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Background: Endometrial Thickness (EMT) is considered an important prognostic factor in
assisted reproductive technology (ART), particularly in frozen embryo transfer (FET) cycles. Thin
endometrium (<7 mm) is often associated with implantation failure and reduced pregnancy rates,
although its precise impact remains controversial.

Objective: This thesis summary evaluates the role of thin endometrium in FET cycles, discusses
etiologies, diagnostic modalities, treatment approaches, and reviews available patient data.

Methods: We retrospectively analyzed 69 patients who underwent FET at Saveetha Medical
College. Endometrial thickness was assessed via transvaginal ultrasound. Various treatment
strategies including hormonal therapies (estradiol, progesterone), vasoactive agents, granulocyte
colony-stimulating factor (G-CSF), platelet-rich plasma (PRP), L-arginine, sildendfil citrate, vitamin
E, pentoxifylline, and stem cell therapy were reviewed for their efficacy in improving endometrial
receptivity.

Results: Endometrial thickness < 7 mm correlated with lower pregnancy rates compared to
patients with thickness 2 7 mm. Hormonal and adjuvant therapies reported varying degrees of
success in improving EMT and subsequent pregnancy outcomes. Vascularity, angiogenesis, and
Doppler studies also demonstrated a significant association with endometrial receptivity.

Conclusion: Thin endometrium remains a critical challenge in ART cycles. Multimodal
therapeutic approaches may improve outcomes; however, larger prospective studies are required
to establish standardized protocols. Our patient data support that even minimal increases in EMT
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can enhance implantation success.

Introduction

Successful implantation requires high-quality embryos,
a receptive endometrium, adequate vascularity, and perfect
synchronization. The receptive endometrium define
as a healthy uterine lining undergoing transformation
of endometrial cells into decidual cells appropriate for
implantation of blastocysts, and rapid growth of placenta.
Therefore, endometrial assessment is routinely performed
during in vitro fertilization (IVF) and intra cytoplasmic sperm
injection (ICSI). In addition endometrial thickness (EMT) have
been considered as a marker of endometrium receptivity and
a prognostic factors for embryo transfer during IVF/ICSI
treatment. Appropriate endometrial thickness is essential
for achieving pregnancy and several studies have stated
low pregnancy rates in patients with a thin endometrium.
The optimal endometrial thickness for conception remains
controversial among clinicians. EMT less than 7 mm on
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ultrasound is generally considered sub-optimal for embryo
transfer and is correlated to a decreased probability of
pregnancy.

The success of IVF cycles is mainly dependent on age,
quality of the embryo, and endometrial receptivity.
Endometrial receptivity is widely regarded as a key factor
in the success of IVF. Also, the evaluation of endometrial
receptivity has been the focus of interest for many years due
to its potential clinical importance. Generally, ultrasound
examination has been carried out as routine method of
endometrium evaluation in IVF cycles in most reproductive
medicine. Several sonographic parameters have been
developed in the identification of endometrial receptivity,
including endometrial thickness, endometrial pattern,
endometrial volume, and endometrial and sub endometrial
blood flow [1,2], among which endometrial thickness and
endometrial pattern have been widely accepted as prognostic
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indicators for endometrial receptivity. However, there is
still no consensus on whether the endometrial sonographic
characteristics can predict the pregnancy outcome.

Endometrial features assessed included endometrial
thickness and pattern on the day of progesterone
supplementation in FET cycles. Endometrial thickness
was measured in the midsagittal plane of the uterus as the
maximum distance between the 2 interfaces of endometrial-
myometrial junction [3]. Endometrial pattern were classified
according to the morphology of the endometrium as: pattern A
(triple-line type characterized by a hypoechoic Endometrium
with well-defined hyperechoic outer walls and a central
echogenic line); pattern B (isoechoic endometrium with
poorly defined outer walls and central echogenic line); pattern
C (homogeneous hyperechoic endometrium) [4]. Endometrial
receptivity is referred to the ability of endometrium to accept
and accommodate a blastocyst, resulting in the process of
implantation

The Uterus, which carries the fetus in females throughout
the pregnancy, it has three layers innermost, middle and
outer layer. The innermost layer of the uterus is called
Endometrium. A thick and healthy endometrium is crucial
for normal menstrual cycle and successful pregnancy [5].
A thick and healthy Endometrium, also known as Uterine
Lining, goes a long way in ensuring effective implantation of
fertilized eggs inside the uterus. Later, during the pregnancy,
it also nourishes the fetus. If women are grappling with issues
related to pregnancy, like unable to get pregnant or difficulty
in holding a pregnancy, they must get their estrogen level and
thickness of Endometrium checked.

Estrogen hormone is extremely vital in keeping
Endometrium thick, salutary and blood-rich. Inadequate level
of estrogen results in thin Endometrium. If a Uterine Lining
or Endometrium is minimum 8 mm thick, it is considered
satisfactory. Anything less than 7 mm is called Thin
Endometrium.

The definition of a thin endometrium varies between
studies, but is generally defined as < 7 or < 8 mm on the day
prior to the start of progesterone in frozen-thaw embryo
transfer (ET) cycles.

Endometrial receptivity can be induced by exogenous
administration of estradiol and progesterone in various
protocols for endometrial preparation. Estradiol priming
contributes to endometrial proliferation and induction of
progesterone receptors. Then, the action of subsequent
progesterone turns the estrogen-primed endometrium into
a secretory structure for embryo survival and implantation.
Therefore, for those females with thinner endometrium in
fresh cycles, it would be useful to prolong the duration of
estradiol stimulation for optimal endometrial receptivity.
For those females with thin endometrium in fresh cycles,
additional estradiol stimulation might be helpful for adequate
endometrial development.
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Aim and objectives

To study about the outcome of patients with thin
endometrium, in frozen FET. The thin endometrium < 7 mm,
shows implantation failure or poor pregnancy outcome, with
estradiol supplements, endometrial thickness and receptivity
might be improved.

Review of literature

The endometrium is innermost lining of the uterus,
playing key roles during the menstrual cycle as well as during
pregnancy [6]. Also called the endometrial lining, the tissue
it's made up of serves as the "mucosal lining of implantation”
of the uterus, or womb ‘the pear-shaped organ that houses a
developing fetus. Abnormalities of the endometrium can result
in concerns such as endometritis, hyperplasia, and cancer.

The endometrium is the inner epithelial layer, along
with its mucous membrane, of the mammalian uterus. It
has a basal layer and a functional layer; the functional layer
thickens and then is shed during menstruation in humans.
During pregnancy, the glands and blood vessels in the
endometrium further increase in size and number. Vascular
spaces fuse to form the placenta, which supplies oxygen and
nutrition to the embryo and fetus at the same time having
endocrine, immunological and excretory functions.

Anatomy of Endometrium

The endometrium is made up mostly of mucosal tissue.
It has two layers: The first deep layer, the stratum basalis,
Second superficial layer, and the stratum functinalis.

The endometrium consists of a single layer of columnar
epithelium plus the stroma on which it rests. The stroma is
a layer of connective tissue that varies in thickness according
to hormonal influences. In the uterus, simple tubular
glands reach from the endometrial surface through to the base
of the stroma, which also carries a rich blood supply provided
by the spiral arteries. In a woman of reproductive age, two
layers of endometrium can be distinguished. These two layers
occur only in the endometrium lining the uterine cavity, not in
the fallopian tubes.

The basal layer (stratum basalis), adjacent to
the myometrium and below the functional layer, is not shed
at any time during the menstrual cycle. The functional layer
develops on top of it. The basal layer attaches to the layer of
smooth muscle tissue of the uterus called the myometrium.
This layer serves as an anchor for the endometrium within the
uterus and stays relatively unchanged (Figure 1).

In the absence of progesterone, the arteries supplying
blood to the functional layer constrict, so that cells in that
layer become ischemic and die, leading to menstruation.

The functional layer (stratum functionalis) is adjacent to
the uterine cavity. The second layer is dynamic. It changes
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Figure 1: Cross sectional Microscopy image of Layers of Endometrium.

in response to the monthly flux of hormones that guide the
menstrual cycle. It's the part of the endometrium where a
fertilized egg (or blastocyst) will implant if conception takes
place.

This layer is built up after the end of menstruation during
the first part of the previous menstrual cycle. Proliferation
is induced by estrogen during the follicular phase of the
menstrual cycle, and later changes in this layer are generated
by progesterone from the corpus luteum (luteal phase).
It is adapted to provide an optimum environment for
the implantation and growth of the embryo. This layer is
completely shed during menstruation.

The blood supply to the basal portion of the endometrium is
via the straight basal arteries, and the spiral arterioles supply
the functionalis layer. Both the straight basal arteries and
the spiral arterioles arise from the radial arteries at the
myometrial-endometrial junction. The radial arteries arise
from the arcuate arteries within the myometrium. The
endometrium comprises luminal and glandular epithelia,
stromal fibroblasts, and vascular smooth muscle cells.

Physiology of the endometrium

The endometrium is one of the most dynamic organs in
the body. Physiologically, the endometrial thickness has a
wide range. It can respond to an endocrine environment by
an increase in thickness in preparation for implantation or
by sloughing its lining in preparation for a new cycle.
Its dysfunction or anatomic disturbance can result
in menorrhagia, and its muscle can allow expulsion of the
effluent and yet preserve the integrity of the contents inside.
In response to medication, the endometrium can increase
or decrease in thickness at any time during the menstrual
cycle and can alter the size of the anatomic pathologies within
by an altering its vascularity and proliferation. The response
of the endometrium during the menstrual cycle reflects its
dynamic nature. Once the dynamic nature of the endometrium
is understood, it can be manipulated therapeutically.

The endometrium can be classified generally into two
layers. The functionalis (subdivided further into spongiosa
and compacta) sits adjacent to the luminal epithelium, and
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the basalis sits adjacent to the myometrium. The functionalis
undergoes significant change in response to the menstrual
cycle as compared to the basalis.

The proliferative phase: The endometrium is less than
2 mm thick in the early proliferative phase. It consists of
glands and stroma. The epithelium consists of a single layer of
columnar cells. Most of the functional layer is shed with each
menstrual period. The basal layer is closest to the uterine
muscle and serves as the reservoir for regenerating the other
layer. Mitotic activity increases from the start of menses,
and by day 5 after the onset of menses, regeneration of the
epithelium is complete. Then, in response to estrogen, there
is glandular hyperplasia and an increase in the height of the
glandular epithelial cells and pseudo stratification as the
endometrium prepares for ovulation.

The secretory phase: With ovulation, the
endometrium prepares for possible implantation. There is
a decrease in mitotic activity in response to progesterone.
Progesterone induces decidual changes within the
endometrium. The glandular epithelial cells begin to
accumulate glycogen-rich vacuoles at their base, and mild
secretory activity becomes apparent. Under the influence of
humoral and local factors, there appear spiral arteries and the
increasing coiling of the arteries and glands. The microscopic
morphology of the endometrium changes almost daily and
is easily identifiable by the pathologist. The thickness of the
endometrium increases to approximately 6 mm. There is a
significant amount of stromal edema. Both these features, the
thick endometrium and vascular edema, can be recognized
by hysteroscopy.

Menstruation: Before menstruation, the stromal
network begins to degenerate, with decrease in the
secretory products and an infiltration by monocytes and
leukocytes. There is actually a decrease in the height of
the endometrium from the lack of secretory products and
a breakdown in the extracellular matrix. With a decrease in
serum estrogen and progesterone from decreased function
of the corpus luteum, further constriction and coiling of the
spiral arterioles occurs. Prostaglandins are secreted, causing
contraction of the uterine smooth muscle, ischemia of the
spongiosa and compacta, and finally sloughing of endometrial
tissue. Bleeding stops under the increasing influence of
estrogen, which causes a prolonged vasoconstriction and
fibrin clot formation over denuded endometrial surfaces.
An increase in estrogen levels reinitiates the process of
regeneration.

The cyclic change of human endometrial cells are
controlled by the interaction between hypothalamus,
pituitary gland and ovaries, thus making the endometrium
proliferate, differentiate, exfoliate and then reproduce. The
menstrual cycle is divided into three phases which are called
follicle, ovulatory and luteal phase by the morphological
change of the ovarium. The endometrial cycle is also classified
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to proliferative, secretory and menstrual phase. Estradiol (E2)
stimulates the proliferation of endometrial cells by the indirect
positive mechanism activated by the binding of E2 to E2
receptor. Growth factors (IGF- I, EGF, TGF- alpha etc.) induced
by the transcription of the gene promote the proliferation of
endometrial cells. Progesterone (P) has antagonistic effects
on E2 actions and transform proliferative phase to secretory
phase in endometrium. It is suggested that the possible
mechanism of carcinogenesis of normal endometrium is the
progression of endometrial hyperplasia due to the prolonged
and unphysiological exposure to E2. The additional role of
oncogenes (fos, fms, myc, myb, erb-B, neu) and growth factors
on the mechanism of carcinogenesis of hyperplasia to cancer
is very interesting (Figure 2).

Endometrium during Embryo transfer

An endometrial thickness of less than 7 mm decreases
the pregnancy rate in in-vitro fertilization by an odds ratio of
approximately 0.4 compared to an EMT of over 7 mm.
However, such low thickness rarely occurs, and any routine
use of this parameter is regarded as not justified.

Observation of the endometrium by transvaginal
ultrasonography is used when administering fertility
medication, such as in vitro fertilization. At the time of embryo
transfer, it is favorable to have an endometrium of a thickness
ofbetween 7 and 14 mm with a triple-line configuration, which
means that the endometrium contains a hyperechoic (usually
displayed as light) line in the middle surrounded by two
more hypoechoic (darker) lines. A triple-line endometrium
reflects the separation of the stratum basalis and functionalis
layers, and is also observed in the periovulatory period
secondary to rising estradiol levels, and disappears after
ovulation (Figure 3).
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Figure 2:(A) Anatomy of uterus; (B) Physiological changes of endometrium.
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Main functions of endometrium

e Cyclic alterations of the uterine glands and blood
vessels during the course of the menstruation, as
preparation for the implantation.

¢ Location where the blastocyst is normally implanted.

e Location where the placenta develops.
Significance of endometrial thickness

The significance of the endometrial thickness has been
investigated in numerous studies and in meta-analyses. The
investigations are essentially limited to in vitro fertilization
treatments (IVF) with high-dose stimulation therapy and
intrauterine insemination treatment (IUI) with different
ovarian stimulation regimes.

The importance of the endometrium for the development
and maintenance of pregnancy is clearly proven. However,
it is unclear which endometrial factors are of relevance (1).
Histological examination in couples who wish to conceive
makes little sense as a biopsy would be necessary. In
transvaginal ultrasound evaluation endometrial thickness,
the echo pattern and endometrial perfusion are evaluated (2).
Ultrasound analysis of endometrial thickness (EMT) is most
commonly performed, as this is the easiest, noninvasive and
best reproducible technique.

In IVF treatments, a thin endometrium is associated with
lower pregnancy rates. The clinical pregnancy rate is related
to a lower chance of pregnancy if endometrial thickness is
< 7 mm (OR 0.42, 95% CI: 0.27, 0.67).The data regarding a
thick endometrium is not so clear. A previous study described
reduced pregnancy rates in women with endometrium > 14
mm, whereas other studies did not find decreased or found
even increased pregnancy rates.

Endometrial and receptivity factors are important in the
success of in vitro fertilization and embryo transfer (IVF-ET)
cycles. Many researches have been done to improve it [7]. It
has been shown that endometrial thickness of less than 7 mm
has a negative effect on pregnancy rate. Standard in vitro
fertilization (IVF) treatments affect less than 1% of women
with thin endometrium. It is a crucial problem for both
patient and physician. It can lead to unwanted cancellation
and delay in treatment. The correlation between endometrial
thickness and receptivity has been mentioned in various
studies. However, some studies have not reported such a
correlation [8]. When endometrium is not appropriately
thickened for embryo transfer, the physician uses drugs such
as aspirin, sildenafil, pentoxifylline and tocopherol-f. Still, the
endometrium remains unresponsive in some cases.

How thinis really thin?

A thin endometrium is mostly defined as an endometrial
thickness of < 7 mm on ultrasound although a cut-off value
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of 6 mm and 8 mm has also been used [7]. Two hormone
produced by ovaries thicken and prepare uterine lining for
implantation. Estrogen causes thin uterine lining to thick.
Progestrone causes thickened uterine lining to develop the
characteristics needed for implantation [9-11].

Endometrial changes reflect hormonal changes throughout
the menstrual cycle. The functional layer of the endometrium
starts growing under the influence of estrogen (E) till it
reaches a maximum at the onset of the luteinizing hormone
(LH) surge. The pre- and post-ovulatory rise of progesterone
(P4) herald's secretory changes in the endometrium and these
are paralleled by changes in the endometrial pattern (EnP). On
ultrasound endometrial thickness increases in the follicular
phase and endometrial character changes from a hypoechoic
trilaminar one to a compact hyperechoic look post ovulation.
A trilaminar endometrium on the day of ovulation trigger is
associated with an increased probability of pregnancy while a
hyperechoic character signals failure.

Incidence of thin endometrium

Though controversial endometrial thickness has been used
to predict the possibility of pregnancy in ART cycles; a thin
endometrium being associated with poor success rates after
IVF irrespective of the causative factor. However, Pregnancies
have been reported even at endometrial thicknesses as low as
4 mm or 5 mm. suggesting that receptivity may not necessarily
be related to endometrial thickness. A thin endometrium is
seenmore oftenin older women probably because of decreased
vascularity. An incidence of 5% has been reported in women
under 40 years and 25% in women over 40 years in natural
cycles. Kasius, et al. 2014, reported an incidence of 2.4% in
their meta-analysis that included 1170 patients undergoing
IVF. Kumbak, et al. 2009, looked at the cycle characteristics
and outcomes of 175 patients with an endometrial thickness
of < 7 mm on the day of oocyte retrieval. Patients were
stratified according to three endometrial thickness groups
>4 mm and < 5 mm, = 5 mm and < 6 mm, and = 6 mm and
< 7 mm. Pregnancy rate (PR) and implantation rate (IR) did
not show a statistically significant difference among the three
groups though an increasing trend in values was observed as
endometrial thickness increased (Tables 1,2).

The clinical PR (CPRs) and miscarriage rates (MRs) of the

Table 1: Endometrial Thickness and Ultrasound imaging of foetal pole and cardiac
activity (Fischer exact test, p - value = 0.466, non-significant).

Clinical Pregnancy ___No Pregnancy
28 33 61

Endometrium > 6 mm
Endometrium < 6 mm 5 3 8
Total 33 36 69

Table 2: Endometrial thickness and ongoing pregnancy till second trimester.

Characteristic Ongoing Pregnancy No Pregnancy Total
Endometrium > 6 mm 22 39 61
Endometrium < 6 mm 1 7 8

Total 23 46 69
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study group were compared with 5573 patients undergoing
IVF during the same period who had an endometrial thickness
of 2 7 mm. The CPR's were 26% and 51% (p < 0.0001), MR
31% and 17% (p = 0.02) in patients with endometrium <
7 mm and > 7 mm, respectively. The CPR, IR, and live birth
rate (LVBR), per embryo transfer (ET) of patients with a
thin endometrium, were further assessed according to age,
number of oocytes retrieved and embryos transferred.
Significantly better results were obtained when the patient's
age was < 35 years or the number of retrieved oocytes was >
5 or the number of embryos transferred was three or more.
The authors suggest that if the endometrium is < 7 mm on
the day of oocyte pick-up, the patient should be offered total
embryo freezing unless the number of oocytes recovered is
> 5, the number of embryos available for transfer > 3. Even
though this study supports the view that an endometrium <
7 mm compromises chances of pregnancy, results based on
stratification by age, oocyte numbers, and number of embryos
transferred indicate that endometrial thickness is not the only
determinant of treatment outcome.

A contrary view was given by Kasius, et al. 2014, based
on a systemic review and meta-analysis of 1170 studies
(22 of which were of moderate quality). Their review
suggests that Eth cannot be used as a parameter to decide
on cycle cancelation, freezing of all embryos or discontinuing
IVF treatment. A thin endometrium (< 7 mm) occurred
infrequently - 2.4% of the reported cases (260/10 724) and
the estimated summary receiver operating characteristic
curve indicated a virtually absent discriminatory capacity
of Eth in the prediction of pregnancy. However, there was a
trend toward lower ongoing pregnancy and LVBRs for these
women (odds ratio [OR] 0.38 [95% confidence interval [CI]
0.09 - 1.5]). The probability of clinical pregnancy for Eth < 7
mm was significantly lower compared with that for an Eth >
7 mm (23.3% vs. 48.1%, OR 0.42 [95% CI 0.27 - 0.67]). The
positive predictive value for the outcome of clinical pregnancy
was 77%, and the negative predictive value was 48%. One can
conclude from this review that Eth can give us probability but
cannot be predictive of pregnancy.

The adverse effect of controlled ovarian hyper stimulation
(COH) on ER is well established, and elective freezing
of embryos with the subsequent transfer in a hormone
replacement therapy (HRT) cycle is advocated to improve
implantation. The effect of endometrial thickness on PR in a
frozen embryo transfer (FET) cycles has also been examined
[7], found that an endometrial thickness of 9 - 14 mm
measured on the day of p supplementation was associated with
higher implantation and PRs compared with an endometrial
thickness of 7 - 8 mm. Dix and Check, 2010, in a retrospective
analysis looked at PR in patients with Eth of < 6 mm. Of the
35 patients, there were only three pregnancies and only two
patients delivered. The overall PR was 8.5% per transfer and
LVBR 5.7% per transfer PR in FET group was higher being
14.2%. The maximal thickness at which a patient achieved
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LVB was 5 mm in the FET group. A recent study by the same
group compared the LVBR, PR, and IR between fresh and FET
(Frozen Embryo Transfer) in endometrium <6 mm. The IR
and LVBR at 4 - 5 mm in fresh versus frozen transfer cycles
was 10.6% versus 27.2% (p = 0.079) (IR) and 10% versus 36%
(p = 0.0325) (LVBR) being higher in the HRT-FET cycles. ET
was not attempted when endometrium was < 4 mm. Both the
studies from this group imply that a hormone replacement
therapy (HRT) cycle could mitigate the negative effects of
controlled ovarian hyperstimulation (COH) even in patients
with a thin endometrium.

Oocyte donation cycles are ideal to measure the
independent effect of endometrial thickness as a parameter of
Endometrial Receptivity because there is lower variability of
embryo quality [12], studied the effect of Eth on reproductive
outcome in oocyte donation cycle using 6 mm and 8.2 mm as
the cut-off for a thin endometrium. There were no statistically
significant differences in Clinical Pregnancy Rate (29.6% vs.
30.0%) and Live Birth Rate (16.7% vs. 23.6%) in women with
endometrium <6 mm compared with Eth > 6 mm, respectively.
However, more live births were observed for an endometrial
thickness cut-off of 8.2 mm than for thinner endometrium.
It is possible that a thin endometrium is unable to support
pregnancy development after implantation, resulting in
more miscarriages due to intrauterine (IU) fetal deaths. It
was also observed that a lower proportion of patients with
endometrium thinner than 6 mm exhibited Endometrial
Pattern Grade A and a higher proportion exhibited Grade C.

Embryo quality plays a major role in implantation and
is one of the determining factors for pregnancy outcome.
Gingold, et al. 2015, sought to evaluate the relationship of
endometrial thickness to pregnancy outcome after euploid
ET. Having transferred only euploid embryos after pre
implantation genetic screening they found that Endometrial
thickness (< 8 vs. > 8 mm), on the day of trigger or ET, had
no significant correlation with IR or clinical outcomes across
all age groups (23.4 - 44.4 years, mean: 36.1 * 4.0 years) in
either fresh or FETs. However, a completely homogenous
Endometrial Profile at trigger did correlate with a low IR. The
Endometrial thickness ranged from 4.4 to 17.9 mm (mean: 9.7
+2.2mm) atfreshET day,and from4.2to 17.7 mm (mean: 9.1 +
2.1 mm) at FET day. The subset of patients with endometrium
< 7 mm was too small to analyze for statistical significance.
The authors also suggest that these results may not apply
to patients whose Endometrial thickness or Endometrial
Progesterone is altered because of endometrial pathology
(e.g., from Asherman's syndrome, Endometrial tuberculosis,
or an autoimmune disorder). Endometrial damage by disease
can lead to reduced vascularity and fibrosis.

Factors affecting endometrial thickness
. Permanent damage to basal Endometrium

. Reduced blood flow to endometrium
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. Endometrial resistance to circulating Estrogen

. Over exposure to testosterone
Causes of thin endometrium

Thin endometrium can result from various factors the most
common being inflammatory and iatrogenic. Poor vascularity
and low estradiol values can also lead to poor endometrial
growth. The endometrium can also be inherently thin in some
women [12].

e Inflammatory causes: Acute or chronic infection
can lead to the destruction of the basal layer of the
endometrium. In India, genital Koch's is the most
common cause of thin endometrium. Since healing
takes place by fibrosis, it leads to the destruction of
the endometrium and shrinkage of the uterine cavity.
Regeneration of endometrium even after complete
treatment is very difficult as fibrosis destroys the basal
layer.

e latrogenic: Surgical causes are repeated or vigorous
curettage damages the basal layer of endometrium.
Hysteroscopic myomectomy, polypectomy, or
laparoscopic myomectomy where the cavity is opened
may lead to intrauterine adhesions. Medical causes are
indiscriminate use of drugs such as clomiphene citrate.

e Idiopathic: Thin endometrium may not necessarily
be secondary to a disease process. It can result from
individual uterine architecture [13] or the intrinsic
properties of endometrium that affect its growth [14].

Miwa, etal. 2009 [10], demonstrated that thin endometrial
were characterized by poor growth of glandular epithelium,
high uterine blood flow impedance, decreased Vascular
Endothelial Growth Factor (VEGF) expression, and poor
vascular development. They postulated that a high blood flow
impedance of radial arteries acting as the trigger impaired the
growth of the glandular epithelium and resulted in a decrease
in VEGF levels in the endometrium. Low VEGF, in turn, causes
poor vascular development, which further decreases blood
flow in the endometrium. This vicious cycle leads to a thin
endometrium.

Other causes:

. low levels of estrogen

. Inadequate blood flow

. Fibroids

e  Amenorrhea/Abnormal Periods

e Pelvic Inflammatory Disease (PID)
. D&C or any pelvic surgeries

. Intrauterine Adhesions
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e  Excessive use of Clomiphene (Clomid)

e  Poor quality of endometrial tissue

. Long term use of Birth control Pills.
Endometrial thickness & receptivity

Endometrial thickness is measured by transvaginal
ultrasound as the maximal distance between the echogenic
interfaces of the myometrium and endometrium in the plane
through the central longitudinal axis of the uterine body [15].
An endometrial thickness of < 7 mm at the time of embryo
implantation is considered suboptimal in ART.

On ultrasound endometrial thickness increases in the
follicular phase and endometrial character changes from a
hypoechoic trilaminar one to a compact hyperechoic look
post ovulation. A trilaminar endometrium on the day of
ovulation trigger is associated with an increased probability
of pregnancy while a hyperechoic character predicts failure
[16-18].

¢ Endometrial Pattern and Endometrial Receptivity a
triple line appearance or multilayered endometrium on
the day of the ovulation trigger is defined as Grade A or
receptive.

e A homogenous appearance or non-multilayered
endometrium is defined as Grade C or nonreceptive.

e Progesterone secretion initiates changes in the
endometrium that are reflected as a homogenous
character near the junctional zone and a well-defined
central echogenic line. This Endometrial Pattern seen
on the day of ovulation trigger is defined as Grade B
[19] (Figure 4).

The ability to predict pregnancy outcome following ET
(Embryo transfer) remains elusive and has led to a search

Figure 4: Ultrasound Imaging Pattern of Endometrium.
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for predictive markers. Maternal age, ovarian reserve
measurement, and markers of Endometrial Receptivity
(ER) have been evaluated in this context. ER is integral
to implantation so identification of an accurate marker
of implantation would be highly beneficial in assisted
reproductive technology (ART) [20]. Despite enormous
research in the field of human embryo implantation, the ideal
marker of ER remains indefinable. Lack of accuracy, predictive
value, and invasive nature of the biochemical and histological
markers of ER limit their clinical applicability.

The parameters used to evaluate ER with a traditional two-
dimensional ultrasound are an assessment of endometrial
thickness and Endometrial Profile. With the advent of three-
dimensional and four-dimensional ultrasound, additional
factors have been studied to improve the predictive value
of this investigative modality. These include measurement
of endometrial volume and Doppler sonography of uterine
and sub-endometrial blood flow [21,22]. Interestingly,
endometrial thickness and pattern still remain the most
researched parameters for their predictive value in IVF.

Endometrium pattern, endometrium thickness, and end-
diastolic blood flow have been shown to be the most effective
combination for evaluation of uterine receptivity.

Endometrial volume

The volume ofthe endometrium is measured by area tracing
from the fundus to the internal cervical os in 10-15 parallel
slices in the transverse section after reloading the patient’s
data from the disc. In one study endometrial thickness and
volume were significantly higher in pregnant (13 mm, 4.5 mL)
than in non-pregnant women (10 mm, 3.3 mL; P.01). Patients’
age and the embryo score on day 3 also reported significant
differences between patients conceiving and those not
conceiving. According to the cutoff level reported previously
(2), women were divided into two groups (endometrial
volume 2 mL and 2 mL). The pregnancy rate was lower in
patients with an endometrial volume 2 mL than in those with
a volume 2 mL (10.0% vs. 31.5%; p = not significant” or "p >
0.05) [23]. The authors tried to find a reliable threshold value
allowing prediction of the establishment of a pregnancy. The
cutoff for endometrial volume giving the best statistical power
was 2.5 mL. Pregnancy rate was significantly lower in patients
with an endometrial volume < 2.5 mL (PR 9.4%) compared
to those with a volume = 2.5 mL (PR 35.0%, p = .004). The
negative predictive value for the achievement of a pregnancy
was 90.6% at a threshold value of 2.5 mL, with a positive
predictive value of 35%. The positive predictive value was
low, which was due to the low overall pregnancy rate. When
testing 2D measured endometrial thickness as a predictor for
embryo implantation results, no cutoff could be found where
the pregnancy rates were significantly different. The minimal
endometrial thickness associated with a pregnancy was 9 mm
[24].
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The reproducibility of 3D measurements is high, which is a
prerequisite for all analyses (7-11). In this study a threshold
value of 2.5 mL for endometrial volume was predictive of
failure to establish a pregnancy [25,26], with a negative
predictive value of 91%. The positive predictive value,
however, was only 35%, due to low overall pregnancy rates.
This cutoff value of 2.5 mL has been confirmed by Yaman, et
al. They also found a significantly higher pregnancy rate in
patients with an endometrial volume 2.5 mL compared to
those patients with an endometrial volume of 2.5 mL.

Endometrial volume

Detection rates of endometrial blood flow in the groups of
embryo diapause, miscarriage and ectopic pregnancy were
significantly lower than that in the intrauterine live foetus
group, suggesting an association between the condition of
endometrial blood flow [1,2,4] and embryo implantation
and development. Our findings also observed that the
pregnancy rate and implantation rate of the patients with
detected endometrial and sub endometrial blood flow were
significantly higher than those with only sub endometrial
blood flow detection or those without detected blood flow,
while the miscarriage rate in the patients with detected
endometrial and sub endometrial blood flow was significantly
lower [2,5].

The endometrial thickness and the speed of uterine blood
flow had no impact on pregnancy outcomes. These findings
support the association between endometrial blood flow and
endometrial receptivity [27].

Doppler of uterine artery

Using color Doppler in the two-dimensional mode, flow
velocity waveforms were obtained from the ascending main
branch of the uterine artery on the right and left side of the
cervix before it entered the uterus in a longitudinal plane.
Ovarian blood flow were obtained by color Doppler and the
average of two ovaries were calculated. Endometrial blood
flow was detected by intra-endometrial or the adjacent
sub-endometrial regions within 10 mm of the echogenic
endometrial borders. Double thickness of the endometrium
was measured along the longitudinal axis of the uterus).
Thereafter, color Doppler energy was superimposed on
the 2-D Doppler studies were performed on selected areas
[28,29]. The pulsatility index (PI) and resistance index (RI) of
the uterine, ovary and endometrial arteries were calculated
electronically when three similar, consecutive waveforms of
good quality were obtained. Analysis was used together with
computer algorithms to form the endometrial volume and
indices of blood flow within the endometrium. The parameters
were analyzed by software for: (i) resistance index (RI): the
difference between maximal systolic blood flow and minimal
diastolic flow divided by the peak systolic flow (S-D/S); (ii)
pulsatility index (PI): the difference between maximal systolic
blood flow and minimal diastolic flow divided by the mean
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flow throughout the cycle (S - D/mean); (iii) the ratio between
peak systolic flow and lowest diastolic flow (S/D). These three
parameters express the resistance to flow from the point of
measurement downstream [30].

The patients were divided into three groups according to
the condition of the endometrial blood flow in,

e Group A, no endometrial blood flow was detected;
e Group B had sub-endometrial blood flow detected, and

e Group C had both endometrial and sub endometrial
blood flow detected.

Early color Doppler ultrasonography is mainly used to
assess endometrial receptivity through measuring uterine
blood flow. Our study, however, found no association between
uterine arterial blood flow and pregnancy outcome, as
describe by [31] and we suggest that uterine artery S/D, RI
and PI cannot be used independently to predict endometrial
receptivity [32-34] (Figure 5).

Apple Baum’s vascularity zone

The endometrial and periendometrial areas are divided
into the following four zones (Figure 6):

m

Appl

Zone 1 - Myometrium

surrounding the
endometrium.

Zone 2 - Hyperechoic
endometrial edge

Zone 3- Internal endometrial
hypoechoic zone.

Ione 4 - Endometrial cavity

Figure 6: Endometrial Vascularity Zones.
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e Zone1l:A2-mm thickareasurrounding the hyperechoic
outer layer of the endometrium.

e Zone2:Thehyperechoicouterlayerofthe endometrium.
e Zone 3: The hypoechoicinnerlayer of the endometrium.
e Zone 4: The endometrial cavity [26].

Angiogenesis

Angiogenesis plays a key role in different female
reproductive developments, including growth of dominant
follicles, formation of the corpus luteum, and development
of the endometrial pattern. Endometrial angiogenesis is
vital for regeneration endometrium after menstruation and
to provide a vascularized receptive endometrium
for implantation [14,35].The majority of studies has focused
on Vascular Endothelial Growth Factor (VEGF) plays a key
regulatory role in endometrial angiogenesis, and a number
of works stated that VEGF is expressed differentially in the
uterine with thin endometrium [36], uterine blood flow
serves as an essential marker regulating endometrial growth
and is narrowly related to vascular development of the
endometrium . Recentimprovements in ultrasonography have
provided new opportunities for non-invasive evaluation of
endometrial perfusion. A significant reduced pregnancy rate
in IVF-ET patients with low uterine blood flow, displayed a
close relationship between uterine blood flow and uterine
receptivity [37,38]. Asherman’s syndrome is a known cause
of thin endometrium. Transvaginal ultrasonography usually
reveals minimal endometrial thickness in this patients.
Impaired uterine perfusion is the reason for atrophy of
the remaining endometrium due to restricted exposure to
circulating hormones. This syndrome may occur followed
myometrial fibrosis that is significantly increased among
women with intrauterine adhesions (IUAs) compared to
healthy controls [39-42]. (Figure 7).

¢ Implications of impaired angiogenesisHigh impedance
of blood flow in radial arteries

e Poor growth of glandular epithelium

¢ Decreased VEGF expression.

Cnvarian arery

Arcuate artery

Radial artery

" Endometrium

" Myometrium
Literine artery

Figure 7: Angiogenesis.
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Assessment of endometrial receptivity:
Non-Invasive:

USG - Thickness /Pattern / volume/ blood flow.
MRI

Laser Blood Flowmetry

Invasive:

ERA (Endometrial receptivity assay).
Endometrial preparation

We assessed and recorded pattern and thickness on the
day 18 of previous cycle of FET. Method for endometrium
preparation is with the exogenous administration of estrogen
and progesterone (with or withouta gonadotrophin-releasing-
hormone (GnRH) agonist. Estrogen administration is started at
the beginning of the cycle, causing endometrial development
while suppressing dominant follicle development. Estrogen
administration is continued until the endometrium reaches
a thickness of 8 mm (determined using an ultrasonographic
examination), and progesterone is then combined to initiate
the secretory changes. This protocol mimics the physiological
mid-cycle estrogen-progesterone transition (Figure 1).
Estrogen was administered as an oral tablet.

Low-dose aspirin (75 mg once daily) was administered
for improving endometrial receptivity. Intramuscular
administration of progesterone for luteal support was
started from 1 day after ovulation. For hormone replacement
treatment cycles, administration of oral estradiol (Progynova;
Bayer; Leverkusen) was initial with 2 mg/day from cycle days
1 to 4, 4 mg/day from days 5 to 8, and 6 mg/day from days
9 to 12. Since day 13, transvaginal ultrasound examination
(Mindray) was conducted to monitor the endometrial
thickness and ovulation and the dose of estradiol was
adjusted according to the endometrial thickness. When
the endometrial thickness reached 8.0 mm or maximum,
100 mg intramuscular administration of progesterone was
provided and maintained for the following 4 days. Thawing
and transferring of blastocysts was performed on day 5 after
4 days of progesterone administration.

G-CSF (Granulocyte colony stimulating factor): It was
started on the day of 9 & also day 12, day 15, that G-CSF may
help increase the endometrial thickness and the chance of
pregnancy in the patient with extremely thin endometrium. A
growth occurred in endometrial thickness and was detected
within 48 - 72 hrs of G-CSF administration. IU G-CSF instillation
to improve endometrial growth stems from the understanding
that the human endometrium contains a small population of
mesenchymal stem-like cells that could be responsible for
endometrial cyclical growth and reconstruction.

Treatment of thin endometrium: Thin endometrium is
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identified to adversely affect reproductive success
rates after assisted reproductive technology (ART).
Several treatment modalities have been presented to
patients with thin endometrium, to improve endometrial
thickness and the subsequent endometrial receptivity.
These approaches comprising hormonal management
by estradiol, tamoxifen, human chorionic gonadotropin (hCG)
and gonadotropin-releasing hormone (GnRH)
agonist, vasoactive agents such as aspirin, vitamin
E, pentoxifylline, and sildenafil, intra-uterine infusion of
growth factor such as Granulocyte Colony Stimulating
Factor (G-CSF) and the latest application of platelet-rich
plasma, electrical stimulation, regenerative medicine and
presentation of endometrial receptivity array.

Estradiol

Infertile patients, who display inadequate endometrium
thickness, will be initially treated with oral estradiol. As the
endometriumisahormonedependenttissueestrogensupports
endometrial proliferation by causing spiral artery contraction
and decreasing oxygen tension in the functional layer that
facilitates embryo implantation [43,44]. The preferred method
of estradiol administration is oral, and there are no significant
differences between micronized estradiol or estradiol valerate
[45]. The prolonged administration of estradiol valerate
during controlled ovarian hyperstimulation (COH) cycles for
14-82 days, improve the mean endometrial thickness from
6.7 to 8.6 mm as well as significant increase of pregnancy rate
(38.5 vs. 4.3%) [46]. Similarly a case of repeated implantation
failure due to unreceptive thin endometrium received
extended estrogen supplementation for an extended period,
using 16 mg/day of estradiol valerate from the third day of
her menstrual cycle for 9 days before COH. IVF in this patient
led to a twin pregnancy and delivery at term [47]. In contrast
Demir, et al. reported that estradiol supplementation with
estradiol hemihydrate 4 mg/day started on the day of hCG
among women with thin endometrium undergoing ICSI,
did not improve clinical pregnancy rate, implantation rate
(16% vs. 10.4%), and endometrial thickness [48]. According
to a meta-analysis results, administration of pure ethinyl
estradiol (EE) for treatment of thin endometrium, increase
the endometrial thickness in comparison to patients whom
used placebo. Moreover, the best result were achieved while
EE administration is starting on 7®-10" day of menstrual
cycle with the dose of 0.02 - 0.05 mg/day for 5 days [49]. As
the highest serum and endometrial level of estrogen occur
after vaginal administration, it is considered as the desirable
route in cases that do not response to the other ways.
Therefore, Cetinkaya and colleagues administered estrogen
vaginally 25 mg daily from 4* day of the cycle for 15 days
in Clomiphene citrate induced cycle. They reported significant
increase in endometrial thickness on the day of ovulation in
estrogen + clomiphene citrate group compare to the group
where only Clomiphene citrate was used, but there was no
difference in pregnancy rate [50]. In the same way another
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study compared oral and vaginal administration of estradiol
among donor oocytes recipients. The results demonstrated an
increase in endometrial thickness as well as ongoing pregnancy
rate when vaginal estradiol administration extended to
4 - 6weeks in women who failed to achieve acceptable
endometrial thickness after oral estradiol administration.
Oral estrogens were also used for endometrium preparation
in FET, where prior IVF failure was believed to be due to thin
endometrium.

Jimenez and colleagues administered oral estradiol 2 mg
three times a day from day 1st for 12 days. They stated
satisfactory development of endometrium in 67% patients.

Aspirin

The effect of low-dose aspirin on pregnancy rate is still
debated in the literatures [51]. Even though some studies
reported the positive impact oflow dose aspirin on endometrial
thickness, pattern, and endometrial blood flow, others claimed
that aspirin do not increase success of implantation. Hsieh,
et al. found significantly higher percentages of trilaminar
endometrium (46.5% vs. 26.2%) and [52,53].

Pregnancy rates (18.4% vs. 9.0%) following low-dose
aspirin (100 mg) therapy non-aspirin group. In a systematic
review and meta-analysis the effect of low-dose aspirin
on likelihood of pregnancy was studied among women
undergoing IVF/ ICSIL. Clinical pregnancy rate per embryo
transfer was similar between patients who received low-dose
aspirin and those who used placebo or no treatment (RR 1.09,
95% CI1 0.92 - 1.29) [54]. Furthermore, Clinical pregnancy per
cycle, spontaneous abortion or ectopic pregnancy per Clinical
pregnancy and live birth rate per cycle or embryo transfer
were not significantly significant between the mentioned
groups. On the basis of a Cochrane study, low-dose aspirin has
no substantial positive effect on pregnancy and endometrial
thickness [55].

L- arginine: L-arginine may help improve endometrial
thickness [24]. Adequate thickness of the endometrium,
or uterine lining, is important for supporting a pregnancy.
Women with a thin lining tend to have low pregnancy rates.
A thin lining is defined as a lining of less than 8 millimeters
(mm). A thin lining may be due to reduced blood flow through
the uterine arteries. L-arginine is a precursor to nitric oxide,
which increases blood flow by increasing the dilation of the
arteries. L-arginine treatment has been shown to increase
the thickness of the endometrial lining. In 6 of 9 patients
with a thin lining who took L-arginine, the endometrial lining
increased to greater than 8 mm.

Sildenafil: Sildenafil citrate — an inhibitor of cGMP-specific
phosphodiesterase type 5 (PDE5) - prevents the breakdown
of cGMP and increases the effect of nitric oxide on vascular
smooth muscles. Sildenafil citrate administration cause an
improvement in uterine blood flow, and in combination with
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estrogen, may promote to the estrogen-induced proliferation
of the endometrial lining [56,57].

Theexpression ofvascularendothelial growth factor (VEGF)
and Tumor suppressor factor (p53) genes are essential for
breaking down the endometrial cellular matrix, normalize cell
growth, and induce angiogenesis. These process are required
for adequate endometrial blood supply and consequent
embryo implantation [58]. Sildenafil citrate causes significant
increases in p53 activity and stimulated angiogenic reactions
with elevated VEGF [59]. It is found previously that vaginal
sildenafil citrate is effective for the treatment of women
with repeated implantation failure and leads to increase
endometrial thickness and attaining pregnancy in women
with poor endometrial growth [60]. Takasaki, et al. [24]
evaluated the effect of sildenafil on improving radial arteries
blood flow and endometrial growth. Sildenafil citrate
increased radial artery-resistance index and endometrial
thickness in 92% cases [61]. Recently Zinger et al. have
reported two infertility patients with Asherman’s syndrome
with successful pregnancy after consuming 25 mg vaginal
sildenafil citrate, four times a day for 6 - 14 days during the
first half of their cycle [62]. To evaluate the effects of sildenafil
administration on the thickness of the endometrium and
the implantation rate, Dehghani-Firouzabadi and coworkers
conducted a randomized controlled trial. 80 patients who had
a history of poor endometrial response and frozen embryos
included the study. 40 patients were given sildenafil citrate
tablets (50 mg) daily in addition to the estradiol and compared
to 40 women who received estradiol only. They concluded
that the oral usage of sildenafil citrate is a good approach to
improve the endometrial receptivity [63]. Likewise, a recent
study examined the effect of adding sildenafil vaginal gel to CC
in infertile women with thin endometrium and previous CC
failure (5 cycles). In the patients' 6" cycle (CC only), women
sustained on CC 100 mg/day for 5 days. In the 7% cycle, women
administered usual dose of CC supplemented in conjunction
with sildenafil vaginal gel (5 gm, containing 50 mg sildenafil)
twice daily from day 8 to day of HCG administration. The
finding indicated that sildenafil vaginal gel considerably
increased endometrial thickness and uterine blood flow, and
may improve pregnancy rate.

Vitamin E and pentoxifylline

The combination of pentoxifylline (PTX) as a derivative
ofmethylxanthinethatinducevasodilatationandvitaminEasan
antioxidant was used for treatment of thin endometrium. This
combination was given to oocyte recipients with inadequate
endometrial thickness after vaginal E2 administration.
This method results in significantly improved endometrial
thickness, pregnancy and delivery rates[64]. In the same
way, Acharya, et al. found an improvement in endometrial
thickness and pregnancy rate of 40% in treated patients [65]
Similarly, it is reported that use of vitamin E cause adequate
ET in 52% of patients as well as growth of the glandular
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epithelium, number of blood vessels and VEGF protein
expression. Also, Cicek and colleagues [66] found that Vitamin
E administration could improve the endometrial thickness
but not implantation and ongoing pregnancy rate in women
with unexplained infertility [67]. Pentoxifylline has been
used clinically in the treatment of vascular abnormalities,
and is also a good choice for radiation-induced fibrosis.
However the precise mechanism has not yet been known,
the influence is improved while its use in combination with
vitamin E [68,69]. One study assessed the antifibrotic effect
of PTX by a combination of PTX and tocopherol (vitamin E) in
patients with a thin endometrium who were joined an oocyte
donation program. Eighteen oocyte recipients who failed
to improve endometrial thickness after receiving vaginal
micronized estradiol were included the study. The patients
received a combination of PTX (800 mg/day) and vitamin E
(1000 1U/day) for 6 months. Pregnancy rate, endometrial
thickness and ovarian function have been developed.

Tamoxifen: Tamoxifen blocks the actions of estrogen
and has a key role in endocrine therapy for the treatment
of estrogen receptor positive breast cancer. Wang, et al.
compared reproductive outcome in ovarian stimulation cycles
using tamoxifen (40 mg/day from day 3 of the menstrual cycle
for 7 days) and clomiphene cycles (100 mg/day for 5 days) in
patients undergoing intrauterine insemination. It was found
that tamoxifen-treated patients have a significantly increased
endometrial thickness and pregnancy rate [70]. Similarly,
another study reported that switching CC to tamoxifen
for ovulation induction in women with adequate follicular
recruitment and thin endometrium improves endometrial
thickness [71]. Evaluate the effect of tamoxifen on endometrial
thickness among patients with thin endometrium undergoing
frozen-thawed embryo transfer cycles. 226 women who
had endometrial thickness less than 7.5mm in previous
cycles were recruited. Tamoxifen administration improves
endometrial thickness in patients after natural cycle as the
same as hormone replacement treatment and ovulation
induction cycles during FET. However, Patients with PCOS
got the most advantage from tamoxifen and achieve higher
pregnancy outcomes [71].

Human chorionic gonadotropin (hCG): hCG play a
local paracrine role in the endometrium differentiation and
endometrial receptivity by regulating different cytokines and
growth factors [72-74]. Papanikolaou and colleagues recruited
seventeen infertile patients with the history of implantation
failures and resistant thin endometrium.

On day 8 or 9 of the estrogen administration (8 mg daily),
hCG injection was started subcutaneously by 150 1U daily
for 7 days. After a week on hCG priming, on the day 14 or 15
of cycle, the mean endometrial thickness was improved by
0.8 mm. Such as 35.3% of the patients had more than 20%
development in their endometrial thickness after hCG priming
and 17% achieved an endometrial thickness more than
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7 mm [74]. Likewise in anonrandomized clinical trial the effect
of adding hCG to frozen thawed embryo transfer cycles with
history of thin endometrium was examined in 28 patients who
had two previous failed cycles because of thin endometrium.
150 IU hCG, was administrated intramuscularly from the day
8 of cycle until endometrial thickness reached at least 7 mm.
The study suggested that adding hCG to the conventional
method is effective and improved endometrial thickness and
pregnancy outcomes significantly [75,76].

Granulocyte colony stimulating factor (G-CSF): It is
stated that G-CSF may increase the endometrial thickness
and the chance of pregnancy in the patient with extremely
thin endometrium [77]. In the same way, Tehraninejad
and coworkers [78] reported that infusion of G-CSF in
endometrial cavity is safe and possibly effective to increase
endometrial growth in patient with thin and unresponsive
endometrium [79]. Endometrial perfusion with G-CSF is
effective in expanding unresponsive thin endometrium to
at least minimal thickness of 7 mm, which was resistant to
estrogen and vasodilators. A growth occurred in endometrial
thickness can be detected within 48 - 72h of G-CSF
administration [80]. This approach in infertile women on the
day of hCG administration and in combination with second
fusion resulted in low but very reasonable clinical pregnancy
rate [78]. In contrast, a randomized clinical trial in normal
IVF patients, G-CSF did not increase endometrial thickness,
implantation rates, or clinical pregnancy rates [81]. Some
other studies confirmed these results. Eftekhar, et al. failed to
demonstrate that G-CSF improve endometrial thickness but
they reported G-CSF positive effect on chemical and clinical
pregnancy rate of the infertile women with thin endometrium
in frozen-thawed embryo transfer cycle [82,83]. Otherwise,
Li and colleagues stated effectiveness of G-CSF in developing
embryo implantation and clinical pregnancy rate among
infertile women with thin endometrium [84] (Figure 8).

Platelet-rich plasma (PRP): PRP is blood plasma
derived from fresh whole blood, enriched with platelets. It is
collected from peripheral veins and contains several growth
factors and cytokines [85,86]. Upon activation of platelets
in PRP, cytokines and growth factors become active and are
secreted within 10 min. Recently, PRP has been commonly
applied in different clinical situations; however, little is
identified about the application of PRP in the treatment of
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thin endometrium. For the first time, Chang and coworkers
introduced intrauterine infusion of PRP as a new approach
for the treatment of thin endometrium. They evaluated the
efficacy of PRP in the therapy of infertile women with thin
endometrium. Five women with thin endometrium after
standard hormone replacement therapy (HRT) who were
candidate for IVF included the study. PRP was prepared from
autologous blood by centrifugation, and infusion of 0.5- 1 ml
of PRP into the uterine cavity on the 10th day of HRT cycle was
performed [87,88]. If endometrial thickness failed to improve
72 h later, PRP infusion was done 1-2 times in each cycle.
Embryos were transferred while the endometrium thickness
reached more than 7 mm. endometrial growth as well as
successful pregnancy occurred in all the patients after PRP
infusion [89]. In the same way, ten patients with the history of
inadequate endometrial growth in FET cycles were enrolled
in another study. Intrauterine infusion of PRP was performed
for all patients. According to the results endometrial thickness
increased and 50% of patients achieved pregnancy [90,91]
(Figure 9).

Stem cell therapy

It is indicated that endometrial stem cells are present in
bothbasalisand functionalislayers ofthe human endometrium,
and these cells play a key role in regenerating the endometrial
lining during each menstrual cycle [92]. It is also found that
human endometrial adult stem cells are capable to produce
human endometrium after transplantation in NOD-SCID mice
renal capsules Z. Jing, et al. [93], other studies claimed that
transplanted BMSCs into rats' uterine cavity [84] as well as
transplantation by tail vein IV injection [94] resulted in a
significantly thicker endometrial lining and higher expression
of cytokeratin, vimentin, integrin ay33, and leukemia inhibitor
factor. Likewise it is revealed by Taylor and colleagues that
non-endometrial stem cells such as hematopoietic and non-
hematopoietic bone marrow-derived stem cells (BMDSCs)
couldinduce endometrial regeneration [95]. Interestingly male
origin BMDSCs were found in endometrium of female bone
marrow transplantation recipients [96]. Moreover, it
is demonstrated that BMDSCs induce regeneration of
endometrial cells via paracrine signaling [97,98] and this effect
is twofold higher during uterine injury rather than monthly
cyclic regeneration of the endometrium [99]. Furthermore the
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influence of BMDSC on endometrial renewal after injury was
confirmed in several animal studies [100,101]. On the other
hand Hunter, et al. did not found any significant improvements
in endometrial lining following stromal vascular fraction cells
(SVF) treatment [102].

Based on aforementioned researches, the effects of bone
marrow stem cells in the treatment of Asherman’s syndrome
and thin endometrium were evaluated in murine model. The
numbers of conceived mice were 9 of the 10 in the BMDSC
transplant group in comparison with 3 of 10 in the non-
transplanted group [103]. Similarly, Kilic and coworkers
treated Asherman’s syndrome among Wistar albino rats
using either mesenchymal stem cells (MSCs) or oral estrogen
or combination of these two methods. Fibrosis decreased
but vascularization and immune histochemical staining
increased in all treated groups compare to controls [104].
In a recent study, seven types of BMDCs in the endometrial
renewal in mice were investigated and results reported
that MSCs and EPCs together with mOct4(+) BM-HypoSCs
prompted the highest degree of regeneration . There are
few reports regarding human application of stem cells for
the treatment of thin endometrium. In a plan of autologous
stem cells therapy, endometrial angiogenic stem cells were
isolated from bone marrow of a patient with Asherman's
syndrome. These cells were infused into the endometrial
cavity and the results were endometrial thickness of 8 mm
and a confirmed clinical pregnancy following IVF [105].
Similarly six cases of refractory Asherman's syndrome
with the history of failed standard treatment received
subendometrial autologous stem cell implantation followed by
exogenous oral estrogen therapy. The endometrial thickness
was significantly improved in comparison with pretreatment
condition. Additionally five women of six patients
resumed menstruation [106]. In a most recent experimental
study, 16 patients with refractory Asherman's syndrome
or endometrial atrophy received autologous CD133 + BMDSCs
through the spiral arterioles by catheterization. Endometrial
thickness increased about 2.4 mm and 1.5 mm in Asherman's
syndrome and endometrial atrophy patients respectively.
Three patients obtained spontaneous pregnancy as well as
seven pregnancies which attained after ART [107].

Endometrial receptivity array (ERA)

Challenges to catch an appropriate marker for endometrial
receptivity led to definition of a molecular test; the endometrial
receptivity array (ERA). It is a molecular diagnostic tool
based on the transcriptomic signature of human endometrial
receptivity. The test comprises 238 genes which are
differentially expressed between varied genetic profiles. This
array is able to predict personalized window of implantation
irrespective of her endometrial histology. The bioinformatics
predictor categorizes an endometrial sample as “receptive” or
“non-receptive” [108]. Sensitivity and specificity of ERA are
0.99 and 0.88 respectively [109]. Cruz and Bellver reported
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a healthy term live birth in a 35-year-old cancerous woman
following treatment with chemotherapy and radiotherapy.
The woman suffers ovarian failure, hypoplastic uterus
and atrophic endometrium. The recognition of a receptive
endometrium using ERA and ovum donation resulted in a
successful pregnancy in this poor prognosis case [110-121].
Another study used personalized embryo transfer on the day
elected by ERA in the Indian population. After personalized ET
in patients with persistently thin endometrium, the pregnancy
rate of 66.7% was attained in this group. Application of ERA
revealed that the endometrium in 75% of these patients was
receptive regardless of its thickness of 6 mm or less.

In conclusion, a receptive endometrium is an essential
part of embryo implantation process, and inadequate
endometrial growth is associated with lower possibility of
pregnancy. Many treatment modalities have been applied to
improve endometrial receptivity, but their efficacy remains
controversial. Large randomized trials should be conducted
to evaluate method, dosage, and timing of administration and
outcomes of these treatment approaches. Stem cell therapy is
considered as a very favorable option for the most cases,
even though, more investigation is necessary to evaluate
the safety and cost-effectiveness of this technique. ERA is an
accurate test for diagnosing endometrial receptivity and could
establish a personalized window of implantation in cases with
thin endometrium.

Complication of thin endometrium

Patients who conceive in the setting of a thin endometrium
have a significantly increased risk of early pregnancy loss,
namely miscarriage and ectopic pregnancy. These patients
also have a two fold increase in low birth weight and preterm
delivery, as well as a significantly higher risk of intrauterine
growth restriction and composite adverse perinatal outcomes.

e Inaddition to the lower probability of conception, a thin
endometrium in assisted reproductive technologies
appears to be associated with both early and late
pregnancy complications. These pregnancies thus
warrant special attention and close follow-up from
obstetriciMiscarriage

e Ectopic pregnancy
e Low birth weight & preterm delivery
Prevention of thin endometrim

The modified Clomiphene Citrate (CC) treatments provide
an alternative to proceeding to gonadotropin therapy for
patients with a thin endometrium as a result of standard CC
treatment. The present study provides important information
to prevent thin endometrium in patients undergoing CC
treatment. However, our ultimate goal of CC treatment for
infertile patients is a successful pregnancy and live birth.
Large scale-RCT will be necessary to evaluate the efficacy of
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the modified CC treatment on successful pregnancy in patients
with a history of a thin endometrium caused by the standard
CCregimen.

The thin nonresponsive endometrium of the Asherman's
case described in this issue was successfully treated with
intrauterine transplantation of bone marrow fibroblasts
and MSC and concurrent curette, both of which may have
independently or possibly synergistically promoted the
growth of endometrial cells. The bone marrow cells by
production of trophic factors promoting angiogenesis and
tissue growth and the curette by stimulating dormant
endometrial stem/progenitor cells into active cell cycle to
regenerate endometrial tissue.

Further studies are also required to delineate the
mechanisms responsible for these successful treatments of
Asherman's syndrome, a previously intractable infertility
disorder

Meterial and methods
Study population

A total of 69 patients diagnosed as thin endometrium were
included in this retrospective study. The diagnosis of thin
endometrium by ultrasound guidance.

Inclusion criteria
e Age group 25-45,

e Two or more blastocyst (grade3/4) available for
replacement

e Normal uterine cavity in hysteroscopy.
Exclusion criteria

. Presence of endometrial polyp

. Uterine Anomalies

e  Adenomyosis

. Hydrosalphinx

¢  Previous history of D & C

. Previous history Endometritis.
Monitoring

e The endometrium measured transvaginaly in the
sagittal plane at the thickest portion near the fundus
ON DAY 2, DAY 9, DAY12 AND DAY15 OF FROZEN
EMBRYO TRANSFER CYCLE.

e THAWING SCAN is done trans abdominally 2 days
before embryo transfer

« EMBRYO TRANSFER : IS DONE ON DAY 19
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e Luteal support: All the patients received the same
luteal support by progesterone since the day of embryo
transfer in which progesterone 20 mg was given daily
from the day of ET

Results and analysis

A total of 69 cases were enrolled in the study. The overall
clinical pregnancy rate was 23% and the early miscarriage
rate (pregnancy ending before 12 weeks) was 9% and the
implantation failure was 46%.

Ninety percent of the study population had primary
infertility and 10% had secondary infertility. Seventy-seven
patients had ICSI for the first time and 23 patients had
previous trials for ICSI.

The endometrial thickness of the study population
ranged from 4 to 8 mm. There was no statistically significant
difference among groups as regards age, duration of
infertility, body mass index (BMI), and base line hormones
(FSH, LH, E, and prolactin level, also serum progesterone on
the day FET).

Clinical pregnancy rate increased from 43.75% among
patients with an endometrial thickness <7.0 mm to 73.91%
among patients with an endometrial thickness of 8.5 mm, with
a non-statistically significant difference among the group.

Clinical pregnancy rate was highest in the trilaminar
pattern group (69%) followed by the intermediate pattern
group (50%) then the echogenic one (38.4%), however, the
difference was not statistically significant.

We tried to measure the effect of combined endometrial
thickness and pattern on clinical pregnancy rate, so we
calculated clinical pregnancy rate according to the endometrial
pattern in each endometrial thickness group. In the 4 -
6.9 mm endometrial thickness group, no clinical pregnancy
was detected. In the 7 - 8.5 mm, 9 mm endometrial thickness
groups, most of pregnant cases were in the trilaminar
pattern group. The trilaminar endometrium in the 8.5 - 9 mm
thickness group demonstrated the highest clinical pregnancy
rate (56.5%) compared to the other groups, with a statistically
significant difference.

Statistical analysis

e Descriptive and inferential statistics were used to
analyze the data. The mean age and standard deviation
of study population was is 33.26 + 5.95. 0dd's ratio
was used to analyze categorical variables. Predictive
values of Endometrium > 6 mm was calculated for
Biochemical pregnancy, Clinical pregnancy and
ongoing pregnancy. Statistical Analysis was done using
MEDCALC (Belgium).

e Sensitivity: probability that a test result will be positive
when the disease is present (true positive rate). =a /
(a+b)
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e Specificity: probability that a test result will be
negative when the disease is not present (true negative
rate).=d / (c+d)

¢ Positive likelihood ratio: ratio between the
probability of a positive test result given the presence of
the disease and the probability of a positive test result
given the absence of the disease, i.e. = True positive rate

/ False positive rate = Sensitivity / (1-Specificity)

¢ Negative likelihood ratio: ratio between the
probability of a negative test result given the presence
of the disease and the probability of a negative test
result given the absence of the disease, i.e. = False
negative rate / True negative rate = (1-Sensitivity) /
Specificity

« Positive predictive value: probability that the disease
is present when the test is positive.
sensitivity x prevalence

PPV =
sensitivity x prevalence + (1 — specificity) x (1 — prevalence)

Negative predictive value: probability that the disease is
not present when the test is negative.

Accuracy: overall probability that a patient is correctly

classified.

NPV sensitivity x (1 — prevalence)

- (1- sensitivity) x prevalence + specificity x (1 — prevalence)

= Sensitivity x Prevalence + Specificity x (1 — Prevalence)

Sensitivity, specificity, disease prevalence, positive and
negative predictive value as well as accuracy are expressed
as percentages. Confidence intervals for sensitivity, specificity
and accuracy are "exact" Clopper -Pearson confidence
intervals.

Confidence intervals for the likelihood ratios are calculated
using the "Log method.”

Confidence intervals for the predictive values are the
standard log it confidence intervals.

Statistical analysis (Tables 3, 4)

Table 3: Predictive Value of Endometrial Thickness>6mm for Clinical and Ongoing
Pregnancy in Frozen Embryo Transfer Cycles (N = 69).
Statistic Value 95% Confidence Interval
Sensitivity 84.85% 68.10% to 94.89%
Specificity 8.33% 1.75% to 22.47%
Positive Likelihood Ratio 0.93 0.78 to 1.10
Negative Likelihood Ratio 1.82 0.47 to 7.02
Disease Prevalence (*) 47.83% 35.65% to 60.20%
Positive Predictive Value (*) 45.90% 41.61% to 50.26%
Negative Predictive Value (*) 37.50% 13.45% to 69.85%
Accuracy (*) 44.93% 32.92% to 57.38%

5

Results
Ratio 0.5091
95% CI: 0.1116 to 2.3216
z statistic 0.872
Significance level p=0.3832

Computational notes: The odds ratio (OR), its standard
error and 95% confidence interval are calculated according to
Altman, 1991.

Discussion

Thin endometrium to be associated with a lower
implantation rate, but no absolute cut off for endometrial
thickness exists; good pregnancy rates have been reported in
cycles with endometrium <6 mm, and a successful pregnancy
has been reported with endometrial thickness of only 4 mm.
Noyes N et al found that clinical pregnancy rate and live birth
rate were significantly lower when endometrial thickness
was less than 8 mm than when endometrial thickness was =29
mm. In the present study, the thinnest endometrial lining for
successful clinical pregnancy was 4.8 mm. The implantation
rate and ongoing pregnancy in thin endometrium was
lower than that in thick endometrium. The relatively lower
pregnancy rate observed in this group suggests that more
attention needs to be given for endometrial preparation in
subsequent cycles of embryo transfers to such patients.

When the thickness measured by ultrasound is<6 mm,
the functional layer is thin or absent, and the implanting
embryo would be much closer to the spiral arteries and the
higher vascularity and oxygen concentrations of the basal
endometrium. The high oxygen concentrations near the basal
layer could be detrimental compared with the usual low
oxygen tension of the surface endometrium.

Endometrial receptivity can be induced by exogenous
administration of estradiol and progesterone in various
protocols for endometrial preparation. Estradiol priming
contributes to endometrial proliferation and induction of
progesterone receptors. Then, the action of subsequent
progesterone turns the estrogen-primed endometrium
into a secretory structure for embryo and
implantation. Therefore, for those patients with thinner
endometrium in fresh cycles, it would be useful to prolong
the duration of estradiol stimulation for optimal endometrial
receptivity.

survival

There is a dynamic change of endometrial thickness after
progesterone administrationin FET (Frozen Embryo Transfer)
cycles. After endometrium preparation, the endometrial
thickness on day of embryo transfer increased or kept being

Table 4: Statistical Analysis Results.

Test Statistic (95% CI)

Clinical Pregnancy

Sensitivity
84.85 (68.10-94.89)

Specificity

8.33 (1.75-22.47)

45.90 (41.61-50.26)

37.50 (13.45-69.85) 0.93(0.78-1.10) 1.82(0.47-7.02)

Ongoing Pregnancy 95.65 (78.05-99.89) 15.22 (6.34-28.87)

36.07(32.68-9.60)

87.50 (47.78-98.17) 1.13(0.97-1.31) 0.29(0.04-219)
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stable compared with that on day of progesterone initiation
in most patients. In addition, an increased endometrium
after progesterone administration was associated with
better pregnancy outcome. Interestingly, clinical pregnancy
outcomes and the increasing rate of endometrium were
positively correlated.

For those patients with thin endometrium in ET cycles,
additional estradiol stimulation might be helpful for adequate
endometrial development. The reasons for low implantation
could be a high impedance blood flow of the radial arteries
leading to poor endometrial glandular growth in thin
endometrium. Poor angiogenesis subsequent to decreased
VEGF secretion can also affect endometrial vascularity. This in
turn increases chances of poor placentation and inappropriate
vascularization leading to early abortions even if pregnancy is
established. Transfer of embryos to an endometrium prepared
by HRT seems to yield better results than fresh ET. ERA may
be applied in such patients to ensure that the embryo is
transferred to a receptive endometrium.

Other agents that are used to improve endometrial
thickness and vascularity are Vitamin E, L arginine and
sildenfil citrate.

Conclusion

In conclusion, our study suggests that endometrial
thickness is a good predictor of endometrial receptivity in
subsequent FET cycles. In patients with thin endometrium,
additional estradiol stimulation might be helpful for adequate
endometrial development. Clinical pregnancy and live birth
rates decrease for each millimeter of endometrial thickness
below 7 mm for frozen-thaw IVF cycles. Nevertheless, viable
pregnancy rates remain reasonably acceptable in patients
with an endometrial thickness between 4 and 6 mm.

In our center, the endometrial thickness of more than 8mm
has long been used as the marker of adequate endometrial
preparation in FET cycles. However, the actual optimal
endometrial thickness might be variable among individuals..
However, the mechanism explaining the association between
thin endometrium and embryo transfer outcomes is still not
clear. It has been speculated that the increasing basal layer
endometrium oxygen concentrations in females with thin
endometrium might be detrimental for embryo implantation.

However, it is generally accepted that an endometrial
thickness below a minimum value of 6 to 8mm demonstrated
negative predictive value for IVF outcomes, and clinical
pregnancy as well as live birth rates are significantly higher
in patients with an endometrial thickness >9 to 10mm. Still,
implantation can sometimes occur despite athin endometrium.

It is possible that a lower endometrial thickness may
reflect a higher proportion of poor responders or patients
with a poorer prognosis for pregnancy due to other factors.

https://doi.org/10.29328/journal.cjog.1001187
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