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Objective: To report laboratory and clinical outcomes in preimplantation genetic diagnosis for aneuploidies (PGD-A) cycles for women
44 to 47 years old.
Design: Multicenter, longitudinal, observational study.
Setting: In vitro fertilization (IVF) centers.
Patient(s): One hundred and thirty-seven women aged 44.7� 0.7 years (range: 44.0–46.7) undergoing 150 PGD-A cycles during April
2013 to January 2016.
Intervention(s): Quantitative polymerase chain reaction–based PGD-A on trophectoderm biopsies and cryopreserved euploid single-
embryo transfer (SET).
Main Outcomes Measure(s): Primary outcome measure: delivery rate per cycle; secondary outcome measures: miscarriage rate, and
the rate and reasons for cycle cancelation with subanalyses for female age and number of metaphase 2 oocytes retrieved.
Result(s): In 102 (68.0%) of 150 cycles blastocyst development was obtained, but only 21 (14.0%) were euploid blastocysts. The overall
euploidy rate was 11.8% (22 of 187). Twenty-one SET procedures were performed, resulting in 13 clinical pregnancies, of which 1
miscarried and 12 delivered. The delivery rate was 57.1% per transfer, 8.0% per cycle, and 8.8% per patient. The logistic regression
analysis found that only female age (odds ratio 0.78) and number of metaphase 2 oocytes retrieved (odds ratio 1.25) statistically
significantly correlated with the likelihood of delivery. The delivery rate per cycle was 10.6% (11 of 104) in patients aged 44.0 to
44.9 years and 2.6% in patients aged 45.0 to 45.9 years (n ¼ 1 of 38). No euploid blastocysts were found for patients older than
45.0 years.
Conclusion(s): Extensive counseling based on biological and clinical data should be provided to women older than 43 years who are
requesting IVF because of their very low odds of success and high risk for embryonic aneuploidies. Nevertheless, the low miscarriage
and good delivery rates reported in this study in women with good ovarian reserve aged 44 should encourage the use of PGD-A in this
population. (Fertil Steril� 2017;107:1173–80. �2017 by American Society for Reproductive Medicine.)
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ORIGINAL ARTICLE: ASSISTED REPRODUCTION
societies. In this regard, it is pivotal to provide patients with
specific counseling focused on the evidence reported in the
literature so they can make an informed choice.

Very few studies have investigated this topic. Spandorfer
et al. (1) reported that approximately 20% of patients older
than 44 in their cohort (n ¼ 288) did not even start the treat-
ment due to high follicle-stimulating hormone (FSH) levels
and/or the presence of a cyst, and more than 30% were
stopped before egg retrieval. The 85.3% pregnancy loss after
embryo replacement resulted in a delivery rate per egg
retrieval of approximately 3%. Importantly, only patients
aged up to 45 years and with a good ovarian reserve could un-
dergo an embryo replacement and try to achieve a full-term
pregnancy.

Klipstein et al. (2) reported a cumulative live-birth rate of
about 5% in patients older than 43 years, but no pregnancy
was reported in patients aged up to 46. Hourvitz et al. (3)
showed only one delivery from their data set in patients older
than 43 (1.9% clinical pregnancy rate), thus concluding that
IVF should not be proposed in this population of patients,
especially if characterized by a scarce ovarian reserve. Bar-
Hava et al. (4) instead stressed the importance of extensive
counseling and the possibility of an egg donation before at-
tempting an IVF cycle in patients aged 44 to 47. In fact,
they reported just one delivery out of 12 embryos transferred,
despite 9 of them being high quality.

Gunnala et al. (5) defined the outcomes in patients older
than 43 when five to eight cleavage-stage embryos had
been transferred. The live-birth rate per transfer was 9.4%
and 1.3% in women aged 44 and 45, respectively, with a mul-
tiple pregnancy rate of 6.7% in the former group of patients.
Gleicher et al. (6) reported live-birth rates of 1.4% and 2.7% in
patients aged 44 and 45, respectively. And, finally, Alasmari
et al. (7) reported an 8% pregnancy rate in patients of 44 years
old after cleavage-stage embryo transfer, which decreased to
6% in patients 45 years old. Because the pregnancy rate was
independent of the number of embryos transferred, they
concluded that single-embryo transfer (SET) is reasonable in
this population of patients. No pregnancies were reported
for women aged 46.

Importantly, themiscarriage rate in patients older than 43
in cases of implantation is higher than 70% to 75% (8), and
the risk for a full-term chromosomally abnormal pregnancy
is about 5%. These are direct consequences of the high aneu-
ploidy rate observed in the blastocysts produced from patients
older than 44, which is higher than 80% as reported by Frana-
siak et al. (9) through the quantitative polymerase chain reac-
tion (qPCR)–based analysis of more than 15,000
trophectoderm biopsies. Thus, careful considerations are
required when suggesting an IVF treatment in patients of
extremely advanced reproductive age to mediate the risks of
implantation failure, miscarriage, and chromosomally
abnormal pregnancies and the likelihood of conceiving a
chromosomally normal baby.

Since 2013, in our centers a policy that entails the use of
blastocyst culture, qPCR-based aneuploidy testing on tro-
phectoderm biopsies, vitrification, and elective SET has
been systematically implemented. By retrospectively investi-
gating the outcomes between the period in which these
1174
advances were systematically used in comparison with the
period when untested cleavage-stage double-embryo transfer
was routinely performed, we reported a similar cumulative
live-birth rate per cycle together with statistically signifi-
cantly decreased miscarriage and multiple pregnancy rates
(10). Furthermore, it has been extensively reported how mis-
carriages and trisomic pregnancies can be minimized by the
systematic application of blastocyst preimplantation genetic
diagnosis for aneuploidies (PGD-A). These data led us to
confidently adopt PGD-A in the patient population of
extremely advanced maternal age (AMA) with the aim of pro-
ducing as much evidence as possible to confidently evaluate
all the risks and the benefits underlying each IVF treatment.
These data are urgently needed and will represent another
pivotal tool for properly counseling these patients in making
an informed choice.
MATERIALS AND METHODS
Patient Population

Our longitudinal observational study included 137 patients
older than 43 years (range: 44.0–46.7) who were undergoing
an IVF cycle at the GENERA centers for reproductive medicine
(Rome, Naples, and Marostica; n ¼ 87, 19, and 15, respec-
tively) or the Humanitas Fertility Center in Rozzano (n ¼
16) between April 2013 and January 2016 (Table 1). All these
patients underwent ovarian reserve evaluation, coagulation
screening (Leyden factor II and V and homocysteine, protein
S, protein C, and antithrombin III), autoantibodies (anticar-
diolipin, lupus anticoagulant, antinuclear antibodies, anti-
smooth muscle antibody), and thyroid function analyses as
well as hysteroscopy, and they exhibited no specific risk fac-
tors. Their ovarian reserve was assessed by FSH, antral follicle
count (AFC), and antim€ullerian hormone (AMH) evaluation in
the early follicular phase (second/third day of the menstrual
cycle). Only patients with at least three antral follicles on
the day before starting the stimulation protocol and no his-
tory of previous no response to the controlled ovarian stimu-
lation were included.

We defined themain exclusion criterion based on the AFC
because it is the only valuable predictor of the ovarian reserve
that has been consistently reported by several studies in the
literature (11–15). The main additional exclusion criteria
were positive serology for hepatitis B or C or human
immune deficiency virus; monogenic diseases or
chromosomal structural abnormalities; maternal diseases
that are not clinically stable and are known to impact the
ability to conceive and/or bring a pregnancy to term; a
body mass index >30; and uncontrolled hypertension.

Patients were provided with an extensive counseling
about their putative very low chance of achieving a live birth
and the related risks. They made an informed decision to un-
dergo a PGD-A cycle. The institutional review boards of
Clinica Valle Giulia and Humanitas Fertility Center approved
the study.

We performed 150 PGD-A cycles (Table 2). The applicable
infertility factors beyond AMA were male factor infertility,
defined as low total number of spermatozoa (<15 million/
ejaculate), sperm motility <40%, and normal morphology
VOL. 107 NO. 5 / MAY 2017



TABLE 2

Clinical data in patients undergoing preimplantation genetic
diagnosis for aneuploidy testing.

Parameter Value

PGD-A cycles 150
COCsa 1,141; 7.5 � 5.3 (1–26)
MII oocytesa 876; 5.8 � 4.4 (0–24)
Zygotesa 631; 4.3 � 3.3 (0–19)
Biopsied blastocystsa 187; 1.0 � 1.3 (0–6)

PGD-A results
Aneuploid blastocysts 165 (88.2, 83.6–92.8)
Euploid blastocysts 22 (11.8, 7.2–16.4)

No. of PGD-A cycles canceled
Reason for cancellation 129 (86.0, 80.5–91.6)

None MII oocytes produced 5 (3.3, 0.44–6.16)
None zygotes produced 5 (3.3, 0.44–6.16)
None blastocysts produced 38 (25.3, 18.3–32.3)
None euploid blastocysts
produced

81 (54.0, 46.0–61.8)

Frozen single euploid blastocyst
transfers (n)

21

Clinical pregnancies (n) 13
Per transfer 13/21 (61.9, 41.1–82.7)
Per cycle 13/150 (8.7, 4.7–14.3)
Per patient 13/137 (9.5, 5.2–15.7)

No. of miscarriages (<20 wk) 1 (7.7, 0–22.2)
No. of deliveries 12

Per transfer 12/21 (57.1, 35.9–78.3)
Per cycle 12/150 (8.0, 3.7–12.3)
Per patient 12/137 (8.8, 4.1–13.5)

Note: Values are number, percentage, and 95% confidence interval unless otherwise indi-
cated. COC¼ cumulus-oocyte complexes;MII¼metaphase 2; PGD-A¼ preimplantation ge-
netic diagnosis for aneuploidy testing.
a Values are number, mean � standard deviation (range).

Ubaldi. PGD for aneuploidy testing in women older than 44. Fertil Steril 2017.

TABLE 1

Patient data in study of preimplantation genetic diagnosis for
aneuploidy testing cycles.

Parameter Value

No. of patients 137
Female partner age (y) 44.7 � 0.7 (44.0–46.7)
Male partner age (y) 45.4 � 4.9 (31.0–60.0)
Kind of infertility, n (%)

Primary 90 (65.7)
Secondary 47 (34.3)

Main infertility factor, n (%)
Only female age 109 (79.6)
Female age þ male factor 15 (10.9)
Female age þ tubal factor 6 (4.4)
Female age þ multiple

miscarriages
7 (5.1)

Duration of infertility (y) 3.6 � 2.7 (0–13)
BMI 20.9 � 3.6 (17.3–26.6)
Hormones

FSH (mIU/mL) 9.0 � 5.7 (3.2–39.0)
LH (mIU/mL) 6.1 � 3.8 (1.2–20.0)
AMH (ng/mL) 1.2 � 0.7 (0.3–6.7)

Previous live term births 0.1 � 0.3 (0–2)
Previous IVF cycles 1.0 � 1.0 (0–5)
Previous ETs 1.0 � 1.1 (0–7)
Previous miscarriages 0.4 � 0.8 (0–4)
Previous implantation failures 0.5 � 1.0 (0–6)
Sperm factor, n (%)

Normozoospermic 86 (62.8)
Single/double defect 36 (26.3)
OAT or surgical 15 (10.9)

Indication to PGD-A, n (%)
Only AMA 120 (87.6)
AMA þ RIF 9 (6.6)
AMA þ RPL 8 (5.8)

Note: Values are mean � standard deviation (range) unless otherwise indicated. AMA ¼
advanced maternal age; AMH ¼ antim€ullerian hormone; BMI ¼ body mass index; ET ¼ em-
bryo transfer; FSH¼ follicle-stimulating hormone; IVF¼ in vitro fertilization; LH¼ luteinizing
hormone; OAT ¼ oligoasthenoteratozoospermia; PGD-A ¼ preimplantation genetic diag-
nosis for aneuploidy testing; RIF¼ recurrent implantation failure; RPL¼ recurrent pregnancy
loss.

Ubaldi. PGD for aneuploidy testing in women older than 44. Fertil Steril 2017.
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<4%; tubal factor infertility, defined as blocked or damaged
fallopian tubes; and multiple miscarriages, defined as at least
three previous pregnancy losses.
Ovarian Stimulation

Before starting the controlled ovarian stimulation, we per-
formed an ultrasound scan to check the number of follicles
smaller than 10 mm. If we observed at least three follicles, a
flexible gonadotropin-releasing hormone antagonist protocol
with 300 IU of recombinant FSH þ 75–150 IU recombinant
luteinizing hormone (LH) was performed (16, 17). We
administrated the gonadotropin-releasing hormone antago-
nist either when at least one of the follicles reached 12 mm
of diameter or depending on the level of estrogen (R200
pg/mL) (18).
Laboratory Procedures

Oocyte collection and denudation were performed as already
described elsewhere (19). Metaphase 2 (MII) oocytes were sub-
jected to intracytoplasmic sperm injection (ICSI) between 36
VOL. 107 NO. 5 / MAY 2017
and 38 hours after human chorionic gonadotropin adminis-
tration, as described by Rienzi et al. (20). At 16 to 18 hours af-
ter ICSI was performed, the pronuclei presence was assessed.
Zygotes displaying two pronuclei were cultured further in
separate 25-mL microdrops (CSCM; Irvine, Australia) up to
the blastocyst stage (days 5–7) in a humidified atmosphere
containing 5% O2 and 6% CO2. Embryos underwent biopsy
of trophectoderm cells once they reached the fully expanded
blastocyst stage, through a previously described method that
does not entail any hatching procedure in day 3 (21), and were
vitrified soon after according to a validated protocol (22–24).
Comprehensive chromosome testing was conducted by qPCR
(25–27) at the GENETYX molecular biology laboratory.
Euploid blastocysts were selected for SET, and were warmed
and cultured at 37�C (6% CO2 and 5% O2) 2 hours before
replacement. Endometrial preparation and transfer
procedures were performed as previously described
elsewhere (28).
Outcome Measures and Statistical Analysis

This is a longitudinal observational study with the live-birth
rate per started treatment as the primary outcome measure.
The main secondary outcomes were biochemical pregnancy
loss, miscarriage, and chromosomally abnormal pregnancy
rates. Clinical pregnancy was defined as the presence of a
gestational sac and fetal heartbeat at week 7 after transfer.
1175
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A pregnancy loss between weeks 7 and 20 was defined as a
miscarriage. The delivery rate was expressed on a per-
transfer, per-cycle, and per-patient basis. Subanalyses of
both the embryologic and clinical outcomes per female age
at oocyte retrieval (range: 44.0–44.9, 45.0–45.9, and 46.0–
46.9) and number of MII oocytes retrieved (range: 1–5, 6–
10, and >10) were also performed.

Categorical variables are shown as percentages with 95%
confidence interval (CI), and continuous variables as mean �
standard deviation. Logistic regression analysis was used to
investigate basal and cycle variables related to the likelihood
of achieving a live birth per started treatment. The statistical
analysis was conducted through a two-tailed Fisher's exact
test. P%.05 was considered statistically significant.
RESULTS
One hundred and thirty-seven patients older than 44 started a
PGD-A cycle, and 13 patients tried a second time after the
failure of the first cycle. The patients’ basal characteristics
are reported in Table 1. In total, 150 PGD-A cycles were per-
formed. A mean number of 5.8 � 4.4 MII oocytes (range: 0–
24) were retrieved, and 1.0 � 1.3 blastocysts were obtained
(range: 0–6). Specifically, in 102 (68.0%) of 150 cycles (95%
CI, 60.5%–75.5%) at least one blastocyst was obtained; how-
ever, in only 21 (14.0%) of 150 cycles was a transferable em-
bryo obtained (95% CI, 85%–19.6%) (Tables 2 and 3). The
overall euploidy rate of the 187 blastocysts obtained was
11.8% (n ¼ 22 of 187; 95% CI, 7.2%–16.4%) (Table 2).
Twenty-one euploid blastocysts were transferred that resulted
in one miscarriage (7.7%; 95% CI, 0–22.2%) and 12 deliveries
of healthy babies (57.1%, 8.0%, and 8.8%, on a per transfer,
per cycle, and per patient basis, respectively; 95% CI,
35.9%–78.3%, 3.7%–12.3%, and 4.1%–13.5%) (Table 2).

A logistic regression analysis was performed to investi-
gate how predictive the basal and cycle variables on the pri-
mary outcome were as measures—that is, the delivery rate
per treatment. The IVF center was used as a covariate to adjust
for specific intrinsic confounding factors related to each
setting. Female age and number of MII retrieved were the
only factors statistically significantly associated with the
likelihood of achieving a live birth per started cycle. Specif-
ically, female age was a negative predictor with an odds ratio
of 0.78 (95% CI, 0.69–0.86; P¼ .04), and the number of MII
collected at oocyte pickup was a positive predictor with an
odds ratio of 1.24 (95% CI, 1.0–1.54; P¼ .05) (Supplemental
Table 1). With this evidence we performed a post hoc subanal-
ysis of the data per female age at egg retrieval and per number
of MII oocytes collected.

Laboratory and clinical outcomes per female age at egg
retrieval (range: 44.0–44.9, 45.0–45.9, 46.0–46.9) are shown
in Table 3. The fertilization rate was statistically significantly
related to female age (44.0–44.9 vs. 46.0–46.9: P¼ .003; 45.0–
45.9 vs. 46.0–46.9: P¼ .01; Table 3); no differences have been
instead reported for the blastocyst formation, euploidy, and
delivery rates. Specifically, no euploid blastocyst was found
in the eight PGD-A cycles undertaken by patients older
than 46, whereas the euploidy rate was 14.4% (n ¼ 20 out
of 139 blastocysts; 95% CI, 8.6%–20.2%) and 4.5% (n ¼ 2
1176
out of 44 blastocysts; 95% CI, 0–10.6%) in the group of pa-
tients aged 44.0–44.9 and 45.0–45.9, respectively (not statis-
tically significant [NS]; Table 3). Eleven of the 12 deliveries
occurred in the former group of patients, which translates
as a 10.6% (n ¼ 11 out of 104; 95% CI, 4.7%–16.5%) delivery
rate per cycle versus 2.6% in the latter group (n¼ 1 out of 38;
95% CI, 0–7.7%) (NS; Table 3).

Table 4 shows the main embryologic and clinical out-
comes per the number of MII oocytes retrieved (range: 1–5,
6–10, and>10). The mean age in the three groups was almost
the same (Table 4). No differences were found in the fertiliza-
tion, blastocyst, or euploidy rates (Table 4). Indeed, the rates
for cycles in which a blastocyst (53.2%, 90.2%, and 92.0%
in the ranges 1–5, 6–10, and >10 MII oocytes, respectively;
95% CI, 42.2%–64.2%, 81.1%–99.3%, 81.4%–100%; 1–5
MII oocytes vs. 6–10 or >10 MII oocytes: P< .001), a euploid
blastocyst (7.6%, 17.1%, and 32.0%; 95% CI, 1.8%–13.4%,
5.6%–28.6%, 13.7%–50.3%; 1–5 MII oocytes vs.>10 MII oo-
cytes: P¼ .004), and a delivery (3.8%, 7.3% and 24.0%; 95%
CI, 0%–8.0%, 0–15.3%, 7.3%–40.7%; P¼ .05) was obtained
statistically significantly increased as a function of the num-
ber of mature oocytes retrieved (Table 4).

Figure 1 is a dispersion graph that displays the distribu-
tion of aneuploid and euploid blastocysts and pregnancies
with respect to both the woman's age at oocyte retrieval
and the number of MII oocytes collected. It clearly shows
that even though blastocysts can be obtained beyond the
age of 45.0 and starting from a single/few MII oocyte(s),
none of them was euploid. Indeed, most of the pregnancies
cluster in the range of 44.0–45.0 years and are highly corre-
lated to the number of MII oocytes collected.
DISCUSSION
The treatment of very poor prognosis patients, such as women
older than 43, is a controversial issue for which a general
consensus has yet to be reached (29). However, some guide-
lines in this regard are needed; the American Society for
Reproductive Medicine ethics committee has recently stated
that futile treatments should not be provided ‘‘solely for
clinic's own financial benefit’’ (30). Our study produces solid
evidence for the realistic possibility of pregnancy and associ-
ated gestational risks in patients older than 43 undergoing
PGD-A. This may be particularly useful for guiding the coun-
seling of couples toward treatment. Whether it is a clinician, a
patient, or an ethics committee making the decision, it should
be based on reliable, up-to-date biological and clinical data.

In the AMA patient population, the influence of mater-
nally derived aneuploidies on infertility, miscarriage, or a
chromosomally abnormal pregnancy is massive, and both
the safety of the procedure and the reduction of the time to
pregnancy—if attempting conception with the patient's own
eggs—are of foremost importance. In this respect, the goal
of using PGD-A is to avoid the useless transfer of aneuploid
embryos and to limit the incidences of miscarriage and chro-
mosomally abnormal pregnancies. Embryo-selection param-
eters other than aneuploidy testing are limited. In fact, even
though excellent/good quality embryos can be obtained in
patients older than 44 as well, this is still not proof of high
VOL. 107 NO. 5 / MAY 2017



TABLE 3

Embryologic and clinical data per age of women at egg retrieval.

Variable

44.0–44.9 y
104 PGD-A cycles

45.0–45.9 y
38 PGD-A cycles

46.0–46.9 y
8 PGD-A cycles

Overall
150 PGD-A cycles

P valuen (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI

Rate of cycles with MII
oocytes retrieved (no. of
cycles with MII oocytes
retrieved/cycles)

99/104 (95.2) 91.1–99.3 38/38 (100.0) 8/8 (100.0) – 145/150 (96.7) 93.8–99.6 NS

Fertilization rate (no. of
zygotes/MII oocytes)

440/596 (73.8) 70.3–77.3 176/249 (70.7) 65.1–76.4 15/31 (48.4) 30.8–66.0 631/876 (72.0) 69.0–75.0 .003a

.01b

NSc

Rate of cycles with zygotes
(no. of cycles with
zygotes/cycles)

96/104 (92.3) 87.2–97.4 37/38 (97.4) 92.3–100 7/8 (87.5) 64.6–100 140/150 (93.3) 89.3–97.3 NS

Blastocyst formation rate
(no. of blastocysts/
zygotes)

139/440 (31.6) 27.6–36.0 44/176 (25.0) 18.6–31.4 4/15 (26.7) 4.3–49.0 187/631 (29.6) 26.0–33.2 NS

Rate of cycles with
blastocysts (no. of cycles
with blastocysts/cycles)

71/104 (68.3) 59.4–77.2 28/38 (73.7) 59.7–87.7 3/8 (37.5) 4.0–71.1 102/150 (68.0) 60.5–75.5 NS

Euploidy rate (no. of euploid
blastocysts/blastocysts)

20/139 (14.4) 8.56–20.2 2/44 (4.5) 0–10.6 0/4 (0) – 22/187 (11.8) 7.2–16.4 NS

Rate of cycles with euploid
blastocysts (no. of cycles
with euploid blastocysts/
cycles)

19/104 (18.3) 10.9–25.7 2/38 (5.3) 0–12.4 0/8 (0) – 21/150 (14.0) 8.5–19.6 NS

Rate of cycles with a delivery
(no. of cycles with a
delivery/cycles)

11/104 (10.6) 4.7–16.5 1/38 (2.6) 0–7.7 0/8 (0) – 12/150 (8.0) 3.7–12.3 .04

Note: CI ¼ confidence interval; MII ¼ metaphase 2; NS ¼ not statistically significant; PGD-A ¼ preimplantation genetic diagnosis for aneuploidy testing.
a 44.0–44.9 y, 104 PGD-A cycles versus 46.0–46.9 y, 8 PGD-A cycles.
b 45.0–45.9 y, 38 PGD-A cycles versus 46.0–46.9 y, 8 PGD-A cycles.
c 44.0–44.9 y, 104 PGD-A cycles versus 45.0–45.9 y, 38 PGD-A cycles.

Ubaldi. PGD for aneuploidy testing in women older than 44. Fertil Steril 2017.
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TABLE 4

Embryologic data and clinical data per number of metaphase 2 oocytes retrieved.

Variable

1–5 MII oocytes
79 PGD-A cycles

mean age (y): 44.8 ± 0.8

6–10 MII oocytes
41 PGD-A cycles

mean age (y): 44.7 ± 0.6

>10 MII oocytes
25 PGD-A cycles

mean age (y): 44.6 ± 0.5
Overall

145 PGD-A cycles

P valuen (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI

Fertilization rate (no. of
zygotes/MII oocytes)

173/234 (73.9) 68.3–79.5 229/310 (73.9) 69.0–78.8 229/332 (69.0) 64.0–74.0 631/876 (72.0) 69.0–75.0 NS

Rate of cycles with zygotes
(no. of cycles with
zygotes/cycles)

74/79 (93.7) 88.3–99.1 41/41 (100.0) – 25/25 (100.0) – 140/145 (96.6) 92.0–98.7 NS

Blastocyst formation rate
(no. of blastocysts/
zygotes)

58/173 (33.5) 26.5–40.5 73/229 (31.9) 25.9–38.0 56/229 (24.5) 18.9–30.1 187/631 (29.6) 26.0–33.2 NS

Rate of cycles with
blastocysts (no. of cycles
with blastocysts/cycles)

42/79 (53.2) 42.2–64.2 37/41 (90.2) 81.1–99.3 23/25 (92.0) 81.4–100 102/145 (70.3) 62.5–77.2 < .001a

< .001b

NSc

Euploidy rate (no. of euploid
blastocysts/blastocysts)

7/58 (12.1) 3.7–20.5 6/73 (8.2) 1.9–14.5 9/56 (16.1) 6.5–25.7 22/187 (11.8) 7.2–16.4 NS

Rate of cycles with euploid
blastocysts (no. of cycles
with euploid blastocysts/
cycles)

6/79 (7.6) 1.8–13.4 7/41 (17.1) 5.6–28.6 8/25 (32.0) 13.7–50.3 21/145 (14.5) 9.6–21.2 NSa

.004b

NSc

Rate of cycles with a delivery
(no. of cycles with a
delivery/cycles)

3/79 (3.8) 0–8.0 3/41 (7.3) 0–15.3 6/25 (24.0) 7.3–40.7 12/145 (8.3) 4.7–14.0 .05

Note: CI ¼ confidence interval; MII ¼ metaphase 2; NS ¼ not statistically significant; PGD-A ¼ preimplantation genetic diagnosis for aneuploidy testing.
a 1–5 MII oocytes, 79 PGD-A cycles versus 6–10 MII oocytes, 41 PGD-A cycles.
b 1–5 MII oocytes, 79 PGD-A cycles versus >10 MII oocytes, 25 PGD-A cycles.
c 6–10 MII oocytes, 41 PGD-A cycles versus >10 MII oocytes, 25 PGD-A cycles.

Ubaldi. PGD for aneuploidy testing in women older than 44. Fertil Steril 2017.

1
1
7
8

V
O
L.107

N
O
.5

/M
A
Y
2017

O
RIG

IN
A
L
A
RTIC

LE:A
SSISTED

REPRO
D
U
C
TIO

N



FIGURE 1

Dispersion graph from a multicenter, longitudinal observational study correlating the possibility of obtaining blastocysts, euploid blastocysts, and
healthy babies after euploid single-embryo transfer (SET) with both female age at oocyte retrieval and number of metaphase 2 (MII) oocytes
collected. No euploid blastocysts were obtained beyond the age of 45, and all the full-term pregnancies clustered between the ages of 44 and
45 years. The probability of euploid blastocysts increased together with the number of MII oocytes collected.
Ubaldi. PGD for aneuploidy testing in women older than 44. Fertil Steril 2017.
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reproductive competence (4, 21). In this scenario and to our
knowledge, ours is the first study to be focused on
blastocyst stage PGD-A cycles conducted in this population
of patients.

In our data set, approximately 70% of the patients ob-
tained at least one blastocyst, also among those aged 46.0–
46.9, but only approximately 15% had transferable embryos
after PGD-A. However, if one euploid blastocyst was trans-
ferred, then the live-birth rate per SET was>50%, as reported
in the literature for the female patient population across the
age board (young or AMA, good or poor prognosis) after
PGD-A cycles (31). These data overall translated into a live-
birth rate per cycle of 8%, which represents the efficacy of
IVF in this population of patients even in previous reports
(1–7). Even so, if an analysis is then performed by
clustering the couples in three groups per woman's age at
egg retrieval, it becomes evident that most of these
deliveries (11 of 12) derive from patients aged 44.0–44.9,
even if no other difference has been registered in terms of
fertilization and blastocyst formation rates, versus patients
aged 45.0–45.9. Notably, some statistically significant
differences were reported in the fertilization rate between
patients aged 46.0–46.9 and younger ones, suggesting a
putative fall of egg quality after the threshold of 45.9 years.
It is important that, when clustering the cycles instead per
the number of MII oocytes retrieved, some interesting
statistically significant differences emerged. Accepting that
VOL. 107 NO. 5 / MAY 2017
the embryologic parameters remain constant, the possibility
of finding a blastocyst, a euploid blastocyst, and finally
obtaining a live birth increase as a function of the number
of mature eggs obtained (Table 4).

The ovarian reserve thus represents the most important
limiting factor in the decision of whether to perform an IVF
treatment, especially in this population of patients. Specif-
ically, we found that when more than 10 oocytes were
retrieved in women aged 44, the delivery rate per cycle and
per transfer were as high as 24.0% (n ¼ 6 of 25) and 75.0%
(n ¼ 6 of 8), respectively. These findings suggest that oocyte
accumulation could be beneficial for this population of pa-
tients. In this regard, either multiple oocyte retrievals after
consecutive conventional ovarian stimulation cycles (32) or
the DuoStim strategy (oocyte retrievals after both follicular
and luteal phase stimulations within the same menstrual cy-
cle) (33) may be adopted. However, the cost-effectiveness of
both these approaches still needs to be investigated. Neverthe-
less, no euploid blastocysts were found after the age of 45,
which is strong evidence that this as a proper specific
maximum threshold for egg genetic (and thus reproductive)
competence and fertility in women.

To conclude, this study provides important biological and
clinical data from chromosomal embryo assessments and
related IVF outcomes in cycles performed in women older
than 43. We found a very high risk for embryonic aneu-
ploidies and the minimal/null odds of success in patients
1179
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aged 45 and 46. On the other hand, the low miscarriage and
good delivery rates we found in women with good ovarian
reserve aged 44 encourages the use of PGD-A in this
population.
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