.63%,
36.71%, and 12.66%, respectively for the control group.
There was no significant difference in the proportion of pre-
treatment methods used between the two groups. However,
a study has shown that the natural cycle endometrial prepa-
ration protocol may be more effective at reducing the mis-
carriage rate in RIF patients compared with the HRT pro-
tocol [28]. This could be one of the factors contributing to
the relatively high miscarriage rate. Second, we analyzed
the potential impact of embryo quality. Since preimplan-
tation genetic screening (PGS) was not performed on the
embryos in this study, we cannot completely rule out the
possibility of aneuploid embryos, which could be another
contributing factor to the relatively high miscarriage rate.
We next analyzed the data for the 14 miscarriage cycles.
The overall PRP and control groups showed no significant
differences in high-quality embryos (57% vs. 65%, respec-
tively) and average number of transferred embryos (1.63
vs. 1.52). However, amongst the 14 miscarriage cycles,
the PRP group had fewer high-quality embryos (54.55% vs.
87.5%) and average number of transferred embryos (1.22
vs. 1.60) compared to the control group. This result sug-
gests that embryo quality factors may have been an impor-

tant cause of early miscarriage in the current study. A recent
study also found that the number of high-quality embryos is
an independent prognostic factor for early miscarriage [29].
Finally, the potential risks of PRP cannot be ignored com-
pletely, with larger studies needed to properly evaluate the
safety profile of PRP treatment.

Univariate logistic regression analysis revealed that
PRP had some impact on clinical pregnancy outcomes.
In multivariate analysis, the OR for PRP was very unsta-
ble, but the adjusted OR for PRP in the final model again
showed a significant impact. A possible reason for this
is that after variable screening and adjustment, some con-
founding factors were excluded, thus allowing a more ac-
curate reflection of the effect of PRP on clinical pregnancy.
Variables such as the duration of infertility and AMH also
showed near-significant results in the final model, suggest-
ing they could have some impact on clinical pregnancy out-
comes when all relevant factors are comprehensively con-
sidered.

After further subgrouping of patients, the biochemical
pregnancy rate of subgroup 1 (patients with a history of one
failed embryo transfer) was found to be significantly higher
than that of subgroup 2, with a history of two failed trans-
fers (68.97% vs. 47.14%, respectively, p = 0.048). This
result indicates that PRP can improve the clinical outcomes
of ART even in women with a history of only one failed
embryo transfer. Based on the results before subgrouping
in the current study, and together with the use of PRP in
RIF patients in previous studies, it appears that PRP not
only benefits standard RIF patients, but may also have sig-
nificant benefit for atypical RIF patients. These findings
support early PRP intervention in patients with a history of
only one failed embryo transfer in future clinical practice.

Despite not reaching statistical significance, the sub-
stantial improvements seen in subgroup 2 with PRP com-
pared to controls (clinical pregnancy rate: 60.00% vs.
33.33%; embryo implantation rate: 53.33% vs. 25.83%)
represent clinicallymeaningful differences. In order to clar-
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ify whether the non-statistical significance was due to the
small sample size of subgroup 2, we conducted a post-hoc
power analysis of these key indicators. For the biochem-
ical pregnancy rate, with Cohen’s h = 0.48 and α = 0.05,
the Achieved Power was 62% at <0.8. This indicates that
due to the small sample size of the subgroup (n = 9 in the
control-2 group), there was only a limited ability to detect
true differences. For the clinical pregnancy rate, with Co-
hen’s h = 0.45 and α = 0.05, the Achieved Power was 58%
at <0.8. This provides further confirmation that the statis-
tical power of our subgroup analysis was limited by sample
size, which may have masked the true therapeutic effect of
PRP. Clinical significance was also suggested in the dif-
ferent clinical pregnancy rates (55% vs. 40%) observed in
subgroup 1 with and without PRP, respectively. However,
the Achieved Power for the biochemical pregnancy rate in
subgroup 1 was 71%. Combined with the effect size and the
trend for the p-value, this result suggests that PRP has a po-
tential positive effect on the biochemical pregnancy rate in
subgroup 1. For the clinical pregnancy rate, the Achieved
Power was also 71%, which is close to the ideal threshold
of 0.8. Nevertheless, due to the relatively limited sample
size of the PRP-1 group (n = 29), the “potential moderate
effect” did not reach statistical significance. The results of
post-hoc power analysis suggest that expansion of the sam-
ple size may further confirm the beneficial effect of PRP
on the clinical pregnancy rate in subgroup 1. In conclusion,
although this study failed to demonstrate a statistically sig-
nificant effect of PRP in subgroup analysis, the clinically
meaningful trend, the consistent direction of improvement
across multiple indicators, and the limited statistical power
all strongly suggest that PRP is a promising therapeutic op-
tion. We recommend that more rigorously designed, large-
sample, multicenter randomized controlled trials be carried
out to further clarify the clinical value of PRP.

Several limitations to this study should be acknowl-
edged. Firstly, as a retrospective study, it relied on exist-
ing data records. Due to the incompleteness of data, some
indicators that may have affected the conclusions (e.g., en-
dometrial blood flow, PRP-related growth factor levels, and
differences in chromosomal status) could not be included in
the statistical analysis. In subsequent studies, we will incor-
poratemore complete data derived from a larger sample size
in order to increase the reliability of conclusions. Secondly,
there may have been some uncontrollable factors, such as
individual variations in ovarian stimulation protocols and
endometrial preparation protocols. When designing sub-
sequent studies, researchers should strive to ensure these
factors remain consistent, thereby reducing their potential
impact on the results and conclusions. Thirdly, long-term
indicators such as obstetric outcomes or neonatal outcomes
were not included in the study. This limitation prevented
us from tracking the longer-term effects and safety of PRP
treatment.

5. Conclusions
In summary, intrauterine infusion with autologous

PRP during FET cycles in atypical RIF patients may help to
increase the biochemical pregnancy rate, embryo implanta-
tion rate, and clinical pregnancy rate.
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