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ARTICLE INFO ABSTRACT
Article history: Women's fertility potential is declining with age because of multiples intrinsic and extrinsic factors such
Received 2 December 2013 as life style, oxidative stress and/or endocrine disruptors and is affecting the ability of these women to
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conceive naturally. This declining fertility potential and the late age of motherhood is increasing signif-
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icantly the number of patients consulting infertility specialists. Different strategies of investigation and
management are proposed to patients over 40 in order to overcome their infertility and improve the live
birth rate in these patients.

Intra Uterine Insemination (IUI) in women over 40 is associated with a low rate of ongoing pregnancy
and IUI should not therefore be offered always as the first line of treatment. When the predictive factors
are positive IVF/ICSI seem to be good alternatives until 43 years of age. Customized ovarian stimulation
and flexible laboratory methods such as in vitro maturation (IVM), preimplantation genetic diagno-
sis (PGD), embryo vitrification and transfer after thawing in subsequent natural or artificial cycles can
improve the success rate of ART in patients over 40. Meanwhile, oocyte and embryos donation remain
good options for patient over 40 with a bad prognosis and can lead to successful ongoing pregnancies
until 45 years of age. Ovarian tissue cryopreservation, oocyte vitrification at the germinal vesicle (GV)
stage or metaphase II stage present a breakthrough for fertility preservation but the ideal age for starting
fertility preservation is still debated as well as the minimum number of oocytes to be vitrified in order
to optimize the chances of pregnancy when needed at an older age.

This manuscript reports the results of our own experience from patients older than 40 in the light of
the published data and discusses the different therapeutic alternatives which can be proposed to patients
over 40 consulting ART centres.
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1. Introduction

The number of women over 40 years of age seeking infertil-
ity treatment has been steadily increasing in the past decades due
to postponing childbearing in career women as well as the desire
of pregnancy in couples starting a second family [1]. In addition
to various treatments to enhance ovulation in these women, the
percentage of women over 40 requiring assisted reproductive tech-
nology (ART) has increased significantly from 10% to 15% in the
2000s [2] to 20% to 25% in 2009 [3]. This emphasizes the impor-
tance of optimizing the medical and clinical management strategies
in these patients treated with various forms of ART.

Studies have shown that the effectiveness of ART techniques
decrease with female age and this is in accordance with the natural
fertility performance after 40 years of age. Women over 40 must
be informed about the low success rate as well as the high risks
related to maternal age in pregnancy. These includes an increased
risk of hypertension, preeclampsia, gestational diabetes, placenta
praevia, placental abruption, caesarean section, genomic disorders,
prematurity, low foetal birth weight and neonatal morbidity [4].

Consequently, various alternatives are being offered to young
women in order to preserve their fertility potential, increase their
take home baby rate while minimizing the risks and adverse effects
of pregnancy when this is achieved after 40 years of age. These
include different treatments to preserve fertility such as food sup-
plements and hormonal therapy as well as assisted reproductive
technologies combined or not to pre implantation genetic diagno-
sis where the repeated collection and vitrification of the oocytes
earlier in life for use in later years is becoming a real option for
those women before resorting to oocyte or embryo donation.

The objective of this manuscript is to present our own experi-
ence in managing and preserving the fertility of women older than
40 in the light of the published literature and emphasize the differ-
ent therapeutic alternatives that can be proposed to these women
to improve their fertility potential.

2. ART for women over 40: facts and clinical data

The negative impact of maternal age on IVF/ICSI success rate
is mainly due to the diminished quantity and quality (maturation
and competence) of collected oocytes regardless of the stimulation
protocol [5]. Published studies report a clinical pregnancy rate of
10-15% in women over 40 undergoing IVF or ICSI [6]. In our centre,
from January 2007 to December 2011, a total of 500 IVF/ICSI cycles
inwomen over 40 were attempted leading to 425 oocytes retrievals,
an ovarian stimulation failure of 15%. The average number of col-
lected oocytes per retrieval attempt was 8.6 while no oocytes were
collected in 1.5% of the cycles. The fertilization rate was 50.2% with
an average of 3.4 embryos per cycle obtained on day 3. Of these
embryos, 41.9% were of grade A according the classification of Ter-
rioux et al. [6]. From our study, from 425 patients who had oocyte
retrieval, 334 proceeded to embryo transfer (78%) with an average
of 2.1 embryos per transfer. The biochemical pregnancy was 17.6%,
the ongoing pregnancy was 8.9% while the live birth rate was 7.4%
(see the detail of our study in Table 1). Our transfer cancellation
rate was therefore 22% and the miscarriage rate was 49%.

These data from our centre are in line with other published stud-
ies. In the study of Tsafir et al., 381 patients older than 40, were
started on ART therapy. Of these, 83.4% proceeded to ovum pick up
and 62.6% had embryo transfers. The clinical pregnancy rate was
7.3%, the rate of spontaneous abortions was 33% and the live birth
rate was 4.7% [7]. Similarly, Bongain et al. studied 194 IVF cycles in
a group of patients with a mean age of 40.9 years. They reported a
mean number of 4.6 oocytes per retrieval and a 3.6% live birth rate
[8].

Several studies have also reported low birth rates from patients
over 40. This observation is caused mainly by early miscarriages
(33-42%) and embryo aneuploidies [4,5,9]. In a series of patients
with a mean age of 45.4 years who underwent IVF/ICSI treatment,
Spandorfer et al. [10] observed that 85.3% of patients miscarried
after implantation. These data confirm that the fertility potential is
declining with age and particularly after 43 years. From standard
IVF cycles, Ron-El et al. [11] obtained a clinical pregnancy rate of
14%, 9%, 26% and 0% in women aged 41, 42, 43 and 44, respectively
while the delivery rate was 7%, 2%, 13% and 0% in the same respec-
tive groups. In another study of 843 cycles in women aged 42 and
over, Ciray et al. [12] obtained a clinical pregnancy rate of 7.7% in
those aged 42, 5.4% in those aged 43, 1.9% at age 44, while no preg-
nancy occurred in 54 cycles in patients over 45. In an analysis of
live births after 3 cumulative IVF/ICSI cycles with embryo trans-
fers, Klipstein et al. [9] obtained a clinical pregnancy rate of 25, 3%
in women aged 40 versus 18.8% at age 41-42, 9.6 at age 43 and 1.6
at age 44. All these studies show clearly that there is a cut-off for
ART efficiency after 44.

Since age is a major limiting factor for fertility potential, it is
important to evaluate the predictive factors of pregnancy in women
over 40. The ovarian reserve assessment tests using the antral folli-
cles count, the plasma concentration of anti-Miillarian hormone
(AMH), FSH and oestradiol have been proposed as methods to
predict the risk of ovarian failure. However, most of the authors
correlate ovarian failure to the number of retrieved oocytes, with
patients providing more than 5 oocytes considered as having a
good prognosis with preserved ovarian activity. On the other hand,
patients producing less than 5 oocytes are labelled as poor respon-
ders with a diminished ovarian reserve [8]. From 1114 embryo
transfers in patients over 40 with a mean age of 41.6 years, Ciray
et al. [12] obtained 11% of ongoing pregnancies with 5.9% of live
birth from patients who produced a minimum of 5 matures oocytes
versus 24.3% of pregnancy and 15% of live birth from patients who
produced a minimum of 6 mature oocytes. Our own series showed
a significant difference in clinical and ongoing pregnancy rates per
transfer between patients who provide more than 5 oocytes com-
pared to those who produce 5 or less (P<0.001) (Table 1).

The age of the woman seems to be a better predictive factor than
the level of plasma FSH. From a cohort of patient aged from 40 to
43 years, with an FSH lower than 151U and a minimum of 6 antral
folicles, Van Disseldorp et al. [ 13] obtained a clinical pregnancy rate
of 8% and a cumulative pregnancy rate of 17% after 3 cycles of treat-
ment. When patients over 40 years of age with plasma FSH levels
of >151U were compared to patients older than 41 with FSH lev-
els<15IU, Van Rooij et al. [14] reported better implantation and
ongoing pregnancy rates in the younger group. This observation
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Table 1

Relation between the number of collected oocytes and clinical outcome from patients over 40’s after a minimum of 2-repeated IVF/ICI failure.
Number of collected complex cumulus cells <5 Oocytes 6-14 >15
Average maternal age (year) 41.5+1.1a 41+ 1c 40.7 +£0.8b
Average paternal age (year) 423+5.7 41.7+5.6 412459
Infertility duration (year) 34+1.8d 44+3.2f 5.5+4e
Day 3 FSH level (Ul/l) 8+27g 6.8 +2.1i 6.5+1.6h
Number of cycles 181 260 59
Rank of attempt 224+1.3j 2.5+ 1.5k 26+1.5
Total administrated FSH (UI) 5055 + 15450 3667 +1514q 2953 +1142p
Oestradiol the day of hCG (pg/ml) 1446 +363r 2101 + 960t 2685 +375s
Cancellation rate (%) 23.2 11.1 6.7
Completed cycles via OPU 139 231 55
Average collected cumulus 34+13u 9.3+2.5w 18.8+3.6v
Average métaphase II 2.5+1.4u 7+£2.9w 13.7+4.4v
Fertilization rate (%) 46.4 51.6 48.9
Cleavage rate (%) 50.1 50.1 544 50.5
Mean transferred embryos/transfer 1.7+1a 22+1c¢ 25+1b
Clinical pregnancy/transfer (%) 7.9d 21.7¢ 18.7
Implantation rate/embryo (%) 5 104 7.4
Ongoing pregnancy/transfer (%) 3.4f 11.1g 104
Live birth/transfer (%) 2.2h 10.17 6.2

a-c:<0.0001; a-b: <10%; b-c: <0.02; d-f: <0.03; d-e: <0.001; f-e: <0.01; g-i: < 10%; g-h: < 10%; j-k: <0.05; 0-q: < 10°; ¢-p: <0.001; 0-p: < 10%; r-t: < 10%; t-s: < 107; r-s: < 10%; u-w
et w-v et u-v: <10%;a’-¢’: <0.0001; a’-b’: < 10%; d’-¢’: <0.01; f'-g’': <0.05; h'-i': <0.05; j-K': < 10°.

demonstrates that the maternal age remain the main limiting factor
regardless of the plasma levels of FSH.

If the number of collected oocytes after pick up is a significant
factor limiting the chance of success for patient older than 40, the
remaining question is: “what would be the most suitable ovar-
ian stimulation protocol to optimize the quantity and the quality
of oocyte cumulus complexes retrieved?” The study of Van Rooij
et al. [14] comparing the use of long and short GnRH agonist pro-
tocols reported that the long stimulation protocol produces more
oocytes (5.3 versus 3.3) but there were no significant difference
in the number of transferred embryos and in the delivery rate. On
the contrary, in women older than 40, Sbracia et al. [15] obtained
a higher number of oocytes and embryos with a better clinical
pregnancy rate per transfer in 281 cycles treated with the short
protocol compared to 283 cycles using the long protocol. GhRH
antagonists protocols have also been tried in these patients. How-
ever, results show that patients older than 40 with a diminished
ovarian reserve and submitted to GnRH antagonist or short GnRh
agonist (& micro doses) protocols obtain the same results in term of
ongoing pregnancy [16]. In our experience it seems that in patients
with an adequate ovarian reserve, GnRH long agonist protocol leads
to a better clinical pregnancy rate. There are no clear data showing
the superiority of one gonadotropin or one protocol over another.
However, a recent meta-analysis [ 17] showed that the supplemen-
tation of various ovarian stimulation protocols with recombinant
LH seems to improve the implantation and clinical pregnancy rates
in patients over 35 years of age. Mild stimulation associated to low
dose of gonadotropins under antagonist is also an interesting alter-
native for patients with poor ovarian reserve [18]. Compared to
classical protocols this alternative may produce more good qual-
ity embryos, better implantation and pregnancy rates when the
same number of embryos is transferred [19]. Based on this obser-
vation, mild stimulation could be a beneficial option to patients
over 40.

The number of transferred embryos is also a predictor of preg-
nancy. Tsafir et al. [7] reported a significantly higher clinical
pregnancy rate in patients who received 3 embryos per transfer and
Klipstein [9] found a significantly higher birth rate when 2 embryos
were transferred versus the transfer of a single embryo. The same
conclusion was observed when 3 embryos were transferred versus
only 2 and 4 versus 3, etc. It was suggested that 5 embryos is the
best number of embryos to be transferred to reach an acceptable
pregnancy and live birth rate in women over 40 [20]. Revisiting the

literature, only Ciray et al. [12] did not find a statistically difference
after the transfer of 3 or more embryos.

It also seems logical to observe the relation between the indica-
tion of ART and the success rate and whether this is performed for
tubal, male or idiopathic indications. In our experience we did not
find any significant difference in terms of pregnancy rates according
to the indication.

3. Intra uterine insemination for women over 40

Infertile women over 40 years of age with bilateral tubal
patency, acceptable ovarian reserve and without major sperm dis-
orders can be offered intrauterine insemination. In a series of 82 IUI
cycles in patients aged between 40 and 42 years old, Haebe et al.
[21] reported a live birth rate of 9.8% but the analysis of 24 cycles
from patients older than 43 years showed a delivery rate of only
4.2%.This study confirms the rational of offering IUI to patients over
40 but not to those over 43 years of age. However, offering IUI to
patient over 40 in cases of idiopathic indication is still a debatable
point and Frederick etal. [22] reported a low clinical pregnancy rate
of 5%and alive birth rate of 1.4% in those patents. Conflicting studies
were published by several authors. For example, Corsan et al. [23]
studied 4 groups of patients and obtained an ongoing pregnancy
rate of 9.6%, 5.2%, 2.4% and 0% in patients aged 40, 41, 42 and over
43 years, respectively. In this cohort Corsan et al. [23] reported a
spontaneous miscarriage rate of 34.4%. From a homogeneous group
of patients over 40 undergoing IUI, Andersen et al. [24] obtained an
ongoing pregnancy rate of 9.7%, while Lamarche et al. [25] reported
10.5% and 5.8% of live births reported a 10.5% and 5.8% of live birth.
In 2007, Custers et al. [26] proposed a statistical model to establish
a score to assess the chances of pregnancy after IUL In this model,
the main limiting factor was the woman'’s age, but other parame-
ters used were the cause and the duration of infertility, the uterine
characteristics and the couple’s history.

4. Oocytes and embryo donation

Ininfertile women over 40 years of age and treated with IVF/ICSI,
using donated oocytes from young patients can be offered as a
good efficient alternative to improve their pregnancy and delivery
rates [27]. The Spanish experience [28] shows a clinical pregnancy
rate of reported 53.4% per cycle with a delivery rate of 42.6%. The
cumulative pregnancy rate after 4 cycles of embryos transfer is
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nearly 94%, showing no effect of the recipient patient’s age on
the efficiency of oocyte donation programme. These data should
be analyzed carefully because there is always a risk of a negative
effect of the endometrial receptivity and the immunological status
of aged patients on the implantation rate and ongoing pregnancy
loss.

These high success rates can be explained by the efficiency of
patient preparation protocols prior to embryo transfer, the expe-
rience of the specialist managing the donation and the borderline
age of recipients. In fact, in a large meta-analysis, Vernaeve et al.
[29] found lower chances of pregnancy in recipients over 45 years
of age. The advantage of oocyte or embryo donation to patient
over 40’s is the absence of the risks associated with ovarian stim-
ulation. However, obstetrical complications such as gestational
diabetes, pre-eclampsia and thrombosis should be considered in
older patients even with oocyte or embryo donation [30]. Today the
remaining question is: “What is the cut off age to minimize the risks
of complications in those patients?” and this has not so far been
answered with a clear consensus. From the follow up of 22 patients
over 50 who became pregnant after oocyte donation, Sauer et al.
[27] reported obstetrical complications in 47% of them. In another
study, the follow up of 123 pregnancies achieved through oocyte
donation in elderly women reported that 63% of patients over 45
needed hospitalization compared to 22% in those aged between
45 and 49 [31]. In practice embryo donation is more commonly
used in cases of combined male and female infertility, especially
if specific genomes and/or epigenome decays are diagnosed and
not corrected after multiple treatments. Both oocyte and embryos
donation possibilities are different from country to country and
raise ethical and legal issues such as financial compensation of the
donors, their anonymity and the waiting time of enrolled patients
in the donation programme.

5. Self fertility preservation

There is a growing shortage of oocytes and embryos available for
donation because of the fertility declining trends in the general pop-
ulation. In addition, couples treated with IVF/ICSI are increasingly
being reluctant to donate oocytes and embryos to other couples
because of moral and/or ethical reasons. Consequently, self fertil-
ity preservation has been developed to preserve oocytes or ovarian
tissue of women for use in later years of their lives. With the effi-
ciency of cryobiology technology and mainly of vitrification, early
self oocyte banking appears to be a solution for later motherhood
and for the decline in fertility related to hormonal disorders or
biological ageing. The ideal age of oocyte collection and cryopreser-
vation is still debated as the predictors of ovarian failure are poorly
understood. Oocyte collection can be proposed at a young age but
no later than 30-35 years during which the ovarian reserve is still
satisfactory and when the opportunity of natural pregnancy is still
present.

The debatable points are: (a) how should we manage patients
to minimize the complication risks of ovarian stimulation, (b) how
many stimulation cycles can be proposed to patients in relation
to age and ovarian reserve, and (c) what is the minimum num-
ber of oocytes that can be vitrified and used in subsequent IVF/ICSI
cycles to improve the success. According Stoop et al. [32] nearly
22 vitrified metaphase Il oocytes are needed to achieve pregnancy
in women aged between 23 and 37 years. Knowing that the aver-
age number of collected oocytes is 8 per stimulation cycle in this
age group, this implies that 2-3 ovarian stimulation and oocyte
pick up cycles are needed to achieve a live birth. For patients aged
38-43 years, a minimum of 55 vitrified metaphase Il oocytes is
needed to achieve a pregnancy [32]. For all ages Cobo et al. [33]
recommend that at least 12 metaphase II vitrified oocytes are

needed to achieve clinical pregnancy in an oocyte cryopreservation
programme.

Ovarian tissue cryopreservation is another alternative. Today, it
is mainly offered to cancer patients. Its application for social rea-
sons, later motherhood or to rescue declining fertility is still rare
but could be an alternative to classical ovarian stimulation by the
cryo preservation of Germinal Vesicles oocytes followed by in vitro
maturation and/or Metaphase Il oocyte vitrification. The effects of
long term vitrification and the maternal age limit for the use of
vitrified material is still debated as well as the relation between
ovarian ageing and the biological age of the patient. Meanwhile,
precautions should be taken concerning endometrium receptivity
and immuno-tolerance to achieve pregnancy with a lower risk of
complications.

6. Conclusions

Many women are currently postponing motherhood to an older
age for various reasons. It is possible that some changes concern-
ing the life style, food habits, special care to reduce the effect of
oxidative stress and pollution as well as hormonal therapies may
minimize the risk of physiological disorders and keep a better fer-
tility potential over 40 years of age. Data from our own IVF/ICSI
programme and from other groups are consistent with the meta-
analysis of Amstrong et al. [34] showing that the success rate from
[UI is below 5% while IVF and ICSI remain ideal options by giving a
live birth rate of 10-15%. Patients should be clearly informed that
IUI cannot be proposed as a first line option even with good sperm
parameters and should also be informed about the risk of spon-
taneous miscarriage and complications. Ovarian tissue and oocyte
preservation are becoming an option for patients with early risk of
fertility decline. In case of ovarian reserve failure with good pro-
gnostic of implantation, oocyte and embryos donation offer rescue
alternatives prior to adoption.

Infertile women over 40 need help to achieve pregnancies and
live births. This includes financial, legal and ethical support to
minimize complication risks during the clinical management and
to improve the clinical outcome. Finally, the community should
have the wisdom not to abuse ART programmes after a number
of IVF/ICSI failures and to orient patient to other options such as
oocyte/embryo donation or adoption.

Recent studies have also reported the negative effects of toxic
agents and endocrine disruptors on follicular development and
fertility potential leading to their decline with age between gen-
erations [35,36]. Oxydative stress and reactive oxygen species can
also affect the oocyte environment and early embryo development
potential [37].
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