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BACKGROUND: We aimed to determine the efficacy of ovarian hyperstimulation protocols employing a GnRH
antagonist to prevent a premature LH rise allowing final oocyte maturation and ovulation to be induced by a single
bolus of either a GnRH agonist or hCG. METHODS: A total of 122 normogonadotrophic patients following a flex-
ible antagonist protocol was stimulated with recombinant human FSH and prospectively randomized (sealed envel-
opes) to ovulation induction with a single bolus of either 0.5 mg buserelin s.c. (n 5 55) or 10 000 IU of hCG
(n 5 67). A maximum of two embryos was transferred. Luteal support consisted of micronized progesterone vagin-
ally, 90 mg a day, and estradiol, 4 mg a day per os. RESULTS: Ovulation was induced with GnRH agonist in 55
patients and hCG in 67 patients. Significantly more metaphase II (MII) oocytes were retrieved in the GnRH
agonist group (P < 0.02). Significantly higher levels of LH and FSH (P < 0.001) and significantly lower levels of pro-
gesterone and estradiol (P < 0.001) were seen in the GnRH agonist group during the luteal phase. The implantation
rate, 33/97 versus 3/89 (P < 0.001), clinical pregnancy rate, 36 versus 6% (P 5 0.002), and rate of early pregnancy
loss, 4% versus 79% (P 5 0.005), were significantly in favour of hCG. CONCLUSIONS: Ovulation induction with
a GnRH agonist resulted in significantly more MII oocytes. However, a significantly lower implantation rate and
clinical pregnancy rate in addition to a significantly higher rate of early pregnancy loss was seen in the GnRH ago-
nist group, most probably due to a luteal phase deficiency.
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Introduction

hCG has been used for decades to achieve final oocyte matu-

ration and, thereby a correct timing of oocyte retrieval in

connection with ovarian hyperstimulation protocols. The

administration of hCG in cycles with multiple follicular

development results in the formation of multiple corpora

lutea with sustained luteotrophic effect and supraphysiologi-

cal levels of estradiol and progesterone. Despite the wide-

spread use of hCG, some studies have suggested a negative

impact on endometrial receptivity (Forman et al., 1988;

Simon et al., 1998) and embryo quality (Valbuena et al.,

2001). In addition, the sustained luteotrophic effect may

facilitate and deteriorate the development of ovarian hyper-

stimulation syndrome (OHSS).

As an alternative to hCG, a GnRH agonist has been used

to trigger the endogenous release of LH (and FSH) in a

fashion resembling the mid-cycle surge of gonadotrophins

(Nakano et al., 1973). GnRH agonist has been shown to be

as effective as hCG for induction of ovulation (Gonen et al.,

1990; Itskovitz et al., 1991; Imoedemhe et al., 1991; Segal

and Casper, 1992). Sharing the same a subunit and 85% of

the amino acid residues of their b subunit, hCG and LH bind

to the same LH/hCG receptor (Kessler et al., 1979). The half-

life of hCG, however, is .24 h (Damewood et al., 1989)

whereas that of LH is ,60 min (Yen et al., 1968).

The LH surge in the natural, non-stimulated cycle is charac-

terized by three phases: a rapidly ascending phase lasting for

14 h, a plateau of 14 h and a descending phase of 20 h (Hoff

et al., 1983). By contrast, the LH surge induced by injection

of a bolus of GnRH agonist consists of only two phases: a

short ascending limb (.4 h) and a long descending limb

(.20 h), in total ,24–36 h (Itskovitz et al., 1991). Despite

the significantly longer duration of the natural LH surge, the

GnRH agonist-induced surge effectively stimulates ovulation

and final oocyte maturation (Gonen et al., 1990; Itskovitz

et al., 1991). Another aspect of the GnRH agonist-induced
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ovulation is the induction of an FSH surge comparable to the

surge of the natural cycle, in addition to the LH surge. The

exact role of the mid-cycle FSH surge in the natural cycle is

not fully clear, but one function of FSH is to induce LH recep-

tor formation in the luteinizing granulosa cells, thus optimiz-

ing the function of the corpus luteum. Moreover FSH

specifically seems to promote nuclear maturation, i.e. resump-

tion of meiosis (Zelinski-Wooten et al., 1995; Yding Ander-

sen et al., 1999) and cumulus expansion (Stickland and Beers,

1976; Eppig, 1979).

The use of GnRH agonist for ovulation induction gained

some interest in the late 1980s and in the early 1990s

(Itskovitz et al., 1988; Gonen et al., 1990; Imoedehme

et al., 1991; Emperaire et al., 1992). The simultaneous use,

however, of GnRH agonist for pituitary down-regulation

and ovulation induction is not possible. With the recent

introduction of GnRH antagonist protocols for the preven-

tion of a premature LH surge (Albano et al., 1997;

Itskovitz-Eldor et al., 1998; European Orgalutran Study

Group, 2000), it has now again become an option to

induce ovulation with GnRH agonist. This concept is based

on the fact that the suppressive effect of the GnRH anta-

gonist can be reversed by the administration of GnRH

agonist. The GnRH agonist is capable of displacing the

antagonist from the receptor and inducing an initial acti-

vation (flare-up) prior to down-regulation of the receptor,

leading to a concomitant LH and FSH surge. Whereas the

ovulatory feasibility of using GnRH agonist in connection

with antagonist protocols has been demonstrated

(Felberbaum et al., 1995; Olivennes et al., 1996; Itskovitz

et al., 2000; Fauser et al., 2002; Beckers et al., 2003), the

clinical efficacy of combining the antagonist protocol with

GnRH agonist-induced ovulation (Itskovitz et al., 2000;

Bracero et al., 2001; Fauser et al., 2002; Beckers et al.,

2003) still needs to be confirmed by larger studies.

Studies performed prior to the introduction of the anta-

gonist protocol have compared the ovulatory effectiveness of

hCG versus GnRH agonist. In the largest study, Romeu et al.

(1997) compared the results of 345 intrauterine insemination

(IUI) cycles induced with leuprolide acetate with 416 cycles

in which hCG had been used to induce ovulation. No differ-

ence was found in ovulation rates (99 versus 99%), but a sig-

nificantly higher pregnancy rate (27.3 versus 17.3%) was

found in cycles induced with leuprolide acetate compared to

hCG (P ¼ 0.0007).

Some studies, however, have found that triggering ovu-

lation with GnRH agonist leads to a suboptimal luteal phase

as reported in both controlled (Segal and Casper, 1992;

Balasch et al., 1995) and uncontrolled studies (Balasch et al.,

1994), whereas others failed to find any difference in the

luteal phases of ovulations triggered by hCG or GnRH ago-

nist (Shalev et al., 1995; Romeu et al., 1997).

The primary endpoint of the present study was to compare

pregnancy outcome in patients undergoing IVF/ICSI follow-

ing a flexible GnRH antagonist protocol, randomized to ovu-

lation induction with a single bolus of either hCG or GnRH

agonist. Secondary endpoints were oocyte maturation and

endocrine parameters.

Materials and methods

Patients and hormonal treatment

A total of 122 normogonadotrophic women undergoing IVF or ICSI

treatment from August 2003 until February 2004 were included in

this open label, prospective, randomized, two-centre study. Each

patient contributed with only one cycle. A signed written informed

consent was obtained from all participants and patients fulfilling the

following inclusion criteria were prospectively enrolled in a con-

secutive manner: (i) female age .25 and ,40 years; (ii) baseline

FSH and LH ,12 IU/l; (iii) menstrual cycles between 25 and 34

days; (iv) body mass index (BMI) .18 and ,30 kg/m2; (v) both

ovaries present; (vi) absence of uterine abnormalities. Ovarian

stimulation was initiated with recombinant human (r)FSH (Puregon;

Organon, Denmark) from cycle day 2 and continued until the day of

inducing ovulation. A fixed dose of rFSH was used, either 150 or

200 IU per day for the first 6 days, according to age, BMI, basal

FSH, antral follicle count and ovarian volume. After 6 days, doses

were adjusted according to ovarian response. Once the leading fol-

licle had reached a size of 15 mm, co-treatment with the GnRH

antagonist ganirelix (Orgalutran; Organon) 0.25 mg was initiated

and continued up to and including the day of ovulation induction.

When at least three follicles had reached a size of 17 mm, patients

were randomized to ovulation induction with either a single bolus of

0.5 mg buserelin s.c. (Suprefact; Hoechst, Denmark), or 10 000 IU of

hCG s.c. (Pregnyl; Organon). Oocyte retrieval was performed 35 h

later, followed by either IVF or ICSI. The randomization was per-

formed by a study nurse, using computer-generated random numbers

in sealed, unlabelled envelopes, each containing a unique study

number. A maximum of two embryos was transferred on day 2 or 3

after retrieval. All patients received luteal phase support in the form

of micronized progesterone vaginally, 90 mg a day (Crinone; Serono

Nordic, Denmark) and estradiol 4 mg a day per os (Estrofem; Novo

Nordisk, Denmark) commencing from the day following the oocyte

retrieval and continuing until the day of the pregnancy test, i.e. day

12 after embryo transfer. Calculations of the percentage of MII

oocytes, normal fertilization (2PN) and embryos per oocyte were

performed using the patient (cycle) as a unit of analysis. A bio-

chemical pregnancy was defined by a plasma b-hCG concentration

.10 IU/l on day 12 after embryo transfer. A clinical pregnancy was

defined as an intrauterine gestational sac with a heartbeat 3 weeks

after a positive hCG test. The implantation rate was defined as the

number of gestational sacs per patient (i.e. either 0, 50 or 100%)

divided by the number of embryos transferred. The study was

approved by the Ethics Committee of Viborg County.

Blood samples and hormone assays

Blood sampling was performed on six occasions: on stimulation day

1 (S1), day 6 (S6), on the day of ovulation induction, on the aspira-

tion day and 7 and 14 days after oocyte aspiration. Sera were

analysed immediately locally for estradiol using a Vidas kit

(BioMérieux, France) with a detection limit of 33 pmol/l. Aliquots

were frozen at 220 8C for subsequent analysis of LH, FSH and

progesterone. LH and FSH were measured by time-resolved immu-

nofluorometric assay, the AutoDelfia spec.kit (Wallac Oy, Finland).

The assays were performed at the Department of Clinical Biochem-

istry, Odense University Hospital, Denmark. The detection limit of

the LH assay as given by the manufacturer is 0.05 IU/l and

Department of Clinical Biochemistry, Odense found the intra- and

inter-assay variation of samples containing 0.1–0.2 IU/l to be ,3%

(Westergaard et al., 2000). Progesterone was measured according

to manufacturer’s instructions using a commercially available
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radioimmunoassay kit intended for measurements in serum (DSL-

4200; Diagnostic System Laboratories, USA).

Statistical methods

Statistical differences were evaluated using Student’s t-test or

Fisher’s exact test as appropriate. P , 0.05 was considered to be

statistically significantly different. For calculation of the implan-

tation rate, Wilcoxon rank sum test for two variables was used (i.e.

the implantation rate was either 0, 50 or 100% depending on

whether zero, one or two embryos implanted). Assuming a signifi-

cance level of 0.05 and a power of 0.80 and a difference in

pregnancy rates between the two treatment arms of 12% in favour

of the agonist ovulation group, there was a total number of 296 trea-

ted patients. However, the study had to be terminated earlier due

to differences obtained in clinical outcome between the groups

compared.

Results

Cancellations

A total of 122 patients was randomized, 55 to ovulation

induction with GnRH agonist and 67 to ovulation induction

with hCG. Embryo transfer was cancelled in seven patients

in the GnRH agonist group and in 10 patients in the hCG

group due to either total fertilization failure or poor embryo

development.

Patient characteristics

There were no significant differences regarding demographic

data between groups. The two treatment groups were com-

parable regarding age and BMI. The mean ^ SD age of the

GnRH agonist group (n ¼ 55) was 33.4 ^ 3.9 years, and the

mean BMI 23.6 ^ 3.1 kg/m2, whereas in the hCG group

(n ¼ 67) the mean age was 32.3 ^ 3.8 years and the mean

BMI 23.5 ^ 3.0 kg/m2. The vast majority of participants

(98%) were Caucasians.

The mean ^ SD baseline FSH and LH was 6.8 ^ 2.4 and

5.6 ^ 2.6 IU/l respectively in the GnRH agonist group

compared to 6.7 ^ 2.0 and 5.7 ^ 1.5 IU/l respectively in the

hCG group (not significant). There were no differences

between groups regarding infertility diagnosis and number of

previous IVF/ICSI attempts.

The total amount of exogenous FSH required (1831 ^ 535

and 1754 ^ 475 IU), the total dose of ganirelix administered

(1.0 ^ 0.4 versus 0.9 ^ 0.3 mg), the duration of FSH stimu-

lation (13.1 ^ 2.1 versus 12.6 ^ 2.3 days) for the GnRH

agonist and hCG groups, respectively, did not differ

significantly.

The mean stimulation day on which ganirelix co-treatment

was initiated did not differ between the two groups (hCG:

day 8.5 ^ 1.2 versus GnRH agonist: day 8.3 ^ 0.9), neither

did the mean size of the largest follicle on the day of ganire-

lix initiation (hCG: 15.1 ^ 1.1 mm versus GnRH agonist:

15.1 ^ 0.8 mm). The mean follicle size of the largest follicle

at ovulation induction did not differ (hCG: 18.1 ^ 1.3 mm

versus GnRH agonist: 18.5 ^ 1.1 mm) (data not shown).

The distribution of IVF and ICSI cycles was 27 and 28

versus 36 and 31 in the GnRH agonist and hCG groups

respectively (Table III). Comparable numbers of day 2 and

day 3 transfers were performed in both groups. In the GnRH

agonist group, 42 day 2 and six day 3 transfers were per-

formed. In the hCG group, 46 day 2 transfers and 10 day 3

transfers were performed. No cases of OHSS were reported

in either group.

Serum hormone levels

Serum estradiol levels, LH levels and FSH levels during the

follicular phase—S1, S6 and day of ovulation induction—did

not differ significantly between groups (Table I). In contrast

LH levels on day of oocyte retrieval (DOR), DOR þ 7 and

DOR þ 14 were significantly higher in the GnRH agonist

(buserelin) group compared to the hCG group (3.0 ^ 1.8

versus 1.1 ^ 1.1, 1.5 ^ 1.0 versus 0.2 ^ 0.4, 1.6 ^ 1.2 ver-

sus 1.0 ^ 1.0 IU/I) respectively (P , 0.001) (Table II). FSH

levels on day of DOR, DOR þ 7 and DOR þ 14 were also

significantly higher in the GnRH agonist group compared to

the hCG group (9.6 ^ 3.0 versus 6.2 ^ 2.9, 1.9 ^ 1.6 versus

0.4 ^ 0.2, 2.6 ^ 1.6 versus 1.4 ^ 1.6 IU/I) respectively

(P , 0.001). Estradiol levels on day DOR þ 7 and day

DOR þ 14 were significantly lower in the GnRH agonist

group compared to the hCG group (2.9 ^ 2 versus 7.1 ^ 4,

2.7 ^ 2 versus 5.6 ^ 5 nmol/l respectively) (P , 0.001)

(Table II). Progesterone levels on the day of DOR and

DOR þ 7 were also significantly lower in the GnRH agonist

group compared to the hCG group (28 ^ 18 versus 49 ^ 33,

39 ^ 30 versus 283 ^ 205 nmol/l respectively) (P , 0.001)

(Table II).

Clinical outcome

All oocytes exposed to ICSI were assessed for nuclear matur-

ity. When calculating per oocyte per patient, the proportion

of MII oocytes was significantly higher in the GnRH agonist

group compared to the hCG group, 84 ^ 18 versus

68 ^ 22% (P , 0.02) (log-transformed). No differences were

found regarding fertilization rates, 60 ^ 30 versus 54 ^ 25%

and cleavage rates 56 ^ 30 versus 51 ^ 28% (Table III).

The mean number of embryos transferred (1.71 versus 1.64)

and transfer rate (87 versus 85%) did not differ between

Table I. Follicular phase serum estradiol, LH, FSH and progesterone

Buserelin hCG Pa

Patients (n) 55 67
Estradiol, S1 (nmol/l) 0.1 ^ 0.1 0.2 ^ 0.2 NS
Estradiol, S6 (nmol/l) 3.4 ^ 2.0 3.1 ^ 1.8 NS
Estradiol, day of ovulation induction
(nmol/l)

7.1 ^ 4 6.4 ^ 3 NS

LH, S1 (IU/l) 4.3 ^ 1.5 4.1 ^ 1.5 NS
LH, S6 (IU/l) 4.6 ^ 6.4 3.2 ^ 2.7 NS
LH, day of ovulation induction
(IU/l)

1.3 ^ 1.1 1.3 ^ 1.8 NS

FSH, S1 (IU/l) 7.4 ^ 2.9 6.6 ^ 1.9 NS
FSH, S6 (IU/l) 11.7 ^ 4.5 12.2 ^ 5.6 NS
FSH, day of ovulation induction
(IU/l)

12.2 ^ 4.4 12.4 ^ 4.3 NS

Progesterone, day of ovulation induction
(nmol/l)

5.5 ^ 5.8 5.0 ^ 3.0 NS

Values are mean ^ SD.
aStudent’s t-test.
NS ¼ not significant.
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the GnRH agonist and hCG groups respectively (Table IV).

No significant difference was seen regarding numbers of

positive pregnancy tests per embryo transfer (29% versus

44%) in the GnRH agonist and hCG group respectively.

In contrast, implantation rates (3/89 versus 33/97), clinical

pregnancy rates (6 versus 36%) and the rate of early preg-

nancy loss (79 versus 4%) for the GnRH agonist and hCG

groups respectively differed significantly in favour of hCG

(P , 0.001, P ¼ 0.002, P ¼ 0.005) (Table IV).

Discussion

This study demonstrates that ovulation induction with a

GnRH agonist following pre-treatment with an antagonist

results in a significantly higher proportion of mature oocytes

as compared to ovulation induction with hCG. The result was

based on the assessment for maturity of all ICSI-exposed

oocytes, denuded for evaluation of nuclear status. Despite the

fact that more oocytes resumed meiosis in the GnRH agonist

group, the implantation rate and the clinical pregnancy rate

was significantly lower and the rate of early pregnancy loss

significantly higher in the GnRH agonist group. This was

seen even though patients were luteal phase-supported with

progesterone and estradiol in a way similar to that normally

applied to patients following a standard long protocol. Pri-

marily the study was planned to include 150 cycles in each

arm, i.e. a total of 300 cycles. However, when a total of 110

patients, i.e. 55 patients in each group, had completed the

study, the study was opened due to a suspicion of extremely

low clinical pregnancy rates in one of the two arms. At that

time a total of 122 patients had been included. As it seemed

unethical to proceed with the GnRH agonist group after the

opening of the study, all patients had ovulation induction

with hCG, thus creating an unequal number of patients in the

two groups (55 versus 67 patients).

Until now, only small-scale studies exist focusing on the

ovulatory capacity of GnRH agonist following treatment with

a GnRH antagonist (Felberbaum et al., 1995; Olivennes et al.,

1996; Itskovitz et al., 2000; Fauser et al., 2002; Beckers

et al., 2003), all of them showing an effective LH surge eli-

cited by a GnRH agonist following treatment with a GnRH

antagonist.

The uncontrolled study by Itskovitz et al. (2000) included

only eight patients considered to have an increased risk of

developing OHSS. One out of seven fresh embryo transfers

resulted in a pregnancy. Four pregnancies, three of which

ended in early abortions, resulted from a total of 17 transfers

of frozen–thawed embryos. Despite luteal support including

both progesterone and estradiol, pregnancy rates were quite

low for the fresh transfers, and the rate of early pregnancy

loss in the frozen–thawed cycles was high, resembling the

rates of early pregnancy loss in fresh transfers of the current

study (79%). The high pregnancy loss in frozen–thawed

cycles, which bypasses possible negative effects directly or

indirectly on the endometrium by GnRH agonist, may indi-

cate a direct negative impact of the GnRH agonist surge on

the developmental capacity of the oocyte/embryo itself.

Table II. Luteal phase serum FSH and LH (IU/I) and estradiol and progesterone (nmol/l) in GnRH agonist versus hCG group

FSH LH Estradiol Progesterone

Buserelin hCG Buserelin hCG Buserelin hCG Buserelin hCG

DOR 9.6 ^ 3.0a 6.2 ^ 2.9a 3.0 ^ 1.8d 1.1 ^ 1.1d 4.2 ^ 2.0 4.4 ^ 2.0 28 ^ 18i 49 ^ 33i

DOR þ7 days 1.9 ^ 1.6b 0.4 ^ 0.2b 1.5 ^ 1.0e 0.2 ^ 0.4e 2.9 ^ 2.0 g 7.1 ^ 4.0 g 39 ^ 30j 283 ^ 205j

DOR þ14 days 2.6 ^ 1.6c 1.4 ^ 1.6c 1.6 ^ 1.2f 1.0 ^ 1.0f 2.7 ^ 2.0 h 5.6 ^ 5.0 h

Values are mean ^ SD.
Numbers with same letters show a significant difference, P , 0.001 (Student’s t-test) in all instances.
DOR ¼ day of oocyte retrieval.

Table III. Oocyte maturation, fertilization and cleavage in GnRH agonist
versus hCG group

Buserelin hCG Pa

IVF (n) 27 36
ICSI (n) 28 31
Oocytes
[n (mean per DOR)]

442 (8.4) 651 (9.7) .0.10

MII, ICSI
(%, mean ^ SD per patient)

84 ^ 18 68 ^ 22 ,0.02

2PN oocytes
(total %, mean ^ SD per patient)

60 ^ 30 54 ^ 25 NS

Embryos
(%) (mean ^ SD per patient)

56 ^ 30 51 ^ 28 NS

aFisher’s exact test.
DOR ¼ day of oocyte retrieval; MII ¼ metaphase II; 2PN ¼ two-pronuc-
lear; NS ¼ not significant.

Table IV. Pregnancy outcome in GnRH agonist versus hCG group

Buserelin hCG Pa

Patients (n) 55 67
Rate of embryo transfer (ET)
[n (%)]

48 (87) 57 (85) NS

No. of embryos transferred
[mean (range)]

1.71 (1–2) 1.64 (1–2) NS

Positive hCG per ET
[n (%)]

14 (29) 25 (44) .0.10a

Clinical pregnancy
[n (% per cycle)]

3 (6) 24 (36) 0.002a

Implantation rate (n) 3/89 33/97 ,0.001b

Early pregnancy loss
[n (%)]

11 (79) 1 (4) 0.005a

aFisher’s exact test.
bWilcoxon rank sum test for two independent variables using the implan-
tation rate per patient (i.e. 0, 50 or 100% depending on whether 0, 1 or 2
embryos implanted).
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In a retrospective cohort study with a set-up comparable to

that of Itskovitz et al. (2000), eight patients of a total of 19,

at risk of developing OHSS, also showed a poor implantation

rate of only 8% despite luteal support with micronized

progesterone vaginally (Bracero et al., 2001).

In the prospective randomized three-arm study by Fauser

et al. (2002) including a total of 47 ICSI cycles, two different

agonists were used (0.2 mg triptorelin and 0.5 mg leuprorelin)

in comparison with hCG for the triggering of ovulation after

stimulation with recombinant FSH and GnRH antagonist

(ganirelix) administration from stimulation day 6. The per-

centage of MII oocytes, fertilization rates, as well as embryo

morphology did not differ between the three groups. Intra-

muscular progesterone was administered as luteal support to

all patients. Although relatively low, no significant differ-

ences were seen regarding implantation rates (15, 18 and

7%) and pregnancy rates (18, 20 and 13%) when comparing

the triptorelin and leuprorelin groups versus the hCG group.

Pregnancy loss within the first 12 weeks was high: three of

six (50%) and two of five (40%) for the triptorelin and leu-

prorelin groups respectively.

Finally, Beckers et al. (2003) found low pregnancy rates in

women treated with either recombinant hCG, 250mg

(n ¼ 11), recombinant LH, 1 mg (n ¼ 13) or triptorelin

0.2 mg (n ¼ 15) for ovulation induction after stimulation

with recombinant FSH combined with a GnRH antagonist

(Antide) during the late follicular phase. The luteal phase,

however, was not supplemented for any group and the

authors concluded that the luteal phase should be sup-

plemented when using a GnRH antagonist for IVF.

Taken together, although numbers are small, all available

studies in which patients have been stimulated with exogen-

ous gonadotrophins and co-treated with a GnRH antagonist

reported low implantation and pregnancy rates when a GnRH

agonist was used to trigger ovulation. Furthermore, the rate

of early pregnancy loss was high in two studies (Itskovitz

et al., 2000; Fauser et al., 2002). These results are further

confirmed and extended by the present study, suggesting that

the luteal phase is severely compromised by the use of a

GnRH agonist for ovulation induction.

A plausible explanation behind the deleterious impact on

the clinical outcome parameters in the GnRH agonist group

of the current study seems to be an insufficient luteal func-

tion. Due to pituitary suppression by the GnRH agonist, the

levels of circulating endogenous LH, after the initial gonado-

trophin ‘flare up’, were too low in the GnRH agonist group

to sustain a normal function of the corpus luteum, leading to

a subsequent luteal phase insufficiency. In the hCG group the

luteal phase levels of LH were even lower than those of the

GnRH agonist group, but the hCG group had high circulating

levels of hCG to maintain a normal luteal function. Luteal

phase support with both progesterone and estradiol, as used

in the present study, apparently did not overcome the luteal

insufficiency of the GnRH agonist group. Earlier animal and

human studies have confirmed that withdrawal of LH induces

the initiation of luteolysis (Collins et al., 1986; Duffy et al.,

1999), but the corpus luteum can survive the lack of support

for a limited number of days (Weissman et al., 1996).

The question is for what period of time does the suppressive

effect of 0.5 mg of buserelin last on the pituitary? Injection

of only 0.05 mg of D-trp, Pro9 NET in the mid-luteal phase

resulted in complete refractoriness of LH and FSH secretion

to a second dose 24 h later (Casper, 1996). Moreover, studies

in primates showed that LH surges with duration of ,48 h

are insufficient to support, or even induce, the corpus luteum

(Chandrasekher et al., 1994). Secondly, are the first 24–48 h

of crucial importance for a normal function of the corpus

luteum? And will an exposure of too low LH levels during

this period cause corpus luteum demise?

In contrast, significantly more metaphase II oocytes were

retrieved in the current study when GnRH agonist was used

to trigger ovulation (P , 0.001). This is actually the first

time that a possible beneficial effect of the mid-cycle FSH

surge on oocyte maturity has been observed in a clinical trial

and the result contrasts with those obtained by Fauser et al.

(2002). Thus, the result of this study supports a number of

earlier in vitro studies demonstrating a pronounced positive

effect of FSH on oocyte maturation (Yding Andersen et al.,

1999; Yding Andersen, 2002). Furthermore it suggests that

an optimal oocyte maturation may be achieved by a simul-

taneous and coordinated effect by both FSH and LH.

The hormonal profiles of the two arms of the study were

comparable until the day of oocyte retrieval. On this day the

GnRH agonist group had significantly higher FSH and LH

levels indicative of a surge, which was still visible 35 h after

triggering of ovulation. This is consistent with the findings of

other authors (Itskovitz et al., 2000; Bracero et al., 2001;

Fauser et al., 2002; Beckers et al., 2003). Moreover in the

luteal phase, FSH and LH levels were significantly lower in

the hCG group due to negative feedback on the pituitary by

high levels of estradiol in this group. Finally progesterone

levels were comparable between the two groups until and

including the day of ovulation induction, after which levels

were significantly lower in the GnRH agonist group, indica-

tive of a corpus luteum insufficiency.

Extragonadal LH/hCG receptors have been located in the

human endometrium and uterus (Rao, 2001). Though recep-

tor levels are low, ,10% receptor occupancy leads to a

maximal biological response (Rao, 2004), and it may be

speculated that the low clinical outcome of the GnRH agonist

group reflects low levels of circulating endogenous LH

which cause an insufficient stimulation of the uterus (Tesarik

et al., 2003). Apart from this indirect negative impact of the

mid-cycle GnRH agonist administration on the corpus luteum

and the endometrium, there is also a possible direct negative

impact on the same structures, as GnRH receptors have been

described in both compartments (Tavaniotou et al., 2001).

In this trial a flexible rather than a fixed antagonist protocol

was used. Several authors investigated the fixed versus the

flexible protocol and did not find any significant difference in

pregnancy rates (Ludwig et al., 2002; Mansour et al., 2003;

Escudero et al., 2004; Klipstein et al., 2004). Moreover, using

a flexible protocol might reduce the treatment costs due to a

decreased total antagonist consumption. We are, however,

aware that others (Kolibianakis et al., 2003) found a signifi-

cantly lower implantation rate in patients following a flexible

GnRH agonist or hCG for ovulation induction in GnRH antagonist IVF/ICSI cycles
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protocol, when the antagonist was applied beyond the sixth

day of stimulation as compared with a fixed protocol, starting

on day 6 of stimulation. The present study using a flexible

protocol, however, revealed no differences between the two

groups regarding the mean day from which the antagonist was

administered (day 8.3 versus day 8.5), the mean follicle size

at the first day of antagonist administration (15.1 versus

15.1 mm) and the mean size of the largest follicle when

ovulation was triggered (18.5 versus 18.1 mm) for the GnRH

agonist and hCG groups respectively.

Controversy exists whether serum progesterone levels

.1 ng/ml on the day of hCG may have a negative impact on

the clinical outcome in IVF/ICSI cycles. Several authors

failed to find any adverse effects of a subtle progesterone rise

on oocyte and embryo quality (Ubaldi et al., 1995) and clini-

cal outcome (Givens et al., 1994; Ubaldi et al., 1995), while

others have reported decreased implantation and pregnancy

rates, presumably due to alterations of endometrial receptiv-

ity (Fanchin et al., 1993; Harada et al., 1995). In the present

study, serum progesterone levels on the day of triggering

ovulation were comparable and thus unlikely to represent an

explanation of the observed results.

As previously shown (Beckers et al., 2003), the non-

supplemented luteal phase in antagonist cycles, although

insufficient, was less disturbed in patients receiving hCG for

ovulation induction compared to patients who received a

single bolus of an agonist. In the current study, all patients

were luteal-supported with a combination of vaginal micro-

nized progesterone gel, 90 mg/day (Crinone 8%) and orally

administered estradiol. Two previous trials (Saucedo et al.,

2000; Schoolcraft et al., 2000) found no difference in preg-

nancy rates, when comparing patients treated with vaginal

progesterone gel or intramuscular progesterone. In our

clinics, we have used Crinone gel for luteal support for the

past 3 years and have found that this compound provides an

effective luteal support in agonist- as well as antagonist-

treated patients. On the other hand there appear to have been

some periodic problems with the manufacture and quality of

Crinone in the last few years, and therefore we cannot com-

pletely exclude the possibility that some of the results could

be due to a reduced bioactivity in the Crinone used in the

trial. Nevertheless, during the study period we did not

experience a lower pregnancy rate or a higher rate of early

pregnancy loss in non-study patients, who were all luteal

phase-supported with this compound.

The length of the luteal support with vaginal progesterone

as well as orally administered estradiol was 12 days after

embryo transfer. A previous study (Nyboe Andersen et al.,

2002) reported no advantage regarding clinical pregnancy

rates by extending the luteal phase support beyond day

12–14 after embryo transfer when using a long agonist

down-regulation protocol. Accordingly our policy for several

years has been to stop luteal support at the day of the preg-

nancy test in agonist as well as antagonist protocols. This

policy did not reduce our overall clinical pregnancy rates.

Moreover, in the present study the mean plasma b-hCG con-

centration on the day of the pregnancy test was already

significantly lower in the GnRH agonist group as compared

to the hCG group (data not shown), indicative of an early

malfunction of the trophoblast irrespective of the luteal phase

support given. In earlier studies, intramuscular progesterone

injections (Fauser et al., 2002), micronized progesterone vag-

inally (Bracero et al., 2001), intramuscular progesterone

injections and estradiol orally (Itskovitz et al., 2000) was

used for luteal support. Penarrubia et al. (1998) showed that

luteal hCG support can overcome luteal phase insufficiency

after triggering of ovulation with GnRH agonist in gonado-

trophin-stimulated cycles, a concept which is applicable in

patients at low risk of OHSS. An alternative to this model

could be a single bolus of hCG, 1500 IU s.c., following the

oocyte retrieval. In IUI cycles in which ovulation was trig-

gered with 0.1 mg triptorelin, Emperaire et al. (2004) showed

that the luteal phase was completely restored after a single

injection of 1500 IU hCG given 12 h after triggering of ovu-

lation. A study is currently being undertaken in our clinic

focusing on optimizing the luteal phase support.

In summary, the present data suggest for the first time a

significant beneficial effect of the mid-cycle FSH surge on

oocyte maturation. The use of a GnRH agonist for triggering

of ovulation in FSH/GnRH antagonist IVF/ICSI cycles,

however, disclosed a detrimental effect on clinical outcome

parameters, presumably due to a luteal phase inadequacy,

despite luteal support. Future studies are needed to explore

the type of luteal phase support needed before this model is

clinically acceptable.
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