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KEY MESSAGE
A prolonged course of GnRHa after freeze-all to patients with endometriosis or aberrant endometrial integrin
expression results in high implantation and ongoing pregnancy rates after embryo transfer. This avoids ex-
cessive ovarian suppression associated with agonist administration prior to fresh embryo transfer and allows
for elective vitrification of all embryos.

A B S T R A C T

Prolonged gonadotrophin-releasing hormone agonist (GnRHa) administration before IVF with fresh embryo transfer to patients with endometriosis

or aberrant endometrial integrin expression (-integrin) improves outcomes but may suppress ovarian response and prevents elective cryopreservation

of all embryos. This retrospective cohort pilot study evaluates freeze-all cycles with subsequent prolonged GnRHa before embryo transfer in

these populations. Patients from 2010 to 2015 who met inclusion criteria and received a long-acting GnRHa every 28 days twice before FET

were evaluated. A subset underwent comprehensive chromosomal screening (CCS) after trophectoderm biopsy. Three groups were identified:

Group 1: + CCS, +endometriosis (20 patients, 20 transfers); Group 2: +CCS, −integrin (12 patients, 13 transfers); Group 3: no CCS, +endometriosis or

−integrin (10 patients, 12 transfers); Group 4: all transfers after CCS for descriptive comparison only (n = 2809). Baseline characteristics were similar

among Groups 1–3 except that the mean surgery to oocyte aspiration interval was longer for Group 1 than Group 3. Implantation and ongoing

pregnancy rates were statistically similar among the three groups and compared favourably to Group 4. A non-significant trend towards improved

outcomes was noted in Group 1. Prolonged GnRHa after freeze-all in these patients avoids excessive ovarian suppression and results in excellent

outcomes.
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Introduction

The impact of endometriosis in general on IVF outcomes is some-
what controversial, although the presence of more advanced disease
(particularly in the presence of endometriomas) seems to have del-
eterious effects (Hamdan et al., 2015; Harb et al., 2013; Surrey, 2013).
The benefit of a prolonged course of a gonadotrophin-releasing
hormone agonist (GnRHa) in these patients prior to initiation of an
IVF cycle with planned fresh embryo transfer has been demon-
strated (Sallam et al., 2006; Surrey et al., 2002). Others have shown
that this may also be beneficial in patients with recurrent implanta-
tion failure who were noted to have aberrant endometrial αvβ3 integrin
expression (Surrey et al., 2007).

One of the disadvantages of this approach is that prolonged pi-
tuitary down-regulation induced by the agonist may suppress ovarian
response to gonadotrophin stimulation, particularly in patients with
compromised ovarian reserve (Decleer et al., 2016). The duration of
benefit derived from the administration of prolonged GnRHa has not
been established, which may be a critical issue for patients requir-
ing cryopreservation of all embryos, as in the case of planned
comprehensive chromosomal screening (CCS) or who are at high risk
of ovarian hyperstimulation syndrome. In addition, recent reports have
suggested that transfer of blastocyst stage embryos after vitrifica-
tion and warming may result in improved neonatal outcomes without
affecting live birth rates in comparison to fresh transfers (Roy et al.,
2014).

In an effort to avoid these issues, the current investigation is a
pilot study that evaluates the impact of deferring administration of
a prolonged course of GnRHa in these patient populations until after
embryos have been vitrified and immediately prior to endometrial
preparation for cryopreserved embryo transfer. To our knowledge,
this is the first time that this issue has been reported upon.

Materials and methods

This is a retrospective cohort pilot trial performed in a single ter-
tiary care assisted reproductive technology centre. All consecutive
patients from 2010 to 2015 at the Colorado Center for Reproductive
Medicine who underwent IVF with autologous oocytes, vitrification of
all embryos and subsequent cryopreserved embryo transfer after pro-
longed administration of GnRHa were included. All patients had a prior
surgical diagnosis of endometriosis and/or evidence of aberrant en-
dometrial integrin expression. Patients considered to have
endometriosis had received a surgical diagnosis within 10 years of
initiation of their IVF cycle, although all but two patients had re-
ceived a surgical diagnosis within 62 months of oocyte aspiration. Only
patients with one or more of the following were offered prolonged
GnRHa administration: (i) stage III or IV endometriosis (American
Society for Reproductive Medicine, 1996); (ii) severe endometriosis-
related symptoms; (iii) prior failed embryo transfers.

All patients underwent ovarian reserve testing including day 3
serum FSH, oestradiol and anti-Müllerian hormone (AMH) levels as
well as antral follicle count determined at baseline transvaginal ul-
trasound examination performed in the early follicular phase. All
patients were noted to have a normal uterine cavity documented at
precycle office hysteroscopy. In an effort to eliminate a potential

confounding variable, no patients were included who had received
GnRH agonists or progestins for treatment of symptomatic endome-
triosis within 6 months of initiation of their IVF cycle. Only combination
oral contraceptives and pain medications were permitted during this
interval for those patients included in this investigation. No patients
had endometriomas in situ that were >4.5 cm in mean diameter as
measured at baseline ultrasound examination.

Endometrial biopsies to evaluate β3 integrin expression were per-
formed 9–11 days after documentation of an LH surge by urine
ovulation induction kits. The tissue was evaluated for integrin ex-
pression using a commercial assay (Pathology Consultants, Greenville,
SC) employing previously described techniques (Lessey et al., 1992).
All biopsies were confirmed to be in phase ± 2 days by standard his-
tological criteria before a decision was made to employ GnRHa if absent
integrin expression was reported (Li et al., 1987). Typical indica-
tions for performing the biopsy included at least one of the following:
clinically suspected endometriosis based on presenting symptoms but
without prior laparoscopy and/or unexplained implantation failure as
previously described (Surrey et al., 2007).

All patients underwent ovarian stimulation. The determination
for the specific protocol to be used was based on age, the results of
ovarian reserve testing, and prior response where appropriate. Trans-
vaginal ultrasound-guided oocyte aspiration was performed 35 h
after administration of HCG and/or GnRHa as trigger (Engmann
et al., 2016; Katz-Jaffe et al., 2013). Embryos of patients who were
to undergo CCS were cultured in sequential medium to the ex-
panded blastocyst stage (days 5, 6 and/or 7 after oocyte aspiration)
prior to trophectoderm biopsy as previously described (Schoolcraft
et al., 2011). Blastocyst stage embryos were graded using a stan-
dardized system that has been used consistently in our centre (Gardner
and Schoolcraft, 1999). Embryos from patients who were not under-
going CCS were vitrified at either the cleavage stage on day 3 or at
the blastocyst stage on either days 5 or 6 after oocyte aspiration.
All embryos were vitrified in Cryotops as described by Kuwayama
(2007).

All patients subsequently were administered a long-lasting prepa-
ration of the GnRHa leuprolide acetate (Lupron Depot®; AbbVie,
North Chicago, IL) 3.75 mg every 28 days for 56 days. The endome-
trium was then prepared for embryo transfer using exogenous
oestradiol primarily administered by a transdermal route starting
with two oestradiol 100 µg patches (Vivelle-Dot®; Novartis, Basel,
Switzerland) changed every other day with doses increased at 4–6
day intervals as needed to a maximum dose of four patches to
achieve adequate endometrial development (typically ≥8 mm and
≤15 mm with a triple pattern). If inadequate endometrial develop-
ment was obtained, the transdermal oestradiol preparation was
supplemented with orally and/or vaginally administered oestradiol
2 mg once or twice daily (Estrace®; Teva North America, North
Wales, PA) and/or oestradiol valerate administered intramuscularly
25 mg twice weekly (Delestrogen®, Par Pharmaceuticals, Chestnut
Ridge, NY) as needed. Once adequate endometrial development was
documented, progesterone administration was initiated employing
micronized progesterone 100 mg vaginally twice daily (Endometrin®,
Fering Pharmaceuticals, Parsippany, NJ) and micronized progester-
one in oil 25–50 mg intramuscularly every other day (West-Ward
Pharmaceuticals, Eatontown, NJ). Blastocyst stage embryos were
warmed and transferred on the sixth day of progesterone exposure.
Cleavage stage embryos were warmed and transferred on the third
day of progesterone exposure. Only embryos predicted to be euploid
were transferred if CCS had been performed. Embryo transfers
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were performed under ultrasound guidance as previously de-
scribed (Schoolcraft et al., 2001).

Serum pregnancy tests were performed 11 days after cleavage
stage embryo transfer and 9 days after blastocyst stage embryo trans-
fer. The vaginal progesterone dose was increased to 100 mg three
times daily with a positive pregnancy test. Oestradiol and progester-
one supplementation was slowly weaned in patients with evidence of
ongoing pregnancy. In the absence of any pregnancy complications
at 8.5 weeks of gestation, oestradiol preparations were decreased by
one patch or tablet every 3 days along with initially discontinuing in-
tramuscular progesterone followed by decreasing vaginal progesterone
preparations by one tablet every 3 days with the goal of completing
weaning by 10 weeks’ gestation.

Three groups were identified for analysis. Group 1 consisted of pa-
tients with a prior surgical diagnosis of endometriosis whose blastocyst
stage embryos had undergone CCS (20 patients, 20 cryopreserved
embryo transfers). Group 2 consisted of patients without a surgical di-
agnosis of endometriosis but with aberrant endometrial integrin
expression whose blastocyst stage embryos had also undergone CCS
(12 patients, 13 cryopreserved embryo transfers). Group 3 consisted of
patients who had either a history of endometriosis or aberrant integrin
expression whose embryos were vitrified without CCS (10 patients, 12
cryopreserved embryo transfers). Patients with these two indications
for prolonged GnRHa therapy were combined in Group 3 due to the small
sample sizes. A fourth group (Group 4) was included for descriptive pur-
poses only and consisted of outcomes from all patients at the Colorado
Center for Reproductive Medicine who had undergone vitrified-warmed
blastocyst stage embryo transfer cycles after CCS (2809 transfers). All
embryos were transferred at the blastocyst stage with the exception
of one cleavage stage embryo transfer performed in Group 3.

Ongoing pregnancy rate was defined as the presence of an intra-
uterine gestational sac with foetal cardiac activity documented by
ultrasound evaluations performed both 4–5 and 6–8 weeks after a posi-
tive pregnancy test per embryo transfer procedure. Implantation rate
was defined as the number of intrauterine gestational sacs with foetal
cardiac activity as documented by ultrasound examination per number
of embryos transferred.

Data were analysed using Student’s group t-tests and chi-
squared analysis where appropriate. P-values <0.05 were considered
to be statistically significant. Results are expressed as mean ± stan-
dard deviation with 95% confidence intervals (CI) reported unless
otherwise indicated.

Given the retrospective nature of the study design and de-
identified data, institutional review board approval and informed
consent were not sought for this study.

Results

Baseline characteristics of the three study groups are displayed in
Table 1. There were no significant differences among the groups with
regard to age, prior numbers of failed cycles, ovarian reserve testing
or numbers of embryos transferred. It is interesting to note the rela-
tively high incidence of prior failed embryo transfers in each of the groups
(Group 1: 1.7 ± 1.76, 95% CI, 0.93–7.47; Group 2: 2.62 ± 1.64, 95% CI,
1.73–3.51; Group 3: 1.17 ± 1.34, 95% CI, 0.41–1.93). The distribution of
severity of endometriosis was similar between patients in Group 1 and
Group 3. Sixty per cent of Group 1 patients and 77% of Group 3 pa-
tients with endometriosis were diagnosed with stage III or IV disease.
The mean interval from most recent surgical diagnosis of endometrio-
sis to oocyte aspiration procedure in Group 1 was 30.35 ± 28.46 months
(95% CI, 17.05–43.65; range 2–91 months) and in those Group 3 pa-
tients with endometriosis was 13.12 ± 7.34 months (95% CI, 7.0–19.24;
range 2–26 months) (P < 0.01). As previously described, only two pa-
tients in Group 1 had more than a 62-month interval from initial surgical
diagnosis to oocyte aspiration. Both of these patients not only were se-
verely symptomatic in the 6 months prior to cycle initiation but also had
ultrasound evidence of recurrent ovarian endometriomas suggestive of
persistent or recurrent disease.

Cycle outcome data are presented in Figure 1. There were no sig-
nificant differences in implantation or ongoing pregnancy rates among
the groups. It is interesting to note that a trend towards higher implan-
tation rates, which did not achieve statistical significance, was noted in
Group 1 patients with a diagnosis of documented endometriosis who
underwent transfer of euploid embryos after CCS. As an additional com-
parator, implantation and ongoing pregnancy rates of all 2809
cryopreserved blastocyst transfers of euploid embryos after trophec-
toderm biopsy and CCS at our centre are also displayed (Group 4).
Implantation rates for all three study groups are slightly higher than
those noted in Group 4, although the ongoing pregnancy rates were only
higher in Group 1 patients. The percentage of ‘top quality’ embryos rated
3AB or better that were transferred was not significantly different among
the three study groups (Group 1: 71%; Group 2: 82%; Group 3: 59%). In
Group 4, the mean maternal age of patients was 36.5 years and a mean
of 1.6 euploid blastocysts were transferred per embryo transfer procedure.

Discussion

In this retrospective cohort study, we have demonstrated that pro-
longed administration of GnRHa after vitrification of all embryos in

Table 1 – Baseline characteristics.

Group Transfer
cycles

Age
(years)

Prior failed embryo
transfers (range)

AMH
(ng/ml)

Day 3 FSH
(mIU/ml)

No. of embryos
transferred

1 20 35 ± 3.7
95% CI, 33.37–36.13

1.70 ± 1.76 (0–6)
95% CI, 0.93–2.47

3.01 ± 2.59
95% CI, 1.87–4.15

8.17 ± 2.99
95% CI, 6.86–9.48

1.40 ± 0.49
95% CI: 1.19–1.6

2 13 34.23 ± 5.24
95% CI, 31.30–37.08

2.62 ± 1.64 (0–5)
95% CI, 1.73–3.51

3.15 ± 1.92
95% CI, 2.11–4.19

6.12 ± 1.88
95% CI, 5.1–7.14

1.69 ± 0.46
95% CI, 1.44–1.94

3 12 32 ± 4.07
95% CI, 29.7–34.3

1.17 ± 1.34 (0–4)
95% CI, 0.41–1.93

2.83 ± 2.9
95% CI, 1.19–4.49

6.58 ± 1.86
95% CI, 5.53–7.63

1.36 ± 0.48
95% CI, 1.09–1.63

Results presented as mean ± standard deviation.
There were no statistically significant differences between the groups.
AMH, anti-Müllerian hormone; CI, confidence interval.
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IVF patients with endometriosis and/or aberrant endometrial integrin
expression led to high implantation and ongoing pregnancy rates
despite a high incidence of prior cycle failure. This approach avoids
the potential for excessive ovarian suppression when prolonged GnRHa
is administered prior to ovarian stimulation for IVF with fresh embryo
transfer. To our knowledge, this is the first time that this novel ap-
proach has been reported.

The benefits of prolonged GnRHa administration prior to initia-
tion of ovarian stimulation in patients with surgically confirmed
endometriosis has been previously reported in a prospective ran-
domized multicentre trial. Administration of a long-acting GnRHa for
3 months prior to cycle initiation in this patient population resulted
in significantly higher ongoing pregnancy rates (80% versus 53.85%)
with a non-significant trend towards higher implantation rates (42.7%
versus 30.4%) in comparison to controls with endometriosis who un-
derwent standard ovarian stimulation without prolonged GnRHa
therapy (Surrey et al., 2002). Sallam et al. (2006) performed a meta-
analysis of the outcomes of three previously published prospective
randomized trials, which included 163 patients undergoing 3–6 months
of pre-IVF cycle GnRHa therapy. Significantly enhanced live birth rates
(odds ratio [OR] 9.1; 95% CI, 1.08–78.22) and clinical pregnancy rates
(OR 4.28; 95% CI, 2.0–9.15) were noted. We have more recently dem-
onstrated that a 2-month course of GnRHa therapy is also effective
(Surrey et al., 2007).

The problematic aspect of this approach is the possibility that pro-
longed GnRHa therapy may suppress response to subsequent ovarian
stimulation. Recently, Decleer et al. (2016) reported the results of a
prospective randomized trial of 3 months of prolonged GnRHa in pa-
tients with peritoneal endometriosis planning IVF. They reported no
differences between the two groups with regard to the primary end-
point: number of mature oocytes obtained per cycle or in pregnancy
rates. However, patients in the prolonged agonist group required

significantly higher doses of gonadotrophins and greater number of
days of stimulation to achieve adequate follicular development. The
use of a standard long protocol for the majority of patients in this study
may have further suppressed response. No differences in preg-
nancy rates were noted although implantation rates were not reported.
In light of the fact that endometriosis may have an impact on ovarian
reserve, particularly after endometrioma resection (Seyhan et al., 2015),
the idea of deferring prolonged agonist use until after embryos have
been cryopreserved is highly appealing.

The mechanism of action of GnRHa on improving IVF outcomes in
endometriosis patients has not been well established. Aside from sup-
pressing the extent of disease, these agents may have a direct effect
on the expression of inflammatory proteins and metalloproteinase tissue
inhibitors within the peritoneal cavity (Bilotas et al., 2007; Ferrero et al.,
2009; Sharpe-Timms et al., 1998). A direct endometrial effect on re-
ducing nitric oxide synthase expression has also been described (Wang
et al., 2006).

In addition, the impact of GnRHa on endometrial αvβ3 vitronectin
(integrin) expression has been evaluated. This protein may play a role
in the initiation of trophoblast invasion and act as a site of interac-
tion between the embryo and the endometrium (Creus et al., 2003;
Lindhard et al., 2002). Lessey et al. (1994, 1995) had previously re-
ported absent endometrial expression of the protein in women with
both unexplained infertility and endometriosis. Others have demon-
strated a high incidence of aberrant integrin expression in patients
with prior implantation failure after IVF (Surrey et al., 2007; Thomas
et al., 2003). These findings have not been confirmed by others
(Hii and Rogers, 1998; Ordi et al., 2003).

Lessey (2000) demonstrated normalization of aberrant β3 integrin
expression in 64% of stage I/II endometriosis patients administered
a long-acting GnRHa for 3 months. Surrey et al. (2007) reported that
IVF outcomes after 2 months of agonist therapy in these patients were
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Figure 1 – Implantation and ongoing pregnancy rates after cryopreserved embryo transfer in the three study groups. Group 4, presented
for descriptive comparison only, represents outcomes from all euploid blastocyst stage cryopreserved embryo transfers performed at the
Colorado Center for Reproductive Medicine (n = 2809 transfers). There were no statistically significantly differences between the study
groups (Groups 1–3). FHT = foetal cardiac activity noted on ultrasound examination.
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similar to untreated controls with positive expression. The benefi-
cial impact of this approach has also been demonstrated in a murine
model (Ruan et al., 2006).

There are additional indications for cryopreservation of all embryos
aside from concerns regarding ovarian suppression from GnRHa.
These include cases of incipient ovarian hyperstimulation syndrome
(Greisinger et al., 2007) and premature elevation of progesterone levels
(Shapiro et al., 2010). Cryopreservation at the blastocyst as opposed
to earlier developmental stages has been demonstrated to result in
enhanced outcomes in these circumstances (Anderson et al., 2003;
Surrey et al., 2010a).

The successful application of CCS of blastocyst stage embryos after
trophectoderm biopsy represents a means of significantly increas-
ing implantation rates and live birth rates and decreasing miscarriage
rates after IVF (Chen et al., 2015; Dahdouh et al., 2015; Scott et al.,
2013). This approach is typically employed in conjunction with
cryopreservation of all blastocyst stage embryos after biopsy
(Schoolcraft et al., 2011).

The introduction of vitrification as the preferred means of
cryopreservation has resulted in a significant increase in survival and
pregnancy rates (Kuwayama, 2007; Zhu et al., 2011). Recent reports
have suggested that clinical pregnancy rates are higher and perina-
tal outcomes are improved after transfer of vitrified-warmed
blastocysts in comparison to fresh embryo transfer, suggesting an
inherent benefit of this approach (Belva et al., 2016; Ishihara et al.,
2014; Li et al., 2014; Nakashima et al., 2013; Özgür et al., 2015; Roque
et al., 2015).

In the current investigation, implantation and ongoing preg-
nancy rates were not significantly different among the groups. A trend
towards improved outcomes, which did not reach statistical signifi-
cance, was noted in Group 1 patients pretreated with a prolonged
course of GnRHa who had a previous diagnosis of endometriosis and
underwent euploid embryo transfer after trophectoderm biopsy, CCS
and blastocyst vitrification. The outcomes in all groups compared
favourably with those in the cohort of all CCS cycles performed at
our centre (Group 4). The similar implantation but lower live birth rates
in Group 3 patients who did not undergo CCS can be explained by the
likelihood of aneuploid embryo transfer leading to an increased rate
of pregnancy loss.

The shorter time interval between surgical diagnosis of endome-
triosis and oocyte aspiration in Group 1 versus Group 3 patients with
endometriosis could potentially be considered a confounding vari-
able. As previously mentioned, the two patients in Group 1 who had
extremely prolonged intervals beyond 62 months (91 and 97 months)
experienced recurrent severe symptoms and also had ultrasound evi-
dence of recurrent endometriomas. However, the clinical significance
of these differences is not clear. Bedaiwy et al. (2008) demon-
strated a lack of relationship between length of time from surgical
diagnosis and treatment of endometriosis and subsequent IVF cycle
outcomes. This study included patients who had a most recent surgery
for endometriosis up to 10 years prior to the index IVF cycle. We had
also demonstrated in a retrospective analysis of endometriosis pa-
tients undergoing IVF that there was no correlation between
implantation rates and either surgery–oocyte interval or endome-
triosis score (Surrey and Schoolcraft, 2003). Nevertheless, patients
in Group 3 with endometriosis who did not pursue CCS were more
likely to have experienced severe symptoms and fewer failed cycles,
which may have resulted in the shortened interval.

The aetiology of the more compromised responses in the Group
2 patients who were administered prolonged GnRHa due to aberrant

endometrial integrin expression and underwent euploid embryo trans-
fer after CCS is less clear. We had previously reported in a prospec-
tive randomized trial that in patients with diagnosed endometriosis,
endometrial integrin expression did not predict which patients would
benefit from extended GnRHa therapy prior to IVF in the absence of
CCS (Surrey et al., 2010b). One potential problem with that study
design was the fact that untreated control patients underwent ovarian
stimulation in the cycle immediately after endometrial biopsy was
performed. This may have introduced a confounding variable given
data suggesting that endometrial injury per se may enhance implan-
tation rates, particularly in patients with recurrent implantation failure
(Potdar et al., 2012). In addition, other factors besides integrin ex-
pression that may not be responsive to GnRHa have been shown to
have an impact on implantation in endometriosis patients, and may
play a role (Burney et al., 2007; Kao et al., 2003; Matsuzaki et al.,
2005; Wu et al., 2005). Other means of evaluating endometrial re-
ceptivity may allow for a more specific triage of implantation
failure patients to alternate therapeutic interventions including
changes in the duration of pre-transfer progesterone exposure
(Garrido-Gómez et al., 2014; RoyChoudhury et al., 2016; Ruiz-Alonso
et al., 2013).

There are several limitations to this investigation. The sample sizes
of the three study groups are relatively small. However, this did rep-
resent the overall experience of a single large IVF centre, allowing
for uniformity of treatment paradigms. Due to the small number of
patients in Group 3 who were treated with prolonged GnRHa without
CCS, those patients whose indications for agonist therapy included
endometriosis or aberrant integrin expression were combined. This
creates a confounding variable.

This is a retrospective cohort study and therefore, the ability to
define an ideal control group is problematic. A more ideal study design
would be to prospectively randomize appropriate patients to either
prolonged GnRHa therapy prior to ovarian stimulation, IVF and fresh
embryo transfer or to ovarian stimulation, IVF, vitrification of all
embryos and subsequent prolonged GnRHa therapy prior to endo-
metrial preparation and cryopreserved embryo transfer. This approach
would, by necessity, eliminate any patients undergoing CCS in our
centre because all embryos are vitrified after trophectoderm biopsy,
as well as any patients who require vitrification of all embryos for other
indications. It would not have been possible to evaluate retrospec-
tively identified contemporaneously treated controls who received
prolonged GnRHa and subsequent fresh transfer because this ap-
proach has not been offered to patients in our centre since 2009, after
the introduction of successful vitrification techniques. This study also
did not include as a control group endometriosis patients undergo-
ing IVF whose embryos were vitrified but who were not offered
prolonged GnRHa due to the fact that only those endometriosis pa-
tients with prior implantation failure, severe disease and/or
incapacitating symptoms were offered prolonged GnRHa. Inclusion
of other endometriosis patients as a control group presenting solely
with less advanced disease, who were asymptomatic or who had not
experienced prior failed transfers would have introduced a selec-
tion bias. In addition, the objective of this investigation was not to
evaluate the efficacy of prolonged GnRHa in endometriosis patients
per se, because we feel that this has already been demonstrated
(Sallam et al., 2006; Surrey et al., 2002) but rather, to demonstrate
efficacy of GnRHa in a subset of these patients after embryo vitrifi-
cation. Therefore, overall data from CCS outcomes at our centre (Group
4) were provided solely for descriptive comparison without inclu-
sion in statistical analysis.
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The strengths of this investigation include the fact that we believe
this is the first publication on the subject of use of prolonged GnRHa
in appropriately selected patients after vitrification of all embryos.
The patient populations included a high incidence of those who had
previously experienced failed embryo transfers. All patients were
treated in a single centre, which allows for standardization of labo-
ratory, biopsy and embryo transfer techniques. The transfer of only
embryos predicted to be euploid in Groups 1 and 2 eliminates a further
variable that could skew outcomes.

In conclusion, this study demonstrates that in a population of pa-
tients who are candidates for IVF and prolonged GnRHa therapy,
administration of this agent after vitrification of all embryos results in
high implantation and ongoing pregnancy rates despite a high inci-
dence of prior cycle cancellation. A trend towards improved outcomes,
which did not reach statistical significance, was noted in patients treated
with prolonged GnRHa due to endometriosis who also underwent euploid
embryo transfer after CCS. This ‘freeze-all’ paradigm avoids exces-
sive ovarian suppression induced by prolonged GnRHa, particularly in
patients with compromised ovarian reserve and allows for perfor-
mance of CCS when indicated. The encouraging results from this pilot
trial should lead to the development of an appropriately designed pro-
spective randomized trial to more definitively address this issue.
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