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Efficacy of luteinizing hormone activity in patients
undergoing in vitro fertilization and treated only with
low-dose recombinant choriogonadotropin alfa
(Ovidrel) in the late follicular phase

Ten good prognosis patients underwent IVF with a new ovarian stimulation protocol using only 8 �g of
recombinant choriogonadotropin and a GnRH antagonist starting at a 14-mm lead follicle. Six of the 10
subjects delivered and all had supernumerary embryos for cryopreservation. (Fertil Steril� 2006;86:1023–5.

©2006 by American Society for Reproductive Medicine.)
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ontrolled ovarian stimulation (COS) involves administra-
ion of gonadotropins to stimulate multiple follicular
rowth in assisted reproductive technology (ART). Follicle-
timulating hormone controls early ovarian follicle growth
nd maturation and stimulates the granulosa cell (GC)
romatase system, which catalyzes the conversion of an-
rogen to estrogen (1). Furthermore, FSH induces the for-
ation of LH receptors on the GCs.

The role of LH in ovulation is well established, but the
ole of LH in folliculogenesis and late oocyte maturation is
ot as clearly recognized (2). The concept of an LH thresh-
ld has been described, whereby follicular growth is sub-
ptimal in the absence of a minimum LH level. Conversely,
hen the LH threshold is surpassed, further follicular de-
elopment is halted (3). The LH threshold concept has been
emonstrated in a series of experiments. Sullivan et al.
4) were the first investigators to show that E2 output is not
urtailed by the administration of recombinant LH alone in
pite of withdrawing FSH. Filicori et al. (5) demonstrated
hat once ovarian stimulation has been initiated, it is pos-
ible to achieve continued follicular development indepen-
ently of FSH administration. They also demonstrated LH
ctivity administered as low dose urinary hCG can be used
o stimulate the growth of large follicles and hasten the
emise of small non-LH responsive follicles when admin-
stered in the mid/late follicular phase.

Similarly, Loumaye et al. (6) reported that a daily dose
f 225 IU recombinant LH induced follicular arrest and
elective follicular growth in anovulatory women who ex-
ibited a hyper-response to COS with recombinant FSH.
lthough Filicori et al. used hCG and Loumaye et al. used
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ecombinant LH in their studies, the similarity of their
ndings are not surprising ase hCG and LH interact with

he same receptor.

The objective of this study was to assess the efficacy of
ate follicular phase LH-only activity, administered as re-
ombinant hCG, in good prognosis IVF patients. Because
hese cycles conclude with pregnancy status and delivery,
terine effects of this novel ovarian stimulation protocol
ill be indirectly assessed.

The Institutional Review Board, John T. Mather Hospi-
al, Port Jefferson, New York, approved this prospective
oncomparative pilot study. All patients provided written
onsent.

Patients were between 28 and 34 years old, with a mean
ge of 30.6 years. The body mass index ranged from 20.8
o 33.6 kg/m2 with a mean of 24.6 kg/m2. All patients had
ormal uterine cavities demonstrated by either a saline
ysterosonogram or hysteroscopy. Day 3 FSH level was
12 IU/L, and E2 levels were �75 pg/mL in all patients at

heir initial workup. Three couples had coexisting male
actor infertility. Two patients each had one previous IVF
ttempt.

The treatment protocol started with the administration of
ral contraceptive (OC) pills from day 1 of normal or P
ithdrawal–induced menses. Oral contraceptives were
iven for a period of 14–28 days. On cycle days 2–4,
ecombinant human FSH (Gonal-f; Serono, Inc., Rockland,

A) was started at a dose of 225 IU/d. All subjects had a
ransvaginal sonogram and baseline measurement of FSH,

2, �-hCG, LH, and P levels. The subjects were monitored
ccording to standard IVF protocols by transvaginal sono-
ram to evaluate the size and growth of the ovarian folli-
les, and blood samples were collected to assess serum E2,
, FSH, and LH levels. Once the largest follicle reached 12
m, 0.25 mg of cetrorelix acetate (Cetrotide; Serono, Inc.)
as started and 8 �g of recombinant hCG (choriogonado-
ropin alfa, r-hCG, Ovidrel; Serono, Inc.) was added to

1023Fertility and Sterility� Vol. 86, No. 4, October 2006
iety for Reproductive Medicine, Published by Elsevier Inc.
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ecombinant FSH daily. All the injections were adminis-
ered SC. The induction protocol is illustrated in Figure 1.

When the largest follicle reached 14 mm in mean diam-
ter, recombinant FSH was discontinued and low-dose
ecombinant hCG was continued at a dose of 8 �g along
ith cetrorelix. Final follicular maturation was triggered
ith 250 �g of recombinant hCG when �2 follicles

eached 18 mm in mean diameter. Oocytes were retrieved
4.5 hours later; 8 of 10 patients had intracytoplasmic
perm injection (ICSI) on half of their mature oocytes, and
ll 8 were fertilized both with ICSI and standard IVF. All
mbryos were graded according to the percentage of frag-
entation. Embryos of the highest grade were defined by

aving �20% fragmentation. Nontransferred embryos with
4 cells and �20% fragmentation were cryopreserved on

ostretrieval day 3.

Two embryos were transferred 3 days later. Progesterone
upplementation was administered as 50 mg of P in oil IM
rom postretrieval days 1–4 and then P vaginal gel (Cri-
one 8%; Serono, Inc.) was substituted for IM P. Crinone
as used once at night until the pregnancy test was per-

ormed (10–12 days after the embryo transfer).

At the time of administration of 250 �g of recombinant
CG, the number of follicles ranged from 5 to 24 with a
ean of 15. The days of recombinant FSH administration

anged from 5 to 9 days with a mean of 6.3 days, whereas
he average days of combination recombinant FSH and

IGURE 1

nduction protocol. OCP � oral contraceptive pill; P4

enigsberg. Late follicular LH-only protocol in IVF. Fertil Steril 2006.
ecombinant hCG administration were 1.3 with a range of s

024 Kenigsberg et al. Correspondence
–2 days. The administration of recombinant hCG alone
anged from 1 (one patient) to 3 days with a mean of 2.4
ays. Cetrorelix administration ranged from 3 to 5 days
ith a mean of 3.8 days. Serum E2 levels continued to

ncrease after COS was switched to the recombinant FSH
nd recombinant hCG combination. Acceleration in the
ncrease of E2 levels was observed once stimulation con-
isted of 8 �g of recombinant hCG alone. The E2 levels
ontinued to increase after the administration of 250 �g of
ecombinant hCG.

One hundred sixty oocytes were retrieved, and 91%
145) were mature. Normal fertilization, defined as the
resence of two pronuclei, was observed in 111 (76.5%) of
45 inseminated oocytes. Seventy-eight percent of all the
mbryos were of highest grade. A total of 79 embryos met
he criteria for cryopreservation. The mean number of
ryopreserved embryos was 7.9 for the pregnant patients
nd 8.75 for the nonpregnant patients. Two embryos of
ighest quality were transferred in all patients. All patients
ad trilaminar endometrial patterns on the day of hCG
rigger. The endometrial thickness ranged from 7.4 to 13
m with a mean of 10.23 mm.

Six of 10 patients achieved a delivery and a seventh
atient had a chemical pregnancy. Three had twins and
hree delivered singletons. One patient started as a twin
estation and had a spontaneous loss of one fetus. There
as no ovarian hyperstimulation syndrome (OHSS) neces-

rogesterone; US � ultrasound.
F

I � p
itating additional medical encounters. Historically, our

Vol. 86, No. 4, October 2006



g
2
c
p
r
r
f
s
l

s
L
s
t
e
e
A
b
p
h
v
n

s
c
a
d
s
d
o
I

u
d
p
g
t
g
p
u

a
t
i
a

A
a

R
1

2

3

4

5

6

Fe
ood prognosis patients typically required a total dose of
,250 IU of recombinant FSH with approximately 11 oo-
ytes collected at the time of retrieval. In contrast, the novel
rotocol used in the current study used a lower total dose of
ecombinant FSH (1,417.5 IU) with a mean of 16 oocytes
etrieved per patient. Substitution of LH activity in the
orm of recombinant hCG successfully completed ovarian
timulation and resulted in oocytes and embryos of excel-
ent quality.

Theoretically, premature follicular luteinization and sub-
equent P production is a potential side effect of low-dose
H activity in the late follicular phase. We failed to ob-
erve unusually elevated P levels in the study subjects
hroughout the treatment cycle. Fifty percent of the 20 fresh
mbryos transferred implanted and 9 of the 10 implanted
mbryos have resulted in deliveries of viable infants.
n embryo implantation rate of 50% is greater than would
e expected from fresh day-3 embryos from standard IVF
rotocol. This supports the hypothesis that there are no
armful effects, such as premature decidualization or ad-
ancement of the endometrium, from low-dose recombi-
ant hCG stimulation in the late follicular phase.

These results suggest that with an OC/GnRH antagonist
timulation protocol, very low dose recombinant hCG is
apable of effectively completing follicular maturation at
nd beyond a lead follicle of 14 mm. Further studies could
etermine whether there might be a critical threshold at a
maller follicular size. The particular drug combination and
ose is new and not previously described. A dose of 8 �g
f recombinant choriogonadotropin corresponds to the 200
U of hCG mostly used in other reports.

Future well-controlled, prospective, randomized studies
sing recombinant hCG or recombinant LH in the final
ays of COS should examine outcomes in patients with
oor prognostic factors. Application of preimplantation
enetic diagnosis to the embryos generated by this induc-
ion protocol will help to identify the aneuploidy rate in this
roup. The high implantation rates associated with im-
roved embryo quality could permit the more widespread

se of single embryo transfer to avoid multifetal gestations

rtility and Sterility�
nd yield future pregnancies from embryo cryopreserva-
ion. Other implications and directions for future studies
nclude a decreased overall FSH dose for IVF stimulation
nd a low or absent incidence of OHSS.
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