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1. Introduction
Reproduction is mandatory for the persistence
of all mammalian species. Rendering to World
Health Organization (WHO [y ““a disease of
the reproductive system defined by the failure
to achieve a clinical pregnancy after 12 months
or more of

regular unprotected sexual

intercourse,’’ (Szamatowicz and
Szamatowicz [?1). Implantation failure remains
an unsolved issue in assisted reproductive
technologies (ART), where good quality
embryos are transplanted as a standard of care.
What we are dealing with right now is the fact
that implantation failure in ART is widespread,
and we do not have any evidence-based
therapy remedies for it. As a result,
practitioners are frequently compelled to
recommend treatments that are mostly
empirical, based on some biological rationale
but with little clinical proof to back them up
(Dieamant, et al. ). It is widely known that
blastocysts cannot attach to an immature
unsuccessful

endometrium, resulting in

implantation even when “good quality”
embryos are transferred (Elsokkary, et al. [)),

In the early stages of pregnancy, angiogenesis

Is thought to be a crucial component of proper

implantation. Angiogenesis, which occurs

predominantly in the uterus, renders the
endometrium viable enough to receive the
fertilization. Vascular
(VEGF) and

epidermal growth factors (EGF) are crucialand

embryo  after

endothelial growth factor
mandatory required molecular signal for
endometrial receptivity as an angiogenesis
marker (Liu, et al. ®1). The terms growth factor
and cytokine are occasionally  used
interchangeably, both are signaling chemicals
that connect to specific receptors on their
target cells' surfaces, stimulating cell
proliferation, differentiation, maturation, or
death. Growth factors are key players in
angiogenesis, and they have beendemonstrated
to operate as a critical regulator in the
implantation process by acting in an autocrine
manner on endometrial epithelial cell adhesion
(Bos-Mikich, et al. ). Plateletsrich plasma
(PRP) stands for plasma platelet concentration
acquired by centrifugation of thepatient's entire
blood. Cytokines and growth factors become
bioactive once platelets areactivated in PRP

and are secreted within 10
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minutes of clotting. VEGF, TGF, PDGF, IGF
and EGF are some of these growth factors.
(Fioravanti, et al. ['l). Ultrasound, on the other
hand, demonstrates the basal endometrial
layer, which is the true interface between the
inner myometrium and the endometrium, quite
clearly. The majority of the current research
focuses on predicting assisted reproductive
success rate by measuring midluteal phase
endometrial volume and vascular factors.
During ART cycles, ultrasound assessment of
the uterine cavity is commonly used to
determine the thickness, echogenicity, sub-
endometrial resistance, and pulsatility indices
of the receptive endometrium (Hou, et al. ®),
On the day of human chorionic gonadotropin
(hCG) is

endometrium with a thickness of more than 7

released, a hypoechogenic

mm and low RI and Pl is considered a
receptive endometrium (Rahmatullah, et al.
©1), The existence of arteries inside the
thicker

endometrium is linked to a

endometrium, suggesting that endometrial
perfusion and endometrial development are
linked. The absence of endometrial-sub

endometrial blood flow, on the other hand, is

associated by a high uterine artery resistance
(Khan, et al. ). In IVF cycles, the resistance
index assessed on the day of embryo transfer
was much lower in patients who went on to get
pregnant compared to those who did not
(Maged, et al. ™). We aim here to determine
serum VEGF and EGF

following PRP injection on the day of ovum

whether levels
pickup can be used as a predictor of

endometrial  receptivity and pregnancy

outcome.

2. Materials and Methods

A prospective comparative study was
conducted in the High Institute for Infertility
Diagnosis and  Assisted  Reproductive
Technologies, Al Nahrain University, lIraq,
Baghdad, from October 2019 to April 2021.
Forty-four women were included in this study.
Before participating in the study, each patient
supplied her written informed consent, which
was approved by Al Nahrain University's
Ethics Committee. They were evaluated twice
during the course of the study, and they were
not paid for their time. A total of forty-four
women were chosen from the High Institute

for Infertility Diagnosis and Assisted
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Reproductive Technologies who were having
an IVF/ICSI cycle for the study. A complete
obstetrical, medical, surgical, and history was
required. Assessment of height and weight to
determine the body mass index (BMI), clinical
and gynecological examinations to rule outany
abnormalities, seminal fluid analysis for male
in accordance with WHO 2010,

hormonal analysis (FSH, LH, E2, Testosterone,

partners

Prolactin, TSH) for femalepartners on day 2 of
the menstrual cycle, and all patients received
antagonist ovarian stimulation. The GnRH
antagonist (GnRH ant) protocol is more
convenient for the patient with lower overall
dose of Gonadotropin and lower cancellation
rates used for high and poor responders
(Klement, et al. ™), When a lead follicle
reached a mean diameter of 14 mm, a daily
dose of 0.25 mg GnRH ant. (Cetrorelix acetate
for injection 0.25 mg: Cetrotide®, Merk,
Switzerland) was started and continued until
the day of hCG administration (flexible
method) (Zhang, et al. [**l). Follow up of
patients done with serial vaginal ultrasound
and serum level of estradiol, then accordingly

ovum PickUp done. At day of trigger of

ovulation, 2D Power Doppler ultrasound of
endometrium-zone 2, and serum level of
VEGF and EGF measured for all women and
had been undergone intrauterine infusion of
0.5-1 ml of autologous PRP. On the day of
ovum PickUp (OPU), 2D Power

Doppler ultrasound of endometrium-zone 2,

again,

and serum level of VEGF and EGF measured

for all patients, Transvaginal ultrasound
guided Oocyte retrieval done after triggering
of ovulation with hCG about 35-36 hrs. And at
the day of embryo transfer, usually 2 or 3 days
according to the number and grading of
embryos, embryo transfer done, then Luteal
Phase Support (LPS) was done. On the 14" day
after the embryo transfer, a serum R-HCG
assay was performed. An ultrasound test was
performed subsequently on a lady who had a
positive result in order to objectify thepresence
of 1 or 2 gestational sacs. Bloodsampling for
VEGF and EGF, at day of triggerand day of
OCR, and according to the numberand grading
of the embryos, patients were prepared for the
transfer. The patient's serum was obtained by
placing the blood samples in a clean dry plain

plastic tube and allowed to
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clot at 37 °C for 30 minutes prior to
centrifugation. The tubes were centrifuged at
5000 rpm for 5 min. All samples were kept in
a sterile container labeled with patient’s study
number. Samples were refrigerated at -4 °C
until the time of examination. Both kits of
VEGF and EGF use
Immunosorbent Assay (ELISA) based on

Enzyme-Linked

biotin double antibody sandwich technology to
assay Human Vascular Endothelial Cell
Growth Factor A (VEGF-A) and Human
Epidermal growth factor (EGF).

3. Preparation of Platelet Rich
Plasma (PRP)

PRP is made from a sample of the patient's
venous blood taken on the day of the hCG
trigger. Because a 30-cc venous blood sample
provides 3-5 cc of PRP, 5-6 cc of blood is
enough to yield 0.5-1 mL PRP, depending on
the individual's baseline platelet count, the
device utilized, and the procedure used. After
getting written informed consent from the
selected women, PRP is produced using a
method known as differential centrifugation,
in which the acceleration force is regulated to

sediment particular cellular components based

on differing specific gravity. Before

Whole Blood (WB) was

collected in tubes containing 3.2 percent

centrifugation,

sodium citrate solution and stored at 20 °C to
24 °C. A high-speed centrifuge was used to
spin the WB (3000 g for 6 min.). It develops
three layers due of its density: a bottom layer
of Red Blood Cells (RBCs), a middle thin layer
of platelets and White Blood Cells (WBCs)
(buffy coat), and a top layer of Platelet Poor
Plasmas (PPPs). The difficult aspect is
separating this thin buffy coat layer from the
underlying RBC layer. The container's top was
emptied of supernatant plasma (PPP). After
second spin (3000 g for 3 min.), 0.4-0.5 mL of
PRP was aspirated and administered into the
uterine cavity through an intrauterine
insemination (IUI) catheter while the patient
was in the lithotomy position and the vulva and
vagina were cleaned with normal saline. This
procedure is usually preceded by an
endometrial (zone-2) ultrasound examination

and blood sample for VEGF and EGF levels.
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4. Results
4.1. Demographic
Characteristics of Infertile
Women
The mean age of all enrolled women was
28.931£5.63 years,

infertility was 7.80+3.92 years, 86.4 % were

the mean duration of

presented with primary infertility and the rest
13.6 % were with secondary infertility, the
mean body mass index (BMI) was 27.31+£3.75
Kg/m?, as shown in Table 1. The mean serum
FSH of all enrolled women was 6.86+1.90
mlU/mL, of LH level was 5.26+1.51 mlU/mL,
of serum estradiol was 33.70£13.05 pg/mL, of
serum prolactin was 17.81+£8.87 ng/mL, and of
serum TSH was 1.95+1.48 mIU/L. While the
mean serum estradiol of enrolled women on
the day of hCG was 1418.80+616.31 pg/mL,
the mean total dose of gonadotropin of all
enrolled women was 1698.3+647.90 u, the
mean duration of stimulation of all enrolled
women was 9.27+1.56 days, and the meantotal
oocyte count of all enrolled women was
11.80+6.01, The mean number of transferred
embryos of all enrolled women was 2.82+0.97,

as shown in Table 2.

4.2. Ultrasound findings,
Doppler biophysical profile and
serum growth factor levels in
all enrolled women at day of
trigger and day of Ova PickUp
According to the results shown in Figure 1 that
compares the ultrasound  parameters,
biophysical profile, and serum growth factor
levels in the women on the day of trigger to
those on the day of ovum pickup, the mean
endometrial thickness (EMT) on the day of
OPU was higher than that on the day of trigger
in a highly significant manner, 10.38£1.56 mm
versus 8.58+1.71 mm, respectively (p <0.001),
as shown in Figure 1 (a). While the mean
resistance index (RI) on the day of OPUwas
lower than that on the day of trigger in a highly
0.49+0.08

0.62+0.09, respectively (p < 0.001), as shown

significant ~ manner, Versus
in Figure 1 (b). The mean pulsatility index
(P1) on the day of OPU was lower than that on
the day of trigger also in a significant manner,
0.78+£0.55 wversus 0.82+0.24,
(p=0.047), as shown in Figure 1 (c). The mean
VEGF on the day of OPU was higher than that

on the day of trigger in a highly significant

respectively
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manner, 186.53+60.21 versus 144.42+47.80,
respectively (p < 0.001), as shown in Figure 1
(d). The mean EGF on the day of OPU was
higher than that on the day of trigger in a
highly significant 88.76+40.614
versus 60.92+39.10, respectively (p < 0.001),

manner,

as shown in Figure 1 (e). The rate of
pregnancy was 31.8 %, and it was good in
comparison with the ratio of natural
conception, and it is considered satisfied
regarding all percentages in the world, Figure

1 (f).

5. Discussion

Successful implantation necessitates the
presence of a viable embryo, a receptive
endometrium, adequate embryo endometrial
cross-talk, and sufficient mother immune
protection. Despite advances in ART, the rates
of implantation and pregnancy have remained

stagnant.

5.1. Ultrasound Parameters in
PRP intrauterine infused
women at day of hCG and day
of OPU

a. Endometrial Thickness

The EMT of PRP group women differed
significantly between the day of hCG and the
day of OPU in this study; it was higher after
PRP intrauterine infusion, and the difference
was attributed to the favorable effect of
autologous PRP. In a study of over 2600
infertile women, investigates the role of PRP
in  enhancing endometrial  receptivity,
researchers discovered that 38.5 % of cycles
had a 10 % plateau level of EMT (no change
after hCG trigger) and 37.2 % of cycles had a
> 10 % increase group, while fewer cycles
(24.2 %) had a > 10 % decrease in EMT more
than 2-3 days after trigger (Huang, et al. [*4),
Several treatments have been taken in an
attempt to improve EMT, but the outcomes
have been mixed. Platelets carry a large
number of growth factors that aid tissue repair
in the local area. (Larson, et al. ) had been
employing platelet-derived growth factor
(PDGF)

embryos throughout the fourth cell cycle since

to successfully develop bovine

1992. This was the beginning of an evolution
in reducing abortion rate by increasing EMT.
Between 2016 and 2017, 72 women with a

history of cancelled frozen embryo transfer
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Table (1): Demographic parameters of patients enrolled in the study

Characteristic | Study group (n=44)
Age (years)
Mean + SD 28.93 £5.63
Range 18 -40
Duration of infertility (years)
Mean + SD 7.80 £3.92
Range 1-17
BMI (kg/m?)
Mean + SD 27.31 £3.75
Range 20.2 -36.7
Type of infertility
Primary, n (%) 38 (86.4 %)
Secondary, n (%) 6 (13.6 %)

Table (2): Hormonal profile of patients enrolled in the study

Characteristic

| Study group (n = 44)

FSH (mIU/ml)

Mean = SD 6.86 +1.90
Range 3.15-10.7
LH (mIU/ml)

Median (IQR) 5.26 +1.51
Range 3.08-10.4
Estradiol (pg/ml)

Mean = SD 33.70 £13.05
Range 4.7 -69
Prolactin (ng/ml)

Mean = SD 17.81 +8.87
Range 2.5-42
TSH mIU/L
Mean = SD 1.95+1.48

Range 0.39-7.3

n: number of cases; SD: standard deviation; BMI: body mass index IQR: inter-quartile range; FSH:
follicle stimulating hormone; LH: Luteinizing hormone; TSH: thyroid stimulating hormone;

Rahmatullah, et al. http://doi.org/10.28969/1JEIR.v11.i2.r6

80



http://doi.org/10.28969/IJEIR.v11.i2.r6

Mean EMT

Mean Resistive Index

0.62
10.00 8.58 060 0.49
0.40
2.00 020

8.00
0.00 0.00

6.00
p =0.047 0.82 200.00 186.53 p < 0.001
144.42
0.78 150.00
100.00
0.00

12.00 1038  p<0.001 0.80 p < 0.001
4.00
100.00 88.76  p<0.001

Mean VEGF

[on)
o
o
o

60.92

Mean EGF

0.00 m Positive pregnancy m Negative pregnancy

Figure (1): Comparison of ultrasound parameters between day of ovulation trigger (in blue accent
5 color) and day of ova pickup (in gold accent 4 color) (a) mean EMT (b) mean RI (c) mean PI (d)
mean VEGF (e) mean EGF (f) pregnancy rate
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cycles due to inadequate endometrial

development (7 mm) despite standard
treatments were assessed for eligibility to enter
the study with the help of another set of
researchers. They suggested that intrauterine
PRP infusions could help in endometrial
development, expansion, and implantation.
EMT increased 48 hours after the first PRP and
reached > 7 mm after the second PRP. All
patients had embryo transfer, and according to
their research, PRP was helpful in endometrial
enlargement in patients with refractory thin
endometrium, with 12 % of women
participated in the study achieving pregnancy
(Nazari, et al. %), PRP intrauterine infusion
was recommended in two recent research for
These

researches indicated the beneficial benefits of

two innovative ART techniques.
PRP in Asherman's syndrome regeneration
and the good effects of PRP in improving
pregnancy outcomes in repeated implantation
failure (Aghajanova, et al. [l Nazari, et al.
[81)and all of these studies coincided with
ours. The use of autologous PRP as a potential
approach of increasing EMT in women with

refractory endometrium was also mentioned in

a review article by (Garcia-Velasco, et al.
[91), It would assist to reduce the number of
cycle cancellations, as well as the financial and
costs of recurrent

psychological cycle

cancellations.

b. Resistance and Pulsatility
Indices

In the current study, Rl and Pl in PRP
intrauterine infused women were at day of
ovulation trigger higher than that at day of
OPU, so both decline after using autologous
PRP intrauterine infusion. When they analyzed
uterine artery fluxometry (resistance and
pulsatility index), several writers agreed with
our findings and found that the statistical

values lower in the

group
implantation group. When they looked at the
mean EMT before PRP, they found that it grew

difference were

implantation than in the non-

significantly after PRP, and that endometrial
vascularity increased statistically significantly.
Pre-PRP, the mean PI uterine artery was higher
than after PRP (Motwani and Sharma %), In
other study, (Garcia-Velasco, et al. [*°)
advocated for the importance of PRP in

increasing the number of vascular signals seen
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on Power Doppler, reaching zones 3 and 4 of
the endometrium, after intrauterine autologous
PRP infusion on a group of women undergoing
frozen embryo transfer cycles with suboptimal
endometrial  pattern as  assessed by
transvaginal ultrasound and Power Doppler.
On the contrary to our findings, some
researchers discovered that elevated pulsatility
index (PI) and resistive index (RI) of the
uterine arteries were associated with low
pregnancy and implantation rates, and that
adequate Doppler velocimetry of the uterine
arteries was slightly specific for predicting
gestation, they measured endometrial flow
impedance in 156 patients on the day of OPU
and found no change in PI, RI, or S:D ratio
measures between women who conceived and
those who did not (Singh, et al. Y1), While
PRP administration in infertile women
undergoing frozen embryo transfer cycles with
suboptimal endometrium induced a significant
increase in vascularity, as measured by the
number of vascular signals seen on Power
Doppler, reaching even the zones 3 and 4 of
the endometrium, according to (Bos-Mikich,

et al. [9),

b. Serum Growth Factors Level
According to various studies, endometrial
vascularity is an important metric to consider
when  evaluating the  endometrium's
implantation capability. The levels of VEGF
and EGF were higher in women on the day of
OPU than on the day of ovulation trigger in our
study, which was attributed to the proliferative
and progressive effect of PRP on the
endometrium. It is possible that a significant
lack of these angiogenesis-related signal
molecules causes the endometrium to form
abnormally and remain thin. Most scientists,
including (Alfer, et al. (%)), believed that a lack
of angiogenetic development could explain the
endometrial component that causes infertility.
In addition,

that

immunohistochemistry
demonstrated VEGF expression in
recurrent spontaneous abortions patients was
much lower than in normal pregnant women.
The

pathophysiology of

role of VEGF expression in the
repeated spontaneous
abortions was investigated in a study by (Zhu,
et al. 1) in order to confirm the negative

effects of VEGF insufficiency on the immune
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system. As a result, PRP is required for

implantation as a source of growth factors.

6. Conclusions
Five characteristics were shown to be
significantly and independently associated to
intrauterine  PRP
thickness, RI, Pl, VEGF and EGF are the

variables in question. After PRP injection,

infusion. Endometrial

both growth factors serum levels increased, as
did ultrasonography sub-endometrial metrics
showed changes in endometrial thickness, RI,
and PI, as the thickness grew vascular
resistance decreased, and all considered as

predictors of endometrial receptivity.
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