
Abstract. – Objective: To compare the
pregnancy outcome in patients undergoing in
vitro fertilization-embryo transfer (IVF-ET) cy-
cles, using human derived follicle-stimulating
hormone (FSH) or recombinant FSH for ovarian
stimulation protocols.

Design: Prospective, multi-centre, random-
ized controlled trial. 

Patients: 115 infertile patients undergoing a
first attempt of in vitro fertilization and embryo
transfer were included in the study. The inclu-
sion criteria were: female age <37 years and use
of GnRH agonist (GnRH-a) for pituitary down-
regulation.

Interventions: Long Protocol-controlled
ovarian stimulation with human derived FSH or
recombinant FSH for IVF-ET.

Main Outcome Measures: Primary end-
points were implantation rate, clinical pregnancy
rate and spontaneous abortion rate.

Secondary end-points were total units of FSH
injected, days of stimulation, peak estradiol lev-
els at point of hCG administration, mean number
of oocytes at pick-up, fertilization rate and cleav-
age rate. 

Results: No statistically significantly differ-
ences in pregnancy outcomes were found in the
patients receiving hFSH in comparison to pa-
tients receiving rFSH. 

Conclusions: This study did not demonstrate
a difference between the use of h-FSH vs r-FSH
for ovarian stimulation in terms of pregnancy
outcome, in good prognosis patients undergo-
ing their first IVF-ET procedure.

Key Words:

Human derived FSH, Recombinant FSH , IVF-ET Cy-
cles, COH.

European Review for Medical and Pharmacological Sciences 2010; 14: 97-102

Pregnancy outcome following in vitro
fertilization-embryo transfer (IVF-ET) in women
aged <37, undergoing ovulation induction with
human FSH compared with recombinant FSH:
a randomised controlled study

H. GHOLAMI*, E. VICARI°, M. MOLIS†, S. LA VIGNERA°,
E. PAPALEO§, F. CAPPIELLO†

*A.S.I.C., Rome (Italy)
°UOC Endocrinology and Andrology, Catania University, Catania (Italy)
†Villa del Sole clinic, “Sterility and Reproduction biology” Centre, Neaples (Italy)
§Centro Natalità, Obstetrics and Gynecology Department, Vita-Salute San Raffaele University, Milan (Italy)

Corresponding Author: Hossein Gholami, MD; e-mail: gholami@fastwebnet.it 97

Introduction

In vitro fertilization (IVF) is an established
assisted reproduction technique that requires
ovarian stimulation to increase the number of
mature oocytes available for fertilization. Sev-
eral different types of gonadotropins have been
used for ovarian stimulation. One of the first
used in IVF-ET was the urinary-derived human
menopausal gonadotropin (hMG). It’s role is
still debated considering the fact that hMG,
having a low specific activity and containing
significant amounts of luteinizing-hormone
(LH) may lead to poor oocyte quality, reduced
fertilization rates, lower embryonic viability
and early pregnancy loss1,2.

The more recent use of other human-derived
FSH preparations (hFSH) containing smaller
quantities of LH was associated with higher preg-
nancy rates compared to the use of hMG in IVF
cycles3,4. 

Recently was shown that hMG treatment did
not result in superiority in ongoing pregnancy
rates in first-cycle IVF-intracytoplasmic sperm
injection if compared with rFSH, and in partic-
ularly highly purified hMG resulted in retrieval
of fewer oocytes, a lower incidence of hyperre-
sponse, and comparable pregnancy rates. 

The development of recombinant follicle
stimulating hormone (rFSH), totally free from
LH, activity was thought to represent a signifi-
cant improvement for ovulation induction. De-
spite its theoretical advantages, clinical results in
IVF using rFSH were not significantly better5.
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reduced ovarian reserve and a poor response to
ovarian stimulation in IVF. while age generally
defines the quality of the oocyte: it is this differ-
ence in quantity, and not in quality, which makes
the difference between cases of poor and normal
response to IVF.

The aim of this prospective, randomized con-
trolled, study was to compare the pregnancy out-
come of IVF-ET cycles in which either hFSH or
rFSH were used for controlled ovarian stimula-
tion (COH) when GnRH agonist is used in for pi-
tuitary desensitization in “good prognosis” pa-
tients aged <37 years.

Materials and Methods

All patients treated in our IVF units between
January 2008 and September 2008 were invited
to participate in the study. 

As shown in Table I, the indications for IVF-
ET treatment were mainly moderate male factor,
tubal defects, idiopathic infertility with previous
failed intrauterine insemination attempts. All pa-
tients were age <37 years, with a basal FSH <12
mIU/ml.

The 115 patients included in the study were
randomized to two groups, to receive either hF-
SH (n=62) or rFSH (n=53) for COH. No statisti-
cally significant differences between the groups
in terms of mean age, body mass index, mean du-
ration of infertility and the causes of infertility
were identified (Table I). The Local Ethics Com-
mittee approved the protocol, and all patients
gave written informed consent before entering
the study.

Recombinant human FSH preparations, pro-
duced by inserting the DNA encoding the alpha
and beta subunits of FSH into a Chinese hamster
ovary cell line6, are free from urinary proteins, do
not contain any LH activity nor any other extra-
neous human proteins. Production of the product
is independent of the vagaries of urine collection,
thus ensuring a constant FSH supply and guaran-
teed batch-to-batch consistency. 

Large-scale clinical trials and meta-analyses
have been performed in order to investigate any
differences between rFSH and hFSH in IVF cy-
cles7-10. No significant differences in the rates of
spontaneous abortion, multiple pregnancy or ovar-
ian hyper-stimulation syndrome (OHSS) were
found between IVF cycles using rFSH and hFSH.
The total dose of FSH required to meet criteria for
hCG administration was lower with rFSH, but
there was no significant difference in the number
of follicles, serum estradiol levels on hCG day or
in the number of oocytes retrieved11,12. 

Furthermore, a meta-analysis comparing the ef-
ficacy of recombinant LH (rLH) supplementation
for ovarian stimulation in IVF/intracytoplasmic
sperm injection cycles demonstrates that the pres-
ence of rLH with rFSH may prevent a decrease in
oestradiol levels after antagonist administration
and that a significantly higher number of mature
oocytes was available for embryology work13. 

The aim of physicians working in the field of
reproductive medicine remains to optimise the
number of good quality oocytes available while
giving due consideration to cost-effectiveness14.

Published studies suggest that serum FSH lev-
els are a prognostic factor for the quantity of
oocytes obtained with elevated levels indicating
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Variable Group A: hFSH Group B: rFSH P value

No. of patients 62 53 –
Mean (± SD) age (year) 32 ± 4.1 32 ± 4.8 NS
Mean (+ SD) duration of infertility (months) 47.2 ± 17.6 41.9 ± 10.3 NS
Body Mass Index 23.6 ± 6.5 22.7 ± 6.8 NS
Basal FSH 6.5 ± 2.7 6.9 ± 1.9 NS
Causes of infertility

Ovulatory factor* (%) 6 (9.7) 5 (9.4) NS
Endometriosis (%) 2 (3.2) 2 (3.8) NS
Male factor (%) 25 (40.3) 22 (41.5) NS
Tubal factor (%) 19 (30.6) 18 (34.0) NS
Unexplained (%) 10 (16.1) 6 (11.3) NS

Table I. Characteristics of patients.

No statistical differences were found between groups, thus P values (P<0.05) are not shown.
Note: NS = not significant; *PCO; clomiphene-resistant; anovulatory/normogonadotropic.



Pregnancy outcome following in vitro fertilization-embryo transfer (IVF-ET)

99

der oil. The embryo transfer was performed at
the 2- to 4-cell stage, 40-44 h after insemination.
No more than three embryos were transferred.
Spare mature oocytes were cryopreserved ac-
cording to protocols described in previous stud-
ies15.

Pregnancy was detected by measuring β-hCG
levels. A clinical pregnancy was determined by
the visualization of an embryo with cardiac activ-
ity at 6-7 weeks of pregnancy. A spontaneous
abortion is registered, when the loss of the preg-
nancy between the fifth and the twelfth week of
gestation occurred.

Statistical Analysis
The statistical package SPSS KIT SigmaStat

for Windows V2.03S was used for the data
analysis. Clinical characteristics were analyzed
using the unpaired Student’s t-test or the Mann-
Whitney rank sum test. All other analyses were
performed using χ2 analysis of Fisher’s exact
test. Results with P <0.05 were considered sig-
nificant.

Results

During the study period, 115 patients con-
forming to the inclusion criteria were random-
ized into two groups as previously described.

The outcome of ovulation induction is report-
ed in Table II.

In the r-FSH group there was both a signifi-
cant reduction in the number of ampoules of FSH
required (20.7 ± 8.2 vs 24,1 ± 7.7, p=0.04) and a
significantly increased number of oocytes col-
lected at pick-up (10.9 ± 3.31 vs 9.8 ± 4.12,
p=0.04).

Controlled Ovarian Stimulation
Protocols of ovarian stimulation were followed

according to recognised guidelines14.
All patients underwent pituitary desensitiza-

tion by subcutaneous administration of a GnRH
agonist (Decapeptyl®, Ipsen) initiated in the mid
luteal phase until the intramuscular administra-
tion of hCG 10,000 IU. Then, controlled ovarian
hyperstimulation (COH) was undertaken in all
patients by administration of follicle-stimulating
hormone Both the recombinant preparation (Go-
nal-F®, Serono, Switzerland) and the human de-
rived preparation (Fostimon®, AMSA, Italy)
were injected subcutaneously starting on day 3 of
the withdrawal bleed.

The starting dose was 150 IU per day. Patients
were monitored by measuring the plasmatic con-
centration of 17β-estradiol and the size of folli-
cles on day +5 of stimulation. The amount of go-
nadotrophin administered was adjusted according
to individual response. HCG (Gonasi®, AMSA,
Italy) 10,000 IU was injected intramuscularly in
all patients when serum 17β-estradiol exceeded
200 pg/follicle and there were at least 3 follicles
with a minimum diameter of 18 mm. The cycle
was cancelled if estradiol level rose above >4000
pg/ml, because of high risk for ovarian hyper-
stimulation syndrome (OHSS).

34-36 h after hCG administration, oocytes
were retrieved by transvaginal ultrasound-guided
aspiration. IVF medium (Medi-Cult A/S, Inno-
genetics, Denmark) was used as culture medium.
Spermatozoa were prepared using the swim-up
technique.

According to the Italian IVF law (40/2004), a
maximum of three oocytes per patient were fer-
tilized. 

All cases underwent conventional in vitro fer-
tilization with gametes and embryos cultured un-

Group A: h-FSH Group B: r-FSH
Variable n = 62 n = 53 P value

Duration of stimulation (d) 11.3 ± 0.9 10.4 ± 1.4 NS
No. of ampoules (75 IU) of FSH (Mean ± SD) 24,1 ± 7.7 20,7 ± 8.2 0.04
17 β-estradiol level on the day of 2232.1±510 2713.3±595 0.02
hCG administration (pg/mL)

Cancelled cycles (Estradiol level > 4000 pg/ml) 1 3 NS
No. of retrieved oocytes (Mean ± SD) 9.8 ± 4.12 10.9 ± 3.31 0.04
No patients with > 3 spare mature oocytes 57 (91.9%) 46 (86,7%) NS
No. of cryopreserved oocytes (Mean ± SD) 5,92 ± 2.7 6,65 ± 2,4 NS
No of embryo-transferred (Mean ± SD) 2,1 ± 0.6 2,2 ± 0,3 NS

Table II. Outcome of COH and laboratory.
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Despite those finding, no statistically signifi-
cant difference between the two groups were not-
ed in IVF outcome in terms of mean number of
embryos transferred (2.1 ± 0.6 vs 2.2 ± 0.3,
p=NS), number of patients with spare mature
oocytes, suitable for cryopreservation (57 vs 46,
p=NS) and mean number of oocytes cryopre-
served (5.92 ± 2.7 vs 6.65 ± 2.4, p=NS).

The IVF outcome of IVF in both group was
evaluated in terms of implantation rate (number
of embryos implanted/total number of embryos
transferred), clinical pregnancy rate (number of
clinical pregnancies/number of patients), sponta-
neous abortion rate (number of spontaneous
abortions/total number of clinical pregnancies)
(Table III). 

No statistically significant differences in any
of these clinically significant outcomes were
found.

Discussion 

During the last decade, follicle-stimulating
hormone (FSH) treatment to induce follicular
development in anovular women and multiple
follicular development for assisted conception
has involved the use of either human derived or
recombinant preparations. The human derived
preparations of gonadotropins have been pro-
gressively replaced in clinical practice by the
new recombinant products which are completely
devoid of any LH activity and other extraneous
human proteins which contaminated the “first
generation” of urinary-derived preparations.
However, it must be stressed that the new “high-
ly purified” urinary gonadotrophins have been
previously proven to be safe and efficient prepa-
rations for use in ovarian stimulation16. FSH and
LH are both required for appropriate folliculo-
and steroidogenesis17,18 and in hypogonadotropic
women, the addition of some LH activity (hu-

man menopausal gonadotropin, human chorionic
gonadotropin or rLH) is obligatory to achieve
appropriate follicular development, adequate
estradiol levels and pregnancy19,20. The role of
LH in ovulation induction in normadogo-
nadotrophic women is still a matter of debate.
The availability of the highly purified and re-
combinant products raised questions as to
whether better results can be achieved in terms
of efficacy and cost effectiveness. For this rea-
son several studies have been carried out to de-
termine whether r-FSH is able to improve IVF
outcomes compared to those obtained using uri-
nary derived products. The parameters consid-
ered were not only the comparative efficacy of
the product in terms of IVF outcomes (live
births per cycle), but the higher medical costs of
the newer recombinant products led many re-
searchers to carry out trials to explore the effica-
cy and the relative cost-effectiveness of alterna-
tive treatments in assisted reproduction tech-
niques21-24. Meta-analyses and “cost-effective-
ness” models failed to reveal whether one or the
other preparation was associated with a better
pregnancy rate and with concomitant lower costs
in IVF cycles. However, it should be acknowl-
edged that recombinant products showed a ten-
dency to have better results in terms of oocytes
retrieved and embryos available for cryopreser-
vation21,25, even though further studies, using the
new ‘high purity’ human derived FSH formula-
tions, showed opposite results24.

The chance of a woman successfully deliver-
ing a baby after IVF-ET treatment depends on
her fertility rate, the risk of spontaneous miscar-
riage and the chance of chromosomal abnormali-
ties; all factors which are strongly dependent on
the age of the woman. Fertility as a function of
women’s age has also been clearly demonstrated
in donor insemination programmes in which the
cause of infertility was related to male factors
alone and the women were assumed to have nor-
mal fertility potential26.
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Variable Group A: hFSH Group B: rFSH P value

Implantation rate (%) 35/128a (27.3) 32/110a (29.1) NS
Clinical PR (%) 24/62b (38.7) 21/53b (39.6) NS
Spontaneous abortion rate (%) 3/24 (12.5) 2/21 (9.5) NS

Table III. Pregnancy outcome of patients who received hFSH or rFSH (percentages between parenthesis).

PR = pregnancy rate; NS = not significant; atotal number of embryo transferred; bnumber of patients.



Better ovarian response is consistently associ-
ated with higher pregnancy rates27 and hence dif-
ferent hormonal and ultrasound parameters
known as ovarian reserve markers have been de-
veloped in ART to predict ovarian response to
gonadotrophins. The basal level of follicle-stimu-
lating hormone (FSH) is a better predictor of
ovarian responsiveness than the age of the
woman28 but ongoing pregnancy and livebirth
rates are influenced significantly by age.

In this study all women enrolled were consid-
ered to have normal fertility and screening did
not identify any recognised female factors that
would militate against tconceiving with IVF-ET.

The use of r-FSH demonstrated increased
ovarian recruitment of follicles compared with h-
FSH, as shown by improved number of oocytes
retrieved at ovum pick-up, and this was associat-
ed with a small but still statistically significant
reduction in units of gonadotrophins used.

However, if interest was focused on the ga-
mete and embryo quality and consequently on
IVF outcome, no difference was found in terms
of fertilization rate, number of embryo-trans-
ferred, chance to cryopreserve spare mature
oocytes and mean number of cryopreserved
oocytes.

Similarly no difference emerged in pregnancy
outcome when both h-FSH and r-FSH prepara-
tions were compared. 

These excellent and strictly comparable im-
plantation, pregnancy and ongoing-pregnancy
rates reflect the good prognosis for the study
group in terms of female age and ovarian reserve.

For these reasons our data support the need for
a choice of which compound to offer a positive
outcome in an IVF programme and indicate the
need to consider cost-effectiveness14 of the thera-
py depending on the category of patients under-
going treatment. 

References

1) STANGER JD AND YOVICH JL. Reduced in vitro fertil-
ization of human oocytes from patients with
raised basal luteinizing hormone levels during the
follicular phase. Br J Obstet Gynaecol 1985; 92:
385-392.

2) HOMPES PG, BROEKMANS FJ, HOOZEMANS DA, SCHATS

R; FIRM GROUP. Effectiveness of highly purified hu-
man menopausal gonadotropin vs. recombinant

follicle-stimulating hormone in first-cycle in vitro
fertilization-intracytoplasmic sperm injection pa-
tients. Fertil Steril 2008; 89: 1685-1693. 

3) DAYA S, GUNBY J, HUGHES EG, COLLINS JA, SAGLE MA.
Follicle-stimulating hormone versus human
menopausal gonadotrophin for in vitro fertilization
cycles: a meta-analysis. Fertil Steril 1995; 64: 77-
86.

4) DAYA S. Follicle-stimulating hormone and human
menopausal gonadotropin for ovarian stimulation
in assisted reproduction cycles. Cochrane Data-
base Syst Rev 2000; (2): CD000061.

5) BAKER VL, FUJIMOTO VY, KETTEL LM, ADAMSON GD,
HOEHLER F, JONES CE, SOULES MR. Clinical efficacy of
highly purified urinary FSH versus recombinant
FSH in volunteers undergoing controlled ovarian
stimulation for in vitro fertilization: a randomized,
multicenter, investigator-blind trial. Fertil Steril
2008; 91: 1005-1011.

6) LOUMAYE E, CAMPBELL R, SALAT-BAROUX J. Human folli-
cle stimulating hormone produced by recombi-
nant DNA technology: a review for clinicians. Hum
Reprod Update 1995; 1: 188-199.

7) DAYA S, GUNBY J. Recombinant versus urinay folli-
cle stimulating hormone for ovarian stimulation in
assisted reproduction. Hum Reprod 1999; 14:
2207-2215. 

8) AGRAWAL R, HOLMES J, JACOBS HS. Follicle-stimulat-
ing hormone or human menopausal gonadotropin
for ovarian stimulation in in vitro fertilization cy-
cles: a meta-analysis. Fertil Steril 2000; 73: 338-
343.

9) AL-INANY H, ABOULGHAR M, MANSOUR R, SEROUR G.
Models of cost-effectiveness of recombinant FSH
versus urinary FSH. Hum Reprod 2003; 18: 305-
313.

10) HOOMANS EHM, ANDERSEN AN, LOFT A, LEERENTVELD

RA, VAN KAMP AA, ZECH H. A prospective, random-
ized clinical trial comparing 150 IU recombinant
follicle stimulating hormone (Puregon) and 225 IU
highly purified urinary follicle stimulating hormone
(Metrodin-HP) in a fixed dose regimen in women
undergoing ovarian stimulation. Hum Reprod
1999; 14: 2442-2447.

11) DAYA S, GUNBY J. WITHDRAWN: Recombinant ver-
sus urinary follicle stimulating hormone for ovari-
an stimulation in assisted reproduction cycles.
Cochrane Database Syst Rev 2007; (3):
CD002810.

12) BAKER VL, FUYIMOTO VY, KETTEL LM, ADAMSON GD,
HOEHLER F, JONES CE, SOULES MR. Clinical efficacy of
highly purified urinary FSH vs recombinant FSH
in volunteers undergoing controlled ovarian stim-
ulation for in vitro fertilization: a randomized, mul-
ticenter, investigator-blind trial. Fertil Steril 2008;
91: 1005-1011.

13) BARUFFI RL, MAURI AL, PETERSEN CG, FELIPE V, MARTINS

AM, CORNICELLI J, CAVAGNA M, OLIVEIRA JB, FRANCO JG
Jr. Recombinant LH supplementation to recombi-

101

Pregnancy outcome following in vitro fertilization-embryo transfer (IVF-ET)



102

nant FSH during induced ovarian stimulation in the
GnRH-antagonist protocol: a meta-analysis. Reprod
Biomed Online 2007; 14: 14-25.

14) NICE CLINICAL GUIDELINES. Fertility assessment and
treatment for people with fertility problems. RCOG
press, February 2004. 

15) BORINI A, SCIAJNO R, BIANCHI V, SERENI E, FLAMIGNI C,
COTICCHIO G. Clinical outcome of oocyte cryop-
reservation after slow cooling with a protocol uti-
lizing a high sucrose concentration. Hum Reprod
2006; 21: 512-517.

16) GERLI S, PERINO M, ABATE A, COSTABILE L, GHOLAMI H,
VITIELLO L. Ovarian stimulation using a new highly
purified urinary FSH: a prospective randomized
clinical study. Clin Exp Obstet Gynaecol 1999; 26:
93-94. 

17) FILICORI M, COGNIGNI GE, TARABORRELLI S, SPETTOLI D,
CIAMPAGLIA W, TABARELLI DE FATIS C, POCOGNOLI P,
CANTELLI B, BOSCHI S. Luteinizing hormone activity
in menotropins optimizes folliculogenesis and
treatment in controlled ovarian stimulation. J Clin
Endocrinol Metab 2001; 86: 337-343. 

18) GORDON UD, HARRISON RF, FAWZY M, HENNELLY B,
GORDON AC. A randomized prospective assessor-
blind evaluation of luteinizing hormone dosage
and in vitro fertilization outcome. Fertil Steril
2001; 75: 324-331.

19) ALVIGGI C, CLARIZIA R, MOLLO A, RANIERI A, DE PLACIDO

G. Outlook: who needs LH in ovarian stimulation?
Reprod Biomed Online 2006; 12: 599-607.

20) DHILLON S, KEATING GM. Lutropin alfa. Drugs 2008;
68: 1529-1540.

21) GLEICHER N, KARANDE V. Generic human
menopausal gonadotropin (hMG) in place of
more costly follicle-stimulating hormone (FSH) for
routine ovulation induction. J Assist Reprod
Genet 2000; 17: 489-495.

22) OLA B, AFNAN M, SHARIF K, HAMMADIEH N, PAPAIOAN-
NOU S, COOMARASAMY A. Cost-effectiveness of re-
combinant versus urinary follicle stimulating hor-
mone; whose point of view? Acta Obstet Gynecol
Scand 2001; 80: 1141-1142.

23) SILVERBERG K, DAYA S, AURAY JP, DURU G, LEDGER W,
WIKLAND M, BOUZAYEN R, O’BRIEN M, FALK B, BERESNI-
AK A. Analysis of the cost effectiveness of recom-
binant versus urinary follicle-stimulating hormone
in in vitro fertilization/intracytoplasmic sperm in-
jection programs in the United States. Fertil Steril
2002; 77: 107-113.

24) GERLI S, CASINI ML, UNFER V, COSTABILE L, BINI V, DI

RENZO GC. Recombinant versus urinary follicle-
stimulating hormone in intrauterine insemination
cycles: a prospective, randomized analysis of
cost effectiveness. Fertil Steril 2004; 83: 573-
578.

25) DAYA S, LEDGER W, AURAY JP, DURU G, SILVERBERG K,
WIKLAND M, BOUZAYEN R, HOWLES CM, BERESNIAK A.
Cost-effectiveness modelling of recombinant FSH
versus urinary FSH in assisted reproduction tech-
niques in the UK. Hum Reprod 2001; 16: 2563-
2569.

26) SCHWARTZ D, MAYAUX MJ. Female fecundity as a
function of age: results of artificial insemination in
2193 nulliparous women with azoospermic hus-
bands. Federation CECOS. N Engl J Med 1982;
18: 404-406.

27) KLIPSTEIN S, REGAN M, RYLEY DA, GOLDMAN MB, ALPER

MM, REINDOLLAR RH. One last chance for pregnan-
cy: a review of 2,705 in vitro fertilization cycles
initiated in women age 40 years and above. Fertil
Steril 2005; 84: 435-445.

28) SHARIF K, ELGENDY M, LASHEN H, AFNAN M. Age and
basal follicle stimulating hormone as predictors of
in vitro fertilisation outcome. Br J Obstet Gy-
naecol 1998; 105: 107-112.

H. Gholami, E. Vicari, M. Molis, S. La Vignera, E. Papaleo, F. Cappiello


