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Abstract
Objective To determine the predictive value of euploid
embryos in women with recurrent implantation failure
undergoing repeated IVF-ET cycles with PGD (PGD).
Design Cohort of IVF-PGD cycles in a tertiary care ART
facility.
Materials and method(s) Fifty-five consecutive patients
with repeated implantation failure (more than three failed
IVF-ET cycles) underwent two or more PGD cycles for
aneuploidy testing. Mean maternal age was 37.6±5.3 years.
Biopsies were performed on day 3. One blastomere was
removed from each pre-embryo, fixed and analyzed by
multicolor and multi-probe FISH for chromosomes X and
Y, 13, 15, 16, 17, 18, 21, and 22.
Result(s) Forty-three of 55 patients (78%) undergoing PGD
had at least one euploid embryo for transfer. Of these 31
patients (72%) also had at least one euploid embryo
available for transfer with the second cycle. Of the 12
(28%) patients with no euploid embryos available for
transfer with the second IVF/PGD cycle, five had a third
cycle of PGD and two of these had euploid embryos
available for transfer. Seventeen of the 31 patients (55%)
who had euploid embryos on the second PGD cycle
conceived. The ongoing pregnancy and implantation rates
in patients with at least one euploid embryo were 40% and

18%, respectively. Twelve of the 55 patients (22%) had no
euploid embryos available for transfer on the first PGD
cycle, but on the second PGD cycle, six (50%) of these had
euploid embryos for transfer. Only two pregnancies were
achieved among this group of women, yielding a pregnancy
rate of 17%, but both conceptions resulted in miscarriage.
Of the six patients with no euploid embryos available after
the second PGD cycle, four patients had a third IVF/PGD
cycle, but none had euploid embryos available for transfer.
Also, among women with euploid embryos available only
in either the first or second PGD cycle, but not both, no
ongoing pregnancy was achieved. No woman who had a
PGD cycle productive of no euploid embryos had an
ongoing pregnancy. Significant differences were found in
terms of ongoing pregnancy (40%, P<0.05) and implanta-
tion rates (18%, P<0.05) in women with euploid embryos
available for transfer with the first and second IVF/PGD
cycles, compared to women with no euploid embryos
available for transfer with either the first or second cycle.
The positive predictive value of the first euploid cycle
predicting a second euploid cycle was 72%, 95% CI 0.66–
0.78. The negative predictive value of an aneuploid cycle
was 50%, 95% CI 0.27–0.72. The sensitivity and specificity
of the first PGD cycle predicting the second was 84%, 95%
CI 0.77–0.91 and 33%, 95% CI 0.18–0.48, respectively.
Conclusion(s) Even with a history of recurrent implantation
failure, the availability of euploid embryos, especially on
two, consecutive PGD cycles is associated with high
ongoing pregnancy and implantation rates. Conversely, the
absence of euploid embryos for transfer predicts poor
reproductive outcome, even if subsequent cycles do yield
euploid embryos.
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Introduction

The introduction of preimplantation genetic diagnosis
(PGD) in reproductive medicine has enabled chromosomal
analysis of embryos prior to embryo transfer. Chromosomal
aberrations in embryos contribute not only to spontaneous
abortions, but also recurrent failed implantation among
women with unexplained infertility, regardless of maternal
age [1, 2]. Aneuploidy is the leading cause of spontaneous
abortions and mental retardation among women of advanc-
ing age [3, 4]. What remains unclear is the recurrence of
aneuploidy with repeated attempts and the predictive value
of subsequent reproductive outcome.

We studied women with repeated implantation failure
who underwent two or more consecutive PGD cycles for
aneuploidy testing of embryos prior to embryo transfer after
a failed first attempt. The aim of the study is to determine
the predictive value of the initial PGD cycle attempt based
on the presence or absence of euploid embryos on
subsequent cycles with respect to reproductive outcome.

Materials and methods

Data collection and analysis from our IVF database were
approved by Institutional review board at Women and
Infants Hospital of Rhode Island, Brown University. Data
from a cohort of women undergoing IVF/PGD cycles from
September of 2001 to December of 2005 were analyzed and
fifty-five consecutive patients with unexplained repeated
implantation failure (more than three failed IVF-ET cycles)
who underwent two or more consecutive IVF/PGD cycles
for aneuploidy testing of pre-embryos prior to embryo
transfer were identified from the initial IVF/PGD cohort of
women. The mean maternal age for the study group was
37.6±5.3 years. The mean number of prior failed IVF
cycles for the study group was 4.8 cycles. A workup to rule
out possible causes of repeated implantation failure was
negative to include uterine imaging and parental karyo-
types. Results from the first PGD cycle were used to group
women. Women were categorized into two groups, a good
prognosis and poor prognosis group after the first IVF/PGD
cycle attempt based on the availability of at least one
euploid embryo for transfer. Women with at least one
euploid embryo for transfer were identified as the good
prognosis group and women with all aneuploid embryos
were identified as the poor prognosis group. There is no
statistical difference in terms of maternal age in both
groups.

The ovarian stimulation protocols used consisted of
either a standard GnRH antagonist or GnRH agonist long-
protocol with gonadotropins as determined by the manag-
ing physician [5]. No difference was noted in terms of

embryonic aneuploidy between agonist and antagonist
cycles. In brief, oocyte retrieval was performed 36 h after
the administration of human chorionic gonadotropin [6].
Oocytes were fertilized by either conventional insemination
or Intracytoplasmic sperm injection for male factor infertil-
ity, prior history of poor fertilization and unexplained
infertility.

On day 3, one blastomere was removed from each
embryo with four or more cells using acidic Tyrode’s
solution and micromanipulation. Blastomeres were fixed
with methanol acetic acid solution and analyzed by
multicolor and multi-probe fluorescence in situ hybridiza-
tion (FISH) for chromosomes X and Y, 13, 15, 16, 17, 18,
21, and 22 as described by Munne et al. [7]. Biopsied
embryos were cultured in blastocyst medium containing
10% SSS until the PGD results were available. Only
embryos reported as normal for the chromosomes analyzed
were transferred on day 4 or 5.

In both groups either one or two euploid embryos were
transferred based on the availability of euploid embryos
post analysis. Supernumerary high-quality euploid embryos
were cryopreserved per patient request. Statistical analysis
of all data point was performed using chi-square analysis
and two-sided Student’s t test where appropriate.

Results

Of the 55 patients included in the study, 43 (78%) had
at least one euploid embryo during the first PGD cycle
(Fig. 1). Of these, 31 patients (72%) also had at least one
euploid embryo available for transfer with the second PGD
cycle, while 12 patients (28%) had none. Of the 12 patients
with no euploid embryos available for transfer with the
second cycle, five had a third cycle of PGD and two of
these, had euploid embryos available for transfer. Seventeen
of the 31 patients (55%) who had euploid embryos on the
second IVF/PGD cycle conceived. The ongoing pregnancy
and implantation rates in women with at least one euploid
embryo in the first or second cycles were 40% and 18%,
respectively. The average number of embryos transferred
was 1.8 in women who achieved a pregnancy. No
pregnancy was achieved in women who had a third PGD
cycle, despite the availability of apparently euploid embry-
os for transfer (Fig. 1).

Of the 12 patients (22%) with no euploid embryos for
transfer on the first PGD cycle, six patients had euploid
embryos for transfer in the second PGD cycle. Two
pregnancies resulted producing a corresponding pregnancy
rate of 17%, but both miscarried. Of the six patients with no
euploid embryos available for the second IVF/PGD cycle,
four had a third IVF/PGD cycle, but none had euploid
embryos available for transfer on PGD cycle 3 (Fig. 1).
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No woman who had a PGD cycle productive of no
euploid embryos had an ongoing pregnancy. Significant
differences were found in terms of ongoing pregnancy
(40%, P<0.05) and implantation rates (18%, P<0.05) in
women with euploid embryos available for transfer with the
first and second IVF/PGD cycles, compared to women with
no euploid embryos available for transfer with either the
first or second cycle. The positive predictive value of the
first euploid cycle predicting a second euploid cycle was
72%, 95% CI 0.66–0.78. The negative predictive value of
an aneuploid cycle was 50%, 95% CI 0.27–0.72. The
sensitivity and specificity of the first PGD cycle predicting
the second was 84%, 95% CI 0.77–0.91 and 33%, 95% CI
0.18–0.48, respectively. The negative and positive likeli-
hood ratio was 0.5 and 1.25, respectively.

Discussion

An increased frequency of aneuploid embryos has been
observed in a subgroup of women with recurrent implan-
tation failure regardless of their reproductive age undergo-
ing assisted reproductive technologies [1, 2, 4]. The
incorporation of preimplantation genetic diagnosis into
assisted reproductive technologies has afforded these
women the chance to select and transfer only chromosom-
ally normal embryos, as conventional methods to identify
the best euploid embryo for transfer by morphological
criteria alone are suboptimal [8–14]. Though increasingly
being applied clinically the reproducibility of PGD for
aneuploidy screening in women with repeated implantation

failure remains unclear. Further, controversy still exists in
the accuracy of interpreting embryonic aneuploidy from a
single day 3 blastomere biopsy.

Our study focused on women with repeated implantation
failure who underwent two or more consecutive IVF/PGD
cycles for aneuploidy testing of pre-embryos prior to
embryo transfer after a failed first attempt. These women
could be categorized into two groups based on PGD results,
based on the availability of at least one euploid embryo for
transfer. Data from our study suggests that chromosomal
analysis of pre-embryos is highly predictive of outcome,
based both on the presence of euploid embryos available
for transfer, and on pregnancy rate on subsequent cycles.

Our data shows that in women with unexplained
recurrent implantation failure, two consecutive PGD cycles
showing euploid embryo(s) is strongly associated with high
ongoing pregnancy and implantation rates, 40% and 18%,
respectively. Our data is in keeping with others that report
the selection of chromosomally normal embryos in women
with implantation failure, favorable IVF outcomes can be
achieved with an associated pregnancy rate of 34% and
19.8% implantation rate, comparable to young fertile
controls [15]. Conversely, our data shows that patients with
no euploid embryos in a PGD cycle are highly unlikely to
achieve an ongoing pregnancy in subsequent cycles.
Indeed, no patient who had a cycle with only abnormal
embryos went on to have an ongoing pregnancy in
subsequent cycles. Hence, the presence of euploid embryos
in an initial PGD cycle is highly predictive of euploid
embryos being available for the second cycle and of
favorable reproductive outcome. In contrast, women who

43

Good Prognosis
(1st PGD – Euploid Embryos)

12

Poor Prognosis
(1st PGD – Aneuploid Embryos)

31
(2nd PGD – Euploid Embryos)

12
(2nd PGD – Aneuploid Embryos)

6
(2nd PGD – Euploid Embryos)

0 Ongoing Pregnancies

(2nd and 3rd PGD)

55 Women

17 Ongoing Pregnancies

(2nd PGD)

5

(3rd PGD)

4

(3rd PGD)
2

(3rd PGD – Euploid Embryos)

0 Ongoing Pregnancies

(3rd PGD)

6
(2nd PGD – Aneuploid embryos)

Fig. 1 Summary of PGD Cycle
Outcome
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have one or more PGD cycles with no euploid embryos
predicts poor reproductive outcome, even if they go on to
have euploid embryos on a subsequent cycle. This data
should help council patients with unexplained recurrent
implantation failure who face the difficult decision of
whether to pursue treatments which depend on their own
eggs or to desist to pursue egg donation or adoption.
Acknowledging the background limitations and accuracy of
determining embryonic aneuploidy from single day 3
blastomere biopsy. Our recommendation is that regardless
of age, patients with unexplained recurrent implantation
failure who have no euploid embryos for transfer after
consecutive PGD attempts should be counseled that
subsequent successful IVF using their own eggs is unlikely
to result in a viable pregnancy.
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