
Introduction

Infertility has been historically a growing problem in hu-
mankind and it may be related to be part of the various
medical problems that have increased up to 50% since 1955
in the world [1] and nearly 10-15% of couples who are al-
ready suffering from it [2]. Perfect implantation and higher
pregnancy rates require the development of high-quality
embryos and good endometrial receptivity. Even with better
in-vitro fertilization techniques and improving embryo cul-
ture conditions, implantation is the still limiting step in the
in-vitro fertilization/embryo transfer (IVF-ET) process [3]. 

Endometrial micro-environmental changes are the most
important for implantation of the developing embryo. In
humans endometrial receptive period is mid-secretory 19-
23 days of cycle, which called as window of implantation
(WOI). Implantation is very complicated interaction be-
tween the embryo and endometrium. Thin endometrium
has poor receptivity and, immunologic factors adversely af-
fect implantation of embryo. In recent years it has been
shown that endometrial receptivity regulated by signaling
molecules, prostaglandins, growth factors, cytokines,
chemokine, leukemia integrin, and cadherin [3-6]. 

Pregnancy rates following IVF-ET procedure are deter-
mined by the woman’s age, the indication for IVF, uterine
pathology, the treatment protocol employed, ovarian re-
serve, immunological factors, number of embryos trans-

ferred, number of prepared embryos, embryo quality, em-
bryo transfer technique, sperm quality, and luteal phase
support. However, from the previously described factors,
both reduced endometrial receptivity and low embryo qual-
ity are the most important ones [7].

Though a clear definition remains to be established, in gen-
eral terms, repeated implantation failure (RIF) depicts the
clinical situation in which a woman fails to achieve pregnancy
after the transfer of good quality embryos [8, 9]. In patients
with repeated IVF treatment failure, blastocyst transfer is
also often advised. This recommendation is based on stud-
ies that have found higher implantation rate for women who
underwent blastocyst transfer compared to those in whom
embryos were transferred on day 2 or 3 [10-12]. The second
step is the evaluation of endometrial cavity by hys-
teroscopy. 

A systematic review of the literature and meta-analysis of
seven studies published until 2012 showed that pregnancy
rate in women who did undergo local endometrial injury
(LEI) was 71% higher compared to pregnancy rates in
women with no intervention. In respect of data presented in
the ESHRE PGD Consortium of 2009, the implantation rates
were determined to be lower than 23.9% in this category
[13]. 

Endometrial injury is an intentional mechanical trauma
to the endometrium by biopsy or curettage. The hypothesis
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Summary
Purpose of Investigation: To assess better implantation and pregnancy rates following endometrial injury in the presence of previous

implantation failure, through a retrospective study in a tertiary University Clinic. The aim of this study is to assess improved embryo
implantation after hysteroscopic fundal endometrial injury in repeated implantation failure in patients. Materials and Methods: Twenty-
nine women who had recurrent implantation failure participated in the study. They had three or more implantation failures with good
quality embryo. Anti-Mullerian hormone (AMH) levels, age, antral follicle count, body mass index, and FSH levels were collected.
Frozen/thawed embryos (FTE) were transferred in all subjects. Before embryo transfer the authors performed hysteroscopic endometrial
injury by micro cold knife. Results: Median age was 38.62 ± 2.47 years in the study. AMH levels changed between 0.35 and 3.8 ng/ml.
The pregnancy rate following hysteroscopy: 17 (58,6%) were pregnant and 12 of 29 subjects did not become pregnant. The women
who became pregnant following hysteroscopy were younger and had a higher antral follicle count than the non-pregnant women (p =
0.030 and p = 0.0017 respectively; p < 0.05). Conclusion: The endometrial injury before frozen-thawed embryo transfer had a positive
effect on patients who had previous recurrent implantation failure. 
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of this intervention emerged from rodent experiments more
than a century ago. Uterine trauma in rodents induced decid-
ualization and that observed under the influence of proges-
terone when the endometrium was ready for implantation
[14]. Also, injury-induced local inflammatory reaction could
favor implantation [15]. Natural killer (NK) cells which are
reduced during controlled ovarian stimulation, endometrial
injury may increase them within the endometrium [16, 17].
Small limited endometrial injury could be successfully gen-
erated with pipelle biopsy or hysteroscopy [17]. 

Impaired endometrial receptivity may be one of under-
lying factors for the unexplained infertility. The present au-
thors believe that endometrial injury facilitate the
preparation of receptive endometrium [18]. The aim of this
study is to show improved embryo implantation and preg-
nancy rates after hysteroscopic fundal endometrial injury. 

Materials and Methods
Medical records of infertile couples that had good quality embryo

and IVF failure were retrospectively reviewed. Patients who had
more than three unsuccessful IVF attempt and anti-Mullerian hor-
mone (AMH) level less than 0.35 and greater than 4 ng/ml were ex-
cluded. The authors took into consideration patients FSH levels,
BMI, antral follicular count (AFC), and their effect on pregnancy.

Controlled ovarian stimulation protocol was begun on the sec-
ond day of menstruation. Patients underwent ovarian stimulation
using protocols with combination of GnRH agonist/GnRH antag-
onist and recombinant FSH/hMG. The authors used recombinant
FSH 150-450 IU/day, hMG 75-150 IU/day and GnRH antagonist
0.125 mg/day in the ovarian stimulation.

After oocyte fertilization by intracytoplasmic sperm injection
(ICSI) procedure, embryos were cultured in a blast assist extended
culture media. Embryo quality was assessed by an embryologist at
days 2 and 3 after fertilization. The authors preferred to freeze em-
bryos at five days of culture in the blastocyst stage, because they
planned hysteroscopic surgery for endometrial injury. They per-
formed endometrial injury by office hysteroscopy under intravenous
sedation by propofol in the operation room.

Endometrial injury technique included a hysteroscope (2.9 mm
30-degree optic) between the seventh and tenth days of menstrual
cycle before embryo transfer preparation. Endometrial injury was
performed with three cuttings of 0.5 cm on the front endometrial
wall, 1 cm below the endometrial fundus level. A cold endoscopic
micro-knife was also used and no energy modality was used.

Endometrial preparation in the FTE cycle, included hormone
replacement therapy that was the standard endometrial preparation
protocol for FTE cycles with GnRH agonist daily: 10 u a day it
begun in the previous cycle and oral estrogen (ethinyl estradiol)
for 20 days. Ethinyl estradiol 1 mg was used in the first week once
a day, in the second week twice a day, and in the last week three
times a day. When endometrial thickness was more than > 7.0 mm
at transvaginal sonography, patients began  to apply vaginal pro-
gesterone 8% twice a day and an addition oral estrogen three times
a day. Embryo transfer was made by a Wallace catheter under
transvaginal ultrasound guidance. 

After embryo transfer, patients received luteal phase support by
8% of vaginal progesterone gel daily. Serum hCG level was mea-
sured 12 days after embryo transfer and ultrasound was performed
when the hCG level more than 1500 mIU/ml). Clinical pregnancy
diagnosis was done by visualization of gestational sac by ultra-

sound pregnancy. 
The Acibadem Mehmet Ali Aydınlar University Atakent Hos-

pital Ethics Committee approved the study. All patients gave writ-
ten informed consent about stimulation protocol, freeze-thaw
procedure, and information texts for hysteroscopic surgery, and
informed all complications about surgery and anesthesia. 

Statistical analysis was performed by Number Cruncher Statis-
tical System 2007 (NCSS). Mean and standard deviation for each
continuous variable and frequency were calculated in both preg-
nant and non-pregnant (control) groups. Distribution of each vari-
able determined by Kolmogorov-Smirnov Test. The
Mann-Whitney U test and Student’s t-test was used to compare
independent samples depending on the data distribution. Odds ra-
tios and their 95% confidence intervals (CIs) were calculated. P
value < 0.05 was considered statistically significant. 

Results

The study was performed at Acibadem Mehmet Ali Ay-
dınlar University Atakent Hospital ART and IVF Unit be-
tween 2015-2016 with 29 women who fulfilled the
inclusion criteria and history of implantation failure. Me-
dian age was 38.62± 2.47 years in the study. AMH levels
changed between 0.35 and 3.8 ng/ml. The pregnancy rate
following hysteroscopy included 17 (58.6%) that were
pregnant and 12 of 29 subjects that did not achieve preg-
nancy. Comparison of age, AMH, basal FSH, BMI, and
AFC of the two groups is shown in Figure 1. The women
who became pregnant following hysteroscopy were
younger than the non-pregnant (p = 0.030; p < 0.05) (Figure
1). The level of AMH was borderline in the pregnant
women after hysteroscopy according to the non-pregnant
women and it was not statistically significant (p = 0.0568).
(Figure 2). Although FSH level was lower in pregnant than
in non-pregnant women, this difference was statistically not
significant (p = 0.58) (Figure 3). BMI (Figure 4) of both
group was not statistically significant (p = 0.58). AFC was
higher in the pregnant group (Figure 5)

Discussion

The present study showed that injury to the endometrium
with frozen thawed embryo transfer had a positive effect on
patients who had previous recurrent implantation failure. Sev-
eral studies have shown that LEI can improve implantation
rates in unexplained repeated implantation failure patients
[19, 20]. The present study supported the facilitative effect of
LEI= patients who underwent hysteroscopy after recurrent
implantation failure.

Endometrial receptivity is provided by membrane pro-
jections by hairy-like cell microvilli, that are called
‘pinapodes’. Supporting induction of endometrial decidu-
alization by injury to the endometrium increases the prob-
ability of embryo implantation and mimics the same effect
as pinapods [21, 22].

Various kinds of cytokines and growth factors, such as
leukemia inhibitory factor, tumor necrosis factor-α, inter-
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leukin-15, and macrophage inflammatory protein 1B (MIP-
1B) are induced by the injury and they have a positive ef-
fect on implantation. Results supported that injury induced
an inflammatory response from endometrium with IL-6,
IL-8, IL-12, IL-13, and monocyte chemotactic protein-
1(MCP-1), INF- γ, VEGF, and in long-term effect mono-
cytes recruit the injury site, thus they improve pregnancy
rate [23, 24]. With these mediators there is an interaction

between embryo and endometrium. Another study showed
that secondary inflammatory reaction was important for im-
plantation. Moreover decidual NK cells have a potential
angiogenetic effect which induces vascular growth [25].
Remodeling of the endometrial layer is related to matrix
metalloproteinases and their natural inhibitors. Matrix met-
alloproteinases and their natural inhibitors play an impor-
tant role in the remodeling of endometrial tissue. [26]
Additionally adhesion molecules play a critical role in im-
plantation failure [27].

An animal study showed that endometrial injury in-
creases progenitor cells which provoke endometrial regen-
eration and proliferation [28, 29]. Several other studies have
shown that endometrial injury may be an effective method to
improve the pregnancy rates. Some authors used different
techniques for the injury of endometrium such as Pipelle can-
ula, Novac, and hysterescopy [30]. Further studies need to

Figure 1. — Age distribution of pregnant and non-pregnant groups
after hysteroscopy.

Figure 2. — AMH levels of pregnant and non-pregnant women
pregnancy after hysteroscopy.

Figure 3. — FSH level and pregnancy rate.

Figure 4. — BMI and pregnancy rate.

Figure 5. — AFC and pregnancy rate.
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clarify which technique is better. The present authors only
used hysteroscopy because it is simple and non-traumatic. 

The present authors suggest that injury of endometrium
may improve endometrial receptivity in woman that have
unexplained infertility. The limitation of this study is ret-
rospective design. More studies are needed to investigate
the selection criteria and optimal surgical technique for
local endometrial injury. This prospective study is ongoing
to assess new sonographic and histopathologic parameters
which are important endometrial receptivities.
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