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Abstract

A prospective cohort study investigated the effectiveness of platelet-rich plasma (PRP) infusion for refractory thin endometriuﬁ
38 infertile patients. Patients showed significant improvement in endometrial thickness post-PRP injection, leading to successful
implantation and pregnancy. The study revealed a negative correlation between antimullerian hormone (AMH) levels and the need
for PRP interventions, suggesting higher ovarian reserve may reduce the necessity for repeated treatments. This implies AMH
levels could serve as a prognostic indicator for treatment outcomes, aiding clinicians in optimizing protocols and reducing patient
burden. Further research is needed to confirm these findings in larger and more diverse populations, along with exploring long-

term reproductive success rates post-PRP treatment.

Abbreviations: AMH = antimullerian hormone, ART = assisted reproductive technique, PRP = platelet-rich plasma.
Keywords: antimullerian hormone, endometrial thickness, platelet-rich plasma, thin endometrium

1. Introduction

The endometrium includes the basal layer and the functional
layer, which is the site of embryo implantation and it experi-
ences periodic changes during the menstrual, proliferation, and
secretion periods.''! The endometrium is shedded monthly in the
absence of pregnancy without leaving a scar while keeping its
function.”?! The optimal endometrial thickness suitable for preg-
nancy is > 6 mm." A thin endometrium is an endometrium that
reached a thickness of <6 mm and is usually diagnosed through
vaginal ultrasonography.l Refractory thin endometrium lowers
the probability of conception whether through normal coitus
or by using assisted reproductive technique (ART).F! Refractory
thin endometrium has a wide etiology including infections, iat-
rogenic, and idiopathic.!®!

Refractory thin endometrium non-responsive to standard
treatments usually results in cycle cancellation and is still a
challenge in ART. Various strategies have been suggested and
developed for the treatment of refractory thin endometrium,
including extended use of exogenous estrogen,!”’ vitamin E!®!
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vaginal sildenafil citrate, electroacupuncture,'”! and applica-
tion of granulocyte colony stimulation factor."'! Intrauterine
infusion of platelet-rich plasma (PRP) is a new approach sug-
gested for treating refractory thin endometrium.!?!

Antimullerian hormone (AMH) was found to be correlated
positively with endometrial thickness in the pre-ovulatory
phase, and a great predictor of endometrial thickness and preg-
nancy outcomes.!3

PRP is a plasma obtained from autologous whole blood and
is enriched with platelets. After centrifugation, the plasma layer
is re-centrifuged again to obtain PRP ready for injection. It is
used as a non-operative therapeutic option in broad areas of
medicine such as sports medicine and orthopedics. The PRP is
prepared by obtaining an amount of autologous venous blood
at 21°C and 24°C and 3 to SmL of PRP can be obtained from
30mL of venous blood!

Different classifications of PRP preparation depend on the
method of preparation, the contents of plasma, and the pro-
posed application. Platelets include a-granules, which contain
high concentrations of various growth factors such as vascular
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endothelial growth factor, epidermal growth factor, platelet-
derived growth factor, transforming growth factor, and other
cytokines that stimulate proliferation and growth, and other
substances, which are released when the platelets are activated.
The high concentration of growth factors in PRP can poten-
tially speed up the healing process and initiate other biological
effects.!1

PRP has recently been used in several disorders, including
gynecological disorders such as cervical ectopy, vulvar dystro-
phy, reconstructive surgery for vulvar cancer, skin lesions and
wound healing, urogenital disorders (genital fistulae, genital
prolapse and urinary incontinence), reproductive medicine (pre-
mature ovarian failure, ovarian torsion, refractory thin endo-
metrium, repeated implantation failure and premature rupture
of membranes), and aesthetic gynecology (breast reconstruction
and female sexual dysfunction).["4]

2. Materials and methods
2.1. Participants

This study was a prospective cohort clinical study. We included
38 Patients aged 22 to 47 who suffer from infertility and are
diagnosed with refractory thin endometrium with:

maximal endometrial thickness of < 6mm, low AMH levels
(AMH < 1.5 ng/mL) or normal/high AMH after excluding other
possible causes of irregular periods, idiopathic infertility after
trying conventional treatment methods, patients with secondary
infertility after treating the underlined cause.
Exclusion criteria were effective hormonal therapy, effective
in vitro fertilization (IVF), or intracytoplasmic sperm injection
(ICSI).

3. Measurements and outcomes

3.1. Intervention

The intervention included several PRP injections in the cervix
in the locations 6 and 12 o’clock and the quadriceps femoris
and the contralateral triceps brachii simultaneously, and PRP
infusion in the uterine cavity, PRP administration was continued
until the targeted endometrial thickness of 6 to 8 mL is reached.

3.2. PRP Obtaining and preparing

Autologous PRP was obtained by drawing 20cm of venous
blood from the patient arm in anticoagulant-containing tubes,
the blood was then centrifuged at 1500 rpm (round per min-
ute) for 15 minutes, the blood then separated into 3 layers: an
upper layer which contains the platelets and white blood cells,
an intermediate thin layer (the buffy coat) which contains white
blood cells and a bottom layer that contains red blood cells. The
lower layer is discarded, then the plasma is centrifuged again
at 2000 rpm for 10 minutes to help with the formation of soft
pellets (erythrocytes and platelets) at the bottom of the tube.

After the initial preparation, approximately 3ml of PRP is
treated with a special activation solution that consists of phys-
iological fluid enriched with vitamins, minerals, and nutrients,
the remaining plasma (6-8mL) is also treated with the same
activation solution. Administration is done within 15 minutes
of PRP activation.

3.3. PRP administration

The procedure is conducted by injecting approximately 1.5 mL
of activated PRP in the cervix (0.75mL in the location at 6
O’clock, and another 0.75 mL in the location at 12 O’clock).
This procedure is done within the first 10 days of the men-
strual cycle and is repeated periodically on the same day of the
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cycle until the targeted endometrial thickness of 6 to 8 mL is
reached. The endometrial thickness is measured 10 days after
the injection using transvaginal ultrasonography.

3.4. Laboratory and imaging diagnostics

Transvaginal ultrasonography was performed for all patients to
measure the endometrial thickness, and AMH levels were mea-
sured for all patients as demonstrated.

3.5. Statistical methodology

Statistical analysis was performed using spss 26.0, counts and
percentages explained the variables. Mean and standard devi-
ation explored the data. The Shapiro-Wilk test demonstrated
the shape of the data. The Wilcoxon signed rank and Kruskall
Willis tests were conducted to reveal the significance mediated
by the intervention and across age groups. A P value of <.05
was considered statistically significant. Spearman rank-order
correlations were used to determine the correlation between
non-parametric data. An ordinal logistic regression analysis was
conducted to estimate the change in log odds on the number of
interventions variable.

3.6. Ethical approval

Ethical approval was obtained from - and provided to all
participants.

4. Results

4.1. Patients’ characteristics

Thirty-eight women were recruited in this study aged between
22 and 48 with a mean and standard deviation of 36.25 and
6.92 respectively. The age was divided into 3 age groups as fol-
lows: group 1 (22-30) enrolled 13 women, Group 2 (31-39)
enrolled 14 women and Group 3 (40-48) included 11 women.

4.2. Endometrial thickness before and after PRP injection

The Shapiro-Wilk test showed a significant departure from
normality W (38) = 0.81, P <.001 for thickness before PRP
injection and W (38) = 0.86, P <.001 for thickness after PRP
injection.

Endometrial thickness before PRP injection was <3 mm in 12
patients (31.6%), <4 mm in 15 patients (39.5%), and <5 mm in
11 patients (28.9%). The mean and sd for thickness before PRP
injection was 3.97 and 0.79.

Endometrial thickness after PRP injection was 6 mm in 11
patients (28.9%), 6.5mm in 12 patients (31.6%), 7mm in 9
patients (23.7%) and 7.5 mm in 6 patients (15.8%). The mean
and sd for thickness after PRP injection was 6.63 and.53
(Fig. 1).

The mean and SD for AMH were.58 and.495, Ranging
between 0.02 and 1.60.

4.3. Number of PRP rounds

Nine patients (23.7 %) underwent 1 round of PRP, 23 patients
(60.5%) received 2 rounds, 4 patients (10.5%) and 2 patients
(5.3%) had 3 and 4 rounds, respectively. The mean number of
PRP rounds was 1.97 and the standard deviation was 0.75. The
Wilcoxon signed rank test revealed that endometrial thickness
was significantly higher after intervention (Md =4, N =38)
compared to (Md = 6.5, N = 38), Z = -5.39, P value < .001, with
a larger effect size r = 0.87.

Spearman rank-order correlation was run to examine the
relationship between the level of AMH and the number of
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interventions. There were negative and significant correlations
rs =-0.39,n=38, P =.02.

An ordinal logistic regression analysis to investigate if there
is a relationship between AMH and the number of interven-
tions was conducted. The predictor variable, AMH, in the ordi-
nal logistic regression analysis, was found to contribute to the
model. B = —1.74, SE = 0.73, WALD = 5.78, P = .02. AMH was
a significant negative predictor of the number of interventions.
For every 1 unit increase in AMH, there is a predicted decrease
of 1.74 in the log odds of being on a higher level of number of
interventions. The odds ratio indicates that the odds of being
on a higher level on the number of interventions decrease by a
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factor of 0.18 and 95% CI (0.04, 0.72) for every 1 unit increase
on AMH.

The Kruskall Willis test revealed no statistically significance
difference across the number of interventions in thickness after
PRP injection %2 (3, N = 38) = 3.28, P value = .35, in thickness
before PRP injection %? (3, N = 38) = 4.49, P value = .21 and in
age %2 (3, N = 38) = 3.72, P value = .29. The distribution of the
thickness before and after PRP injection, age, and AMH is the
same across categories of interventions (Fig. 2).

The Kruskall Willis test revealed no statistically significance
difference across age groups in thickness before PRP injection
x? (2, N = 38) =4.58, P value = .10 and in thickness after PRP
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Figure 1. Thickness before and after PRP injection. PRP = platelet-rich plasma.
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Figure 2. The age distribution across the number of intervention groups.
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injection %* (2, N = 38) = 0.05, P value = .97. The distribution of
the thickness before and after PRP injection is the same across
categories of age

The Kruskall Willis test revealed a statistically significance
difference across age groups in AMH y? (2, N=38)=9.29, P
value = .01, with a large effect size of the eta-squared value of
0.21. The distribution of the AMH is different across categories
of age (Fig. 3).

3. Discussion

PRP administration is a relatively new procedure that has
recently been utilized in many aspects of medicine, most nota-
bly in orthopedic and musculoskeletal medicine. It has been
hypothesized that PRP produces its effects through stimulating
proliferation and cell regeneration using various growth fac-
tors and cytokines present in platelets. PRP is autologous blood
plasma that has a 4 folds platelet concentration of the blood, it
is obtained through centrifugation of peripheral venous blood,
therefore it entails no risk for hypersensitivity reactions and
low risk for complications, however, there has been no regu-
lated formula nor a consensus on the standard preparation of
PRP.II

Activation of PRP refers to the process of stimulating the
platelets to release the desired growth factors (GFs) and cyto-
kines through various activation solutions that are usually
ready-to-use commercial sets.!'’) However, for our study, we
used our activation solution, consisting of physiological fluid
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enriched with vitamins, minerals, and nutrients. Thereby
bypassing trading sanctions applied on the country, all while
being more cost-effective than the available commercial sets.

The Implementation of PRP in refractory thin endometrium
is a relatively new therapeutic procedure as the first trial regard-
ing this procedure was done in 2015 by Cheng et al on a group
of 5 women undergoing IVF who suffer from refractory thin
endometrium, their application protocol included re-infusing
PRP 72h after the initial infusion, all 5 women had successful
pregnancies.!!?!

A diverse representation allowed comprehensive analysis
across different demographic segments in this cohort study
with marked thickness improvement after PRP injection yield-
ing successful implantation and pregnancy results. A negative
correlation was observed between AMH levels and the number
of PRP interventions suggesting higher ovarian reserve with
fewer interventions required to achieve optimal endometrial
thickness thus adequate counseling could be informed. In addi-
tion to the large effect size of the PRP injection in improv-
ing endometrial thickness. These findings suggest that higher
AMH levels may predict a reduced need for repeated PRP
interventions, offering a valuable prognostic indicator for
clinicians in optimizing treatment protocols and minimizing
patient burden.

Interestingly there were no variations, in thickness or patient
age among the various treatment groups. Nevertheless, a marked
contrast in AMH levels was evident across age brackets suggest-
ing varying reserve and treatment response based on age. This

41-48
10.91

32-40
2282

Figure 3. Pairwise comparisons between age groups in AMH. Each node shows the sample average rank of age groups. AMH = antimullerian hormone.
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empbhasizes the significance of factoring in both age and ovarian
reserve when formulating treatment plans for individuals, with
endometrium.

The results, from the Kruskal Wallis test revealed that there
were no variations in thickness after the intervention regardless
of the number of treatments given. This suggests that the posi-
tive impacts of PRP therapy can be attained regardless of how
many rounds re-administered. This discovery is in line with the
observation that there were no differences in thickness among
different age groups following PRP injection indicating that age
does not play a role, in determining the effectiveness of PRP
treatment.

Zedehmoderres et al conducted a similar trial in 2016 on a
group of 10 patients undergoing frozen-thawed embryo trans-
fer, resulting in similar findings as all 10 patients were pregnant
by the end of the trial.l"®

In recent years, the number of studies regarding this procedure
has increased year after year with various study designs,!'¢-2?]
and this paper adds to the limited research done in this area.

Another study done hysteroscopically by Agarwal et al
resulted in similar findings by implementing PRP through a
hysteroscope on 32 patients undergoing IVFE, an endometrium
thicker than 7mm was noted in 75% of them resulting in clini-
cal and/or chemical pregnancy.?”!

Eftekhar et al performed a randomized controlled trial on
83 patients with refractory thin endometrium using the same
method of administering PRP in the context of IVE, they found
a significant increase in endometrial thickness in the PRP group
compared to the control.?!

Maliki-hajiagha and his colleagues performed a systematic
review and meta-analysis in 2020 regarding PRP application
in refractory thin endometrium, 7 studies, and 625 patients
were included, and they found a significantly higher chance of
pregnancy in women who received PRP compared to controls
(P <.001), they also concluded the need for more research to be
done regarding this new therapy.!

In contrast to these methods, in our study, we re-administered
the PRP before the 10" day of every menstrual cycle for about
(1-4) cycles, all while utilizing more convenient and low-cost
methods such as natural fertilization, UL, and ICSI thereby
cutting the cost of IVF used in similar trials, and being more
cost-effective through limiting PRP re-administration to once
per menstrual cycle.

Randomized controlled trials are needed to reach a compre-
hensive methodology that ensures the best cost-effectiveness, in
a concern for our paper, we recommend conducting an RCT
comparing the results of the conventional method of adminis-
tering PRP coined by Cheng et al'?! compared to our way of
administration of once every menstrual cycle.

Dawood et al published a significant paper reviewing most
of the research conducted regarding this therapeutic approach
in refractory thin endometrium patients, they found it to be an
effective and easy-to-implement therapeutic procedure while
having a low risk of complications.!"¥

The low cost of this procedure, combined with it being easy
to perform and readily available to be prepared locally, and its
low risk of complications all while being effective make this
innovative method of treatment a good resort for patients with
refractory thin endometrium.

4. Conclusion

This study has demonstrated that PRP therapy is a promising
treatment for refractory thin endometrium, with the potential to
improve endometrial receptivity and enhance fertility outcomes.
The correlation between AMH levels and the number of PRP
interventions needed provides a basis for further research into
personalized treatment protocols. Future studies should aim to
validate these findings in larger, more diverse populations and
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explore the long-term reproductive success rates following PRP
treatment.
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