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A b s t r a c t

IInnttrroodduuccttiioonn:: The objective of this study was to evaluate the changes in serum
luteinizing hormone (LH) concentrations in infertile women undergoing
continuous gonadotropin-releasing hormone (GnRH)-agonist long protocol and
rec-follicle-stimulating hormone (rec-FSH) assisted reproductive technology (ART)
treatment from the time of human chorionic gonadotrophin (hCG) administration
until oocyte retrieval.
MMaatteerriiaall  aanndd  mmeetthhooddss:: Between October 2006 and October 2007, 100 GnRH-
agonist long protocol and rec-FSH ART treatment cycles from 86 patients who
underwent ART were divided into two groups according to the duration
of GnRH-agonist administration. Assisted reproductive technology treatment
cycles during which administration of GnRH-agonist was stopped 36-40 h before
oocyte retrieval comprised the standard GnRH-a group (n = 37). The remaining
cycles during which GnRH-agonist was administered until oocyte retrieval
constituted the continuous GnRH-a group (n = 63). Hormonal profiles and ART
outcomes were compared between treatments in a retrospective study.
RReessuullttss::  On the day of hCG administration, LH concentrations in the standard
(1.1 ±0.1 IU/l) and continuous (1.3 ±0.4 IU/l) GnRH-a groups were similar. However,
on oocyte retrieval, LH concentration of the standard group was dramatically
reduced (0.1 ±0.003 IU/l), while that of the continuous GnRH-a group remained
unchanged and was significantly greater than the standard group (0.6 ±0.1 IU/l,
p < 0.0001). The standard and continuous GnRH-a treatment groups exhibited
comparable pregnancy rates (18.8% in the standard group and 24.1% in
the continuous group).
CCoonncclluussiioonnss::  Continuous administration of GnRH-agonist until oocyte retrieval
maintains high LH concentrations and does not negatively affect ART outcome.

KKeeyy  wwoorrddss::  assisted reproductive technology, gonadotropin-releasing hormone
agonist, luteinizing hormone, long protocol, rec-follicle-stimulating hormone,
rec-luteinizing hormone.
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Introduction

Gonadotrophin-releasing hormone (GnRH)-
agonists and gonadotrophins were first used in
assisted reproductive technology (ART) treatment
for ovarian stimulation in 1984 [1]. Since that time,
GnRH-agonists have become a key component
of successful ART treatment and numerous studies
have demonstrated the efficacy of this treatment
protocol. Consequently, GnRH-agonists are widely
used for ovarian stimulation during ART treatment,
and the vast majority of ART programmes use this
approach as the first choice for controlled ovarian
hyperstimulation. During the 1990s, the definition
of the optimal GnRH-agonist protocol was a topic
of considerable debate. One review article stated
that the GnRH-agonist long protocol was superior
to the short and ultra-short protocols [2]. Currently,
GnRH-agonist induced ovarian stimulation during
ART treatment is indispensable for the following
reasons: reduction in the number of cancelled
cycles; prevention of asynchronous follicular
development; and augmentation of the number
of oocytes collected.

Typically, administration of GnRH-agonist is
stopped on the day of human chorionic
gonadotrophin (hCG) administration, regardless
of protocol duration, i.e., long, short or ultra-short
protocols [3]. The primary function of using
GnRH-agonist is to prevent a premature luteinizing
hormone (LH) surge. Hence, GnRH-agonist is
stopped on the day of hCG administration [4].
Oocyte retrieval is performed approximately 36 h
after cessation of the GnRH-agonist. During this
time, oestradiol (E2) and follicle-stimulating
hormone (FSH) concentrations decrease rapidly
because ovarian stimulation and GnRH-agonist are
stopped simultaneously. However, changes in LH
concentrations at the time of oocyte retrieval have
not been evaluated because the gonadotrophins
typically used for ovarian stimulation contain high
levels of FSH and low levels of LH. Moreover, FSH is
thought to play a predominant role in follicular
growth.

The object of this study was to evaluate changes
in serum LH concentrations in infertile women
undergoing continuous GnRH-a long protocol and
rec-FSH ART treatment from the time of hCG
administration until oocyte retrieval.

Material and methods

PPaattiieennttss  aanndd  oovvaarriiaann  hhyyppeerrssttiimmuullaattiioonn

Eighty-six normogonadotropic patients who
underwent ART treatment at the division
of Reproductive Medicine, Department of Perinatal
Medicine and Maternal Care, National Centre for
Child Health and Development, were recruited into
this study between October 2006 and

October 2007. Informed consent was obtained from
all patients and the study was approved by
the Institutional Review Board of the National
Centre for Child Health and Development.

All treatment cycles (n = 100) for the 86 patients
were hyperstimulated using a GnRH-agonist long
protocol with rec-FSH as previously described [5].
Briefly, ovarian hyperstimulation using our GnRH
agonist protocol was performed as follows: 600 μg
per day of buserelin acetate (Buserecur, Fuji
Pharma, Tokyo) was administered intranasally
starting in the midluteal phase of the pre-treatment
menstrual cycle and was continued until the day
of human chorionic gonadotropin (hCG) injection.
On days three and four of the menstrual cycle,
225 International Units (IU) of rec-FSH (Follistim,
Organon, Osaka, Japan) were administered, 150 IU
rec-FSH were administered on subsequent days
until a dominant follicle reached 16 mm in diameter.
In our stimulation protocol, the daily dosage
of rec-FSH does not alter follicle growth or individual
characteristics. Oocyte retrieval was performed
35 h after administration of 10,000 IU of hCG.

IIVVFF//iinnttrraaccyyttooppllaassmmiicc  ssppeerrmm  iinnjjeeccttiioonn  pprroocceedduurree
aanndd  eemmbbrryyoo  ttrraannssffeerr

The IVF procedure used in this study has been
previously described [6]. Oocytes were retrieved
transvaginally using a needle-guided technique,
aided by ultrasonography. All follicles with a mean
diameter of > 15 mm were aspirated individually,
using an 18-gauge needle connected to a tube and
a 20-ml syringe for suction. The needle was
removed after aspiration of each follicle. Aspiration
was interrupted and a new syringe was used if
blood appeared in the tube connected to
the syringe, thus avoiding contamination with
blood. Culture medium was not used to wash
the follicle. Semen was produced by masturbation
and, after washing, motile sperm were separated
using a 30-60 min swim-up period. In vitro
insemination was performed by the incubation
of each oocyte with 50-100 × 103 motile sperm
within 5-6 h of collection. In vitro insemination was
not performed when there was evidence of male
factor infertility; instead, intracytoplasmic sperm
injection (ICSI) was performed, as previously
described [7]. Oocytes were examined using
a dissecting microscope 16-18 h after insemination
or ICSI. The presence of two pronuclei with extrusion
of the second polar body was taken as evidence
of successful fertilization.

Embryos were replaced into the patient’s uterus
transcervically 72 h after insemination or ICSI. The
number of transferred embryos was no more than
two to prevent multiple pregnancies. On days 1, 4
and 7 following embryo transfer (ET), 3,000 IU hCG
were injected for luteal support. A combination
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of oestrogen and progesterone was administered
orally for 10 days after ET. Hydroxyprogesterone
caproate, rather than hCG, was given every 4 days
to patients at elevated risk for ovarian
hyperstimulation syndrome.

HHoorrmmoonnee  aassssaayyss  aanndd  ccoommppaarriissoonn  ooff aassssiisstteedd
rreepprroodduuccttiivvee  tteecchhnnoollooggyy  ppaarraammeetteerrss

Serum FSH, LH, E2, and progesterone (P)
concentrations were measured on the day of hCG
administration and oocyte retrieval. Follicle-
stimulating hormone was assayed using
a commercially available ELISA kit (DPC IMMULIZE
FSH (2000), Diagnostic Products Corporation, 
Los Angeles, CA). The lower limit of detection for
FSH was 0.1 IU/l, and the inter- and intra-assay
coefficients of variation were 7.2 and 4.9%,
respectively. The concentration of LH in serum was
measured using a chemiluminescent microparticle
immunoassay (ARCHITECT LH®; Abbott Japan,
Tokyo). The lower limit of detection for LH was
0.07 IU/l, and the inter- and intra-assay coefficients
of variation were 2.1 and 3.3%, respectively. Serum
E2 and P were assayed using a commercially
available RIA kit (IMMULIZE 2000; Diagnostic
Products Corporation, Los Angeles, CA).

Embryos that had developed to at least the
8-cell stage with less than 10% fragmentation on
day 3 following oocyte retrieval were considered
usable. Pregnancy was defined as the presence
of an intrauterine gestational sac by transvaginal
ultrasonography 21 days after oocyte retrieval.
Miscarriage was defined as a pregnancy that was
lost before 22 weeks of gestation.

According to the standard GnRH-agonist long
protocol, GnRH-agonist administration is stop-
ped 36-40 h before oocyte retrieval. Thus, the 100
cycles examined in this retrospective study were
divided into two groups based on the duration
of GnRH-agonist administration. The standard
group included cycles during which administration

of GnRH-agonist was stopped 36-40 h before
oocyte retrieval. The remaining cycles, during which
GnRH-agonist was used until oocyte retrieval,
comprised the continuous GnRH-a group. Hormonal
profiles and ART parameters were compared
between treatments.

SSttaattiissttiiccaall  aannaallyyssiiss

All data are presented as the mean ± SEM
(standard error of the mean). Significance
of the differences between groups was determined
using the unpaired t-test and the χ2 test.

Results

Of the 100 ART treatment cycles examined,
37 were classified as standard GnRH-agonist
treatment cycles and the remaining cycles were
classified as continuous (Table I). The two groups
were similar in age and there were no differences
in ART-treatment indications between groups. In
both groups, most cases of male factor infertility
were treated using ICSI. In the continuous
GnRH-a group, the average gonadotrophin dose
administered until oocyte retrieval was 1,774 ±47
IU and the duration of stimulation was 10.3 ±0.3
days. The gonadotrophin dose and duration were
higher in the continuous group compared with
the standard group (1,616 ±49 IU, p = 0.029 and
9.5 ±0.2 days, p = 0.042, respectively). The numbers
of retrieved and fertilized oocytes in the continuous
GnRH-a group were 7.3 ±0.6 and 4.3 ±0.5,
respectively; these values were significantly lower
than those in the standard group (8.1 ±0.5, 
p = 0.049 and 5.6 ±0.5, p = 0.071, respectively).
However, the number of usable embryos in
the continuous GnRH-a group (1.9 ±0.3) and
standard group (2.6 ±0.4) were similar. The
pregnancy rate per embryo transfer cycle for
the continuous GnRH-a group (24.1%) was also
comparable to that observed for the standard group
(18.8%) (Table II).

Changes of hormone concentrations from
the time of hCG administration to oocyte retrieval
are summarized in Table III. Mean LH concentrations
did not differ between standard (1.1 ±0.1 IU/l) and
continuous GnRH-a (1.3 ±0.4 IU/l) groups on the day
of hCG administration. However, on the day
of oocyte retrieval, the LH concentration in
the continuous GnRH-a group (0.6 ±0.1 IU/l) was
significantly higher than that in the standard group
(0.1 ±0.003 IU/l, p < 0.0001). Changes in FSH
concentration during the same period revealed
a pattern similar to that observed for changes in
LH. Mean FSH concentrations were similar in
the standard (12.1 ±0.7 IU/l) and continuous
GnRH-a (13.4 ±0.5 IU/l) groups on the day of hCG
administration. However, on the day of oocyte

TTaabbllee  II..  Backgrounds of groups with or without
continuous GnRH-agonist administration

SSttaannddaarrdd  CCoonnttiinnuuoouuss DDiiffffeerreennccee
ggrroouupp GGnnRRHH--aa  ggrroouupp

NNuummbbeerr  ooff  ssttiimmuullaatteedd  
ccyycclleess 37 63

AAvveerraaggee  aaggee  [[yyeeaarrss]]** 38.4 ±0.6 38.5 ±0.5 n.s.

IInnddiiccaattiioonnss  ooff  AARRTT

ttuubbaall  ffaaccttoorr 8 10 n.s.

mmaallee  ffaaccttoorr 5 12 n.s.

eennddoommeettrriioossiiss 6 11 n.s.

UUnneexxppllaaiinneedd  iinnffeerrttiilliittyy 18 30 n.s.

IIVVFF//IICCSSII 31/6 53/10 n.s.

*Values are mean ± SE, n.s. – no statistical difference
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retrieval, the FSH concentration in the continuous
GnRH-a group (7.2 ±0.3 IU/l) was significantly
greater than the standard group (5.6 ±0.3, IU/l, 
p = 0.0008). E2 concentrations were similar in
the standard and continuous groups on both days.
However, the P concentration of the standard group
was significantly greater than the continuous
GnRH-a group on the day of oocyte retrieval 
(p = 0.0347).

Discussion

The lower detection limits for the conventional
methods used to determine LH concentrations
– ELIZA and RIA – were 0.7 and 1.0 IU/l, respectively.
However, the LH concentrations in the sera
of patients undergoing ART treatment with
the GnRH-agonist long protocol and rec-FSH were
often below the detection limit during the late
follicular phase. However, because the chemi-
luminescent assay had a lower limit of detection 
(0.1 IU/l), changes in LH concentration during
the late follicular phase could be measured using
this method. Consequently, we were able to
investigate the role of LH in ovarian stimulation
induced by rec-FSH during ART treatment using
the GnRH- agonist long protocol. Follicle-stimulating
hormone SH concentrations measured in patient
sera reflected both endogenous FSH and exogenous

FSH administered during ovarian stimulation with
rec-FSH. However, detected LH reflected only
endogenous LH because the rec-FSH showed no LH
activity.

Many clinicians have assumed that during
adequate down-regulation of the pituitary gland
resulting from GnRH-agonist administration,
secretion of endogenous LH is inhibited. Indeed,
this assumption has been a presumed weakness
of the GnRH-agonist long protocol with rec-FSH.
Several recent reports demonstrated improved ART
outcome with exogenous rec-LH supplementation
during ovarian stimulation [8-10].

In the present study, we found that on the day
of hCG administration, LH concentrations were
detectable in both the standard and continuous
GnRH-a groups. These data suggest that secretion
of endogenous LH from the pituitary gland is
maintained during GnRH-agonist administration. It
has been suggested that GnRH-agonist stimulates
the pituitary gland via a flare-up mechanism and,
consequently, LH concentrations are not low during
GnRH-agonist treatment. In patients undergoing
an ultra-short GnRH-agonist ART treatment
protocol, a spontaneous LH surge was observed
approximately 10 days after cessation of nasal
GnRH-agonist spray, indicating recovery
of hypothalamic and pituitary function by that time

TTaabbllee  IIIIII..  Hormone profiles of groups with or without continuous GnRH-agonist administration

SSttaannddaarrdd  ggrroouupp CCoonnttiinnuuoouuss  GGnnRRHH--aa  ggrroouupp PP vvaalluuee

LLHH  lleevveellss  oonn  hhCCGG  [[IIUU//ll]] 1.1 ±0.1 1.3 ±0.1 0.280

LLHH  lleevveellss  oonn  OOPPUU  [[IIUU//ll]] 0.1 ±0.003 0.6 ±0.1 < 0.0001

FFSSHH  lleevveellss  oonn  hhCCGG  [[IIUU//ll]] 12.1 ±0.7 13.4 ±0.5 0.127

FFSSHH  lleevveellss  oonn  OOPPUU  [[IIUU//ll]] 5.6 ±0.3 7.2 ±0.3 0.0008

EE22  lleevveellss  oonn  hhCCGG  [[nngg//mmll]] 2045 ±222 1830 ±182 0.464

EE22  lleevveellss  oonn  OOPPUU  [[nngg//mmll]] 813 ±79 787 ±87 0.8456

PP  lleevveellss  oonn  hhCCGG  [[ppgg//mmll]] 0.77 ±0.07 0.65 ±0.06 0.251

PP  lleevveellss    oonn  OOPPUU  [[ppgg//mmll]] 7.2 ±0.9 5.2 ±0.5 0.0347

* All values are mean ± S.E except clinical pregnancy rates, OPU – oocyte pick up

TTaabbllee  IIII.. Several ART parameters of groups with or without continuous GnRH-agonist administration

SSttaannddaarrdd  ggrroouupp CCoonnttiinnuuoouuss  GGnnRRHH--aa  ggrroouupp PP vvaalluuee

TToottaall  ddoosseess  ooff  ggoonnaaddoottrrooppiinnss  [[IIUU]] 1616 ±49 1774 ±47 0.029

SSttiimmuullaattiioonn  ppeerriioodd  [[ddaayyss]] 9.5 ±0.2 10.3 ±0.3 0.042

EEnnddoommeettrriiaall  tthhiicckknneessss  oonn  hhCCGG  [[mmmm]] 10.9 ±0.4 11.1 ±0.3 0.767

NNuummbbeerr  ooff  rreettrriieevveedd  ooooccyytteess 9.4 ±0.8 7.3 ±0.6 0.049

NNuummbbeerr  ooff  ffeerrttiilliizzeedd  ooooccyytteess 5.6 ±0.5 4.3 ±0.5 0.071

NNuummbbeerr  ooff  uussaabbllee  ooooccyytteess 2.6 ±0.4 1.9 ±0.3 0.185

CClliinniiccaall  pprreeggnnaannccyy  rraatteess  [[%%;;  //EETT]] 18.8 24.1 0.5687

*All values are mean ± SE except clinical pregnancy rates
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[11]. In addition, we have also observed a second
flare-up response after re-initiation of GnRH-agonist
therapy after cessation for 48 h. This observation
implies that the low level of gonadotropin release
after cessation of the GnRH-agonist is due to low
endogenous GnRH activity, and not a lack
of pituitary responsiveness [12].

Surprisingly, on the day of oocyte retrieval,
the LH concentration in the standard group was
extremely low. This result may be explained by
the rapid and significant decline in endogenous LH
secretion from the pituitary gland after cessation
of GnRH-agonist stimulation. Sungurtekin et al. also
observed a decrease in LH concentrations after
cessation of GnRH-agonist in patients treated with
an ultra-short GnRH-agonist protocol and ovarian
stimulation with urinary FSH derivatives [12]. Thus,
these results suggest that GnRH-agonists do not
completely suppress LH secretion, i.e., secretion
of endogenous LH from the pituitary gland may
occur even after down-regulation of the pituitary
gland has been achieved. We suspected that this
mechanism might prevent the decline in LH that is
associated with use of standard protocols, such as
the GnRH-agonist long protocol. Therefore, we
decided to administer the GnRH-agonist
continuously until the day of oocyte retrieval
(continuous GnRH-a group). In patients
administered continuous GnRH-agonist, LH
concentrations on the days of oocyte retrieval and
hCG administration were similar; therefore,
continuous use of GnRH-agonist prevented
the decline in LH. The success of this protocol is
significant for patients whose GnRH-agonist long
protocol ART treatment failed due to low LH
concentrations during the late-follicular phase.

However, in the present study, the dose
of gonadotrophin used and duration of stimulation
in the continuous GnRH-a group were significantly
greater than the standard group. Consequently,
the numbers of retrieved and fertilized oocytes in
the continuous GnRH-a group were also lower than
those in the standard group. There is no theoretical
explanation for these negative findings in
the continuous GnRH-a group. All patients were
stimulated under the same conditions, using
the same protocol. The only difference between
groups was the administration of GnRH-agonist
after the hCG administration until oocyte retrieval.
Despite the deduction in retrieved and fertilized
oocytes in the continuous group, the number
of usable embryos and pregnancy rates in
the continuous and standard groups were
comparable. From this point of view, continuous use
of GnRH agonist until oocyte retrieval did not
appear to negatively affect ART outcomes. The
results of the present study contradict
the commonly held assumptions that GnRH-agonist

administration lowers LH concentrations and that
cessation of GnRH-agonist administration improves
the hormonal profile. Rather, we found that
cessation of GnRH-agonist administration after hCG
injection had an adverse effect on LH concen-
trations.

The combination of GnRH-a down-regulation with
FSH results in lower LH concentrations than in
the normal menstrual cycle. However, recent trials
have shown that pure FSH is effective both in
ovulation induction and COH in these suppressed
cycles, suggesting that in most women
the endogenous LH levels present are sufficient for
folliculogenesis [13, 14]. But, recently, we measured
the LH concentration during ovarian stimulation with
rec-FSH in a GnRH-agonist long protocol, and used
the ratio of late-follicular to mid-follicular LH
concentrations as an index to evaluate the change
of LH concentration during ovarian stimulation. The
ratio was calculated as the late-follicular
concentration divided by the mid-follicular LH
concentration. As a result of this analysis we
demonstrated that approximately 30% of stimulated
cycles showed a relative decrease in LH concentration
(LH ratio < 1.0) and the pregnancy and implantation
rates were significantly lower in this relative decrease
in LH concentration group compared with the relative
increase in LH concentration group [15]. Therefore,
approximately 30% of stimulated cycles with rec-FSH
in a GnRH-agonist long protocol brought inadequate
LH increase and to improve the results of these
cycles a relative increase in LH concentration is
needed. According to the results of this study,
increased frequency of GnRH-agonist use per day
might increase the LH concentration, at this point
of view, this study is meaningful.

In conclusion, continuous use of GnRH agonist
until oocyte retrieval maintained high LH
concentrations. Therefore, this modified long
protocol might improve the extremely low LH
concentrations during oocyte retrieval in women
undergoing GnRH-agonist long protocol and
rec-FSH ART treatment. In particular, continuous
administration of GnRH-agonist might benefit
patients who require LH supplementation.
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