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Objective: To compare cost-effectiveness between pituitary down-regulation with a GnRH agonist (GnRHa) short regimen on alternate
days and GnRH antagonist (GnRHant) multidose protocol on in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) outcome.
Design: Prospective, randomized.

Setting: A private center.

Patient(s): Patients were randomized into GnRHa (n = 48) and GnRHant (n = 48) groups.

Intervention(s): GnRHa stimulation protocol: administration of triptorelin on alternate days starting on the first day of the cycle, re-
combinant FSH (rFSH), and recombinant hCG (rhCG) microdose. GnRHant protocol: administration of a daily dose of rFSH, cetrorelix,
and rhCG microdose.

Main Outcome Measure(s): ICSI outcomes and treatment costs.

Result(s): A significantly lower number of patients underwent embryo transfer in the GnRHa group. Clinical pregnancy rate was sig-
nificantly lower and miscarriage rate was significantly higher in the GnRHa group. It was observed a significant lower cost per cycle in
the GnRHa group compared with the GnRHant group ($5,327.80 + 387.30 vs. $5,900.40 + 472.50). However, mean cost per pregnancy
in the GnRHa was higher than in the GnRHant group ($19,671.80 £ 1,430.00 vs. $11,328.70 £ 907.20).

Conclusion(s): Although the short controlled ovarian stimulation protocol with GnRHa on alternate days, rFSH, and rhCG microdose may
lower the cost of an individual IVF cycle, it requires more cycles to achieve pregnancy. e

Clinical Trial Registration Number: NCT01468441. (Fertil Steril® 2013;99:1615-22. ©2013 by
American Society for Reproductive Medicine.)
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prevent premature ovulation and luteinization, and signifi-
cantly reduce the cycle cancellation rate compared with cycles
where gonadotropins are administered alone (2). However, the
mechanism of action of GnRHa requires a long period of treat-
ment and has a long-lasting, potentially detrimental, effect in
the luteal phase (2, 3). In contrast to GnRHa, GnRH
antagonists (GnRHant’s) competitively block pituitary GnRH
receptors, inducing a fast and reversible suppression of
gonadotropin secretion (4). The use of antagonist protocols is
more convenient for the patient because treatment time is
shortened and fewer injections and lower amounts of
gonadotropins are required (5). However, it has been
suggested that GnRHant is an inhibitor of the cell cycle by
decreasing the synthesis of growth factors and therefore
compromises the mitotic program of follicles, embryo
blastomere, and endometrium (6).

GnRHant-treated patients showed lower clinical preg-
nancy rates compared with GnRHa-treated patients (7). Her-
nandez et al. (6) reported that the embryo, as well as
granulosa and endometrial cells, harbors GnRH receptors, and
therefore, a direct effect from the GnRHant on these cells may
be a possible cause for implantation failure. Nevertheless, this
difference disappeared in frozen-thawed embryo transfers.
Possibly, an endometrial impact could be attributed to this re-
sult (8). On the other hand, Bodri et al. (5), in a systematic review
and meta-analysis, demonstrated that there are no statistically
significant differences in ovarian response or recipient ongoing
pregnancy rates with the use of either GnRHa or GnRHant pro-
tocols. Similarly, Al-Inany and Aboulghar (7) and Kolibianakis
et al. (9) showed that no clear benefit regarding live birth rate
was attributed to one type of GnRH analogue.

The achievement of a simple, safe, and cost-effective
treatment protocol in COS is of pivotal importance to improve
the quality of care in assisted reproduction. An alternative
would be the use of a short GnRHa, as suggested by Orvieto
et al. (10). Furthermore, the unwanted effects of the agonists
are thought to be eliminated by stopping or decreasing doses
of the analogues (11). A previous study of daily or alternate
day administration of long-acting GnRH analogue found
similar pituitary suppression with each dose (2).

Although some authors have aimed to improve IVF cycle
outcome through modifications of the COS protocol (12, 13),
others have focused on lowering the cost of the cycles
through a reduction of the total dose of FSH administered.
Some studies have demonstrated that the administration of
recombinant hCG (rhCG) microdoses in the late stages of COS
resulted in adequate response to stimulation and successful
pregnancies (14, 15). Moreover, the addition of rhCG
shortened the interval of stimulation, significantly reduced
FSH requirement, and thus minimized patient cost (16). An
interesting approach would be to unite the reduced costs of
both pituitary suppression with GnRHa on alternate days and
the administration of rhCG microdoses in the late stages of
COS. Therefore, the present prospective randomized study
was undertaken to compare the effects of administering
a daily dose of GnRHant versus an alternate-day dosage of
short GnRHa on ovarian response and intracytoplasmic sperm
injection (ICSI) outcome in patients stimulated with recombi-
nant FSH (rFSH) and rhCG microdoses.

MATERIALS AND METHODS

A randomized clinical trial, approved by the local Institu-
tional Review Board, was performed in a private fertility
center. Inclusion criteria were as follows: women of good
physical and mental health, <37 years old, with regular men-
strual cycles of 25-35 days, normal basal FSH and LH levels,
body mass index (BMI) <30 kg/m?, presence of both ovaries
and intact uterus, absence of polycystic ovaries, endometri-
osis, or gynecologic/medical disorders, and a negative result
in a screening for sexually transmitted diseases. All patients
signed a written informed consent form.

No patient had received any hormone therapy for >60
days preceding the study. Eligible patients who agreed to par-
ticipate were randomized into two treatment groups: GnRHa
group (n = 48), and GnRHant group (n = 48; Fig. 1). Patients
were allocated by a single nurse to a GnRH analogue
treatment group according to a computer-generated random-
ization table.

Controlled Ovarian Stimulation Protocols

All patients received oral contraceptive pills (OCPs; 20 ug eti-
nilestradiol and 75 ug gestodeno; Ginesse; Farmoquimica) to
synchronize cycles.

GnRH Agonist Short Regimen (Fig. 2A)

In the GnRHa group, a dose of tryptorelin (0.1 mg Gonapeptyl;
Ferring) was administered on alternate days from day 1 of the
menstrual cycle. After 3 days, ovarian stimulation was com-
menced with 225 TU rFSH (Gonal F; Serono) daily (day 1 of
ovarian stimulation = S1), for 3 days. On S4, the recombinant
FSH dose was reduced to 150 IU, until the visualization of at
least one follicle > 14 mm. The day after the recombinant
FSH dose was reduced to 75 IU and concomitantly adminis-
tered with the rhCG microdose (7.7 ug, equivalent to 200 IU
hCG), which was obtained by the dilution of one ampule of
250 ug rhCG (Ovidrel; Serono), subcutaneously (SC) for
2 days. After that, the rhCG microdose was administered
alone until the day of ovulation trigger (see next section).

GnRH Antagonist Regimen (Fig. 2B)

In the GnRHant group, ovarian stimulation was performed as
follows. On day 3 of the cycle, ovarian stimulation was com-
menced with 225 IU rFSH on a daily basis (day 1 of ovarian
stimulation = S1). On S4, the recombinant FSH dose was re-
duced to 150 IU until the visualization of at least one follicle
>14 mm, at which time we began the administration of
0.25 mg cetrorelix acetate (Cetrotide; Serono) SC. The day af-
ter beginning the antagonist therapy, the rFSH dose was re-
duced to 75 IU and the concomitant SC administration of
the rhCG microdose was initiated and continued for 2 days.
After that, the rhCG microdose and GnRHant were adminis-
tered until the day of ovulation trigger.

The following steps of the treatment were the same for
both treatment regimens.
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Study flow chart and patient outcome. OHSS = ovarian hyperstimulation syndrome.

Maldonado. GnRH agonist short regimen and ICSI outcomes. Fertil Steril 2013.

Criteria for hCG Administration

When at least three follicles attained a mean diameter of
>17 mm, 250 ug hCG (Ovidrel; EMD Serono) was adminis-
tered SC. Oocyte retrieval was performed 36 hours later,
guided by transvaginal ultrasonography.

Preparation of Oocytes

Retrieved oocytes were maintained in culture media (Global
for Fertilization; Lifeglobal) supplemented with 10% protein
supplement (Lifeglobal) and covered with paraffin oil
(Lifeglobal) for 2-3 hours before cumulus cell removal.
Surrounding cumulus cells were removed after exposure
to a HEPES-buffered medium containing hyaluronidase (80
IU/mL; Lifeglobal). The remaining cumulus cells were then
mechanically removed by gently pipetting with a hand-
drawn Pasteur pipette (Humagen Fertility Diagnostics).
Oocyte morphology was assessed with the use of an
inverted Nikon Diaphot microscope (Eclipse TE 300) with
a Hoffmann modulation contrast system under x400 magni-
fication, just before sperm injection (3-4 hours after retrieval).
Oocytes that were observed to have released the first polar
body were considered to be mature and were used for ICSI.

Intracytoplasmic Sperm Injection

ICSI was performed in a microinjection dish prepared with 4-
uL droplets of buffered medium (Global w/HEPES; Lifeglobal)
and covered with paraffin oil on a heated stage at 37.0 +
0.5°C of an inverted microscope. Approximately 16 hours
after ICSI, fertilization was confirmed by the presence of
two pronuclei and the extrusion of the second polar body.
Embryos were kept in a 50-uL drop of culture medium
(Global; Lifeglobal) supplemented with 10% protein supple-
ment covered with paraffin oil in a humidified atmosphere
under 6% CO, at 37°C for 3 days.

Embryo Transfer

High-quality embryos were defined as those having all of the
following characteristics on day 3 of development: 8-10 cells,
<15% fragmentation, symmetric blastomeres, absence of
multinucleation, colorless cytoplasm with moderate granula-
tion and no inclusions, absence of perivitelline space granular-
ity, and absence of zona pellucida dysmorphism. High-quality
blastocysts were defined as full blastocyst onward presenting
high-quality inner cell mass and trophectoderm.
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(A) GnRH agonist short regimen. (B) GnRH antagonist regimen.
Maldonado. GnRH agonist short regimen and ICSI outcomes. Fertil Steril 2013.

All of the embryo transfers were performed by the same
gynecologist on day 5 of embryo development with the use
of a soft catheter with transabdominal ultrasound guidance.
Two to three embryos were transferred per patient.

The luteal phase support was supplemented with vaginal
administration of 600 mg micronized progesterone (Utroge-
stan; Farmoquimica) starting 1 day after oocyte retrieval

hCG
trigger

and continued until 12 weeks of gestation in the presence
of a positive hCG test.

Clinical Follow-Up

A pregnancy test was performed 12 days after embryo
transfer. All women with a positive test had a transvaginal
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ultrasound scan 2 weeks after the positive test. A clinical
pregnancy was diagnosed when the fetal heartbeat was de-
tected. Pregnancy rates were calculated per transfer. Miscar-
riage was defined as pregnancy loss before 20 weeks.

End Points

The primary end points of this study were the cost of pituitary
suppression and the total cost per cycle and per pregnancy.
The secondary end points were the pregnancy, implantation,
and miscarriage rates.

Statistical Analysis

The sample size calculation was based on mean differences. We
observed a mean cost of 600 £ 100 dollars for pituitary suppres-
sion in cycles using GnRHant with rFSH and thCG microdose
(evaluation before the study). Thus, the sample size of 40 in
each group has 80% power to detect a 10% difference between
means with a significance level (alpha) of .05 (two-tailed).

The two groups were compared regarding: 1) age; 2) BMI; 3)
OCP administration length; 4) total dose of FSH administered
(IU); 5) number of administered GnRH analogue injections; 6)
duration of treatment; 7) number of retrieved oocytes; 8) oocyte
yield (number of retrieved oocytes per number of follicles); 9)

TABLE 1

Fertility and Sterility®

metaphase I (MII) oocyte rate; 10) normal fertilization rate;
11) percentage of high-quality embryos on day 3 of develop-
ment; 12) number of transferred embryos; 13) pregnancy
rate; 14) implantation rate; and 15) miscarriage rate. In addi-
tion, the costs of pituitary suppression, gonadotropin stimulus,
hCG trigger, luteal-phase supplementation, laboratory, and
medical procedures, as well as the total treatment cost and
cost per clinical pregnancy, were compared between the groups.

Data were expressed as mean £ SD for continuous vari-
ables or percentages for categoric variables. Mean values
were compared by Student ¢ parametric test or Mann-
Whitney nonparametric test. Percentages were compared by
the chi-squared or Fisher exact test, when expected frequency
was five or fewer. Results were considered to be significant at
the 5% critical level (P<.05). Data analysis was conducted
with the use of Minitab 16 software.

RESULTS
Patient Characteristics

Figure 1 shows the study flow chart and patient outcomes. A
total of 96 patients were recruited to the study, with 48 ran-
domized to each treatment arm. The patient demographic var-
iables are compared in Table 1. The two treatment groups were

Patient demographics, gonadotropin treatment, ovarian response, ovum retrieval, and intracytoplasmic sperm injection (ICSI) outcome in agonist

and antagonist groups.

Variable GnRHa (n = 48) GnRHant (n = 48) P value
Age (y) 31.0+29 30.8+3.2 787
BMI (kg/mz) 253 +4.1 2394+ 3.0 .095
Primary infertility [n (%)] 38 (79.2) 38(79.2) 1.000
Infertility factor [n (%)]

Male factor (n, %) 23 (47.9) 31 (64.6) .099

Unexplained infertility (n, %) 7 (14.6) 5(10.4) .758

Tubal factor (n, %) 18 (37.5) 12 (25.0) .186
Duration of infertility (y) 2.1+03 23+04 612
No. of previous ICSI cycles 1.1+£0.2 1.0+0.2 901
Basal FSH on the 3rd day of menstrual cycle (IU/L) 6.2+ 1.1 58+13 .542
Basal LH (IU/L) 59+0.7 58+1.0 .581
Basal E;, (pg/mL) 409 + 6.1 43.1+54 716
OCP treatment length (d) 26.3+9.4 26.5+88 914
No. of GnRH analogue injections 6.6 + 0.6 4.6+0.8 <.001
Total dose of FSH administered (IU) 1,348 + 234 1,402 + 272 .302
Total dose of hCG administered (IU) 693 + 220 651 4+ 153 .290
E, on hCG trigger day (pg/mL) 3,618 + 2,964 3,094 + 1,891 313
No. of follicles 223+ 16.7 21.7 £12.3 .856
No. of oocytes retrieved 15.1 + 10.6 133+75 335
Oocyte yield (%) 70.8 63.7 .079
No. of MIl oocytes 11.8 £ 9.1 10.5+6.5 441
MIl oocyte rate (%) 77.5 79.8 532
Fertilization rate (%) 75.4 79.8 265
High-quality embryos rate (%) 534 54.7 .822
Endometrial thickness (mm) 11.6 £ 2.1 11.1+£19 282
No. of embryos transferred 24+ 0.6 24406 .593
Patients with fresh embryo transfer [n (%)] 42 (87.5) 48 (100) .026
Implantation rate (%) 15.9 28.1 .061
Clinical pregnancy/fresh transferred cycle [n (%)] 13(31.0) 25 (52.1) .042
Miscarriages/fresh implanted embryos [n (%)] 5(38.4) 2 (8.0) .031
Patients with thawed embryo transfer [n (%)] 3(6.2) 0(0.0) 242
Clinical pregnancy/transferred fresh and thawed cycle [n (%)] 15 (34.1) 25(52.1) .082
Miscarriages/implanted fresh and thawed embryos [n (%)] 5(33.3) 2 (8.0) .081
Note: Values are mean + SD or n (%). BMI = body mass index; MIl = metaphase Il; OCP = oral contraceptive pill.
Maldonado. GnRH agonist short regimen and ICSI outcomes. Fertil Steril 2013.
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similar regarding female age and BMI. The overall mean age
was 32.9 =+ 3.0 years and BMI 24.6 & 3.6 kg/m?. Mean female
age and BMI in the agonist group were 33.0 £ 2.9 years and
25.3 + 4.1 kg/m?, and in the antagonist group 32.8 + 3.2
years and 23.9 + 3.0 kg/m?, respectively (Table 1).

A similar percentage of couples with primary infertility
was observed in both treatment groups (79.2%). The mean du-
ration of infertility for the couples treated with GnRHa was
2.1 £ 0.3 years and with GnRHant 2.3 + 0.4 years. No rele-
vant differences were found between the treatment groups
for the causes of infertility, which were male factor (47.9
and 64.6%, respectively), tubal factor (37.5 and 25.0%, re-
spectively), and unexplained infertility (14.6 and 10.4%, re-
spectively). Basal hormonal levels also did not differ
between the groups (Table 1).

Stimulation and ICSI Outcomes

There were no significant differences between the two groups
in the OCP treatment length (GnRHa 26.3 + 9.4 days,
GnRHant 26.5 + 8.8 days), total doses of rFSH and rhCG mi-
crodoses administered (Table 1). The E, levels on the day of
hCG trigger, number of follicles, oocytes obtained, oocyte
yield, MII oocytes obtained, and MII oocyte rate were similar
between the groups. Fertilization rate, high-quality embryos
rate, number of embryos transferred, and endometrial thick-
ness also were not different. However, we observed a signifi-
cant lower number of patients with embryo transfer in the
GnRHa group compared with the GnRHant group (87.5 vs.
100%; P=.026; Table 1). In the GnRHa group, one couple de-
cided not to have embryo transfer because of personal issues,
two couples did not have any embryo available for transfer,
and three patients with ovarian hyperstimulation syndrome
(OHSS) had their embryos frozen. All of the patients with
OHSS had embryo transfer in a subsequent embryo thawing
cycle. One couple did not become pregnant after the transfer
of two thawed embryos. Two of them became pregnant, pre-
senting one and two gestational sacs out of two and three em-
bryos transferred, respectively.

Though it was not statistically significant, we observed
a reduced implantation rate in the GnRHa group (15.9 vs.
28.1%; P=.061). Clinical pregnancy per transferred cycle
was significantly lower (31.0% vs. 52.1%; P=.042) and

miscarriage rates were significantly higher (38.4% vs. 8.0%;
P=.031) in the GnRHa group compared with the GnRHant
group (Table 1).

We observed a significantly lower cost for pituitary sup-
pression in the GnRHa group compared with the GnRHant
group ($132.6 £ 12.7 vs. $619.4 + 101.2; P<.0001;
Table 2). There were no significant differences between the
groups regarding the costs of gonadotropin stimulus, hCG
trigger, luteal-phase supplementation, and laboratory and
medical procedures (Table 2). Although mean total treatment
cost was significantly lower in the GnRHa group compared
with the GnRHant group ($5,327.80 + 387.30 vs. $5,900.40
+ 472.50; P<.0001), mean cost per clinical pregnancy was
significantly higher in the GnRHa group ($19,671.80 +
1,430.00 vs. $11,328.70 + 907.20; P<.0001; Table 2).

Considering the outcomes obtained with fresh and
thawed cycles (n = 93), despite the lower pregnancy (34.1%
vs. 52.1%; P=.082) and miscarriage (8.0% vs. 33.3%;
P=.081) rates observed in the experimental group, the signif-
icances disappeared (Table 1). Nevertheless, the cost per clin-
ical pregnancy remained higher in the experimental group
($17,570.20 + 1,533.40 vs. $11,328.70 + 907.20; P<.001;
Table 2).

DISCUSSION

Any simplification in pharmacologic treatment is a welcome
development for infertile couples undergoing IVF procedures
(17). Previously, one group showed that halving the standard
daily dose of triptorelin at the start of ovarian stimulation in
down-regulated women stimulated with rFSH is adequate for
pituitary suppression (11). Another group demonstrated that
alternate-day dosage of triptorelin is effective in achieving
pituitary suppression (2).

Moreover, our previous study showed that the rhCG mi-
crodose is an efficient source of LH activity, and this strategy
can be used to reduce the FSH amounts required in COS pro-
tocols, independently from the type of GnRH analogue used
(1). In the present study, in an attempt to improve the cost-
effectiveness of stimulation protocols, we evaluated the use
of an alternate-day dosage of GnRHa in young presumably
normal-responding patients stimulated with rFSH and rhCG
microdoses.

TABLE 2

Detailed treatment costs (USD).

Pituitary suppression

Gonadotropin stimulus

hCG trigger

Luteal-phase supplementation

Laboratory cost

Medical cost

Total treatment cost

Clinical pregnancy cost

Clinical pregnancy cost/fresh and thawed embryo transfer

Note: Values are mean + SD or n (%).

Maldonado. GnRH agonist short regimen and ICSI outcomes. Fertil Steril 2013.

Agonist (n = 48) Antagonist (n = 48) Pvalue
132.6 £12.7 619.4 £ 101.2 <.001
2,154.7 £ 373.5 2,240.5 + 434.1 .302

139.4 139.4 NA

77.6 77.6 NA

2,823.5 2,823.5 NA

0.0 0.0 NA
5,327.8 + 387.3 5,900.4 + 472.5 <.001
19,671.8 + 1,430.0 11,328.7 £ 907.2 <.001
17,570.2 + 1,533.4 11,328.7 £ 907.2 <.001
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Our results showed that pituitary suppression with
a GnRHa on alternate days is significantly less costly than
the GnRHant treatment. Though we did not observe any sig-
nificant effect on ovarian response, treatment with GnRHa
was associated with a decreased number of cycles with em-
bryo transfer, a lower clinical pregnancy rate, and an in-
creased miscarriage rate compared with the group using
GnRHant for pituitary suppression.

In our experimental protocol, no cycle was cancelled be-
fore oocyte retrieval because of premature LH surge, so all pa-
tients had oocyte retrieval. However, three patients developed
OHSS and had all of the embryos frozen. Two of these patients
became pregnant in a subsequent embryo thawing cycle. In the
GnRHant group, we did not observe any patient developing
OHSS, emphasizing the protective role of the antagonist proto-
col against hyperstimulation. The GnRHant’s have been suc-
cessfully used to prevent the LH surge in IVF cycles by
inducing immediate and rapid suppression of gonadotropin se-
cretion (18-20). The use of GnRHa induces down-regulation of
GnRH receptors and consequent hypogonadism (21). In the
long regimen, there is an initial flare of gonadotropin release
before receptors are down-regulated, and the stimulation
with gonadotropins is started after the pituitary suppression
(19, 22, 23). The short, or flare, protocol combines the agonist
treatment with gonadotropin stimulation, with the use of the
agonist flare-up of endogenous FSH to stimulate the ovaries
in addition to exogenous FSH administration (22, 23).

When compared with the long GnRHa treatment, the an-
tagonist protocol was shown to shorten the agonist schedule
and diminish the amount of gonadotropin administered,
among other benefits. Therefore, it was characterized as
a more patient-friendly protocol (20, 24). This difference is
clinically relevant, because patients are likely to prefer
shorter cycles with reduced number of injections (20).

It has been previously documented that the use of SC
drugs leads to a negative perception of IVF treatment (19).
To increase patients’ comfort, in this study we administered
the short agonist protocol on alternate days and thus reduced
the mean number of injections from 20 to 6.6 compared with
the long agonist schedule. Nonetheless, the number of injec-
tions in the GnRHant group was still lower than in the GnRHa
group. In addition, assisted reproduction is associated with el-
evated anxiety, psychologic and marital stress, and economic
burdens, which are the main reasons for dropout from treat-
ment (22, 25-27). Indeed, it is likely that many couples do
not seek or discontinue treatment because of limited
economic resources (28).

Because the cost of ovulation induction drugs is one of the
main limiting factors in assisted reproduction, one possible
variation in IVF costs could be attributed to different COS pro-
tocols. Several authors have expressed support for patient-
friendly IVF, meaning a policy that is cost-effective, is
available to the widest possible range of people, and minimizes
risks and burden for the patient (19). Owing to the extremely
high costs of IVF treatment, only a small proportion of infertile
couples in developing countries benefit from it (29). Simplified
COS protocols are needed that can be adapted for conditions in
the developing world, because gonadotropins and GnRH ana-
logues are too expensive to be used in developing countries

Fertility and Sterility®

(28). Although IVF cycles can be performed in natural cycles,
there is an increased risk of cycle cancellation, poor oocyte de-
velopment, and significantly lower pregnancy rate compared
with cycles with ovarian stimulation (30).

Recent studies have demonstrated that the supplementa-
tion or substitution of FSH by low-dose hCG in the final days
of COS leads to a >20% reduction of FSH consumption, yield-
ing a significant reduction of the total cost of the treatment,
whereas ICSI outcome was similar to traditional COS regi-
mens (1, 31, 32). Adaptations in the dose of the GnRHa
seem to be an alternative to reduce the cost of IVF
treatment. Fabregues et al. (11) found that a reduced dose of
triptorelin had no significant effect on ovarian response and
the outcome of ICSI cycles. Karatekeli et al. (2), using an
alternate-day regimen, observed pregnancy rates similar to
conventional regimen. In addition, the alternate-day schedule
is interesting because of the reduced number of injections, re-
sulting in a friendlier protocol.

Reducing the dose of GnRH once ovarian suppression is
attained may avoid too much suppression of LH during follic-
ular development. Fabregues et al. (11) observed higher levels
of serum LH during the follicular phase after GnRH reduction.
Accordingly, Filicori et al. (32) observed that the administra-
tion of low-dose hCG alone in the late COS stages resulted in
a more estrogenic intrafollicular environment. Because
high LH levels lead to decreased egg quality, lower implanta-
tion (33, 34) and pregnancy rates (35), and increased
miscarriage rates (33, 34), we could hypothesize that an
induced estrogenic action was responsible for the lower
implantation and pregnancy rates and higher miscarriage
rate obtained with our protocol.

In the present study, we aimed to develop a protocol in
which fewer GnRH injections and gonadropin amounts are
required, thus reducing the total cost of IVF treatment. We
reached our primary end point, which was demonstrated by
a significant reduction in the pituitary suppression cost per
cycle. However, our secondary end point was not achieved,
because the GnRHa group had significantly lower pregnancy
and higher miscarriage rates compared with the GnRHant
group, resulting in a higher cost per pregnancy achievement.
When subsequent embryo thawing cycles were included, the
significant differences in pregnancy and miscarriage rates
disappeared, but the cost per pregnancy was still significantly
higher in the agonist group.

Our recommendation is that although it is more practical
than a long agonist schedule (reduction from ~20 to ~7 in-
jections), less costly, and as effective as the antagonist proto-
col for pituitary suppression (no premature ovulation), the
short agonist protocol administered on alternate days in-
creases the risk for OHSS; therefore, it is not a safe protocol
for COS. However, we think that it is important to identify
which patients, if any, would benefit the most from this pro-
tocol to obtain a less costly and friendlier COS without com-
promising the treatment outcomes.
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