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Introduction

Recurrent pregnancy loss (RPL) is defined as the spontane-
ous loss of two or more consecutive pregnancies [1,2]. Ap-
proximately 1-3% of reproductive-age couples are estimated 
to have this fertility problem [1]. Although RPL is associated 
with many etiologic factors, including genetic, inflammatory, 
infectious, anatomic, and endocrinologic factors, the cause 
of RPL in the majority of patients remains unexplained [2]. 
One of the etiologies underlying RPL is derangement in the 
endometrial environment [3]. 

Various elements, such as growth factors, chemokines, and 
cytokines, play crucial roles in promoting endometrial tis-
sue remodeling during decidualization, yielding the correct 
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Objective
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between the PRP and control groups. The clinical pregnancy rate was higher in the PRP group (35% vs. 20%, P=0.288). 
The live birth rate was 15% in the PRP group, but no live births were recorded in the control group (P=0.231). 

Conclusion
This is the first study to show that intrauterine infusion of PRP in patients with RPL who undergo IVF may increase the 
chance of live birth.
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environment for the developing conceptus [4,5]. However, 
alterations in the balance between uteroplacental vascular 
development and growth factors, such as vascular endo-
thelial growth factor (VEGF), fibroblast growth factor (FGF), 
transforming growth factor (TGF-β), and platelet-derived 
growth factor (PDGF), may lead to inappropriate angiogen-
esis, a fundamental requirement for fetal survival and normal 
progression of pregnancy [6]. 

Growing evidence suggests that distorted endometrial 
receptivity may be associated with RPL [7,8]. Decidual trans-
formation of endometrial stromal cells, a critical process for 
embryo implantation and subsequent fetal growth, may be 
diminished during decidualization in patients with RPL [7]. 
The level of TGF-β, one of the elements involved in decidu-
alization events, angiogenesis, and placental function, is 
reduced in the decidua of patients with RPL [6,9-11]. VEGF 
is another growth factor that plays a crucial role in both the 
implantation and initiation of angiogenesis [11], and VEGF 
polymorphism has been reported to be associated with RPL 
[11,12]. 

Platelet-rich plasma (PRP) is an autologous biological prod-
uct containing platelets in concentrated plasma. PRP is also a 
source of easy access to chemokines, cytokines, and growth 
factors [13]. The use of PRP has recently emerged as a thera-
peutic strategy in various areas of medicine. Platelet gran-
ules in PRP contain high concentrations of growth factors, 
including PDGF, TGF-β, VEGF, FGF, hepatocyte growth factor 
(HGF), and epidermal growth factor (EGF) [14,15]. In addi-
tion, PRP contains serotonin, adenosine, calcium, dopamine, 
histamine, diphosphate, catecholamines, insulin-like growth 
factors I and II (IGF I and II), connective tissue growth factor 
(CTGF), interleukin-1 (IL-1), and interleukin-8 (IL-8) [14-16].

Because of the lack of evidence-based therapeutic recom-
mendations for the treatment of patients with RPL [2,17], 
optimization of intrauterine circumstances and decidualiza-
tion may be an efficient therapeutic strategy for these pa-
tients [17]. Autologous intrauterine infusion of PRP, as a form 
of personalized medicine, before embryo transfer in assisted 
reproductive technology, may be useful for proper implanta-
tion in patients with recurrent implantation failure or patients 
with inadequate endometrial thickness [16,18,19]. Therefore, 
in this study, we investigated the effectiveness of intrauterine 
infusion of PRP in improving endometrial derangements in 
patients with RPL undergoing intracytoplasmic sperm injec-
tion (ICSI) treatment. 

Materials and methods 

1. Study design
This prospective, randomized controlled study was conducted 
at the in vitro fertilization (IVF) center of Taleghani Hospital in 
Tehran from December 2019 to August 2020. This study was 
approved by the Ethics Committee of the Shahid Beheshti 
University of Medical Sciences (IR.SBMU.REC.1398.079, 
approval date: November 2019) and registered at https://
en.irct.ir/trial/41765. Informed consent was obtained from all 
participants before entering the study.

2. Study population
We included women with a history of two or more pregnan-
cy losses before 20 weeks of gestation who were candidates 
for ICSI, aged below 40 years, and had body mass index (BMI) 
of 20-30 kg/m2. The exclusion criteria were immunological 
or hematological disorders, antiphospholipid antibody syn-
drome, endometriosis, testicular sperm extraction, oocyte 
donation, hormonal or chromosomal abnormalities, and ana-
tomical uterine disorders. The sample size was determined 
using the following formula:

n≥2
(Zα+ Zβ)

2σ2

(μ1-μ2)
2

When α=0.05, Zα=1.96, β=0.20, Zβ=0.84, and effect 
size=0.8. The sample size was 25 patients in each group. 
Among the 50 patients included in the current study, 10 
were unable to complete the study procedure (Fig. 1). The 
remaining 40 patients were randomly categorized into two 
groups (PRP and control groups) using computer-generated 
simple random tables in a 1:1 ratio.

3. Ovarian stimulation and ICSI 
All participants underwent ovarian stimulation with the stan-
dard gonadotropin-releasing hormone (GnRH) antagonist 
protocol. Ovarian stimulation was initiated with exogenous 
gonadotropin (225-450 IU daily; Pergoveris, Merck-Serono, 
Roma, Italy) on the third day of the menstrual cycle. Follicular 
growth was monitored after 6 days by ultrasonography, and 
when follicles with a diameter of 14 mm were visualized, 
GnRH antagonist treatment was initiated with Cetrorelix ac-
etate (0.25 mg daily; Cetrotide, Serono, London, UK). When 
at least three follicles with diameter >17 mm were visualized 
by ultrasound, ovulation was triggered using human chori-
onic gonadotropin (Pregnyl, MSD, Brussels, Belgium). Thirty-
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six hours after the ovulation trigger, oocyte retrieval was per-
formed, and metaphase II oocytes were inseminated by ICSI.

4. PRP 
In the PRP group, intrauterine administration of PRP was 
performed under ultrasound guidance 48 hours before em-
bryo transfer. PRP was obtained from 8.5 mL of autologous 
peripheral venous blood by using a two-step process. The 
blood sample was collected into a syringe containing 1.5 mL 
of acid citrate A anticoagulant solution (ACD-A, Arya Mabna 
Tashkhis, Tehran, Iran) and immediately centrifuged at 1,200 
rpm for 10 minutes to separate the red blood cells. The 
solution was centrifuged again at 3,300 rpm for 5 minutes 
to obtain PRP-containing platelets approximately 4-5 times 
more than circulating blood. Approximately 0.5 mL of PRP 
was infused into the uterine cavity using a catheter (Takvin 
Teb Co., Tehran, Iran) before embryo transfer. 

5. Embryo transfer 
Five days after ICSI, when endometrial thickness reached ≥7 
mm, one or two fresh blastocyst embryos were transferred to 
the uterine cavity. The luteal phase was supported with vagi-
nal progesterone (400 mg twice daily; Cyclogest, Hoechst, 
Hounslow, UK). Clinical pregnancy was defined by the pres-

ence of an embryonic sac at 5-6 weeks gestation. Spontane-
ous abortion was defined by the loss of pregnancy before 20 
weeks of gestation, and live birth was defined as birth after 
24 weeks of gestation [20]. 

6. Statistical analysis
For statistical analysis, an independent t-test, Mann-Whitney 
test, Fisher’s exact test, and chi-squared test were performed. 
Continuous variables were presented as mean±standard 
deviation or median and interquartile range, and categori-
cal variables were presented as frequency (percentage). The 
primary outcome measures were clinical pregnancy, abortion, 
ectopic pregnancy, and live birth rates. Logistic regression 
analysis was performed to adjust the outcome measures of 
the study for confounding variables. Statistical analysis was 
performed using SPSS version 21 (IBM Corp., Armonk, NY, 
USA). P-values ˂0.05 were considered statistically significant. 

Results

Data from 40 patients who underwent IVF cycles were ana-
lyzed in this study: 20 patients in the control group with 
standard treatment and 20 patients in the PRP group. The 

Fig. 1. The consolidated standards of reporting trials flowchart. PRP, platelet-rich plasma.
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baseline characteristics of the participants (female age, BMI, 
serum anti-Müllerian hormone [AMH] level, basal follicle-

stimulating hormone level, infertility duration, primary or 
secondary infertility, number of previous abortions, number 

Table 1. Baseline characteristics of the patients

Parameter Control (n=20) PRP (n=20) P-value

Female age (yr) 34.75±4.57 35.70±5.10 0.539

Body mass index (kg/m2) 26.5 (24.0-29.3) 27.0 (24.0-28.3) 0.830

AMH (ng/mL) 2.1 (1.0-3.1) 2.8 (1.8-4.2) 0.195

Basal FSH (IU/L) 4.28±2.92 5.11±2.68 0.450

Infertility duration, yes 3.65±2.15 5.20±3.61 0.132

Primary infertility 5 (25) 10 (50) 0.102

Secondary infertility 15 (75) 10 (50)

Number of previous abortion 2 (2-3) 2 (2-2) 0.201

Number of previous IVF cycles 0 (0-1) 1 (0-2) 0.195

Cause of infertility 0.641

Male factor infertility 9 (45) 9 (45)

Poly cystic ovary 2 (10) 4 (20)

Unexplained 9 (45) 7 (35)

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
PRP, platelet-rich plasma; AMH, anti-Müllerian hormone; FSH, follicle-stimulating hormone; IVF, in vitro fertilization.

Table 2. Characteristics of intracytoplasmic sperm injection cycles

Parameter Control (n=20) PRP (n=20) P-value

Total oocytes retrieved 8 (4-11) 9 (6-12) 0.625

Metaphase II oocytes 5 (2-8) 7 (3-9) 0.327

Ratio of metaphase II oocytes/total oocytes 0.85 (0.58-0.97) 0.89 (0.68-0.96) 0.495

Fertilization rate (%) 76.38 (45.0-100.0) 73.21 (52.77-91.98) 0.817

Embryos transferred 1.000

1 3 (15) 3 (15)

2 17 (85) 17 (85)

Clinical pregnancy 4 (20) 7 (35) 0.288

Abortion 4 (20) 4 (20) 1.000

Ectopic pregnancy 1 (5) 0 (0) 1.000

Live birth 0 (0) 3 (15) 0.231a)

Values are presented as number (%) or median (interquartile range).
PRP, platelet-rich plasma. 
a)Fisher exact test.

Table 3. Multivariable analysis of potential factors associated with outcome measures

Parameter Crude OR P-value Adjusteda) OR P-value

Pregnancy 2.15 (0.5-9.0) 0.293 2.15 (0.4-11.58) 0.370

Abortion 1.00 (0.21-4.70) 1.000 1.15 (0.91-1.45) 0.243

OR, odds ratio.
a)Adjusted for infertility duration, number of previous intracytoplasmic sperm injection cycles, and anti-Müllerian hormone level.
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of previous IVF cycles, and etiology of infertility) did not sig-
nificantly differ between the two groups (Table 1). The cycle 
parameters and treatment outcomes of the study groups 
are presented in Table 2. No significant difference was ob-
served in the number of total oocytes retrieved, number of 
metaphase II oocytes, the ratio of metaphase II oocytes/total 
oocytes, fertilization rate, number of embryos transferred, 
abortion rate, and ectopic pregnancy (Table 2). The clini-
cal pregnancy rate was higher in the PRP group (35% vs. 
20%). The live birth rate was 15% in the PRP group, but no 
live births were recorded in the control group (Table 2). The 
results of multivariable analyses to adjust the main outcome 
measures of the study for confounding variables (infertil-
ity duration, number of previous IVF cycles, and AMH) are 
shown in Table 3.

Discussion

Good endometrial receptivity and decidualization are the 
determinants of proper implantation, subsequent embryonic 
development, and successful gestation. Thus, a disrupted 
endometrial state in the early stages of pregnancy can have 
detrimental effects on the continuation of the pregnancy. 
However, the exact mechanism underlying abortion in RPL 
patients is not yet clear, and no efficient treatment is avail-
able for infertile couples with RPL [21]. According to the 
available evidence, optimization of the endometrial status 
during implantation may be the key to proper decidualiza-
tion and angiogenesis and prevention of abortion in patients 
with RPL [7,8,17]. The current study is the first investigation, 
to the best of our knowledge, evaluating the effectiveness of 
PRP infusion into the uterus of RPL women in improving the 
live birth outcome after IVF. 

In our previous clinical trials, PRP infusion into the uterus 
improved endometrial expansion in patients with a refractory 
thin endometrium [22] and pregnancy outcomes in patients 
with recurrent implantation failure [16]. In this study, we 
showed that infusion of PRP into the uterus before embryo 
transfer in patients with RPL could increase the rate of live 
births, although this effect was not statistically significant. 
No live births were recorded in the control group in this 
study, but the live birth rate in the patients treated with PRP 
was 15% without any complications. Notably, the observed 
statistically insignificant increase in the live birth rate among 

PRP-treated patients may also be attributable to the limita-
tions of the population studied. Since the exact mechanism 
of abortion in women with RPL is unknown and this is the 
first investigation, to our knowledge, regarding the treat-
ment of RPL patients with PRP, we conducted this pilot study 
with a limited number of patients. Accordingly, our results 
suggest that infusion of PRP into the uterus may be a safe 
and effective treatment for women with RPL.

In recent years, PRP has been widely suggested to improve 
endometrial quality in the treatment of various infertility 
issues, such as thin endometrium [23-25], Asherman syn-
drome [26], recurrent implantation failure [16,24], and severe 
intrauterine adhesion [27]. PRP is an inexpensive and easy 
to obtain autologous resource. The factors in PRP include 
PDGF, TGF-β, VEGF, FGF, HGF, EGF, serotonin, adenosine, 
calcium, dopamine, histamine, diphosphate, catecholamines, 
IGF I and II, CTGF, IL-1, and IL-8 [14-16]. The chemokines, 
cytokines, and growth factors contained in PRP may improve 
endometrial conditions and lead to proper vascularization, 
decidualization, and continued gestation. 

Appropriate angiogenesis is crucial for the formation of the 
decidual capillary network, embryonic growth, and continu-
ation of pregnancy. Thus, inadequate vascular development 
and growth, which leads to hypoxia and insufficient blood 
flow, may be involved in RPL [8]. Multiple angiogenic factors 
play essential roles in vascularization of the chorionic villi and 
decidua. Factors such as TGF-β, PDGF, and VEGF have been 
reported to be dysregulated in the endometrium of women 
with a history of RPL [10-12,28]. Alterations in the ratio of 
the concentrations of growth factors in the uterus can cause 
dysregulation of decidualization and implantation. 

PRP maintains the normal physiological ratios of growth 
factors, chemokines, and cytokines in the endometrium. The 
elements in PRP, including VEGF, IGF, FGF, TGF-β, and IL-1, 
play fundamental roles in angiogenesis and decidualization 
[6,9,29]. Therefore, by improving decidualization and angio-
genesis, PRP infusion into the uterus may inhibit embryonic 
growth failure and enhance the chance of live birth in pa-
tients with RPL.

This pilot study demonstrated that infusion of PRP into the 
uterus of patients with RPL before embryo transfer in the ICSI 
cycle could increase the chance of live birth, although this ef-
fect was not statistically significant. We suggest that PRP, as 
a safe, autologous, low-cost, and effective therapeutic agent, 
may improve endometrial circumstances in the early stages 
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of gestation and lead to successful live births among RPL 
patients. Further randomized controlled trials with adequate 
study populations are required.
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