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Abstract
Purpose To test the hypothesis that aged women with poor
ovarian response express an increase on embryo chromo-
somal alterations when compared to aged women who
presented normal response.
Methods Couples undergoing intracytoplasmic sperm in-
jection cycles with preimplantation genetic screening, were
subdivided into two groups: Poor Responder group (n=34),
patients who produced ≤4 oocytes; and Normoresponder
group (n=50), patients who produced ≥5 oocytes. Groups
were compared regarding cycles’ outcomes and aneuploidy
frequency.
Results There were no significant differences between and
groups regarding the fertilization rate (p=0.6861), clinical
pregnancy (p=0.9208), implantation (p=0.6863), miscar-
riage (p=0.6788) and the percentage of aneuploid embryos
(p=0.270). Embryo transfer rate was significantly lower on

poor responder group (p=0.0128) and logistic regression
confirmed the influence of poor response on the chance of
embryo transfer (p=0.016).
Conclusions Aged females responding poorly to gonado-
trophins are not at a higher risk for producing aneuploid
embryos in vitro.

Keywords Intracytoplasmic sperm injection . Ovarian
stimulation . Poor ovarian response . Preimplantation
genetic screening

Introduction

Despite advances in assisted conception, poor ovarian
response to gonadotrophin stimulation remains a significant
problem in modern fertility treatment, especially, in vitro
fertilization (IVF) where a large number of oocytes is
desirable. Low follicular recruitment following ovarian
stimulation may be observed in 9 to 24% of the IVF cycles
[1]. Poor response is associated with a significant decline in
the success rate of fertility treatment [2], thus, poor
responders management is of extreme importance; never-
theless, it is one of the most difficult challenges to those
carrying out assisted reproductive techniques (ART).

Poor response phenomenon was first described by
Garcia et al. [3], who defined these patients as having a
peak E2 level of <300 pg/mL after standard stimulation
with human menopausal gonadotrophin. Despite the wide-
spread use of the term “poor response”, no standard
definition exists. The number of developed follicles and/or
number of oocytes retrieved after ovarian stimulation are
two of the most important criteria for defining poor ovarian
response. The proposed number varies among different
authors, and ranges from less than three to less than five
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dominant follicles on the day of human chorionic gonad-
otrophin (hCG) administration [4], and/or less than three to
less than five retrieved oocytes [5]. However, the definition
of poor response is still a matter of debate.

The poor outcome after an initial low response cycle,
regardless of the quality of embryos transferred or the age
of the patient, suggests that embryos of good morphological
quality may still have a low pregnancy potential in this
group of patients. Poor responder patients appear to be at
greater risk for fetal aneuploidy compared to patients with
normal ovarian reserve [6, 7]. Previous studies have
demonstrated that women with a reduced follicular ovarian
pool are at risk of a trisomic pregnancy, independent of age
[8] and suggested that poor ovarian reserve is a primordial
factor in the genesis of Down Syndrome [9]. Moreover,
these patients also have significantly higher rates of
pregnancy loss compared to patients with normal ovarian
reserve [10].

It is well known that ovarian poor response to
stimulation protocols increases as women get older [2].
Those patients are usually stimulated with high doses of
gonadotrophins, however, few numbers of oocytes are
retrieved, few number of usually low-quality embryos are
transferred and, consequently, low pregnancy rates are
expected [11].

The reduction of fecundity for women with advanced
maternal age is attributed to reduction of ovarian reserve
and deterioration of oocyte quality [12]. Despite the well
established relationship between advanced age and dimin-
ished ovarian response to gonadotrophins, it is still
unknown if, considering only patients with advanced
maternal age, there is a difference between the incidence
of chromosomally abnormal embryos between women with
normal response and women with poor response to ovarian
stimulation. The aim of this study was to chromosomally
compare embryos originated from aged women with
normal and with poor response to ovarian stimulation
protocol.

Material and methods

Experimental design, patients and inclusion criteria

Using our center’s computerized database we retrospec-
tively identified cycles performed from January 2007 to
December 2009 which fulfilled the following inclusion
criteria: indication for intracytoplasmic sperm injection
(ICSI) associated with preimplantation genetic aneuploidy
screening (PGS) as a result of advanced maternal age
(female age >35 years old). Only first attempt cycles were
included in this study. All cases of severe male factor were
excluded. A total of 84 ICSI cycles were identified and split

into two groups according to the number of retrieved
oocyte following ovarian stimulation: Normoresponder
(NR group, n=50), patients who produced more than four
oocytes; and Poor Responder (PR group, n=34), patients in
which up to four oocytes were retrieved.

Controlled ovarian stimulation

Controlled ovarian stimulation was achieved by long-term
pituitary down-regulation using a gonadotropin-releasing
hormone agonist (GnRH agonist, Lupron Kit™, Abbott S.
A Societé Française des Laboratoires, Paris, France). This
procedure was followed by ovarian stimulation with
recombinant follicle-stimulating hormone (FSH) (Gonal-
F®, Serono, Geneve, Switzerland). Oocyte retrieval was
performed 35 h after the administration of recombinant
human chorionic gonadotrophin (rhCG, Ovidrel™, Serono,
Geneve, Switzerland), through transvaginal ultrasonography.

Intracytoplasmic sperm injection, assessment of fertilization
and embryo development

Oocytes were transferred into a micro-injection dish,
prepared with 4 μL droplets of buffered medium (HEPES,
Irvine Scientific, Santa Ana, USA), and covered with
mineral oil on a heated stage at 37.0±0.5°C of an inverted
microscope. Approximately 16 h after ICSI, fertilization
was confirmed by the presence of two pronuclei and the
extrusion of the second polar body. Embryos were kept in a
50 μl drop of HTF medium supplemented with 10% HSA
covered with mineral oil in a humidified atmosphere under
6% CO2 at 37°C until transfer.

Embryo biopsy

Embryos reaching at least the 5-cell stage on day 3 of
development were biopsied by laser zona drilling using a
1.48 μm Infrared Diode Laser (Octax Laser Shot System,
MTG, Bruckberg, Germany) and returned to culture. Only
one blastomere was removed per embryo. The definition of
a successful biopsy was the removal of a cell without lysis,
so that the cell could be used for fixation and analysis. If
the blastomere were not successfully biopsied or fixed, a
second blastomere was taken, but only if the embryo
initially had ≥6 blastomeres.

Blastomere fixation and fluorescent in situ hybridization
(FISH)

The blastomere of an embryo was fixed on a slide
according to the previously described HCI/Tween 20
method [13]. A two-round FISH procedure was performed,
which allowed for the detection of chromosomes X, Y, 13,
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18 and 21 (Multivision PGT Probe Panel; Vysis, Downers
Grove, IL, USA) in the first round and chromosomes 16
and 22 in the second round. The hybridization solution for
the second round was prepared by mixing a probe for
chromosome 16 (Vysis, Satellite II DNA/D16Z3 probe,
Spectrum Orange) and a probe for chromosome 22 (Vysis,
LSI 22, 22q11.2, Spectrum Green). The FISH procedure
was performed as previously described [14]. The results of
the first and second round were analyzed by an observer
using a fluorescence microscope.

FISH scoring criteria

At diagnosis, embryos were considered normal when two
gonosomes and two chromosomes 13, 16, 18, 21 and 22
were present; were considered trisomic or monosomic if,
respectively, an extra or a missing signal was observed
and were considered haploid, triploid or polyploidy if,
respectively, one, three or more copies of the set of
chromosomes were present. The presence of two or more
chromosomal abnormalities within the same blastomere
was characterized as multiple abnormalities and this
embryo was never considered for transfer. Several FISH
procedure-related factors were responsible for no or no
reliable result: damaged or incomplete nuclei, nuclei
covered with debris or nuclei without clear signals (FISH
failure).

Embryo transfer

Embryo transfer was performed on day 5 by using a soft
catheter with transabdominal ultrasound guidance. Only
embryos found to be chromosomally normal were consid-
ered for embryo transfer, and up to a maximum of three
embryos were transferred.

Clinical follow-up

A pregnancy test was performed 12 days after embryo
transfer; a positive pregnancy test was considered to define
a biochemical pregnancy. All women with a positive test
had a transvaginal ultrasound scan at 2 weeks after the
positive test; a clinical pregnancy was diagnosed when fetal
heartbeat was detected. Pregnancy rates were calculated per
transfer. Miscarriage was defined as spontaneous abortion
before 20 weeks’ gestation.

Statistical analysis

Groups were compared regarding ICSI outcome and
incidence of embryo aneuploidy. Results are expressed as
means ± standard deviation (SD) for numeric variables and
proportions (%) for categorical variables. The proportions

were compared by the Chi-squared test. Influence of poor
ovarian response on aneuploidy rates was assessed using
logistic regression analysis, and results are expressed as
odds ratio (OR), confidence intervals (CI) and p-values.
Results were considered to be significant at the 5% critical
level (p<0.05). Data analysis was carried out using Graph-
Pad Prism version 4.0 Statistical Program.

Written informed consent was obtained, in which
patients agreed to share the outcomes of their cycles for
research purposes. The study was approved by the local
Institutional Review Board.

Results

Cycle’s general characteristics

Cycle’s general characteristics are shown in Table 1.

Embryo biopsy and FISH diagnosis

A total of 511 embryos were biopsied in NR and PR
groups. The removal of an extra blastomere was necessary
in 11 embryos. Due to technical issues, including failure of
hybridization, signal overlapping yielding false-negative
results and split or diffused signals, embryo biopsy failure
occurred in 26 cells in NR and PR group. These results are
shown in Table 2.

Embryo aneuploidy in NR and PR groups

There were no significant differences between NR and PR
groups regarding the percentage of aneuploid embryos
(51.0% [n=213] vs 58.2% [n=39], p=0.270), embryos
showing autosomal aneuploidy (45.9% [n=192] vs 50.7%
[n=34], p=0.2659), sexual aneuploidy (15.1% [n=63] vs
14.9% [n=10], p=0.4355) and multiple abnormalities
(21.1% [n=88] vs 26.8% [n=18], p=0.2368).

Influence of poor response on embryo aneuploidy

Logistic regression analyses showed no influence of poor
response on the incidence of embryo aneuploidy (OR: 1.33,
CI: 0.65–2.75, p=0.271), embryo sexual aneuploidy (OR:
0.9, CI: 0.32–2.50, p=0.836) and autosomal aneuploidy (OR:
1.23, CI: 1.23–2.53, p=0.566). However, poor response was
determinant of the likelihood of embryo multiple abnormal-
ities occurrence (OR: 2.15, CI: 0.88–5.25, p=0.0017).

Influence of poor ovarian response on ICSI outcomes

Although fertilization (83.9% vs 87.1%, p=0.6861), clini-
cal pregnancy (28.0% vs 29.4%, p=0.9208) and implanta-
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tion rates (22.6% vs 20.6%, p=0.6863) were not signifi-
cantly different between NR and PR groups, the percentage
of cycles without embryo transfer was significantly higher
on PR group (4.0% [n=2] vs 23.5% [n=8], p=0.0128).
This finding was confirmed using a binary logistic
regression, showing that poor response was determinant of
the likelihood of embryo transfer occurrence (OR: 7.38, CI:
2.35–2.24, p=0.016). Miscarriage rates were similar be-
tween NR and PR groups (8.3% vs 7.7%, p=0.6788).

Discussion

In this study we attempted to associate ovarian poor
response with increased occurrence of embryo chromosom-
al alterations in aged women. However, our results failed to
demonstrate such an association, because embryos origi-
nating from poor responder cycles and from normal
responder cycles presented similar aneuploidy rates.

Poor ovarian response after hormonal stimulation is a
sign of diminished ovarian reserve and may be considered
a sign of latent ovarian failure. It is now realized that an
accelerated decline of ovarian function begins much
earlier than previously thought, most like in the mid-
thirties [15]. At around this time the total remaining
number of follicles in the ovaries has been shown to be
near 25000 and there is an accelerated loss of follicles, as
well as qualitative changes in the remaining follicles.
These follicles have fewer granulosa cells, decreased
mitosis and increased apoptosis. There is an altered
communication between the granulosa cells and the

oocytes, which results in abnormal nuclear and cytoplas-
mic maturation within the oocyte [16].

Poor responders’ oocytes has been suggested to be of
poor quality because they are the last oocytes available
from the ovarian pool and are at an increased risk for
chromosomal abnormalities [16, 17]. Diminished ovarian
reserve was reported to contribute in part to unexplained
recurrent abortions [18]. It is noted in the literature that fetal
aneuploidy can result in first-trimester spontaneous abor-
tions and is more common in older women with poorer
ovarian reserve [19].

With increasing age, oocyte quality becomes impaired,
leading to poor embryo quality and low implantation and
pregnancy rates. In addition, with advancing age there is a
decrease in response to gonadotrophin stimulation [20] and
more gonadotrophin is required per cycle [21]. It has been
suggested that the greater the total dose of gonadotrophin
required for oocyte retrieval, the lower is the pregnancy rate
[22, 23]. In addition, in women with advanced maternal
age, the germ cells are exposed to a longer arrested period
in meiosis I and hence have a higher risk of aneuploidy [24,
25].

The blastomeres in this study were analyzed for seven
chromosomes. The chromosomes selected for analysis in
this study are most often associated with trisomies with
potential of delivery, i.e. chromosome X, Y, 13, 18 and 21
and with trisomies frequently found in spontaneous
abortions, i.e. chromosome 16 and 22 [26]. Our findings
regarding the influence of poor response on the probability
of embryo transfer, and the statistically lower number of
transferred embryos on PR group could be attributed to the

Variable NR Group (n=50) PR Group (n=34) p value

Mean female age (SD) 40.7 (2.6) 41.3 (1.5) 0.2094

Mean total dose of FSH (SD) 2948 (856.7) 2858 (838.1) 0.4534

Oocyte yield (%) 75.8 74.2 0.5574

MII oocyte rate (%) 72.8 78.3 0.1153

Mean number of retrieved oocytes (SD) 16.4 (12.1) 3.7 (0.4) <0.0001

Mean numbr of injected oocytes (SD) 12.8 (7.9) 2.7 (1.1) <0.0001

Mean number of cleaved embryos (SD) 10.7 (5.5) 2.4 (0.5) <0.0001

Mean number of embryos transferred (SD) 2.0 (0.9) 1.1 (0.8) 0.0001

Pregnancy rate (%) 28.0 29.4 0.9208

Table 1 Cycle’s general
characteristics

NR normoresponder, PR poor
responder, SD standart devia-
tion, FSH follicle stumulating
hormone

NR group (n=50) PR group (n=34) p value

Cleaved embryos 536 88 0.8614

Biospied embryos 440 (82.1%) 71 (80.7%) 0.7506

Removal of one extra blastomere 10 1 0.6415

Biopsy failure 22 (5.0%) 4 (5.6%) 0.8216

Embryos with FISH diagnosis 418 (95.0%) 67 (94.4%) 0.8216

Table 2 Embryo biospy and
FISH results

NR normoresponder, PR poor
responder, FISH fluorescent in
situ hybridization
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statistically lower number of oocytes collected and conse-
quently, the lower number of embryos available for biopsy
in this group.

The data generated from this study show that aged
patients with a poor prognosis are at an equivalent risk for
producing chromosomally abnormal embryos as compared
with aged patients with good prognosis. It could be
suggested that maternal age, by itself, already implicates
in reduced rates of chromosomally normal embryos and the
intensity of the response to gonadotrophin does not
influence these rates. Indeed, one study suggested that poor
response may be indicative mainly of oocyte quantity not
quality [27]. Additionally, Weghofer et al. [28] questioned
the belief that prematurely declining ovarian function
represents a shift of the normal, physiologic ovarian aging
curve toward younger age.

Similar implantation and pregnancy rates were observed
between the two analyzed groups. This fact could be
explained by the equivalent embryo morphology and
chromosomal status of transferred embryos after PGS
performance. Furthermore, the rates were not calculated
per stated cycle. Pregnancy rates were calculated per
transfer and implantation rates are related to the number
of embryos transferred. Thus, the similar rates between PR
and NR group could be related to the higher number of
cycles without embryo transfer in PR group.

Other studies have investigated and failed to correlate
poor response, regardless of age, and embryo chromosomal
quality [12] or compromised pregnancy rates [29].

Despite the suggested beneficial impact of PGS on the
ongoing implantation rate in patients aged ≥38 years [30],
Handarson et al. [31] compared the outcomes of ICSI
cycles with and without PGS in women of advanced age
and observed no improvement in pregnancy rates in PGS
cycles. On the contrary, the pregnancy rate was lower in the
PGS group as well as the live birth rate [31]. Similarly,
another study found that the effect of PGS in women of
advanced maternal age did not differ in women with a high
embryonic aneuploidy risk when compared with women
with a low embryonic aneuploidy risk. Moreover, live birth
rates were lower after cycles with PGS when compared
with cycles without PGS [32].

In spite of a good experimental design, our study
possesses drawbacks, as follows:

(i) The number of included subjects is very small.
However, due to the unclear effect of poor response
on the embryo viability, it is difficult for the physicians
and/or the patients to resort to PGS in patients
producing small numbers of oocytes and embryos.

(ii) We used the number of produced oocytes to charac-
terize the patients as poor or normoresponder. It is
generally accepted that the number of available and

recruited follicles in one cycle may differ from the
next cycle in the same patient. Indeed, some markers
have been proposed to predict ovarian reserve,
however, there is no consensus regarding the charac-
terization of poor response.

(iii) We did not perform polar body chromosomal analysis;
therefore, we cannot state for certain that embryonic
aneuploidy was related to the oocyte. It is believed that
the exclusion of patients with severe male factors may
be minimized but not totally refused the impact of
spermatozoa-related embryonic aneuploidy.

(iv) We performed single blastomere biopsy for embry-
onic chromosomal analysis, which does not take into
account the risk of embryo mosaicism. However,
because there is no convincing data demonstrating the
safety of double-over single-blastomere biopsy [33,
34], single blastomere biopsy is performed in our
center. Furthermore, we evaluated and defined aneu-
ploidy using information from 7 chromosome probes
only, which is not a comprehensive analysis of all
chromosome found in humans.

There was only one finding in this study concerning the
relation between poor ovarian response and embryo
chromosomal abnormalities. Our results showed that
embryo multiple abnormalities occurrence risk is more than
two-fold higher in poor responder patients. However, this
finding should not be of importance because the low rate of
multiple chromosome anomalies found in spontaneous
abortions suggests that severe errors, such as chaotic pre-
embryos, are incompatible with sustained development
[26].

In conclusion, aged females responding poorly to
gonadotrophins are not at a higher risk for producing
aneuploid embryos in vitro. Therefore, poor ovarian
response to gonadotrophins does not justify the implemen-
tation of PGS in these patient’s cycles due to the association
with a statistically reduced number of cycles transferred and
a lower number of embryos transferred per patient.
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