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ABSTRACT

Background: Hormone levels (progesterone "P" and luteinizing hormone "LH) are vitally important to the proper
functioning of the female reproductive cycle and together with Ultrasound assessment of endometrial receptivity may
predict success of in vitro fertilization/ intracytoplasmatic sperm injection (IVF/ICSI).

Objective: to study the effects of serum P and LH levels together with Ultrasound assessment of endometrial receptivity
at the day of human chorionic gonadotrophin administration on fertilization and pregnancy rates.

Patients and Methods: Thirty patients age ranged 22-38 years underwent ovarian stimulation using a gonadotrophin-
releasing hormone (GnRH) agonist for pituitary down-regulation, and then ovarian hyperstimulation was initiated with
highly purified human menopausal gonadotrophin (HMG). Final oocyte maturation was triggered 36 hours after human
chorionic gonadotrophin (hCG) injection. On the day of hCG administration (Day 0), serum progesterone, LH levels
together with Ultrasound assessment of endometrial receptivity (thickness, morphology and the spiral artery resistance
index "RI") were evaluated. Fertilization and pregnancy rates were recorded.

Results: There was no significant difference between the pregnant and non pregnant women, in respect to age. The
pregnancy rate was not affected by the serum LH level but was only 18.75% in cycles in which serum P was more than
1.2 ng/ml on day 0, which was significantly lower than that in cycles in which serum P was less than 1.2 ng/ml on day
0 (64.28%) (P = 0.001). The fertilization rate was lower in the cycles with higher levels of serum P and/or LH than in
cycles in which serum P was less than 1.2 ng/ml and serum LH was normal (51.66 vs. 68.85%). Failed cases had altered
endometrium and a higher spiral artery RI (resistance index), meaning lower peri-implantation blood flow.

Conclusion: This study concluded that the progesterone levels on the day of hCG administration (Day 0) can affect
the success of in vitro fertilization, as higher progesterone levels were associated with lower rates of pregnancy and
fertilization. Increase serum P level caused advanced endometrial maturation and impaired endometrial receptivity to
embryo implantation. The embryo transfer (ET) in such cases can be canceled and freezing all embryos for future transfer
must be considered, to increase acceptance of the endometrium and thus increase the success rate.
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INTRODUCTION
Embryo quality and endometrial receptivity are the ovulation, preparing the uterus for implantation and
two parameters which determine the outcome of in vitro pregnancy. It also inhibits the contraction of myometrium
fertilization (IVF)®. thus helping implantation of the embryo. If pregnancy
occurs, HCG is produced which leads to continued
Uterine receptivity is influenced by hormonal changes progesterone production®®.
during the cycle. Estrogen rises as the time of ovulation
nears and causes a rise in LH that stimulates the release of The effect of plasma progesterone (P) on pregnancy
the egg from the ovary. Progesterone levels rise following rates in in vitro fertilization (IVF) is a controversial issue®.
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Previously several researchers reported that high serum
P levels on the day of human chorionic gonadotropin
administration are associated with a decrease in pregnancy
rate® 4. Conversely, other researchers have found no
adverse effects of P on pregnancy rate 9. The influence of
P is related to adverse effects on endometrial receptivity or
embryo quality ¢¥.

Several studies demonstrated a deleterious effect of
high levels of P on fertilization by increasing the tendency
toward polyspermy. Furthermore, a higher fertilization rate
was reported once P level was 0.9 ng/ml7-®,

Successful implantation requires good harmony
between the endometrium and blastocyst®. Ultrasound
examination of the endometrium is a commonly used non-
invasive tool to assess endometrial receptivity during [IVF/
ICSI treatment. A good blood supply to the endometrium is
an essential requirement for implantation and assessment
of endometrial blood flow in IVF/ICSI treatment has
attracted a lot of attention in recent years!'?,

Ultrasound parameters of endometrial receptivity
include endometrial thickness, endometrial pattern,
endometrial volume, and Doppler studies of endometrial
vasculature?. Endometrial vasculature has been shown
to play a prominent role in the early endometrial response
to the implanting blastocyst and vascular changes may
contribute to the uterine receptivity!'?.

Tsai et al'" reported in terms of endometrial
parameters, endometrial pattern has a significant effect on
positive pregnancy and in all patients they studded however,
thickness and vascularity do not change pregnancy results.
Fanchin et al.14 supported this view and reported that
hyperechogenic endometrium deteriorates I[IVF outcomes.

On the other hand Kevin et al."® showed that
clinical pregnancy and live-birth or ongoing pregnancy
rates increase significantly with increasing endometrial
thickness, independent of the effects of patient age and
embryo quality.

The thickened endometrium provides a site for
attachment, and is the source of nourishment for an
implanting embryo during its first few weeks, until the
placenta develops®.

We hypothesized that elevation in P levels at the time
of oocyte aspiration would lead to deleterious effects on
intracytoplasmatic sperm injection outcome. Thus, we
designed the present study to assess such relationship
between an elevated P and ICSI outcome, through
detecting the effects of serum P and LH levels together
with Ultrasound measurement of endometrial receptivity at
the day of human chorionic gonadotrophin administration
on fertilization and pregnancy rates.

PATIENTS AND METHODS

The study was approved by the ethics committee of
Obstetrics and Gynecology, Tanta University and informed
consent was obtained from the patients for this study. We
analyzed the results of 30 women with normal ovaries
participating in an ICSI program-embryo transfer.

In the first stage down regulation was performed
using gonadotrophin  releasing hormone  agonist
(GnRH-a) and then ovarian hyperstimulation was
initiated with administration of highly purified human
menopausal gonadotrophin (HMG) on the 2nd day of the
menstrual cycle.

When there were at least two leading follicles
with a diameter of > 17 mm, oocytes were retrieved by
transvaginal ultrasound-guided follicular aspiration 3436-
hours after hCG injection. Number of oocytes retrieved,
the cleavage rate, and the numbers of embryos obtained
and their grades were evaluated before transfer based on
the fragmentation pattern previously outlined by Alikani
et al."». Embryos with good quality were transferred 72
h later.

Micronized vaginal progesterone was used for luteal
support. Serum B-hCG levels were measured 14 days after
embryo transfer (ET), and if positive, micronized vaginal
progesterone was continued for 4 weeks.

Serum P and LH levels on the day of human chorionic
gonadotropin (hCG) administration were measured.
Numbers of mature oocyte after retrieval of the ovum and
numbers of embryos obtained were evaluated.

Endometrial thickness and patterns assessed by gray-
scale ultrasound and endometrial vessel characteristics and
Doppler velocimetry of the spiral arteries on the day of
hCG administration were recorded.

Trans-vaginal sonography (TVS) was performed on
the Xario (Toshiba, Tokyo, Japan) machine. The thickness
of the endometrium was measured at the thickest part in
the longitudinal plane. It was measured from the highly
reflective interface of the junction of the endometrium
and the myometrium. This measurement represented two
layers of the endometrium?. In the presence of fluid in
the endometrial canal, the two half thickness endometrial
measurements were added together'®.

Blood flow impedance of uterine spiral arteries was
evaluated with the use of a computerized vaginal ultrasound
with an integrated pulsed Doppler vaginal scanner (Xario,
Tokyo, Japan) and assessed as RI, as reported elsewhere!'?.
All women were grouped according to the success of ICSI
and being pregnant in relation to hormonal assay (P&LH
level) and endometrial, receptivity.
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STATISTICAL ANALYSIS

Statistical analysis was carried out using the software
program Statistical Package for the Social Sciences
(SPSS) for Windows, version 13.0 (SPSS, Chicago).
Quantitative data were presented as mean and standard
deviation. Student’s t-test was used to compare means of
two independent groups based on levels of serum P and LH
on the day of hCG administration. Result was considered
significant at a P value of <0.05.

RESULTS

The present study included 30 women having normal
ovaries participating in an ICSI program-embryo transfer.
All women were grouped according to the success of ICSI
and being pregnant. The mean age of pregnant women
was 29.16 + 3.76 years, while the non pregnant women
had mean age of 31.44+ 5 years. There was no significant
difference (P=0.191) between them as regards the age
(Table 1).

Table (II): shows pregnancy outcome in relation to
Serum P and LH levels on the day of human chorionic
gonadotropin (hCG) administration, numbers of retrieved
ova, numbers of MII oocyte and numbers of embryos
obtained, endometrial thickness and mean spiral artery
resis—tance index (RI). Out of 30 cases twelve women get
pregnant and showed pregnancy rate 40% and fertilization
rate 61.16%. Pregnant women had respectively low
serum P level irrespective of serum LH level on day of
hCG administration. There is highly significant difference
between serum P level in pregnant and non- pregnant
women (P=0.003) and also significant difference in
number of MII oocyte and fertilized oocyte (embryo)
(P=0.049- 0.054, respectively).

Table 1: Age in pregnant and non pregnant women.

There is no significant difference between serum LH
level in pregnant and non- pregnant women (P=0.698) and
also in number of retrieved oocytes (P=0.075). Regarding
endometrial thickness and morphology, all cases who
achieved pregnancies had thick endometrium and a triple-
line pattern of the endometrium on day of hCG. There
was no statistically significant difference in the Doppler
indices of the spiral artery resis—tance index (RI) between
pregnant and non-pregnant women (P=0. 267).

Endometrial thickness was found to be strongly
correlated with successful pregnancy in IVF/ICSI
cycles. No pregnancies were achieved when endometrial
thickness was less than 8 mm and the rate of pregnancy
were recorded according to endometrial thickness
(Table III).

Patients were divided into two groups according to
the level of P on day of hCG administration. Group A
comprised 14 women (46.6%) in which the P level was
<1.2 ng/ml and group B comprised 16 women (54.4%) in
which the P level was >1.2 ng/ml. Mean age was slightly
lower in group A than in group B (29.6 years vs. 31.12
years, P=0.367). Pregnancy rate was significantly lower
in group B than in group A (18.75% vs. 64.28, p=0.001).
No pregnancy was achieved in our study with serum P
level > 2 ng/ml on the day of hCG administration. No
significant difference was found between the two groups
as regards the number of retrieved oocytes (P=0.234), but
significant differences were found between the two groups
in the number of MII oocytes, fertilized oocytes and
endometrial thickness. Concentrations of progesterone
have no effect on spiral artery resis—tance index (RI) but
are effective on triple-line pattern (Table IV).

Age Pregnant women Non- pregnant women
Range 22-38 years 23-38 years
Mean + SD 29.16+3.76 31.44+5

P. value 0.191
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Table 2: Mean + standard deviation (SD) of serum P and LH level, No of retrieved (RT) ova, No of MII oocyte and No of embryo,
endometrial thickness and morphology, spiral artery resis—tance index (RI) in pregnant and non pregnant women.

Pregnant women Non- pregnant women P value
£ preg (P versus Non P)

Number (total 30) 12 (40%) 18 (60%)
Serum P
032 oszogi
Mean + SD ’ ’ ’ ’
Is{zrlfg“el LH 1.6-5.5 1.3-13.2
Mean + SD 4.14+ 1.14 4.46+ 2.63 0.698
II\{I;)n(;gfeRT o >-24 2-24 0.075
Mean +SD 13.08+ 6.43 8.94+5.70
No of MII oocyte

2-18 1-12
Range 0.049*
Mean +SD 9.00+ 4.36 5.94+3.71
No of embryo

2-16 1-12
Range 0.054*
Mean +SD 8.00+ 3.95 5.22+ 3.52
Fertilization rate o o
No of embryo/no of RT 61.16% 38.38%
Endometrial thickness (ED
TH) 8-14.6 4.4-16.8 0.300
Range 10.70+ 2.23 9.61+ 3.09 '
Mean + SD
Endometrial o o
morphology(Triple line %) 12 /12 (100%) 6/18 (33.3%)
Eﬁf‘f‘sﬁtame index) 0.78-1.3 0.68-1.4 0967

g 0.96+ 0.16 1.05+ 0.24 :

Mean + SD

P >0.05= non-significant- P <0.05*= significant- P <0.001**= highly- significant

Table 3: Serum progesterone levels in correlation with cycle characteristics of the study groups (Mean + standard deviation or %)..

. Group A Group A
fgg)‘:h"“rw"”s”cs (P<1.2 ng/ml) (P>1.2 ng/ml) P value
- (n=14) (n=16)
Age (years) 29.60+ 4.06 31.12+ 5.09 0.367
Serum LH 4.10+ 1.30 4.53+2.70 0.599
Pregnancy rate (%) 9 out of 14 (64.28%) 3 out of 16 (18.75%) 0.001%**
No. of retrieved oocytes 12.07+ 4.41 9.31+7.40 0.234
No. of MII oocytes 9.21+ 3.64 5.37£3.91 0.010%*
No. of embryo 8.07£ 3.40 4.81+3.72 0.047%*
No embryo/ No RT oocytes 8.07/12.07 4.8/9.3
Fertilization rate (%) 66.85% 51.66%
Endometrial thickness (ED
TH) 8-14.8 4.4-16.8 0.051*
Range 11.10+2.49 9.12+2.78 ’
Mean + SD
Endometrial morphology o o
(Triple line %) 10 /14 (71.42%) 8/16 (50%)
N aesis lance index) 0.68-1.3 0.67-1.4 0233
8 0.96+ 0.18 1.06= 0.23 '

Mean + SD

P >0.05= non-significant- P <0.05*= significant- P <0.001**= highly- significant
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DISCUSSION

Controlled ovarian hyperstimuation (COH)
protocols for in vitro fertilization or intracytoplasmic
sperm injection are stressful, invasive and can be
associated with adverse pregnancy outcome, including
miscarriage and ectopic pregnancy. The early
prediction of pregnancy outcome has therefore great
importance for both couples and medical practitioners
on IVF/ICSI units®.

In vitro fertilization-embryo transfer (IVF-ET)
involves multiple follicular development, oocyte
retrieval and embryo transfer after fertilization.
Oocytes were fertilized in vitro by conventional IVF or
ICSI, and ET occurred 3 days afterwards. All embryos
transferred were 6 cells or greater and were of good
quality®.

Successful implantation is dependent on close
interaction between the embryo and endometrium?.
Aflatoonian et al 21supported this view and reported
that the success of IVF cycle was dependent on number
and quality of oocytes and endometrial receptivity .

Endometrial receptivity is the window of time when
the uterine environment is conductive to blastocyst
acceptance and subsequent implantation®?.

Elevated serum progesterone (EP) concentration
is a potentially abnormal hormonal profile which has
received much attention over the years. Originally
thought to be a result of premature luteinisation®,
EP can occur in the presence of low LH®, although
reduced implantation can occur with the advancing of
the endometrium by elevated circulating progesterone
in the absence of a classical LH surge®. High serum
P adversely affects implantation and pregnancy
rates®?.

The present study include 30 women underwent
ICSI, twelve of them (40%) get pregnant with mean
age of 29.16+ 3.76 years, with no statistical difference
between pregnant and non-pregnant women as regard
age (mean age 31.44+ S.years). Pregnant women
in the present study had respectively low serum P
level irrespective of serum LH level on day of hCG
administration (P level; 1.19+ 0.51 vs. 2.24+ 0.95 of
non pregnant). Nine cases (75%) had P level <1.2 ng/
ml and the other 3 (25%) cases had P level >1.2 ng/ml.
There is highly significant difference between serum P
level in pregnant and non- pregnant women (£=0.003).
No pregnancy was achieved in our study with serum
P level > 2 ng/ml on the day of hCG administration.

Such finding coincided with Silverberg et a/®®
who showed that serum progesterone (P4) levels
greater than 2.86 nmol/L (0.9 ng/mL) on the day of

hCG administration are associated with decreased
pregnancy rates in invitro fertilization/embryo transfer
(IVF/ET) cycles. Their findings demonstrate that even
modest increases in serum P4 levels (greater than 1.27
nmol/L) are associated with reduced pregnancy rates
in IVF/ET cycles. Also, Kagawa et a/*” showed that
pregnancy rate was not affected by the serum LH level
but was significantly lower in cycles where P was 1.2
ng/ml on day 0, than that in cycles in which serum
P was less than 1.2 ng/ml on day 0. Bergh et al®?
found that high serum P adversely affects implantation
and pregnancy rates. Aflatoonian et al®V showed no
significant differences in age (year) between women
with low or increased serum progesterone on the day
of human chorionic gonadotropin administration.

Several authors reported that outcome of IVF/ICSI
has been inversely related to serum progesterone levels
on the day of HCG administration®: ??. Furthermore
AZEM et al®” found an inverse relationship between
P level and pregnancy rate. Later on, Nayak et al®
showed that elevated P on the day of oocyte retrieval
is associated with significantly lower implantation and
ongoing pregnancy rates.

In the present study the fertilization rate was
significantly lower in the cycles with higher levels
of serum P and/or LH than in cycles in which serum
P < 1.2 ng/ml and serum LH was normal (51.66
vs. 66.85 %). This had been previously reported
by Kagawa et al ?” who showed lower fertilization
rate in the cycles with higher levels of serum P than
in cycles in which serum P was less than 1.2 ng/ml
(50.5 vs. 78.8%).

Several studies have demonstrated a deleterious
effect of P on fertilization. Hartshorne 31 confirmed
high polyspermic fertilization in oocytes retrieved
from follicles with high P levels. Mio er a/”’ and
Givens et a/® found a higher fertilization rate when P
levels were <1 ng/ml and 0.9 ng/ml, respectively.

Regarding endometrial thickness and morphology,
all cases who achieved pregnancies had thick
endometrium and a triple-line pattern of the
endometrium on day of hCG. There was no statistically
significant difference in the Doppler indices of the
spiral artery resis—tance index (RI) between pregnant
and non-pregnant women.

Endometrial receptivity is essential to implantation
of an embryo and ultrasound has been developed
as a valuable method in evaluation of endometrial
preparation before embryo transfer in ICSI cases.

In our study, the endometrial thickness was found
to be strongly correlated with successful pregnancy in
ICSI cycles. The most suitable endometrial thickness
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for pregnancy was 810 mm (50% of them achieved
pregnancy), followed by endometrial thickness of
10-12 mm (25% of them achieved pregnancy), then
endometrial thickness of 12—14 mm (16.7% of them
achieved pregnancy) and lastly the endometrial
thickness > 14mm (8.3% of them achieved pregnancy).
In our study no pregnancies were achieved when
endometrial thickness was less than 8 mm. This
clear relationship between endometrial thickness and
pregnancy rate (PR) provides additional evidence to
suggest that endometrial thickness is a useful indicator
of endometrial, receptivity.

Our results agree with previous studies that reported
a correlation between endometrial thickness and
pregnancy rate®?. Singh et al®® reported that, largest
number of pregnancies occurred when the endometrial
thickness is 8—10 mm. He also, postulated that no
pregnancies reported when endometrial thickness is
less than 5.8 mm. Weissman et a/®¥ reported the lowest
percentage of conception when endometrial thickness
is more than 14 mm.

In our research, all cases who achieved pregnancy
had a triple-line pattern of the endometrium on day of
hCG. Our results coincided with previous researchers
who showed a correlation between the endometrium
pattern and IVF success. Sher et al/® showed that
the endometrial pattern has been correlated with IVF
success rates, with a trilaminar pattern shown to be
more favourable than a homogenous luteal pattern
at the time of the human chorionic gonadotrophin
administration. Singh et a/®® showed that the triple
-line pattern of the endometrium was good prognostic
factor for the occurrence of pregnancy. Also, El-
Zenneni et al®® stated that the triple layer endometrial
pattern was the most suitable for conception.

The present study showed that concentrations
of progesterone have slight effect on spiral artery
resis—tance index (RI), where low RI (0.96+ 0.16) was
found in pregnant women or those who have P < 1.2
(0.96=+ 0.18) than non pregnant women (1.05+ 0.24) or
those who have P > 1.2 (1.06+ 0.23).

The measurement of impedance to uterine blood
flow in IVF cycles has provided an indirect measure
of endometrial receptivity®” 3®. Battaglia er «l.39
reported the highest pregnancy rate in the group with
lower resistance to blood flow in the uterine spi—ral
arteries. This finding revealing that the decrease in
peripheral impedance in the uterine vasculature was
considered to be a consequence of increased blood
flow and a sign of high tissue perfusion, and this
might be an important prerequisite for successful
invitro fertilization and embryo transfer cycle“?. With
endometrial thickness less than 8 mm and no-triple-
line pattern on hCG day in IVF/ICSI cycles, and high

RI there is a poor chance of achieving pregnancy.
Average endometrial line thickness of 8-12 mm
and triple line (good morphologic texture) are good
prognostic values, together with the endometrial
blood flow could be used as a predictor for success of
implantation in IVF/ICSI cycles.

We suggest thatin cases with increased progesterone
level that cause advanced endometrial maturation and
impaired endometrial receptivity. The embryo transfer
(ET) in such cases can be canceled and considered
freezing all embryos for future transfer, to increase
acceptance of the endometrium and thus increase the
success rate.
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