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Abstract
Recurrent implantation failure is represented by the failure to achieve a clinical pregnancy after transfer 

of at least 4 good-quality embryos in a minimum of 3 fresh or frozen cycles in a woman under the age of 40 
years. One of the recent approaches in studying the window of implantation was building the expression 
profile of the genes of the endometrial cells. We performed a retrospective study which investigated if endo-
metrial receptivity tests improved the outcomes of IVF procedures in patients with recurrent implantation 
failure. We enrolled 47 couples with RIF and divided them in 2 groups: the first group of 22 couples per-
formed the ERA test and the embryo transfer according to the result of the test; the second group of 27 
couples had the embryo transfer done without the ERA test. Our conclusion was that the ERA test did not 
improve the outcomes for patients with recurrent implantation failure.
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Clinical studies

INTRODUCTION

Recurrent implantation failure (RIF) is a clinical enti-
ty which is characterized by multiple failures of obtain-
ing a pregnancy after an embryo transfer (ET). In the 
last 20 years, many authors tried to define RIF, by con-
sidering the following criterias: the number and the 
quality of the transferred embryos, the developing 
stage of the transferred embryos (blastocyst or cleav-
age-stage embryo), the number of the in vitro fertiliza-
tion (IVF) / ET cycles, the age of the patient. 

According to the definition proposed by Coughlan 
et al. in 2014, recurrent implantation failure means fail-

ure to achieve a clinical pregnancy after transfer of at 
least 4 good-quality embryos in a minimum of 3 fresh 
or frozen cycles in a woman under the age of 40 years 
[1].

Implantation needs 3 factors: a receptive endome-
trium, a good-quality blastocyst and a synchronized di-
alogue between the embryo and the endometrium. 
The human endometrium is a hormonally regulated 
organ that suffers cyclic morphological and functional 
changes under the effect of the hypothalamic-pitui-
tary-ovarian axis in order to prepare itself for the em-
bryo. The period of time when the endometrium is 
most receptive to the human embryo is called the re-
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ceptive endometrium or the window of implantation. 
This interval is relatively large in humans, between 
days 20 and 24 of an ideal 28 days menstrual cycle. 

The most popular and simple way of assessing the 
endometrium is by transvaginal ultrasound; we can 
measure the endometrial thickness, echogenicity and 
the uterine artery blood flow indices. We may consider 
we have indirect proof of endometrial receptivity when 
the measurements show a trilaminar endometrial pat-
tern and a thickness over 6 mm; but a meta-analysis of 
14 studies published in 2011 came to the conclusion 
that although there is a relationship between endome-
trial thickness and pregnancy, the endometrial recep-
tivity is far more complex than a simple measurement 
of endometrial thickness [2].

More and more articles regarding recurrent implan-
tation failure have been written around the world, yet 
an international consensus regarding the management 
of these patients has not been reached. 

AIM

Our study wanted to question if the personalized 
embryo transfer (PET) according to the result of the 
ERA test (Endometrial Receptivity Analysis test) had 
statistical significant different outcomes than the fro-
zen or fresh embryo transfer in patients with recurrent 
implantation failure.

MATERIALS AND METHODS

We enrolled in our retrospective study 47 cases of 
couples with recurrent implantation failure which 
adressed Gynera Fertility Clinic between 2015 and 
2018. We divided the patients into 2 groups: the first 
group included 22 cases of RIF which performed an 
ERA test and after that had an PET according to the re-
sult of the test; the second group was the control group 
and it included 25 cases of couples with RIF that had a 
fresh or frozen ET, without performing an ERA test.

We had the following inclusion criterias: age of the 
woman under 40 years; failure of obtaining clinical 
pregnancy after performing at least 3 fresh or frozen 
ET; the transfer of at least 4 good-quality embryos, and 
this meant for the cleavage stage embryos having 7 or 
8 cells, with symmetrical blastomeres and having frag-
mentations below 10% of their volume; a good-quality 
blastocyst meant a blastocyst graded AA, AB or BA, 
which reached stage 3, 4 or 5 of expansion of the blas-
tocoel cavity by the fifth culture day. We also had the 
following exclusion criterias: age of the woman over 40 
years; failure of obtaining clinical pregnancy after per-
forming only 1 or 2 fresh or frozen ET; the transfer of 
less than 4 good-quality embryos; the lack of the nec-
essary documents to prove the quality of the embryos 

previously transferred; the transfer of low-quality em-
bryos; donor oocyte cycles; obtaining clinical pregnan-
cy after ET.

The patients which had a new IVF procedure fol-
lowed one of the two controlled ovarian hyperstimula-
tion protocols: short protocol with GnRH antagonists 
(SP) or long protocol with GnRH agonists (LP). For the 
LP, the patients started using GnRH agonists in the mid-
luteal phase, meaning days 18-21 of the menstrual cy-
cle; the administration of the GnRH agonist continued 
until the use of the trigger for ovulation induction. Af-
ter the arrival of the bleding, the patients had an ultra-
sound, in order to exclude ovarian cysts or follicles al-
ready recruited; they also had blood tests, in order to 
check if the estradiol and the progesterone had basal 
values. If the results of the ultrasound and blood tests 
were fine, the patients started the ovarian stimulation 
with urinary or reombinant FSH or menotropin. The re-
sults of the stimulation were asessed by ultrasound +/- 
hormonal blood tests. When at least 3 follicles reached 
18 mm in diameter, we used hCG or recombinant hCG 
for triggering.

For the SP, the patients started the admistration of 
the gonadotropins in the second or third day of the 
menstrual cycle, after the ultrasound and blood check-
up. The GnRH antagonist was introduced in the fifth or 
sixth day of stimulation, depending on the follicles and 
the estradiol values. We used the same injectable med-
ication, and also monitored the ovarian response by 
ultrasound +/- blood tests; we used the same trigger-
ing criterias, but we triggered with hCG or recombinant 
hCG or with GnRH agonist.

The egg retrieval was done 35-36 hours from the 
trigger administration, in the operating room, the pa-
tient being sedated by the anesthesiologist. The oocyte 
insemination was performed through IVF standard pro-
cedure or ICSI (intracytoplasmic sperm injection) pro-
cedure or both. After the fertilization occurred, the em-
bryos were cultured in the laboratory between 2 and 6 
days. The embryo transfer was done between 2 and 6 
days, most often days 3 and 5; it was always ultrasound 
guided. We used for luteal support progesterone ad-
ministered through the vagina. 

The patients which did not have a new IVF proce-
dure, had only a frozen embryo transfer cycle. They had 
the ET done on their natural cycle (CN), or they admin-
istered hormonal substitution therapy (artificial cycle 
CA). 

The patients from the first group had the ERA test 
done in a hormone replacement therapy cycle. We per-
formed the ERA test (the endometrial biopsy) on P+5 
day, meaning the fifth day from the beginning of the 
progesterone administration. Then, we performed the 
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personalized ET when indicated by the ERA result, also 
in a hormone replacement therapy cycle.

Every patient that was enrolled in our study signed 
an informed consent, and the study was approved by 
the Ethical Committee.

The primary outcomes of the study were the serum 
hCG levels and the clinical pregnancy (pregnancy con-
firmed by ultrasound). The question of our study was if 
the endometrial receptivity tests improved the out-
comes for patients with recurrent implantation failure. 
The study also wanted to search if variables like age 
and AMH of the patient, the stimulation protocol and 
the fertilization technique used for the patient, influ-
enced the outcome of the procedures for RIF patients.

We used Microsoft Excel 2017 in order to process 
our data; the statistical analysis and the graphic rep-
resentations of the data were performed using SPSS 20 
(Statistical Package for the Social Sciences).

RESULTS 

We present first the descriptive part of the statistics 
of this study, regarding the following variables: age, re-
sult of the ERA test, AMH classification, fertilization 
technique, clinical pregnancy and live birth.

Age

The mean age of our subjects was 35.21 years; the 
standard deviation was 2.896. The mode (the modal 
value) was 39 years (this means that the most frequent 
age for our subjects was 39 years). 

We defined the following age categories: under 30 
years, 30-34 years, 35-37 years and 38-39 years. We 
found that most of our subjects belonged to the cate-
gory of 30-34 years; the category with the smallest 
number of subjects was that of under 30 years.

Figure 1. Patients’ distribution by age categories

Result of the ERA test

After performing the ERA test, we had the following 
results: for 11 subjects the endometrium was recep-
tive, for 10 subjects the endometrium was prerecep-

tive and in case of the last subject that performed the 
test the endometrium was postreceptive.

Figure 2. Patients’ distribution by result of the ERA test

AMH classification

We defined the following AMH categories: AMH 
over 1 ng/ml – normal ovarian reserve; AMH between 
0.4 ng/ml and 1ng/ml – low ovarian reserve; AMH un-
der 0.4 ng/ml – very low ovarian reserve. 83.7% of our 
subjects had a normal ovarian reserve and only 2.3% 
had a very low ovarian reserve.

Figure 3. Patients’ distribution by AMH categories

Fertilization technique

For 73.7% of the patients that had a new IVF proce-
dure the fertilization technique was standard, and 
26.3% of the patients had their oocytes fertilized by 
ICSI technique.

Figure 4. Patients’ distribution by fertilization technique
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Clinical pregnancy

38.3% of our subjects had a clinical pregnancy.

Figure 5. Patients’ distribution by clinical pregnancy

Live birth

31.9% of our subjects had a live birth (at least one baby).

Figure 6. Patients’ distribution by live birth

The second part of our statistics is represented by 
the correlation analysis of the data.

We examined the relation between the age classifi-
cation and the clinical pregnancy and found the lack of 
a statistically significant association between these var-
iables. After removing from the analysis the age cate-
gory of under 30 years (because we had only one sub-
ject in this category), we observed that the clinical 
pregnancy had a percentage of 35.7% to 42.1%.

Table 1. The correlation between age classification and clinical 
pregnancy

Clinical pregnancy
Total

positive negative

Age 
classifi-
cation

<30 
years

Frequency 0 1 1
% 0.0% 100.0% 100.0%

30-34
years

Frequency 8 11 19
% 42.1% 57.9% 100.0%

35-37
yeasrs

Frequency 5 9 14
% 35.7% 64.3% 100.0%

38-39
years

Frequency 5 8 13
% 38.5% 61.5% 100.0%

Total
Frequency 18 29 47

% 38.3% 61.7% 100.0%
χ2 = 0.777; df = 3; p = 0.855

The results of our statistical analysis showed the 
lack of a statistically significant association between 
the result of the ERA test and the clinical pregnancy. 

Table 2. The correlation between the result of the ERA test and 
clinical pregnancy

Clinical pregnancy
Total

positive Negative

Result 
of the 
ERA 
test

Receptive
Frequency 3 8 11

% 27.3% 72.7% 100.0%

Prereceptive
Frequency 5 5 10

% 50.0% 50.0% 100.0%

Postreceptive
Frequency 1 0 1

% 100.0% 0.0% 100.0%

Total
Frequency 9 13 22

% 40.9% 59.1% 100.0%
χ2 = 2.632; df = 2; p = 0.268

We didn’t find a statistically significant association 
between AMH classification and the clinical pregnancy 
(χ2 = 1.745; df = 2; p = 0.418). The clinical pregnancy 
had a percentage of 33.3% to 36.1%, regardless of the 
level of the ovarian reserve, expressed by the AMH 
classification (we excluded the very low ovarian re-
serve category because it only had one subject).

Table 3. The correlation between AMH classification and 
clinical pregnancy

Clinical pregnancy
Total

positive negative

AMH 
classifi-
cation

Normal 
ovarian 
reserve

Frequency 13 23 36

% 36.1% 63.9% 100.0%

Low 
ovarian 
reserve

Frequency 2 4 6

% 33.3% 66.7% 100.0%

Very low 
ovarian 
reserve

Frequency 1 0 1

% 100.0% 0.0% 100.0%

Total
Frequency 16 27 43

% 37.2% 62.8% 100.0%
χ2 = 1.745; df = 2; p = 0.418

We couldn’t prove the presence of a statistically sig-
nificant relation between the fertilization technique 
and the clinical pregnancy (χ2 = 0.421; df = 1; p = 0.516).

Table 4. The correlation between fertilization technique and 
clinical pregnancy

Clinical pregnancy
Total

positive negative

Fertilization 
technique

IVF
Frequency 5 9 14

% 35.7% 64.3% 100.0%

ICSI
Frequency 1 4 5

% 20.0% 80.0% 100.0%

Total
Frequency 6 13 19

% 31.6% 68.4% 100.0%
χ2 = 0.421; df = 1; p = 0.516

We analysed the relation between the age catego-
ries and the live birth and found the lack of a statistical-
ly significant association (χ2=0.761; df=3; p=0.859).  
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Regardless of the age category, the percentage of the 
women which gave birth varied from 28.6% to 36.8%.

Table 5. The correlation between age classification and live birth

Live birth
TotalLack of 

birth
At least 

one baby

Age 
classi-
fication

<30 ani
Frequency 1 0 1

% 100.0% 0.0% 100.0%
30-34
ani

Frequency 12 7 19
% 63.2% 36.8% 100.0%

35-37
ani

Frequency 10 4 14
% 71.4% 28.6% 100.0%

38-39
ani

Frequency 9 4 13
% 69.2% 30.8% 100.0%

Total
Frequency 32 15 47

% 68.1% 31.9% 100.0%
χ2 = 0.761; df = 3; p = 0.859

The results of the statistical analysis also showed 
that there wasn’t any statistically significant associa-
tion between the result of the ERA test and live birth  
(χ2 = 2.200; df = 2; p = 0.333). 

Table 6. The correlation between the result of the ERA test and 
live birth

Live birth

TotalLack of 
birth

At least 
one 
baby

Result 
of the 
ERA 
test

receptive
Frequency 8 3 11

% 72.7% 27.3% 100.0%

Prereceptive
Frequency 6 4 10

% 60.0% 40.0% 100.0%

Postreceptive
Frequency 0 1 1

% 0.0% 100.0% 100.0%

Total
Frequency 14 8 22

% 63.6% 36.4% 100.0%
χ2 = 2.200; df = 2; p = 0.333

We didn’t find neither a statistically significant asso-
ciation between AMH classification and live birth (χ2 = 
2.771; df = 2; p = 0.250).

Table 7. The correlation between AMH classification and live birth

Live birth

TotalLack 
of 

birth

At least 
one 
baby

AMH 
classi-
fication

Normal 
ovarian 
reserve

Frequency 24 12 36

% 66.7% 33.3% 100.0%

Low ovarian 
reserve

Frequency 5 1 6
% 83.3% 16.7% 100.0%

Very low 
ovarian 
reserve

Frequency 0 1 1

% 0.0% 100.0% 100.0%

Total
Frequency 29 14 43

% 67.4% 32.6% 100.0%
χ2 = 2.771; df = 2; p = 0.250

The fertilization technique did not statistically asso-
ciate with the live birth (χ2 = 0.005; df = 1; p = 0.946); 
the percentage of women which gave birth was around 
20%, irrespective of the used fertilization technique.

Table 8. The correlation between fertilization technique and 
live birth

Live birth
TotalLack of 

birth
At least 

one baby

Fertilization 
technique

IVF
Frequency 11 3 14

% 78.6% 21.4% 100.0%

ICSI
Frequency 4 1 5

% 80.0% 20.0% 100.0%

Total
Frequency 15 4 19

% 78.9% 21.1% 100.0%
χ2 = 0.005; df = 1; p = 0.946

DISCUSSIONS

The window of implantation (WOI) was studied by 
many authors. First, it was assessed using histological 
criterias by Noyes et al. in 1975 [3]; the appearance of 
the ectoplasmic projections called pinopodes was 
claimed to be important for the adhesion process, but 
the significance of pinopodes as endometrial receptivity 
markers has been recently disputed [4]. Then, WOI was 
studied from the cellular and biochemical markers 
point of view. The last decade meant the discovery of 
several endometrial receptivity markers, such as cell 
adhesion molecules (integrins, selectins, mucins, im-
munoglobulins), transcription factors (C/EBPb, Hand2, 
COUP-TFII) [5], leukemia inhibitory factor (LIF), inter-
leukins (IL-15) and growth factors (VEGF, CSF, TGFβ). 
Unfortunately, so far, none of these markers found its 
place in clinical practice. The next step was assessing 
the immunology of the window of implantation. One of 
the most studied endometrial immune cells is the uter-
ine natural killer (uNK) cell; uNK cells infiltrate the en-
dometrium on LH+3 day and they cluster around spiral 
arterioles and decidualized stroma. uNK cells have 
been proposed as biomarkers of endometrial receptivity; 
one recent study showed a significantly increased 
prognostic value for uNK cell count, when combined 
with histological dating [6], but as I said before, the 
classical approach has many limitations. 

In the last few years, WOI was studied by building 
the expression profile of the genes of the endometrial 
cells. The group from IVI took endometrial biopsies 
from fertile women in different stages of the menstrual 
cycle: proliferative stage (between days 9 and 12 of the 
menstrual cycle), prereceptive stage (between LH+1 
and LH+5 days), receptive stage (LH+7) and postrecep-
tive stage (LH+9 to LH+11). They discovered 134 differ-
entially expressed genes that represented the specific 
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signature of the receptive stage; this was the basis of 
the ERA test (Endometrial Receptivity Analysis test). 
This test is used like it follows: the clinician performs an 
endometrial biopsy 7 days after the LH surge if the pa-
tient has a natural cycle, or 5 days after the beginning 
of progesterone administration if the patient follows a 
hormone replacement cycle; the endometrial tissue is 
confronted to the genetic signature of the different 
stages of the menstrual cycle and the predictor soft 
classifies the probe in one of the endometrial stages. 
By using the ERA test, WOI was carrefully investigated; 
it was shown that WOI differs from woman to woman, 
and it may last from 12 hours to 2 days; and most im-
portant, the window of implantation is displaced in up 
to 30% of patients [7]. This data lead to the utility of 
the ERA test for the patients with recurrent implanta-
tion failure: identification of WOI displacements allows 
the clinician to perform a personalized embryo transfer 
(PET) on the specific day recommended by the result of 
the ERA test.

A multicenter clinical trial published in 2013 showed 
that in RIF patients the window of implantation is dis-
placed in 25% of patients [8]. For these patients, by 
performing the embryotransfer as indicated by the re-
sult of the ERA test, the pregancy rate obtained was 
50% [8]. Our study found the window of implantation 
to be displaced for 50% of the cases, but the result of 
our statistical analysis showed the lack of a statistically 
significant association between the result of the ERA 
test and the clinical pregnancy and live birth rates. 

But the ERA test does not have clinical applications 
only for patients with RIF. Simon et al. published in 
2020 a multicenter randomized controlled trial that in-
cluded 458 patients that underwent IVF with blastocyst 
transfer and were randomized to PET guided by the re-
sult of the ERA test, frozen embryo transfer or fresh 
embryo transfer [9]; the study demonstrated statisti-
cally significant improvement in the implantation rate, 
pregnancy rate and cumulative live birth rate for PET 
compared with frozen and fresh embryo transfer (ET). 

Our study couldn’t prove a statistically significant 
variation of the clinical pregnancy rate, regardless of 

the ovarian reserve expressed by the AMH categories. 
The same thing happened in the case of the live birth 
rate. AMH is strongly linked with the quantitative re-
sponse in assisted reproductive techniques, but its val-
ue as a predictor of live birth rate is still unclear. A sys-
tematic review from 2014 concluded that AMH may 
have a limited predictive value for obtaining prenancy, 
if it is controlled for age [10].

If we think about the limitations of the present 
study, we have to take into account the short period of 
time the study adressed to and the limited number of 
recurrent implantation failure patients that we en-
rolled, making it difficult to reach some definitive con-
clusions. 

CONCLUSIONS

Most of our patients belonged to the age category 
of 30-34 years. According to the AMH categories that 
we defined, the majority of our subjects had a normal 
ovarian reserve and only 2.3% had a very low ovarian 
reserve. For most of our subjects, the fertilization of 
the oocytes was done by the standard technique.

The results of our IVF procedures were very good, 
taking into account we are talking about RIF patients: 
the clinical pregnancy rate was 38.3%, the live birth 
rate was 31.9%.

Half of the subjects that performed the ERA test 
had the window of implantation displaced. Neverthe-
less, our study concluded that endometrial receptivity 
tests did not improve the clinical pregnancy and live 
birth rates for recurrent implantation failure patients.

The study also showed that for patients with recur-
rent implantation failure, the age of the woman did not 
influence the outcomes of IVF procedures. We did not 
find a statistically significant association between the 
ovarian reserve of the patient and the clinical pregnan-
cy and live birth rates. 

The analysis of our data showed the lack of an asso-
ciation between the variables that described the IVF 
procedure (like the fertilization technique) and the out-
comes of IVF procedures.
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