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1. Introduction

Controlled ovarian hyper-stimulation (COH) is one of the most important stages in ART
treatments. The main goal of COH is to achieve efficient follicle numbers without
compromising oocyte quality.

During the natural ovarian cycle, different pituitary hormones are responsible for follicle
recruitment and growth. In the early follicular phase, follicle stimulating hormone (FSH) is
responsible for early follicular growth and development. However, in the middle or late
phase, reduction in FSH levels will occur and LH gains the more important role. The more
COH protocol can mimic the natural hormonal situations, the more efficacious it will be.

In most infertile women, the administration of exogenous FSH? alone is usually sufficient for
ovarian stimulation. In these patients, dominant follicles have LH receptors in addition to
FSH ones and therefore can respond to endogenous LH. However, subgroups of cases either
do not respond or over-respond to FSH. These patients may benefit from LH3 activity
supplementation during their mid or late follicular phase.

Different studies have found that LH activity supplementation may lead to improved
outcome in patients over the age of 35, patients with initial abnormal response to
recombinant human FSH (r-hFSH), and those at risk for poor ovarian response (Alviggi et
al., 2006). In patients beyond 35 years, the addition of LH in form of human menopausal
gonadotropin (hMG) to r-FSH regimen may only improve the ovarian response but does not
improve overall pregnancy rates (Sohrabvand et al., 2010).

On the other hand, LH components induce the local production of various molecules such
as inhibin B and IGF-14 from granulose cells and these factors in turn promote the growth of

! Human Chorionic Gonadotropin
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granulose cells and regulate oocyte maturation (Alviggi et al., 2006). LH is also secreted in
the theca compartment and induces androgen production. Then these theca-driving
androgens are converted into estradiol by aromatize enzymes (Hillier et al., 1994). These
mechanisms may have an important role in the improvement of oocyte quality and LH or
hCG supplementation could be a successful method for achieving the physiologic
conditions for follicle growth.

Different sources of LH activity including hMG, recombinant LH and low-dose hCG are
accessible. HCG is a normal natural analogue of LH. It selectively binds to LH receptors and
exerts the same actions as LH (Ross 1977). It has a longer half-life than LH (Nargand et al.,
2006). HCG is able to occupy LH receptors for more than 24 hours and allow stable
stimulation of the LH receptors (Damewood et al., 1989). HCG is at least six times more
potent than LH (Stokman et al., 1993; The European LH Study group, 2001). In other words,
200 IU hCG is equal to 1200 IU LH. It is also less expensive than recombinant FSH or hMG
(Fillicori et al., 2002; Filicori et al., 2005a).

A novel gonadotropin protocol for ovarian stimulation adds low-dose hCG (50- 200 IU) in
the late follicular phase (Filicori et al., 2002a; Filicori et al., 2002b; Filicori et al., 2005a; Lee et
al., 2005; Sullivan et al., 1999). This component can be used alone to complete controlled
ovarian stimulation (Filicori et al., 2005a). Usage of it in the late stage of ovarian stimulation
(after the follicles reach> 12 mm) reduces gonadotropin consumption while the fertilization
outcome is comparable (Filicori et al., 2005; Ashrafi et al., 2011). Furthermore this regimen
reduces the number of small pre-ovulatory follicles which could reduce the risk of OHSS5
(Fillicori et al., 2005). Adequate ovarian hormonal levels (Fillicori et al., 2005a; Branigan et
al., 2005), oocyte maturation (Branigan et al., 2005), avoidance of a premature LH surge
(Fillicori et al., 2005a; Branigan et al., 2005), and increased pregnancy rate (Fillicori et al.,
1999; Filicori et al., 2001) are the other benefits of this regimen. This protocol also reduces the
stimulation duration and the dose of exogenous FSH administration (Filicori et al., 2005a);
therefore it can minimize the patient costs. HCG might also affect endometrial function,
stimulate endometrial growth and maturation and enhance the endometrial angiogenesis.
These effects could extend the angiogenesis. These results could lengthen the implantation
window (Fillicori et al., 2005a). Tesarik et al. (2003) showed that the administration of hCG
to oocyte recipients increased the endometrial thickness on the day of embryo transfer and
improved the implantation rate. Adding the low-dose hCG in ovarian stimulation regimens
in PCOS patients has been associated with fewer immature oocytes (Ashrafi et al., 2011).

Compounds containing LH activity have different risks and benefits. It is believed that LH
has a central role in mono-follicular selection and dominance in the physiological ovulatory
cycle (Fillicori et al., 2005a; Filicori et al., 2002c). Mono-folliculogenesis is ideal for
intrauterine insemination (IUI), but not for IVF/ICSI treatments. In addition, LH may exert
a deleterious effect on controlled ovarian stimulation. Unnecessary elevated levels of LH
during the pre-ovulatory period may also negatively influence post-ovulatory events such
as conception and implantation (Chappel & Howles, 1991). In addition, because hCG is at
least six times more potent than LH, there is a concern that this might result in premature
luteinization of the follicle.

5 Ovarian Hyper-stimulation Syndrome
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2. Indications of LH or hCG in ovarian stimulation cycles

As mentioned before, the use of low-dose hCG leads to suitable follicle growth and
prevention of OHSS by small follicle atresia. Therefore, the application of LH or low-dose
hCG in the late follicular phase could be divided to two parts.

2.1 LH supplementation could be used for accelerating leading follicle development
2.1.1 In patients over 35 years of age

Women, of advanced reproductive age, have low follicular recruitment. These patients also
have a low number of functional LH receptors and may have low biological activity of
endogenous LH (Mitchell et al., 1995; Vihko et al., 1996). In women aged over 35 undergoing
intra cytoplasmic sperm injection (ICSI), LH administration led to improved outcomes
(Humaidan et al., 2004; Marrs et al., 2004).

Ovarian paracrine activity also decreases with age (Hurwitz and Santoro, 2004). These
paracrine variables including growth factors and cytokines may cause adequate follicular
growth and steroidogenesis even when LH concentrations are very low (Alviggi et al., 2006).

2.1.2 In poor ovarian responders with GnRH antagonist protocols

In patients treated with GnRH¢ antagonists, a dramatic decline in serum concentrations of
both LH and estradiol usually occurs after administration of the drug. Therefore follicles are
deprived of their LH substances (Alviggi et al., 2006). A stimulation regimen consisting of
GnRH-antagonist and exogenous LH in normal responders increases estradiol production
but has no significant effect on improvement of IVF outcomes (Cedrin-Durnerin et al., 2004;
Griesinger et al., 2005). However, this regimen is useful for women at risk for poor ovarian
response (patients with less than four follicles in prior cycles and/or with basal FSH
concentrations of more than 10 IU/L) (De placido et al., 2006).

2.2 LH supplementation could be used for patients with a tendency to over-respond
(hyper stimulate) with standard FSH stimulation

Some patients over-respond to FSH administration and lowering of FSH can also lead to
follicular growth disruption. In these patients low-dose hCG substitution could be a useful
method.

2.2.1 In patients with polycystic ovarian syndrome

Women with polycystic ovarian syndrome (PCOS) are the other group that may benefit
from substituting LH for FSH in the late follicular phase. They often have multi-follicular
development during ovarian stimulation and are at risk for ovarian hyper-stimulation
syndrome (OHSS) or multiple pregnancy. LH activity supplementation would permit the
more mature follicles to continue to develop while the less mature follicles would undergo
atresia due to insufficient FSH stimulation (Zelenik & Hillier, 1984; Fillicori et al., 2002). This
is because the more mature follicles have acquired the adequate amount of LH receptors
during the intermediate follicular phase (Fillicori et al., 2003 a,b).

¢ Gonadotropin releasing hormone
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In our research, we assessed the effect of two low-dose hCG regimens on folliculogenesis and
cycle outcome in PCOS patients and these regimens were compared with r-FSH alone.
Stimulation protocol for all the patients was according to the standard long protocol (Madani
et al., 2009). Gonadotropin stimulation commenced 14 days following subcutaneous GnRH
agonist injection with recombinant FSH (Gonal F, Serono, Switzerland), 150 IU daily. In group
B, ovarian priming with r-FSH” was reduced to 75 IU once the lead follicle reached 14 mm in
mean diameter and low-dose hCG (100 IU/day) was administered and continued until at least
two to three follicles with a mean diameter of 217 mm were achieved. In group C, ovarian
stimulation with r-FSH was discontinued and low- dose hCG (200 IU/day) was administered
when the lead follicle reached 14 mm in mean diameter and continued until at least 2-3
follicles with a mean diameter of 17 mm were achieved.

We found that the substitution of hCG for r-FSH during controlled ovarian stimulation in
infertile women with PCOS reduced the rates of immature oocytes and OHSS while yielding
comparable fertility outcomes, since follicles in women with PCOS, as with follicles in
eumenorrheic women, become LH responsive as they mature. We also observed lower
gonadotropin consumption following the addition low-dose hCG in the late follicular phase
in PCOS patients (Ashrafi et al., 2011).

3. Low-dose hCG starting time

Low-dose hCG supplementation could be used in most ART protocols. However, the start
time of hCG administration and discontinuation or decreasing of FSH are two important
issues. In most trials, the administration of low-dose hCG was started during the middle or
late follicular phase or when the follicle reached a size of more than 10 mm. In these
conditions receptors for LH or hCG on the granulose cells are capable of supporting
continued growth of the follicles in the absence of FSH administration (Filicori et al., 2005b).
Low-dose hCG has also been started at the time of beginning stimulation with r-FSH (Van
horn et al. 2007).

4. Low-dose hCG administration in assisted reproductive technologies

The addition of low-dose hCG has been used in different protocols:

4.1 In patients undergoing ovarian stimulation for timed intercourse and intra uterine
insemination (IUI)

The main aim of ovarian stimulation in IUI cycles is mono follicular development. Ovarian
stimulation regimens containing the FSH alone or combining the FSH and LH usually cause
multi-follicular development. The low-dose hCG supplementation after the FSH priming
may reduce the number of developing follicles (Fillicori et al., 2002a; 2002c; 2003a).

This regimen is also useful for patients who have previously failed to ovulate with
clomiphen citrate. Branigan et al. (2006) in their RCT evaluated the effect of the low dose-
hCG in previously anovulatory patients on clomiphen citrate (CC) alone. These patients
underwent ovarian stimulation with CC at the 100 mg dose for timed intercourse in their

7 Recombinant FSH
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previous cycles and failed to ovulate on this regimen. They found that the use of low dose-
hCG (200IU) after CC in the late follicular phase resulted in good ovulation and pregnancy
rates in these patients.
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Fig. 1. Clomiphen Citrate + Low-dose hCG

4.2 Low dose hCG administration in conjunction with GnRH antagonists

The use of GnRH antagonist instead of GnRH agonist in IVF cycles has increased in recent
years. Different strategies could be used for GnRh antagonist administration. A single depot
maybe used on cycle stimulation day eight or nine which lasts four days and is sufficient to
prevent the LH surge in 80%of women (Olivennes et al., 1998). Alternatively, multiple small
doses may be used daily from cycle day six as a fixed order, or when the leading follicle has
reached a 14 mm diameter in a more flexible manner, until the hCG trigger.

This protocol has some benefits. For example, it can lead to immediate pituitary suppression
(Tarlatzis et al., 2006). The decreasing of OHSS, lowering the gonadotropin consumption, and
avoidance of the gonadotropin flare are the other benefits of this protocol (Tarlatzis et al., 2006;
Griesinger et al., 2010). However, the LH level in the GnRH antagonist protocol decreases
(Duijkers et al., 1998; Griesinger et al., 2010) and this may negatively affect implantation or
pregnancy rate (Esposito et al., 2001). LH secretion is necessary for appropriate follicular and
endometrial development (Shoham et al., 2008; Kaufmann et al., 2007).

Adding the low-dose hCG to the GnRH antagonist protocol may compensate for its
shortcomings. It can be added to all types of GnRH antagonist protocols which have been
mentioned before. It may improve the implantation and live birth rates in patients with low
LH levels (Propst et al., 2011). Low-dose hCG supplementation results in higher estradiol
secretion of granulose cells and cumulous cell expansion that causes better oocyte maturation
rates and endometrial preparation (Cedrin-Durnerin et al., 2004; Ben-Ami et al., 2009). The
effect of hCG on endometrium regulation and implantation has been suggested in previous
studies (Filicori et al., 2005; Cameo et al., 2006; d'Hauterive et al., 2007). LH administration can
increase the LH/hCG receptors during the pre-implantation window and also prevents
apoptosis of the endometrial stromal cells (Lovely et al., 2005; Jasinska et al., 2006).
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Serafini et al. (2006) showed that using a low-dose hCG protocol along with a GnRH
antagonist treatment in normal ovarian responders avoids premature ovulation, and OHSS.
It also decreases the total dose of recombinant FSH. This protocol permitted follicles and
oocytes to develop fully and aided normal fertilization along with the generation of top-
quality embryos and establishment of clinical pregnancies.

Van Horne et al., (2007) also found a reduction in r-FSH requirements and an average cost
saving of $600 per cycle in patients who used low-dose hCG supplementation in the GnRH
antagonist cycles. These patients had similar implantation and pregnancy rates compared
with GnRH antagonist cycles that used r-FSH alone.
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4.3 Low-dose hCG administration in women undergoing IVF cycles down-regulated
with GnRH agonists

There are two protocols for the usage of GnRH agonists in ART cycles.
1. Long protocol

For this protocol, all patients usually receive Buserelin 500 pgr (0.5 mg) via subcutaneous
injection starting on day 21 of their menstrual cycles. Down-regulation is confirmed by a
linear endometrium in ultrasonography (endometrium below 3 mm) and suppressed
ovaries by serum estradiol concentration< 60 pg/ml. Gonadotropin stimulation commence
14 days following subcutaneous GnRH agonist injection with recombinant FSH, 150 IU
daily. The dose of GnRH agonist will be decreased at this moment (to 200 pgr). The dose
and duration of FSH treatment are adjusted by monitoring follicular development with
ultrasound and estradiol levels. FSH administration is discontinued and low-dose hCG is
added when the lead follicle reached to more than 12 mm. The goal of ovarian stimulation is
to achieve at least two ovarian follicles with a mean diameter of 217 mm on the day of hCG
administration. Then, 10,000 IU of hCG is administered and oocyte retrieval is performed
34-36 hours later.
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Fig. 4. GnRH Agonist Long Protocol+ 200 IU Low Dose hCG

2. Short protocol

The short or flare protocol employs the agonist-induced flare-up of endogenous FSH to
stimulate the ovary in addition to exogenous FSH administration. The agonist is started on
day two of the cycle with gonadotrophins on day three. Follicular growth takes 10-12 days
which is adequate to down-regulate the pituitary gland and prevent a premature LH surge
(Daya, 2000). The administration of recombinant FSH, 150 IU daily will be discontinued
when the lead follicle reached to more than 12 mm. In this condition low dose hCG is
added. The goal of ovarian stimulation is to achieve an average of two ovarian follicles with

www.intechopen.com
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a mean diameter of 217 mm on the day of hCG administration. Then, 10,000 IU of hCG is
administered and oocyte retrieval is performed 34-36 h later.
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Fig. 5. GnRH Agonist Short Protocol+ 200 IU Low Dose hCG

5. Conclusion
Use of low-dose hCG in the mid to late follicular phase of COH provides these results:

1. This protocol provides adequate ovarian estradiol secretion, oocyte maturation, and
acceptable fertilization rates.

2. This protocol provides significant reduction of FSH dosage and reduced cost of treatment.

3. This protocol has no adverse effects on the number of oocyte retrieved and pregnancy
rate but can prevent the occurrence of OHSS with a reduced number of follicles and

cancelled cycles.

6. References

Alviggi C., Clarizia R., Mollo A., Ranieri A., & De Placido G. (2006). Outlook: who needs LH
in ovarian stimulation? Reproductive Biomedicine Online, Vol.12, No.5, pp. 599-607.

Ashrafi M., Kiani K., Ghasemi A., Rastegar F., & Nabavi M. (2011). The effect of low dose
human chorionic gonadotropin on follicular response and oocyte maturation in
PCOS patients undergoing IVF cycles: a randomized clinical trial of efficacy and
safety. Archives of Gynecology and Obstetrics, Vol. 284, No.6, pp.1431-1438.

Ben-Ami I, Armon L., Freimann S., Strassburger D., Ron-El R., & Amsterdam A.(2009). EGF-
like growth factors as LH mediators in the human corpus luteum. Human
Reproduction, Vol. 24, No. 1, pp.176-184.

Branigan EF., & Estes A. (2005). Use of micro-dose human chorionic gonadotropin (hCG)
after clomiphene citrate (CC) to complete folliculogenesis in previous CC-resistant

www.intechopen.com



The Role of Low-Dose hCG in the Late Follicular
Phase of Controlled Ovarian Hyper Stimulation (COH) Protocols 11

anovulation. American Journal of Obstetrics and Gynecology, Vol. 192, No.6, pp. 1890-
1894.

Cédrin-Durnerin 1., Grange-Dujardin D., Laffy A., Parneix I., Massin N., Galey ]., Théron L.,
Wolf JP., Conord C., Clément P., Jayot S., & Hugues JN. (2004). Recombinant
human LH supplementation during GnRH antagonist administration in IVF/ICSI
cycles: a prospective randomized study. Human Reproduction. Vol. 19, No. 9, pp.
1979-1984.

Chappel SC. &Howles C. (1991). Reevaluation of the roles of luteinizing hormones and
follicle-stimulating hormone in the ovulatory process. Human Reproduction. Vol. 6,
No.9, pp. 1206-1212.

Damewood MD., Shen W., Zacur HA., Schlaff WD., Rock JA., & Wallach EE. (1989).
Disappearance of exogenously administered human chorionic gonadotropin.
Fertility and Sterility. Vol. 52, No.3, pp. 398-400.

Daya S. (2000). Gonadotropin releasing hormone agonist protocols for pituitary
desensitization in in vitro fertilization and gamete intrafallopian transfer cycles.
Cochrane Database of Systematic Reviews. Vol. 2, CD001299.

De Placido G., Mollo A., Clarizia R., Strina I., Conforti S., & Alviggi C. (2006). Gonadotropin-
releasing hormone (GnRH) antagonist plus recombinant luteinizing hormone vs. a
standard GnRH agonist short protocol in patients at risk for poor ovarian response.
Fertility and Sterility. Vol. 85, No. 1, pp. 247-250.

Duijkers IJM., Klipping C., Willemsen WNP., Krone D., Schneider E., Niebch G., & Hermann
R. Single and multiple dose pharmacokinetics and pharmacodynamics of the
gonadotrophin-releasing hormone antagonist Cetrorelix in healthy female
volunteers. (1989). Human Reproduction. Vol. 13, No. 9, pp.2392-2398.

Filicori M., Cognigni GE., & Ciampaglia W. (2003b). What clinical evidence for an LH
ceiling? Human Reproduction. Vol. 18, No. 7, pp: 1556-1557.

Filicori M., Cognigni GE., Gamberini E., Parmegiani L., Troilo E., & Roset B. (2005a). Efficacy
of low-dose human chorionic gonadotropin alone to complete controlled ovarian
stimulation. Fertility and Sterility. Vol. 84, No. 2, pp. 394-401.

Filicori M., Cognigni GE., Pocognoli P., Ciampaglia W., & Bernardi S.(2003a). Current
concepts and novel applications of LH activity in ovarian stimulation. Trends in
Endocrinology and Metabolism. Vol. 14, No. 6, pp. 267-273.

Filicori M., Cognigni GE., Samara A., Melappioni S., Perri T., Cantelli B., Parmegiani L., Pelusi
G., DeAloysio D. (2002c). The use of LH activity to drive folliculogenesis: exploring
uncharted territories in ovulation induction. Human Reproduction Update. Vol. 8, No.
6, pp. 543-557.

Filicori M., Cognigni GE., Tabarelli C., Pocognoli P., Taraborrelli S., Spettoli D., &
Ciampaglia W. (2002a). Stimulation and growth of antral ovarian follicles by
selective LH activity administration in women. The Journal of Clinical Endocrinology
and Metabolism. Vol. 87, No. 3, pp. 1156-1161.

Filicori M., Cognigni GE., Taraborrelli S., Parmegiani L., Bernardi S., & Ciampaglia W.
(2002b). Intracytoplasmic sperm injection pregnancy after low-dose human
chorionic gonadotropin alone to support ovarian folliculogenesis. Fertility and
Sterility. Vol. 78, No. 2, pp. 414-416.

Filicori M., Cognigni GE., Taraborrelli S., Spettoli D., Ciampaglia W., de Fatis CT., Pocognoli
P. (1999). Luteinizing hormone activity supplementation enhances follicle-

www.intechopen.com



12 In Vitro Fertilization — Innovative Clinical and Laboratory Aspects

stimulating hormone efficacy and improves ovulation induction outcome. The
Journal of Clinical Endocrinology and Metabolism. Vol. 84, No. 8, pp. 2659 -2663.

Filicori M., Cognigni GE., Taraborrelli S., Spettoli D., Ciampaglia W., Tabarelli de Fatis C.,
Pocognoli P., Cantelli B.,, & Boschi S. (2001). Luteinizing hormone activity in
menotropins optimizes folliculogenesis and treatment in controlled ovarian
stimulation. The Journal of Clinical Endocrinology and Metabolism. Vol. 86, No. 1,
pp-337-343.

Filicori M., Fazleabas AT., Huhtaniemi I., Licht P., Rao ChV., Tesarik J., & Zygmunt
M. (2005b). Novel concepts of human chorionic gonadotropin: reproductive system
interactions and potential in the management of infertility. Fertility and Sterility.
Vol. 84, No. 2, pp. 275-284.

Griesinger G. Ovarian hyperstimulation syndrome prevention strategies: use of
gonadotropin-releasing hormone antagonists. (2010). Seminars in Reproductive
Medicine. Vol.28, No. 6, pp. 493-499.

Griesinger G., Schultze-Mosgau A., Dafopoulos K., Schroeder A., Schroer A., von Otte S,,
Hornung D., Diedrich K., & Felberbaum R. (2005). Recombinant luteinizing
hormone supplementation to recombinant follicle-stimulating hormone induced
ovarian hyperstimulation in the GnRH-antagonist multiple-dose protocol. Human
Reproduction. Vol. 20, No. 5, pp.1200-1206.

Hillier SG., Whitelaw PF., & Smyth CD. (1994). Follicular oestrogen synthesis: the 'two-cell,
two-gonadotrophin' model revisited. Molecular and Cellular Endocrinology. Vol. 100,
No. (1-2), pp. 51-54.

Humaidan P., Bungum M., Bungum L., Yding Andersen C. (2004). Effects of recombinant
LH supplementation in women undergoing assisted reproduction with GnRH
agonist down-regulation and stimulation with recombinant FSH: an opening study.
Reproductive and Biomedicine Online. Vol. 8, No. 6, pp. 635-643.

Hurwitz JM., & Santoro N. (2004). Inhibins, activins, and follistatin in the aging female and
male. Seminars in Reproductive Medicine. Vol. 22, No. 3, pp.209-217.

Jasinska A., Strakova Z., Szmidt M., Fazleabas AT. (2006). Human chorionic gonadotropin
and decidualization in vitro inhibits cytochalasin-D-induced apoptosis in cultured
endometrial stromal fibroblasts. Endocrinology. Vol. 147, No. 9, pp. 4112-4121.

Kaufmann R., Dunn R., Vaughn T., Hughes G., O’Brien F., Hemsey G., Thomson B., & O'Dea
LS. (2007). Recombinant human luteinizing hormone, lutropin alfa, for the
induction of follicular development and pregnancy in profoundly gonadotrophin-
deficient women. Clinical Endocrinology. Vol. 67, No. 4, pp.563-569.

Lee KL., Couchman GM., & Walmer DK. (2005). Successful pregnancies in patients with
estrogenic anovulation after low-dose human chorionic gonadotropin therapy
alone following hMG for controlled ovarian hyperstimulation. Journal of Assisted
Reproduction and Genetics. Vol. 22, No. 1, pp. 37-40.

Lovely LP., Fazleabas AT., Fritz MA., McAdams DG., Lessey BA. (2005). Prevention of
endometrial apoptosis: Randomized prospective comparison of human chorionic
gonadotropin versus progesterone treatment in the luteal phase. The Journal of
Clinical Endocrinology and Metabolism. Vol. 90, No.4, pp.2351-2356.

Madani T., Ashrafi M., Abadi AB., & Kiani K. (2009). Appropriate timing of uterine cavity
length measurement positively affects assisted reproduction cycle outcome.
Reproductive Biomedicine Online. Vol. 19, No. 5, pp.734-736

www.intechopen.com



The Role of Low-Dose hCG in the Late Follicular
Phase of Controlled Ovarian Hyper Stimulation (COH) Protocols 13

Marrs R., Meldrum D., Muasher S., Schoolcraft W., Werlin L., & Kelly E. (2004). Randomized
trial to compare the effect of recombinant human FSH (follitropin alfa) with or
without recombinant human LH in women undergoing assisted reproduction
treatment. Reproductive Biomedicine Online. Vol. 8, No. 2, pp. 175-182.

Mitchell R., Hollis S., Rothwell C., & Robertson WR. (1995). Age related changes in the
pituitary-testicular axis in normal men; lower serum testosterone results from
decreased bioactive LH drive. Clinical Endocrinology (Oxf). Vol. 42, No. 5, pp. 501-
507.

Olivennes F., Alvarez S., Bouchard P., Fanchin R., Salat-Baroux J. & Frydman R. (1998). The
use of a GnRH antagonist (Cetrorelix) in a single dose protocol in IVF-embryo
transfer: a dose finding study of 3 versus 2 mg. Human Reproduction. Vol. 13, No. 9,
pp. 2411-2414.

Propst AM., Hill MJ., Bates GW., Palumbo M., Van Horne AK., & Retzloff MG. (2011). Low-
dose human chorionic gonadotropin may improve in vitro fertilization cycle
outcomes in patients with low luteinizing hormone levels after gonadotropin-
releasing hormone antagonist administration. Fertility and Sterility. Vol. 96, No. 4,
pp. 898-904.

Ross GT. Clinical relevance of research on the structure of human chorionic gonadotropin.
(1977). American Journal of Obstetrics and Gynecology. Vol. 129, No. 7, pp. 795-808.

Serafini P., Yadid I., Motta EL., Alegretti JR., Fioravanti J., & Coslovsky M. (2006). Ovarian
stimulation with daily late follicular phase administration of low-dose human
chorionic gonadotropin for in vitro fertilization: a prospective, randomized trial.
Fertility and Sterility. Vol. 86, No.4, pp.830-838

Shoham Z., Smith H., Yeko T., O’'Brien F., Hemsey G., & O'Dea L. (2008). Recombinant LH
(lutropin alfa) for the treatment of hypogonadotrophic women with profound LH
deficiency: a randomized, double-blind, placebo-controlled, proof-of-efficacy
study. Clinical Endocrinology. Vol. 69, No. 3, pp. 471-478.

Sohrabvand F., Golestan B., Kashani H., Saberi M., Haghollahi F., Maasomi M., Bagheri M.
Comparison of ART outcomes between two COH protocols: Gonal-F versus Gonal-
F plus HMG. International Journal of Fertility and Sterility. Vol. 3, No. 4, pp. 161- 164.

Stokman PG., de Leeuw R., van den Wijngaard HA., Kloosterboer H]J., Vemer HM., Sanders
AL. (1993). Human chorionic gonadotropin in commercial human menopausal
gonadotropin preparations. Fertility and Sterility. Vol. 60, No. 1, pp. 175-178.

Sullivan MW., Stewart-Akers A., Krasnow JS., Berga SL., & Zeleznik AJ. (1999). Ovarian
responses in women to recombinant follicle-stimulating hormone and luteinizing
hormone (LH): a role for LH in the final stages of follicular maturation. The Journal
of Clinical Endocrinology and Metabolism. Vol. 84, No.1, pp. 228-232.

Tarlatzis BC., Fauser BC., Kolibianakis EM., Diedrich K., & Devroey P. (2006). GnRH
antagonists in ovarian stimulation for IVF. Human Reproduction Update. Vol. 12, No.
4, pp. 333-340.

Tesarik J., Hazout A., & Mendoza C. (2003). Luteinizing hormone affects uterine receptivity
independently of ovarian function. Reproductive Biomedicine Online. Vol.7, No. 1, pp.
59-64.

The European Recombinant LH Study Group. (2001). Human recombinant luteinizing
hormone is as effective as, but safer than, urinary human chorionic gonadotropin in
inducing final follicular maturation and ovulation in in vitro fertilization

www.intechopen.com



14 In Vitro Fertilization — Innovative Clinical and Laboratory Aspects

procedures: results of a multicenter double-blind study. The Journal of Clinical
Endocrinology and Metabolism. Vol. 86, No. 6, pp.2607-2618.

Van Horne AK., Bates GW Jr., Robinson RD., Arthur NJ., & Propst AM. (2007). Recombinant
follicle-stimulating hormone (rFSH) supplemented with low-dose human chorionic
gonadotropin compared with rFSH alone for ovarian stimulation for in vitro
fertilization. Fertility and Sterility. Vol. 88, No. 4, pp. 1010-1013.

Vihko KK., Kujansuu E., Morsky P., Huhtaniemi I., & Punnonen R. (1996). Gonadotropins
and gonadotropin receptors during the perimenopause. European Journal of
Endocrinology. Vol. 134, No. 3, pp. 357-361.

Zeleznik A]., & Hillier SG. (1984). The role of gonadotropins in the selection of the
preovulatory follicle. Clinical Obstetrics and Gynecology. Vol. 27, No. 4, pp. 927-940.

www.intechopen.com



In Vitro Fertilization - Innovative Clinical and Laboratory Aspects

IN VITRO Edited by Prof. Shevach Friedler
FERTILIZATION

INNOWVATIVE CLINICAL ARD LARORATORY
ASPECTS

ISBN 978-953-51-0503-9

Hard cover, 156 pages

Publisher InTech

Published online 11, April, 2012
Published in print edition April, 2012

The field of In Vitro Fertilization is a relatively new field in medicine, constantly on the move. This field is an
exquisite example of the vast power in the complementary use of basic research with clinical practice and
opened a new route of great basic and clinical research possibilities. The knowledge base that allowed the
accomplishment of the idea of in vitro fertilization and embryo transfer has much developed since. The vast
body of research pertaining to this field allowed deepening our understanding in the processes related to
reproduction. In this book on in vitro fertilization we present new and interesting updated information in various
aspects of this field. This work is a result of collaborative work of an international group of professionals
dedicated to contribute to the advancement of our knowledge.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Mahnaz Ashrafi and Kiandokht Kiani (2012). The Role of Low-Dose hCG in the Late Follicular Phase of
Controlled Ovarian Hyper Stimulation (COH) Protocols, In Vitro Fertilization - Innovative Clinical and
Laboratory Aspects, Prof. Shevach Friedler (Ed.), ISBN: 978-953-51-0503-9, InTech, Available from:
http://www.intechopen.com/books/in-vitro-fertilization-innovative-clinical-and-laboratory-aspects/the-role-of-
low-dose-hcg-in-late-follicular-phase-of-controlled-ovarian-hyper-stimulation-coh-protoc

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBMIERFEK6SS LiEEPrREB ARG DA 4058 TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




