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Objective: To assess endocrine differences during early luteal phase according to mode of triggering ﬁnal oocyte maturation with or without
luteal phase support (LPS).
Design: A prospective randomized study.
Setting: University center for reproductive medicine.
Patient(s): Four oocyte donors each underwent four consecutive cycles.
Intervention(s): To avoid interpatient variation, each donor underwent the same stimulation regimen. However, different modes of triggering
ﬁnal oocyte maturation and LPS were administered: A) 10,000 IU hCG and standard LPS; B) GnRH agonist (GnRHa; 0.2 mg triptorelin), and 35
hours later 1,500 IU hCG, and standard LPS; C) GnRH agonist (0.2 mg triptorelin) and standard LPS; and D) GnRH agonist (0.2 mg triptorelin)
without LPS.
Main Outcome Measure(s): Blood sampling was performed on the day of ovulation trigger, ovulation trigger þ 1 day, and ovum pick-up þ 5
days. Serum E2, FSH, LH, and P were measured.
Result(s): The early luteal phase steroid levels following GnRHa trigger and modiﬁed luteal phase support (B) were similar to those seen after hCG
trigger (A). However, signiﬁcant differences were seen between groups A and B compared with C and D, as well as between groups C and D.
Conclusion(s): Administration of a single bolus of GnRHa effectively induced LH and FSH surges in oocyte donors stimulated with recombinant
FSH and cotreated with a GnRH antagonist. However, gonadotropin and steroid levels differed significantly according to the type of luteal phase support used after GnRHa trigger.
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n assisted reproductive technology (ART), a bolus of hCG
is usually administered to mimic the midcycle surge of
LH activity for ﬁnal oocyte maturation. Although activating the same receptor, differences exist between LH and
hCG, mainly in the half-life of <60 minutes for LH versus
>24 hours for hCG (1, 2). Therefore, the prolonged half-life
of hCG and the sustained luteotropic activity increases the
risk of the ovarian hyperstimulation syndrome (OHSS)
in patients with hyperresponse to ovarian stimulation.
Moreover, a bolus of hCG provides an LH-like activity only,
in contrast to the midcycle surge of FSH as well as LH (3).
Finally, recent data have suggested a possible negative impact
of a bolus of hCG on oocytes son endometrial receptivity (4).
Following the introduction of the GnRH antagonist
protocol, it became possible again in ART to use GnRH
agonists (GnRHa) to trigger ﬁnal oocyte maturation. Thus, an
injection of GnRHa will dislocate the GnRH antagonist from
the GnRH receptors in the pituitary, eliciting a surge (ﬂareup) of LH and FSH that effectively induces ﬁnal oocyte maturation and ovulation (5–7). However, the ﬁrst large randomized
clinical trial reported a very poor reproductive outcome when
GnRHa was used to trigger ﬁnal oocyte maturation (8). The
reason for the poor outcome, despite standard luteal phase
support (LPS) was interpreted as a severe luteal phase
insufﬁciency caused by low levels of endogenous LH and P
(9–12). Subsequently, through a series of trials, efforts were
made to overcome the luteal phase insufﬁciency after GnRHa
trigger by supplementing the early luteal phase with LH (13)
or LH-like activity in the form of a small bolus (1,500 IU) of
hCG administered immediately after oocyte retrieval (9–11).
In addition, patients received vaginal micronized P and oral
E2. With this new concept of ‘‘modiﬁed LPS’’ after GnRHa
trigger, similar delivery rates between hCG triggering and
GnRHa triggering were obtained in addition to a reduction in
the OHSS rate and the retrieval of more mature oocytes (11).
Because the cause of the previously reported luteal phase
defect after GnRHa trigger was thought to be caused mainly
by a lack of LH activity (14), the aim of the present study
was, among others, to assess the LH levels in the early luteal
phase of the groups compared and to verify whether the LH
suppression in the GnRHa-triggered group would be more
severe compared with the hCG-triggered/supported cycles.
A total of four different protocols were explored. To avoid
any interindividual variation, each donor underwent four
consecutive oocyte donation cycles within 1 year.

The exclusion criteria were: presence of polycystic
ovarian syndrome diagnosed according to the revised
Rotterdam criteria (16), presence of endometriosis American
Fertility Society classiﬁcation stage >2, age R36 years,
ultrasonographically veriﬁed hydrosalpinges, and presence
of any intrauterine contraceptive device and/or oral contraceptive use in the 6 months before initiation of stimulation.
The research project was approved by the local
Institutional Review Board and registered in the European
Community Clinical Trial System (EudraCT): number
2009-009429-26, protocol number 997 (P06034).

Protocols
After a vaginal ultrasound examination and the conﬁrmation
of baseline FSH, LH, P, and E2 levels, stimulation commenced
in the afternoon of day 2 of the cycle with 200 IU recombinant
FSH (Puregon; MSD). The FSH dose was ﬁxed until day 5 of
the stimulation, after which the FSH dose was adjusted
according to the ovarian response. Daily GnRH antagonist
cotreatment (0.25 mg Orgalutran; MSD) commenced from
the morning of day 5 of stimulation. Final oocyte maturation
was induced as soon as three or more follicles reached a size of
R17 mm. Randomization to one of four protocols through a
computer-generated list took place on the day of triggering of
ﬁnal oocyte maturation. Once a patient had been allocated to
one protocol, that protocol was automatically deleted from
the computer-generated list. Oocyte retrieval was carried out
34 hours later. The gynecologist in charge of the oocyte
retrieval was blinded to the treatment allocation.
The same donor underwent four stimulation protocols
using different modes of ﬁnal oocyte maturation and luteal
phase support (LPS): A) 10,000 IU hCG and standard LPS; B)
GnRHa (0.2 mg triptorelin) followed by 1,500 IU hCG 35 hours
after triggering of ﬁnal oocyte maturation and standard LPS
(modiﬁed LPS); C) GnRHa (0.2 mg triptorelin) with standard
LPS; and D) GnRHa (0.2 mg triptorelin) without any type of LPS.

Luteal Phase Support
The standard LPS for GnRHa-triggered GnRH antagonist cycles
consisted of vaginal administration of 600 mg natural micronized P in three separate doses (Utrogestan; Besins-Iscovesco)
and 4 mg daily E2 valerate per os (Progynova; Schering), starting 1 day after oocyte retrieval and continuing until the day of
blood sampling, i.e., ovum pick up day þ 5 (OPUþ5).

MATERIALS AND METHODS

Blood Sampling

Patient Population

Blood sampling was performed on 3 days: day of ovulation
trigger, ovulation trigger þ 1, and OPUþ5. Sera were
analyzed immediately locally.
Serum LH, FSH, hCG, E2, and P were assessed by a central
laboratory using the automated Elecsys immunoanalyzer
(Roche Diagnostics). Intra-assay and interassay coefﬁcients
of variation were, respectively, <3% and <4% for LH, <3%
and <6% for FSH, <5% and <7% for hCG, <5% and
<10% for E2, and <3% and < 5% for P. The upper limit of
P level measured was 60 mg/L.

Four oocyte donors underwent four oocyte donation cycles
within 1 year (2010–2011); thus a total of 16 oocyte donation
cycles were analyzed. The donors were randomized to different
models of ﬁnal oocyte maturation and LPS. The endometrial
gene expression proﬁles analyzed from this study have previously been published (15). In brief, the inclusion criteria were:
presence of at least ﬁve antral follicles in each ovary, normal
chromosomal analysis, normal serologic ﬁndings within
3 months before stimulation, and normal vaginal ultrasound.
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Ultrasound Assessment

FIGURE 1

Ultrasound was performed on day 6 of stimulation and then
as necessary to ensure that ﬁnal oocyte maturation was
triggered as soon as the patient had at least three follicles
measuring R17 mm.

Statistical Methods
Mean values and SDs were calculated for FSH, LH, E2, and P on
the day of ovulation triggering, ovulation triggering þ 1 and
OPUþ5. Normality of the distribution was assessed with the
Shapiro-Wilk test. Mean hormonal values were compared
with a one-way analysis of variance analysis or KruskalWallis test based on the normality of the distribution, with a
level of signiﬁcance at 0.05. For pairwise comparisons of nonnormally distributed values, we used the Mann-Whitney U
test, which yields results identical to the Kruskal-Wallis test
for two independent samples. When multiple comparisons
were performed, Bonferroni correction for multiple comparisons was used to test differences between protocols. All analyses were performed in SPSS 20.0 statistical software.

RESULTS
Early Luteal Phase Endocrine Proﬁle
First sampling on the day of ovulation trigger. The endocrine
proﬁle (E2, P, LH, and FSH) did not differ between all protocols
compared during the ﬁrst sampling (Supplemental Table 1,
available online at fertstert.org).
Second sampling on ovulation trigger D 1. The endocrine
proﬁles (E2, P, LH, and FSH) measured during the second
sample were similar in all GnRHa-triggered cycles (i.e., groups
B, C, and D). The hCG-triggered group (A) had similar E2
(P¼ .844) and P (P¼ .087) levels (Figs. 1 and 4; Supplemental
Table 1) compared with all GnRHa-triggered groups (B, C,
and D). FSH values were signiﬁcantly lower in hCG-triggered
cycles (A), 9.3  2.7 IU/L, compared with GnRHa-triggered cycles without LPS (D), 25.4  4.2 IU/L (P¼ .003), and GnRHatriggered cycles with conventional LPS (C), 24.3  0.9 IU/L
(P< .0001). Although serum FSH levels were higher in GnRHa
trigger þ modiﬁed LPS (B), 17.1  10.2 IU/L compared with
hCG trigger, the difference did not reach statistical signiﬁcance
(P¼ .074) (Fig. 2; Supplemental Table 1).
LH levels differed between the hCG-triggered group (A) and
all GnRHa-triggered groups (B, C, and D). Group A had statistically signiﬁcantly lower LH levels, 2.2  2.0 IU/L, compared
with cycles with GnRHa trigger and modiﬁed LPS (B), 27.4 
22.7 IU/L (P¼ .011), GnRHa trigger without LPS (D), 56.2 
23.4 IU/L (P¼ .001), and GnRHa trigger with conventional LPS
(C), 43.8  9.8 IU/L (P< .0001; Fig. 3; Supplemental Table 1).
Third sampling on OPUD5. E2 values were similar between
hCG-triggered cycles (A) and GnRHa-triggered cycles
with modiﬁed LPS (B): 1,862  1,105 ng/L versus 1,238 
733 ng/L, respectively (P¼1.00). In contrast, E2 levels were
signiﬁcantly lower in GnRHa-triggered cycles with standard
LPS (C), 132  83 ng/L compared with hCG trigger (A) and
GnRHa trigger with modiﬁed LPS (B): P values < .0001 and
.001, respectively. GnRHa trigger without LPS (D) resulted
744

Mean E2 values of the four protocols. GnRHa ¼ GnRH agonist; LPS ¼
luteal phase support.
Fatemi. Endocrine proﬁle of early luteal phase. Fertil Steril 2013.

in signiﬁcantly lower E2 levels, 66  51 ng/L compared
with both hCG (A) and GnRHa trigger with modiﬁed LPS
(B): P values .001 and 0.011, respectively (Fig. 1).
Serum FSH levels were signiﬁcantly lower in hCGtriggered cycles (A), 1.1  0.2 IU/L, compared with GnRHa
trigger without LPS (D), 2.2  0.4 IU/L (P¼ .002) and GnRHa
trigger with standard LPS (C), 1.6  0.4 IU/L (P¼ .006), but
not compared with GnRHa trigger with modiﬁed LPS
(B), 1.3  0.3 IU/L (P¼ .984; Fig. 2, Supplemental Table 1).
Moreover, LH levels were similar between hCG trigger (A)
and GnRHa trigger with modiﬁed LPS (B): 0.3  0.2 IU/L
versus 0.1  0 IU/L (P¼1.00). In contrast, GnRHa trigger
with modiﬁed LPS (B) resulted in a signiﬁcantly lower LH
level, 0.1  0 IU/L, compared with GnRHa trigger with

FIGURE 2

Mean FSH values of the four protocols. Abbreviations as in Figure 1.
Fatemi. Endocrine proﬁle of early luteal phase. Fertil Steril 2013.
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FIGURE 3

11.49  3.17 mg/L versus 0.99  0.61 mg/L (P¼1.00; Fig. 4;
Supplemental Table 1).
Taken together, there were no signiﬁcant differences in
all GnRHa trigger protocols (groups B, C, and D) until the third
measurement on OPUþ5.

DISCUSSION

Mean LH values of the four protocols. Abbreviations as in Figure 1.
Fatemi. Endocrine proﬁle of early luteal phase. Fertil Steril 2013.

standard LPS (C), 0.7  0.7 IU/L (P¼ .024) and without LPS
(D), 1.9  0.8 IU/L (P¼ .001; Fig. 3, Supplemental Table 1).
P values were high in hCG-triggered cycles (A) and
GnRHa-triggered cycles with modiﬁed LPS (B): 60  0 mg/L
and 60  0 mg/L, respectively (P¼1.00). In contrast, GnRH
trigger without LPS (D) induced signiﬁcantly lower P levels,
0.99  0.61 mg/L, compared with hCG-triggered cycles (A),
60  0 mg/L (P< .0001), and GnRHa trigger with modiﬁed
LPS (B), 60  0 mg/L (P< .0001). In addition, P levels were
signiﬁcantly lower in GnRHa-triggered cycles with standard
LPS (C), 11.49  3.17 mg/L, compared with hCG-triggered
cycles (A), 60  0 mg/L (P¼ .001), and GnRHa-triggered cycles
with modiﬁed LPS (B), 60  0 mg/L (P< .0001). Finally, P
levels did not differ signiﬁcantly between groups C and D:

FIGURE 4

Mean P values of the four protocols. Abbreviations as in Figure 1.
Fatemi. Endocrine proﬁle of early luteal phase. Fertil Steril 2013.
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This study performed in an oocyte donor model revealed
signiﬁcant differences in the early luteal phase endocrine
proﬁle according to the mode of triggering ﬁnal oocyte
maturation and LPS administered. The hypothesis that LH
suppression in the GnRHa-triggered group would be more
severe compared with the hCG-triggered/supported cycles
was rejected.
The four donors each underwent four consecutive
stimulation cycles, using the same protocol for stimulation
but different protocols for triggering of ﬁnal oocyte maturation and LPS, mimicking the conditions previously described
in randomized controlled trials: A) 10,000 IU hCG to trigger
ﬁnal oocyte maturation followed by standard LPS; B) GnRHa
trigger followed by modiﬁed LPS (11); C) GnRHa trigger
followed by standard LPS (8); and D) GnRHa trigger without
LPS (17). Whereas groups A and B were similar in early luteal
phase serum steroid levels (P and E2) throughout the measurements, signiﬁcant differences were seen between groups A and
B compared with C and D, as well as between groups C and D.
Importantly, the intervals between stimulation cycles
were 2–3 months. Therefore, a possible carryover effect
from a previous stimulation can be excluded, because on
the day of ﬁnal oocyte maturation all of the measured
variables were similar and signiﬁcant differences were
observed only during the luteal phase.
The reason for the luteal phase insufﬁciency seen after
controlled ovarian stimulation seems to be the multifollicular
development achieved during the follicular phase, resulting in
supraphysiological luteal levels of P and E2 which inhibit LH
secretion by the pituitary via negative feedback actions at the
level of the hypothalamic-pituitary axis (17–21). Endogenous
LH—and endogenous or exogenous LH activity (hCG)—plays a
crucial role during the luteal phase, not only for the function,
growth, and maintenance of the corpus luteum (22), but also
for the up-regulation of growth factors (23, 24) and
cytokines, e.g., leukemia inhibitory factor (LIF), important for
implantation (25). During the natural cycle, endogenous
luteal LH levels are sufﬁciently high to secure these functions
(21). In contrast, after ovarian stimulation for IVF, early
luteal LH levels are signiﬁcantly lower. However, the early
luteal actions of LH would be covered by the bolus of hCG
(5,000–10,000 IU) routinely used for triggering ﬁnal oocyte
maturation. Later, hCG gradually produced by the implanting
embryo, detectable in maternal serum as early as the 8th day
after ovulation (26), would cover the LH deﬁcit. It is during
this ‘‘overlapping’’ period that LPS with P is mandatory after
ovarian stimulation for IVF to sustain an early pregnancy (14).
Induction of ﬁnal oocyte maturation with a bolus of
GnRHa in patients undergoing ovarian stimulation for IVF
could be considered to be more physiologic, because the
elicited surge mimics the natural cycle surge of gonadotropins, consisting of an FSH as well as an LH surge.
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Beckers et al. (17) explored the endocrine proﬁles and
reproductive outcome of the nonsupplemented luteal phase
in IVF patients cotreated with a GnRH antagonist phase after
ovulation trigger with either hCG, LH, or GnRHa. Low
pregnancy rates (overall 7.5%) were seen in all groups, and
it was concluded that the nonsupplemented luteal phase
was insufﬁcient regardless of the mode of triggering ﬁnal
oocyte maturation, though the luteal phase was less disturbed
in hCG triggered patients. The early luteal endocrine proﬁle of
group D in the present study corroborates the proﬁle reported
by Beckers et al. (17) with high FSH and LH levels on day of
trigger þ 1—indicative of the surge elicited by the bolus of
GnRHa—and low P and E2 levels on OPUþ5.
It is interesting that at OPUþ5, LH levels were signiﬁcantly higher in groups C and D than in groups A and B
(Fig. 3). The most plausible reason for the severely suppressed
LH levels observed in groups A and B seem to be the
supraphysiological luteal steroid level—mainly P—induced
by the ovarian stimulation with exogenous gonadotropins
and hCG trigger for ﬁnal oocyte maturation exerting a
negative feedback on the hypothalamic-pituitary axis level,
leading to a reduction in LH secretion by the pituitary
(27–29). Filicori et al. (28) clearly demonstrated that to
maintain a constant steroid production, it is crucial to have
a certain amplitude and frequency of LH during the luteal
phase.
As observed in the present trial and previously by Fauser
et al. (30), in GnRHa-triggered antagonist cycles without hCG
for LPS, the luteal phase steroid levels are closer to the
physiologic range compared with hCG-triggered cycles.
Thus, the LH levels in groups C and D were signiﬁcantly less
suppressed compared with groups A and B. The question
remains of why the signiﬁcantly higher LH levels in groups
C and D were not sufﬁcient to stimulate the multiple corpora
lutea to produce the needed steroids to rescue the luteal phase?
In a normal menstrual cycle, the midcycle LH and FSH
surge, lasting 48 hours, is a complex and carefully
orchestrated event elicited in the late follicular phase by
persistently elevated estrogen concentrations in combination
with a small but distinct rise in P (3). The spontaneous LH
surge of the natural menstrual cycle is characterized by a
short ascending phase of 14 hours, a peak plateau of
20 hours, and a descending phase of 20 hours (6).
However, the proﬁle of the GnRHa-induced LH surge in
gonadotropin-stimulated cycles is signiﬁcantly different
from the average physiologic preovulatory gonadotropin
surge. The GnRHa-induced LH surge has been described to
be similar in magnitude to the natural LH surge but the
ascending phase is signiﬁcantly reduced, i.e., to <4 hours
(6). Increasing the GnRHa dose or repeated administration
fail to increase the LH/FSH surge in gonadotropinstimulated cycles (31).
As has been established in primates as well as in humans,
the duration of the LH/FSH surge is critical to a normal luteal
function (32, 33). A relatively short LH surge results in normal
oocyte maturation and ovulation, but the luteal phase length
is reduced signiﬁcantly, implying that luteal support is
required under these conditions. An LH increment of
too short a duration prevents the granulosa cells from
746

completing luteinization, leading to a corpus luteum with
impaired secretory function and a shortened lifespan (31).
Humaidan et al. (8) used standard LPS after GnRHa
trigger under the hypothesis that the LPS would solve the
problems previously encountered by Beckers et al. (17).
However, the study had to be closed early because of an
extremely low ongoing pregnancy rate. The set-up of that
study was used in the present study group C, showing the
initial ﬂare-up effect of the GnRHa trigger regarding FSH
and LH levels followed by very low E2, FSH, and LH levels
on OPUþ5 similar to those seen without standard LPS (group
D). On that same day, the P levels were signiﬁcantly higher
than without supplementation (11 ng/mL). However, this
P level accounted for the exogenous micronized P supplementation only, known to be 11.9 ng/mL after a dosage
of 600 mg/d (34), indicative of a complete corpus luteum
insufﬁciency.
In a follow-up, study Humaidan et al. (11) used so-called
modiﬁed LPS after GnRHa trigger, including a small bolus of
LH activity (1,500 IU hCG) administered on OPU to cover the
early luteal LH insufﬁciency. Patients also received standard
LPS. That protocol was used in group B of the present study,
showing now a signiﬁcant increase in E2 levels on OPUþ5 as
well as P levels similar to those seen after trigger with 10,000
IU hCG (group A). From a clinical point of view, the protocol
resulted in delivery rates similar to those seen after hCG
trigger (11), conﬁrming that the luteal phase insufﬁciency
caused by GnRHa trigger alone or followed by standard LPS
was caused by low luteal LH levels.
Finally, group A represents the criterion standard trigger
with 10,000 IU hCG, resulting in low luteal LH and FSH levels
(day of trigger þ 1) due to a negative feedback action on the
pituitary caused by the prolonged LH-like activity induced by
a bolus of 10,000 IU hCG with high E2 and P levels. This
negative feedback effect is still visible on OPUþ5, mainly
owing to increasing P levels. Therefore, although LH levels
are very low, that has no negative impact, because hCG covers
for the LH deﬁciency and secures the function of the corpus
luteum and growth factors and cytokines involved in early
implantation.
Interestingly, the ﬁndings of the present study correlate
with the ﬁndings of a recent paper exploring the endometrial
gene expression pattern in relation to different trigger and
luteal phase protocols (15). Signiﬁcant differences in
endometrial gene expression were seen related to type of
ovulation trigger and LPS. However, the gene expression after
GnRHa trigger followed by modiﬁed LPS (group B) was
similar to that of hCG trigger (group A).
In conclusion, gonadotropin and steroid levels differed
signiﬁcantly between groups according to the mode of trigger
and LPS administered. To rescue the luteal phase, it is crucial
to have a certain amplitude and frequency of LH secretion
during ovulation and the luteal phase. In this study, signiﬁcantly higher luteal phase LH values were measured in the
GnRHa-triggered cycles without hCG administration for
LPS, which might be a reason to reconsider and question
the etiology of the luteal phase defect seen in all stimulated
and triggered IVF cycles. Thus, effects on the dynamics of
the pituitary-ovarian axis during ovulation and the luteal
VOL. 100 NO. 3 / SEPTEMBER 2013

Fertility and Sterility®
phase require further evaluation, and future studies should
focus on mimicking natural ovulation to possibly attempt
to correct the luteal phase defect seen after controlled ovarian
stimulation.
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SUPPLEMENTAL TABLE 1
Endocrine proﬁle.
Group A (10,000 IU hCG)
Day of trigger
2,757  2,473
E2 (ng/L)
FSH (IU/L)
11.3  3.2
LH (IU/L)
0.75  0.87
P (mg/L)
0.97  0.52
Day of trigger þ 1
3,329  2,790
E2 (ng/L)
FSH (IU/L)
9.3  2.7
LH (IU/L)
2.18  2.02
P (mg/L)
6.25  1.63
Day of ovum pickup þ 5
1,862  1,105
E2 (ng/L)
FSH (IU/L)
1.1  0.2
LH (IU/L)
0.30  0.23
P (mg/L)
60  0

Group B (GnRHa D 1,500
IU hCG D LPS)

Group C (GnRHa D LPS)

Group D (GnRHa)

2,687  1,473
12.3  4.2
1.15  0.99
1.12  0.53

1,550  524
12.9  3.8
1.30  1.81
0.98  0.41

2,116  1,787
11.8  2.7
1.73  2.53
1.29  0.81

1,684  1,568
17.1  10.2
27.38  22.71a
5.83  3.59

1,736  529
24.3  0.9a
43.83  9.79a
6.54  1.14

2,399  1,873
25.4  4.2a
56.15  23.4a
5.96  2.64

1,238  733
1.3  0.3
0.10  0
60  0

132  83a
1.6  0.4a
0.65  0.68
11.49  3.17a

66  51a
2.2  0.4a
1.90  0.78
0.99  0.61a

Note: GnRHa ¼ GnRH agonist; LPS ¼ luteal phase support.
a
P< .05 compared with group A.
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