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The number and quality of embryos generated from the limited number of oocytes retrieved from low responders are important aspects
of infertility treatment for these patients. This article focuses on 5 aspects relating to final maturation and laboratory techniques: follic-
ular size at trigger, dual trigger, artificial oocyte activation (AOA), blastocyst transfer, and the role of preimplantation genetic testing for
aneuploidy (PGT-A). There is lack of data regarding the role of follicular size, specifically in low-responder patients, but consideration
should be given to using broader follicular size criteria when retrieving oocytes in this patient group. Use of dual trigger seems to be a
good strategy in low-responder patients on the basis of initial evidence. Use of AOA with calcium ionophore may improve fertilization,
embryonic development, and outcomes in cases with previous developmental problems. There is lack of data for low responders, but this
promising technique deserves further study. In unselected patients, clinical trial data on blastocyst transfer are conflicting, and no high-
quality studies have evaluated whether the live birth rate is higher after blastocyst transfer than after cleavage-stage embryo transfer in
low responders. Specific evidence for PGT-A in low-responder patients is also lacking. Preimplantation genetic testing for aneuploidy
should be considered in POSEIDON group 2 patients, especially those aged >38 years. Overall, applying the limited data available in
combination with patient preference and individual patient characteristics will ensure a patient-centered and evidence-based approach
that should optimize fertility outcomes for low responders. (Fertil Steril� 2022;117:675–81.�2022 by American Society for Reproduc-
tive Medicine.)
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A ssisted reproductive technology
(ART) strategies for low-
responder patients have

typically focused on ovarian stimulation
and how to increase the number of oo-
cytes obtained. However, in addition to
the absolute number of embryos, the
quality and number of embryos gener-
ated from the limited number of oocytes
retrieved fromlow responders are impor-
tant aspects of infertility treatment in
these patients, because these factors are
directly related to patient-centered out-
comes, such as the live birth rate.

This article in a series devoted to
low-responder patients presents data
and recommendations relating to 5 as-
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techniques: follicular size at trigger,
dual trigger, artificial oocyte activation
(AOA), blastocyst transfer and the role
of preimplantation genetic testing for
aneuploidy (PGT-A) in the setting of
low oocyte numbers.

SIZE OF FOLLICLE AT
TRIGGER
In theory, oocyte competence and
maturity after stimulation and trigger
depend on the size of the follicle that
contains it. This would mean that folli-
cles with larger diameters would yield
oocytes with greater competence and
maturation ability, as described in early
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studies (1–4). However, if ovarian
follicles grow too large, they may not
be competent for fertilization (5).
These observations and the need to
define an optimal follicular size are
probably related to the fact that
preovulatory follicles in natural cycles
reach diameters of 17–25 mm (6).
However, smaller follicles may still
result in competent oocytes. A better
understanding of the relationship
between follicular size and oocyte
competence and maturation potential
is relevant for the treatment of low-
responder patients who have smaller
numbers of follicles from which to
obtain oocytes.

Data from in vitro maturation
studies can provide some guidance
about the size of follicles from which
mature oocytes can be retrieved. Folli-
cles as small as 4 mm in diameter
have been shown to contain mature oo-
cytes, and mature oocytes from follicles
with a diameter %10 mm after human
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chorionic gonadotropin (hCG) priming were associated with
fertility outcomes similar to those of oocytes retrieved from
larger follicles (7). However, a positive correlation between
the size of the dominant follicle and the number of in vivo-
matured oocytes retrieved has been reported (8, 9).

Wirleitner et al. (10) evaluated oocyte maturity and blas-
tocyst development in 1,493 individually aspirated follicles
based on follicular diameter and volume (8–12 mm/0.3–0.9
mL [small], 13–23 mm/1–6 mL [medium], and R24 mm/>6
mL [large]). Although the rate of oocyte recovery from small
follicles was significantly lower than that from medium and
large follicles (P< .001), both fertilization (85.1% vs. 75.3%
and 81.4%, respectively) and blastocyst (40.5% vs. 40.6%
and 37.2%, respectively) rates per metaphase II (MII) oocyte
did not significantly differ between groups with different fol-
licle sizes (10). In addition, the live birth rate actually tended
to be higher in pregnancies achieved with the use of oocytes
from small vs. medium or large follicles (54.5% vs. 42.0% or
42.7%). These findings suggest that small follicles (8–12
mm in diameter) should be aspirated, because the oocytes ob-
tained have the potential for normal development and may
contribute to the achievement of live birth (10). Similarly,
another single-center study showed that the fertilization rates
and the numbers of top-quality embryos frommature oocytes
were not related to the size of the follicle from which they
were obtained (11). Thus, despite the fact that the proportion
of mature (MII) oocytes was significantly higher among those
obtained from large (R16 mm) or medium (13–15 mm) vs.
small (<13 mm) follicles, once the follicle was mature, follicle
size had no influence on fertility outcomes (11).

No significant benefit of later triggering (and, therefore,
increased follicle size) was found in a meta-analysis of data
from 7 randomized controlled trials (RCTs) (1,295 in vitro
fertilization [IVF] cycles) (12). Although delaying hCG trig-
gering by 48 hours was associated with a higher fertilization
ratio, the ongoing pregnancy rate per oocyte pick-up and the
rates of miscarriage and live birth were similar in patients
treated with standard trigger timing and those treated with
triggering delayed for 24 or 48 hours (12).

In a retrospective analysis of data from IVF cycles, folli-
cles 12–19 mm in diameter on the morning of triggering were
the most likely to yield a mature oocyte (13). However, this
finding may not be relevant to subsequent fertility outcomes
if the outcomes are equivalent for all mature embryos regard-
less of the size of the follicle they were obtained from (10, 11).
In addition, with the trend toward single embryo transfer,
obtaining large numbers of mature oocytes may be less
relevant (14).

The findings of a recent study suggest that the importance
of follicular size may vary according to the type of ART used
(15). In Japanese women undergoing treatment for infertility,
the fertilization rate among those undergoing conventional
IVF was lower for oocytes from small follicles because of a
lower proportion of mature oocytes (15). However, for oocytes
fertilized with the use of intracytoplasmic sperm injection
(ICSI), the development potential (to blastocyst stage) of
oocytes from small follicles was similar to that of oocytes
from larger follicles (15). These results indicate that even
oocytes from small follicles can grow into blastocysts if
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they can be fertilized. Furthermore, both the blastocyst for-
mation rate and pregnancy rate were not affected by follicular
size, as also reported previously (10, 15). However, differences
in the influence of follicle size based on the type of ART need
to be studied further.

Currently available data are reflected in the 2019 Euro-
pean Society of Human Reproduction and Embryology guide-
lines on ovarian stimulation for IVF/ICSI, which state that the
use of follicle size as a triggering criterion has not been suffi-
ciently studied in any population (16). Therefore, ‘‘physicians
may choose the follicle size on which final oocyte maturation
is triggered on a case to case basis.’’
Perspectives

Overall, although there are not yet any studies evaluating the
role of follicular size specifically in low-responder patients,
the overall body of current evidence suggests that consider-
ation should be given to using broader criteria related to
follicular size when retrieving oocytes in this patient group.
In addition, studies conducted in low-responder populations
are required to provide evidence that can be used to inform
guidelines facilitating more individualized care for these
patients.
DUAL TRIGGER
Exposure to luteinizing hormone (LH) is required to initiate
the process of oocyte maturation, and LH-like exposure is a
critical step in IVF, enabling the retrieval of mature oocytes.
This ‘‘trigger’’ is usually provided through the use of either
hCG or a gonadotropin-releasing hormone agonist (GnRHa)
(17). Human chorionic gonadotropin was the gold standard
for inducing final follicular maturation for a long time. It pro-
vides a pharmacologic surrogate for the natural midcycle LH
surge. Human chorionic gonadotropin is sufficiently similar
to LH that it activates the LH receptor, providing only LH-
like activity (17). However, hCG has a substantially longer
half-life than LH, and the sustained luteotropic activity that
occurs after the administration of hCG trigger has a number
of undesirable consequences, including contributing to the
development of ovarian hyperstimulation syndrome (17).

Gonadotropin-releasing hormone agonists have a num-
ber of potential advantages over hCG trigger. These include
stimulating the release of both LH and follicle-stimulating
hormone from the pituitary gland, producing a gonadotropin
surge similar to that in the natural cycle (17). However, the
duration of the LH surge is shorter than that in natural cycles,
which results in a dysfunctional luteal phase, increased early
pregnancy loss, and lower ongoing pregnancy rates in the
presence of standard luteal phase supplementation (18–20).
Therefore, in recent years, a ‘‘dual trigger’’ approach has
become more popular, combining a small dose of hCG with
GnRHa. This approach is thought to be more effective for
overcoming impairments in follicular function, oocyte
meiotic maturation, and cumulus expansion (21). Retrieving
even one more oocyte in poor responder patients has the
potential to enhance reproductive outcomes (22).
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Normal Responders

A recent double-blind RCT in normal responder patients un-
dergoing IVF compared oocyte maturation and pregnancy
outcomes after dual trigger with outcomes after hCG trigger
(23). Patients who received dual trigger for final oocyte matu-
ration had significantly better outcomes for all parameters as-
sessed, including the numbers of oocytes retrieved, MII
oocytes, blastocysts, and top-quality blastocysts, and the
rates of clinical pregnancy and live birth. The authors
concluded that more widespread use of dual trigger might
contribute to better IVF outcomes (23). Similar results were re-
ported in an open-label randomized study that also included
normal responder patients (24).

Both of the above trials (published in 2020) build on
earlier studies that investigated the same question (25–29).
The results of these studies had some inconsistencies, but
with one exception, all reported some significant
differences in favor of dual trigger over hCG trigger alone
(28). Most commonly, the implantation and pregnancy rates
were significantly higher after dual trigger than after hCG
trigger; however, one study reported higher numbers of
embryos after dual trigger, without any difference in
pregnancy rates (25–29).
Poor Responders

A small number of studies have investigated the utility of a
dual trigger approach in patients with diminished ovarian
reserve or poor response. In a retrospective cohort study of pa-
tients with diminished ovarian reserve, cycles triggered by
hCG þ GnRHa had significantly higher numbers of retrieved
oocytes, mature (MII) oocytes, fertilized oocytes, cleavage-
stage embryos, and top-quality cleavage-stage embryos (all
P< .001 vs. hCG alone) (30). In addition, the clinical
pregnancy and live birth rates were significantly higher in
the dual-trigger group than in the hCG group (23.1% vs.
8.7%, P ¼ .004, and 17.5% vs. 5.4%, P ¼ .006, respectively)
(30). Higher rates of fertilization, clinical pregnancy, and
live birth with dual trigger than with hCG trigger were also
reported in another retrospective analysis, although the
mean numbers of retrieved oocytes and MII oocytes were
similar in the 2 groups (31).

The value of a dual trigger approach was specifically
investigated in a pilot study of poor responder patients under-
going IVF (32). Patients meeting the Bologna criteria for poor
response were randomly assigned to 1 of 3 different trigger
treatments and timings: hCG 36 hours before oocyte pickup
(hCG group), GnRHa 36 hours before oocyte pickup þ hCG
on the day of oocyte pickup (GnRHa group), or GnRHa at
40 hours before oocyte pickup þ hCG at 34 hours before
oocyte pickup (dual trigger group) (32). The number of top-
quality embryos obtained in the dual trigger group (1.1 �
0.9) was significantly higher than those in the hCG and
GnRHa groups (0.3 � 0.8 and 0.5 � 0.7, respectively;
P< .02). Although the between-group differences did not
reach statistical significance, the ongoing pregnancy rate
was highest in the dual-trigger group (18.2%), followed by
the hCG trigger group (9.1%); no ongoing pregnancies
occurred in the GnRHa group (32). Although this study was
VOL. 117 NO. 4 / APRIL 2022
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limited by the small number of patients in each group, it pro-
vides preliminary evidence for a benefit of dual trigger in poor
responder patients and supports further investigation in this
area.
Perspectives

The results of a recent meta-analysis aggregated data from the
clinical studies highlighted above and confirmed the benefit
of dual trigger in terms of oocyte number and quality as
well as clinical pregnancy and live birth rates (33). However,
the level of evidence was low to moderate, highlighting the
need for additional research.

Although the dual trigger approach appears to be a good
strategy, there is a lack of data about the value of this
approach in low-responder populations. Nevertheless, the
ability of combined trigger with hCG and GnRHa to improve
both a variety of oocyte parameters (such as the number of
oocytes retrieved and oocyte quality) and IVF outcomes
(including live birth rate) suggests that it could be ideally
suited to implementation in low-responder patients if prelim-
inary data are supported by future robust clinical trial
findings.

ARTIFICIAL OOCYTE ACTIVATION
In vivo, a sperm-borne phospholipase C-zeta (PLCz) has been
identified as the physiologic trigger of oocyte activation (34).
Phospholipase C-zeta enters the ooplasm and cleaves
membrane-bound phosphatidylinositol biphosphate 2,
yielding diacylglycerol (which initiates zona reaction) and
inositol triphosphate (IP3). Inositol triphosphate subsequently
binds to receptors located in the endoplasmic reticulum,
which causes calcium release from this internal store (35).
The resulting calcium ion (Ca2þ) flux presents in an oscilla-
tory mode. Any deficiency in these crucial biochemical
substances (i.e., PLCz, phosphatidylinositol biphosphate 2,
and IP3) will automatically result in a reduction in intracel-
lular calcium, in particular an absence of Ca2þ oscillations.
These issues can be compensated for by artificially increasing
calcium in the oocyte and, thus, inducing oocyte activation.

Successful fertilization requires oocyte activation, which
depends on a proper interaction between the gametes, and
activation failure results in poor fertilization rates (36–39).
An RCT conducted by Fawzy et al. (40) evaluated the effects
of artificial oocyte activation with calcium ionophore after
ICSI for couples with male factor infertility linked to
abnormal sperm morphology or those who had previous
ICSI cycles with unexplained low fertilization or inadequate
fertilization associated with impaired oocyte morphology.
The results showed that artificial oocyte activation with
calcium ionophore was superior to ICSI alone with respect
to the rates of ongoing pregnancy (36% vs. 23%; P ¼ .023)
and live birth (33% vs. 18%; P ¼ .012) (40).

A prospective multicenter study reported improved em-
bryonic development and pregnancy outcomes after artificial
oocyte activation with calcium ionophore (41). The study
included couples with complete embryo developmental arrest
in a previous cycle (no transfer), complete developmental
delay (no morula or blastocyst on day 5), or reduced
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blastocyst formation on day 5 (%15%); immediately preced-
ing cycles in the same patients constituted the control cycles
(41). Although the fertilization rate did not differ between
artificial oocyte activation and the control cycles (75.4% vs.
73.2%), further cleavage to the 2-cell stage occurred in signif-
icantly more treatment than control cycles (98.5% vs. 91.9%;
P< .001). In addition, significantly more blastocysts formed
on day 5 in the treatment than in the control group (47.6%
vs. 5.5%; P< .05), and this was associated with significantly
higher rates of implantation (44.4% vs. 12.5%), clinical preg-
nancy (45.1% vs. 12.8%), and live birth (45.1% vs. 12.8%; all
P< .01) (41).
Perspectives

To date there have been few trials investigating the use of cal-
cium ionophore for improving fertilization and embryonic
development, and there is a lack of data on low responders.
However, when the total number of oocytes is limited, this
technique has promise for improving fertilization and the
quality of available embryos.
BLASTOCYST TRANSFER
Blastocyst transfer could be advantageous in ART, because
the timing of the embryo’s reaching the endometrial cavity
is more consistent with what occurs in a natural cycle. As em-
bryo culture systems have improved, there has been a steady
shift to blastocyst transfer. However, the results of blastocyst
transfer in unselected patients remain controversial. A recent
Cochrane meta-analysis of data from 27 RCTs found a higher
live birth rate per transfer after fresh blastocyst transfer than
after transfer of cleavage-stage embryos (odds ratio 1.48, 95%
confidence interval [CI] 1.20–1.82), without any evidence for
between-group differences in the rates of miscarriage, multi-
ple pregnancies, or high-order multiple pregnancies (42).
However, this analysis included only 539 patients and was
not powered to identify subgroups of patients who might
benefit from a cleavage-stage embryo transfer. Another sys-
tematic review and meta-analysis of reproductive outcomes
after blastocyst vs. cleavage-stage embryo transfer included
data from 12 studies enrolling 1,200 women undergoing blas-
tocyst transfer and 1,248 women undergoing cleavage-stage
embryo transfer (43). Low-quality evidence found no signifi-
cant difference between blastocyst and cleavage-stage em-
bryo transfer with respect to live birth or ongoing
pregnancy (relative risk [RR] 1.11, 95% CI 0.92–1.35; 10
RCTs, 1,940 women, I2 ¼ 54%), clinical pregnancy (RR 1.10,
95% CI 0.93–1.31; 12 RCTs, 2,418 women, I2 ¼ 64%), cumu-
lative pregnancy (RR 0.89, 95% CI 0.67–1.16; 4 RCTs, 524
women, I2 ¼ 63%), and miscarriage (RR 1.08, 95% CI 0.74–
1.56; 10 RCTs, 763 pregnancies, I2 ¼ 0%) (43). There was
moderate-quality evidence for a decrease in the number of
women with surplus embryos after blastocyst transfer
compared with cleavage-stage embryo transfer (RR 0.78,
95% CI 0.66–0.91). Overall, the quality of the evidence was
limited by the quality of the included studies and by unex-
plained inconsistency between studies (43).
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Perspectives

The use of blastocyst transfer in unselected patients remains
controversial. For patients with a good prognosis, there is
now a consensus that it is beneficial to transfer a blastocyst
rather than a cleavage-stage embryo. However, for low re-
sponders, many clinicians offer transfer of cleavage-stage
embryos to reduce the rate of cycle cancellation due to failure
of embryos to develop to the blastocyst stage. A non-inferi-
ority RCT is under way to compare blastocyst transfer with
cleavage-stage embryo transfer in patients with a poor prog-
nosis undergoing IVF (44). If blastocyst transfer is shown to be
non-inferior to cleavage-stage embryo transfer, the adoption
of blastocyst transfer for low responders would result in a
higher rate of single embryo transfers, reduce the number of
multiple pregnancies, and simplify laboratory protocols.

PREIMPLANTATION GENETIC TESTING FOR
ANEUPLOIDY
The risk of fetal aneuploidy appears to be increased in patients
with poor vs. normal ovarian reserve, even in younger women
(45–48). In addition, the incidence of aneuploid blasts has
been found to be higher in women with diminished ovarian
reserve, including those with recurrent pregnancy loss
(49, 50). However, not every study has shown a higher risk
of aneuploidy in older women who have a poor response to
ovarian stimulation during IVF (51).

The only currently available clinical strategy that can
avoid the transfer of aneuploid embryos is PGT-A. This pro-
cess involves analysis of the whole karyotype (comprehensive
chromosome testing) of an embryo biopsy specimen, and it
can use several techniques, including quantitative polymer-
ase chain reaction, array-comparative genome hybridization,
single nucleotide polymorphisms array, and/or next-
generation sequencing (52, 53). The trophectoderm biopsy
of blastocysts is currently the most robust and reliable source
of embryonic DNA for PGT-A (53).

If aneuploid embryos are identified, they can be excluded
from transfer so that only euploid embryos are transferred,
thus reducing the reproductive risks associated with transfer
of aneuploid embryos (54). However, PGT-A is only a tool
for embryo selection, and the achievement of pregnancy
and fertility outcomes depends on a wide variety of factors,
of which aneuploidy is only one (54). Preventing the implan-
tation of aneuploid embryos can contribute to a shorter time
to pregnancy, lower risk of miscarriage, and minimal residual
risk of chromosomal syndromes, but fertility outcomes may
not always be improved (54). In a retrospective study of IVF
cycles from an academic fertility center, the use of PGT-A
in poor ovarian responders with %4 oocytes retrieved had
no effect on the live birth rate (6.6% in the PGT-A group vs.
5.4% in the non-PGT-A group), despite a lower rate of miscar-
riage in the PGT-A group (55).

The majority of studies evaluating the role of PGT-A in
ART have shown that this approach enhances embryo selec-
tion, improves the implantation rate, and decreases the
miscarriage rate per transfer. However, most of these studies
were conducted in subjects with an adequate ovarian
response who therefore had at least a moderate number of
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blastocysts available for PGT-A (56–59). This may not be the
case for patients with poor ovarian response, who may not
have blastocysts available for PGT-A. In addition, there is a
lack of data on PGT-A outcomes per retrieved oocyte, which
is a relevant metric when seeking to apply this technique in
poor responders.

Other issues relating to PGT-A include the cost of the pro-
cedure and the time it requires (55). Data from one study sug-
gested that 31 PGT-A procedures would need to be performed
to prevent one miscarriage, meaning that this approach may
not be not cost effective (55). In addition, the success rate per
cycle might be decreased because of the loss of viable embryos
due to the need for extended culture, biopsy, and freezing as
well as misdiagnosis (55). These factors are especially relevant
in poor responder patients who already have a low oocyte
yield. In a recent retrospective study, 86.3% of poor ovarian
response patients who had %4 oocytes retrieved and under-
went PGT-A did not obtain a euploid blastocyst for transfer,
resulting in an overall live birth rate per retrieved oocyte of
6.6% (55). However, when one euploid embryo was obtained
and transferred, the live birth rate per transferred embryo was
50% (55).
When should PGT-A be used?

Recommendations for the use of PGT-A suggest using this
technique primarily in the setting of advanced maternal
age, recurrent implantation failure, recurrent pregnancy
loss, severe male infertility, or elective single embryo transfer
(60, 61). Looking specifically at non-responders, it has been
suggested that PGT-A should be considered in POSEIDON
group 2 patients, especially those aged >38 years (62). The
findings of a recent meta-analysis of studies comparing out-
comes in patients treated and not treated with the use of PGT-
A (63) provide some guidance in the absence of any other
data. Overall, the available data showed that PGT-A of
blastocyst-stage embryos from women aged>35 years might
improve clinical outcomes and live birth rates (63). There was
no clear evidence of the use of PGT-A in younger patients,
and the majority of the benefit appeared to be in women
aged >35 years, in whom PGT-A decreases the miscarriage
rate and, therefore, improves the chance of sustaining a preg-
nancy leading to live birth (63). The fact that PGT-A improved
the live birth rate in older but not younger women may reflect
the fact that aneuploidy rates are lower in younger women,
and therefore, there is no benefit to performing PGT-A in
younger women (64–67). It is the higher rates of aneuploidy
in older women that make the risk-benefit ratio for PGT-A
more favorable.

The use of PGT-A may decrease the number of embryo
transfers needed to achieve a live birth over time (cumulative
approach) by identifying and excluding aneuploid embryos
(63). Meta-analysis data showed that PGT-A cycles in which
at least 1 euploid embryo was identified and that proceeded
to embryo transfer appeared to show higher live birth rates
compared with non-PGT-A cycles, primarily in the older
age group (>35 years) (63).

Although it is obvious that PGT-A cannot be imple-
mented in the absence of blastocyst-stage embryos (which
VOL. 117 NO. 4 / APRIL 2022
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is more likely to be an issue in poor responders), there are
no data to indicate whether there is a minimum adequate
number of embryos that are required for the optimal applica-
tion of PGT-A. The current American Society for Reproduc-
tive Medicine guidelines propose a single embryo transfer
after PGT-A, regardless of the patient’s age, because this
may result in live birth rates that are similar to those after
double embryo transfer without PGT-A (14, 56).
Perspectives

The primary goal of using PGT-A in an ART cycle is to iden-
tify embryos for transfer that maximize implantation poten-
tial while minimizing the risk of pregnancy loss (63). More
research is needed to determine the characteristics of couples
most likely to benefit from PGT-A, although evidence sug-
gests that this technique is best used in older women in
whom the risk of aneuploidy is higher. The lack of robust ev-
idence onwhich to base recommendations for or against PGT-
A is especially relevant for poor responders. Thus, there is an
unmet need for additional research in this area. An individu-
alized treatment plan based on the best currently available
data is the preferred approach. A decision to use PGT-A in
poor responder patients with a low number of oocytes needs
to be made in consultation with the couple undergoing
ART, taking account of the potential outcomes of each deci-
sion. This will ensure a patient-centered and evidence-based
approach that should optimize fertility outcomes for this
challenging group of patients.

DIALOG: You can discuss this article with its authors and
other readers at https://www.fertstertdialog.com/posts/
34528
REFERENCES
1. Simonetti S, Veeck LL, Jones HW Jr. Correlation of follicular fluid volume

with oocyte morphology from follicles stimulated by human menopausal
gonadotropin. Fertil Steril 1985;44:177–80.

2. Revelli A, Martiny G, Delle Piane L, Benedetto C, Rinaudo P, Tur-Kaspa I. A
critical review of bi-dimensional and three-dimensional ultrasound tech-
niques to monitor follicle growth: do they help improving IVF outcome? Re-
prod Biol Endocrinol 2014;12:1–9.

3. Dubey AK,Wang HA, Duffy P, Penzias AS. The correlation between follicular
measurements, oocyte morphology, and fertilization rates in an in vitro
fertilization program. Fertil Steril 1995;64:787–90.

4. Bergh C, Broden H, Lundin K, Hamberger L. Comparison of fertilization,
cleavage and pregnancy rates of oocytes from large and small follicles.
Hum Reprod 1998;13:1912–5.

5. Ectors FJ, Vanderzwalmen P, Van Hoeck J, Nijs M, Verhaegen G, Delvigne A,
et al. Relationship of human follicular diameter with oocyte fertilization and
development after in-vitro fertilization or intracytoplasmic sperm injection.
Hum Reprod 1997;12:2002–5.

6. Hackel€oer BJ, Fleming R, Robinson HP, Adam AH, Coutts JR. Correlation of
ultrasonic and endocrinologic assessment of human follicular development.
Am J Obstet Gynecol 1979;135:122–8.

7. Son WY, Chung JT, Dahan M, Reinblatt S, Tan SL, Holzer H. Comparison of
fertilization and embryonic development in sibling in vivo matured oocytes
retrieved from different sizes follicles from in vitro maturation cycles. J Assist
Reprod Genet 2011;28:539–44.
679
ry of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

https://www.fertstertdialog.com/posts/34528
https://www.fertstertdialog.com/posts/34528
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref1
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref1
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref1
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref2
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref2
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref2
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref2
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref3
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref3
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref3
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref4
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref4
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref4
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref5
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref5
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref5
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref5
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref6
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref6
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref6
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref6
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref7
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref7
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref7
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref7


VIEWS AND REVIEWS
8. SonWY, Chung JT, Demirtas E, Holzer H, Sylvestre C, Buckett W, et al. Com-
parison of in-vitro maturation cycles with and without in-vivo matured oo-
cytes retrieved. Reprod Biomed Online 2008;17:59–67.

9. Triwitayakorn A, Suwajanakorn S, Pruksananonda K, Sereepapong W,
Ahnonkitpanit V. Correlation between human follicular diameter and
oocyte outcomes in an ICSI program. J Assist Reprod Genet 2003;20:143–7.

10. Wirleitner B, Okhowat J, Vi�stejnov�a L, Kr�alí�ckov�a M, Karlíkov�a M,
Vanderzwalmen P, et al. Relationship between follicular volume and oocyte
competence, blastocyst development and live-birth rate: optimal follicle size
for oocyte retrieval. Ultrasound Obstet Gynecol 2018;51:118–25.

11. Mohr-Sasson A, Orvieto R, Blumenfeld S, Axelrod M, Mor-Hadar D, Grin L,
et al. The association between follicle size and oocyte development as a
function of final follicular maturation triggering. Reprod Biomed Online
2020;40:887–93.

12. Chen Y, Zhang Y, Hu M, Liu X, Qi H. Timing of human chorionic gonado-
tropin (hCG) hormone administration in IVF/ICSI protocols using GnRH
agonist or antagonists: a systematic review and meta-analysis. Gynecol En-
docrinol 2014;30:431–7.

13. Abbara A, Vuong LN, Ho VN, Clarke SA, Jeffers L, Comninos AN, et al. Fol-
licle size on day of trigger most likely to yield a mature oocyte. Front Endo-
crinol (Lausanne) 2018;9:193.

14. Practice Committee of American Society for Reproductive Medicine, Practice
Committee of the Society for Assisted Reproductive Technologies. Guidance
on the limits to the number of embryos to transfer: a committee opinion. Fer-
til Steril 2021;116:651–4.

15. Tamura I, Kawamoto-Jozaki M, Fujimura T, Doi-Tanaka Y, Takagi H,
Shirafuta Y, et al. Relationship between follicular size and developmental ca-
pacity of oocytes under controlled ovarian hyperstimulation in assisted
reproductive technologies. Reprod Med Biol 2021;20:299–304.

16. The ESCHRE Guideline Group on Ovarian Stimulation, Bosch E, Broer S,
Griesinger G, GrynbergM, Humaidan P, et al. ESHRE guideline: ovarian stim-
ulation for IVF/ICSI(y). Hum Reprod Open 2020;2020:hoaa009.

17. Castillo JC, Humaidan P, Bernab�eu R. Pharmaceutical options for triggering
of final oocyte maturation in ART. Biomed Res Int 2014;2014:580171.

18. Itskovitz J, Boldes R, Levron J, Erlik Y, Kahana L, Brandes JM. Induction of pre-
ovulatory luteinizing hormone surge and prevention of ovarian hyperstimu-
lation syndrome by gonadotropin-releasing hormone agonist. Fertil Steril
1991;56:213–20.

19. Humaidan P, Ejdrup Bredkjær H, Bungum L, Bungum M, Grøndahl ML,
Westergaard L, et al. GnRH agonist (buserelin) or hCG for ovulation induc-
tion in GnRH antagonist IVF/ICSI cycles: a prospective randomized study.
Hum Reprod 2005;20:1213–20.

20. Kolibianakis EM, Schultze-Mosgau A, Schroer A, van Steirteghem A,
Devroey P, Diedrich K, et al. A lower ongoing pregnancy rate can be ex-
pected when GnRH agonist is used for triggering final oocyte maturation
instead of HCG in patients undergoing IVF with GnRH antagonists. Hum Re-
prod 2005;20:2887–92.

21. Dosouto C, Haahr T, Humaidan P. Advances in ovulation trigger strategies.
Panminerva Med 2019;61:42–51.

22. Polat M, Mumusoglu S, Yarali Ozbek I, Bozdag G, Yarali H. Double or dual
stimulation in poor ovarian responders: where do we stand? Ther Adv Re-
prod Health 2021;15:26334941211024172.

23. Haas J, Bassil R, Samara N, Zilberberg E, Mehta C, Orvieto R, et al. GnRH
agonist and hCG (dual trigger) versus hCG trigger for final follicular matura-
tion: a double-blinded, randomized controlled study. Hum Reprod 2020;35:
1648–54.

24. Ali SS, Elsenosy E, Sayed GH, Farghaly TA, Youssef AA, Badran E, et al. Dual
trigger using recombinant HCG and gonadotropin-releasing hormone
agonist improve oocyte maturity and embryo grading for normal responders
in GnRH antagonist cycles: randomized controlled trial. J Gynecol Obstet
Hum Reprod 2020;49:101728.

25. Decleer W, Osmanagaoglu K, Seynhave B, Kolibianakis S, Tarlatzis B,
Devroey P. Comparison of hCG triggering versus hCG in combination
with a GnRH agonist: a prospective randomized controlled trial. Facts Views
Vis Obgyn 2014;6:203–9.
680
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Libra

2022. Para uso personal exclusivamente. No se permiten otros usos sin autor
26. Eftekhar M, Mojtahedi MF, Miraj S, Omid M. Final follicular maturation by
administration of GnRH agonist plus HCG versus HCG in normal responders
in ART cycles: an RCT. Int J Reprod Biomed 2017;15:429–34.

27. Kim CH, Ahn JW, You RM, Kim SH, Chae HD, Kang BM. Combined admin-
istration of gonadotropin-releasing hormone agonist with human chorionic
gonadotropin for final oocyte maturation in GnRH antagonist cycles for
in vitro fertilization. J Reprod Med 2014;59:63–8.

28. Mahajan N, Sharma S, Arora PR, Gupta S, Rani K, Naidu P. Evaluation of dual
trigger with gonadotropin-releasing hormone agonist and human chorionic
gonadotropin in improving oocyte maturity rates: a prospective randomized
study. J Hum Reprod Sci 2016;9:101–6.

29. Schachter M, Friedler S, Ron-El R, Zimmerman AL, Strassburger D, Bern O,
et al. Can pregnancy rate be improved in gonadotropin-releasing hormone
(GnRH) antagonist cycles by administering GnRH agonist before oocyte
retrieval? A prospective, randomized study. Fertil Steril 2008;90:1087–93.

30. Chern CU, Li JY, Tsui KH, Wang PH, Wen ZH, Lin LT. Dual-trigger improves
the outcomes of in vitro fertilization cycles in older patients with diminished
ovarian reserve: a retrospective cohort study. PLoS One 2020;15:e0235707.

31. Lin MH, Wu FS, Hwu YM, Lee RK, Li RS, Li SH. Dual trigger with gonado-
tropin releasing hormone agonist and human chorionic gonadotropin signif-
icantly improves live birth rate for women with diminished ovarian reserve.
Reprod Biol Endocrinol 2019;17:1–7.

32. Haas J, Zilberberg E, Nahum R, Sason AM, Hourvitz A, Gat I, et al. Does dou-
ble trigger (GnRH-agonist þ hCG) improve outcome in poor responders un-
dergoing IVF-ET cycle? A pilot study. Gynecol Endocrinol 2019;35:628–30.

33. Hu KL,Wang S, Ye X, Zhang D, Hunt S. GnRH agonist and hCG (dual trigger)
versus hCG trigger for follicular maturation: a systematic review and meta-
analysis of randomized trials. Reprod Biol Endocrinol 2021;19:1–10.

34. Saunders CM, Larman MG, Parrington J, Cox LJ, Royse J, Blayney LM, et al.
PLC zeta: a sperm-specific trigger of Ca(2þ) oscillations in eggs and embryo
development. Development 2002;129:3533–44.

35. Berridge MJ. Inositol trisphosphate and calcium signalling mechanisms. Bio-
chim Biophys Acta 2009;1793:933–40.

36. Yeste M, Jones C, Amdani SN, Patel S, Coward K. Oocyte activation defi-
ciency: a role for an oocyte contribution? Hum Reprod Update 2016;22:
23–47.

37. Cheng D, Li J, Guo CC, Xiong CL. Failed fertilization after ICSI: causes and
countermeasures. Zhonghua Nan Ke Xue 2011;17:1131–4.

38. Clift D, Schuh M. Restarting life: fertilization and the transition from meiosis
to mitosis. Nat Rev Mol Cell Biol 2013;14:549–62.

39. Flaherty SP, Payne D,Matthews CD. Fertilization failures and abnormal fertil-
ization after intracytoplasmic sperm injection. Hum Reprod 1998;13(Suppl
1):155–64.

40. Fawzy M, EmadM, Mahran A, Sabry M, Fetih AN, Abdelghafar H, et al. Arti-
ficial oocyte activation with SrCl2 or calcimycin after ICSI improves clinical
and embryological outcomes compared with ICSI alone: results of a random-
ized clinical trial. Hum Reprod 2018;33:1636–44.

41. Ebner T, Oppelt P, W€ober M, Staples P, Mayer RB, Sonnleitner U, et al. Treat-
ment with Ca2þ ionophore improves embryo development and outcome in
cases with previous developmental problems: a prospective multicenter
study. Hum Reprod 2015;30:97–102.

42. Glujovsky D, Farquhar C, Retamar AM, Sedo CR, Blake D. Cleavage stage
versus blastocyst stage embryo transfer in assisted reproductive technology.
Cochrane Database Syst Rev 2016;6:CD002118.

43. Martins WP, Nastri CO, Rienzi L, Van Der Poel SZ, Gracia C, Racowsky C.
Blastocyst vs cleavage-stage embryo transfer: systematic review and meta-
analysis of reproductive outcomes. Ultrasound Obstet Gynecol 2017;49:
583–91.

44. Neuhausser WM, Vaughan DA, Sakkas D, Hacker MR, Toth T, Penzias A.
Non-inferiority of cleavage-stage versus blastocyst-stage embryo transfer
in poor prognosis IVF patients (PRECiSE trial): study protocol for a random-
ized controlled trial. Reprod Health 2020;17:1–10.

45. Magli MC, Gianaroli L, Munn�e S, Ferraretti AP. Incidence of chromosomal
abnormalities from a morphologically normal cohort of embryos in poor-
prognosis patients. J Assist Reprod Genet 1998;15:297–301.
VOL. 117 NO. 4 / APRIL 2022
ry of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0015-0282(22)00063-2/sref8
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref8
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref8
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref9
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref9
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref9
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref10
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref11
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref11
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref11
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref11
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref12
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref12
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref12
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref12
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref13
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref13
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref13
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref14
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref14
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref14
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref14
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref15
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref15
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref15
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref15
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref16
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref16
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref16
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref16
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref17
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref17
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref17
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref18
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref18
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref18
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref18
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref19
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref19
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref19
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref19
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref19
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref20
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref20
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref20
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref20
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref20
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref21
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref21
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref22
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref22
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref22
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref23
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref23
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref23
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref23
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref24
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref24
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref24
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref24
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref24
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref25
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref25
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref25
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref25
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref26
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref26
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref26
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref27
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref27
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref27
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref27
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref28
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref28
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref28
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref28
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref29
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref29
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref29
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref29
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref30
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref30
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref30
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref31
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref31
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref31
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref31
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref32
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref32
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref32
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref32
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref33
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref33
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref33
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref34
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref34
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref34
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref34
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref35
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref35
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref36
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref36
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref36
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref37
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref37
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref38
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref38
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref39
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref39
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref39
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref40
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref40
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref40
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref40
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref41
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref41
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref41
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref41
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref41
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref41
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref42
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref42
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref42
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref43
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref43
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref43
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref43
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref44
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref44
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref44
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref44
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref45
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref45
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref45
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref45


Fertility and Sterility®
46. Munn�e S, AlikaniM, Tomkin G, Grifo J, Cohen J. Embryomorphology, devel-
opmental rates, and maternal age are correlated with chromosome abnor-
malities. Fertil Steril 1995;64:382–91.

47. Haadsma ML, Mooij TM, Groen H, Burger CW, Lambalk CB, Broekmans FJ,
et al. A reduced size of the ovarian follicle pool is associated with an
increased risk of a trisomic pregnancy in IVF-treated women. Hum Reprod
2010;25:552–8.

48. Morin SJ, Patounakis G, Juneau CR, Neal SA, Scott RT Jr, Seli E. Diminished
ovarian reserve and poor response to stimulation in patients<38 years old: a
quantitative but not qualitative reduction in performance. Hum Reprod
2018;33:1489–98.

49. Katz-Jaffe MG, Surrey ES, Minjarez DA, Gustofson RL, Stevens JM,
Schoolcraft WB. Association of abnormal ovarian reserve parameters with
a higher incidence of aneuploid blastocysts. Obstet Gynecol 2013;121:71–7.

50. Shahine LK, Marshall L, Lamb JD, Hickok LR. Higher rates of aneuploidy in
blastocysts and higher risk of no embryo transfer in recurrent pregnancy
loss patients with diminished ovarian reserve undergoing in vitro fertiliza-
tion. Fertil Steril 2016;106:1124–8.

51. Setti AS, Braga DP, Figueira RD, Azevedo MD, Iaconelli A Jr, Borges E Jr. Are
poor responders patients at higher risk for producing aneuploid embryos
in vitro? J Assist Reprod Genet 2011;28:399–404.

52. Capalbo A, Romanelli V, Cimadomo D, Girardi L, Stoppa M, Dovere L, et al.
Implementing PGD/PGD-A in IVF clinics: considerations for the best labora-
tory approach and management. J Assist Reprod Genet 2016;33:1279–86.

53. Poli M, Girardi L, Fabiani M, Moretto M, Romanelli V, Patassini C, et al. Past,
present, and future strategies for enhanced assessment of embryo’s
genome and reproductive competence in women of advanced reproductive
age. Front Endocrinol (Lausanne) 2019;10:154.

54. Ubaldi FM, Cimadomo D, Vaiarelli A, Fabozzi G, Venturella R, Maggiulli R,
et al. Advanced maternal age in IVF: still a challenge? The present and the
future of its treatment. Front Endocrinol (Lausanne) 2019;10:94.

55. Deng J, Hong HY, Zhao Q, Nadgauda A, Ashrafian S, Behr B, et al. Preim-
plantation genetic testing for aneuploidy in poor ovarian responders with
four or fewer oocytes retrieved. J Assist Reprod Genet 2020;37:1147–54.

56. Forman EJ, Hong KH, Ferry KM, Tao X, Taylor D, Levy B, et al. In vitro fertil-
ization with single euploid blastocyst transfer: a randomized controlled trial.
Fertil Steril 2013;100:100–7.

57. Munn�e S, Kaplan B, Frattarelli JL, Child T, Nakhuda G, Shamma FN, et al.
Preimplantation genetic testing for aneuploidy versus morphology as
VOL. 117 NO. 4 / APRIL 2022
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Libra

2022. Para uso personal exclusivamente. No se permiten otros usos sin autor
selection criteria for single frozen-thawed embryo transfer in good-
prognosis patients: a multicenter randomized clinical trial. Fertil Steril
2019;112:1071–9.

58. Scott RT Jr, Upham KM, Forman EJ, Hong KH, Scott KL, Taylor D, et al. Blas-
tocyst biopsy with comprehensive chromosome screening and fresh embryo
transfer significantly increases in vitro fertilization implantation and delivery
rates: a randomized controlled trial. Fertil Steril 2013;100:697–703.

59. Yang Z, Liu J, Collins GS, Salem SA, Liu X, Lyle SS, et al. Selection of single
blastocysts for fresh transfer via standard morphology assessment alone
and with array CGH for good prognosis IVF patients: results from a random-
ized pilot study. Mol Cytogenet 2012;5:1–8.

60. Goossens V, Harton G, Moutou C, Traeger-Synodinos J, Van Rij M,
Harper JC. ESHRE PGD Consortium data collection IX: cycles from January
to December 2006with pregnancy follow-up to October 2007. Hum Reprod
2009;24:1786–810.

61. Twisk M, Mastenbroek S, van Wely M, Heineman MJ, Van der Veen F,
Repping S. Preimplantation genetic screening for abnormal number of chro-
mosomes (aneuploidies) in in vitro fertilisation or intracytoplasmic sperm in-
jection. Cochrane Database Syst Rev 2006;1:CD005291.

62. Abu-Musa A, Haahr T, Humaidan P. Novel physiology and definition of poor
ovarian response; clinical recommendations. Int J Mol Sci 2020;21:2110.

63. Simopoulou M, Sfakianoudis K, Maziotis E, Tsioulou P, Grigoriadis S,
Rapani A, et al. PGT-A: who and when? A systematic review and network
meta-analysis of RCTs. J Assist Reprod Genet 2021;38:1939–57.

64. Kim YJ, Lee JE, Kim SH, Shim SS, Cha DH. Maternal age-specific rates of fetal
chromosomal abnormalities in Korean pregnant women of advanced
maternal age. Obstet Gynecol Sci 2013;56:160–6.

65. Franasiak JM, Forman EJ, Hong KH, Werner MD, Upham KM, Treff NR, et al.
The nature of aneuploidy with increasing age of the female partner: a review
of 15,169 consecutive trophectoderm biopsies evaluated with comprehen-
sive chromosomal screening. Fertil Steril 2014;101:656–63.

66. Demko ZP, Simon AL, McCoy RC, Petrov DA, Rabinowitz M. Effects of
maternal age on euploidy rates in a large cohort of embryos analyzed
with 24-chromosome single-nucleotide polymorphism-based preimplanta-
tion genetic screening. Fertil Steril 2016;105:1307–13.

67. Morris J, Brezina P, Kearns W. The rate of aneuploidy and chance of having
at least one euploid tested embryo per IVF cycle in 21,493 preimplantation
genetic screening for aneuploidy (PGT-A) tested embryos as determined by a
large genetic laboratory. Fertil Steril 2021;116:e15.
681
ry of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0015-0282(22)00063-2/sref46
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref46
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref46
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref46
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref47
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref47
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref47
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref47
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref48
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref48
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref48
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref48
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref48
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref49
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref49
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref49
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref50
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref50
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref50
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref50
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref51
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref51
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref51
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref52
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref52
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref52
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref53
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref53
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref53
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref53
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref54
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref54
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref54
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref55
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref55
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref55
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref56
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref56
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref56
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref57
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref57
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref57
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref57
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref57
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref57
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref58
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref58
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref58
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref58
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref59
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref59
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref59
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref59
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref60
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref60
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref60
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref60
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref61
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref61
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref61
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref61
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref62
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref62
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref63
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref63
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref63
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref64
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref64
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref64
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref65
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref65
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref65
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref65
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref66
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref66
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref66
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref66
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref67
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref67
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref67
http://refhub.elsevier.com/S0015-0282(22)00063-2/sref67

	Alteration of final maturation and laboratory techniques in low responders
	Size of follicle at trigger
	Perspectives

	Dual trigger
	Normal Responders
	Poor Responders
	Perspectives

	Artificial oocyte activation
	Perspectives

	Blastocyst transfer
	Perspectives

	Preimplantation genetic testing for aneuploidy
	When should PGT-A be used?
	Perspectives

	References


