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Abstract
Purpose To evaluate the clinical usefulness of the endometrial receptivity array (ERA) and the preimplantation genetic test for
aneuploidy (PGT-A) in patients with severe and moderate recurrent implantation failure (RIF).
Design A retrospective multicenter cohort study was conducted in patients who failed to achieve implantation following transfer of
3 or more or 5 or more embryos in at least three single embryo transfers; patients were classified as moderate or severe RIF,
respectively. Patients with previous RIF were compared based on the testing they received: PGT-A, ERA, or PGT-A+ERA versus a
control group with no testing. Mean implantation rate and ongoing pregnancy rates per embryo transfer were considered primary
outcomes. Multiple logistic regression analysis was performed and adjusted ORs were calculated to control possible bias.
Results Of the 2110 patients belonging to themoderate RIF group, those who underwent transfer of euploid embryos after PGT-A had
a higher implantation rate than thosewho did not. Additionally, the PGT-A group had a significantly higher rate of ongoing pregnancy.
The same outcomesmeasured for the 488 patients in the severe RIF group did not reveal any statistically significant improvements. The
use of the ERA test did not appear to significantly improve outcomes in either group.
Conclusions PGT-A may be beneficial for patients with moderate recurrent implantation failure but not for severe cases. At its
current level of development, ERA does not appear to be clinically useful for patients with RIF.

Keywords Recurrent implantation failure . Endometrial receptivity . Window of implantation . PGT-A . Infertility . Embryo
transfer . ERA test . Pregnancy . Implantation rate . Ongoing pregnancy rate . IVF cycles

Introduction

Recurrent implantation failure (RIF) is one of the most common
conditions affecting IVF outcomes and is diagnosed after the
failure of embryo transfer (ET) [1, 2]. Although there are dispar-
ities in RIF definitions based on varying numbers of ET, the
qual i ty of embryos and endometr ium status are
considered important factors in implantation [3].
Preimplantation genetic testing for aneuploidy (PGT-A) informs
the transfer of normal embryos based on chromosomal analysis
[4] to avoid chromosomal aneuploidies, which can cause preg-
nancy loss and implantation failure [5]. Patients most likely to
benefit from PGT-A are infertile women of advanced maternal
age [6, 7], while patients with a history of recurrent pregnancy
loss or RIF may not benefit from PGT-A [8]. Although embry-
onic aneuploidy is likely a major contributor to human implan-
tation failure, the proportion of euploid embryos failing to im-
plant is approximately 30% [9, 10], suggesting that endometrial
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receptivity plays a central role in the persistent infertility of these
couples.

Implantation is initiated by attachment of the blastocyst to the
epithelial layer of the endometrium [11]. Attachment and inva-
sion are optimal during the window of implantation (WOI) [12].
The WOI is a short period of the menstrual cycle in which the
endometrium acquires a functional, but transient, status that sup-
ports blastocyst acceptance in a synchronic way. This window
was classically diagnosed by endometrial histology [13], but this
step is somewhat subjective and has recently been excluded from
infertility workup [14, 15]. The introduction of the endometrial
receptivity array (ERA) based on the expression of 238 endome-
trial genes may objectively diagnose receptivity more reliably
than histology [16]. The ERA test improves the detection of
temporal displacement of the WOI [17, 18] over endometrial
histology. Personalized ET with ERA could result in better preg-
nancy rates [19, 20]; RIF may result from displacement of the
WOI and/or its disruption by molecular pathologies independent
of timing [21]. In RIF patients asynchrony (displacement) and
pathology (disruption) are independently or together present in
the same patient [22–24], RIF patients with displacement could
benefit from a personalized embryo transfer day while patients
with disrupted WOI should be identified for the research and
development of new treatments [24]. Considering the multifac-
torial etiology of RIF, we used a large cohort to retrospectively
evaluate the effectiveness of testing for endometrial (using ERA)
and embryonic quality (using PGT-A) to improve clinical out-
comes in IVF.

Material and methods

Patients

This observational, retrospective, multicenter study evaluated
ART results from couples with RIF between 2013 and 2018
using data from IVIRMA clinics in Europe. Infertile patients
between 18 and 45 years old who experienced RIF after repeated
ART with their own or donated oocytes were included in the
study. Patients who failed to achieve a clinical pregnancy after
transfers of at least three good-quality embryos in different single
fresh or frozen embryo transfers were considered RIF. Patients
who lacked evidence of prior implantation events, including pre-
vious births, voluntary interruptions of pregnancy, or clinical
miscarriages, were included in the study. Patients with an abnor-
mal karyotype such as translocation or an inversion carrier and
with thrombophilia, either congenital or acquired,were excluded.
Patients with severe metabolic or endocrine disorders and pa-
tients with atrophic endometrium were not included in the study.
Submucousmyomas or polyps, previous ETwith high difficulty,
and/or bleeding without previous hysteroscopy correction were
excluded [20]. Previous use of PGT-A was a criterion for
exclusion.

Only embryos of good quality and day-5 embryos
(blastocysts) were transferred. Embryos were graded according
to expansion and quality of the inner cell mass and
trophectoderm [25]. Good-quality embryos were defined as hav-
ing the correct number of cells corresponding to the day of
development.

A moderate RIF (M-RIF) group consisted of patients who
first received at least three embryos transferred in different single
embryo transfers (SET) without achieving implantation and
without having received PGT-A or ERA. Subsequent ETs were
categorized depending on the treatment received. Severe RIF (S-
RIF) patients underwent at least five embryo transferred summed
across consecutive cycles without ERA or PGT-A testing. In a
previous study, 94.9% of patients with three euploid embryos
transferred achieved clinical pregnancy [26]; therefore, we divid-
ed our population into a group who had at least three embryos
transferred and a group who had a least five embryos transferred
in at least three ET sessions. Classificationwas inclusive; patients
included as S-RIF were also analyzed in the analysis of M-RIF.
This classification demonstrates that the severity of RIF could
depend on the number of embryos transferred, so different ther-
apeutic approaches could be considered. Subsequent ET were
categorized after ERA, PGT-A, or both. Patients who underwent
frozen ET had either natural or hormonal cycles.

Ethical approval

This study was approved by the Ethics Committee of the
Instituto Valenciano de Infertilidad (IVI), (identification code
# 1801-FIVI-048-AP).

Outcomes measures

We determined the benefit of determining each patient’s and
each group’smean implantation rate as (a) themean implantation
rate per patient defined as the number of gestational sacs with
heart beats divided by the number of embryos transferred, (b) the
mean implantation per study group defined as the total number of
gestational sacs with heart beats divided by the total number of
embryos transferredwithin the group, and (c) ongoing pregnancy
rate per transferred embryo defined as a positive pregnancy be-
yond 20weeks gestation confirmed by ultrasoundwith fetal heart
activity divided by the number of embryos transferred.

Endometrial receptivity analysis

The ERA (iGenomix, Valencia, Spain) is a transcriptomic anal-
ysis combined with artificial intelligence technology for dating
the WOI [16]. The test assesses the expression of 238 genes that
are biomarkers of endometrial dating. The ERAmay personalize
the timing of ET, synchronizing embryonic development with
the endometrialWOI of the patient [27], and is used to determine
endometrial receptivity in a sample obtained 7 days after the LH

2990 J Assist Reprod Genet (2020) 37:2989–2997



serum peak in a natural cycle or 5 days after progesterone ad-
ministration in a hormone replacement cycle. Endometrial biop-
sies were collected from the uterine fundus, and samples were
analyzed by iGenomix according to their protocol [16, 17, 20,
27]. Endometria were classified by expression profile as recep-
tive or pre- or post-receptive [28].

Preimplantation genetic screening

Chromosomal analysis was performed by array comparative
genomic hybridization (aCGH) or next-generation sequencing
(NGS). Per iGenomix procedures and as specified by the man-
ufacturer (Illumina), the 24sure aCGH platform has an effec-
tive 10-Mb resolution; therefore, only full chromosomal an-
euploidies and segmental aneuploidies affecting chromosomal
fragments larger than 10 Mb were identified [7, 29]. Embryos
were vitrified and transferred in subsequent natural or
hormonal cycles.

Statistical analysis

Categorical and continuous variables are presented as percent-
ages or means with standard deviations or 95% confidence
intervals (95% CI). To compare means, ANOVA tests were
used with Bonferroni post-hoc tests. To control possible bias
in multivariate analyses and to calculate adjusted ORs, logistic
regression analysis was performed considering the proportion
of ET that used donated oocytes, the day of ET, the mean
number of embryos transferred per procedure, age, fresh/
frozen status of the embryo, and the mean of the prior number
of embryos transferred per patient as clinically relevant vari-
ables. Because this study was conducted over a 5-year period
and couples may have had consecutive ET with different di-
agnostic techniques (e.g., PGT-A and then ERA+PGT-A), the
groups lack independence and there is potential correlation
between data from each group. Accordingly, we used gener-
alized estimating equations to estimate the parameters of a
generalized linear model with a possible unknown correlation
between outcomes. Statistical significance was established at
P < 0.05. Calculations were madewith R version 3.5.0 (R core
team) [30]. Estimation of statistical power was conducted to
define the probability that a given test rejects a false null
hypothesis to better interpret results, give context, and focus
the discussion.

Results

We identified 2110 patients with M-RIF and 488 with S-RIF
(Fig. 1). The general and clinical features of the cycles and
patients included in the study are shown in Table 1. Table 2
summarizes the parameters of the test-guided IVF cycles
among the different groups of patients. The retrospective

nature of our study resulted in the differential distribution of
some relevant variables (Tables 1 and 2). To avoid bias, we
included parameters with statistically significant differences
and/or clinical relevance within a multivariate analysis model
using generalized estimating equations. Some patients includ-
ed in the M-RIF and S-RIF groups had infertility associated
with uterine factors (Supplemental Table 1). Patients who re-
ceived the ERA test had a higher percentage of uterine pathol-
ogies than control patients or those undergoing PGT-A
(Supplemental Table 1). Patients scheduled for personalized
ET after the ERA are shown in Supplemental Table 2. A large
percentage of patients had an asynchronous or displacedWOI,
particularly in the M-RIF group. The percentages of person-
alized ET (pET) were 25.7% and 39.3% in the S-RIF and M-
RIF groups, respectively. The rate of euploid embryos in M-
RIF for patients with PGT-A and ERA+PGT-A was 48.13%,
95% CI (46.56–49.69) and 39.35%, 95%CI (34.74–43.96),
respectively, P = 0.225. In the S-RIF group, the rate of euploid
embryos with PGT-A and ERA+PGT-A was 57.18%, 95%CI
(54.71–59.65) and 62.13%, 95%CI (53.57–70.70), respec-
tively, P = 0.708.

Univariate ANOVA of the M-RIF group revealed a statisti-
cally significant difference in the overall mean implantation rates
of the subgroups (P = 0.0053). The use of PGT-A yielded a
better implantation rate per transfer (45.9%) than standard IVF
(35.9%) with an OR of 1.34, 95% CI: 1.17–1.55, P < 0.001.
Implantation rates per transfer were not improved over standard
rates by ERA, OR 1.03, 95% CI: 0.85–1.24, P = 0.9926, and
ERA+PGT-A, OR 0.94, 95% CI: 0.53–1.65, P = 0.9954.
Significant differences were not detected between subgroups
subjected to different tests (ERA vs PGT-A, ERA vs. PGT-A+
ERA, PGT-A vs. PGT-A+ERA). Logistic regression models
adjusted for control variables confirmed that within the M-RIF
group, only the PGT-A test yielded significant improvement
(AdjOR 1.22, 95% CI: 1.14–1.30, P < 0.001) over standard
treatment, without statistical significance over ERA and ERA+
PGT-A (Supplemental Table 3). When comparing the other sub-
groups after adjusting for control variables, we found a signifi-
cant difference between the ERA+PGT-A and ERA (OR 0.84,
95% CI: 0.77–0.92, P < 0.001), but no other subgroup compar-
ison reached significance.

Univariate ANOVA of the implantation rate per transfer as
calculated by the number of gestational sacs per number of
embryos transferred revealed statistically significant differ-
ences between the M-RIF subgroups (P = 0.005). The highest
implantation rate was in PGT-A (47.2%) versus the control
group (35.8%), ERA (35.6%), and ERA+PGT-A (31.82%).
For M-RIF patients, the implantation rate per transfer was
higher after PGT-A testing than after standard IVF (OR
1.61, 95% CI: 1.24–2.11, P = 0.002). There were no statisti-
cally significant differences between standard over ERA (OR
1.00, 95% CI: 0.74–1.34, P = 1) and ERA+ PGT-A (OR 0.84,
95%CI: 0.34–2.07, P = 0.9797).When the ORs were adjusted
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by logistic regressionmodels for control variables, the PGT-A
subgroup was significantly different from the control sub-
group (AdjOR 2.69, 95% CI: 1.99–3.66, P < 0.001), while
no statistically confirmed differences were identified between
ERA and ERA+PGT-A and controls (Supplemental Table 3).
In addition, the ERA subgroup significantly differed from the
PGT-A subgroup (AdjOR 0.40, 95% CI: 0.26–0.62, P <
0.001).

Table 3 shows the ongoing pregnancy rates for all study
groups based on the number of embryos transferred.
Univariate ANOVA revealed statistically significant differ-
ences between M-RIF subgroups (P = 0.05). Post hoc testing
betweenM-RIF subgroups revealed that only the PGT-A sub-
group differed from the control group (OR 1.51, 95% CI:
1.12–2.05, P = 0.029). There were no significant differences
between the standard group and ERA (OR 1.02, 95% CI:
0.73–1.42, P = 0.9997) and ERA+PGT-A (OR 0.89, 95%
CI: 0.36–2.22, P = 0.9942). The PGT-A group differed from
the control group (AdjOR 2.19, 95% CI: 1.55–3.07, P <
0.0001) when multivariate analysis was applied to adjust for
control variables, while no statistical differences were detect-
ed for ERA and ERA+PGT-A (Supplemental Table 3). The
ERA group showed lower ongoing pregnancy rates compared
with the PGT-A group (AdjOR 0.51, 95% CI: 0.31–0.83, P <
0.0284). No statistically significant differences emerged in the
comparisons between other subgroups.

Univariate analysis of the mean implantation rate of the S-
RIF subgroups revealed no statistically significant differences.
The implantation rate per patient was 34.2% (95% CI: 30.68–
37.81) for the control, 40% (95% CI: 25.40–54.60) for ERA,
38.2% (95% CI: 28.02–48.37) for PGT-A, and 33.3% (95%
CI: 0–68.59) for GT-A+ERA groups. Logistic regression
models with adjusted OR for control variables revealed no
statistically significant differences between test and control
groups or for multiple comparisons between subgroups
(Supplemental Table 3).

Univariate analysis did not detect any statistically signifi-
cant differences in the implantation rate calculated per S-RIF
subgroup considering the number of gestational sacs and the
number of embryos transferred. The implantation rates were
34.8% (95% CI: 31.63–37.99) for control, 37% (95% CI:
23.21–52.45) for ERA, 39.8% (95% CI 29.78–50.46) for
PGT-A, and 33.3% (95% CI 4.33–77.72) for PGT-A+ERA
patients. A logistic regression model with adjusted OR for
potentially confounding variables revealed no statistically sig-
nificant differences for any group or the multiple comparisons
between all groups (Supplemental Table 3). No statistical sig-
nificance was detected when comparing ERA vs PGT-A,
ERA vs ERA+PGT-A, or PGT-A vs PGT-A+ERA.

Table 3 shows the rates of ongoing pregnancy for all study
groups based on the number of embryos transferred.
Univariate analysis was not statistically significant for con-
trasts between S-RIF subgroups. Multivariate analysis didTa

bl
e
1

N
um

be
r
of

em
br
yo

tr
an
sf
er
s
(f
re
sh

an
d
fr
oz
en
)
an
d
ge
ne
ra
l
ch
ar
ac
te
ri
st
ic
s
of

pa
tie
nt
s
be
fo
re

un
de
rg
oi
ng

E
R
A
,
P
G
T
-A

,
or

E
R
A
+
P
G
T
-A

.
D
at
a
ar
e
ex
pr
es
se
d
as

m
ea
ns

or
pe
rc
en
ta
ge
s
w
ith

co
rr
es
po
nd
in
g
95
%

co
nf
id
en
ce

in
te
rv
al
s
w
ith

in
br
ac
ke
ts
.
Su

pe
rs
cr
ip
ts
in

th
e
P
va
lu
e
co
lu
m
n
in
di
ca
te

st
at
is
tic
al
ly

si
gn
if
ic
an
t
di
ff
er
en
ce
s
be
tw
ee
n
gr
ou
ps

w
ith

th
e
sa
m
e
le
tte
r.
T
he

P
va
lu
es

w
ith

ou
t

su
pe
rs
cr
ip
ts
in
di
ca
te
A
N
O
V
A
re
su
lts
.P

at
ie
nt
s
w
ith

no
E
R
A
,P

G
T
-A

,o
r
E
R
A
+
P
G
T
-A

cy
cl
es

ar
e
pr
es
en
te
d
in

th
e
st
an
da
rd

gr
ou
p

M
-R
IF

(N
=
21
10
)

S
-R
IF

(N
=
48
8)

S
ta
nd
ar
d

P
G
T
-A

E
R
A

E
R
A
+
PG

T
-A

P
va
lu
e

S
ta
nd
ar
d

PG
T
-A

E
R
A

E
R
A
+
PG

T
-A

P
va
lu
e

A
ge

(m
ea
n)

37
.9

[3
7.
7–
38
.1
]

a,
c

38
.2

[3
8.
0–
38
.5
]

a,
d

38
.6

[3
8.
3–
38
.9
]

d,
f

38
.5

[3
8.
1–
39
.0
]

c,
f

<
0.
00
1

a <
0.
00
1

c 0
.0
01
3

d <
0.
00
1

f <
0.
00
1

38
.5

[3
8.
2–
38
.7
]

a,
c

38
.3

[3
8.
1–
38
.6
]

a,
d,
e

38
.9

[3
7.
8–
41
.9
]

d,
f

37
.9

[3
7.
7–
38
.5
]

c,
e,
f

<
0.
00
1

a <
0.
00
1

c <
0.
00
1

d 0
.0
08
2

e <
0.
00
1

f <
0.
00
1

Y
ea
rs
of

in
fe
rt
ili
ty

2.
6

[2
.5
–2
.7
]a

2.
2

[1
.9
–2
.5
]

a

2.
6

[2
.2
–3
]

-

1.
9

[1
.3
-2
.8
]

-

0.
01
78

a 0
.0
21
6

2.
7

[2
.4
–2
.9
]

c

2.
1

[1
.8
–2
.5
]

-

2.
2

[1
.7
–2
.9
]

-

1.
3
[0
.9
–2
]

c
0.
00
16

c 0
.0
05
9

B
od
y
m
as
s
in
de
x
(k
g/
m

2 )
23
.2

[2
3–
23
.4
]

-

22
.6

[2
1.
9–
23
.2
]

-

22
.7

[2
2.
1–
23
.2
]

-

23
.6

[2
1.
2–
25
.9
]

-

0.
11
96

23
.2

[2
2.
8–
23
.6
]

-

22
.2

[2
1.
1–
23
.3
]

-

22
.9

[2
1.
5–
24
.2
]

-

24
.2

[1
9.
8–
28
.6
]

-

0.
32
72

M
ea
n
nu
m
be
r
of

pr
ev
io
us

fr
es
h
em

br
yo
s
tr
an
sf
er
re
d
pe
r
pa
tie
nt

2.
22

[2
.2
2–
2.
24
]

b

2.
24

[2
.1
7–
2.
31
]

d

2.
4

[2
.3
1–
2.
49
]

b,
d

2.
33

[2
.1
1–
2.
58
]

-

0.
00
15

b <
0.
00
1

d 0
.0
41
2

3.
31

[3
.2
5–
3.
37
]

-

3.
19

[3
.0
6–
3.
32
]

-

3.
35

[3
.1
3–
3.
58
]

-

3.
25

[2
.8
5–
3.
70
]

c

0.
37
08

M
ea
n
nu
m
be
r
of

pr
ev
io
us

fr
oz
en

em
br
yo
s
tr
an
sf
er
re
d
pe
r
pa
tie
nt

1.
35

[1
.3
2–
1.
38
]

a,
b

1.
55

[1
.4
4–
1.
66
]

a

1.
57

[1
.4
4–
1.
71
]

b

1.
64

[1
.3
5–
2.
01
]

-

<
0.
00
1

a <
0.
00
1

b 0
.0
02
9

1.
82

[1
.7
3–
1.
91
]

a

2.
16

[1
.9
5–
2.
4]

a

1.
86

[1
.8
54
–2
.2
6]

-

2.
25

[1
.8
6–
2.
72
]

-

0.
00
46

a 0
.0
10
1

2992 J Assist Reprod Genet (2020) 37:2989–2997



Ta
bl
e
2

C
ha
ra
ct
er
is
tic
s
of

IV
F
cy
cl
es

in
pa
tie
nt
s
w
ho

un
de
rw

en
tE

R
A
,P

G
T
-A

,o
rE

R
A
+
P
G
T
-A

or
st
an
da
rd

IV
F
tr
ea
tm

en
ts
.D

at
a
ar
e
ex
pr
es
se
d
as

m
ea
ns

or
pe
rc
en
ta
ge
s
w
ith

co
rr
es
po
nd
in
g
95
%

co
nf
id
en
ce

in
te
rv
al
s
in
br
ac
ke
ts
.S
up
er
sc
ri
pt
s
in
th
e
P
va
lu
e
co
lu
m
n
in
di
ca
te
st
at
is
tic
al
ly
si
gn
if
ic
an
t

di
ff
er
en
ce
s
be
tw
ee
n
gr
ou

ps
w
ith

th
e
sa
m
e
le
tte
r.
T
he

P
va
lu
es

w
ith

ou
t
su
pe
rs
cr
ip
ts

in
di
ca
te

A
N
O
V
A

re
su
lts
.
P
at
ie
nt
s
w
ith

no
E
R
A
,
P
G
T
-A

,
or

E
R
A
+
P
G
T
-A

cy
cl
es

ar
e
pr
es
en
te
d
in

th
e

st
an
da
rd

gr
ou
p

M
-R
IF

S
-R
IF

St
an
da
rd

PG
T
-A

E
R
A

E
R
A
+
PG

T
-A

P
va
lu
e

S
ta
nd
ar
d

PG
T
-A

E
R
A

E
R
A
+
PG

T
-A

P
va
lu
e

N
um

be
r
of

to
ta
le
m
br
yo

tr
an
sf
er
s

26
36

18
3

16
0

21
59
1

72
35

6

E
m
br
yo

tr
an
sf
er
s
w
ith

do
na
te
d

oo
cy
te
s

15
93

15
12
4

1
42
7

9
26

0

Pe
rc
en
ta
ge

of
do
na
te
d
oo
cy
te
-

de
ri
ve
d
em

br
yo
s
am

on
g

al
le
m
br
yo
s

60
.4
3

[5
8.
06
–6
2.
75
]

a,
b,
c

8.
2

[4
.0
4–
15
.9
1]

a,
d

77
.5

[6
8.
41
–8
4.
56
]

b,
d,
f

4.
76

[0
.6
4–
27
.8
]

c,
f

<
0.
00
1

a <
0.
00
1

b
0.
00
38

c 0
.0
05
7

d
<
0.
00
1

f <
0.
00
1

72
.2
5

[6
7.
54
–7
6.
52
]

a,
c

12
.5

[4
.4
–3
0.
71
]

a,
d,
e

74
.2
9

[5
0.
55
–8
9.
09
]

d,
f

0 [0
–0
]

c,
e,
f

<
0.
00
1

a <
0.
00
1

c <
0.
00
1

c <
0.
00
1

e <
0.
00
1

f <
0.
00
1

N
um

be
r
fr
oz
en

em
br
yo
s
tr
an
sf
er
re
d

17
74

18
3

12
4

21
40
7

72
23

6

P
er
ce
nt
ag
e
of

tr
an
sf
er
re
d
fr
oz
en

em
br
yo
s
am

on
g
al
lt
ra
ns
fe
rr
ed

em
br
yo
s

67
.3

[6
5.
52
–6
9.
03
]

a,
b,
c

10
0

[1
00
–1
00
]

a,
e

77
.5

[7
0.
97
–8
2.
91
]

b,
f

10
0

[1
00
–1
00
]

c,
e,
f

<
0.
00
1

a <
0.
00
1

b
0.
02
16

c <
0.
00
1

e <
0.
00
1

f <
0.
00
1

68
.8
7

[6
5.
09
–7
2.
41
]

a,
c

10
0

[1
00
–1
00
]

a,
d,
e

65
.7
1

[5
2.
0–
77
.2
]

d,
f

10
0

[1
00
–1
00
]

c,
e,
f

<
0.
00
1

a 0
.0
18
2

c <
0.
00
1

d
0.
03
9

e <
0.
00
1

f <
0.
00
1

M
ea
n
nu
m
be
r
of

oo
cy
te
s

re
tr
ie
ve
d
or

do
na
te
d

14
.1

[1
3.
71
–1
4.
51
]

-

14
.5
8

[1
3.
1–
16
.2
3]

-

14
.6

[1
3.
28
–1
6.
06
]

-

14
.0
7

[1
0.
98
–1
8.
03
]

-

0.
84
05

15
.2
6

[1
4.
38
–1
6.
2]

-

15
.6
5

[1
3.
42
–1
8.
26
]

-

13
.1
8

[1
1.
31
–1
5.
36
]

-

15
.2
5

[9
.2
2–
25
.2
1]

-

0.
33
76

M
ea
n
nu
m
be
r
of

M
II
oo
cy
te
s

in
se
m
in
at
ed

12
.4
8

[1
2.
18
–1
2.
78
]

-

12
.2
6

[1
1.
08
–1
3.
58
]

-

13
.0
9

[1
2.
13
–1
4.
13
]

-

11
.8
7

[9
.5
4–
14
.7
6]

-

0.
62
61

13
.7
7

[1
3.
1–
14
.4
8]

-

12
.9
4

[1
1.
09
–1
5.
11
]

-

13
.1
7

[1
1.
47
–1
5.
13
]

-

13
.2
5

[8
.4
9–
20
.6
7]

-

0.
83
18

F
er
til
iz
at
io
n
ra
te
pe
r
in
se
m
in
at
ed

oo
cy
te

76
.5
9

[7
5.
65
–7
7.
55
]

-

76
.1
6

[7
3.
34
–7
9.
09
]

-

75
.2
9

[7
1.
86
–7
8.
89
]

-

77
.5
3

[6
5.
83
–9
1.
3]

-

0.
90
24

75
.8
9

[7
4.
16
–7
7.
66
]

77
.1
1

[7
2.
83
–8
1.
65
]

77
.8
9

[7
1.
71
–8
4.
59
]

79
.2
5

[7
0.
38
–8
9.
23
]

0.
80
22

M
ea
n
nu
m
be
r
of

em
br
yo
s

av
ai
la
bl
e
pe
r
oo
cy
te
pi
ck
-u
p

5.
05

[4
.8
3–
5.
27
]

a,
c

3.
29

[2
.7
8–
3.
9]

a,
e

4.
28

[3
.5
4–
5.
17
]

f

1.
47

[1
.1
8–
1.
82
]

c,
e,
f

<
0.
00
1

a <
0.
00
1

c <
0.
00
1

e <
0.
00
1

f <
0.
00
1

5.
31

[4
.8
4–
5.
82
]

a,
c

3.
17

[2
.4
6–
4.
08
]

a,
d

6.
17

[4
.4
7–
8.
53
]

d,
f

1.
5

[0
.8
5–
2.
64
]

c,
f

<
0.
00
1

a <
0.
00
1

b
0.
81
63

c <
0.
00
1

d
0.
00
7

e 0
.0
78
2

f <
0.
00
1

M
ea
n
en
do
m
et
ri
al
th
ic
kn
es
s

(m
m
)

8.
9

[8
.8
–9
]

a,
b

9.
4

[9
.1
–9
.8
]

a,
d

8.
3

[8
–8
.6
]

b,
d

8.
7

[8
.2
–9
.3
]

-

<
0.
00
1

a 0
.0
30
1

b
0.
00
13

d
<
0.
00
1

8.
8

[8
.6
–9
]

-

9.
2

[8
.7
–9
.7
]

-

8.
5

[7
.6
–9
.4
]

-

8.
5

[7
.2
–9
.8
]

-

0.
44
23

M
ea
n
nu
m
be
r
of

da
ys

fo
r

en
do
m
et
ri
al
pr
ep
ar
at
io
n

11
.1

[1
0.
9–
11
.3
]

b

11
.1

[1
0.
5–
11
.7
]

d

12
.3

[1
1.
7–
12
.9
]

b,
d

11
.4

[1
0.
5–
12
.4
]

-

0.
00
2

b
<
0.
00
1*

d
0.
03
8*

13
.7

[1
2.
3–
15
.2
]

c

11
.4

[1
0.
7–
12
.1
]

e

11
.8

[1
0.
7–
13
.1
]

-

13
.7

[1
2.
3–
15
.2
]

c,
e

0.
00
95

c 0
.0
05
2

e 0
.0
12
8

2993J Assist Reprod Genet (2020) 37:2989–2997



not detect statistically significant differences between treat-
ments (PGT-A, ERA, or PGT-A+ERA) and the control group
(Supplemental Table 3) or in the multiple comparisons be-
tween the subgroups.

Discussion

Our results suggest that PGT-A could be a useful tool for
assessing chromosomal viability in RIF patients to avoid the
transfer of aneuploidy embryos in M-RIF. In S-RIF, the use of
PGT-A does not improve ongoing pregnancy rate, although
this group included a small number of embryo transfers. We
also determined that the ERA test does not benefit RIF pa-
tients. The assessment of PGT-A in M-RIF confirming the
euploid status of embryos significantly improves sustained
implantation rates and ongoing pregnancy over selecting em-
bryos based on morphology alone [31]. Patients with RIF
have increased numbers of embryo anomalies [32], including
translocations, mosaicism, inversions, and deletions, which
can be resolved with the use of PGT-A [33]. In some cases,
even euploid embryos are unable to implant [9], indicating an
etiology independent of embryonic genetics. Although PGT-
A assists the selection of embryos with a higher probability of
implantation, any euploid embryos that do not implant suggest
that chromosomal status is not the only factor contributing to

infertility. In the case of S-RIF, the use of PGT-A was insuf-
ficient to improve IVF outcomes, suggesting that different
tools may be needed to assess embryo quality and account
for endometrial factors. Even though PGT-A can mitigate ma-
ternal age in IVF patients, patients in the oldest group (> 42
years) had different implantation rates than those in younger
groups (< 35–42 years) [34]. Additionally, groups with limit-
ed numbers of cases, like S-RIF, may bias results then caution
is necessary in their interpretation.

Although PGT-A is an important tool for patients with
advanced maternal age, the standard use of PGT-A is actively
debated [35]. PGT-Amay not improve overall pregnancy out-
comes and may decrease the number of embryo transfers nec-
essary for achieving the same live birth rate [36]. Indeed,
Munne et al. showed a significant increase in the ongoing
pregnancy rate per ET with the use of PGT-A in women aged
35–40 years with two or more embryos that could be biopsied
[37]. The methodology of the STAR study [37] was
questioned by recent opinion; in fact in contrast to the overall
study that had been performed with reference point cycle start
(intent-to-treat), their post hoc analysis was performed with
reference embryo transfer [38]. The use of PGT-A should be
addressed according to clinical history, as in advanced mater-
nal age, recurrent pregnancy loss, and severe male infertility;
moreover, the use of PGT-A in patients with RIF could im-
prove live birth rates per embryo transfer compared with

IVF patients

pET with ERA

(n=126)

S-RIF (n=488)

>5 implantation failures

M-RIF (n=2110)

>3 implantation failures

No ERA

(n=461)

No ERA

(n=1984)

pET with ERA

(n=27)

No

PGT-A

(n=1840)

PGT-A

(n=144)

No

PGT-A

(n=408)

PGT-A

(n=53)

No

PGT-A

(n=23)

plus

PGT-A

(n=4)

plus

PGT-A

(n=15)

No

PGT-A

(n=111)

Fig. 1 Patient selection
flowchart. IVF in vitro
fertilization, M-RIF moderate
recurrent implantation failure, S-
RIF severe recurrent implantation
failure, pET personalized embryo
transfer, ERA endometrial
receptivity assay, PGT-A
preimplantation genetic testing
for aneuploidy

Table 3 Number of ongoing
pregnancies and rates of ongoing
pregnancies expressed with 95%
confidence intervals for all M-RIF
and S-RIF patients. Patients who
underwent no testing are present-
ed as standard

Number of ongoing pregnancies Ongoing pregnancy % (CI)

M-RIF S-RIF M-RIF S-RIF

Standard 946 201 35.89% (34.05–37.75) 34.01% (30.19–37.99)

ERA 58 14 36.25% (28.81–44.21) 40.00% (23.87–57.89)

PGT-A 84 26 45.90% (38.53–53.41) 36.11% (25.12–48.29)

PGT-A+ERA 7 2 33.33% (14.59–56.97) 33.33% (4.33–77.72)
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patients with no PGT-A [8]. Yet, there were no significant
differences in live birth rates per patient given PGT-A
(35.7%) or not (26.0%) [8].

In addition, the cost for conducting PGT-A is important
from a patient perspective. PGT-A could be effective after
age 35 in referral centers that rely on embryologists with ex-
pertise in trophectoderm biopsy and that follow a policy of
extended embryo culture and single embryo transfer [39].
Ideally, PGT-A should reduce healthcare costs, shorten treat-
ment time, and reduce the risk of failed embryo transfer and
clinical miscarriages compared to normal IVF cycles [40].
Based on our evaluation, PGT-A seems to be beneficial for
M-RIF patients but is not effective for S-RIF patients, al-
though we cannot rule out the possibility that an unrecognized
uterine disorder could influence implantation. In addition, the
limited number of cases included in the S-RIF group compli-
cates generalization of the results.

The temporal window of endometrial receptivity to
blastocysts is limited, and most of the histologic criteria
using markers of endometrial receptivity are subjective
and lack accuracy and predictive value [15]. The ERA
was created for more accurate endometrial dating through-
out the luteal phase [17], because endometrial status could
not be assessed with endometrial thickness through
transvaginal ultrasound together and luteal phase hormone
levels. In our study, numerous M-RIF and S-RIF patients
had displaced WOIs and qualified for pET. This is con-
sistent with the previous studies that report a 25–30%
contribution of the endometrial factor to implantation fail-
ure [41, 42]. The higher percentage of pET in the M-RIF
group could be explained by the higher percentage of
uterine pathologies, diagnosed by ultrasound, which could
affect ERA. Unfortunately, ERA did not improve implan-
tation or ongoing pregnancy rates, consistent with a study
in which a personalized adjustment of progesterone did
not improve pregnancy outcomes in RIF patients receiv-
ing euploid embryos [42]. The first randomized controlled
trial on the use of ERA showed that the ERA test did not
improve live birth rate after first embryo transfer; rather,
the ERA test increased the cumulative live birth rate com-
pared with frozen embryo transfer or fresh embryo trans-
fer after 12 months [43].

Demonstrating embryo health is necessary before consid-
ering whether the endometrium might contribute to implanta-
tion failure, but chromosomal status does not provide enough
information. Novel embryo assessment and selection proce-
dures, such as time-lapse imaging and metabolomics, may
help better evaluate embryo quality and viability [44]. These
data should be evaluated for their usefulness in RIF as well as
chromosomal information, certainly PGT-A should be consid-
ered in RIF [45]. In addition, more data on PGT-A in S-RIF is
warranted. Based on our results, RIF may not be related to
endometrial dating by current ERA, so deep characterization

of endometrial pathology is needed to fully evaluate the endo-
metrial factor in IVF cycles.

Strengths and limitations

To our knowledge, this study is the largest to evaluate the
clinical usefulness of PGT-A and ERA for RIF patients.
Importantly, the severe RIF group is especially difficult to
study because few patients do not achieve pregnancy after five
embryo transfers (thus, the “severe” group is a small subset).
However, our study’s retrospective nature and strict inclusion
criteria for defining subpopulations mean that some compari-
sons were carried out with moderate sample sizes and a lim-
ited number of transferred embryos. This particularly affected
the S-RIF PGT-A, ERA, and PGT-A+ERA subgroups. From
a clinical perspective, this affects how the data should be
interpreted. When comparing M-RIF subgroups, our study
was powered to detect a 10% effect of using ERA results to
guide ET. For the S-RIF subgroups, which had even lower
numbers of patients, our study was powered to detect an ap-
proximate 20% effect. Our work is underpowered for detect-
ing smaller differences, and as more data is collected, the
clinical benefit may become clearer.

Conclusions

The major findings of this study are that M-RIF patients can
benefit from PGT-A, while S-RIF patients may not. This dif-
ference perhaps reflects the small sample size of S-RIF pa-
tients but could also reflect a different cause of implantation
failure, potentially related to endometrium quality.
Chromosomal screening should be considered for M-RIF pa-
tients to overcome infertility. On the other hand, we did not
find clinical evidence of benefit from ERA, in terms of live
birth rate after first embryo transfer. Further, ERA could not
identify the most appropriate time for embryo transfer or de-
tect uterine diseases affecting implantation; new technologies
may be necessary to assess the endometrial aspect of implan-
tation. A more thorough investigation of the effect of pET on
reproductive outcomes could also shed light on the role of the
endometrium. Well-powered prospective studies in RIF pa-
tients are needed to fully evaluate whether ERA has a clinical
benefit. Although S-RIF is less common than M-RIF in IVF
patients, further study is warranted because designing treat-
ments for this condition will likely prove challenging.
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